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several groups distribution, relative frequency distribution, 

percentage distribution, cumulative percentage 

polygon (Sections 2.2, 2.4) 

interquartile range, standard deviation, 
variance, coefficient of variation, skewness, 

kurtosis, boxplot; normal probability plot 

(Sections 3.1, 3.2, 3.3, 6.3) 

Index numbers (online Section 16.7) 
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Inference about one 

group 

Comparing two groups 

Comparing more than 

two groups 

Analyzing the 

relationship between 

two variables 

Analyzing the 

relationship between 

two or more variables 
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For Categorical Variables" 

Ordered array, stem-and-leaf display, frequency > Summary table, bar chart, pie chart, 

distribution, histogram, polygon, cumulative percentage 

Mean, median, mode, geometric mean, quartiles, range, 

doughnut chart, Pareto chart 

(Sections 2.1 and 2.3) 

ies 
Confidence interval estimate of the mean 

(Sections 8.1 and 8.2) 

t test for the mean (Section 9.2) 

Chi-square test for a variance or standard deviation 

(online Section 12.7) 

Tests for the difference in the means of two 

independent populations (Section 10.1) 

Wilcoxon rank sum test (Section 12.4) 

Paired t test (Section 10.2) 

F test for the difference between two variances 

(Section 10.4) 

Wilcoxon signed ranks test (online Section 12.8) 

One-way analysis of variance for comparing 

several means (Section 11.1) 

Kruskal-Wallis test (Section 12.5) 

Randomized block design (online Section 11.3) 

Two-way analysis of variance (Section 11.2) 

Scatter plot, time series plot (Section 2.5) 

Covariance, coefficient of correlation (Section 3.5) 

Simple linear regression (Chapter 13) 

t test of correlation (Section 13.7) 

Time-series forecasting (Chapter 16) 

Sparklines (Section 2.7) 

Colored scatter plots, bubble chart, treemap 
(Section 2.7) 

Multiple regression (Chapters 74 and 15) 

Dynamic bubble charts (Section 17.2) 

Regression trees (Section 17.3) 

Cluster analysis (Section 17.4) 

Confidence interval estimate of the 

proportion (Section 8.3) 

Z test for the proportion 
(Section 9.4) 

Z test for the difference between two 

proportions (Section 10.3) 

Chi-square test for the difference between 

two proportions (Section 12.1) 

McNemar test for two related 

samples (online Section 12.6) 

Chi-square test for differences 

among more than two proportions 

(Section 12.2) 

Contingency table, side-by-side bar 

chart, PivotTables 

(Sections 2.1, 2.3, 2.6) 

Chi-square test of independence 

(Section 12.3) 

Multidimensional contingency tables 

(Section 2.6) 

Drilldown and slicers (Section 2.7) 

Logistic regression (Section 14.7) 

Classification trees (Section 17.3) 

Multiple correspondence analysis 
(Section 17.5) 
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Preface 

s business statistics evolves and becomes an increasingly important part of one’s business 

education, which topics get taught and how those topics are presented becomes all the 

more important. As authors, we think about these issues as we seek ways to continuously 

improve the quality of business statistics education. We actively participate in conferences and 

meetings sponsored by the Decision Sciences Institute, American Statistical Association (ASA), 

and INFORMS, the Institute for Operations Research and the Management Sciences. We use the 

ASA’s Guidelines for Assessment and Instruction (GAISE) reports and combine them with our 

experiences teaching business statistics to a diverse student body at several universities. 

When writing a book for introductory business statistics students, four learning principles 

guide us. 

Help students see the relevance of statistics to their own careers by using examples from 

the functional areas that may become their areas of specialization. Students need to learn 

statistics in the context of the functional areas of business. We discuss every statistical method 

using an example from a functional area, such as accounting, finance, management, or market- 

ing, and explain the application of methods to specific business activities. 

Emphasize interpretation and analysis of statistical results over calculation. We empha- 

size the interpretation of results, the evaluation of the assumptions, and the discussion of what 

should be done if the assumptions are violated. We believe that these activities are more impor- 

tant to students’ futures and will serve them better than emphasizing tedious manual calculations. 

Give students ample practice in understanding how to apply statistics to business. We 

believe that both classroom examples and homework exercises should involve actual or realis- 

tic data, using small and large sets of data, to the extent possible. 

Integrate data analysis software with statistical learning. We integrate Microsoft Excel into 

every Statistics method that the book discusses in full. This integration illustrates how software 

can assist the business decision-making process. In this edition, we also integrate using Tableau 

into selected topics, where such integration makes best sense. (Integrating data analysis soft- 

ware also supports our second principle about emphasizing interpretation over calculation.) 

When thinking about introductory business statistics students using data analysis software, 

three additional principles guide us. 

Using software should model business best practices. We emphasize reusable templates and 

model solutions over building unaudited solutions from scratch that may contain errors. Using 
preconstructed and previously validated solutions not only models best practice but reflects 

regulatory requirements that businesses face today. 

Provide detailed sets of instructions that accommodate various levels of software use and 
familiarity. Instruction sets should accommodate casual software users and as well as users 
keen to use software to a deeper level. For most topics, we present PHStat and Workbook 

instructions, two different sets that create identical statistical results. 

Software instruction sets should be complete and contain known starting points. Vague 
instructions that present statements such as “Use command X” that presume students can figure 

out how to “get to” command X are distracting to learning. We provide instruction sets that have a 

known starting point, typically in the form of “open to a specific worksheet in a specific workbook.” 
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What’s New in This Edition? 

This ninth edition of Statistics for Managers Using Microsoft Excel features many passages 

rewritten in a more concise style that emphasize definitions as the foundation for understanding 

statistical concepts. In addition to changes that readers of past editions have come to expect, 

such as new examples and Using Statistics case scenarios and an extensive number of new end- 

of-section or end-of-chapter problems, the edition debuts: 

¢ Tabular Summaries that state hypothesis test and regression example results along with 

the conclusions that those results support now appear in Chapters 10 through 13. 

¢ Tableau Guides that explain how to use the data visualization software Tableau Public as 

a complement to Microsoft Excel for visualizing data and regression analysis. 

« A New Business Analytics Chapter (Chapter 17) that provides a complete introduction 

to the field of business analytics. The chapter defines terms and categories that introductory 

business statistics students may encounter in other courses or outside the classroom. This 

chapter benefits from the insights the authors have gained from teaching and lecturing about 

business analytics as well as research the authors have done for a forthcoming companion 

book on business analytics. 

Continuing Features That Readers Have Come to Expect 

This edition of Statistics for Managers Using Microsoft Excel continues to incorporate a num- 

ber of distinctive features that has led to its wide adoption over the previous editions. Table | 

summaries these carry-over features: 

TABLE 1 
Distinctive Features Continued in the Ninth Edition 

Feature Details 

Using Statistics Each chapter begins with a Using Statistics case scenario that presents a business 

case scenarios problem or goal that illustrates the application of business statistics to provide 

actionable information. For many chapters, scenarios also provide the scaffolding for 
learning a series of related statistical methods. End-of-chapter “Revisited” sections 
reinforce the statistical learning of a chapter by discussing how the methods and tech- 

niques can be applied to the goal or problem that the case scenario considers, 

In this edition, seven chapters have new or revised case scenarios. 

Emphasis on interpretation of | Statistics for Managers Using Microsoft Excel was among the first introductory busi- 
the data analysis results ness statistics textbooks to focus on the interpretation of Microsoft Excel statistical 

results. This tradition continues, now supplemented by Tableau (Public) results for 
selected methods in which Tableau can enhance or complement Excel results. 

Software integration and Software instructions feature chapter examples and were personally written by the 
flexibility authors, who collectively have more than one hundred years of experience teaching 

the application of business software. 

With modularized Workbook, PHStat, and where applicable, Analysis Toolbook 
instructions, both instructors and students can switch among these instruction sets as 
they use this book with no loss of statistical learning. 

Unique Excel workbooks Statistics for Managers Using Microsoft Excel comes with Excel Guide workbooks 
that illustrate model solutions and provide template solutions to selected methods and 
Visual Explorations, macro-enhanced workbooks that demonstrate selected basic con- 
cepts. This book is fully integrated with PHStat, the Pearson statistical add-in for Excel 
that places the focus on statistical learning that the authors designed and developed. 

See Appendix H for a complete description of PHStat. 
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TABLE 1 Distinctive Features Continued in the Ninth Edition (continued) 

Feature Details 

In-chapter and 

end-of-chapter reinforcements 

End-of-chapter cases 

Answers to even-numbered 

problems 

Opportunities for 
additional learning 

Highly tailorable content 

Exhibits summarize key processes throughout the book. A key terms list provides 

an index to the definitions of the important vocabulary of a chapter. “Learning the 
Basics” questions test the basic concepts of a chapter. “Applying the Concepts” prob- 

lems test the learner’s ability to apply statistical methods to business problems. And, 
for the more mathematically minded, “Key Equations” list the boxed number equa- 

tions that appear in a chapter. 

End-of-chapter cases include a case that continues through most chapters and several 

cases that reoccur throughout the book. “Digital Cases” require students to examine 

business documents and other information sources to sift through various claims and 

discover the data most relevant to a business case problem. Many of these cases also 

illustrate common misuses of statistical information. 

The Instructor’s Solutions Manual provides instructional tips for using cases as well 

as solutions to the Digital Cases. 

An appendix provides additional self-study opportunities by provides answers to the 

“Self-Test” problems and most of the even-numbered problems in this book 

In-margin student tips and LearnMore references reinforce important points and direct 

students to additional learning resources. In-chapter Consider This essays reinforce 
important concepts, examine side issues, or answer questions that arise while studying 
business statistics, such as “What is so ‘normal’ about the normal distribution?” 

With an extensive library of separate online topics, sections, and even two full chap- 
ters, instructors can coinbine these materials and the opportunities for additional 

learning to meet their curricular needs. 

Chapter-by-Chapter Changes Made for This Edition 

Because the authors believe in continuous quality improvement, every chapter of Statistics 

for Managers Using Microsoft Excel contains changes to enhance, update, or just freshen this 

book. Table 2 provides a chapter-by-chapter summary of these changes. 

TABLE 2 Using 

Chapter-by-Chapter Statistics Problems 
Change Matrix Chapter Changed Changed Selected Chapter Changes 

First n.a. Updates opening section. 

Things Retitles, revises, and expands old Section FTF.4 as 

First Section FTF.4 and new Section FTF.5 “Starting Point 
for Using Microsoft Excel.” 

Expands the First Things First Excel Guide. 
Adds a First Things First Tableau Guide. 

26% Old Sections 1.3 and 1.4 revised and expanded as new 
Section 1.4 “Data Preparation.” 

Adds a Chapter 1 Tableau Guide. 

° 57% Uses new samples of 479 retirement funds and 100 
restaurant meal costs for in-chapter examples. 

Includes new examples for organizing and visualizing 
categorical variables. 

Uses updated scatter plot and time-series plot examples. 
Adds new Section 2.8 “Filtering and Querying Data.” 

Adds coverage of bubble charts, treemaps, and 
(Tableau) colored scatter plots. 

Revises and expands the Chapter 2 Excel Guide. 
Adds a Chapter 2 Tableau Guide. 
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TABLE 2 
Chapter-by-Chapter 

Change Matrix (continued) 

Using 

Statistics Problems 

Chapter Changed Changed Selected Chapter Changes 

3 e 52% Uses new samples of 479 retirement funds and 100 

restaurant meal costs for in-chapter examples. 
Includes updated Dogs of the Dow NBA team values 

data sets. 
Adds a Chapter 3 Tableau Guide. 

4 ° 41% Uses the updated Using Statistics scenario for in-chapter 

examples. 

5 32% Adds a new exhibit that summarizes the binomial 
distribution. 

6 31% Uses new samples of 479 retirement funds for the nor- 
mal probability plot example. 

7 ° 43% Enhances selected figures for additional clarity. 

36% Presents a more realistic chapter opening illustration. 

Revises Example 8.3 in Section 8.2 “Confidence 

Interval Estimate for the Mean (o Unknown).” 

9 29% Adds a new exhibit that summarizes fundamental 
hypothesis testing concepts. 

Revises Section 9.2 “t Test of Hypothesis for the Mean 
(o Unknown)” example such that the normality 

assumption is not violated. 
Revises examples in Section 9.3 “One-Tail Tests” and 

Section 9.4 “Z Test of Hypothesis for the Proportion.” 

10 37% Uses the new tabular test summaries for the two-sample 
t test, paired f test, and the Z test for the difference 
between two proportions. 

Includes new Section 10.1 passage “Evaluating the 
Normality Assumption.” 

Uses new (market basket) data for the paired “f test 
example. 

Enhances selected figures for additional clarity. 

Contains general writing improvements throughout 
chapter. 

im ° 17% Presents an updated chapter opening illustration. 
Uses revised data for the Using Statistics scenario for 

in-chapter examples. 
Uses the new tabular test summaries for the one-way 
ANOVA results. 

Presents discussion of the Levene test for the homoge- 
neity of variance before the Tukey-Kramer multiple 
comparisons procedure. 

Revises Example 11.1 in Section 11.1 “One-Way 
ANOVA.” 

12 37% Uses the new tabular test summaries for the chi-square 
tests, Wilcoxon rank sum test, and Kruskal-Wallis 
rank test. 

Category changes in text of independence example. 
Uses revised data for Section 12.4 and 12.5 examples 

for the Wilcoxon and Kruskal-Wallis tests. 
Contains general writing improvements throughout 

chapter. 
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TABLE 2 

Chapter-by-Chapter 

Change Matrix (continued) 

Using 

Statistics Problems 

Chapter Changed Changed Selected Chapter Changes 

13 46% Reorganizes presentation of basic regression concepts 

with new “Preliminary Analysis” passage and a 

revised Section 13.1 retitled as “Simple Linear 

Regression Models.” 

Revises the exhibit in Section 13.9 that summarizes 

avoiding potential regression pitfalls. 

Presents an updated chapter opening illustration. 

Enhances selected figures for additional clarity. 
Adds a Chapter 13 Tableau Guide. 

14 29% Retitles Section 14.2 as “Evaluating Multiple Regression 

Models.” 

Uses tables to summarize the net effects in multiple 

regression and residual analysis. 

Uses the new tabular test summaries for the overall F 

test, the f test for the slope, and logistic regression. 
Adds the new “What Is Not Normal? (Using a Categorical 

Dependent Variable)” Consider This feature. 

Adds a new section on cross-validation. 
Enhances selected figures for additional clarity. 
Contains general writing improvements throughout 

chapter. 

15 36% Uses the new tabular test summaries for the quadratic 

regression results. 
Revises Section 15.2 “Using Transformations in Regres- 

sion Models.” 
Replaces Example 5.2 in Section 15.2 with a new sales 

analysis business example. 
Reorganizes Section 15.4 “Model Building.” 
Updates the Section 15.4 exhibit concerning steps for 

successful model building. 
Contains general writing improvements throughout 

chapter. 

16 ° 67% Combines old Sections 16.1 and 16.2 into a revised 
Section16.1 “Time-Series Component Factors. 

Section 16.1 presents a new illustration of time-series 

components. 
Uses updated movie attendance time-series data for the 

Section 16.2 example. 
Uses new annual time-series revenue data for Alphabet 

Inc. for Sections 16.3 and 16.5 examples. 
Uses updated annual time-series revenue data for the 

Coca-Cola Company in Section 16.4. 
Uses new quarterly time-series revenue data for 

Amazon.com, Inc. for the Section 16.6 example. 
Uses updated data for moving averages and exponential 

smoothing. 

Uses updated data for the online Section 16.7 “Index 
Numbers.” 

17 ° 100% Completely new “Business Analytics” that expands and 
updates old Sections 17.3 through 17.5. 

Includes the new “What’s My Major If I Want to Be a 
Data Miner?” Consider This feature. 



XXVi PREFACE 

TABLE 2 

Chapter-by-Chapter 

Change Matrix (continued) 

Serious About 

Using 

Statistics Problems 

Chapter Changed Changed Selected Chapter Changes 

18 55% Updates old Chapter 17 Sections 17.1 and 17.2 to form 

the new version of the “Getting Ready to Analyze 

Data in the Future” chapter. 

Appendices n.a. Adds new Tableau sections to Appendices B, D, 

and G. 
Adds new Appendix B section about using non- 

numerical labels in time-series plots. 

Includes updated data files listing in Appendix C. 

Writing Improvements 

Ever read a textbook preface that claims writing improvements but offers no evidence? Among 

the writing improvements in this edition of Statistics for Managers Using Microsoft Excel, the 

authors have used tabular summaries to guide readers to reaching conclusions and making deci- 

sions based on statistical information. The authors believe that this writing improvement, which 

appears in Chapters 9 through 15, adds clarity to the purpose of the statistical method being 

discussed and better illustrates the role of statistics in business decision-making processes. 

For example, consider the following sample passage from Example 10.1 in Chapter 10 that 

illustrates the use of the new tabular summaries. 

Previously, part of the Example 10.1 solution was presented as: 

You do not reject the null hypothesis because fts747 = ~1.6341 > —1.7341. The p-value 

(as computed in Figure 10.5) is 0.0598. This p-value indicates that the probability that 

tsrar < —1.6341 is equal to 0.0598. In other words, if the population means are equal, the 

probability that the sample mean delivery time for the local pizza restaurant is at least 2.18 

minutes faster than the national chain is 0.0598. Because the p-value is greater than a = 0.05, 

there is insufficient evidence to reject the null hypothesis. Based on these results, there is 

insufficient evidence for the local pizza restaurant to make the advertising claim that it has a 
faster delivery time. 

In this edition, we present the equivalent solution (on page 316): 

Table 10.4 summarizes the results of the pooled-variance f test for the pizza delivery data 

using the calculation above (not shown in this sample) and Figure 10.5 results. Based on the 

conclusions, the local branch of the national chain and a local pizza restaurant have similar 

delivery times. Therefore, as part of the last step of the DCOVA framework, you and your friends 

exclude delivery time as a decision criteria when choosing from which store to order pizza. 

TABLE 10.4 Pooled-variance t test summary for the delivery times for the two pizza 
restaurants 

Result Conclusions 

The ts747 = —1.6341 is 1. Do not reject the null hypothesis Hp. 
greater than —1.7341. 2. Conclude that insufficient evidence exists that the mean 
The ¢ test p-value = 0.0598 is delivery time is lower for the local restaurant eh for 
greater than the level of signif- the branch of the national chain. 
icance, a = 0.05. 3. There is a probability of 0.0598 that to747 < —1.6341. 



PREFACE XXVii 

A Note of Thanks 

Contact Us! 

Creating a new edition of a textbook and its ancillaries requires a team effort with our publisher 

and the authors are fortunate to work with Suzanna Bainbridge, Karen Montgomery, Rachel 

Reeve, Alicia Wilson, Bob Carroll, Jean Choe, and Aimee Thorne of Pearson Education. 

Readers who note the quality of the illustrations and software screen shots that appear through- 

out the book should know that the authors are indebted to Joe Vetere of Pearson Education for 

his expertise. 

We also thank Sharon Cahill of SPi Global US, Inc., and Julie Kidd for their efforts to 

maintain the highest standard of book production quality (and for being gracious in handling 

the mistakes we make). We thank Gail Illich of McLennan Community College for preparing 

the instructor resources and the solutions manual for this book and for helping refine prob- 

lem questions throughout it. And we thank our colleagues in the Data, Analytics, and Statistics 

Instruction Specific Interest Group (DASI SIG) of the Decision Sciences Institute for their ongo- 

ing encouragement and exchange of ideas that assist us to continuously improve our content. 

We strive to publish books without any errors and appreciate the efforts of Jennifer Blue, 

James Lapp, Sheryl Nelson, and Scott Bennett to copy edit, accuracy check, and proofread our 

book and to get us closer to our goal. 

We thank the RAND Corporation and the American Society for Testing and Materials for 

their kind permission to publish various tables in Appendix E, and to the American Statistical 

Association for its permission to publish diagrams from the American Statistician. Finally, we 

would like to thank our families for their patience, understanding, love, and assistance in mak- 

ing this book a reality. 

Please email us at authors @davidlevinestatistics.com with your questions about the con- 

tents of this book. Please include the hashtag 4SMUME2% in the subject line of your email. We 

always welcome suggestions you may have for a future edition of this book. And while we 

have strived to make this book as error-free as possible, we also appreciate those who share 

with us any issues or errors that they discover. 

If you need assistance using software, please contact your academic support person or 

Pearson Technical Support at support.pearson.com/getsupport/. They have the resources to 

resolve and walk you through a solution to many technical issues in a way we do not. 

As you use this book, be sure to make use of the “Resources for Success” that Pearson 

Education supplies for this book (described on the following pages). We also invite you to visit 

smume9.davidlevinestatistics.com, where we may post additional information, corrections, 

and updated or new content to support this book. 
David M. Levine 
David F. Stephan 

Kathryn A. Szabat 
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Get the most out of 

MyLab Statistics P Pearson 
MyLab 

MyLab Statistics Online Course for Statistics for Managers Using 

Microsoft® Excel®, 9th Edition by Levine, Stephan, Szabat 
(access code required) 

MyLab Statistics is the teaching and learning platform 

that empowers instructors to reach every student. By 

combining trusted author content with digital tools and a 

flexible platform, MyLab Statistics personalizes the learning 

experience and improves results for each student. 

MyLab makes learning and using a variety of statistical 

programs as seamless and intuitive as possible. 

Download the data files that this book uses (see 

Appendix C) in Microsoft Excel. Download supplemental 

files that support in-book cases or extend learning. 

Diverse Question Libraries 

Build homework assignments, quizzes, and tests 

to support your course learning outcomes. From 

Getting Ready (GR) questions to the Conceptual 

Question Library (CQL), we have your assessment 

needs covered from the mechanics to the critical =. 

understanding of Statistics. The exercise libraries 

include technology-led instruction, including new 

Microsoft Excel-based exercises, and learning aids 

to reinforce your students’ success. 

999 

> Download the Excel Data Workbooks that contain the data used in chapter 

examples or named in problems and end-of-chapter cases. 

» Download the Excel Guide Workbooks that co, tain the model templates and 

solutions for statistical methods discussed in the textbook, 

> Download the JMP Data Tables and Projects that contain the data used in 

chapter examples or named in problems and end-of-chapter cases. 

> Download the Minitab Worksheets and Projects that contain the data used in 

chapter examples or named in problems and end-of-chapter cases. 

> Download the PHStat readme pdf that explains the technical requirements and 

getting started instructions for using this Microsoft Excel add-in. To download 

PHStat, visit the PHStat download page. (Download requires an access code as 

explained on that page.) 

> Download the Visual Explorations Workbooks that interactively demonstrate 

various key statistical concepts. 

Instructional Videos 

Access instructional support videos including 

Pearson's Business Insight and StatTalk videos, 

available with assessment questions. Reference 

technology study cards and instructional videos 

for Microsoft Excel. 

Suppose you have the bar graph to the right showing foreclosure rates 
for a few select states. If you want to exaggerate the differences in the 
states’ foreclosure rates, how would you change the graph? 

| 22 QuestionHelp | LF 

£2248 SF 6,00%4-—-—— — me 

= a — State 1 State? State 3. State 4 State 6 

To exaggerate the differences in foreclosure rates, change the scale on the y-axis to cover a smaller range, 2-6 
percent, for example. 

) B. To exaggerate the differences in foreclosure rates, draw the bar graph horizontally. 

. To exaggerate the differences in foreclosure rates, graph the percents as decimals. 

. To exaggerate the differences in foreclosure rates, change the scale on the y-axis to cover a larger range, 0-20 s 
percent, for example. vie 

Question is complete. Tap on the red indicators to see incorrect answers. 

pearson.com/mylab/statistics 



Resources for 

Success 

Instructor Resources 

Instructor’s Solutions Manual, presents solutions 

for end-of-section and end-of-chapter problems and 

answers to case questions, and provides teaching tips 

for each chapter. The Instructor's Solutions Manual 

is available for download at www.Pearson.com or 

in MyLab Statistics. 

Lecture PowerPoint Presentations, by Patrick 

Schur, Miami University (Ohio), are available for 

each chapter. These presentations provide instruc- 

tors with individual lecture notes to accompany 

the text. The slides include many of the figures and 

tables from the textbook. Instructors can use these 

lecture notes as is or customize them in Microsoft 

PowerPoint. The PowerPoint presentations are 

available for download at www.Pearson.com or in 

MyLab Statistics. 

Test Bank, contains true/false, multiple-choice, 

fill-in, and problem-solving questions based on 

the definitions, concepts, and ideas developed in 

each chapter of the text. The Test Bank is available 

for download at www.Pearson.com or in MyLab 

Statistics. 

TestGen® (www.pearsoned.com/testgen) enables 

instructors to build, edit, print, and administer tests 

using a computerized bank of questions developed 

to cover all the objectives of the text. TestGen is 

algorithmically based, allowing instructors to create 

multiple but equivalent versions of the same ques- 
tion or test with the click of a button. Instructors 
can also modify test bank questions or add new 
questions. The software and test bank are avail- 
able for download from Pearson Education's online 
catalog. 

Student Resources 
Student's Solutions Manual, provides detailed solu- 

tions to virtually all the even-numbered exercises 

and worked-out solutions to the self-test problems. 

(ISBN-10: 0-13-597002-4; 
ISBN-13: 978-0-13-597002-7) 

Online resources complement and extend the 

study of business statistics and support the content 

of this book. These resources include data files for 

in-chapter examples and problems, templates and 

model solutions, and optional topics and chap- 

ters. (See Appendix C for a complete description of 

the online resources.) 

PHStat helps create Excel worksheet solutions 

to statistical problems. PHStat uses Excel build- 

ing blocks to create worksheet solutions. These 

worksheet solutions illustrate Excel techniques and 

students can examine them to gain new Excel skills. 

Additionally, many solutions are what-if templates 

in which the effects of changing data on the results 

can be explored. Such templates are fully reusable 

on any computer on which Excel has been installed. 

PHStat requires an access code and separate down- 

load for use. PHStat access codes can be bundled 

with this textbook using 

ISBN-10: 0-13-399058-3; 

ISBN-13: 978-0-13-399058-4. 

pearson.com/mylab/statistics 
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“The Price of Admission” 

t’s the year 1900, and you are a promoter of theatrical productions, in the business of selling 
seats for individual performances. Using your knowledge and experience, you establish a 

selling price for the performances, a price you hope represents a good trade-off between 

maximizing revenues and not driving away demand for your seats. You print up tickets and 

flyers, place advertisements in local media, and see what happens. After the event, you review 

your results and consider the effects of your choices on those results. 

Tickets sold very quickly? Next time perhaps you can charge more. The event failed to sell 

out? Perhaps next time you could charge less or take out more advertisements to drive demand. 
If you lived over 100 years ago, that’s about all you could do. 

Jump ahead about 85 years. You’re using computer systems that enable you to sell more 

categories of tickets, such as tickets for premium-priced seat locations. As customers buy tick- 
ets over the phone, you can monitor sales through schedule summary reports and, perhaps, add 
or subtract performance dates using the information in those reports. 

Jump ahead to today. Your fully online ticketing system updates seat inventory and 

enables you to use dynamic pricing that automatically alters seat prices based on factors such 
as increased demand. You also now have the flexibility to set new pricing tables or add special 

categories that are associated with times of peak demand. Through your sales system you have 
gained insights about your customers, such as where they live, what other tickets they buy, and 
their appropriate demographic traits. Because you know more about your customers, you can 
make your advertising and publicity more efficient by aiming your messages at the types of 

people more likely to buy your tickets. By using social media networks and other online media, 
you can also learn almost immediately who is noticing and responding to your advertising mes- 
sages. You might even run experiments online presenting your advertising in two different ways 

and seeing which way sells better. 
Your current self has capabilities that allow you to be a more effective promoter than any 

older version of yourself. But just how much better? Turn the page. 

iY 

/ “The Price of Admission” 

Think Differently 

About Statistics 

Business Analytics: 

The Changing Face 

of Statistics 

Starting Point for 

Learning Statistics 
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better decision making 

Statistics requires ana- 

lytical skills and is an 

important part of your 
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Recent developments 

such as the use of busi- 

ness analytics and “big 

data” have made know- 

ing statistics even more 

critical 
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guides your application 

of statistics 

The opportunity business 

analytics represents for 

business students 



2 First Things First 

student TIP 
From other business 

courses, you may 

recognize that Disney’s 

system uses dynamic 

pricing. 

Now Appearing on Broadway ... and Everywhere Else 

In early 2014, Disney Theatrical Productions surprised Broadway when reports revealed that 

Disney’s 17-year-old The Lion King had been the top-grossing Broadway show in 2013. How 

could such a long-running show earn so much while being so old? Broadway producers “knew” 

that grosses for a show decline over time and by year 12 (2009) weekly grosses for The Lion 

King had dropped about 25%. But four years later, grosses were up 67%, and weekly grosses 

typically exceeded even the grosses of the opening weeks of the show, adjusted for inflation! 

While heavier advertising and some ticket pricing changes helped, the major reason for 

this change was something else: combining business acumen with an informed application of 

business statistics and analytics to better solve the problem of selling tickets. As a producer of 

the newest musical at the time said, “We make educated predictions on price. Disney, on the 

other hand, has turned this into a science” (Healey). 

Disney had followed the plan of action that this book presents. It had collected its daily 

and weekly results and summarized them, using techniques this book introduces in the next 

three chapters. Disney then analyzed those results by performing experiments and tests on the 

data collected, using techniques that later chapters introduce. In turn, insights from the results 

of those analyses led to developing a new interactive seating map that allowed customers to 

buy tickets for specific seats and permitted Disney to adjust the pricing of each seat for each 

performance. The whole system was constantly reviewed and refined, using the semiautomated 

methods that Chapter 17 introduces. The end result was a ticket-selling method that outper- 

formed previous methods used. 

Five years after The Lion King surprised Broadway, the show continues to average about the 

same grosses it did in 2014 and still has many weeks in which it grosses $2 million or more, once 

a rarely achieved Broadway benchmark. However, the show is no longer the top grossing show 

because another show, about a partially obscure Secretary of the Treasury has grosses that dwarf 

The Lion King’s respectable sales. The producers of Hamilton have fully applied the techniques 

that Disney first used and created a show whose weekly grosses average more than $3 million 

and, even after running for four years, can manage record-setting weekly grosses of more than 

$4 million! As a Wall Street Journal article has noted, “It is boom time on Broadway” (Passy). 

FTF.1 Think Differently About Statistics 
The “Using Statistics” scenario suggests, and the Disney example illustrates, that modern-day 

information technology has allowed businesses to apply statistics in ways that could not be done 

years ago. This scenario and example reflect how this book teaches you about statistics. In these 
first two pages, you may notice 

* the lack of calculation details and “math.” 

* the emphasis on enhancing business methods and management decision making. 
* that none of this seems like the content of a middle school or high school statistics class 

you may have taken. 

You may have had some prior knowledge or instruction in mathematical statistics. This book 
discusses business statistics. While the boundary between the two can be blurry, business statis- 
tics emphasizes business problem solving and shows a preference for using software to perform 
calculations. 

One similarity that you might notice between these first two pages and any prior instruction 
is data. Data are the facts about the world that one seeks to study and explore. Some data are 
unsummarized, such as the facts about a single ticket-selling transaction, whereas other facts, 
such as weekly ticket grosses, are summarized, derived from a set of unsummarized data. While 
you may think of data as being numbers, such as the cost of a ticket or the percentage that weekly 
grosses have increased in a year, do not overlook that data can be non-numerical as well, such 
as ticket-buyer’s name, seat location, or method of payment. 
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Statistics: A Way of Thinking 
Statistics are the methods that allow you to work with data effectively. Business statistics 

focuses on interpreting the results of applying those methods. You interpret those results 

to help you enhance business processes and make better decisions. Specifically, business 

statistics provides you with a formal basis to summarize and visualize business data, reach 

conclusions about that data, make reliable predictions about business activities, and improve 

business processes. 

You must apply this way of thinking correctly. Any “bad” things you may have heard about 

statistics, including the famous quote “there are lies, damned lies, and statistics” made famous 

by Mark Twain, speak to the errors that people make when either misusing statistical methods or 

mistaking statistics as a substitution for, and not an enhancement of, a decision-making process. 

(Disney Theatrical Productions’ success was based on combining statistics with business acumen, 

not replacing that acumen.) 

DCOVA Framework To minimize errors, you use a framework that organizes the set of 
tasks that you follow to apply statistics properly. Five tasks comprise the DCOVA framework: 

* Define the data that you want to study to solve a problem or meet an objective. 

¢ Collect the data from appropriate sources. 

¢ Organize the data collected, by developing tables. 

¢ Visualize the data collected, by developing charts. 

¢ Analyze the data collected, reach conclusions, and present the results. 

You must always do the Define and Collect tasks before doing the other three. The order of the 

other three varies, and sometimes all three are done concurrently. In this book, you will learn 

more about the Define and Collect tasks in Chapter 1 and then be introduced to the Organize 

and Visualize tasks in Chapter 2. Beginning with Chapter 3, you will learn methods that help 

complete the Analyze task. Throughout this book, you will see specific examples that apply the 

DCOVA framework to specific business problems and examples. 

Analytical Skills More Important Than Arithmetic Skills The business prefer- 

ence for using software to automate statistical calculations maximizes the importance of having 

analytical skills while it minimizes the need for arithmetic skills. With software, you perform 

calculations faster and more accurately than if you did those calculations by hand, minimizing 

the need for advanced arithmetic skills. However, with software you can also generate inappro- 

priate or meaningless results if you have not fully understood a business problem or goal under 

study or if you use that software without a proper understanding of statistics. 

Therefore, using software to create results that help solve business problems or meet busi- 

ness goals is always intertwined with using a framework. And using software does not mean 

memorizing long lists of software commands or how-to operations, but knowing how to review, 

modify, and possibly create software solutions. If you can analyze what you need to do and 

have a general sense of what you need, you can always find instructions or illustrative sample 

solutions to guide you. (This book provides detailed instructions as well as sample solutions 

for every statistical activity discussed in end-of-chapter software guides and through the use of 

various downloadable files and sample solutions.) 

If you were introduced to using software in an application development setting or an intro- 

ductory information systems class, do not mistake building applications from scratch as being a 

necessary skill. A “smart” smartphone user knows how to use apps such as Facebook, Instagram, 

YouTube, Google Maps, and Gmail effectively to communicate or discover and use information 
and has no idea how to construct a social media network, create a mapping system, or write an 

email program. Your approach to using the software in this book should be the same as that smart 
user. Use your analytical skills to focus on being an effective user and to understand conceptually 

what a statistical method or the software that implements that method does. 
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Statistics: An Important Part of Your Business Education 

Until you read these pages, you may have seen a course in business statistics solely as a required 

course with little relevance to your overall business education. In just two pages, you have 

learned that statistics is a way of thinking that can help enhance your effectiveness in business— 

that is, applying statistics correctly is a fundamental, global skill in your business education. 

In the current data-driven environment of business, you need the general analytical skills 

that allow you to work with data and interpret analytical results regardless of the discipline 

in which you work. No longer is statistics only for accounting, economics, finance, or other 

disciplines that directly work with numerical data. As the Disney example illustrates, the deci- 

sions you make will be increasingly based on data and not on your gut or intuition supported 

by past experience. Having a well-balanced mix of statistics, modeling, and basic technical 

skills as well as managerial skills, such as business acumen and problem-solving and com- 

munication skills, will best prepare you for the workplace today ... and tomorrow (Advani). 

FTF.2 Business Analytics: The Changing Face of Statistics 
Of the recent changes that have made statistics an important part of your business education, 

the emergence of the set of methods collectively known as business analytics may be the most 

significant change of all. Business analytics combine traditional statistical methods with meth- 

ods from management science and information systems to form an interdisciplinary tool that 

supports fact-based decision making. Business analytics include 

* statistical methods to analyze and explore data that can uncover previously unknown or 

unforeseen relationships. 

¢ information systems methods to collect and process data sets of all sizes, including very 

large data sets that would otherwise be hard to use efficiently. 

* management science methods to develop optimization models that support all levels of 

management, from strategic planning to daily operations. 

In the Disney Theatrical Productions example, statistical methods helped determine pricing 

factors, information systems methods made the interactive seating map and pricing analysis 

possible, and management science methods helped adjust pricing rules to match Disney’s goal 

of sustaining ticket sales into the future. Other businesses use analytics to send custom mailings 

to their customers, and businesses such as the travel review site tripadvisor.com use analytics 

to help optimally price advertising as well as generate information that makes a persuasive case 
for using that advertising. 

Generally, studies have shown that businesses that actively use business analytics and 

combine that use with data-guided management see increases in productivity, innovation, and 

competition (Advani). Chapter 17 introduces you to the statistical methods typically used in 

business analytics and shows how these methods are related to statistical methods that the book 
discusses in earlier chapters. 

“Big Data” 
Big data is a collection of data that cannot be easily browsed or analyzed using traditional meth- 
ods. Big data implies data that are being collected in huge volumes, at very fast rates or velocities 
(typically in near real time), and in a variety of forms that can differ from the structured forms 
such as records stored in files or rows of data stored in worksheets that businesses use every day. 
These attributes of volume, velocity, and variety distinguish big data from a “big” (large) set of 
data that contains numerous records or rows of similar data (Laney). When combined with business 
analytics and the basic statistical methods discussed in this book, big data presents oppoitunities 
to gain new management insights and extract value from the data resources of a business (IBM). 

Unstructured Data Big data may also include unstructured data, data that have an irreg- 
ular pattern and contain values that are not comprehensible without additional automated or man- 
ual interpretation. Unstructured data take many forms, such as unstructured text, pictures, videos, 
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and audio tracks, with unstructured text, such as social media comments, getting the most imme- 

diate attention today for its possible use in customer, branding, or marketing analyses. Unstruc- 

tured data can be adapted for use with a number of methods, such as regression, which this book 

illustrates with conventional, structured files and worksheets. Unstructured data may require 

performing data collection and preparation tasks beyond those tasks that Chapter | discusses. 

While describing all such tasks is beyond the scope of this book, Section 17.1 includes an example 

of the additional interpretation that is necessary when working with unstructured text. 

FTF.3 Starting Point for Learning Statistics 
Statistics has its own vocabulary and learning the precise meanings, or operational definitions, 

of basic terms provides the basis for understanding the statistical methods that this book dis- 

cusses. For example, in statistics, a variable defines a characteristic, or property, of an item or 

individual that can vary among the occurrences of those items or individuals. For example, for 

the item “book,” variables would include the title and number of chapters, as these facts can vary 

from book to book. For a given book, these variables have a specific value. For this book, the 

value of the title variable would be “Statistics for Managers Using Microsoft Excel,” and “19” 

would be the value for the number of chapters variable. Note that a statistical variable is not an 

algebraic variable, which serves as a stand-in to represent one value in an algebraic statement 

and could never take a non-numerical value such as the title of this book. 

Using the definition of variable, data, in its statistical sense, can be defined as the set of 

values associated with one or more variables. In statistics, each value for a specific variable is 

a single fact, not a list of facts. For example, what would be the value of the variable author for 

this book? Without this rule, you might say that the single list “Levine, Szabat, Stephan” is the 

value. However, applying this rule, one would say that the variable has three separate values: 

“Levine”, “Stephan”, and “Szabat”. This distinction of using only single-value data has the 

practical benefit of simplifying the task of entering data for software analysis. 

Using the definitions of data and variable, the definition of statistics can be restated as 

the methods that analyze the data of the variables of interest. The methods that primarily help 

summarize and present data comprise descriptive statistics. Methods that use data collected 

from a small group to reach conclusions about a larger group comprise inferential statistics. 

Chapters 2 and 3 introduce descriptive methods, many of which are applied to support the infer- 

ential methods that the rest of the book presents. 

Statistic 
The previous section uses statistics in the sense of a collective noun, a noun that is the name for 

a collection of things (methods in this case). The word statistics also serves as the plural form of 

the noun statistic, as in “one uses methods of descriptive statistics (collective noun) to generate 

descriptive statistics (plural of the singular noun).” In this sense, a statistic refers to a value that 

summarizes the data of a particular variable. For the Disney Theatrical Productions example, the 

statement “for 2013, weekly grosses were up 67% from 2009” cites a statistic that summarizes 

the variable weekly grosses using the 2013 data—all 52 values. 

When someone warns you of a possible unfortunate outcome by saying, “Don’t be a statis- 

tic!” you can always reply, “I can’t be.” You always represent one value, and a statistic always 

summarizes multiple values. For the statistic “87% of our employees suffer a workplace accident,” 

you, as an employee, will either have suffered or have not suffered a workplace accident. The 
“have” or “have not” value contributes to the statistic but cannot be the statistic. A statistic can 
facilitate preliminary decision making. For example, would you immediately accept a position at 

a company if you learned that 87% of their employees suffered a workplace accident? (Sounds 

like this might be a dangerous place to work and that further investigation is necessary.) 

Can Statistics (p/., statistic) Lie? 
The famous quote “lies, damned lies, and statistics” actually refers to the plural form of statistic 
and does not refer to statistics, the field of study. Can any statistic “lie”? No, faulty or invalid 
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statistics can only be produced through willful misuse of statistics or when DCOVA framework 

tasks are done incorrectly. For example, many statistical methods are valid only if the data being 

analyzed have certain properties. To the extent possible, you test the assertion that the data have 

those properties, which in statistics are called assumptions. When an assumption is violated, 

shown to be invalid for the data being analyzed, the methods that require that assumption should 

not be used. 

For the inferential methods that this book discusses in later chapters, you must always look 

for logical causality. Logical causality means that you can plausibly claim something directly 

causes something else. For example, you wear black shoes today and note that the weather is 

sunny. The next day, you again wear black shoes and notice that the weather continues to be 

sunny. The third day, you change to brown shoes and note that the weather is rainy. The fourth 

day, you wear black shoes again and the weather is again sunny. These four days seem to sug- 

gest a strong pattern between your shoe color choice and the type of weather you experience. 

You begin to think if you wear brown shoes on the fifth day, the weather will be rainy. Then 

you realize that your shoes cannot plausibly influence weather patterns, that your shoe color 

choice cannot logically cause the weather. What you are seeing is mere coincidence. (On the 

fifth day, you do wear brown shoes and it happens to rain, but that is just another coincidence.) 

You can easily spot the lack of logical causality when trying to correlate shoe color choice 

with the weather, but in other situations the lack of logical causality may not be so easily seen. 

Therefore, relying on such correlations by themselves is a fundamental misuse of statistics. 

When you look for patterns in the data being analyzed, you must a/ways be thinking of logical 

causes. Otherwise, you are misrepresenting your results. Such misrepresentations sometimes 

cause people to wrongly conclude that all statistics are “lies.” Statistics (p/., statistic) are not lies 

or “damned lies.” They play a significant role in statistics, the way of thinking that can enhance 

your decision making and increase your effectiveness in business. 

FTF.4 Starting Point for Using Software 

learnMORE 
About the online supple- 

mental files in Appendix C. 

TABLE FTF.1 

Basic computing skills 

The starting point for using any software is knowledge of basic user interface skills, operations, 

and vocabulary that Table FTF.1 summarizes and which the supplemental Basic Computing 
Skills online document reviews. 

Skill or Operation Specifics 

Identify and use standard __ Title bar, minimize/resize/close buttons, scroll bars, 
window objects mouse pointer, menu bars or ribbons, dialog box, window 

subdivisions such as areas, panes, or child windows 

Identify and use common Command button, list box, drop-down list, edit box, 
dialog box items option button, check box, tabs (tabbed panels) 

Mouse (or touch) Click, called select in some list or menu contexts and 
operations check or clear in some check box contexts; double-click; 

right-click; drag and drag-and-drop 

With such knowledge, learning how to apply any program to a business problem becomes 
possible. In using Microsoft Excel, this book assumes no more than this starting point. While 
having prior experience is always useful, readers unfamiliar with Excel can learn about com- 
monly used operations in this book’s appendices. Such readers will find instructions for using 
reusable tools and automated methods, the Excel add-ins Analysis ToolPak and PHStat, through- 
out the book. Those instructions assume only this starting-point knowledge. | 

Software-Related Conventions Table FTF.2 summarizes the typographical conven- 
tions that this book uses for its software instructions. These conventions provide a concise and 
clear way of expressing specific basic-user activities and operations. 



TABLE FTF.2 Software typographical conventions in this book 

Convention 

Special key names appear capitalized and in boldface 

Key combinations appear in boldface, with key names linked 
using this symbol: + 

Menu or Ribbon selections appear in boldface and sequences 
of consecutive selections are shown using this symbol: > 

Target of mouse operations appear in boldface 

Entries and the location of where entries are made appear 
in boldface 

Variable or column names sometimes appear capitalized for 
emphasis 

Placeholders that express a general case appear in italics and 

may also appear in boldface as part of a function definition 

Names of data files mentioned in sections or problems 

appear in a special font but appear in boldface in end-of- 
chapter Guide instructions 

When current versions of Excel differ in their user interface, 

alternate instructions appear in a second color immediately 

following the primary instructions 

FTF.4 Starting Point for Using Software i 

Example 

Press Enter. 

Press Command or Ctrl. 

Enter the formula and press Ctrl+Enter. 

Press Ctrl+C. 

Select File> New. 
Select PHStat > Descriptive Statistics > Boxplot. 

Click OK. 

Select Attendance and then click the Y button. 

Enter 450 in cell BS. 

Add Temperature to the Model ¥ffects list. 

This file contains the Fund Type, Assets, and 
Expense Ratio for the growth funds. 

AVERAGE (cell range of variable) 

Replace cell range of variable with the cell range 

that contains the Asset variable. 

| Retirement Funds | 
Open the Retirement Funds workbook. 

In the Select Data Source display, click Edit that 
appears under Horizontal (Category) Axis Labels. 
In Excel for Mac, in the Select Data Source display, 

click the icon inside the Horizontal (Categories) 

axis labels. 

Using Software Properly 
Learning to use software properly can be hard as software has limited ways to provide feedback 

for user actions that are invalid operations. In addition, no software will ever know if its users 

are following the proper procedures for use. Exhibit FTF.1 presents a list of guiding principles 

that, ideally, would govern readers’ usage of any software, not just the software used with this 

book. These principles will minimize the chance of making errors and lessen the frustration that 

often occurs when these principles are overlooked. 

EXHIBIT Baas) 

Principles of Using Software Properly 

Ensure that software is properly updated. Users who manage their own computers 

often overlook the importance of ensuring that all installed software is up to date. 

Understand the basic operational tasks. Take the time to master the tasks of starting 
the application, loading and entering data, and how to select or choose commands in a 

general way. 

Understand the statistical concepts that an application uses. Not understanding 

those concepts can lead to making wrong choices in the application and can make 

interpreting results difficult. 

Know how to review software use for errors. Review and verify that the proper data 
preparation procedures (see Chapter 1) have been applied to the data before analysis. 

(continued) 
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S>cli-ikm@ FTF.1 (continued) 

Verify that the correct procedures, commands, and software options have been selected. 

For information entered for labeling purposes, verify that no typographical errors exist. 

Seek reuse of preexisting solutions to solve new problems. Build solutions from 

scratch only as necessary, particularly if using Excel in which errors can be most easily 

made, Some solutions, and almost all Excel solutions that this book presents, exist as 

models or templates that can and should be reused because such reuse models best 

practice. 

Understand how to organize and present information from the results that 

the software produces. Think about the best ways to arrange and label the data. 

Consider ways to enhance or reorganize results that will facilitate communication 

with others. 

Use self-identifying names, especially for the files that you create and save. Nam- 

ing files Document 1, Document 2, and so on will impede the later retrieval and use of 

those files. 

FTF.5 Starting Point for Using Microsoft Excel 

studentTIP 
The Pearson Excel 

add-in PHStat automates 

the use of the Excel 

Guide workbooks, 

further simplifying the 
operational details of 

using Excel for data. 

analysis. Appendix H 

explains more about 
PHStat and how it can be 

used with this book. 

Appendix C contains a list 

of Excel data workbooks, 

many of which are single- 

worksheet workbooks. 

Microsoft Excel is the data analysis component of Microsoft Office that evolved from 

earlier electronic spreadsheets first used for financial accounting applications. As such, 

Excel can be an inadequate tool for complex data analysis, even as the program is a con- 

venient way to visually examine data details as well as learn foundational applications of 

business statistics. 

Excel uses worksheets to display the contents of a data set and as a means to enter or edit 

data. Worksheets are containers that present tabular arrangements of data, in which the inter- 

sections of rows and columns form cells, boxes into which individual entries are made. In the 

simplest use of Excel, cell entries are single data values that can be either text or numbers. When 

entering data for a data set to be analyzed, data for each variable are placed in their own column, 

a vertical group of cells. By convention, the initial row of such columns stores the variable name 

associated with the column data. Columns so prepared are called either variables, variable col- 

umns, or just columns in the context of using Microsoft Excel. 

Worksheet cells can also contain formulas, instructions to process data or to compute cell 

values. Formulas can include functions that simplify certain arithmetic tasks or provide access 

to advanced processing or statistical features. Formulas play an important role in designing 

templates, reusable solutions that have been previously tested and verified. A hallmark feature 

of this book is the inclusion of Excel Guide workbooks, most of which exist as templates, and 

all of which simplify the operational details of using Excel for data analysis while demonstrating 

the application of formulas and functions for such analysis. Appendix C includes a list of the 
Excel Guide workbooks that this book uses. 

Excel stores worksheet data and results as one file called a workbook. Workbooks can 

contain multiple worksheets and chart sheets, sheets that display visualizations of data. Because 

workbooks contain collections, best practice places data and the results of analyzing that data on 

separate worksheets, a practice that the Excel Guide workbooks and the Excel data workbooks 

for this book reflect. Therefore, instructions for using Excel that appear in end-of-chapter Excel 
Guides often begin with “Open to the specific worksheet in the specific workbook” as in “Open 
to the DATA worksheet of the Retirement Funds workbook.” 

An “Excel file” is always a workbook file, even if it only contains one foreenees 
Excel workbook files have either the file extension .xlsx, .xlsm, or .xlam. The file exten- 
sion tells users whether the workbook contains data only (.xlsx) or data plus macro or 
add-in instructions (the other two), which may require an additional step to open, as 
Appendix D explains. 



Tableau workbooks can 

also include dashboards, 

a concept that Chapter 17 

discusses. 

studentTIP 
_ Readers of past editions 

_ of this book who chose 

not to use PHStat often 

found the ToolPak — 

_ instructions, where they 
_ exist, more convenient to 
_use than the Workbook 
eysesae 8h eres dig E ih 

instructions for a topic. 

FTF.5 Starting Point for Using Microsoft Excel 9 

Tableau Differences Readers supplementing Excel with Tableau Public need to under- 

stand that while Tableau also uses workbooks to store one or more worksheets, Tableau defines 

these things differently. A Tableau workbook contains worksheets that present tabular and visual 

summaries, each of which is associated with a data source. A data source is a pointer to data 

that can be a complex collection of data or be as simple as an Excel worksheet (the data sources 

that this book uses for examples). A Tableau workbook can contain more than one data source, 

and each data source can be used to create multiple visual or tabular summaries. 

Data sources can be viewed and column formulas can be used to define new columns, but 

individual values cannot be edited because Tableau Public workbooks do not store the data 

themselves. Therefore, if using a Tableau workbook, the associated data source must be available 

if data need to be edited or used for additional analyses. 

More About the Excel Guide Workbooks 

The Excel Guide workbooks contain reusable templates and model solutions for specific statistical 

analyses. All workbooks are organized similarly, with the data to be analyzed placed on its own 

page. When working with templates, readers only enter or paste in their data and never enter or edit 

formulas, thereby greatly reducing the chance that the worksheet will produce erroneous results. 

When working with a model worksheet solution, readers enter or paste in their data and edit or 

copy certain formulas, an additional step that the Pearson Excel add-in PHStat can automate. 

Not starting from scratch minimizes the chance of errors, and using templates or, when 

necessary, model solutions reflects best business practice. Allowing individuals to create new 

solutions from scratch in business can create risk and led to internal control violations. For 

example, in the aftermath of the 2012 “London Whale” trading debacle, which caused an esti- 

mated loss of at least $6.2 billion, JP Morgan Chase discovered a worksheet that could greatly 

miscalculate the volatility of a trading portfolio because a formula divided a value by the sum 

of some numbers and not the average of those numbers (Ewok, Hurtado). 

Reusability Templates and model solutions are reusable because they are capable of recal- 
culation. In worksheet recalculation, results displayed by formulas automatically change as 

the data to which the formulas refer change. Reusability also minimizes internal control risk 

by allowing worksheet formulas and macro to be first tested and audited for correctness before 

being used for information and decision-making purposes. 

Excel Skills That Readers Need 

To use Excel effectively with this book, readers will need to know how to make and edit cell 

entries, how to open to a particular worksheet in a workbook, how to print a worksheet, and how 

to open and save files. Readers without these skills should review the introduction to these skills 

that starts in the Excel Guide for this chapter and continues in Appendix B. Readers not using 

PHStat will also need to modify model worksheet solutions, especially for inferential topics such 

as ANOVA and regression that later chapters of this book discuss. 

Excel Guide Instructions Chapter Excel Guides provide separate instructions for work- 
ing with the Excel Guide workbooks directly or for using PHStat for specific statistical analyses 

that chapter sections discuss. Instructions for working with the workbooks directly have the 
subhead Workbook and instructions for using PHStat have the subhead PH Stat. Topics that do 
not include the Workbook subhead require solutions that would be too difficult to modify for 
all but advanced users of Excel to perform. Note that for advanced inferential topics, Workbook 

instructions may contain the advisory that the instructions are for intermediate or advanced 

Excel users. Such instructions are not designed for readers who are casual or novice Excel users. 

For selected topics, Excel Guide instructions include the third subhead Analysis ToolPak 
that provides instructions for using the Excel Analysis Toolpak add-in. Because they explore 

chapter examples or solve end-of-section or end-of-chapter problems, readers can use a mix of 

Workbook, PHStat, or Analysis ToolPak instructions because the instructions for a topic have 

been designed to create identical results. 
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"EXCEL GUIDE 

area. When a workbook is opened, Excel displays the name of the workbook centered in the 

title bar. The top of the worksheet area contains a formula bar that enables one to edit the 

contents of the currently selected cell (cell Al in the illustration). At the bottom of the work- 

sheet grid, Excel displays a sheet tab that identifies the current worksheet name (DATA). In 

workbooks,with more than one sheet, clicking a sheet tab makes the worksheet named by the 
tab the current worksheet. 

The illustration below shows the Retirement Funds workbook, one of the Excel data work- 

books for this book. 

Retirement Funds.xlsx. - Excel 

Page Layout Formulas Data Review View Developer Add-ins Power Pivot PHStat Q Tell me what you want to do 

| ¥ cma Lat sls iz Ep fm x fr) Z- 4y 0 student Ti P r ne Calibri 1] - VATA a Y- fe Wrap Text General fs is in ag a a ; 7Y 

. Paste | gir u ~ = 2 .A, =SB= = fF] Merge & Center ~ $- % > | 8 93 Conditional Formatas Cell Insert Delete Format Sort & Find & 

i. . ea : Formatting Table~ Styles . Ma & ~ Filter~ Select 
Excel sometimes Clipboard & Font G Alignment a Number & Styles Cells Editing A | 

= { 

displays a task pane in Al : & || Fund Number a 
the worksheet area that J eo SEERA REE A. 22 See de alae ae eae ol Mss fold od osha ates ete levee nema ee ONC. nla Ata 

1 [Fund Number|Market Cap Type Risk___ Assets TurnoverRatio SD Sharpe Ratio Beta 1YrReturn 3¥rReturn 5¥rReturn 10YrReturn Expense Ratio Star Rating Bins. } 
. 

presents formatting and 2 |RFOO1 Large Growth High 814.77 228.00 14,13 0.86 1.18 3.22) 15.32) 14,97 11.93 1.23 Five (| 
3 |RFOO2 large Growth High 6246.72 24.00 14,11 1.08 1,11 2,56 14,99 15.34 10.50 1.39 Five | ee . ! | 

similar choices. 4 |RFOO3 Large Growth Average! 3874.26 27.00 12.87 1.17 1,05 9.77 14.90 15.66 7.96 0.92 Three 
. S) |RFO04 large Growth Low 3464.59 74.00 11.29 1.31 0,93 3.59 14.86 14.51 10.74 1.21 Five / 

| 6 |RFOOS large Growth Low 2482.03 95.00 11.88 1.21 0.99 3.75 14.60 14.99 951 0.87 Five 
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| DATA | (3) Pi sane ities = 7 oe ade i: {r] 

Ready £3) i i) 6. --—---#+--——- + 10% 

EG.2 ENTERING DATA | ~~ enable one to save a file in alternate formats for programs that 
cannot open Excel workbooks (.xlsx files) directly. Alternate 

formats include a simple text file with values delimited with 

tab characters, Text (Tab delimited) (*.txt) that saves the 

contents of the current worksheet as a simple text file, and 

CSV (Comma delimited) (*.csv) that saves worksheet cell 
values as text values that are delimited with commas. Excels 

for Mac list these choices as Tab Delimited Text (.txt) and 

Windows Comma Separated (.csv). 

The illustration below shows the part of the Save As 

dialog box that contains the Save as type drop-down list. 

(Open dialog boxes have a similar drop-down list.) In all 

Windows Excel versions, you can also select a file format 

in the Open dialog box. Selecting All Files (*.*) from the 

drop-down list can list files that had been previously saved 
in unexpected formats. 

In Excel, enter data into worksheet columns, starting with 

the leftmost, first column, using the cells in row | to enter 

variable names. Avoid skipping rows or columns as such 

skipping can disrupt or alter the way certain Excel proce- 

dures work. Complete a cell entry by pressing Tab or Enter, 

or, if using the formula bar to make a cell entry, by clicking 

the check mark icon in the formula bar. To enter or edit data 
in a specific cell, either use the cursor keys to move the cell 

pointer to the cell or select the cell directly. 
When using numbers as row 1 variable headings, pre- 

cede the number with an apostrophe. Pay attention to spe- 

cial instructions in this book that note specific orderings of 
variable columns that are necessary for some Excel opera- 

tions. When in doubt, use the DATA worksheets of the Excel 

Guide Workbooks as the guide for entering and arranging 

variable data. 
ames ‘Eb AOVEMUSE.XISX IVECFOSOTE EXCel VYOrKSneer IVBRD | 

detwork @) Advertisingxlsx Microsoft Excel Worksheet 9KB | 

EG.3 OPEN or SAVE a WORKBOOK a AED 2 Patna ta tecprenn Mer | 
File name: [ AccountingPartnersUpdated.xlsx _ vl) 

Use File Open or File Save As. Sein ty Wi 5k ca ti rae 
O85 D if id Tags: Add } 

Open and Save As use similar means to open or save the work- a ee | 
book by name while specifying the physical device or network de Folders Tools + Sets | 
location and folder for that workbook. Save As dialog boxes ee 
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To open a new workbook, select File New (New 

Workbook in Excel for Mac). Excel displays a new work- 

book with one or more blank worksheets. 

EG.4 WORKING with a WORKBOOK 

Use Insert (or Insert Sheet), Delete, or Move or Copy. 

Alter the contents of a workbook by adding a worksheet 

or by deleting, copying, or rearranging the worksheets and 

chart sheets that the workbook contains. To perform one of 

these operations, right-click a sheet tab and select the appro- 

priate choice from the shortcut menu that appears. 
To add a worksheet, select Insert. In Microsoft Windows 

Excel, you also click Worksheet and then click OK in the Insert 

dialog box. To delete a worksheet or chart sheet, right-click the 

sheet tab of the worksheet to be deleted and select Delete. 

To copy or rearrange the position of a worksheet or chart 

sheet, right-click the sheet tab of the sheet and select Move 

or Copy. In the Move or Copy dialog box, first select the 

workbook and the position in the workbook for the sheet. If 

copying a sheet, also check Create a copy. Then click OK. 

EG.5 PRINT a WORKSHEET 

Use File > Print. 

Excel prints worksheets and chart sheets, not workbooks. 

When you select Print, Excel displays a preview of the 

currently opened sheet in a dialog box or pane that enables 

worksheet selections to be made. Adjust the print formatting 

of the worksheet(s) to be printed by clicking Page Setup. 
Typically, in the Page Setup dialog box, one might click the 

Sheet tab and then check or clear the Gridlines and Row 

and column headings checkboxes to include or delete these 

headings from a printout. 

EG.6 REVIEWING WORKSHEETS 

When reviewing worksheets remember that what is displayed in 

cells may be the result of either the recalculation of formulas or 

cell formatting. A cell that displays 4 might contain the value 4, 
might contain a formula calculation that results in the value 4, 

or might contain a value such as 3.987 that has been formatted 

to display as the nearest whole number. 

To display and review all formulas, press Ctrl+* (grave 
accent). Excel displays the formula view of the worksheet, 

revealing all formulas. (Pressing Ctrl+> a second time 

restores the worksheet to its normal display.) Note that the 

Excel Guide Workbooks contain one or more FORMULAS 

worksheets that provide a second way of viewing all formulas. 

The template and model solutions for this book format spe- 

cific cells by changing text attributes or the background color of 

cells, with cells containing numeric results typically formatted 

to display four decimal places. Appendix B discusses these as 

well as other common worksheet and chart sheet formatting 

operations. 

EG.7 IF YOU USE the WORKBOOK 
INSTRUCTIONS 

Excel Guide Workbook instructions use the word display as 

in the “Format Axis display” to refer to a user interaction 

that may be presented by Excel in a task pane or a two- 

panel dialog box (“Format Axis task pane” or the “Format 

Axis dialog box”’). Task panes open to the side of the work- 

sheet and can remain onscreen indefinitely. Initially, some 

parts of a pane may be hidden and an icon or label must 

be clicked to reveal that hidden part to complete a Work- 

book instruction. Two-panel dialog boxes that open over the 

worksheet must be closed to continue to use Excel. The left 

panel of such dialog boxes are always visible and clicking 

entries in the left panel makes visible one of the right pan- 

els. (Click the system close button at the top right of a task 

pane or dialog box to close the display and remove it from 

the screen. ) : 

Current Excel versions can vary in their menu sequences. 

Excel Guide instructions show these variations as parentheti- 

cal phrases. For example, the menu sequence, “select Design 

(or Chart Design) > Add Chart Element” tells you to first 

select Design or Chart Design to begin the sequence and 

then to continue by selecting Add Chart Element. (Micro- 

soft Windows Excel uses Design and Excel for Mac uses 

Chart Design.) 

For the current Excel versions that this book supports (see 

the FAQs in Appendix G), the Workbook Instructions are gen- 

erally identical. Occasionally, individual instructions may 

differ significantly for one (or more) versions. In such cases, 

the instructions that apply for multiple versions appear first, 
in normal text, and the instructions for the unique version 
immediately follows in this text color. 



* TABLEAU GUIDE 

The Tableau Guides for Ri oi feature Ree Public, version 2019, AN known as its 

Tableau Desktop Public Edition. Tableau Public uses a drag-and-drop interface that will be 

most familiar to users of the Excel PivotTable feature, which Chapter 2 discusses. 

Tableau Public uses workbooks to store tabular and visual worksheet summaries, dash- 

boards, and stories. Opening Tableau Public displays the main Tableau window in which the 

contents of a workbook can be viewed and edited. The main window shown below displays 

the Mobile Electronics Store worksheet of the Arlingtons National Sales Dashboard Tableau 
workbook that Chapter 17 uses as an example. 

#8) Tableau Public - Arlingtons National Sales Dashboard ae o x 
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The main Tableau window contains a menu bar and toolbar, a tabbed left area that presents 
data and formatting details, several special areas that Section TG.4 explains, the worksheet dis- 

play area, and the Show Me gallery that displays tabular and visual summaries appropriate for 

the data in the worksheet area. Worksheet tabs appear under these areas, along with a tab for the 

current data source to the left of the tabs and icon shortcuts for a new worksheet, new dashboard, 

and new story, respectively, to the right of the tabs. The bottom of the window displays status 

information at the left, the current signed-in user (“MyUserName’”), a drop-down button to sign 

out of Tableau Public, and four media controls that permit browsing through the worksheet tabs 

of the current workbook. 

The Data tab shown above displays the workbook data sources (five) and lists the “Dimen- 

sions” and “Measures,” the variable columns of the data source for the worksheet, summary 
measures, and calculated values for the MobileElectronicsStore data source associated with the 

displayed worksheet. (Section TG1.1 explains more about the significance of dimensions and 

measures. ) 

For the worksheet shown above, the variable Store was dragged-and-dropped in the 
Rows shelf and the variable Mobile Electronics Sales was dragged-and-dropped in the Col- 
umn shelf. The worksheet also contains a filter for the Region column that selects only those 
rows in the source worksheet in which the value in the Region column is Alpha. (To create 

the bar chart, horizontal bars icon was selected from the Show Me gallery.) 
13 
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TG.2 ENTERING DATA 

As Section FTE5 explains, one defines data sources, which are pointers to Excel worksheets 

and other data files. Tableau does not support the direct entry of data values. 

TG.3 OPEN or SAVE a WORKBOOK 

Use File > Open or File Open from Tableau Public. 

Use File > Save to Tableau Public As. 

Use Open to import simple data sources such as Microsoft Excel workbooks or text files or to 

open a Tableau workbook that has been previously downloaded and saved. Most Tableau Guide 

instructions begin by opening an Excel workbook to avoid the limitations of Tableau Public that 

Appendix Section G.5 discusses. 
To open a new workbook, select File New. For a new workbook, the Data tab will display 

the hyperlink Connect to Data. Clicking the hyperlink displays the Connect panel from which 

data sources can be retrieved. When opening an Excel workbook that contains more than one 

data worksheet, each Excel worksheet being used must be defined as a separate data source. 

This Connect panel also appears when opening an Excel workbook directly using the file open 

command. The illustration below shows the data source linked to the Data worksheet of the 

Excel Retirement Funds workbook. 

#8 Tableau Public - Book! = Oo 4 

File Data Window Help 
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Microsoft Excel workbook. Fund Number Market Cap Fund Type Risk Level Assets Turnov: 

BB DATA . RFOOL large Growth High 814.77 I 
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Ha New Union RFOO4 Large Growth Low 3,464.59 

oEeans learns Geauch Tanne PAQ?PNA 

ee Se oe Be eames eee ee oe Se SE ee a 
6 Data Source | Sheet | | & 0 | 

Snel = 3 i. 3 ™. = * = 4 — —_— — 

| je ar w ae | 

Using the Open from Tableau Public or Save to Tableau Public As command requires a 

valid Tableau online account. (Accounts are complimentary but require registration.) Using 

these commands means signing into a Tableau Public account and retrieving (or storing) a 

Tableau workbook from that account or from an account that has been shared. Save to Tableau 

Public As stores the Tableau workbook in the account and opens a web browser to display the 

workbook and to permit its downloading to a local computing device. In paid-subscription 

editions of Tableau Desktop, these open and save commands appear in the Server menu and 
not in the File menu. 

Although not used in the Tableau Guides, Tableau Public permits join and union operations 
to combine columns from two data sources. Join operations combine two tables, typically by 
matching values in a variable column that both original tables share. Union operations add rows. 
Union operations require that tables share columns that hold values for the same variables. Joins 
and unions can solve problems that arise from seeking to perform an analysis of data on a set 
of variables stored in two different places, such as two different Excel data worksheets in the 
same Excel workbook. 
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Tableau Desktop uses the term data field to refer to what 
this book calls a variable or, in some contexts, a column. 

What Excel calls a formula function, Tableau calls an aggre- 

gation. What Excel calls a formula, Tableau calls an aggre- 

gate calculation. Tableau also invents its own vocabulary for 

several user interface elements in the worksheet window that 

readers may know under more common names. Knowing 

this vocabulary can be helpful when consulting the Tableau 
help system or other references. 

Tableau calls the Pages, Filters, Columns, and Rows 

areas, all shown in the Section TG.1 illustration, shelves. The 

Marks area seems to be a shelf, but for reasons that would 

be only self-evident to a regular user of Tableau, the Marks 

area is called a card. Shelves are places into which things 

can be placed or dropped, such as the pills that have been 

placed in the Filters, Row, and Columns shelves. A pill rep- 

resents some data and is so named because it reminds some 

of a medicinal capsule. In its simplest form, a pill represents 

a data field in the data source. However, pills can repre- 

sent a filtering operation, such as the Filters shelf pill in the 

illustration below, or a calculated result, similar to a work- 

sheet or data table formula. Pills can be either blue or green, 

reflecting the type of numerical data, discrete or continuous 

(see Section TG1.1), or red, reflecting an error condition. 

(=]/2)/2] 
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In the Section TG.1 illustration, the Store Dimension has _ | ; 

been dragged to the Rows shelf, creating the Store pill and the " 

Mobile Electronics Sales Measure has been dropped on the 

Columns shelf, creating the SUM(Mobile Electronics Sales) 

pill (slightly truncated, see figure detail below). Dropping 

a measure name on a shelf creates an aggregation (formula 

function). The SUM aggregation pill sums mobile electronic | 

sales values by rows (each store). In the special case where ~ 

each store is represented by only one row, there is no actual 

summing of values. 

“lif Columns ] 
SUM(Mobile Electron 

fo Bo ae > — ie 

TG.5 PRINT a WORKBOOK 

Tableau Public does not contain a print function that would 

print worksheets. (Commercial versions of Tableau do.) To | 

print a tabular or visual summary, use a screen capture util- 

ity to capture the display for later printing. For online work- 

sheets displayed in a web browser, use the print function of 

the browser. 
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YUSING STATISTICS 
Defining Moments 

For years, your chief competitor has made sales gains, claiming a better tasting 

product. Worse, a new sibling product from your company, known for its good 

taste, has quickly gained significant market share at the expense of your product. Worried that 

your product may soon lose its number one status, you seek to improve sales by improving the 

product’s taste. You experiment and develop a new beverage formulation. Using methods taught 

in this book, you conduct surveys and discover that people overwhelmingly like the newer for- 

mulation. You decide to use that new formulation going forward, having statistically shown that 
people prefer it. What could go wrong? 

You’re a senior airline manager who has noticed that your frequent fliers always 

Tf 2 choose another airline when flying from the United States to Europe. You suspect 

fliers make that choice because of the other airline’s perceived higher quality. You 

survey those fliers, using techniques taught in this book, and confirm your suspicions. You then 
design a new survey to collect detailed information about the quality of all components of a 

flight, from the seats to the meals served to the flight attendants’ service. Based on the results 

of that survey, you approve a costly plan that will enable your airline to match the perceived 
quality of your competitor. What could go wrong? 

: : 4 You’re the sales manager in charge of the best-selling beverage in its category. 

In both cases, much did go wrong. Both cases serve as cautionary tales that if you choose the 

wrong variables to study, you may not end up with results that support making better decisions. 

Defining and collecting data, which at first glance can seem to be the simplest tasks in the 
DCOVA framework, can often be more challenging than people anticipate. 



1.1 Defining Variables 17 

s the initial chapter notes, statistics is a way of thinking that can help fact-based deci- 

sion making. But statistics, even properly applied using the DCOVA framework, can 

“\ never be a substitute for sound management judgment. If you misidentify the business 

problem or lack proper insight into a problem, statistics cannot help you make a good decision. 

Case #1 retells the story of one of the most famous marketing blunders ever, the change in the 

Coke managers also formulation of Coca-Cola in the 1980s. In that case, Coke brand managers were so focused on 

overlooked other issues, the taste of Pepsi and the newly successful sibling Diet Coke that they decided only to define 

such as people’s emotional a variable and collect data about which drink tasters preferred in a blind taste test. When New 

connection and brand Coke was preferred, even over Pepsi, managers rushed the new formulation into production. 

loyalty to Coca-Cola, In doing so, those managers failed to reflect on whether the statistical results about a test that 

issues better discussed asked people to compare one-ounce samples of several beverages would demonstrate anything 

in a marketing book than about beverage sales. After all, people were asked which beverage tasted better, not whether 

this book. they would buy that better-tasting beverage in the future. New Coke was an immediate fail- 

ure, and Coke managers reversed their decision a mere 77 days after introducing their new 

formulation (Polaris), 

Case #2 represents a composite story of managerial actions at several airlines. In some 

cases, managers overlooked the need to state operational definitions for quality factors about 

which fliers were surveyed. In at least one case, statistics was applied correctly, and an airline 

spent great sums on upgrades and was able to significantly improve quality. Unfortunately, their 

frequent fliers still chose the competitor’s flights. In this case, no statistical survey about quality 

could reveal the managerial oversight that given the same level of quality between two airlines, 

frequent fliers will almost always choose the cheaper airline. While quality was a significant 

variable of interest, it was not the most significant. 

The lessons of these cases apply throughout this book. Due to the necessities of instruction, 

the examples and problems in all but the last chapter include preidentified business problems 

and defined variables. Identifying the business problem or objective to be considered is always 

a prelude to applying the DCOVA framework. 

1.1 Defining Variables 
Identifying a proper business problem or objective enables one to begin to identify and define 

the variables for analysis. For each variable identified, assign an operational definition that 

specifies the type of variable and the scale, the type of measurement, that the variable uses. 

| EXAMPLE 1.1] You have been hired by Good Tunes & More (GT&M), a local electronics retailer, to assist in 

| Defining Data establishing a fair and reasonable price for Whitney Wireless, a privately held chain that GT&M 

at GT&M seeks to acquire. You need data that would help to analyze and verify the contents of the wireless 
company’s basic financial statements. A GT&M manager suggests that one variable you should 

use is monthly sales. What do you do? 

SOLUTION Having first confirmed with the GT&M financial team that monthly sales is a 
relevant variable of interest, you develop an operational definition for this variable. Does this 

variable refer to sales per month for the entire chain or for individual stores? Does the variable 

refer to net or gross sales? Do the monthly sales data represent number of units sold or currency 

amounts? If the data are currency amounts, are they expressed in U.S. dollars? After getting 

answers to these and similar questions, you draft an operational definition for ratification by 

others working on this project. il RETALIATED IESTS SPOON OGLE OSS EOE ARS ISOS PRA ESPACE SOAS CET EERE, Lae ORE aE a arp Pa ete en 

Classifying Variables by Type 
The type of data that a variable contains determines the statistical methods that are appropriate 
for a variable. Broadly, all variables are either numerical, variables whose data represent a 
counted or measured quantity, or categorical, variables whose data represent categories. Gender 
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student TIP with its categories male and female is a categorical variable, as is the variable preferred-New- 

Coke with its categories yes and no. In Example 1.1, the monthly sales variable is numerical 

because the data for this variable represent a quantity. 

For some statistical methods, numerical variables must be further specified as either being 

discrete or continuous. Discrete numerical variables have data that arise from a counting process. 

and categorical when Discrete numerical variables include variables that represent a “number of something,” such as 

describing variables. the monthly number of smartphones sold in an electronics store. Continuous numerical variables 

These two pairs of terms have data that arise from a measuring process. The variable “the time spent waiting in a checkout 

are interchangeable. line” is a continuous numerical variable because its data represent timing measurements. The data 

for a continuous variable can take on any value within a continuum or an interval, subject to the 

precision of the measuring instrument. For example, a waiting time could be | minute, 1.1 minutes, 

1.11 minutes, or 1.113 minutes, depending on the precision of the electronic timing device used. 

For a particular variable, one might use a numerical definition for one problem, but use a 

categorical definition for another problem. For example, a person’s age might seem to always 

be a numerical age variable, but what if one was interested in comparing the buying habits of 

children, young adults, middle-aged persons, and retirement-age people? In that case, defining 

age as a categorical variable would make better sense. 

Some prefer the 

terms quantitative 

and qualitative over 

the terms numerical 

Measurement Scales 
Determining the measurement scale that the data for a variable represent is part of defining a 

variable. The measurement scale defines the ordering of values and determines if differences 

among pairs of values for a variable are equivalent and whether one value can be expressed in 

terms of another. Table 1.1 presents examples of measurement scales, some of which are used 

in the rest of this section. 

TABLE 1.1 

Examples of different Data Scale, Type Values 

scales and types Cellular provider nominal, categorical AT&T, T-Mobile, Verizon, Other, None 

Excel skills ordinal, categorical —_— novice, intermediate, expert 

Temperature (°F) interval, numerical —459.67°F or higher 

SAT Math score _ interval, numerical a value between 200 and 800, inclusive 

Item cost (in $) ratio, numerical $0.00 or higher 

Define numerical variables as using either an interval scale, which expresses a difference 

between measurements that do not include a true zero point, or a ratio scale, an ordered scale that 

includes a true zero point. Categorical variables use measurement scales that provide less insight 

into the values for the variable. For data measured on a nominal scale, category values express no 

order or ranking. For data measured on an ordinal scale, an ordering or ranking of category values 
is implied. Ordinal scales contain some information to compare values but not as much as interval 
or ratio scales. For example, the ordinal scale poor, fair, good, and excellent allows one to know that 
“good” is better than poor or fair and not better than excellent. But unlike interval and ratio scales, one 
would not know that the difference from poor to fair is the same as fair to good (or good to excellent). 

PROBLEMS FOR SECTION 1.1 

LEARNING THE BASICS 1.2 U.S. businesses are listed by size: small, medium, and large. 
1.1 Four different beverages are sold at a fast-food restaurant: soft | Explain why business size is an example of categorical variable. 
drinks, tea, coffee, and bottled water. 1.3 The time it takes to download a video from the Internet is 
a. Explain why the type of beverage sold is an example of a measured. 
; Sea variable. . a. Explain why the download time is a continuous numerical variable. 

. Explain why the type of beverage is a nominal-scaled variable. b. Explain why the download time is a ratio-scaled variable. 



APPLYING THE CONCEPTS 

f Sistem) 1.4 For each of the following variables, determine whether 
TEST : , ‘ : ; ; : 

the variable is categorical or numerical. If the variable is 

numerical, determine whether the variable is discrete or continuous. 

a. Number of cell phones in the household 

b. Monthly data usage (in MB) 

c. Number of text messages exchanged per month 

d. Voice usage per month (in minutes) 

e. Whether the cell phone is used for streaming video 

1.5 The following information is collected from students upon 

exiting the campus bookstore during the first week of classes. 

a. Amount of time spent shopping in the bookstore 

b. Number of textbooks purchased 

c. Academic major 

d. Gender 

Classify each variable as categorical or numerical and determine its 

measurement scale. 

1.6 For each of the following variables, determine whether the 

variable is categorical or numerical and determine its measurement 

scale. If the variable is numerical, determine whether the variable 

is discrete or continuous. 

a. Name of Internet service provider 

b. Time, in hours, spent surfing the Internet per week 

c. Whether the individual uses a mobile phone to stream video 

d. Number of online purchases made in a month 

e. Where the individual accesses social networks to find sought- 

after information 

1.7 For each of the following variables, determine whether the 

variable is categorical or numerical and determine its measurement 

scale. If the variable is numerical, determine whether the variable 

is discrete or continuous. 

a. Amount of money spent on electronics equipment in the past month 

b. Favorite Internet source for puchases 

1.2 Collecting Data 
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c. Most likely time period during which Internet shopping takes 

place (weekday, weeknight, or weekend) 

d. Number of computers owned 

1.8 Suppose the following information is collected from Robert 

Keeler on his application for a home mortgage loan at the Metro 

County Savings and Loan Association. 

a. Monthly payments: $2,227 

b. Number of jobs in past 10 years: | 

c. Annual family income: $96,000 

d. Marital status: Married 

Classify each of the responses by type of data and measurement scale. 

1.9 One of the variables most often included in surveys is income. 

Sometimes the question is phrased, “What is your income (in thou- 

sands of dollars)?” In other surveys, the respondent is asked to 

“Select the circle corresponding to your income level” and is given 

a number of income ranges to choose from. 

a. In the first format, explain why income might be considered 

either discrete or continuous. 

b. Which of these two formats would you prefer to use if you were 

conducting a survey? Why? 

1.10 If two students both score 90 on the same examination, what 

arguments could be used to show that the underlying variable—test 

score—is continuous? 

1.11 The director of market research at a large department store 

chain wanted to conduct a survey throughout a metropolitan area to 

determine the amount of time working women spend shopping on 

the Internet in a typical month. 

a. Indicate the type of data the director might want to collect. 

b. Develop a first draft of the questionnaire needed by writing three 

categorical questions and three numerical questions that you feel 

would be appropriate for this survey. 

Collecting data using improper methods can spoil any statistical analysis. For example, Coca-Cola 

managers in the 1980s (see page 17) faced advertisements from their competitor publicizing the 

results of a “Pepsi Challenge” in which taste testers consistently favored Pepsi over Coke. No 

wonder—test recruiters deliberately selected tasters they thought would likely be more favorable 

to Pepsi and served samples of Pepsi chilled, while serving samples of Coke lukewarm (not a 

very fair comparison!). These introduced biases made the challenge anything but a proper sci- 

entific or statistical test. Proper data collection avoids introducing biases and minimizes errors. 

Populations and Samples 
Data are collected from either a population or a sample. A population contains all the items or 

individuals of interest that one seeks to study. All of the GT&M sales transactions for a specific 
year, all of the full-time students enrolled in a college, and all of the registered voters in Ohio are 
examples of populations. A sample contains only a portion of a population of interest. One ana- 

lyzes a sample to estimate characteristics of an entire population. For example, one might select 
a sample of 200 sales transactions for a retailer or select a sample of 500 registered voters in 
Ohio in lieu of analyzing the populations of all the sales transactions or all the registered voters. 

One uses a sample when selecting a sample will be less time consuming or less cumbersome 

than selecting every item in the population or when analyzing a sample is less cumbersome or 
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learnMORE 
Read the SHorT TAKES for 

Chapter 1 for a further 

discussion about data 

sources. 

Choosing to conduct an 

observational study or a 

designed experiment on a 

variable of interest affects 

the statistical methods 

and the decision-making 

processes that can be 

used, as Chapters 10-12 

and 17 further explain. 

more practical than analyzing the entire population. Section FTF.3 defines statistic as a “value 

that summarizes the data of a specific variable.” More precisely, a statistic summarizes the value 

of a specific variable for sample data. Correspondingly, a parameter summarizes the value of 

a population for a specific variable. 

Data Sources 
Data sources arise from the following activities: 

* Capturing data generated by ongoing business activities 

¢ Distributing data compiled by an organization or individual 

¢ Compiling the responses from a survey 

¢ Conducting an observational study and recording the results of the study 

* Conducting a designed experiment and recording the outcomes of the experiment 

When the person conducting an analysis performs one of these activities, the data source is a 

primary data source. When one of these activities is done by someone other than the person 

conducting an analysis, the data source is a secondary data source. 

Capturing data can be done as a byproduct of, or as a result of, an organization’s transac- 

tional information processing, such as the storing of sales transactions at a retailer, or as result of 

a service provided by a second party, such as customer information that a social media website 

business collects on behalf of another business. Therefore, such data capture may be either a 

primary or a secondary source. 
Typically, organizations such as market research firms and trade associations distribute 

complied data, as do businesses that offer syndicated services, such as The Nielsen Company, 

known for its TV ratings. Therefore, this source of data is usually a secondary source. (If one 

supervised the distribution of a survey, compiled its results, and then analyzed those results, the 

survey would be a primary data source.) 

In both observational studies and designed experiments, researchers that collect data are 

looking for the effect of some change, called a treatment, On a variable of interest. In an obser- 

vational study, the researcher collects data in a natural or neutral setting and has no direct control 

of the treatment. For example, in an observational study of the possible effects on theme park 

usage patterns that a new electronic payment method might cause, one would take a sample 

of guests, identify those who use the new method and those who do not, and then “observe” if 

those who use the new method have different park usage patterns. As a designed experiment, 

one would select guests to use the new electronic payment method and then discover if those 

guests have theme park usage patterns that are different from the guests not selected to use the 

new payment method. 

PROBLEMS FOR SECTION 1.2 

APPLYING THE CONCEPTS 

1.12 The American Community Survey (www.census.gov/acs) 

provides data every year about communities in the United States. 
Addresses are randomly selected, and respondents are required to 
supply answers to a series of questions. 
a. Which of the sources of data best describe the American Com- 

munity Survey? 
b. Is the American Community Survey based on a sample or a 

population? 

1.13 Visit the website of the Gallup organization at www.gallup 
-com. Read today’s top story. What type of data source is the top 
story based on? 

1.14 Visit the website of the Pew Research organization at Www 

-pewresearch.org. Read today’s top story. What type of data source 
is the top story based on? 

1.15 Transportation engineers and planners want to address the 

dynamic properties of travel behavior by describing in detail the 

driving characteristics of drivers over the course of a month. What 

type of data collection source do you think the transportation engi- 

neers and planners should use? 

1.16 Visit the Statistics Portal “Statista’” at www.statista.com. 
Click Infographics on the main menu. On the Infographics web 
page, examine one of the “Popular Infographic Topics.” What type 
of data source is the information presented here based on? 
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1.3 Types of Sampling Methods 
When selecting a sample to collect data, begin by defining the frame. The frame is a complete or 

partial listing of the items that make up the population from which the sample will be selected. 

Inaccurate or biased results can occur if a frame excludes certain groups, or portions of the pop- 

ulation. Using different frames to collect data can lead to different, even opposite, conclusions. 

Using the frame, select either a nonprobability sample or a probability sample. In a non- 

probability sample, select the items or individuals without knowing their probabilities of selec- 

tion. In a probability sample, select items based on known probabilities. Whenever possible, 

use a probability sample because such a sample will allow one to make inferences about the 

population being analyzed. 

Nonprobability samples can have certain advantages, such as convenience, speed, and low 

cost. Such samples are typically used to obtain informal approximations or as small-scale initial 

or pilot analyses. However, because the theory of statistical inference depends on probability 

sampling, nonprobability samples cannot be used for statistical infereace and this more than 

offsets those advantages in more formal analyses. 

Figure 1.1 shows the subcategories of the two types of sampling. A nonprobability sample 

can be either a convenience sample or a judgment sample. To collect a convenience sample, _ 
select items that are easy, inexpensive, or convenient to sample. For example, in a warehouse of 

“stacked items, selecting only the items located on the top of each stack and within easy reach 
would create a convenience sample. So, too, would be the responses to surveys that the web- 

sites of many companies Offer visitors. While such surveys can provide large amounts of data 

quickly and inexpensively, the convenience samples selected from these responses will consist 

of self-selected website visitors. (Read the Consider This essay on page 29 for a related story.) 

To collect a judgment sample, collect the opinions of preselected experts in the subject matter. 

Although the experts may be well informed, one cannot generalize their results to the population. 

The types of probability samples most commonly used include simple random, systematic, 

stratified, and cluster samples. These four types of probability samples vary in terms of cost, 

accuracy, and complexity, and they are the subject of the rest of this section. 

FIGURE 1.1 Nonprobability Samples Probability Samples 

Types of samples | | 

Judgment Convenience Simple Systematic Stratified Cluster 
Sample Sample Random Sample Sample Sample 

Sample 

Simple Random Sample 
In a simple random sample, every item from a frame has the same chance of selection as 

cea ae tp ts ee AaeaneSSTGEEEGGE ear apc 
size. Simple random sampling 1s the most elementary random sampling technique. It forms the basis 
For the other random sampling techniques. However, simple random Sampling has its disadvantages. 

Its-results are often subject to more variation than other sampling methods. In addition, when the 

frame used is very large, carrying out a simple random sample may be time consuming and expensive. 

With simple random sampling, use n to represent the sample size and N to represent the 

frame size. Number every item in the frame from | to NV. The chance that any particular member 
of the frame will be selected during the first selection is 1/N. 

Select samples with replacement or without replacement. Sampling with replacement means 

that selected items are returned to the frame, where it has the same probability of being selected 

again. For example, imagine a fishbowl containing N business cards, one card for each person. The 
first selection selects the card for Grace Kim. After her information has been recorded, her business 

card is placed back in the fishbowl. All cards are thoroughly mixed and a second selection is made. 

For this second selection, the probability that the card for Grace Kim will be selected remains 1/N. 

Most sampling is sampling without replacement. Sampling without replacement means 

that once an item has been selected, the item cannot ever again be selected for the sample. 
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learnMORE 
Learn to use a table 

of random numbers to 

select a simple random 

sample in the Section 1.3 

LearnMore online topic. 

learnMORE 
Learn how to select a 

Stratified sample in the 

Section 1.3 LearnMore 

online topic. 

The chance that any particular item in the frame will be selected—for example, the business 

card for Grace Kim—on the first selection is 1/N. The chance that any card not previously 

chosen will be chosen on the second selection becomes | out of N — 1. 

When creating a simple random sample, avoid the “fishbowl” method of selecting a sample 

because this method lacks the ability to thoroughly mix items and, therefore, randomly select a 

sample. Instead, use a more rigorous selection method. 

One such method is to use a table of random numbers, such as Table E.1 in Appendix E, for 

selecting the sample. A table of random numbers consists of a series of digits listed in a randomly 

generated sequence. To use a random number table for selecting a sample, assign code numbers to 

the individual items of the frame. Then generate the random sample by reading the table of random 

numbers and selecting those individuals from the frame whose assigned code numbers match the 

digits found in the table. Because every digit or sequence of digits in the table is random, the table can 

be read either horizontally or vertically. The margins of the table designate row numbers and column 

numbers, and the digits are grouped into sequences of five in order to make reading the table easier. 

Because the number system uses 10 digits (0, 1, 2, ... , 9), the chance that any particular 

digit will be randomly generated is equal | out of 10 and is equal to the probability of generating 

any other digit. For a generated sequence of 800 digits, one would expect about 80 to be the 

digit 0, 80 to be the digit 1, and so on. 

Systematic Sample 
In a systematic sample, partition the N items in the frame into n groups of k items, where 

Round k to the nearest integer. To select a systematic sample, choose the first item to be selected 

at random from the first k items in the frame. Then, select the remaining nm — | items by taking 

every Ath item thereafter from the entire frame. 

If the frame consists of a list of prenumbered checks, sales receipts, or invoices, taking a 

systematic sample is faster and easier than taking a simple random sample. A systematic sam- 

ple is also a convenient mechanism for collecting data from membership directories, electoral 

registers, class rosters, and consecutive items coming off an assembly line. 

To take a systematic sample of n = 40 from the population of VN = 800 full-time employ- 

ees, partition the frame of 800 into 40 groups, each of which contains 20 employees. Then select 

a random number from the first 20 individuals and include every twentieth individual after the 

first selection in the sample. For example, if the first random number selected is 008, subsequent 

selections will be 028, 048, 068, 088, 108, ... , 768, and 788. 

Simple random sampling and systematic sampling are simpler than other, more sophisticated, 

probability sampling methods, but they generally require a larger sample size. In addition, system- 

atic sampling is prone to selection bias that can occur when there is a pattern in the frame. To over- 

come the inefficiency of simple random sampling and the potential selection bias involved with 

systematic sampling, one can use either stratified sampling methods or cluster sampling methods. 

Stratified Sample 
In a stratified sample, first subdivide the N items in the frame into separate subpopulations, or 
strata. A stratum is defined by some common characteristic, such as gender or year in school. 
Then select a simple random sample within each of the strata and combine the results from the 
separate simple random samples. Stratified sampling is more efficient than either simple random 
sampling or systematic sampling because the representation of items across the entire population is 
assured. The homogeneity of items within each stratum provides greater precision in the estimates 
of underlying population parameters. In addition, stratified sampling enables one to reach conclu- 
sions about each strata in the frame. However, using a stratified sample requires that one can deter- - 
mine the variable(s) on which to base the stratification and can also be expensive to implement. 

Cluster Sample 
In a cluster sample, divide the N items in the frame into clusters that contain several items. 
Clusters are often naturally occurring groups, such as counties, election districts, city blocks, 
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households, or sales territories. Then take a random sample of one or more clusters and study 

all items in each selected cluster, 

Cluster sampling is often more cost-effective than simple random sampling, particularly if 

the population is spread over a wide geographic region. However, cluster sampling often requires 

a larger sample size to produce results as precise as those from simple random sampling or 

stratified sampling. The Cochran, Groves et al., and Lohr sources discuss systematic sampling, 

stratified sampling, and cluster sampling procedures. 

PROBLEMS FOR SECTION 1.3 

LEARNING THE BASICS 

1.17 Fora population containing N = 902 individuals, what code 

number would you assign for 

a. the first person on the list? 

b. the fortieth person on the list? 

c. the last person on the list? 

1.18 For a population of N = 902, verify that by starting in row 

5, column | of the table of random numbers (Table E.1), you need 

only six rows to select a sample of N = 60 without replacement. 

1.19 Given a population of N = 93, starting in row 29, column 1 

of the table of random numbers (Table E.1), and reading across the 

row, select a sample of N = 15 

a. without replacement. 

b. with replacement. 

APPLYING THE CONCEPTS 

1.20 For a study that consists of personal interviews with partici- 
pants (rather than mail or phone surveys), explain why simple random 

sampling might be less practical than some other sampling methods. 

1.21 You want to select a random sample of n = 1 from a pop- 
ulation of three items (which are called A, B, and C). The rule for 

selecting the sample is as follows: Flip a coin; if it is heads, pick 

item A; if it is tails, flip the coin again; this time, if it is heads, 

choose B; if it is tails, choose C. Explain why this is a probability 

sample but not a simple random sample. 

1.22 A population has four members (called A, B, C, and D). You 

would like to select a random sample of n = 2, which you decide 

to do in the following way: Flip a coin; if it is heads, the sample will 

be items A and B; if it is tails, the sample will be items C and D. 

Although this is a random sample, it is not a simple random sample. 

Explain why. (Compare the procedure described in Problem 1.21 

with the procedure described in this problem.) 

1.23 The registrar of a university with a population of N = 4,000 

full-time students is asked by the president to conduct a survey to 

measure satisfaction with the quality of life on campus. The fol- 

lowing table contains a breakdown of the 4,000 registered full-time 

students, by gender and class designation: 

CLASS DESIGNATION 

GENDER Fr. _ So. Jr. Sr. Total 

Female 700 520 500 480 2,200 
Male 560 460 400 380 1,800 

Total 1,260 980 900 860 4,000 

The registrar intends to take a probability sample of n = 200 

students and project the results from the sample to the entire 

population of full-time students. 

a. Ifthe frame available from the registra-’s files is an alphabetical 

listing of the names of all N = 4,000 registered full-time stu- 

dents, what type of sample could you take? Discuss. 

b. What is the advantage of selecting a simple random sample 

in (a)? ; 

c. What is the advantage of selecting a systematic sample in (a)? 

d. If the frame available from the registrar’s files is a list of the 

names of all N = 4,000 registered full-time students compiled 

from eight separate alphabetical lists, based on the gender and 

class designation breakdowns shown in the class designation 

table, what type of sample should you take? Discuss. 

Suppose that each of the N = 4,000 registered full-time stu- 

dents lived in one of the 10 campus dormitories. Each dormitory 

accommodates 400 students. It is college policy to fully integrate 

students by gender and class designation in each dormitory. If 

the registrar is able to compile a listing of all students by dormi- 

tory, explain how you could take a cluster sample. 

1.24 Prenumbered sales invoices are kept in a sales 

EST journal. The invoices are numbered from 0001 to 5000. 

a. Beginning in row 16, column 1, and proceeding horizontally in. 

a table of random numbers (Table E.1), select a simple random 

sample of 50 invoice numbers. 

b. Select a systematic sample of 50 invoice numbers. Use the ran- 

dom numbers in row 20, columns 5-7, as the starting point for 

your selection. 

c. Are the invoices selected in (a) the same as those selected in (b)? 

Why or why not? 

= 

1.25 Suppose that 1,000 customers in an online electronics seller’s 

customer database are categorized by three customer types: 200 

potential customers who have visited the site but not purchased, 

300 who have purchaesed once, and 200 repeat (loyal) buyers. 

A sample of 100 customers is needed. 

a. What type of sampling should you do? Why? 

b. Explain how you would carry out the sampling according to the 

method stated in (a), 

c. Why is the sampling in (a) not simple random sampling? 



24 CHAPTER 1 | Defining and Collecting Data 

1.4 Data Cleaning 

With the exception of 

several examples designed 

for use with this section, 

data for the problems and 

examples in this book have 

already been properly 

cleaned to allow focus on 

the statistical concepts 

and methods that the book 

discusses. 

Even if proper data collection procedures are followed, the collected data may contain incorrect or 

inconsistent data that could affect statistical results. Data cleaning corrects such defects and ensures 

the data contain suitable quality for analysis. Cleaning is the most important data preprocessing task 

and must be done before performing any analysis. Cleaning can take a significant amount of time 

to do. One survey of big data analysts reported that they spend 60% of their time cleaning data, 

while only 20% of their time collecting data and a similar percentage for analyzing data (Press). 

Data cleaning seeks to correct the following types of irregularities: 

¢ Invalid variable values, including non-numerical data for a numerical variable, invalid 

categorical values of a categorical variable, and numeric values outside a defined range 

* Coding errors, including inconsistent categorical values, inconsistent case for categorical 

values, and extraneous characters 

¢ Data integration errors, including redundant columns, duplicated rows, differing column 

lengths, and different units of measure or scale for numerical variables 

By its nature, data cleaning cannot be a fully automated process, even in large business sys- 

tems that contain data cleaning software components. As this chapter’s software guides explain, 

Excel and Tableau contain functionality that lessens the burden of data cleaning (see the Excel 

and Tableau Guides for this chapter). When performing data cleaning, first preserve a copy of 

the original data for later reference. 

Invalid Variable Values 

Invalid variable values can be identified as being incorrect by simple scanning techniques so 

long as operational definitions for the variables the data represent exist. For any numerical 

variable, any value that is not a number is clearly an incorrect value. For a categorical variable, 

a value that does not match any of the predefined categories of the variable is, likewise, clearly 

an incorrect value. And for numerical variables defined with an explicit range of values, a value 

outside that range is clearly an error. 

Coding Errors 
Coding errors can result from poor recording or entry of data values or as the result of computerized 

operations such as copy-and-paste or data import. While coding errors are literally invalid values, 

coding errors may be correctable without consulting additional information whereas the invalid vari- 

able values never are. For example, for a Gender variable with the defined values F and M, the value 

“Female” is a coding error that can be reasonably changed to F. However, the value “New York” for 

the same variable is an invalid variable value that you cannot reasonably change to either F or M. 

Unlike invalid variable values, coding errors may be tolerated by analysis software. For 

example, for the same Gender variable, the values M and m might be treated as the “same” value 
for purposes of an analysis by software that was tolerant of case inconsistencies, an attribute 
known as being insensitive to case. 

Perhaps the most frustrating coding errors are extraneous characters in a value. Visual 
examination may not be able to spot extraneous characters such as nonprinting characters or 
extra, trailing space characters as one scans data. For example, the value David and the value 
that is David followed by three space characters may look the same to one casually scanning 
them but may not be treated the same by software. Likewise, values with nonprinting characters 
may look correct but may cause software errors or be reported as invalid by analysis software. 

Data Integration Errors 
Data integration errors arise when data from two different computerized sources, such as two 
different data repositories are combined into one data set for analysis. Identifying data integra- 
tion errors may be the most time-consuming data cleaning task. Because spotting these errors 
requires a type of data interpretation that automated processes of a typical business computer 



Perhaps not surprising, 

supplying business systems 

with automated data 

interpretation skills is a 

goal of many companies 

that provide data analysis 

software and services. 
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systems today cannot supply, spotting these errors using manual methods will be typical for the 

foreseeable future. 

Some data integration errors occur because variable names or definitions for the same item 

of interest have minor differences across systems. In one system, a customer ID number may 

be known as Customer ID, whereas in a different system, the same variable is known as Cust 

Number. A result of combining data from the two systems may result in having both Customer 

ID and Cust Number variable columns, a redundancy that should be eliminated. 

Duplicated rows also occur because of similar inconsistencies across systems. Consider a 

Customer Name variable with the value that represents the first coauthor of this book, David 

M. Levine. In one system, this name may have been recorded as David Levine, whereas in 

another system, the name was recorded as D M Levine. Combining records from both systems 

may result in two records, where only one should exist. Whether “David Levine” is actually the 

same person as “D M Levine” requires an interpretation skill that today’s software may lack. 

Likewise, different units of measurement (or scale) may not be obvious without additional, 

human interpretation. Consider the variable Air Temperature, recorded in degrees Celsius in one 

system and degrees Fahrenheit in another. The value 30 would be a plausible value under either 

measurement system and without further knowledge or context impossible to spot as a Celsius 

measurement in a column of otherwise Fahrenheit measurements. 

Missing Values 
Missing values are values that were not collected for a variable. For example, survey data may 

include answers for which no response was given by the survey taker. Such “no responses” are 

examples of missing values. Missing values can also result from integrating two data sources that 

do not have a row-to-row correspondence for each row in both sources. The lack of correspondence 

creates particular variable columns to be longer, to contain additional rows than the other columns. 

For these additional rows, missing would be the value for the cells in the shorter columns. 

Do not confuse missing values with miscoded values. Unresolved miscoded values—values 

that cannot be cleaned by any method—might be changed to missing by some researchers or 

excluded for analysis by others. 

Algorithmic Cleaning of Extreme Numerical Values 
For numerical variables without a defined range of possible values, one might find outliers, 

values that seem excessively different from most of the other values. Such values may or may 

not be errors, but all outliers require review. While there is no one standard for defining outliers, 

most define outliers in terms of descriptive measures such as the standard deviation or the inter- 

quartile range that Chapter 3 discusses. Because software can compute such measures, spotting 

outliers can be automated if a definition of the term that uses such a measure is used. As later 

chapters note when appropriate, identifying outliers is important as some methods are sensitive 

to outliers and produce very different results when outliers are included in analysis. 

1.5 Other Data Preprocessing Tasks 
In addition to data cleaning, one might undertake several other data processing tasks before 

visualizing and analyzing a set of data. 

Data Formatting 
Data formatting includes rearranging the structure of the data or changing the electronic encod- 

ing of the data or both. For example, consider financial data that has been collected for a sample 
of companies. The collected data may be structured as tables of data, as the contents of standard 
forms, in a continuous stock ticker stream, or as messages or blog entries that appear on various 

websites. These data sources have various levels of structure that affect the ease of reformatting 

them for use. 



26 CHAPTER 1 | Defining and Collecting Data 

Because tables of data are highly structured and are similar to the structure of a worksheet, 

tables would require the least reformatting. In the best case, the rows and columns of a table 

would become the rows and columns of a worksheet. Unstructured data sources, such as mes- 

sages and blog entries, often represent the worst case. The data may need to be paraphrased, 

characterized, or summarized in a way that does not involve a direct transfer. As the use of busi- 

ness analytics grows (see Chapter 17), the use of automated ways to paraphrase or characterize 

these and other types of unstructured data grows, too. 

Independent of the structure, collected data may exist in an electronic form that needs to 

be changed in order to be analyzed. For example, data presented as a digital picture of Excel 

worksheets would need to be changed into an actual Excel worksheet before that data could be 

analyzed. In this example, the electronic encoding of the data changes from a picture format 

such as jpeg to an Excel workbook format. Sometimes, individual numerical values that have 

been collected may need to be changed, especially collected values that result from a compu- 

tational process. Demonstrate this issue in Excel by entering a formula that is equivalent to the 

expression 1 X (0.5 — 0.4 — 0.1). This should evaluate as 0, but Excel evaluates to a very small 

negative number. Altering that value to 0 would be part of the data cleaning process. 

Stacking and Unstacking Data 
When collecting data for a numerical variable, subdividing that data into two or more groups 

for analysis may be necessary. For example, data about the cost of a restaurant meal in an urban 

area might be subdivided to consider the cost of meals at restaurants in the center city district 

separately from the meal costs at metro area restaurants. When using data that represent two or 

more groups, data can be arranged as either unstacked or stacked. 

To use an unstacked arrangement, create separate numerical variables for each group. For 

this example, create a center city meal cost variable and a second variable to hold the meal costs 

at metro area restaurants. To use a stacked arrangement format, pair the single numerical vari- 

able meal cost with a second, categorical variable that contains two categories, such as center 

city and metro area. If collecting data for several numerical variables, each of which will be 

subdivided in the same way, stacking the data will be the more efficient choice. 

When using software to analyze data, a specific procedure may require data to be stacked 

(or unstacked). When such cases arise using Microsoft Excel for problems or examples that this 

book discusses, a workbook or project will contain that data in both arrangements. For example, 

(GES=NE. that Chapter 2 uses for several examples, contains both the original (stacked) data 
about restaurants as well as an unstacked worksheet (or data table) that contains the meal cost 

by location, center city or metro area. 

Recoding Variables 
After data have been collected, categories defined for a categorical variable may need to be 

reconsidered or a numerical variable may need to be transformed into a categorical variable by 

assigning individual numeric values to one of several groups. For either case, define a recoded 

variable that supplements or replaces the original variable in your analysis. 

For example, having already defined the variable class standing with the categories fresh- 
man, sophomore, junior, and senior, a researcher decides to investigate the differences between 
lowerclassmen (freshmen or sophomores) and upperclassmen (juniors or seniors). The researcher 
can define a recoded variable UpperLower and assign the value Upper if a student is a junior or 
senior and assign the value Lower if the student is a freshman or sophomore. 

When recoding variables, make sure that one and only one of the new categories can be assigned 
to any particular value being recoded and that each value can be recoded successfully by one of your 
new categories, the properties known as being mutually exclusive and collectively exhaustive. 

When recoding numerical variables, pay particular attention to the operational definitions of the 
categories created for the recoded variable, especially if the categories are not self-defining ranges. 
For example, while the recoded categories Under 12, 12-20, 21-34, 35-54, and 55-and-over are 
self-defining for age, the categories child, youth, young adult, middle aged, and senior each need 
to be further defined in terms of mutually exclusive and collectively exhaustive numerical ranges. 



APPLYING THE CONCEPTS 

1.26 The cell phone brands owned by a sample of 20 respondents 
were: 

Apple, Samsung, Appel, Nokia, Blackberry, HTC, Apple, Samsung, 
HTC, LG, Blueberry, Samsung, Samsung, APPLE, Motorola, 
Apple, Samsun, Apple, Samsung 

a. Clean these data and identify any irregularities in the data. 

b. Are there any missing values in this set of 20 respondents? Iden- 

tify the missing values. 

1.27 The amount of monthly data usage by a sample of 10 cell 
phone users (in MB) was: 

0.4, 2.7MB, 5.6, 4.3, 11.4, 26.8, 1.6, 1,079, 8.3, 4.2 

Are there any potential irregularities in the data? 

1.6 Types of Survey Errors 

PROBLEMS FOR SECTIONS 1.4 AND 1.5 
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1.28 An amusement park company owns three hotels on an adjoin- 

ing site. A guest relations manager wants to study the time it takes 

for shuttle buses to travel from each of the hotels to the amuse- 

ment park entrance. Data were collected on a particular day for the 

recorded travel times in minutes. 

a. Explain how the data could be organized in an unstacked format. 

b. Explain how the data could be organized in a stacked format. 

1.29 A hotel management company runs 10 hotels in a resort 

area. The hotels have a mix of pricing—some hotels have budget- 

priced rooms, some have moderate-priced rooms, and some have 

deluxe-priced rooms. Data are collected that indicate the number 

of rooms that are occupied at each hote’ on each day of a month. 

Explain how the 10 hotels can be recoded into these three price 

categories. 

Collected data in the form of compiled responses from a survey must be verifed to ensure that the 

results can be used in a decision-making process. Verification begins by evaluating the validity 

of the survey to make sure the survey does not lack objectivity or credibility. To do this, evaluate 

the purpose of the survey, the reason the survey was conducted, and for whom the survey was 

conducted. 

Having validated the objectivity and credibility of the survey, determine whether the survey 

was based on a probability sample (see Section 1.3). Surveys that use nonprobability samples 

are subject to serious biases that render their results useless for decision-making purposes. In the 

case of the Coca-Cola managers concerned about the “Pepsi Challenge” results (see page 17), 

the managers failed to reflect on the subjective nature of the challenge as well as the nonprob- 

ability sample that this survey used. Had the managers done so, they might not have been so 

quick to make the reformulation blunder that was reversed just weeks later. 

Even after verification, surveys can suffer from any combination of the following types of 

survey errors: coverage error, nonresponse error, sampling error, or measurement error. Devel- 

opers of well-designed surveys seek to reduce or minimize these types of errors, often at con- 

siderable cost. 

Coverage Error 
The key to proper sample selection is having an adequate frame. Coverage error occurs if 

certain groups of items are excluded from the frame so that they have no chance of being 

selected in the sample or if items are included from outside the frame. Coverage error results 

in a selection bias. If the frame is inadequate because certain groups of items in the population 

were not properly included, any probability sample selected will provide only an estimate of the 

characteristics of the frame, not the actual population. 

Nonresponse Error 
Not everyone is willing to respond to a survey. Nonresponse error arises from failure 

to collect data on all items in the sample and results in a nonresponse bias. Because a 

researcher cannot always assume that persons who do not respond to surveys are similar to 

those who do, researchers need to follow up on the nonresponses after a specified period of 

time. Researchers should make several attempts to convince such individuals to complete 
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the survey and possibly offer an incentive to participate. The follow-up responses are then 

compared to the initial responses in order to make valid inferences from the survey (see 

the Cochran, Groves et al., and Lohr sources). The mode of response the researcher uses, 

such as face-to-face interview, telephone interview, paper questionnaire, or computerized 

questionnaire, affects the rate of response. Personal interviews and telephone interviews 

usually produce a higher response rate than do mail surveys—but at a higher cost. 

Sampling Error 
When conducting a probability sample, chance dictates which individuals or items will or will 

not be included in the sample. Sampling error reflects the variation, or “chance differences,” 

from sample to sample, based on the probability of particular individuals or items being selected 

in the particular samples. 

When there is a news report about the results of surveys or polls in newspapers or on the 

Internet, there is often a statement regarding a margin of error, such as “the results of this poll 

are expected to be within +4 percentage points of the actual value.” This margin of error is 

the sampling error. Using larger sample sizes reduces the sampling error. Of course, doing so 

increases the cost of conducting the survey. 

Measurement Error 

In the practice of good survey research, design surveys with the intention of gathering mean- 

ingful and accurate information. Unfortunately, the survey results are often only a proxy for the 

ones sought. Unlike height or weight, certain information about behaviors and psychological 

states is impossible or impractical to obtain directly. 

When surveys rely on self-reported information, the mode of data collection, the respondent 

to the survey, or the survey itself can be possible sources of measurement error. Satisficing, 

social desirability, reading ability, and/or interviewer effects can be dependent on the mode of 

data collection. The social desirability bias or cognitive/memory limitations of a respondent can 

affect the results, Vague questions, double-barreled questions that ask about multiple issues but 

require a single response, or questions that ask the respondent to report something that occurs 

over time but fail to clearly define the extent of time about which the question asks (the reference 
period) are some of the survey flaws that can cause errors. 

To minimize measurement error, standardize survey administration and respondent under- 

standing of questions, but there are many barriers to this (Bremer, Fowler, Sudman). 

Ethical Issues About Surveys 

Ethical considerations arise with respect to the four types of survey error. Coverage error 

can result in selection bias and becomes an ethical issue if particular groups or individuals 

are purposely excluded from the frame so that the survey results are more favorable to the 

survey’s sponsor. Nonresponse error can lead to nonresponse bias and becomes an ethical 

issue if the sponsor knowingly designs the survey so that particular groups or individuals 
are less likely than others to respond. Sampling error becomes an ethical issue if the find- 
ings are purposely presented without reference to sample size and margin of error so that 
the sponsor can promote a viewpoint that might otherwise be inappropriate. Measurement 
error can become an ethical issue in one of three ways: (1) a survey sponsor chooses leading 
questions that guide the respondent in a particular direction; (2) an interviewer, through 
mannerisms and tone, purposely makes a respondent obligated to please the interviewer 
or otherwise guides the respondent in a particular direction; or (3) a respondent willfully 
provides false information. 7 

Ethical issues also arise when the results of nonprobability samples are used to form 
conclusions about the entire population. When using a nonprobability sampling method, 
explain the sampling procedures and state that the results cannot be generalized beyond the 
sample. 
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CONSIDER [fi ee ee eee 
New Media Surveys/Old Survey Errors 
Software company executives decide to create a “customer 
experience improvement program” to record how custom- 

ers use the company’s products, with the goal of using the 

collected data to make product enhancements. Product 

marketers decide to use social media websites to collect 

consumer feedback. These people risk making the same 

type of survey error that led to the quick demise of a very 

successful magazine nearly 80 years ago. 

By 1935, “straw polls” conducted by the magazine Liter- 

ary Digest had successfully predicted five consecutive U.S. 

presidential elections. For the 1936 election, the magazine 

promised its largest poll ever and sent about 10 million 

ballots to people all across the country. After tabulating more 

than 2.3 million ballots, the Digest confidently proclaimed 

that Alf Landon would be an-easy winner over Franklin 

D. Roosevelt. The actual results: FDR won in a landslide, and 

Landon received the fewest electoral votes in U.S. history. 

Being so wrong ruined the reputation of Literary Digest, 

and it would cease publication less than two years after it 

made its erroneous claim. A review much later found that 

the low response rate (less than 25% of the ballots dis- 

tributed were returned) and nonresponse error (Roosevelt 

voters were less likely to mail in a ballot than Landon voters) 

were significant reasons for the failure of the Literary Digest 

poll (Squire). 

The Literary Digest error proved to be a watershed event 

in the history of sample surveys. First, the error disproved 

the assertion that the larger the sample is, the better the 

results will be—an assertion some people still mistakenly 

make today. The error paved the way for the modern 

methods of sampling discussed in this chapter and gave 

prominence to the more “scientific” methods that George 

Gallup and Elmo Roper both used to correctly predict the 

1936 elections. (Today’s Gallup Polls and Roper Reports 

remember those researchers.) 

In more recent times, Microsoft software executives 

overlooked that experienced users could easily opt out of 

participating in their improvement program. This created 

another case of nonresponse error that may have led to 

the improved product (Microsoft Office) being so poorly 

received initially by experienced Office users who, by 

being more likely to opt out of the improvement program, 

biased the data that Microsoft used to determine Office 

“improvements.” 

And while those product marketers may be able to 

collect a lot of customer feedback data, those data also 

suffer from nonresponse error. In collecting data from social 

media websites, the marketers cannot Know who chose not 

to leave comments. The marketers also cannot verify if the 

data collected suffer from a selection bias due to a cover- 

age error. 

That you might use media newer than the mailed, 

dead-tree form that Literary Digest used does not mean 

that you automatically avoid the old survey errors. Just the 

opposite—the accessibility and reach of new media makes 

it much easier for unknowing people to commit such errors. . 

PROBLEMS FOR SECTION 1.6 

APPLYING THE CONCEPTS 

1.30 A survey indicates that the vast majority of college students 

own their own smartphones. What information would you want to 

know before you accepted the results of this survey? 

1.31 A simple random sample of n = 300 full-time employees is 

selected from a company list containing the names of all N = 5,000 

full-time employees in order to evaluate job satisfaction. 

a. Give an example of possible coverage error. 

b. Give an example of possible nonresponse error. 

c. Give an example of possible sampling error. 

d. Give an example of possible measurement error. 

41.32 Results of the 2019 annual banking priorities sur- 

TEST vey of a sample of 220 bankers nationwide by Computer 

Services, Inc., available at bit.ly/2POHAIk, reveal insights on key 

areas of strategic focus and spending among financial institutions. 

The results show that 71% of bankers note new customer acquisi- 

tion as a major tactic toward reaching their revenue goals. Imple- 

menting automated online self-service solutions was highlighted as 

a strategy to pursue, with 18% of bankers citing self-service account 

opening as a vital channel for attracting new customers. 

Identify potential concerns with coverage, nonresponse, sampling, 

and measurement errors. 

1.33 A 2019 PwC survey of 1,000 U.S. executives (available at 

pwe.to/2DAHI4q) indicated that artificial intelligence (AI) is no 

longer seen as a side project or science experiment. Eighty percent 

of U.S. CEOs think AI will significantly change the way they will do 

business in the next five years. At the same time, they are concerned 

about AI risks that could undermine investments. What risks concern 

CEOs most? Forty-three percent cite new privacy threats. But CEOs 

also note growing concerns over how AI could affect cybersecurity, 

employment, inequality, and the environment. A majority of CEOs 



30 CHAPTER 1 | Defining and Collecting Data 

are already taking steps to address these concerns by developing and 

deploying AI systems that are trustworthy. 

What additional information would you want to know about the 

survey before you accepted the results for the study? 

1.34 A recent survey (avialable at bit.ly/2H5mQ6g) points to 

the transformation underway in the automotive retail landscape. 

The 2019 KPMG Global Automotive Executive Study found that 

automobile executives believe the number of physical automotive 

YUSING STATISTICS 
Defining Moments, Revisited 

he New Coke and airline quality cases illustrate missteps 
that can occur during the define and collect tasks of the 

DCOVA framework. To use statistics effectively, you must 
properly define a business problem or goal and then collect 
data that will allow you to make observations and reach 

conclusions that are relevant to that problem or goal. 
In the New Coke case, managers failed to consider that 

data collected about a taste test would not necessarily provide 

useful information about the sales issues they faced. The 
managers also did not realize that the test used improper 
sampling techniques, deliberately introduced biases, and were 
subject to coverage and nonresponse errors. Those mistakes 

invalidated the test, making the conclusion that New Coke 

tasted better than Pepsi an invalid claim. 

eM a 
UBoE 

In this chapter, you learned the details about the Define and 

Collect tasks of the DCOVA framework, which are import- 

ant first steps to applying statistics properly to decision 

making. You learned that defining variables means develop- 

ing an operational definition that includes establishing the 

type of variable and the measurement scale that the variable 

uses. You learned important details about data collection as 

Eee NCES: 
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S. Sudman. Measurement Errors in Surveys. New York: Wiley 
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retail outlets, as we know them today, will be reduced by 30% to 

50%. Eighty-two percent of automobile executives strongly agree 

that the only viable option for physical retail outlets will be the 

transformation into service factories, used car hubs, or focusing on 

an ID-management approach, where the customer is recognized at 

every single touchpoint. 

What additional information would you want to know about the 

survey before you accepted the results of the study? 

In the airline 

quality case, no 
mistakes in defining 

and collecting data 
were made. The results that fliers like quality was a valid 

one, but decision makers overlooked that quality was not the 

most significant factor for people buying seats on transatlantic 
flights (price was). This case illustrates that no matter how 

well you apply statistics, if you do not properly analyze the 

business problem or goal being considered, you may end 

up with valid results that lead you to invalid management 
decisions. 

well as some new basic vocabulary terms (sample, popula- 

tion, and parameter) and a more precise definition of statis- 

tic. You specifically learned about sampling and the types 

of sampling methods available to you. Finally, you surveyed 

data preparation considerations and learned about the type 
of survey errors you can encounter. 
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1.35 What is the difference between a sample and a population? 

1.36 What is the difference between a statistic and a parameter? 

1.37 What is the difference between a categorical variable and a 

numerical variable? 

4.38 What is the difference between a discrete numerical variable 

and a continuous numerical variable? 

4.39 What is the difference between a nominal scaled variable and 

an ordinal scaled variable? 

4.40 What is the difference between an interval scaled variable and 

a ratio scaled variable? 

nonprobability sample 

nonresponse bias 27 

operational definition 

probability sample 21 

recoded variable 26 
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Sudman, S., N. M. Bradburn, and N. Schwarz. Thinking About 

Answers; The Application of Cognitive Processes to Survey 

Methodology. San Francisco, CA: Jossey-Bass, 1993, 

sampling error 28 

sampling with replacement 21 

21 sampling without replacement 21 

secondary data source 20 

selection bias 27 

simple random sample 21 

iL7/ stacked 26 

statistic 20 

strata 22 

stratified sample 22 

systematic sample 22 

20 table of random numbers 22 

treatment 20 

unstacked 26 
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1.41 What is the difference between probability sampling and non- 

probability sampling? 

1.42 What is the difference between a missing value and an outlier? 

1.43 What is the difference between unstacked and stacked 

variables? 

1.44 What is the difference between coverage error and nonre- 

sponse error? 

1.45 What is the difference between sampling error and measure- 
ment error? 

1.46 Visit the official Microsoft Excel product website, products 

.office.com/excel. Review the features of the program you chose 

and then state the ways the program could be useful in statistical 

analysis. 

1.47 Results of a 2017 Computer Services, Inc. (CSI) survey of 

a sample of 163 bank executives reveal insights on banking prior- 

ities among financial institutions (goo.gl/mniYMM). As financial 

institutions begin planning for a new year, of utmost importance is 

boosting profitability and identifying growth areas. 

The results show that 55% of bank institutions note customer experi- 

ence initiatives as an area in which spending is expected to increase. 

Implementing a customer relationship management (CRM) solution 

was ranked as the top most important omnichannel strategy to pur- 

sue with 41% of institutions citing digital banking enhancements as 

the greatest anticipated strategy to enhance the customer experience. 

a. Describe the population of interest. 

b. Describe the sample that was collected. 

c. Describe a parameter of interest. 

d. Describe the statistic used to estimate the parameter in (c). 
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1.48 The Gallup organization releases the results of recent polls on its 

website, www.gallup.com. Visit this site and read an article of interest. 

a. Describe the population of interest. 

b. Describe the sample that was collected. 

c. Describe a parameter of interest. 

d. Describe the statistic used to estimate the parameter in (c). 

1.49 A 2019 PwC survey of 1,000 U.S. executives indicated that 

artificial intelligence (AT) is no longer seen as a side project. Eighty 

percent of U.S, CEOs think AI will significantly change the way they 

will do business in the next five years. At the same time, these CEOs 

are concerned about AI risks that could undermine investments. 

What risks concern CEOs most? Forty-three percent cite new privacy 

threats. But CEOs also note growing concerns over how AI could 

affect cybersecurity, employment, inequality, and the environment. A 

majority of CEOs are already taking steps to address these concerns 

by developing and deploying AI systems that are trustworthy. 

Source: “US CEO agenda 2019,” PwC, pwe.to/2Uu0VAX. 

a. Describe the population of interest. 

b. Describe the sample that was collected. 

c. Describe a parameter of interest. 

d. Describe the statistic used to estimate the parameter in (c). 

1.50 The American Community Survey (www.census.gov/acs) 

provides data every year about communities in the United States. 

Addresses are randomly selected and respondents are required to 

supply answers to a series of questions. 

a. Describe a variable for which data are collected. 

b. Is the variable categorical or numerical? 

c. If the variable is numerical, is it discrete or continuous? 

1.51 Examine Zarca Interactive’s “Sample Employee Satisfaction 

Survey/Sample Questions for Employee Satisfaction Survey,” avail- 

able at bit.ly/21qjI6F. 

a. Give an example of a categorical variable included in the survey. 

b. Give an example of a numerical variable included in the survey. 

1.52 Three professors examined awareness of four widely dis- 

seminated retirement rules among employees at the University of 

Utah. These rules provide simple answers to questions about retire- 

ment planning (R. N. Mayer, C. D. Zick, and M. Glaittle, “Public 

Awareness of Retirement Planning Rules of Thumb,” Journal of 

Personal Finance, 2011 10(62), 12-35). At the time of the inves- 

tigation, there were approximately 10,000 benefited employees, 

and 3,095 participated in the study. Demographic data collected 

on these 3,095 employees included gender, age (years), education 

level (years completed), marital status, household income ($), and 

employment category. 

a. Describe the population of interest. 

b. Describe the sample that was collected. 

c. Indicate whether each of the demographic variables mentioned 

is categorical or numerical. 

1.53 Social media provides an enormous amount of data about 

the activities and habits of people using social platforms like Face- 

book and Twitter. The belief is that mining that data provides a 

treasure trove for those who seek to quantify and predict future 

human behavior. A marketer is planning a survey of Internet users in 

the United States to determine social media usage. The objective of 

the survey is to gain insight on these three items: key social media 

platforms used, frequency of social media usage, and demographics 

of key social media platform users. 

a. For each of the three items listed, indicate whether the vari- 

ables are categorical or numerical. If a variable is numerical, is 

it discrete or continuous? 

b. Develop five categorical questions for the survey. 

c. Develop five numerical questions for the survey. 

CHAPTER 

Managing Ashland MultiComm Services 
Ashland MultiComm Services (AMS) provides high-quality 
telecommunications services in the Greater Ashland area. AMS 
traces its roots to a small company that redistributed the broad- 
cast television signals from nearby major metropolitan areas 
but has evolved into a provider of a wide range of broadband 
services for residential customers. 

AMS offers subscription-based services for digital cable 
television, local and long-distance telephone services, and 
high-speed Internet access. Recently, AMS has faced compe- 
tition from other service providers as well as Internet-based, 
on-demand streaming services that have caused many customers 
to “cut the cable” and drop their subscription to cable video 
services. 

AMS management believes that a combination of increased 
promotional expenditures, adjustment in subscription fees, and 
improved customer service will allow AMS to successfully face 
these challenges. To help determine the proper mix of strate- 
gies to be taken, AMS management has decided to organize a 
research team to undertake a study. 

The managers suggest that the research team examine the 
company’s own historical data for number of subscribers, reve- 
nues, and subscription renewal rates for the past few years. They 
direct the team to examine year-to-date data as well because the 
managers suspect that some of the changes they have seen have 
been a relatively recent phenomena. 

1. What type of data source would the company’s own historical 
data be? Identify other possible data sources that the research 



team might use to examine the current marketplace for resi- 
dential broadband services in a city such as Ashland. 

2. What type of data collection techniques might the team 
employ? 

3. In their suggestions and directions, the AMS managers have 
named a number of possible variables to study but offered no 
operational definitions for those variables. What types of pos- 
sible misunderstandings could arise if the team and managers 
do not first properly define each variable cited? 

CardioGood Fitness 
CardioGood Fitness is a developer of high-quality cardiovascular 

exercise equipment. Its products include treadmills, fitness bikes, 

elliptical machines, and e-glides. CardioGood Fitness looks to 

increase the sales of its treadmill products and has hired The 

AdRight Agency, a small advertising firm, to create and imple- 

ment an advertising program. The AdRight Agency plans to iden- 

tify particular market segments that are most likely to buy their 

clients’ goods and services and then locate advertising outlets that 

will reach that market group. This activity includes collecting 

data on clients’ actual sales and on the customers who make the 

purchases, with the goal of determining whether there is a distinct 

profile of the typical customer for a particular product or service. 

If a distinct profile emerges, efforts are made to match that profile 

to advertising outlets known to reflect the particular profile, thus 

targeting advertising directly to high-potential customers. 

CardioGood Fitness sells three different lines of treadmills. 

The TM195 is an entry-level treadmill. It is as dependable as 

other models offered by CardioGood Fitness, but with fewer 

programs and features. It is suitable for individuals who thrive 

on minimal programming and the desire for simplicity to initiate 

their walk or hike. The TM195 sells for $1,500. 
The middle-line TM498 adds to the features of the entry- 

level model: two user programs and up to 15% elevation upgrade. 

The TM498 is suitable for individuals who are walkers at a tran- 

sitional stage from walking to running or midlevel runners. The 

TM498 sells for $1,750. 

The top-of-the-line TM798 is structurally larger and heavier 

and has more features than the other models. Its unique fea- 

tures include a bright blue backlit LCD console, quick speed 

and incline keys, a wireless heart rate monitor with a telemetric 

chest strap, remote speed and incline controls, and an anatomical 

figure that specifies which muscles are minimally and maxi- 

mally activated. This model features a nonfolding platform base 

that is designed to handle rigorous, frequent running; the TM798 

is therefore appealing to someone who is a power walker or a 

runner. The selling price is $2,500. 
As a first step, the market research team at AdRight is 

assigned the task of identifying the profile of the typical cus- 

tomer for each treadmill product offered by CardioGood Fitness. 

The market research team decides to investigate whether there 

are differences across the product lines with respect to customer 

characteristics. The team decides to collect data on individuals 

who purchased a treadmill at a CardioGood Fitness retail store 

during the prior three months. 

The team decides to use both business transactional data 

and the results of a personal profile survey that every purchaser 

Cases 33 

completes as the team’s sources of data. The team identifies the fol- 

lowing customer variables to study: product purchased—TM 195, 

TM498, or TM798; gender; age, in years; education, in years; 

relationship status, single or partnered; annual household income 

($); mean number of times the customer plans to use the treadmill 

each week; mean number of miles the customer expects to walk/ 

run each week; and self-rated fitness on a 1-to-5 scale, where 1 is 

poor shape and 5 is excellent shape. For this set of variables: 

1. Which variables in the survey are categorical? 

2. Which variables in the survey are numerical? 

3. Which variables are discrete numerical variables? 

Clear Mountain State Student Survey 
The Student News Service at Clear Mountain State University 

(CMSU) has decided to gather data about the undergraduate 

students who attend CMSU. They create and distribute a survey 

of 14 questions and receive responses from 111 undergraduates 

(stored in RISRERT Sioa). 
Download (see Appendix C) and review the survey docu- 

ment CMUndergradSurvey.pdf. For each question asked in the 

survey, determine whether the variable is categorical or numer- 

ical. If you determine that the variable is numerical, identify 

whether it is discrete or continuous. 

Learning With the Digital Cases 
Identifying and preventing misuses of statistics is an important 

responsibility for all managers. The Digital Cases allow you to 

practice the skills necessary for this important task. 

Each chapter’s Digital Case tests your understanding of how 

to apply an important statistical concept taught in the chapter. 

As in many business situations, not all of the information you 

encounter will be relevant to your task, and you may occasion- 

ally discover conflicting information that you have to resolve in 

order to complete the case. 

To assist your learning, each Digital Case begins with a 

learning objective and a summary of the problem or issue at 

hand. Each case directs you to the information necessary to 

reach your own conclusions and to answer the case questions. 

Many cases, such as the sample case worked out next, extend 

a chapter’s Using Statistics scenario. You can download digital 

case files, which are PDF format documents that may contain 

extended features such as interactivity or data file attachments. 

Open these files with a current version of Adobe Reader, as 

other PDF programs may not support the extended features. (For 

more information, see Appendix C.) 

To illustrate learning with a Digital Case, open the Digital 

Case file Whitney Wireless.pdf that contains summary infor- 

mation about the Whitney Wireless business. Apparently, from 

the claim on the title page, this business is celebrating its “best 

sales year ever.” 

Review the Who We Are, What We Do, and What We 

Plan to Do sections on the second page. Do these sections con- 

tain any useful information? What questions does this passage 

raise? Did you notice that while many facts are presented, no 

data that would support the claim of “best sales year ever” are 

presented? And were those mobile “mobilemobiles” used solely 
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for promotion? Or did they generate any sales? Do you think 

that a talk-with-your-mouth-full event, however novel, would 

be a success? 

Continue to the third page and the Our Best Sales Year 

Ever! section. How would you support such a claim? With 

a table of numbers? Remarks attributed to a knowledgeable 

source? Whitney Wireless has used a chart to present “two years 

ago” and “‘latest twelve months” sales data by category. Are there 

any problems with what the company has done? Absolutely! 

Take a moment to identify and reflect on those problems. 

Then turn to pages 4 though 6 that present an annotated version 

of the first three pages and discusses some of the problems with 

this document. 

In subsequent Digital Cases, you will be asked to provide 

this type of analysis, using the open-ended case questions as 

your guide. Not all the cases are as straightforward as this exam- 

ple, and some cases include perfectly appropriate applications of 

statistical methods. And none have annotated answers! 



“EXCEL GUIDE 

EG1i.1 DEFINING VARIABLES 

Classifying Variables by Type 

Microsoft Excel infers the variable type from the data one enters 
into a column. If Excel discovers a column that contains num- 
bers, it treats the column as a numerical variable. If Excel discov- 
ers a column that contains words or alphanumeric entries, it treats 
the column as a non-numerical (categorical) variable. 

This imperfect method works most of the time, especially 

if one makes sure that the categories for a categorical variables 

are words or phrases such as “‘yes” and “no.” However, because 

one cannot explicitly define the variable type, Excel enables 

one to do nonsensical things such as using a categorical vari- 

able with a statistical method designed for numerical variables. 

If one must use categorical values such as 1, 2, or 3, enter them 

preceded with an apostrophe, as Excel treats all values that 

begin with an apostrophe as non-numerical data. (To check 

whether a cell entry includes a leading apostrophe, select the 

cell and view its contents in the formula bar.) 

EG1.3 TYPES of SAMPLING METHODS _ 
Simple Random Sample 

Key Technique Use the RANDBETWEEN(smallest 

integer, largest integer) function to generate a random inte- 

ger that can then be used to select an item from a frame. 

Example 1 Create a simple random sample with replace- 

ment of size 40 from a population of 800 items. 

Workbook Enter a formula that uses this function and then 

copy the formula down a column for as many rows as is nec- 

essary. For example, to create a simple random sample with 

replacement of size 40 from a population of 800 items, open 

to a new worksheet. Enter Sample in cell Al and enter the 

formula =RANDBETWEEN(1, 800) in cell A2. Then copy 

the formula down the column to cell A41. 

Excel contains no functions to select a random sample 

without replacement. Such samples are most easily created 

using an add-in such as PHStat or the Analysis ToolPak, as 

described in the following paragraphs. 

Analysis ToolPak Use Sampling to create a random sam- 

ple with replacement. 

For the example, open to the worksheet that contains the pop- 

ulation of 800 items in column A and that contains a column 

heading in cell Al. Select Data Data Analysis. In the Data 

Analysis dialog box, select Sampling from the Analysis 

Tools list and then click OK. In the procedure’s dialog box 

(shown at top right): 

CHAPTER 
SEIS BRERA gots 

1. Enter Al:A801 as the Input Range and check Labels. | 

2. Click Random and enter 40 as the Number of Samples. | _ 
3. Click New Worksheet Ply and then click OK. 

Sampling 

| Input = Sos ER Cem 

Input Range: [araso1 | rn 

[¥] Labets L 

Sampling Method | eam 

IO Periodic 

Period: | ats - Seti <I 

@ Random 

Number of Samples: [40 _ peers] 

Output options 

(©) Qutput Range: 

(@) New Worksheet Ply: 

©) New Workbook 

Example 2 Create a simple random sample without 

replacement of size 40 from a population of 800 items. 

PHStat Use Random Sample Generation. 

For the example, select PHStat > Sampling > Random 

Sample Generation. In the procedure’s dialog box (shown 

below): 

1. Enter 40 as the Sample Size. 

2. Click Generate list of random numbers and enter 800 

as the Population Size. 

3. Enter a Title and click OK. 

Random Sample Generation | x | 

|| Data 
Sample Size: [40 

| ‘ Generate list of random numbers 

| Population Size: [s00 

| ™ Select values from range 

Values Cell Range; | 
| 

1 | 
1} J First cell contains label | | 

|| = Output Options - . | 
|| | Titles I | | | 
1} ——— 1] 
|| as i 1 

Help | j Cancel 1] 

Unlike most other PHStat results worksheets, the work- 

sheet created contains no formulas. 

Workbook Use the COMPUTE worksheet of the Random 
workbook as a template. 

The worksheet already contains 40 copies of the formula 

=RANDBETWEEN(1, 800) in column B. Because the 

RANDBETWEEN function samples with replacement as 
discussed at the start of this section, one may need to add 
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additional copies of the formula in new column B rows until 

one has 40 unique values. 

When the intended sample size is large, spotting dupli- 

cate values can be hard. Read the SHoRrT TAKEs for Chapter | 

to learn more about an advanced technique that uses formulas 

to detect duplicate values. 

EG1.4 DATA CLEANING 

Key Technique Use a column of formulas to detect invalid 

variable values in another column. 

Example Scan the DirtyDATA worksheet in the Dirty 

Data workbook for invalid variable values. 

PHStat Use Data Cleaning. 

For the example, open to the DirtyData worksheet. Select 

Data Preparation Numerical Data Scan. In the proce- 

dure’s dialog box: 

1. Enter a column range as the Numerical Variable Cell 

Range. 

2. Click OK. 

The procedure creates a worksheet that contains a column 

that identifies every data value as either being numerical or 

non-numerical and states the minimum and maximum values 

found in the column. To scan for irregularities in categorical 

data, use the Workbook instructions. 

Workbook Use the ScanData worksheet of the Data 
Cleaning workbook as a model solution to scan for the fol- 

lowing types of irregularities: non-numerical data values for 

a numerical variable, invalid categorical values of a categor- 

ical variable, numerical values outside a defined range, and 

missing values in individual cells. 

The worksheet uses several different Excel functions to 

detect an irregularity in one column and display a message in 

another column. For each categorical variable scanned, the 

worksheet contains a table of valid values that are looked up 

and compared to cell values to spot inconsistencies. Read the 

SHorT TAKES for Chapter 1 to learn the specifics of the for- 

mulas the worksheet uses to scan data. 

EG1.5 OTHER DATA PREPROCESSING 

Stacking and Unstacking Variables 

PHStat Use Data Preparation > Stack Data (or Unstack 
Data). 

For Stack Data, in the Stack Data dialog box, enter an 
Unstacked Data Cell Range and then click OK to create 
stacked data in a new worksheet. For Unstack Data, in the 
Unstack Data dialog box, enter a Grouping Variable Cell 
Range and a Stacked Data Cell Range and then click OK 
to create unstacked data in a new worksheet. 

Recoding Variables 

Key Technique To recode a categorical variable, first 
copy the original variable’s column of data and then use the 
find-and-replace function on the copied data. To recode a 

numerical variable, enter a formula that returns a recoded 

value in a new column. 

Example Using the DATA worksheet of the Recoded 

workbook, create the recoded variable UpperLower from 

the categorical variable Class and create the recoded Variable 

Dean’s List from the numerical variable GPA. 

Workbook Use the RECODED worksheet of the Recoded 

workbook as a model. 

The worksheet already contains UpperLower, a recoded 

version of Class that uses the operational definitions on page 26, 

and Dean’s List, a recoded version of GPA, in which the value 

No recodes all GPA values less than 3.3 and Yes recodes all 

values 3.3 or greater. The RECODED_ FORMULAS work- 

sheet in the same workbook shows how formulas in column I 

use the IF function to recode GPA as the Dean’s List variable. 

These recoded variables were created by first opening 

to the DATA worksheet in the same workbook and then fol- 

lowing these steps: 

1. Right-click column D (right-click over the shaded “D” at 

the top of column D) and click Copy in the shortcut menu. 

2. Right-click column H and click the first choice in the 

Paste Options gallery. 

3. Enter UpperLower in cell H1. 

4. Select column H. With column H selected, click Home> 

Find & Select > Replace. 

In the Replace tab of the Find and Replace dialog box: 

5. Enter Senior as Find what, Upper as Replace with, 

and then click Replace All. 

6. Click OK to close the dialog box that reports the results 

of the replacement command. 

7. Still in the Find and Replace dialog box, enter Junior 

as Find what and then click Replace All. 

8. Click OK to close the dialog box that reports the results 

of the replacement command. 

9. Still in the Find and Replace dialog box, enter 

Sophomore as Find what, Lower as Replace with, 
and then click Replace All. 

10. Click OK to close the dialog box that reports the results 

of the replacement command. 

11. Still in the Find and Replace dialog box, enter Freshman 

as Find what and then click Replace All. 

12. Click OK to close the dialog box that reports the results 
of the replacement command. 

(This creates the recoded variable UpperLower in column H.) 

13. Enter Dean’s List in cell I1. 

14. Enter the formula =IF(G2 < 3.3, "No", 'Yes'’) in cell 12. 

15. Copy this formula down the column to the last row that 
contains student data (row 63). 

(This creates the recoded variable Dean’s List in column I.) 

The RECODED worksheet uses the IF function, which 

Appendix F discusses to recode the numerical variable into two 
categories. Numerical variables can also be recoded into multiple 
categories by using the VLOOKUP function (see Appendix F). 
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TG1.1. DEFINING VARIABLES. 

Classifying Variables by Type 

Tableau infers three attributes of a column from the data that 
a column contains. Tableau assigns a data role to each col- 
umn, initially considering any column that contains categor- 

ical data to be a Dimension and any column that contains 

numerical data to be a Measure. The data role of the column, 

in turn, affects how Tableau processes the column data as 

well as which choices Tableau presents in the Show Me visu- 

alization gallery (see Chapter 2). 

Tableau also classifies a column as either having dis- 

crete or continuous data. Tableau uses the terms discrete and 

continuous in the sense that this chapter defines, except that 

Tableau considers all categorical data as discrete data, too. 

Tableau colors a column name green if the column contains 

continuous data and colors a column name blue if the column 

contains discrete data. 

Tableau also determines whether the data type in the 

column is one of several data types. In the Data tab (shown 

below), Tableau displays a hashtag icon (#) before the names 

of columns that contain whole or decimal numbers, displays 

an Abc icon before the names of columns that contain alpha- 

numeric data, and displays a calendar icon before the names 

of columns that contain date or date and time data. Tableau 

precedes a data type icon with an equals sign if the column 

contains the results of a calculation or represents data cop- 

ied from another column. Tableau presents a Dimension or 

Measure name in italics if the name represents a filtered set. 

In the illustration below, Number of Records in the Measures 

list is a calculation that is also a filtered set. 

Dimensions iO |v 

Abc Region 

Abe Store 

Abc Measure Names 

Measures 

4+: Mobile Electronics Sales 

+ Region Code 

=t¢ Number of Records 

4 Measure Values 

To change the data role assigned to a column, right-click the 

column name and select Convert to Dimension or Convert to 

Measure from the shortcut menu. To change the assignment of 

discrete or continuous to a column, right-click the column name 

and select Convert to Continuous or Convert to Discrete 

from the shortcut menu. To change the assigned data type, 

CHAPTER 
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right-click the column name and select Change Data Type and 

then select the appropriate choice from the shortcut menu. 

In the preceding illustration at left, Tableau has classi- 

fied Region Code as a continuous (green) measure that has 

whole or decimal number data. Region Code is a recoding 

of Region that uses the numerals 1, 2, 3, and 4 to replace 

categorical values. Therefore, Region Code should be a 

Dimension that contains discrete, alphanumeric data. For 

the column’s shortcut menu, the three right-click selections 

Convert to Dimension, Convert to Discrete, and Change 

Data Type String would be necessary to proper reclassify 

Region Code. (“String” is the Tableau term for alphanumeric 

data.) 

Use the Data Interpreter. 

For certain types of structured data, such as Excel worksheets 

and Google sheets, Tableau can apply its Data Interpreter 

procedure to examine data for common types of error. For 

an Excel workbook, the interpreter will not only import cor- 

rected values but insert a series of worksheets that document 

its work into the workbook that is being used. 
To use the interpreter, check Use Data Interpreter in 

the left panel of a Data Source display (shown below left). 

The panel display changes to Cleaned with Data Interpreter 

(shown below right), when the data cleaning finishes and 

Tableau has imported the data to be analyzed (in the illus- 

tration, the data from the Data worksheet of the Retirement’ 

Funds Excel workbook.) 

[| | Tableau Public - Book! 

; File Data Window Help 

&)/¢ 3 GF] oS 

| | Tableau Public - Book! 

File Data Window Help 

#1) €¢ > Go 

Connections Add Connections Add 

Retirement Funds Retirement Funds 
Microsoft Excw! Microsoft Excel 

Sheets p : Sheets p 

Cleaned with Data Interpreter 

Review the results, (To undo 

changes, clear the check box.) 

|" } Use Data Interpreter 

Data Interpreter might be able to 

clear your Microsoft Excel 

workbook. 
FA DATA 

—R DATA 

EB New Union 
ff New Union 
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YUSING STATISTICS 
“The Choice Is Yours” 

connect with a rising generation of millennials. Now, unwilling to repeat that past mistake, 

the firm is preparing a new marketing plan aimed at the emerging Generation Z audience. 

To pursue this business objective, a company task force has already selected 479 retirement 

funds that may prove appropriate for younger investors. You have been asked to define, collect, 

organize, and visualize data about these funds in ways that could assist prospective clients mak- 

ing decisions about the funds in which they will invest. As a starting point, you think about the 
facts about each fund that would help customers compare and contrast funds. 

You decide to begin by defining the variables for key characteristics of each fund, such as 
each fund’s past performance. You also decide to define variables such as the amount of assets 
that a fund manages and whether the goal of a fund is to invest in companies whose earnings 
are expected to substantially increase in future years (a “growth” fund) or invest in companies 
whose stock price is undervalued, priced low relative to their earnings potential (a “value” fund). 

You collect data from appropriate sources and organize the data as a worksheet, placing 
each variable in its own column. As you think more about your task, you realize that 479 rows 
of data, one for each fund in the sample, would be hard for prospective clients to review easily. 

Is there something else you can do? Can you organize and present these data to prospective 
clients in a more helpful and comprehensible manner? 

T he Choice /s Yours financial services firm saw its business erode as the firm failed to 



student TIP 
Table 2.15 on page 80 

lists the methods to 

organize and visualize 

variables that this 

chapter discusses. 
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efining the variables of interest and then collecting, preparing, and entering data into 

worksheets or data tables completes the Define and Collect DCOVA tasks. The 

DCOVA Organize task creates summaries of the prepared data that provide initial 

insights about the variables. These summaries guide further exploration of the data as well 

as sometimes directly facilitating decision making. For example, in the Choice /s Yours sce- 

nario, creating a summary of the retirement funds sample that would allow prospective younger 

investors to quickly identify funds designed for growth and identified as having moderate risk 

would be useful. 

The Organize step uses descriptive statistical methods that produce various types of tabular 

summaries. Because reviewing tabular and visual summaries together can lead to better insights 

and jumpstart analysis, the DCOVA Visualize task is often done concurrent to the Organize task. 

For that reason, this chapter discusses methods to visualize variables after discussing methods 

to organize variables. Visual summaries can facilitate the rapid review of larger amounts of data 

as well as show possible significant patterns to the data. For example, for the retirement funds 

sample, visualizing the ten-year rate of return and the management expense fees charged by 

each fund would help identify the funds that would be charging you relatively little in fees for 

a “good” rate of return as well as the funds whose fees seem excessive given their modest or 

weak rates of return. 

Because the methods used to organize and visualize categorical variables differ from 

the methods used to organize and visualize numerical variables, this chapter discusses cate- 

gorical and numerical methods in separate sections. The last section, Section 2.9, discusses 

the common types of errors that can occur when using descriptive methods to organize or 

visualize data. 

2.1 Organizing Categorical Variables 

As Appendix C explains, 

names of data files 
appear in a special 

inverse type font. 

TABLE 2.1 

Actions taken when 

sick by employees who 

work outside the home 

Employee Actions 

Tallying the set of individual values for the variable by categories and placing the results in 

tables organize a categorical variable. A summary table organizes the data for a single categor- 

ical variable and a contingency table organizes the data from two or more categorical variables. 

The Summary Table 
A summary table tallies the set of individual values as frequencies or percentages for each 

category. A summary table helps reveal differences among the categories by displaying the 

frequency, amount, or percentage of items in a set of categories in a separate column. Table 

2.1 summarizes the results of asking 2,005 employed adults who work outside the home what 

action they took the last time they were sick. The table shows that 54% of the employees went 

to work, while only 34% took a sick day. 

Action Taken Percentage 

Took a sick day 34% 

Went to work 54% 

Worked from home 12% 

Source: Data extracted from CivicScience, “Working While Sick Is a Slippery Slope to Job Burnout, Unhappiness,” 

/bit.ly/2P1aNsM. 
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EXAMPLE 2.1 

Summary Table of 

Levels of Risk of 

Retirement Funds 

FIGURE 2.1 

Frequency and percentage 

summary table of risk 

level for 479 retirement 

funds 

learnMORE 
The Retirement Funds 

Sample online document 

defines the variables that 

the sample of 479 funds 

uses in examples 

throughout this book. 

FIGURE 2.2 

Excel (PivotTable) and 

Tableau contingency tables 

of fund type and risk level 

for the sample of 479 

retirement funds 

_studentTIP 
_ Remember, each joint 

_ response gets tallied into 
only one cell. 

CHAPTER 2 | Organizing and Visualizing Variables 

The sample of 479 retirement funds in The Choice /s Yours scenario, stored in FETED. 

includes the variable risk level that has the defined categories low, average, and high. Construct 

a summary table of the retirement funds, categorized by risk. 

SOLUTION In Figure 2.1, the percentages for each category are calculated by dividing the 

number of funds in each category by the total sample size (479). From Figure 2.1, observe that 

almost half the funds have an average risk, about 30% have low risk, and less than a quarter 

have high risk. 

ye 

Risk Level Frequency Percentage 

Low 147 30.69% 

Average 224 46.76% 

High 108 22.55% 

Total 479 100.00% 

The Contingency Table 
A contingency table cross-tabulates, or tallies jointly, the data of two or more categorical 

variables, which enables one to study patterns that may exist between the variables. Tallies can 

be shown as a frequency, a percentage of the overall total, a percentage of the row total, or a 

percentage of the column total. Each tally appears in its own cell, and there is a cell for each 

joint response, a unique combination of values for the variables being tallied. 

In a contingency table, both the rows and the columns represent variables. In the simplest 

case of a contingency table that summarizes two categorical variables, the rows contain the 

tallies of one variable, and the columns contain the tallies of the other variable. Some use the 

terms row variable and column variable to distinguish between the two variables. 

For The Choice Js Yours scenario, the fund type and risk levels would be one pair of vari- 

ables that could be summarized for the sample of 479 retirement funds. Because fund type has 

the defined categories growth and value and the risk level has the categories low, average, and 

high, this table has six possible joint responses, forming a two row by three column contingency 
table. 

Figure 2.2 contains Excel PivotTable and Tableau versions of this contingency table. These 

summaries show that there are 306 growth and 173 value funds (the row totals) and 147 low risk 

funds, 224 average risk funds, and 108 high risk funds (the column totals). The tables identify 

the most frequently encountered joint response in the retirement funds sample as being growth 
funds with average risk (152). 

Risk Level | + | Risk Level 
FundType » Low -—S— Average High GrandTotal Fund Type Low Average High Grand... 
Growth 63 152 91 306 Growth 63 152 91 306 

Value 84 72 «17 173. Value GAS ng 2x 17 i73 
Grand Total 147-224-108 479 Grand Total 147 224 108 = 4479 

Figure 2.3 on page 41 shows a Tableau contingency table that presents tallies as a percentage 
of the overall total. From these contingency tables, one concludes that the pattern of risk for 
growth funds differs from the pattern for value funds. 
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FIGURE 2.3 __ Risk Level | | Risk Level 
Excel and Tableau FundType|~|Low Average High —_ Grand Total Fund Type _low Average _—_ High Grand.. 

. Growth 13.15% 31.73% 19,00% 63.88% Growth 63 152 91 306 
contingency tables of Value 17.54% 15.03% 3.55% 36.12% Value 27 bh Baro ane a Te) 
fund type and risk level 

for the sample of 479 

retirement funds, showing 

overall total percentages 

for each joint response 

Grand Total 

PROBLEMS FOR SECTION 2.1 

30.69% 46.76% 22.55% 100.00% Grand Total 147 224 108 479 

LEARNING THE BASICS 

2.1 A categorical variable has three categories, with the following 

frequencies of occurrence: 

Category Frequency 

A 13 

B 28 

G 9 

a. Compute the percentage of values in each category. 

b. What conclusions can you reach concerning the categories? 

2.2 The following data represent the responses to two questions 

asked in a survey of 40 college students majoring in business: 

What is your gender? (M = male; F = female), and what is your 

major? (A = Accounting; C = Computer Information Systems; 

M = Marketing): 

Gender: M M M F M F F M F M 

Major: ee One Oma My ATO, AT eA 3 

Gender: F M M M M F F M F_ F 

Major: A A A M € M A A A C 

Gender? eve > iM Wie SMe Rs Se Mev 

Major: rea CAVE OM EV eae ae AA 

Gender: F M M M M F M F M M 

Major: Cte Ci Awe iA sat apAlnr Cae, Ce aA! aie 

a. Tally the data into a contingency table where the two rows 

represent the gender categories and the three columns represent 

the academic major categories. 

b. Construct contingency tables based on percentages of all 

40 student responses, based on row percentages and based on 

column percentages. 

APPLYING THE CONCEPTS 

2.3 The following table, stored in SEP ese. represents 

the quarterly market share (percentage) of smartphones, by type, 

for the third quarter of 2017 through the third quarter of 2018, as 

reported by Counterpoint Research. 

Brand 17Q3 17Q4 18Q1 18Q2 18Q3 

Apple 3B 44 BH 40 39 

Samsung 23 19 26 DS 25 

LG 18 14 14 16 17 

Motorola 5) 5 4 5 8 

Others 21 18 19 14 11 

Source: Data extracted from bit.ly/2~MvW6fO. 

a. What conclusions can you reach about the market for smart- 

phones in the third quarter of 2017 through the third quarter 

of 2018? 

b. What differences are there in the third quarter of 2017 through 

the third quarter of 2018? 

V =) 84 2.4 The Consumer Financial Protection Bureau reports on 

USSIE consumer financial product and service complaint submis- 

sions by state, category, and company. The following table, stored in 

7p) eee, represents complaints received from Louisiana 

consumers by complaint category for a recent year. 

Category Number of Complaints 

~ Bank Account or Service 202 

Consumer Loan 132 

Credit Card 175 

Credit Reporting 581 

Debt Collection 486 

Mortgage 442 

Student Loan Us 

Other 72 

Source: Data extracted from bit.ly/2pR7ryO. 

a. Compute the percentage of complaints for each category. 

b. What conclusions can you reach about the complaints for the 

different categories? 

(Problem 2.4 continues on page 42) 
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The following table, stored in [ENTERS TSA 4, summarizes 

complaints received from Louisiana consumers by most-complained- 

about companies for a recent year. 

Company 

Bank of America 42 

Capital One 93 

Citibank 59 

Ditech Financial 31 

Equifax 217 

Experian ilies 

JPMorgan 128 

Nationstar Mortgage 39 

Navient 38 

Ocwen 4] 

Synchrony 43 

Trans-Union 168 

Wells Fargo 77 

c. Compute the percentage of complaints for each company. 

d. What conclusions can you reach about the complaints for the 

different companies? 

2.5 A sample of companies were asked three questions about ana- 

lytics and artificial intelligence usage and their answers stored in 

Business Analytics § Machine Learning §WGl Self-learning Robots} 

The following tables summarize those answers. 

Source: Data extracted from A. Ng and N. Jacobstein, “How AI will change 

everything,” The Wall Street Journal, March 7, 2017, pp. B1-B2. 

Business Analytics Usage Percentage 

Already use 8 

Beyond the next five years 12 

Don’t know 10 

No plans to use 9 

Within the next five years 61 

Machine Language Usage Percentage 

Already use 8 

Beyond the next five years 15 

Don’t know 14 

No plans to use 18 

Within the next five years 45 

Self-Learning Robots Usage Percentage 

Already use 1 

Beyond the next five years 7 

Don’t know 15 

No plans to use 46 

Within the next five years Zh 

What conclusions can you reach about the differences in the 
expected use of business analytics, machine learning, and self- 
learning robots? 

Number of Complaints 

2.6 The following table, stored in ERS YESTESS, contains the 

2018 sources of electricity in the United States as reported by the 

Energy Information Administration. 

Source Billion kWh 

Coal 1,146 

Geothermal Ly 

Hydropower 292 

Biomass 63 

Natural gas 1,468 

Nuclear 807 

Other sources 14 

Petroleum coke and liquids 26 

Solar 67 

Wind 275 

Source: www.eia.gov 

What conclusions can you reach about sources of energy in 2018? 

2.7 A recent Timetric’s survey of insurance professionals explores 

the use of technology in the industry. The file con- 
tains the responses to the question that asked what technologies 

these professionals expected to be most used by the insurance 

industry in the coming year. Those responses are: 

of 

Technology Frequency 

Wearable technology 9 

Blockchain technology 9 

Artificial intelligence 17 

IoT: retail insurance 23 

IoT: commercial insurance 5 

Social media 27 

Source: Data extracted from bit.ly/2qgxMFRj. 

. Compute the percentage of responses for each technology. 

. What conclusions can you reach concerning expected 

technology usage in the insurance industry in the coming year? 

2.8 A survey of 1,520 Americans adults asked “Do you feel over- 

loaded with too much information?” The results indicate that 23% 

of females feel information overload compared to 17% of males. 

The results are: 

a. 

GENDER 

OVERLOADED Male Female Total 

Yes 134 170 304 

No 651 565 1,216 

Total 785 735 1,520 

Source; Data extracted from bit.ly/2pR5bHZ. 

Construct contingency tables based on total percentages, row 

percentages, and column percentages. 

b. What conclusions can you reach from these analyses? 



2.9 A study of selected Kickstarter projects showed that overall a 
majority were successful, achieving their goal and raising, at a mini- 
mum, the targeted amounts. In an effort to identify project types that 
influence success, selected projects were subdivided into project 
categories (Film & Video, Games, Music, and Technology). The 
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b. Which type of percentage—row, column, or total 

think is most informative for these data? Explain. 

c. What conclusions concerning the pattern of successful Kick- 

starter projects can you reach? 

do you 

2.10 An Ipsos poll asked 1,004 adults, “If purchasing a used car 
results are as follows: 

CATEGORY 

Film & Video 21,759 

Games 0329 

Music 24,285 

Technology 5,040 

Total 60,413 

Source: Kickstarter.com, kickstarter.com/help/stats. 

OUTCOME 

Successful 

made certain upgrades or features more affordable, what would be 

your preferred luxury upgrade?” The results indicated that 9% of 

males and 14% of females answered window tinting. 

Not Successful Total Source: Ipsos, “Safety Technology Tops the List of Most Desired Features Should 

They Be More Affordable When Purchasing a Used Car—Particularly Collision 

36,805 58,564 Avoidance,” available at bit.ly/2ufbS8Z. 

18,238 27,567 The poll description did not state the sample sizes of males and 
DALAT T 48,662 females. Suppose that both sample sizes were 502 and that 46 of 

20.555 » 25,595 502 ae and 71 of cee ere reported window tinting as their 

referred luxury upgrade of choice. 99,975 160,388 2 ek 
What do these results tell you about luxury upgrade differences 

between males and females? 

a. Construct contingency tables based on total percentages, row 

percentages, and column percentages. 

2.2 Organizing Numerical Variables 

TABLE 2.2A 

Meal cost data 

for 50 center city 

and 50 metro area 

restaurants 

TABLE 2.2B 
Ordered array of meal 

costs for 50 center 

city and 50 metro area 

restaurants 

Create ordered arrays and distribution tables to organize numerical variables. Unless the data 

contain a very large number of values, first arrange the data as an ordered array, a list in rank 

order, from the smallest to the largest value. An ordered array helps see the range of values in 

the data and is particularly useful when the data contain more than just a handful of values. 

When organizing a numerical variable, grouping the data by the value of a categorical 

variable is sometime necessary for analysis. For example, in collecting meal cost data as part 

of a study that reviews the travel and entertainment costs that a business incurs in a major city, 

examining the cost of meals at restaurants located in the center city district separately from the 

cost at restaurants in the surrounding metropolitan area might reveal cost differences between the 

two locations. As meal cost data for this study are collected, noting the location can be collected 

and used later for grouping purposes. 

Data for a grouped numerical variable can be stored as stacked or unstacked data, as 

Section 1.5 discusses. As Section 1.5 notes, requirements for specific software procedures 

often dictate the choice of using stacked or unstacked data. 

Table 2.2A contains the meal cost data collected from a sample of 50 center city restaurants 

and 50 metro area restaurants that are stored in G@2 {7 52). Table 2.2B presents these two lists of 

Center City Restaurant Meal Costs 

81 28 24 38 45 49 36 60 50 41 84 64 78 57 80 69 89 42 55 32 45 71 50 51 50 

66 49 91 66 58 80 58 50 44 53 62 40 45 23 66 52 47 70 56 55 52 49 26 79 40 

Metro Area Restaurant Meal Costs 

54 35 29 24 26 31 42 33 25 47 50 59 35 36 43 40 56 34 41 55 42 43 43 64 46 

46 81 33 37 39 54 53 41 39 52 52 42 59 39 69 41 51 36 46 44 75 56 36 33 45 

Center City Restaurant Meal Costs 

23 24 26 28 32 36 38 40 40 41 42 44 45 45 45 47 49 49 49 50 50 50 50 51 52 

52 53 55 55 5657 58 58 60 62 64 66 66 66 69 70 71 78 79 80 80 81 84 89 91 

Metro Area Restaurant Meal Costs 

24 25 26 29 31 33 33 33 34 35 35 36 36 36 37 39 39 39 40 41 41 41 42 42 42 

43 43 43 44 45 46 46 46 47 50 51 52 52 53 54 5455 56 56 59 59 64 69 75 81 
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data as two ordered arrays. The ordered arrays in Table 2.2B allow some quick observations about 

the meal cost data to be made. Using Table 2.2B, one notices that meal costs at center city restau- 

rants range from $23 to $91 and that meal costs at metro area restaurants range from $24 to $81. 

When a numerical variable contains a large number of values, using an ordered array to 

make quick observation or reach conclusions about the data can be difficult. For such a variable, 

constructing a distribution table would be a better choice. Frequency, relative frequency, per- 

centage, and cumulative distributions are among the types of distribution tables commonly used, 

The Frequency Distribution 
A frequency distribution tallies the values of a numerical variable into a set of numerically 

ordered classes. Each class groups a mutually exclusive range of values, called a class interval. 

Each value can be assigned to only one class, and every value must be contained in one of the 

class intervals. 

To create a useful frequency distribution, one must consider how many classes would be 

appropriate for the data as well as determine a suitable width for each class interval. In general, 

a frequency distribution should have at least 5 and no more than 15 classes because having too 

few or too many classes provides little new information. To determine the class interval width 

[see Equation (2.1)], subtract the lowest value from the highest value and divide that result by 

the number of classes desired for the frequency distribution. 

DETERMINING THE CLASS INTERVAL WIDTH 

highest value — lowest value 
Interval width = (2.1) 

number of classes 

For the center city restaurant meal cost data shown in Tables 2.2A and 2.2B, between 5 and 

10 classes are acceptable, given the size (50) of that sample. From the center city restaurant 

meal costs ordered array in Table 2.2B, the difference between the highest value of $91 and the 

lowest value of $23 is $68. Using Equation (2.1), approximate the class interval width as follows: 

68 

10 

This result suggests an interval width of $6.80. However, the width should always be an 

amount that simplifies the interpretation of the frequency distribution. For this example, an interval 

width such as $5 or $10 would be appropriate. However, given the range of values, an interval width 

of $5 would create 15 classes, too many for the sample size of 50; choosing $10, which creates 

eight classes, would be the better choice. 

Having chosen the class interval width, examine the data to establish class boundaries that 
properly and clearly define each class. To set class boundaries, consider boundary values that are 
simple to interpret and include all values being summarized. For the meal cost data, with the range 
of $23 to $91 (center city costs) and $24 to $81 (metro area costs) and a class interval of $10, set 
the lower class boundary of the first class to $20 for ease of readability. Define the first class as $20 
but less than $30, the second class as $30 but less than $40, and so on, ending with the class $90 but 
less than $100. Table 2.3 uses these class intervals to present frequency distributions for the sample 
of 50 center city restaurant meal costs and the sample of 50 metro area restaurant meal costs. 

Frequency distributions allow one to more easily make observations that support prelim- 
inary conclusions about the data. For example, Table 2.3 shows that the cost of center city ~ 
restaurant meals is concentrated between $40 and $60, while the cost of metro area restaurant 
meals is concentrated between $30 and $60. 

For some charts discussed later in this chapter, class intervals are identified by their class 
midpoints, the values that are halfway between the lower and upper boundaries of each class. 
For the frequency distributions shown in Table 2.3, the class midpoints are $25, $35, $45, $55, 

= 6.8 



TABLE 2.3 

Frequency distributions 

for meal costs at 50 

center city and 50 

metro area restaurants 

EXAMPLE 2.2 

Frequency 

Distributions of the 

_ Three-Year Return 
| Percentages for 

Growth and Value 
| Funds 

| TABLE 2.4 
Frequency distributions 

of the three-year return 

percentages for growth 

and value funds 

A SS ES SS SS el 
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Meal Cost ($) Center City Frequency Metro Area Frequency 

20 but less than 30 4 4 

30 but less than 40 3 14 

40 but less than 50 12 16 

50 but less than 60 14 12 

60 but less than 70 i a 

70 but less than 80 4 l 

80 but less than 90 5 I 

90 but less than 100 l 0 

Total 50 50 

$65, $75, $85, and $95. Note that well-chosen class intervals lead to class midpoints that are 

simple to read and interpret, as in this example. 

If the data collected do not contain a large number of values, different sets of class intervals 

can create different impressions of the data. Such perceived changes will diminish as more data 

~ are collected. Likewise, choosing different lower and upper class boundaries can also affect 

impressions. 

As a member of the company task force in The Choice /s Yours scenario (see page 38), you are 

examining the sample of 479 retirement funds stored in ER e Se EEE. You want to compare 

the numerical variable 3YrReturn, the three-year percentage return of a fund, for the two sub- 

groups, growth and value, defined for the categorical variable fund type. You construct separate 

frequency distributions for the growth funds and the value funds. 

SOLUTION The three-year return for the growth funds is concentrated between 2.5 and 15, 

while the three-year return for the value funds is concentrated between 2.5 and 10. 

Three-Year Return Percentage Growth Frequency Value Frequency 

—5.00 but less than —2.50 1 1 

—2.50 but less than 0 0 1 

0 but less than 2.50 14 8 

2.50 but less than 5.00 27 20 

5.00 but less than 7.50 60 69 

7.50 but less than 10.00 109 67 

10.00 but less than 12.50 68 

12.50 but less than 15.00 26 0 

15.00 but less than 17.50 ore A 

Total 306 173 

ee, ———_ span A SOPRA PE NL EY OS SPO NET EE EAL EPOCH A TE EEO EE OEE A ET EEO COED SST OA EOE TEESE CES rn ce - = - on > 

In the solution for Example 2.2, the total frequency is different for each group (306 and 173). 

When such totals differ among the groups being compared, you cannot compare the distributions 

directly as was done in Table 2.3 because of the chance that the table will be misinterpreted. For 
example, the frequencies for the class interval “5.00 but less than 7.50” look similar—60 and 
69—but represent two very different parts of a whole: 60 out of 306 and 69 out of 173 or 19.61% 

and 39.88%, respectively. When the total frequency differs among the groups being compared, 

you construct either a relative frequency distribution or a percentage distribution. 
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Classes and Excel Bins 

Microsoft Excel creates distribution 

tables using bins rather than classes. 

A bin is a range of values defined by 

a bin number, the upper boundary of 

the range. Unlike a class, the lower 

boundary is not explicitly stated but 

is deduced by the bin number that 

defines the preceding bin. Consider 

the bins defined by the bin numbers 

4.99, 9.99, and 14.99. The first bin 

represents all values up to 4.99, the 

second bin all values greater than 4.99 

(the preceding bin number) through 

9.99, and the third bin all values 

greater than 9.99 (the preceding bin 

number) through 14.99. 

Note that when using bins, the 

lower boundary of the first bin will 

always be negative infinity because 

that bin has no explicit lower boundary. 

That makes the first Excel bin always 

much larger than the rest of the bins 

and violates the rule about having 

equal-sized classes. When you 

translate classes to bins to make use 

of certain Excel features, you must 

include an extra bin number as the 

first bin number. This extra bin number 

will always be a value slightly less than 

the lower boundary of your first class. 

You translate your classes into a set 

of bin numbers that you enter into a 

worksheet column in ascending order. 

Tables 2.3 through 2.7 use classes 

stated in the form “va/ueA but less 

than valueB.” For such classes, you 

create a set of bin numbers that are 

slightly lower than each valueB to 

approximate each class. For example, 

you translate the Table 2.4 classes 

on page 45 as the set of bin numbers 

-—5.01 (the “extra” first bin number 

that is slightly lower than —5, the 

lower boundary value of the first 

class), —2.51 (slightly less than —2.5 

the va/ueB of the first class), —0.01, 

2.49, 4.99, 7.49, 9.99, 12.49, 14.99, and 

17.49 (slightly less than 17.50, the 

valueB of the eighth class). 

For classes stated in the form “all 

values from va/ueA to valueB,” you 

can approximate classes by choosing 

a bin number slightly more than each 

valueB. For example, you can translate 

the classes stated as 0.0 through 4.9, 

5.0 through 9.9, 10.0 through 14.9, and 

15.0 through 19.9, as the bin numbers: 

—0.01 (the extra first bin number), 4.99 

(slightly more than 4.9), 9.99, 14.99, 

and 19.99 (slightly more than 19.9). 

The Relative Frequency Distribution 
and the Percentage Distribution 
Relative frequency and percentage distributions present tallies in ways other than as frequencies. 

A relative frequency distribution presents the relative frequency, or proportion, of the total 

for each group that each class represents. A percentage distribution presents the percentage 

of the total for each group that each class represents. When comparing two or more groups, 

knowing the proportion (or percentage) of the total for each group better facilitates comparisons 

than a table of frequencies for each group would. For example, for comparing meal costs, using 

Table 2.5 is better than using Table 2.3 on page 45, which displays frequencies. 

TABLE 2.5 

Relative frequency and 

percentage distributions 

of meal costs at center 

city and metro area 
MEAL COST ($) 

CENTER CITY 

Relative 
Frequency 

restaurants 20 but less than 30 0.08 8% 

30 but less than 40 0.06 6% 

40 but less than 50 0.24 24% 

50 but less than 60 0.28 28% 

student TIP 60 but less than 70 0.14 14% 
Relative frequency 70 but less than 80 0.08 8% 

Sega aed 80 but less than 90 0.10 10% 
columns always sum to 90 but less than 100 0.02 2% 

100%. Total 1.00 100.0% 

Percentage 

METRO AREA 

Relative 

Frequency Percentage 

0.08 8% 

0.28 28% 

0.32 32% 

0.24 24% 

0.04 4% 

0.02 2% 

0.02 2% 

0.00 0% 
1.00 100.0% 

The proportion, or relative frequency, in each group is equal to the number of values in 
each class divided by the total number of values. The percentage in each group is its proportion 
multiplied by 100%. 
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If there are 80 values and the frequency in a certain class is 20, the proportion of values in 

that class is 0.25 (20/80) and the percentage is 25% (0.25 X 100%). 

COMPUTING THE PROPORTION OR RELATIVE FREQUENCY 

The proportion, or relative frequency, is the number of values in each class divided by the 

total number of values: 

number of values in each class 
Proportion = relative frequency = PANTS Gar ofiealies (2.2) 

otal number of values 

Construct a relative frequency distribution by first determining the relative frequency in each 

class. For example, in Table 2.3 on page 45, there are 50 center city restaurants, and the cost per 

meal at 14 of these restaurants is between $50 and $60. Therefore, as shown in Table 2.5, the pro- 

portion (or relative frequency) of meals that cost between $50 and $60 at center city restaurants is 

14 
—~ = 0.28 
50 

Construct a percentage distribution by multiplying each proportion (or relative frequency) 

by 100%. Thus, the proportion of meals at center city restaurants that cost between $50 and $60 

is 14 divided by 50, or 0.28, and the percentage is 28%. 

Table 2.5 on page 46 presents the relative frequency distribution and percentage distribution 

of the cost of meals at center city and metro area restaurants. From Table 2.5, one notes that 14% 

of the center city restaurant meals cost between $60 and $70 as compared to 4% of the metro 

area restaurant meals, and that 6% of the center city restaurant meals cost between $30 and $40 

as compared to 28% of the metro area restaurant meals. These observations support the conclu- 

sion that the cost of meals are higher for center city restaurants than for metro area restaurants. 

EXAMPLE 2.3 As a member of the company task force in The Choice Js Yours scenario (see page 38), you want 

| Relative Frequency to compare the three-year return percentages for the growth and value retirement funds. You 

) Distributions and Per- construct relative frequency distributions and percentage distributions for these funds. 

_ centage Distributions — so, UTION From Table 2.6, you conclude that the three-year return percentage is higher for the 
| of the Three-Year growth funds than for the value funds. For example, 19.61% of the growth funds have returns 
| Return Percentages _ between 5.00 and 7.50 as compared to 39.88% of the value funds, while 22.22% of the growth 

for Growth and Value funds have returns between 10.00 and 12.50 as compared to 4.05% of the value funds. 
Funds 

TABLE 2.6 
Relative frequency 

aad Sai THREE-YEAR RETURN Relative Relative 
Gistioullonsicithe PERCENTAGE Frequency Percentage | Frequency Percentage 

H 

i 
i 

| three-year return 

| percentages for growth —5.00 but less than —2.50 0.0033 0.33% 0.58% 

and value funds —2.50 but less than 0 0.0000 0.00% 0.0058 0.58% 

0 but less than 2.50 0.0458 4.58% 0.0462 4.62% 

2.50 but less than 5.00 0.0882 8.82% 0.1156 11.56% 

5.00 but less than 7.50 0.1961 19.61% 0.3988 39.88% 

7.50 but less than 10.00 0.3562 35.62% 0.3873 38.73% 

10.00 but less than 12.50 2222 22.22% 0.0405 4.05% 

12.50 but less than 15.00 0.0850 8.50% 0.0000 0.00% 

15.00 but less than 17.50 0.0033 0.33% 0.0000 0.00% 

Total 1.0000 100.00% 1.0000 100.00% 

en Nr RR SSSI ANSE IR AEDT INTE OIE D RR NIN ESE EMITS I SEA SON IN SC BORNE NEEL CINE OAL DOI COLES ETRE NOES NOT OIE FLIES NEI 
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TABLE 2.7 

Developing the cumulative 

percentage distribution 

for center city restaurant 

meal costs 

TABLE 2.8 

Cumulative percentage 

distributions of the 

meal costs for center 

city and metro area 

restaurants 

The Cumulative Distribution 

The cumulative percentage distribution provides a way of presenting information about the 

percentage of values that are less than a specific amount. Use a percentage distribution as the 

basis to construct a cumulative percentage distribution. 

For example, the restaurant meal cost study might seek to determine what percentage of the 

center city restaurant meals cost less than $40 or what percentage cost less than $50. Starting 

with the Table 2.5 meal cost percentage distribution for center city restaurants on page 46, com- 

bine the percentages of individual class intervals to form the cumulative percentage distribution. 

Table 2.7 presents this process and displays the cumulative percentages for each class. From this 

table, one sees that none (0%) of the meals cost less than $20, 8% of meals cost less than $30, 

14% of meals cost less than $40 (because 6% of the meals cost between $30 and $40), and so 

on, until all 100% of the meals cost less than $100. 

From Table 2.5: 
Percentage of Meal Costs That Are Less Than 

Class Interval Percentage the Class Interval Lower Boundary 

20 but less than 30 8% 0% (there are no meals that cost less than 20) 

30 but less than 40 6% 8% = 0+ 8 

40 but less than 50 24% 144% =8 +6 

50 but less than 60 28% 38% =8 +6+ 24 

60 but less than 70 14% 66% = 8 + 6+ 24 + 28 

70 but less than 80 8% 80% = 8 + 6+ 24+ 28 + 14 

80 but less than 90 10% 88% = 8 +6+ 24+ 28+ 144+ 8 

90 but less than 100 2% 98% =8+6+ 24+ 28+ 14+8+ 10 

100 but less than 110 0% 100% = 8+6+ 24+ 28+ 14+8+10+2 

Table 2.8 contains a cumulative percentage distribution for meal costs at the center city 

restaurants (from Table 2.7) as well as the metro area restaurants (calculations not shown). The 

cumulative distribution shows that the cost of metro area restaurant meals is lower than the cost 

of meals in center city restaurants. This distribution shows that 36% of the metro area restaurant 
meals cost less than $40 as compared to 14% of the meals at center city restaurants; 68% of the 
metro area restaurant meals cost less than $50, but only 38% of the center city restaurant meals 
do; and 92% of the metro area restaurant meals cost less than $60 as compared to 66% of such 
meals at the center city restaurants. 

Percentage of Center City Percentage of Metro Area 
Restaurants Meals That Cost Restaurants Meals That Cost 

Meal Cost ($) Less Than Indicated Amount Less Than Indicated Amount AMR Elta 1 A IS FOE ATE SE Blatt Oat ic RRC. NC 
20 0 0 

30 8 8 
40 14 36 
50 38 68 
60 66 92 
70 80 96 

80 88 98 
90 98 100 

100 100 100 
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Cumulative 

Percentage 

Distributions of the 

_ Three-Year Return 
Percentages for 

/ Growth and Value 
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Unlike in other distributions, the rows of a cumulative distribution do not correspond to class 

intervals. (Recall that class intervals are mutually exclusive. The rows of cumulative distributions 

are not: The next row “down” includes all of the rows above it.) To identify a row, use the lower 

class boundaries from the class intervals of the cumulative percentage distribution as Table 2.8 

does and read each row as “less than” an indicated value. 

As a member of the company task force in The Choice /s Yours scenario (see page 38), you want 

to continue comparing the three-year return percentages for the growth and value retirement 

funds. You construct cumulative percentage distributions for the growth and value funds. 

SOLUTION The cumulative distribution in Table 2.9 indicates that returns are higher for the 

growth funds than for the value funds. The table shows that 33.33% of the growth funds and 

57.23% of the value funds have returns below 7.5%. The table also reveals that 68.95% of the 

growth funds have returns below 10 as compared to 95.95% of the value,funds. 
Funds 

TABLE 2.9 

Cumulative percentage Growth Percentage Less Value Percentage Less 
- distributions of the Three-Year Return Percentages Than Indicated Value Than Indicated Value 

three-year return —5.0 0.00% 0.00% 
_ percentages for growth ay & 0.33% 0.58% 
and value funds ; 
| 0.0 0.33% 1.16% 

| pes) 4.90% 5.78% 

| 5.0 13.73% 17.34% 

) 7.5 33.33% 57.23% 
: 10.0 68.95% 95.95% 

5 91.18% 100.00% 

| 15.0 99.67% 100.00% 

100.00% 100.00% | 1225 

PROBLEMS FOR SECTION 2.2 

LEARNING THE BASICS 

2.11 Construct an ordered array, given the following data from a 

sample of n = 7 midterm exam scores in accounting: 

68 94 63 75 71 88 64 

2.12 Construct an ordered array, given the following data from a 

sample of midterm exam scores in marketing: 

88 78 78 73 91 78 85 

2.13 Planning and preparing for the unexpected, especially in 

response to a security incident, is one of the greatest challenges 

faced by information technology professionals today. An incident 

is described as any violation of policy, law, or unacceptable act that 

involves information assets. Incident response (IR) teams should 

be evaluating themselves on metrics, such as incident detection or 

dwell time, to determine how quickly they can detect and respond 

to incidents in the environment. In a recent year, the SANS Institute 

surveyed organizations about internal response capabilities. The 

frequency distribution that summarizes the average time organiza- 

tions took to detect incidents is: 

Average Dwell Time Frequency 

Less than 1 day 166 

Between | and less than 2 days 100 

Between 2 and less than 8 days 124 

Between 8 and less than 31 days 77 

Between 31 and less than 90 days 59 

90 days or more 65 

Source: bit.ly/2oZGXGx. 

a. What percentage of organizations took fewer than 2 days, on 

average, to detect incidents? 

b. What percentage of organizations took between 2 and 31 days, 

on average, to detect incidents? 
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c. What percentage of organizations took 31 or more days, on 

average, to detect incidents? 

d. What conclusions can you reach about average dwell time of 

incidents? 

2.14 Data were collected on salaries of compliance specialists in 

corporate accounting firms. The salaries ranged from $61,000 to 

$261,000. 
a. If these salaries were grouped into six class intervals, indicate 

the class boundaries. 

b. What class interval width did you choose? 

c. What are the six class midpoints? 

APPLYING THE CONCEPTS 

2.15 The file contains the average num- 
ber of hours worked necessary to afford the cost of three peo- 

ple attending a National Basketball Association (NBA) game, 

inclusive of parking and food and beverage costs, at each of the 

30 NBA arenas during a recent season. 

Source: Data extracted from ValuePenguin, bit.ly/2mGG2Li. 

a. Organize these costs as an ordered array. 

b. Construct a frequency distribution and a percentage distribution 

for these costs. 

c. Around which class grouping, if any, are the costs of attending 

a basketball game concentrated? Explain. 

2.16 The file contains the following data about 
the cost of electricity (in $) during July 2018 for a ran- 

dom sample of 50 one-bedroom apartments in a large city. 

imeie tees les 147 “102 9155> 197 127 «82 

Ie 185 907196 «172 $111 148 213° 130 165 

141 149 206 175 123 128 144 168 109 167 

95 163 150 154 130 143 187 166 139 149 

ei 66s boa 11461359191" 137) 129 158 

a. Construct a frequency distribution and a percentage distribution 

that have class intervals with the upper class boundaries $99, 

$119, and so on. 
b. Construct a cumulative percentage distribution. 

c, Around what amount does the monthly electricity cost seem to 

be concentrated? 

2.17 How much time do commuters living in or near cities spend 

commuting to work each week? The file contains 
the average weekly commuting time in 30 USS. cities. 

Source: Data extracted from United States Census Bureau, “American Factfinder,” 
factfinder.census.gov. 

For the weekly commuting time data, 

a. Construct a frequency distribution and a percentage distribution. 
b. Construct a cumulative percentage distribution. 
c. What conclusions can you reach concerning the weekly com- 

muting time of Americans living in cities? 

2.18 How do the average credit scores of people living in different 
American cities differ? The data in (2°35 are an ordered 
array of the average credit scores of 2,570 American cities. 
Source; Data extracted from www.bizjournals.com/sanantonionews/2016/01/11/ 
study-shows-cities-with-highest-and-lowest-credit.htm. 

a. Construct a frequency distribution and a percentage distribution. 

b. Construct a cumulative percentage distribution. 

c. What conclusions can you reach concerning the average credit 

scores of people living in different American cities? 

2.19 One operation of a mill is to cut pieces of steel into parts that 

will later be used as the frame for front seats in an automobile. The 

steel is cut with a diamond saw and requires the resulting parts to 

be within +0,005 inch of the length specified by the automobile 

company. Data are collected from a sample of 100 steel parts and 

stored in [{T"3). The measurement reported is the difference in 

inches between the actual length of the steel part, as measured by a 

laser device, and the specified length of the steel part. For example, 

the first value, —0.002, represents a steel part that is 0.002 inch 

shorter than the specified length. 

a. Construct a frequency distribution and a percentage distribution. 

b. Construct a cumulative percentage distribution. 

c. Is the steel mill doing a good job meeting the requirements set 

by the automobile company? Explain. 

‘2.20 Call centers today play an important role in managing day-to- 

day business communications with customers. Call centers must be 

monitored with a comprehensive set of metrics so that businesses 

can better understand the overall performance of those centers. One 

key metric for measuring overall call center performance is service 

level, the percentage of calls answered by a human agent within a 

specified number of seconds. The file contains the 
following data for time, in seconds, to answer 50 incoming calls to 

a financial services call center: 

16 14: 16°19 “6-14: 13 ~3°16.18 iY 22° 6.15 10 13 12-6 

19. 16:16; 63-13 25 ~Si47ei2 AC 3. 15 23 1 12 ee eee 

10.23 14°26 19-20 1324-28 15°21 8-16 12 

a. Construct a frequency distribution and a percentage distribution. 

b. Construct a cumulative percentage distribution. 

c. What can you conclude about call center performance if the 

service level target is set as “80% of calls answered within 

20 seconds”? 

2.21 The financial services call center in Problem 2.20 also moni- 

tors call duration, the amount of time spent speaking to customers 

on the phone. The file contains the following data for 
time, in seconds, spent by agents talking to 50 customers: 

243 290 199 240 125 151 158 66 350 1141 251 385 239 

139 181 111 136 250 313 154 78 264 123 314 135 99 

420 112 239 208 65 133 213 229 154 377 69 170 261 

230 273 288 180 296 235 243 167 227 384 331 

a. Construct a frequency distribution and a percentage distribution. 

b. Construct a cumulative percentage distribution. 
¢. What can you conclude about call center performance if a call 

duration target of less than 240 seconds is set? 

2.22 The file [EJ contains the life (in hours) of a sample of forty 
6-watt light emitting diode (LED) light bulbs produced by Manu- 
facturer A and a sample of forty 6-watt LED light bulbs produced — 
by Manufacturer B. 

a. Construct a frequency distribution and a percentage distribution 
for each manufacturer, using the class interval widths for each 
distribution on page 51. 



Manufacturer A: 46,500 but less than 47,500; 47,500 but less 
than 48,500; and so on. 

Manufacturer B: 47,500 but less than 48,500; 48,500 but less 
than 49,500; and so on. 

b. Construct cumulative percentage distributions. 
¢. Which bulbs have a longer life—those from Manufacturer A or 

Manufacturer B? Explain. 

2.23 The file [SAI contains the following data for the amount of 
soft drink (in liters) in a sample of fifty 2-liter bottles: 

2.3 Visualizing Categorical Variables Sil 

2.109 2.086 2.066 2.075 2.065 2.057 2.052 2.044 2.036 2.038 

2,031" 2,029"2,025" 2,029 2.023 2.020 2.015 2,014 2,013 2.014 

Slee eee OL. Ue 009 los 1996) 1.99% 

1.994 1.986 1.984 

1.963 3,957 1.951 

1.992 

1.981 1.973 1.975 1.971 1.969 1.966: 1.967 

1.951 1.947 1.941 1.941 1.938 1.908 1.894 

a. Construct a cumulative percentage distribution. 

b. On the basis of the results of (a), does the amount of soft drink 

filled in the bottles concentrate around specific values? 

2.3 Visualizing Categorical Variables 

FIGURE 2.4 

Table 2.1 summary table visualizations, bar chart (left) and pie chart (right) 

Action Taken 

Actions Taken When Sick by Employees Who Work Outside the Home 

Worked from home 

Went to work 

Took a sick day 

Visualizing categorical variables involves making choices about data présentation. When visu- 

alizing a single categorical variable, think about what is to be highlighted about the data and 

whether the data are concentrated in only a few categories. To highlight how categories directly 

compare to each other, use a bar chart. To highlight how categories form parts of a whole, use 

~a pie or doughnut chart. To present data that are concentrated in only a few of your categories, 

10 

use a Pareto chart. 

Thinking about data presentation is also important when visualizing two categorical vari- 

ables. For two such variables, use a side-by-side chart to highlight direct comparisons and use 

a doughnut chart to highlight how parts form a whole. 

The Bar Chart 

A bar chart visualizes a categorical variable as a series of bars, each bar separated by space, 

called a gap. In a bar chart, each bar represents the tallies for a single category, and the length 

of each bar represents either the frequency or percentage of values for a category gap. 

Figure 2.4 includes bar and pie chart visualizations of the Table 2.1 summary table on 

page 39 that tallies the results of asking 2,005 employed adults who work outside the home what 

action they took the last time they were sick. By viewing either of these charts, one can conclude 

that about half of the sick employees went to work and half did not. For this simple example, » 

one could make the same conclusion in the same amount of time reviewing the summary table. 

Actions Taken When Sick by Employees Who Work Outside the Home 

Worked from home 

12% 

Took a sick day 

34% 

Went to work 

54% 

20 30 40 50 60 

Percentage 
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Bar Chart of Levels 

of Risk of Retirement 

Funds 

FIGURE 2.5 

However, for a variable with many categories, or more complex data, visualizations will gener- 

ally enable discovery of relationships among items to be made faster than from the equivalent 

tabular summaries. 

As a member of the company task force in The Choice /s Yours scenario (see page 38), you 

want to examine how the risk level categories in Figure 2.1 on page 39 compare to each other. 

SOLUTION You construct the bar chart shown in Figure 2.5. You see that average risk is the 

largest category, followed by low risk followed by high risk. 

Excel and Tableau bar charts of risk level for the sample of 479 retirement funds 

Risk Levels in the Retirement Funds Sample 

student TIP 
Avoid using “3D” charts 

or any “exploded” chart 
in which one or more 

slices has been pulled 

‘away from the center. 

These forms cause visual 

distortions that can 

impede understanding 
the data. 

Pe ee mf 

Risk Level in the Retirement Funds Sample 

High 

Average 

Low 

100 150 200 250 0 50 100 150 200 

Frequency Frequency 

The Pie Chart and the Doughnut Chart 
Pie and doughnut (or donut) charts represent the tallies of each category of a categorical 

variable as parts of a circle. These parts, or slices, vary by the percentages of the whole for 

each category. Multiplying category percentages by 360, the number of degrees in a circle, 

determines the size of each slice, defined as the length of the are (part of a circle) in degrees. 

For example, for the Table 2.1 summary table categories, the sizes of the slices would be 

went to work, 194.4 degrees (54% X 360); took a sick day, 122.4 degrees (34% X 360); and 
worked from home, 43.2 degrees (12% X 360). 

Doughnut charts are pie charts with their centers cut out, creating a hole similar to the 

holes found in real doughnuts (hence the name). Some believe cutting out centers minimizes 
a common misperception of pie charts that occurs when people focus on the area of each 
pie slice and not the length of the arc of each slice. Because most would agree that many 
pie charts presented together provide an overwhelming visual experience that should be 
avoided (Edwardtufte), doughnut charts can be useful when more than one chart is presented 
together. Doughnut charts can also be used to visualize two variables, as this chapter explains 
later. 
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Pie Chart and 

Doughnut Chart 
of the Risk of 

Retirement Funds 

FIGURE 2.6 

Excel pie chart and 

doughnut chart of the risk 

of retirement funds 
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As a member of the company task force in The Choice /s Yours scenario (see page 38), you 

want to examine how the risk level categories in Figure 2.1 on page 39 form parts of a whole. 

SOLUTION You construct either the Figure 2.6 pie or doughnut chart. You can immediately see 

that almost half the funds have an average risk and that of the remaining funds, more have low 

risk than high risk. (A close reading of the labels reveals the actual percentages.) 

Risk Levels in the Retirement Funds Sample Risk Levels in the Retirement Funds Sample 

Low 

31% 

Average Average 

47% 47% 

The Pareto Chart 

Pareto charts help distinguish the categories that contain the largest tallies from the categories 

that contain the smallest. Originally developed by the nineteenth-century economist Vilfredo 

Pareto, these charts help visualize his principle (the Pareto principle) that 80% of the conse- 

quences result from 20% of the causes. That 20% of the causes are the “vital few” on which 

one should focus, according to Pareto. While Pareto charts usually do not demonstrate Pareto’s 

80/20 rule literally, such charts do identify the vital few from the “trivial many” and can be a 

useful tool today, especially when looking at the frequencies for a large set of categories. In. 

quality management efforts, Pareto charts are very useful tools for prioritizing improvement 

efforts, such as when data that identify defective or nonconforming items are collected, as in 

the example that this section uses. 

Pareto charts combine two different visualizations: a vertical bar chart and a line graph, a 

plot of connected points. The vertical bars represent the tallies for each category, arranged in 

descending order of the tallies. The line graph represents a cumulative percentage of the tallies 

from the first category through the last category. The line graph uses a percentage vertical 

scale, while the bars use either Pareto’s original vertical frequency scale or a more recent 

adaptation that uses a percentage vertical scale line to allow both measurements to share the 

same scale. In cases with too many categories to display clearly in one chart, categories with 

the fewest tallies can be combined into a Miscellaneous or Other category and shown as the 

last (rightmost) bar. 

Using Pareto charts can be an effective way to visualize data for studies that seek causes 

for an observed phenomenon. For example, consider a bank study team that wants to enhance 

the user experience of automated teller machines (ATMs). After initial investigation, the team 

identifies incomplete ATM transactions as a significant issue and decides to collect data about 
the causes of such transactions. Using the bank’s own processing systems as a primary data 

source, causes of incomplete transactions are collected and then organized in the Table 2.10 

summary table on page 54. 
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TABLE 2.10 
Summary table of Cause Frequency Percentage 

causes of incomplete ATM malfunctions SE 4.42% 

ATM transactions ATM out of cash 28 3.87% 

lca ot Invalid amount requested 23 3.18% 

Lack of funds in account 19 2.62% 

Card unreadable 234 32.32% 

Warped card jammed 365 50.41% 

Wrong keystroke 23 3.18% 

Total 724 100.00% 

Source: Data extracted from A, Bhalla, “Don't Misuse the Pareto Principle,” Six Sigma Forum Magazine, 

May 2009, pp. 15-18. 

To separate out the “vital few” causes from the “trivial many” causes, the bank study 

team creates the Table 2.11 summary table. In this table, causes appear in descending order 

by frequency, as a Pareto chart requires, and the table includes columns for the percentages 

and cumulative percentages. The team then uses these columns to construct the Figure 2.7 

Pareto chart. 

TABLE 2.11 
Ordered summary table Cause Frequency Percentage Cumulative Percentage 

of causes of incomplete Warped card jammed 365 50.41% 50.41% 

NE lad Card unreadable 234 32.32% 82.73% 
ATM malfunctions 32 4.42% 87.15% 

ATM out of cash 28 3.87% 91.02% 

Invalid amount requested 23 3.18% 94.20% 

Wrong keystroke 23 3.18% 97.38% 

Lack of funds in account ak. 2.62% 100.00% 

Total 724 100.00% 

FIGURE 2.7 Pareto Chart of Incomplete ATM Transactions 

Excel Pareto chart 100% 100% 

of incomplete ATM 
transactions nt 80% 

60% 60% 

40% 40% 

20% 20% 

0% 0% 
Warped card Card ATM ATM out of Invalid Wrong Lack of funds 
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Pareto Chart of the 

Actions Taken When 

Sick by Employees 

_ Who Work Outside 

the Home 

FIGURE 2.8 

Excel and Tableau Pareto charts of actions taken when sick 

Actions Taken When Sick by Employees Who Work Outside the Home 

Went to work 
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Because the categories in a Pareto chart are ordered by decreasing frequency of occurrence, 

the team can quickly see which causes contribute most to the problem of incomplete transac- 

tions. (Those causes would be the “‘vital few,” and figuring out ways to avoid such causes would 

be, presumably, a starting point for improving the user experience of ATMs.) By following 

the cumulative percentage line in Figure 2.7, you see that the first two causes, warped card 

jammed (50.41%) and card unreadable (32.3%), account for 82.7% of the incomplete trans- 

actions, Attempts to reduce incomplete ATM transactions due to warped or unreadable cards 

should produce the greatest payoff. 

Construct a Pareto Chart based on the Table 2.1 summary table that tallies the results of asking 

2,005 employed adults who work outside the home what action they took the last time they 

were sick. 

SOLUTION First, use the Table 2.1 data and create a new table in which the categories are 

ordered by descending frequency and columns for percentages and cumulative percentages for 

those ordered categories are included (not shown). From that table, create the Pareto chart. From 

the Figure 2.8 Pareto chart, one observes that two categories, choosing to go to work and taking 

~a sick day, account for about 90% of employee actions taken. 

Actions Taken When Sick by Employees Who Work Outside the Home 

Action Taken 

100% 
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60% 

Percent > 
Percentage + 40% 40- 40% 
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rk Took a sick from h Took a sick day Warked fram home Went to wo ookasickday Worked from home 

Action Taken 
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Visualizing Two Categorical Variables 
When visualizing two categorical variables, use a side-by-side chart to highlight direct compar- 

isons and use a doughnut chart to highlight how parts form a whole. 

The Side-by-Side Chart A side-by-side chart visualizes two categorical variables by 
showing the bars that represent the categories of one variable set grouped by the categories of 
the second variable. For example, the Figure 2.9 side-by-side chart on page 56 visualizes the data 

for the levels of risk for growth and value funds shown in Figure 2.2 on page 40. In Figure 2.9, 

you see that a substantial portion of the growth funds have average risk. However, more of the 

value funds have low risk than average or high risk. 
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The Doughnut Chart When visualizing two variables, the doughnut chart appears as 

two concentric rings, one inside the other, each ring containing the categories of one variable. 

In Figure 2.9, the doughnut chart of fund type and risk level highlights that the proportion of 

funds with average risk (darkest color) is different for growth and value. 

FIGURE 2.9 

Side-by-side bar chart and doughnut chart of fund type and risk level 

Side-by-Side Bar Chart of Fund Type and Risk Level 

Doughnut Chart of Fund Type and Risk Level 

(Value Funds outer ring, Growth Funds inner ring) 
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PROBLEMS FOR SECTION 2.3 

160 

APPLYING THE CONCEPTS * 

2.24 A survey of online shoppers revealed that in a recent year they 

bought more of their purchases online than in stores. The data in 

(ey) else} iTels}e tes) reveal how their purchases were made. 

a. Construct a bar chart, a pie or doughnut chart, and a Pareto chart. 

b. Which graphical method do you think is best for portraying 

these data? 

c. What conclusions can you reach concerning how online shop- 

pers make purchases? 

2.25 How do college students spend their day? The 2016 American 

Time Use Survey for college students found the following results: 

Activity Percentage 

Eating and Drinking 4% 

Educational Activities r 14% 

Grooming 3% 

Leisure and Sports 17% 

Sleeping 37% 

Traveling 6% 

Working and Related Activities 10% 

Other 9% 
Source: Data extracted from bit.ly/2qxIjcH, accessed February 3, 2017. 

a. Construct a bar chart, a pie or doughnut chart, and a Pareto chart. 
b. Which graphical method do you think is best for portraying 

these data? 
¢. What conclusions can you reach concerning how college 

students spend their day? 

2.26 The following table, stored in EXEEVESS. contains the © 
2018 sources of electricity in the United States as reported by the 

Energy Information Administration. 

Source MWh (000) 

Coal 1,146 

Geothermal ’ Ne, 

Hydropower 292 

Biomass 63 

Natural gas 1,468 

Nuclear 807 

Other sources > 14 

Petroleum coke and liquids 26 

Solar 67 

Wind 275 

Source: www.eia.gov. 

a. Construct a Pareto chart. 

b. What percentage of power is derived from coal, nuclear, or 
natural gas? 

c. Construct a pie chart. 

d. For this table data, do you prefer using a Pareto chart or a pie 
chart? Why? 

2.27 The Consumer Financial Protection Bureau reports on . 
consumer financial product and service complaint submissions 
by state, category, and company. The following table, stored in 
(CTLISEE. represents complaints received from Louisiana 
consumers by complaint category in a recent year. 



Category Number of Complaints 

Bank Account or Service 202 

Consumer Loan 132 

Credit Card 175 

Credit Reporting 581 

Debt Collection 486 

Mortgage 442 

Student Loan as 

Other 72 

Source: Data extracted from bit.ly/2pR7ryO. 

a. Construct a Pareto chart for the categories of complaints. 

b. Discuss the “vital few” and “trivial many” reasons for the cate- 

gories of complaints. 

The following table, stored in 7 Telieriiccm, represents 

complaints received from Louisiana consumers by most- 

complained-about companies in a recent year. 

Company : Number of Complaints 

Bank of America 42 

Capital One 93 

Citibank 59 

* Ditech Financial 31 

Equifax 217 

Experian 177 

JPMorgan 128 

Nationstar Mortgage 39 

Navient 38 

Ocwen 41 

Synchrony 43 

Trans-Union 168 

- Wells Fargo 77 

c. Construct a bar chart and a pie chart for the complaints by 

company. 

d. What graphical method (bar or pie chart) do you think is best 

suited for portraying these data? 

2.28 The following table, stored in FESR Esher we ce, 
indicates the percentage of residential electricity consumption in the 

United States in 2018, organized by type of use. 

Type of Use Percentage 

Clothes dryer 60 

Clothes washer 10 

Computers and related equipment 26 

Cooking 16 

Dishwashers 7 

Freezers 20 

Furniture pans and boiler circ. pumps vie) 

Lighting 91 

Refrigerators 87 

Space cooling 214 

Space heating 207 

‘Televisions and reiated equipment 62 

Water heating 174 

Other uses 460 

Source: U.S. Energy Information Administration, bit.ly/2UBysKO. 
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a. Construct a bar chart, a pie chart, and a Pareto chart. 

b. Which graphical method do you think is best suited for portray- 

ing the table data? 

c. What conclusions can you reach concerning residential electric- 

ity consumption in the United States? 

2.29 A recent survey of insurance professionals explores the use 

of technology in the industry. The file (2233 /EE/ES) contains the 
responses to the question that asked what technologies these pro- 

fessionals expect to be most used by the insurance industry in the 

coming year. 

Technology Frequency 

Wearable technology 9 

Blockchain technology O) 

Artificial intelligence 17 

IoT: retail insurance DS 

loT: commercial insurance 5 

Social media 27 

Source: Data extracted from bit.ly/2qxMFRj. 

a. Construct a bar chart and a pie chart. 

b. What conclusions can you reach concerning expected technology 

usage in the insurance industry? 

2.30 A survey of 1,520 American adults asked, “Do you feel over- 

loaded with too much information?” The results indicate that 23% 

of females feel information overload compared to 17% of males. 

The results are: 

GENDER 

OVERLOADED Male Female Total 

Yes 134 170 304 

No 651 565 1,216 

Total 785 735 1,520 

Source: Data extracted from bit.ly/2pR5bHZ. 

a. Construct a side-by-side bar chart of overloaded with too much 

information and gender. 

b. What conclusions can you reach from this chart? 

2.31 A study of selected Kickstarter projects showed that over- 

all a majority were successful, achieving their goal and raising, at 

a minimum, the targeted amounts. In an effort to identify project 

types that influence success, selected projects were subdivided into 

project categories (Film & Video, Games, Music, and Technology). 

The results are as follows: 

OUTCOME 

CATEGORY Successful Not Successful Total 

Film & Video 21,199 36,805 58,564 

Games 93329 18,238 27,567 

Music 24,285 24,377 48,662 

Technology 5,040 20,555 25,595 

Total 60,413 99,975 160,388 

Source: Kickstarter.com, kickstarter.com/help/stats. 
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a. Construct a side-by-side bar chart and a doughnut chart of proj- The poll description did not state the sample sizes of males and 

ect outcome and category. females. Suppose that both sample sizes were 502 and that 46 of 

b. What conclusions concerning the pattern of successful Kick- 502 males and 71 of 502 females reported window tinting as their 

starter projects can you reach? preferred luxury upgrade of choice. 

; clon, ee a. Create a side-by-side chart and a doughnut chart of preferred 
2.32 Ipsos polled 1,004 adults asking them, “If purchasing a usec luxury upgrade-and gender, 

car made certain upgrades or features more affordable, what would b. What do the chart results tell you about luxury upgrade differ- 

be your preferred luxury upgrade?” The summarized results show think \seeeshin Sates Gil Ceca led® 

that 9% of males and 14% of females answered window tinting. 

Source: Ipsos, “Safety Technology Tops the List of Most Desired Features Should 

They Be More Affordable When Purchasing a Used Car—Particularly Collision 

Avoidance,” available at bit.ly/2ufbS8Z. 

2.4 Visualizing Numerical Variables 
A variety of techniques that show the distribution of values visualize the data for a numerical 

variable. These techniques include the stem-and-leaf display, the histogram, the percentage 

polygon, and the cumulative percentage polygon (ogive), all.discussed in this section, as well 

as the boxplot, which requires descriptive summary measures that Section 3.3 discusses. 

The Stem-and-Leaf Display 
A stem-and-leaf display visualizes data by presenting the data as one or more row-wise stems 

that represent a range of values. In turn, each stem has one or more /eaves that branch out to the 

right of their stem and represent the values found in that stem. For stems with more than one 

leaf, the leaves are arranged in ascending order. 

Stem-and-leaf displays show how the data are distributed and where concentrations of data 

exist. Leaves typically present the last significant digit of each value, but sometimes values are 

rounded. For example, the following meal costs (in $) for 15 classmates who had lunch at a fast 

casual restaurant were collected and stored in [PETS ey): 

7.42 6.29 5.83 6.50 8.34 9.51 7.10 6.80 5.90 4.89 6.50 5.52 7.90 8.30 9.60 

To construct the stem-and-leaf display, one would use whole dollar amounts as the stems 

and round the cents to one decimal place as the leaves. For the first value, 7.42, the stem would 

be 7, and its leaf is 4. For the second value, 6.29, the stem would be 6 and its leaf 3. The com- 

pleted stem-and-leaf display for these data with the leaves ordered within each stem is: 

4|9 
_studentTIP 5 | 589 
A stem-and-leaf display 6 | 3558 
tumed sideways looks 7 | 149 
like a histogram. nS) 

9 | 56 

EXAMPLE 2.8 As a member of the company task force in The Choice /s Yours scenario (see page 38), you 
Stem-and-Leaf want to study the past performance of the value funds. One measure of past performance is the 
Display of the numerical variable 3YrReturn, the three-year return percentage. Using the data from the 173 
Three-Year Return value funds, you want to visualize this variable as a stem-and-leaf display. 
Percentages for th Vai eas © SOLUTION Figure 2.10 on page 59 presents an Excel stem-and-leaf display of the three-year 

return percentage for value funds. You observe 

* the lowest three-year return Was —2.6. 
* the highest three-year return was 11.9. 
* the three-year returns were concentrated between 6 and 9. 
* very few of the three-year returns were above 11. 
* the distribution of the three-year returns appears to have more high values than low 

> (continued) values. 
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The Histogram 
A histogram visualizes data as a vertical bar chart in which each bar represents a class interval 

_ from a frequency or percentage distribution. A histogram displays the numerical variable along the 
horizontal (X) axis and uses the vertical (Y) axis to represent either the frequency or the percent- 

age of values per class interval. There are never any gaps between adjacent bars in a histogram. 

Figure 2.11 visualizes the data of Table 2.3 on page 45, meal costs at center city and metro 

area restaurants, as a pair of frequency histograms. The histogram for center city restaurants shows 

that the cost of meals is concentrated between approximately $40 and $60. Ten meals at center city 

restaurants cost $70 or more. The histogram for metro area restaurants shows that the cost of meals 

is concentrated between $30 and $60. Very few meals at metro area restaurants cost more than $60. 

Excel (left) and Tableau frequency histograms for meal costs at center city and metro area restaurants 

Histogram of Meal Cost for Center City Restaurants 

Frequency 

Histogram of Meal Cost for Metro Area Restaurants 

Meal Cost Histogram by Location 

Location Meal Cost 

Frequency 

55 65 75 85 95 

Meal Cost ($) 

55 65 75 85 95 

Meal Cost ($) 
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Histograms of the 

Three-Year Return 

Percentages for the 

Growth and Value 

Funds 

FIGURE 2.12 

As a member of the company task force in The Choice /s Yours scenario (see page 38), you seek 

to compare the past performance of the growth funds and the value funds, using the three-year 

return percentage variable. Using the data from the sample of 479 funds, you construct histo- 

grams for the growth and the value funds to create a visual comparison. 

SOLUTION Figure 2.12 displays frequency histograms for the three-year return percentages 

for the growth and value funds. 

Excel frequency histograms for the three-year return percentages for the growth and value funds 

Three-Year Return Percentages for Growth Funds Three-Year Return Percentages for Value Funds 

120 5 

100 

Frequency 

bal co 1 
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FIGURE 2.13 

Excel percentage 

polygons of meal costs for 

center city and metro area 

restaurants 

3.75 6.25 8.75 11.25 13,75 -3.75 -1.25 1.25 3.75 6.25 8.75 11.25 13.75 

Midpoints Midpoints 

Reviewing the histograms in Figure 2.12 leads you to conclude that the returns were higher 

for the growth funds than for value funds. The return for the growth funds is more concentrated 

between 5 and 12.5 while the return for the value funds is more concentrated between 5 and 10. 

The Percentage Polygon 

When using a categorical variable to divide the data of a numerical variable into two or more 

groups, you visualize data by constructing a percentage polygon. This chart uses the midpoints 

of each class interval to represent the data of each class and then plots the midpoints, at their 

respective class percentages, as points on a line along the X axis. A percentage polygon enables a 

direct comparison between groups that is easier to interpret than a pair of histograms. (Compare 
Figure 2.11 on page 59 to Figure 2.13.) 

Figure 2.13 displays percentage polygons for the cost of meals at center city and metro area 
restaurants. The same observations from this chart can be made as were made when examining 
the pair of histograms in Figure 2.11. The center city rheal cost is concentrated between $40 
and $60, while the metro area meal cost is concentrated between $30 and $60. However, the 
polygons allow one to more easily identify which class intervals have similar percentages for 
the two groups and which do not. 

Percentage Polygons for Meal Cost 

at Center City and Metro Area Restaurants 

20% | 
~* Center City 

i ~® Metro Area 

- 25 35 45 55 65 75 85 95 

Meal Cost ($) 
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Percentage Polygons 

of the Three-Year 
Return Percentages 

_ for the Growth and 

_ Value Funds 

FIGURE 2.14 

Excel percentage 

polygons of the three- 

year return percentages 

for the growth and value 

funds 
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The polygons in Figure 2.13 have points whose values on the X axis represent the midpoint 

of the class interval. For example, look at the points plotted at X = 35 ($35). The point for meal 

costs at center city restaurants (the lower one) show that 6% of the meals cost between $30 and 

$40, while the point for the meal costs at metro area restaurants (the higher one) shows that 28% 

of meals at these restaurants cost between $30 and $40. 

When constructing polygons or histograms, the vertical Y axis should include zero to avoid 

distorting the character of the data. The horizontal X axis does not need to show the zero point 

for the numerical variable, but a major portion of the axis should be devoted to the entire range 

of values for the variable. 

As a member of the company task force in The Choice /s Yours scenario (see page 38), you seek 

to compare the past performance of the growth funds and the value funes using the three-year 

return percentage variable. Using the data from the sample of 479 funds, you construct percent- 

age polygons for the growth and value funds to create a visual comparison. 

SOLUTION Figure 2.14 displays percentage polygons of the three-year return percentage for 

the growth and value funds. 

Percentage Polygons for Three-Year Return Percentage 

for the Growth and Value Funds 

~~ Growth 

€ 25% ~®-Value 

& 20% 

15% 

10% 

5% 

0% 

3.75 -1.25 1.25 3.75 6.25 8.75 

Three-Year Return Percentage 

11.25 13.75 16.25 

Figure 2.14 shows that the growth funds polygon is to the right of the value funds polygon. 

This allows you to conclude that the three-year return percentage is higher for growth funds than 

for value funds. The polygons also show that the return for growth funds is concentrated between 

5 and 12.50, and the return for the value funds is concentrated between 5 and 10. 
se nn An A TRIER ETA OP EEN ATA CSCI EPC A REA SE MAO A AONB I 

The Cumulative Percentage Polygon (Ogive) 
The cumulative percentage polygon, or ogive, uses the cumulative percentage distribution dis- 

cussed in Section 2.2 to plot the cumulative percentages along the Y axis. Unlike the percentage 
polygon, the lower boundaries of the class interval for the numerical variable are plotted, at their 

respective class percentages as points on a line along the X axis. 

Figure 2.15 on page 62 shows cumulative percentage polygons of meal costs for center city 

and metro area restaurants. In this chart, the lower boundaries of the class intervals (20, 30, 40, 

etc.) are approximated by the upper boundaries of the previous bins (19.99, 29.99, 39.99, etc.). 

The curve of the cost of meals at the center city restaurants is located to the right of the curve 

for the metro area restaurants. This indicates that the center city restaurants have fewer meals 

that cost less than a particular value. For example, 38% of the meals at center city restaurants 

cost less than $50, as compared to 68% of the meals at metro area restaurants. 
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FIGURE 2.15 

Excel cumulative 

percentage polygons of 

meal costs for center city 

and metro area restaurants 

In Microsoft Excel, you 

approximate the lower 

boundary by using the 

upper boundary of the 

previous bin. 
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FIGURE 2.16 

Excel cumulative 

percentage polygons 
of the three-year return 

percentages for the 

growth and value funds 
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Cumulative Percentage Polygons for Meal Cost 

at Center City and Metro Area Restaurants 

~* Center City 

~® Metro Area 

———— Tr Speen « oS me i a 

49.99 59.99 69.99 79,99 89.99 99,99 

Meal Cost ($) 

oe! lie T Tr 

19,99 29.99 39.99 

As amember of the company task force in The Choice /s Yours scenario (see page 38), you seek 

to compare the past performance of the growth funds and the value funds using the three-year 

return percentage variable. Using the data from the sample of 479 funds, you construct cumu- 

lative percentage polygons for the growth and the value funds. 

SOLUTION Figure 2.16 displays cumulative percentage polygons of the three-year return per- 

centages for the growth and value funds. 

Cumulative Percentage Polygons for the 

Three-Year Return Percentages for the Growth and Value Funds 

“Value 

Cumulative Percent 

3 ® 

-5.01 -2.51 -0.01 2.49 4,99 7.49 9.99 12.49 14.99 17,49 

Three-Year Return Percentage 

The cumulative percentage polygons in Figure 2.16 show that the curve for the three- 
year return percentage for the growth funds is located to the right of the curve for the value 
funds. This allows you to conclude that the growth funds have fewer three-year return per- 
centages that are higher than a particular value. For example, 68.95% of the growth funds 
had three-year return percentages below 10, as compared to 95.95% of the value funds. 
You can conclude that, in general, the growth funds outperformed the value funds in their 
three-year returns. 



PROBLEMS FOR SECTION 2.4 

LEARNING THE BASICS 

2.33 Construct a stem-and-leaf display, given the following data 
from a sample of midterm exam scores in finance: 

54 69 98 93 53 74 

2.34 Construct an ordered array, given the following stem-and-leaf 
display from a sample of n = 7 midterm exam scores in informa- 
tion systems: 

Sai 

6 

7 | 446 

Salo 

O22 

APPLYING THE CONCEPTS 

2.35 The following is a stem-and-leaf display representing the 

gallons of gasoline purchased (with leaves in tenths of gallons) for 

a sample of 25 cars that use a particular service station on the New 

Jersey Turnpike: 

9 | 147 

10 | 02238 

Ld 1255667 77, 

12 | 223489 

SH O2 

a. Construct an ordered array. 

b. Which of these two displays seems to provide more information? 

Discuss. 

c. How many gallons are most likely to be purchased? 

d. Is there a concentration of the purchase amounts in the center 

of the distribution? 

2.36 The file Meira slic r-ve(-16§ contains the average 
TESE number of hours worked necessary for three people to 

afford to attend an NBA game, inclusive of parking and food and 

beverage costs, at each of the 30 NBA basketball arenas during a 

recent season. 

Source: from ValuePenguin, bit.ly/2mGG2Li. 

a. Construct a stem-and-leaf display. 

b. Around what value, if any, are the costs of attending a basketbail 

game concentrated? Explain. 

2.37 The file contains the overall download and 
upload speeds in Mbps for nine carriers in the United States. 

Source: Data extracted from Tom’s Guide, “Fastest Wireless Network 2019: It’s Not 

Even close,” bit.ly/2PcGiQE. 

For download and upload speeds speeds separately: 

a. Construct an ordered array. 

b. Construct a stem-and-leaf display. 

c. Does the ordered array or the stem-and-leaf display provide 

more information? Discuss. 

d. Around what value, if any, are the download and upload speeds 

concentrated? Explain. 

2.4 Visualizing Numerical Variables 63 

2.38 The file ["% contains the following data about the cost of 
electricity during July of a recent year for a random sample of 50 

one-bedroom apartments in a large city: 

OO Lec ceee bom Lays men cece oo 7 en 127 82 

157-185 XO) aN) GE tleabesaniey an sf0). als) 

141 149 206 175 123 128 144 168 109 167 

Shy ile TBO NS) ANSKO) eilNE) assy ilKeyey alist leaks, 

UN ASRS i Se To DAY PT SoA ILS DTI A 98 aU: 

a. Construct a histogram and a percentage polygon. 

b. Construct a cumulative percentage polygon. 

c. Around what amount does the monthly electricity cost seem to 
be concentrated? 

2.39 As player salaries have increased, the cost of attending baseball 

games has increased dramatically. The following histogram visual- 

izes the total cost (in $) for two tickets, two beers, two hot dogs, and 

parking for one vehicle at each of the 30 Major League Baseball 

parks during a recent season stored in /EEeU Fehr vere. 

Cost of Attending a Baseball Game 

Frequency 

J i 

> oo tt to ow 

N 

0 

Cost ($) 

What conclusions can you reach concerning the cost of attending a 

baseball game at different ballparks? 

2.40 The following histogram and cumulative percentage poly- 

gon (page 64) visualize the data about the property taxes on a 

$176K home for the 50 states and the District of Columbia, stored 
iy Property Taxes f 

Histogram of Annual Taxes on $176K Home 

450 950 1450 1950 2450 2950 3450 3950 

Taxes ($000) 
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Cumulative Percentage Polygon for Annual Taxes on $176K Home 

0% T : eee anions 

699 1199 1699 2199 2699 3199 3699 4199 

Annual Taxes on $176K Home ($) 

What conclusions can you reach concerning the property taxes per 

capita? 

2.41 How much time do Americans living in cities spend commut- 

ing to work each week? The file (eo Uy) contains these 

times for 30 cities. 

Source: Data extracted from “American Factfinder,” factfinder.census.gov. 

For the time Americans living in cities spend commuting to work 

each week: 

a. Construct a percentage histogram. 

b. Construct a cumulative percentage polygon. 

c. What conclusions can you reach concerning the time Ameri- 

cans living in cities spend commuting to work each week? 

2.42 How do the average credit scores of people living in various 

cities differ? The file contains an ordered array of 
the average credit scores of 2,570 American cities. 

Source: Data extracted from “Study shows cities with highest and lowest credit 

scores,” accessed at bit.ly/2uubZfX. 

a. Construct a percentage histogram. 

b. Construct a cumulative percentage polygon. 

c. What conclusions can you reach concerning the average credit 

scores of people living in different American cities? 

2.43 One operation of a mill is to cut pieces of steel into parts that 

will later be used as the frame for front seats in an automobile. The 

Steel is cut with a diamond saw and requires the resulting parts to be 

within + 0.005 inch of the length specified by the automobile com- 

pany. The measurement reported is the difference in inches between 

the actual length of the steel part, as measured by a laser device, and 

the specified length of the steel part. For example, the first value, 

—0.002, represents a steel part that is 0.002 inch shorter than the 

specified length. Data are collected from a sample of 100 steel parts 
and stored in SES. 
a. Construct a percentage histogram. 

b. Is the steel mill doing a good job meeting the requirements set 
by the automobile company? Explain. 

2.44 Call centers today play an important role in managing day-to-day 
business communications with customers. Call centers must be 

monitored with a comprehensive set of metrics so that businesses can 

better understand the overall performance of those centers. One key 

metric for measuring overall call center performance is service level, 

the percentage of calls answered by a human agent within a specified 

number of seconds. The file contains the following data 

for time, in seconds, to answer 50 incoming calls to a financial services 

call center: 

16 1416 19 61415 5 16 18 17 22 6 18 10 15 12 

6:19:16 16-15. 1225-9 17.12.10 55 231 Ags 

24 9 10 13 14 26 19 20 13 24 28 15 21 8 16 12 

a. Construct a percentage histogram and a percentage polygon. 

b. Construct a cumulative percentage polygon. 

¢. What can you conclude about call center performance if the service 

level target is set as “80% of calls answered within 20 seconds”? 

2.45 The financial services call center in Problem 2.44 also mon- 

itors call duration, which is the amount of time spent speaking 

to customers on the phone. The file contains the 
following data for the time, in seconds, spent by agents talking to 

50 customers. 

243 290 199 240 125 151 158 66 350 1141 251 385 239 

139 181 LIT 136°250 315 154 78°264" 1238314 giSaeee 

420 112 239 208 65 133 213 229 154 377 69 170 261 

230 273 288 180 296 235 243 167 227 384 331 

a. Construct a percentage histogram and a percentage polygon. 

b. Construct a cumulative percentage polygon. 

c. What can you conclude about call center performance if a call 

duration target of less than 240 seconds is set? 

2.46 The file [EEF contains the life (in hours) of a sample of forty 
6-watt LED (light emitting diode) light bulbs produced by Manu- 

facturer A and a sample of forty 6-watt LED light bulbs produced 

by Manufacturer B. 

Use the following class interval widths for each distribution: 

Manufacturer A: 46,500 but less than 47,500; 47,500 but less 

than 48,500; and so on. 

Manufacturer B: 47,500 but less than 48,500; 48,500 but less 

than 49,500; and so on. 

a. Construct percentage histograms on separate graphs and plot 

the percentage polygons on one graph. 

b. Plot cumulative percentage polygons on one graph. 

¢. Which manufacturer has bulbs with a longer life—Manufacturer 

A or Manufacturer B? Explain. 

2.47 The data stored in EY represents the amount of soft drink 
in a sample of fifty 2-liter bottles. 

a. Construct a histogram and a percentage polygon. 

b. Construct a cumulative percentage polygon. 

c. On the basis of the results in (a) and (b), does the amount of soft 

drink filled in the bottles concentrate around specific values? 
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2.5 Visualizing Two Numerical Variables 

EXAMPLE 2.12 

| Scatter Plot for NBA 

' Investment Analysis 

| TABLE 2.12 

Revenue and current valuations for NBA teams 

(nS NST ST MCR tA A RSH SNA tt 

Team Revenue 

Code ($millions) 

BOS 

BKN 

CHA 

CHI 

CLE 

DAL 

DEN 

DET 

GSW 

> (continued) 

287 

290 

218 

287 

302 

287 

222, 

yap) 

401 

Current Value | Team Revenue Current Value | Team Revenue 

Visualizing two numerical variables together can reveal possible relationships between the two 

variables and serve as a basis for applying the methods that Chapters 13-15 discuss. To visualize 

two numerical variables, use a scatter plot. For the special case in which one of the two variables 

represents the passage of time, use a time-series plot. 

The Scatter Plot 

A scatter plot explores the possible relationship between two numerical variables by plotting 

the values of one numerical variable on the horizontal, or X, axis and the values of the second 

numerical variable on the vertical, or Y, axis. For example, a marketing analyst could study the 

effectiveness of advertising by comparing advertising expenses and sales revenues of 50 stores 

by using the X axis to represent advertising expenses and the Y axis to represent sales revenues. 

A scatter plot of a pair of variables might show a positive relationship, in which increasing 

the value of the X variable increases the value of the Y variable; a negative relationship, in which 

increasing the value of the X variable decreases the value of the Y variable; or show no apparent 

relationship between the variables. Relationships uncovered can be described as either strong 

or weak, and including a trend line (see Chapter 13) in a scatter plot can both highlight the rela- 

tionship and show whether the relationship is strong (steeper slopes) or weak (shallower slopes). 

Suppose that you are an investment analyst who has been asked to consider the valuations of the 

30 NBA professional teams. You seek to know if the value of a team reflects its revenue. You 

collect revenue (in $millions) and current valuation data (in $billions) for all 30 NBA teams, 

organize the data as Table 2.12, and store the data in [X/:/.VahF Gri. 

Current Value 

($billions) ($billions) ($millions) ($billions) | Code  ($millions) 

BS) 323 Tee OKC 241 BS 

2.8 IND ae, 1.4 ORL 223 1.3 

2.4 LAC 258 PIPL PHI 268 Ls 

13 LAL 398 37. PHX Peeks) Lal 

Js) MEM 213 1g2 POR 246 1.6 

13 MIA 258 1.8 SAC 263 1.6 

20 MIL 204 1.4 SAS 262 ied 

1.4 MIN peeks) 1.3 TOR 215 Lai: 

13 NOH 214 ee UTA 243 1.4 

35 NYK 443 4.0 WAS 20 1.6 

SOLUTION You begin your review by constructing a scatter plot of revenue and current value, 

to uncover any possible relationships between these variables, placing revenue on the X axis and 

current value on the Y axis (see Figure 2.17 on page 66). The scatter plot suggests that a strong 
positive (increasing) relationship exists between revenue and the current value of a team. In 
other words, teams that generate a smaller amount of revenue have a lower value, while teams 

that generate higher revenue have a higher value. 
The Figure 2.17 Excel scatter plot also includes a trend line. This trend line highlights the 

strong positive relationship between revenue and current value for NBA teams. 
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FIGURE 2.17 | 

Excel (with trend line) and Tableau scatter plots for NBA revenue and current evaluation study 

Scatter Plot of NBA Team Revenue and Current Value Scatter Plot of NBA Team Revenue and Current Value 

4 ~ 

. ¢ = vr wWNnN |W ww Bb 

Current Value (S$billions) 

i 

Current Value ($millions) 
°o 

o 

Revenue ($millions) Revenue ($millions) 

The Time-Series Plot 
A time-series plot plots the values of a numerical variable on the Y axis and the time period 

associated with each numerical value on the X axis. A time-series plot can help visualize trends 

in data that occur over time. 

EXAMPLE 2.13 As an investment analyst who specializes in the entertainment industry, you are interested 

| Time-Series Plot in discovering any long-term trends in movie revenues. You collect the annual revenues (in 
| for Movie Revenues _ $billions) for movies released from 1995 to 2018, organize the data as Table 2.13, and store 

the data in [VENEREYSIES. 
To see if there is a trend over time, you construct the time-series plot shown in Figure 2.18 

| 
| | 
| 
| 
| 

on page 67. 

| TABLE 2.13 
| Movie revenues Revenue Revenue Revenue 

(in $billions) from Year ($billions) Year ($billions) Year ($billions) 

1995 to 2018 1995 5.29 2003 9.35 2011 10.19 

1996 5.59 2004 29 Bi 2012 10.83 

1997 6.51 2005 8.93 2013 10.90 

1998 6.79 2006 9.25 2014 10.36 

1999 7.30 2007 9.63 2015 11.13 

2000 7.48 2008 9.95 2016 11.38 

2001 8.13 2009. ~yersl 0,65 2017 11.07 

2002 9.19 2010 10.54 2018 11.89 
Source: Data extracted from www.boxofficemojo.com/yearly/. 

SOLUTION From Figure 2.18, you see that there was a steady increase in the annual movie 
revenues between 1995 and 2018, followed by an overall upward trend, which includes some 

seegem downturns, reaching new highs in both 2018. During that time, the revenues increased from 
ed) under $6 billion in 1995 to almost $12 billion in 2018. 
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Excel and Tableau time-series plot of annual movie revenues from 1995 to 2018 

Movie Revenues Per Year, 1995-2018 
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PROBLEMS FOR SECTION 2.5 
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LEARNING THE BASICS 

2.48 The following is a set of data from a sample of n = 11 items: 

Reewteeoeron 3) 69. 24" 9 5 8 

ee he Oe Gn 2 5. 4. 

a. Construct a scatter plot. 

b. Is there a relationship between X and Y? Explain. 

2.49 The following is a series of annual sales (in $millions) over 

an 11-year period (2008 to 2018): 

Year: 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Sales: 13.0 17.0 19.0 20.0 20.5 20.5 20.5 20.0 19.0 17.0 13.0 

a. Construct a time-series plot. 

b. Does there appear to be any change in annual sales over time? 

Explain. 

APPLYING THE CONCEPTS 

2.50 Movie companies need to predict the gross receipts 

WSSAB of individual movies once a movie has debuted. The fol- 

lowing results, stored in ITE Ee, are the first weekend gross, 
the U.S. gross, and the worldwide gross (in $millions) of the eight 

Harry Potter movies: 

First Worldwide 

Weekend U.S. Gross Gross 

Title ($millions) ($millions) ($millions) 

Sorcerer’s Stone = 90,292 317.558 976.458 

Chamber of Secrets 88.357 261.988 878.988 

Prisoner of Azkaban 93.687 249.539 795,539 

Goblet of Fire 102.335 290.013 896.013 

Order of the Phoenix 77.108 292.005 938.469 

Half-Blood Prince 77.836 301.460 934.601 

Deathly Hallows PartI 125.017 295.001 955.417 

Deathly Hallows Part II 169.189 381.011 1,328.111 

Source: Data extracted from www.the-numbers.com/interactive/comp-Harry- 

Potter.php. 

a. Construct a scatter plot with first weekend gross on the X axis 

and U.S. gross on the Y axis. 

b. Construct a scatter plot with first weekend gross on the X axis 

and worldwide gross on the Y axis. 

c. What can you say about the relationship between first weekend 

gross and U.S. gross and first weekend gross and worldwide 

gross? 

2.51 Data were collected on the typical cost of dining at American- 

cuisine restaurants within a 1-mile walking distance of a hotel 

located in a large city. The file contains the typical cost 
(a per transaction cost in $) as well as a Bundle score, a measure 

of overall popularity and customer loyalty, for each of 40 selected 

restaurants. 

Source: Data extracted from www.bundle.com via the link on-msn.com/MnIBxo. 

a. Construct a scatter plot with Bundle score on the X axis and 

typical cost on the Y axis. 

b. What conclusions can you reach about the relationship between 

Bundle score and typical cost? 

2.52 The file contains the overall download and 
upload speeds in Mbps for eight carriers in the United States. 

Source: Data extracted from “Fastest Wireless Network 2019: It’s Not Even close.” 

tom’s guide Staff, March 22, 2019 

a. Do you think that carriers with a higher overall download speed 

also have a higher overall upload speed? 

b. Construct a scatter plot with download speed on the X axis and 
upload speed on the Y axis. 

c. Does the scatter plot confirm or contradict your answer in (a)? 

2.53 A Pew Research Center survey found that smartphone owner- 

ship is growing rapidly around the world, although not always equally, 

and social media use is somewhat less widespread, even as Internet 
use has grown in emerging economies. The file 
contains the level of smartphone ownership, measured as the per- 

centage of adults polled who report owning a smartphone. The file 

contains the level of social media networking, 
measured as the percentage of adults who use social media sites, 
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as well as the GDP as purchasing power parity (PPP, current interna- 

tional $) per capita for each of 27 advanced and emerging countries. 

Source: Data extracted from Pew Research Center, “Smartphone Ownership is Growing 

Rapidly Around the World, but Not Always Equally,” February 5, 2019, bit.ly/20tMOf. 

a. Construct a scatter plot with GDP (PPP) per capita on the X axis 

and smartphone ownership on the Y axis. 

b. What conclusions can you reach about the relationship between 

GDP and smartphone usage? 

c. Construct a scatter plot with GDP (PPP) per capita on the X axis 

and social media usage on the Y axis. 

d. What conclusions can you reach about the relationship between 

GDP and social media usage? 

2.54 How have stocks performed in the past? The following table 

presents the data stored in and shows the per- 
formance of a broad measure of stocks (by percentage) for each 

decade from the 1830s through 2018: 

Decade Perf (%) Decade Perf (%) 

1830s 2.8 1920s Weis) 

1840s 12.8 1930s hy) 

1850s 6.6 1940s 9.6 

1860s dS 1950s 18.2 

1870s (Fs) 1960s 8.3 

1880s 6.0 1970s 6.6 

1890s aS 1980s 16.6 

1900s 10.9 1990s 17.6 

1910s pro) 2000s ANP 

2010s* 11.0 

*Through December 31, 2018. 

Source: Data extracted from T. Lauricella, “Investors Hope the '10s Beat the 

'00s,” The Wall Street Journal, December 21, 2009, pp. C1, C2 and Money- 

chimp.com, “CAGR of the Stock Market,” bit.ly/laiqtil. 

a. Construct a time-series plot of the stock performance from the 

1830s to the 2010s. 

b. Does there appear to be any pattern in the data? 

2.55 The file contains the number of new homes 

sold (in thousands) and the median sales price of new single-family 

houses sold in the United States recorded at the end of each month 

from January 2000 through December 2017. 

Source: Data extracted from www.census.goy./construction/nrs/pdf/uspricemon/ 

pdf, 

a. Construct a times series plot of new home sales prices. 

b. What pattern, if any, is present in the data? 

2.56 The file contains the yearly movie atten- 
dance (in billions) from 2001 through 2018. 

Attendance Year Attendance Year 

Source: Data extracted from boxofficemojo.com/yearly. 

a. Construct a time-series plot for the movie attendance (in billions). 

b. What pattern, if any, is present in the data? 

2.57 The Super Bowl is a big viewing event watched by close to 

200 million Americans that is also a big event for advertisers. The 

file contains the average cost for 30-second 
ads that ran between the opening kickoff and the final whistle for 

the 2004 to 2019 Super Bowls. 

Source: Data extracted from www.admeter.usatoday.com/results/2019. 

a. Construct a time-series plot. 

b. What pattern, if any, is present in the average cost for 30-second 

ads that ran between the opening kickoff and the final whistle? 

2.6 Organizing a Mix of Variables 
Earlier sections of this chapter discuss organizing one or two variables of the same type, either 
categorical or numeric variables. Organizing a mix of many variables into one tabular summary, 
called a multidimensional contingency table, is also possible. Although any number of vari- 
ables could be theoretically used in multidimensional contingency tables, using many variables 
together or using a categorical variable that has many categories will produce results that will 
be hard to comprehend and interpret. As a practical rule, these tables should be limited to no 

All of the examples in this book 
follow this rule. 

more than three or four variables, which limits their usefulness when exploring sets of data with 
many variables or analysis that involves big data.! 

In typical use, these tables either display statistics about each joint response from multi- 
ple categorical variables as frequencies or percentages or display statistics about a numerical 
variable for each joint response from multiple categorical variables. The first form extends 
contingency tables (see Section 2.1) to two or more row or column variables. The second form 
replaces the tallies found in a contingency table with summary information about a numeric 
variable. Figure 2.19 on page 69 illustrates the first form, adding the variable market cap to the 
Figure 2.2 PivotTable contingency table of fund type and risk level. 



FIGURE 2.19 

PivotTables of fund type 

and risk level (based on 

Figure 2.2) and fund type, 

market cap, and risk level 

for the sample of the 479 

retirement funds 

student TIP 
Chapter 3 discusses 

descriptive statistics 

for numerical variables, 

including the mean, also 

known as the average, 

that the Figure 2.20 

table uses. 

FIGURE 2.20 

PivotTable (in two states) 

of fund type, market cap, 

and risk level, displaying 

the mean ten-year return 

percentage for the sam- 

ple of the 479 retirement 

funds. 
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Risk Level | » | Risk Level | | 
Fund Type [] Low Average High Grand Total Fund Type! vy Low Average High Grand Total 

Growth 13.15% 31.73% 19.00% 63.88% 2 Growth 13.2% 31.7% 19.0% 63.88% 

Value 17.54% 15.03% 3.55% 36.12% Large 9.6% 19.0% 3.5% 32.2% 

Grand Total 30.69% 46.76% 22.55% 100.00% MidCap 3.3% 9.4% 5.2% 18.0% 

Small 0.2% 3.3% 10.2% 13.8% 

2Value 17.5% 15.0% 3.5% 36.1% 

Large 14.6% 7.9% 0.6% 23.2% 

MidCap 2.1% 3.5% 0.8% 6.5% 

Small 0.8% 3.5% 2.1% 6.5% 

Grand Total 30.69% 46.76% 22.55% 100.00% 

Entries in this new multidimensional contingency table have been formatted as percentages 

of the whole with one decimal place to facilitate comparisons. The new table reveals patterns 

in the sample of retirement funds that a table of just risk level and fund type would not, such 

as the following: 

¢ The pattern of risk for fund type when market cap is considered can be very different than 

the summary pattern that Figure 2.2 shows. 

¢ A majority of the large and midcap growth funds have average risk, but most small growth 

funds have high risk. 

* Nearly two-thirds of large market cap value funds have low risk, while a majority of 

midcap and small value funds have average risk. 

Figure 2.20 illustrates the second form of a multidimensional contingency table. To form 

this table, the numerical variable 10YrReturn has been added to the Figure 2.19 PivotTable of 

fund type, market cap, and risk level. Note that the numerical variable appears as a statistic that 

summarizes the variable data, as the mean in these tables. That multidimensional contingency 

tables can only display a single descriptive statistic for a numerical variable is a limitation of 

such tables. 

Mean 10YrReturn Risk Level [v} 

Fund Type — [~] Low 

Mean 10YrReturn Risk Level [y] 

Fund Type [x] Low Average High Grand Total Average High Grand Total 

® Growth 8.06 7.78 7.19 7.66 = Growth 8.06 7.78 7.19 7.66 
®Value 6.45 6.52 5.97 6.43 Large 8.04 7,91 7.88 7.94 
Grand Total 7.14 7.38 7.00 7.22 MidCap 8.10 7.41 6.60 7.30 

Small 8.47 8.14 7.25 7.49 

®Value 6.45 6.52 5.97 6.43 
Large 6.30 5,87 4.18 6.10 
MidCap 6.99 7.69 6.15 7.27 
Small 7.61 6.79 6.43 6.78 

Grand Total 7.14 7.38 7.00 7.22 

Figure 2.20 shows the same PivotTable in two states, with market cap collapsed into fund 

type (left) and market cap fully expanded (right). In the collapsed table, funds with high risk have 

the lowest mean ten-year return percentages. The expanded table discovers that large growth 

funds with high risk have one of the highest mean ten-year return percentages, something not 

suggested by the collapsed table. The expanded table also reveals that midcap value funds with 

average risk have the highest mean ten-year return percentage among all value funds. 

Drill-down 

In addition to their utility to report summaries of variables, multidimensional contingency 
tables can drill down to reveal the data that the table summarizes. Drilling down reveals 
a less summarized form of the data. Expanding a collapsed variable, such as Figure 2.20 

demonstrates, is an example of drilling down. In Excel, double-clicking a joint response cell 
in a multidimensional contingency table drills down to the less summarized data. When you 

double-click a cell, Excel displays the rows of data associated with the joint response in a 

new worksheet. 
Figure 2.21 on page 70 shows the drill-down of the small value funds with low risk cell 

of the Figure 2.20 PivotTables. This drill-down reveals that the ten-year return percentage for 

this group of four funds ranges from 4.83% to 9.44% and that the values of some of the other 

numeric variables also greatly vary. 
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FIGURE 2.21 

Drill-down of the Figure 2.20 

PivotTable small value funds 

with low risk cell (some 

variable columns not shown) 

| F G H | J K L M N Le] 

1 

ml 75.00 4.67 0.53 0.20 4.74 2.53 4.82 9.44 1.40 Four 

3 23.00 9.61 0.72 0.84 7.74 6.95 8.17 7.30 1.28' Four 

4 30.10 10. 71) 0.70 0.55 5.88 7.60 7.74 4.83 1.70,Two 

5 37.00 11.73 0.71 0.79 6.02 8.45 9.29 8.85 0.81' Four J 

2.7 Visualizing a Mix of Variables 

learnMORE 
Chapter 17 discusses 

business analytics and 

presents additional 

visualization techniques 

that also visualize a mix 

of variables. 

FIGURE 2.22 

Tableau colored scatter 

plot of expense ratio, 

3YrReturn, and market 

cap for the sample of 479 

retirement funds 

Earlier sections of this chapter discuss visualizing one or two variables of the same type, either 

categorical or numeric. Visualizing a mix of many variables is also possible and has the follow- 

ing advantages over multidimensional contingency tables: 

¢ More data and more variables can be presented in a form that is more manageable to 

review than a table with many row and column variables. 

¢ The data, not summary descriptive statistics, can be shown for numerical variables. 

¢ Multiple numerical variables can be presented in one summarization. 

¢ Visualizations can reveal patterns that can be hard to see in tables. 

These qualities make visualizations of a mix of variables helpful during initial exploratory 

data analysis and often a necessity in business analytics applications, especially when such 

techniques are analyzing big data. Because of the relative newness of these visualizations, Excel 

and Tableau use different ways to visualize a mix of data. 

Colored Scatter Plot (Tableau) 
A Tableau colored scatter plot visualizes two (and sometimes more than two) numerical vari- 

ables and at least one categorical variable. 

For example, Figure 2.22 presents a colored scatter plot of the expense ratio and 3YrReturn 

numerical variables and the market cap categorical variable for the sample of 479 retirement 

funds. This visual reveals that for the three-year period, funds with large market capitalizations 

(blue dots) tend to have the best returns and the lowest cost expense ratios (in other words, plot 

in the lower right quadrant of the chart). However, a number of large market cap funds plot 

Expense Ratio vs. 3YrReturn Colored by Market Cap 

FR . M ~e 

BB Large 
Midcap 

i smail 



FIGURE 2.23 

PivotCharts based on the 

Figure 2.20 PivotTable of 

fund type, market cap, 

and risk level, showing 

the mean ten-year return 

percentage 

Because of the formatting 

of the Excel treemap, dis- 

playing the legend for that 

treemap is unnecessary in 

Figure 2.24 but included for 

comparison purposes. 
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elsewhere on the chart, representing funds with relatively high expense ratios or fair to poor 

three-year returns. For certain types of analyses, the points representing those funds might be 

drilled down to determine reasons for their different behavior or to identify such funds as relative 

laggards in the set of all large market cap funds. 

Because they can compare two numerical variables and one categorical variable, colored 

scatter plots can be considered an “opposite” of multidimensional contingency tables that 

summarize the two categorical variables and one numerical variable. 

Bubble Chart 

A bubble chart extends color scatter plots by using the size of the points, now called bubbles, 

to represent an additional variable. In Excel, that additional variable must be numerical, while in 

Tableau the variable can be either numerical or categorical. Chapter 17 further discusses bubble 
charts and presents examples of their usage. 

PivotChart 

Excel PivotCharts pull out and visualize specific categories from a PivotTable summary in 

a way that would otherwise be hard to do in Excel. For example, Figure 2.23 (left) displays a 

side-by-side PivotChart based on the Figure 2.20 PivotTables of fund type, market cap, and 

risk level, that display the mean ten-year return percentage for the sample of the 479 retirement 

funds. Filtering the chart to display the mean ten-year return percentages for only low risk funds, 

Figure 2.23 (right), highlights that small market cap growth funds have the highest mean 

ten-year return percentage. 

Mean Ten-Year Return Percentage 

Mean Ten-Year Return Percentage By Fund Type Market Cap, and Risk Level 
By Fund Type Market Cap, and Risk Level 

(RP KEK ow, 

i Low 

S high 

® Average 

0,00 2,00 4.00 6.00 8,00 10.00 

ae Percent 

Treemap 
Treemaps show proportions of the whole of nested categories as colored tiles. In the simplest 

case of a tree map, the size of tiles corresponds to the tallies in a joint response cell of a contin- 
gency table. In more elaborate versions, tiles can be sized to a numerical variable. Figure 2.24 
on page 72 presents Excel and Tableau treemaps for fund type and market cap. Note that Excel 
colors the treemap by the categories of first categorical variable (fund type), while Tableau can 

color the treemap using the second categorical variable, as the Figure 2.24 treemap illustrates. 
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FIGURE 2.24 

Excel and Tableau treemaps for fund type and market cap 

Treemap of Fund Type and Market Cap, colored by Fund Type Treemap of Fund Type and Market Cap, colored by Market Cap — Market Cap 

ROE ie. A ™ Large 
Growth row @ MidCap 

Large / @ Small 

@ Growth @ Value 

Section EG2.7 discusses 

creating treemaps and 

sunburst charts in Excel. 

FIGURE 2.25 

Excel and Tableau 

sparklines for movie 

revenues by month for the 

years 2005 through 2018 

Excel treemaps display only two categorical variables even if the data contain three or more 

categorical variables in a hierarchy. (For such cases, the variables corresponding to the highest 

and lowest levels in the hierarchy are displayed.) Excel includes a sunburst chart that shows 

more than two levels of a hierarchy. While similar to a doughnut chart, a sunburst chart uses the 

“rings” to represent the different variables, not different categories of a categorical variable, and 

the segment coloring reflects the categories of the highest level categorical variable. 

Sparklines 

Sparklines are compact time-series visualizations of numerical variables. This compact form 

allows you to view all the visualizations together, which can aid in making comparisons among 

the variables. Sparklines highlight the trends of the plots over the precise graphing of points found 

in a time-series plot. Although typically used to plot several independent numerical variables, 

such as several different business indicators, sparklines can also be used to plot time-series data 

using smaller time units than a time-series plot to reveal patterns that the time-series plot may not. 

For example, Figure 2.25 sparklines plot movie revenues for each month for the years 

2005 through 2018 (years included in the annual movie revenues Table 2.13 on page 66). The 

sparklines reveal that monthly movie revenues for September are the very least from year to year, 
while the summer and end-year months tend to have higher revenues. (These trends reflect the 
industry practice of opening “big” movies during the summer and end-of-year and not opening 
such movies during September.) 

January 

a la Movie Revenues By Month, 2005-2018 
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2.8 Filtering and Querying Data 

FIGURE 2.26 
PivotTable and slicers 

for the retirement funds 

sample data 

Associated with preparing tabular or visual summaries are two operations that extract subsets of 

the variables under study. Data filtering selects rows of data that match certain criteria, specified 

values for specific variables. For example, using the filter that selects all rows in which fund type 

is the value would select 173 rows from the sample of 479 retirement funds that this chapter uses 

in various examples. In the context of this chapter, querying can be a more interactive version 

of filtering and a method that may not select all of the columns of the matching rows depending 

how the querying is done. 

In Excel, selecting Data > Filter displays pull-down menus for each column in row | cells. 

In those menus, check boxes for each unique value in the column appear, and check boxes can 

be cleared or checked to select specific values or ranges. Excel also contains slicers that filter 
and query data from a PivotTable. 

Excel Slicers 

A slicer is a panel of clickable buttons that appears superimposed over a worksheet and is unique 

to a variabie in the associated PivotTable. Each button in a slicer represents a unique value of the 

. variable as found in the source data for the PivotTable. Slicers can be created for any variable 

that has been associated with a PivotTable, whether or not a variable has been inserted into the 

PivotTable. Using slicers enables one to work with many variables at once in a way that avoids 

creating an overly complex multidimensional contingency table that would be hard to compre- 
hend and interpret. 

Clicking buttons in the slicer panels queries the data. For example, the Figure 2.26 work- 

sheet contains slicers for the fund type, market cap, star rating, and expense ratio variables and 

a PivotTable that has been associated with the variables stored in the DATA worksheet of the 

Retirement Funds workbook. With these four slicers, one can ask questions about the data. For 

example, “What are the attributes of the fund(s) with the lowest expense ratio?” and “What are 

the expense ratios associated with large market cap value funds that have a star rating of five?” 

These questions can be answered by clicking the appropriate buttons of the four slicers. 

|e Ee i SLA i ee ee ea Ne eel Aes Rec OR nS or IE al esl decal ares ol ed 
1 |PivotTable of Fund Type and Risk Level — 7 
2 | : Fund Type Fant 

3 | Risk Level |] | Gees aaa ia) 
— ir) | Srowth pbetsercce RUIN SS ASI ce os Fat 4 |FundType|~|Low Average High Grand Total | == 

5 Growth ig 15s Mh 306 | ebslue yao y 
6 |Value 84 m2 17 «AB 
7 Grand Total 147 224 108 479 | Market Cap 
8 | f 
9 

Figure 2.27 on page 74 displays slicers that answer these two questions. Note that Excel 

dims, or disables, the buttons representing values that the current data filtering excludes in order 

to highlight answers. For example, the answer to the first question is a growth fund with a large 
market cap and a five-star rating. (The updated PivotTable display, not shown in Figure 2.27, 

reveals that there is only one such fund.) For the second question, the answer is that 0.83, 0.94, 

1.05, 1.09, 1.18, and 1.19 are the expense ratio percentages associated with large market cap 

value funds that have a star rating of five. (The updated PivotTable display reveals that there are 

six funds with those attributes.) 
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FIGURE 2.27 

Slicer displays for answers to questions 
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PROBLEMS FOR SECTIONS 2.6 THROUGH 2.8 

APPLYING THE CONCEPTS 

2.58 Using the sample of retirement funds stored in 

FRetirement Funds § 
a. Construct a table that tallies fund type, market cap, and star 

rating. 

b. What conclusions can you reach concerning differences among 

the types of retirement funds (growth and value), based on 

market cap (small, mid-cap, and large) and star rating (one, two, 

three, four, and five)? 

c. Construct a table that computes the average three-year return 

percentage for each fund type, market cap, and star rating. 

d. Drill down to examine the large cap growth funds with a rating 

of three. How many funds are there? What conclusions can you 

reach about these funds? 

2.59 Using the sample of retirement funds stored in 

FRetirement Funds 
a. Construct a table that tallies market cap, risk level, and star rating. 

b. What conclusions can you reach concerning differences among 

the funds based on market cap (small, mid-cap, and large), risk 

level (low, average, and high), and star rating (one, two, three, 

four, and five)? 

Construct a table that computes the average three-year return 

percentage for each market cap, risk level, and star rating. 

Drill down to examine the large cap funds that are high risk with 

a rating of three. How many funds are there? What conclusions 

can you reach about these funds? 

Cc . 

2.60 Using the sample of retirement funds stored in 

PRetirement Funds § 
a. Construct a table that tallies fund type, risk level, and star rating. 

b. What conclusions can you reach concerning differences among 

the types of retirement funds, based on the risk levels and star 
ratings? 

ce. Construct a table that computes the average three-year return 
percentage for each fund type, risk level, and star rating. 

d. Drill down to examine the growth funds with high risk with a 
rating of three. How many funds are there? What conclusions 
can you reach about these funds? 

2.61 Using the sample of retirement funds stored in 

| Retirement Funds 5 
a. Construct a table that tallies fund type, market cap, risk level, 

and star rating. 

b. What conclusions can you reach concerning differences among 

the types of funds based on market cap categories, risk levels, 

and star ratings? 

c. Which do you think is easier to interpret: the table for this 

problem or the ones for problems 2.58 through 2.60? Explain. 

Compare the results of this table with those of Figure 2.19 and 

problems 2.58 through 2.60. What differences can you observe? 

2.62 In the sample of 479 retirement funds (G(UUSEES Lee). 
what are the attributes of the fund with the highest five-year return 

percentages? 

om 

2.63 Using the variables SD and assets in the sample of retirement 

funds stored in GEESE TEE: 
a. Construct a chart that visualizes SD and assets by risk level. 

b. Construct a chart that visualizes SD and assets by fund type. 

Rescale the assets axis, if necessary, to see more detail. 

c. How do the patterns that you observe in both charts differ? 

What data relationships, if any, do those patterns suggest? 

2.64 In the sample of 479 retirement funds (GUTSETSIRTE). 
which funds in the sample have the lowest five-year return percentage? 

2.65 Using the sample of retirement funds stored in 

PRetirement Funds § 
a. Construct one chart that visualizes 10YrReturn and 1 YrReturn 

by market cap. 

b. Construct one chart that visualizes SYrReturn and 1 YrReturn 

by market cap. 

c. How do the patterns of the points of each market cap category 

change between the two charts? 

d. What can you deduce about return percentages in years 6 through 

10 included in 10YrReturn but not included in 5YrReturn? 

2.66 In the sample of 479 retirement funds (GEUENENSSED, 
what characteristics are associated with the funds that have the 

lowest five-year return percentages? 



2.67 The data in include the median sales price 
of new single-family houses sold in the United States recorded at 
the end of each month from January 2000 through December 2017. 

Source: Data extracted from “New Residential Sales,” bit.ly/2eEcIBR. 

a. Construct sparklines of new home sales prices by year. 

b. What conclusions can you reach concerning the median sales 

2.9 Pitfalls in Organizing and Visualizing Variables wD 

2.68 The file BXEVWi2IRcEEM includes the monthly average 

commercial price for natural gas (dollars per thousand cubic feet) 

in the United States from January 1, 2008, to December 2018. 

Source: Data extracted from Energy Information Administration, “Natural Gas 

Prices,” bit.ly/20Z1Q5Z. 

a. Construct a sparkline of the monthly average commercial price 

price of new single-family houses sold in the United States from 

January 2000 through December 2017? 

¢c. Compare the sparklines in (a) to the time-series plot in Problem 

2.55 on page 68. 

for natural gas (dollars per thousand cubic feet) by year. 

b. What conclusions can you reach concerning the monthly 

average commercial price for natural gas (dollars per thousand 

cubic feet)? 

2.9 Pitfalls in Organizing and Visualizing Variables 

FIGURE 2.28 

Side-by-side bar chart 

for the retirement funds 

sample showing percentage 

of overall total for fund 

type, market cap, risk 

level, and star rating 

The tabular and visual summaries created when organizing and visualizing variables can jump- 

start the analysis of the variables. However, care must be taken not to produce results that will 

be hard to comprehend and interpret or to present the data in ways that undercut the usefulness 

of the methods this chapter discusses. One can too easily create summaries that obscure the data 

- or create false impressions that would lead to misleading or unproductive analysis. The challenge 

in organizing and visualizing variables is to avoid such pitfalls. 

Obscuring Data 
Management specialists have long known that information overload, presenting too many 

details, can obscure data and hamper decision making (Gross). Both tabular summaries and 

visualizations can suffer from this problem. For example, consider the Figure 2.28 side-by-side 

bar chart that shows percentages of the overall total for subgroups formed from combinations 

of fund type, market cap, risk level, and star rating. While this chart highlights that more 

large-cap retirement funds have low risk and a three-star rating than any other combination 

of risk level and star rating, other details about the retirement funds sample are less obvious. 

The overly complex legend obscures as well and suggests that an equivalent multidimensional 

contingency table, with 30 joint response cells, would be obscuring, if not overwhelming, for 

most people. 

Side-by-Side Bar Chart for Retirement Funds Sample 
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MidCap 
Value 

™ Average - Two 

= Average - Three 
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TABLE 2.14 

Left: One-year percentage 

change in year-to-year 

sales for the month of 

April 

Right: Percentage 

change for three 

consecutive years 

FIGURE 2.29 

Market Shares of compa- 

nies in “two” industries 

If you want to verify that 

the two pie charts visualize 

the same data, open the 

TwoPies worksheet in the 

Challenging workbook. 

student TIP 
Order pie or doughnut 
slices from the largest 

to the smallest slice and 

color pie and doughnut 

charts meant for compar- 

ison in the same way. 

Creating False Impressions 
When organizing and visualizing variables, one must be careful not to create false impressions 

that could affect preliminary conclusions about the data. Selective summarizations and improp- 

erly constructed visualizations often create false impressions. 

A selective summarization is the presentation of only part of the data that have been col- 

lected. Frequently, selective summarization occurs when data collected over a long period of 

time are summarized as percentage changes for a shorter period. For example, Table 2.14 (left) 

presents the one-year difference in sales of seven auto industry companies for the month of 

April. The selective summarization tells a different story, particularly for company G, than does 

Table 2.14 (right) that shows the year-to-year differences for a three-year period that included 

the historic 2008 economic downturn, The second table reveals that Company D’s positive 

change comes after two very poor years, whereas Company G’s gain represents a true gain over 

the three-year period. 

Change from Change from Prior Year 

Company Prior Year 
* 72 Company Year 1 Year 2 Year 3 

B 494.4 A 220 ras +72 

C 424.9 B =i —41.9 +24.4 

D 494.8 C =—125 2155 +24.9 

E 4125 D —29.4 —48.1 +24.8 

E 4354 E ea aaah Sn +12.5 

G 429.7 F —1.6 —37.8 +35;1 

G +7.4 —13.6 +29.7 

Improperly constructed charts can also create false impressions. Figure 2.29 shows two pie 

charts that display the market shares of companies in two industries. How many would quickly 

notice that both pie charts summarize identical data? (Did you?) 

Market Share of Companies Market Share of Companies 

Because of their relative positions and colorings, many people will perceive the dark blue 
pie slice on the left chart to have a smaller market share than the dark red pie chart on, the right 
chart even though both pie slices represent the company that has 27% market share. In this 
case, both the ordering of pie slices and the different colorings of the two pie charts contribute 
to creating the false impression. With other types of charts, improperly scaled axes or a Y axis 
that either does not begin at the origin or is a “broken” axis that is missing intermediate values 
are other common mistakes that create false impressions. 
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Chartjunk 
Seeking to construct a visualization that can more effectively convey an important point, some 

people add decorative elements to enhance or replace the simple bar and line shapes of the 

visualizations discussed in this chapter. While judicious use of such elements may aid in the 

memorability of a chart (Bateman et al.), most often such elements either obscure the data or, 

worse, create a false impression of the data. Such elements are called chartjunk. 

Figure 2.30 presents a visualization that illustrates mistakes that are common ways of 

creating chartjunk unintentionally. The grapevine with its leaves and bunch of grapes adds 

to the clutter of decoration without conveying any useful information. The chart inaccurately 

shows the 1949-1950 measurement (135,326 acres) at a higher point on the Y axis than larger 

values such as the 1969-1970 measurement, 150,300 acres. The inconsistent scale of the 

X axis distorts the time variable. (The last two measurements, eight years apart, are drawn 

about as far apart as the 30-year gap between 1959 and 1989.) All of these errors create a very 

wrong impression that obscures the important trend of accelerating growth of land planted 

in the 1990s. 

FIGURE 2.30 

Two visualizations of the amount of land planted with grapes for the wine industry 

1997-1998. 3 Australian Acreage Planted with Grapes for Wine Industry 

Amount of land planted with grapes for the wine industry 243,644 300000 - 
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Left illustration adapted from S. Watterson, “Liquid Gold—Australians Are Changing the World of Wine. Even the French Seem Grateful,” Time, November 22, 

1999, p. 68-69. 

Exhibit 2.1 summarizes the best practices for creating visual summaries. Microsoft Excel 

users should be aware that Excel may tempt you to use uncommon chart types and may produce 

charts that violate some of the best practices that the exhibit lists. 

EXHIBIT 

Best Practices for Creating Visual Summaries 

¢ Use the simplest possible visualization. 
¢ Include a title and label all axes. 
¢ Include a scale for each axis if the chart contains axes. 

¢ Begin the scale for a vertical axis at zero and use a constant scale. 

¢ Avoid 3D or “exploded” effects and the use of chartjunk. 

¢ Use consistent colorings in charts meant to be compared. 

¢ Avoid using uncommon chart types, including radar, surface, cone, and pyramid charts. 
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PROBLEMS FOR SECTION 2.9 

APPLYING THE CONCEPTS 

2.69 (Student Project) Bring to class a chart from a website, 

newspaper, or magazine published recently that you believe to be a 

poorly drawn representation of a numerical variable. Be prepared 

to submit the chart to the instructor with comments about why you 

believe it is inappropriate. Do you believe that the intent of the chart 

is to purposely mislead the reader? Also, be prepared to present and 

comment on this in class. 

2.70 (Student Project) Bring to class a chart from a website, 

newspaper, or magazine published this month that you believe to be 

a poorly drawn representation of a categorical variable. Be prepared 

to submit the chart to the instructor with comments about why you 

consider it inappropriate. Do you believe that the intent of the chart 

is to purposely mislead the reader? Also, be prepared to present and 

comment on this in class. 

2.71 Examine the following visualization, adapted from one that 

appeared in a post in a digital marketing blog. 

E-Commerce Sales from Mobile Devices 

for the Past Five-Year Period 

$86.87 
r& x 173.1% 

E-commerce sales from 

mobile devices are 

expected to rise 

another $40.213 billion 

in the coming year! 

© e-commerce sales, 
mobile devices 

~e% change 

~*% of all e-commerce 

a. Describe at least one good feature of this visual display. 

b. Describe at least one bad feature of this visual display. 

c. Redraw the graph, by using the best practices that Exhibit 2.1 
on page 77 presents. 

2.72 Examine the following visualization, adapted from one that 
appeared in the post “Who Are the Comic Book Fans on Face- 
book?”, as reported by graphicspolicy.com. 
a. Describe at least one good feature of this visual display. 
b. Describe at least one bad feature of this visual display. 
c. Redraw the graph, by using the Exhibit 2.1 best practices. 

Facebook Comic Book Fans Age Breakdown 
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2.73 Examine the following visualization, adapted from a manage- 

ment consulting white paper. 

When managers believe they will need to make major changes 

to their IT infrastructure to combat resource scarcity 

12 years or more 

9-12 Years Mid-level 
managers 

4-8 Years believe they 
will not need 

2-4 Years to make 
changes for 

Up to 2 Years the next 

5 years 
Already done! 

a. Describe at least one, good feature of this visual display. 

b. Describe at least one bad feature of this visual display. 

c. Redraw the graph, by using the Exhibit 2.1 best practices. 

2.74 Deanna Oxender Burgess of Florida Gulf Coast University 

conducted research about corporate annual reports (see D. Rosato, 

“Worried About Corporate Numbers? How About the Charts?,” 

nyti.ms/2GedIQu). Burgess found that even slight distortions in a 

chart changed readers’ perception of the information. Using online 

or library sources, select a corporation and study its most recent 
annual report. Find at least one chart in the report that you think 
needs improvement and develop an improved version of the chart. 
Explain why you believe the improved chart is better than the one 
included in the annual report. 



2.75 Figure 2.4 on page 51 shows a bar chart and a pie chart for what 
employed adults did the last time they were sick. 
a. Create an exploded pie chart, a cone chart, or a pyramid chart 

that shows how employed adults who work outside the home 
responded to being sick. 

b. Which graphs either seen in Figure 2.4 or created in (a), do you 
prefer? Explain. 

Y USING STATISTICS 
“The Choice /s Yours,” Revisited 

i n The Choice Js Yours scenario, you were hired to define, 

collect, organize, and visualize data about a sample of 479 

retirement funds in ways that could assist prospective clients 
to make investment choices. Having verified that each of the 
13 variables in the sample were properly defined, you had to 
consider which tabular and visual summaries were appropriate 

for each variable and how specific mixes of variables might be 

used to gain insights about the 479 funds. 

From summaries of the risk variable, you learned that 

nearly half of the funds were of average risk and there are 
fewer high risk funds than low risk funds. From contingency 
tables of the fund type and risk level, you observed that high 

risk funds were proportionally a larger category for growth 
funds than for value funds. From histograms and percentage 

polygons of the three-year return percentages, you were able to 

observe that the three-year returns were higher for the growth 

funds than for the value funds. Returns for the growth funds 
were concentrated between 2.5% and 15%, with returns for 

CSS AN 
S Sa ne Te 

Methods to organize and visualize variables vary by the type 

of variable, as well as the number of variables one seeks to 

organize and visualize at the same time. Table 2.15 summa- 

rizes the methods this chapter discusses. 

Using the appropriate methods to organize and visualize 

data allows one to reach preliminary conclusions about the 

data. In several different chapter examples, tabular and visual 

summaries help one to reach conclusions about the primary 

way people pay for purchases and other transactions, the cost of 

meals at center city and metro area restaurants, and some of the 

differences among the 479 funds in a retirement fund sample. 

Using the appropriate tabular and visual summaries can 

provide initial insights about variables and give reason to 

7As) Summary 

2.76 Figures 2.5 and 2.6 on pages 52 and 53, show a bar chart and 

a pie chart for the risk level for the retirement fund data. 

a. Create an exploded pie chart, a doughnut chart, a cone chart, 

and a pyramid chart that show the risk level of retirement funds. 

b. Which graphs, either seen in Figures 2.5 and 2.6 or created in 

(a), do you prefer? Explain. 

604 439 
135) -457 

372 

+3.% 

+254 

2.02 
+993 

+14.28 

i132) -213 

#945 +196 

4835 332 
46.29 +103 

the value funds concentrated 

between 2.5% and 10%. 
From various multi- 

dimensional contingency 

tables, you revealed additional relationships. For example, 
from a table that summarizes fund type, risk level, and market 
cap, you discovered that nearly two-thirds of large market 

cap value funds have low risk, while a majority of small and 

mid-cap value funds have average risk. 

You discovered visual summaries that can combine 

many variables and present data in a more effective and 

easier-to-explore way than tables. And you also discovered 
| ways to take subsets of the retirement sample for focused 

analysis. Finally, you learned to avoid the pitfalls that 

people experience in organizing and visualizing data. You 

are better prepared to present fund details to prospective 
clients. 

Bae Beans Pe ete 

ask additional questions about the data. Those questions 

may lead to using interactive techniques to further explore 

your data or to performing additional analysis at a later 

time. 

Methods to organize and visualize data can be misused, 

thereby undermining the usefulness of the tabular and visual 

summaries those methods create. Following the Exhibit 2.1 

best practices when making visual summaries can minimize 

common pitfalls. 

For numerical variables, additional ways to summa- 

rize data involve computing sample statistics or population 

parameters. Chapter 3 discusses the most common examples 

of these numerical descriptive measures. 
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TABLE 2.15 

Methods to organize 

and visualize variables 

aE RES Sree yd 

Categorical Variables 

Organize 

Visualize one variable 

Visualize two variables 

Numerical Variables 

Organize 

Visualize one variable 

Visualize two variables 

Mix of Variables 

Organize 

Visualize 

Filter and query 

Sat one 

Summary table, contingency table (Section 2.1) 

Bar chart, pie chart, doughnut chart, Pareto chart (Section 2.3) 

Side-by-side chart, doughnut chart, sparklines (Sections 2.3 

and 2.6) 

Ordered array, frequency distribution, relative frequency 

distribution, percentage distribution, cumulative percentage 

distribution (Section 2.2) 

Stem-and-leaf display, histogram, percentage polygon, 
cumulative percentage polygon (ogive) (Section 2.4) 

Scatter plot, time-series plot (Section 2.5) 

Multidimensional tables (Section 2.6) 

Colored scatter plots, bubble charts, PivotChart (Excel), 
treemap, sparklines (Section 2.7) 

Subsets of tables, slicers (Excel) (Section 2.8) 

Huff, D. How to Lie with Statistics. New York: Norton, 1954. Batemen, S., R. Mandryk, C. Gutwin, A. Genest, D. McDine, and 

C. Brooks. “Useful Junk? The Effects of Visual Embellishment 

on Comprehension and Memorability of Charts,” accessed at 

bit.ly/1HMDnpc. 

Edwardtufte.com. “Edward Tufte forum: Pie Charts,” accessed at 

bit.ly/1E311Pb. 

Few, S. Information Dashbard Design: Displaying Data for At-a- 

Glance Monitoring, 2nd ed. Burlingame, CA: Analytics Press, 

2013. 

Gross, B. The Managing of Organizations: The Administrative 

Struggle, Vols. I & Il. New York: The Free Press of Glencoe, 1964. 

Y KEY EQUATIONS 

Tufte, E. R. The Visual Display of Quantitative Information, 2nd ed. 

Cheshire, CT: Graphics Press, 2002. 

Tufte, E. R. Beautiful Evidence. Cheshire, CT: Graphics Press, 

2006. 

Wainer, H. Visual Revelations: Graphical Tales of Fate and Decep- 

tion from Napoleon Bonaparte to Ross Perot. Mahwah, NJ: 

Lawrence Erlbaum Associates, 2000. 

DEE RR IE YET Pe Re A IGG RE OL ad LR TIE LEE 

Determining the Class Interval Width 

highest value — 
Interval width = highest value — lowest value 

number of classes 

Computing the Proportion or Relative Frequency 

Proportion = relative frequency = 
number of values in each class 

total number of values 

(2.1) 

(2.2) 



YKEY TERMS 

bar chart 51 doughnut chart 52 
bins 46 drill down 69 
bubble chart 71 frequency distribution 
cell 40 histogram 59 
chartjunk 77 joint response 40 
class boundaries 44 

class interval 44 

class interval width 44 

class midpoints 44 

classes 44 

colored scatter plot 70 

contingency table 40 

cumulative percentage distribution 48 

cumulative percentage polygon (ogive) 61 

data filtering 73 

line graph 53 

ordered array 43 

Pareto chart 53 

pie chart 52 

PivotChart 71 

multidimensional contingency table 68 

ogive (cumulative percentage polygon) 61 

Pareto principle 53 

percentage distribution 46 

percentage polygon 68 

Chapter Review Problems 81 

PivotTable 40 

proportion 46 

Ad querying 73 

relative frequency 48 

relative frequency distribution 46 

scatter plot 65 

side-by-side bar chart 55 

slicer 73 

sparklines 72 

stem-and-leaf display 58 

summary table 39 

sunburst chart 72 

time-series plot 86 

treemap 71 

THE CISING MCT AUCASIBIS a SSUES ICUS Reese 
2.77 How do histograms and polygons differ in construction and use? 

2.78 Why would you construct a summary table? 

2.79 What are the advantages and disadvantages of using a bar 

chart, a pie chart, a doughnut chart, and a Pareto chart? 

2.80 Compare and contrast the bar chart for categorical data with 

the histogram for numerical data. 

2.81 What is the difference between a time-series plot and a scatter 

plot? 

2.82 Why is it said that the main feature of a Pareto chart is its 
ability to separate the “vital few” from the “trivial many”? 

Y CHAPTER REVIEW PROBLEMS 
Se ee ees 

2.88 The following table shown in the file posers &-— shows 
the breakdown of the costs of a typical college textbook. 

Revenue Category Percentage % 

Publisher 66.06 

Page, printing, ink 4.62 

Editorial production 24.93 

Marketing 11.60 

Freight 0.77 

Misc. overhead 1.74 

Profit 22.4 

Bookstore 22.20 

Store personnel 11.40 

Store operations 5.90 

Store income 4.90 

Author 11.74 

Source; Data extracted from bit.ly/2ppEetq. 

2.83 What are the three different ways to break down the percent- 

ages in a contingency table? 

2.84 How can a multidimensional table differ from a two-variable 

contingency table? 

2.85 What type of insights can you gain from a contingency table 

that contains three variables that you cannot gain from a contin- 

gency table that contains two variables? 

2.86 What is the difference between a drill-down and a slicer? 

2.87 What is the difference between a time-series plot and 

sparklines? 

SO Bere eN Sra Vc ncaa ea 

a. Using the categories of publisher, bookstore, and author, 

construct a bar chart, a pie chart, and a Pareto chart. 

b. Using the subcategories of publisher and the subcategories of 

bookstore, along with the author category, construct a Pareto 

chart. 

c. Based on the results of (a) and (b), what conclusions can 

you reach concerning who gets the revenue from the sales of 

new college textbooks? Do any of these results surprise you? 

Explain. 
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2.89 The following table stored in (YEO yo represents the 

market share (in number of movies, gross in millions of dollars, and 

millions of tickets sold) of each type of movie in 2018: 

Gross Tickets 

Type Number ($millions) (millions) 

Original screen play 306 3977.5 443.4 

Based on fiction book 

or short story 94 2528.7 281.9 

Based on comic or 

graphic novel 15 2328.5 259.6 

Based on real life event 209 841.5 93.8 

Spin-off 4 701.4 78.2 

Based on TV > 4306.4 48.7 

Based on factual book 

or article 23 364.7 40.7 

Remake 10 322.4 35.9 

Based on game 2 159.3 17.8 

Based on folk tale, 

legend, or fairytale 7 158.0 17.6 

Source: Data Extracted from www.the-numbers.com/market/2018/ 

summary. 

a. Construct a bar chart, a pie chart, a doughnut chart, and a Pareto 

chart for the number of movies, gross (in $millions), and number 

of tickets sold (in millions). 

b. What conclusions can you reach about the market shares of the 

different types of movies in 2018? 

. 

2.90 B2B marketers in North America were surveyed about con- 

tent marketing usage, organization, and success. Content marketers 

were asked about how content marketing is structured within their 

organization and how they would describe their organization’s com- 

mitment to content marketing. The tables in this problem stored 

in summarize the survey results. 

B2B Content Marketing 

Organizational Structure Percentage 

Centralized content marketing group 24% 

Each brand has own content marketing group 5% 

Both: centralized team and individual teams 13% 

Small marketing/content marketing team 55% 

Other 3% 

Source: Data extracted from bit.ly/2d98EaN. 

a. Construct a bar chart, a pie or doughnut chart, and a Pareto chart 
for this table. 

b. Which graphical method do you think is best for portraying this 
table data? 

Commitment to Content Marketing Percentage 

Very/Extremely Committed 63% 
Somewhat Committed 30% 
Not Very/Not at All Important 71% 

Source: Data extracted from bit.ly/2d98EaN. 

c. Construct a bar chart, a pie or doughnut chart, and a Pareto chart 

for this table. 

d. Which graphical method do you think is best for portraying this 

table data? 
e. Based on the two tables, what conclusions can you reach 

concerning marketer's perspective on content marketing? 

2.91 The owner of a restaurant that serves Continental-style 

entrées has the business objective of learning more about the pat- 

terns of patron demand during the Friday-to-Sunday weekend 

time period. Data were collected from 630 customers on the type 

of entrée ordered and were organized in the following table (and 

stored in ERS): 

Type of Entrée Number Ordered 

Beef 187 

Chicken 103 

Mixed 30 

Duck | 25 
Fish 122 

Pasta 63 

Shellfish 74 

Veal 26 

Total 630 

a. Construct a percentage summary table for the types of entrées 

ordered. 

b. Construct a bar chart, a pie chart, doughnut chart, and a Pareto 

chart for the types of entrées ordered. 

c. Do you prefer using a Pareto chart or a pie chart for these data? Why? 

d. What conclusions can the restaurant owner reach concerning 

demand for different types of entrées? 

2.92 Suppose that the owner of the restaurant in Problem 2.91 

also wants to study the demand for dessert during the same time 

period. She decides that in addition to studying whether a dessert 

was ordered, she will also study the gender of the individual and 

whether a beef entrée was ordered. Data were collected from 630 

customers and organized in the following contingency tables: 

GENDER 

DESSERT ORDERED Male Female Total 

Yes 96 50 146 

No 23425048 
Total 330 300 630 

BEEF ENTREE 

DESSERT ORDERED Yes No Total 

Yes 74 68 142 

_No NDE MRR LER 1 ES 
Total 187 443 - 630 

a. For each of the two contingency tables, construct contingency 
tables of row percentages, column percentages, and total 
percentages. 



b. Which type of percentage (row, column, or total) do you think 
is most informative for each gender? For beef entrée? Explain. 

¢. What conclusions concerning the pattern of dessert ordering can 
the restaurant owner reach? 

2.93 The following data stored in [2EETRSST TEM represents 
the pounds per capita of fresh food and packaged food consumed in 
the United States, Japan, and Russia in a recent year. 

COUNTRY 

United 

FRESH FOOD States Japan _— Russia 

Eggs, nuts, and beans 88 94 88 

Fruit 124 126 88 

Meat and seafood 197 146 125 

Vegetables 194 278 335 

PACKAGED FOOD 

Bakery goods 108 3 144 

Dairy products _ 298 147 127 

Pasta ily? 52 16 

Processed, frozen, 183 251 70 

dried, and chilled 

food, and ready- 

to-eat meals 

Sauces, dressings, 63 75 49 

and condiments 

Snacks and candy 47 19 24 

Soup and canned food 77 17 2» 

a. For each of the three countries, construct a bar chart, a pie or 

doughnut chart, and a Pareto chart for different types of fresh 

foods consumed. 

b. For each of the three countries, construct a bar chart, a pie or 

doughnut chart, and a Pareto chart for different types of pack- 

aged foods consumed. 

c. What conclusions can you reach concerning differences between 

the United States, Japan, and Russia in the fresh foods and pack- 

aged foods consumed? 

2.94 The Air Travel Consumer Report, a monthly product of the 

Department of Transportation’s Office of Aviation Enforcement and 

Proceedings (OAEP), is designed to assist consumers with infor- 

mation on the quality of services provided by airlines. The report 

includes a summary of consumer complaints by industry group 

and by complaint category. A breakdown of the 878 January 2019 

consumer complaints based on industry group is given in the following 

table stored in ReyNaeeetyieelice a cice en. 

Number of Consumer 

Industry Group Complaints 

USS. Airlines 506 

Non-U.S. Airlines 336 

Travel Agents 27 

Miscellaneous ed 

Industry Total 878 

Source: Data extracted from “The Travel Consumer Report,” Office of 

Aviation Enforcement and Proceedings, January 2019. 
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a. Construct a Pareto chart for the number of complaints by 

industry group. What industry group accounts for most of the 

complaints? 

The 878 consumer complaints against airlines are nae leds by 

type in the following table stored in pla 

Complaint Category Complaints 

Flight problems 287 

Oversales oe} 

Reservation/ticketing/boarding 99 

Fares Oe) 

Refunds Oe 

Baggage 202 

Customer service 97 

Disability 48 

Advertising 4 

Discrimination y 

Other 18 

Arrivals ESL 

Total 878 

b. Construct pie and doughnut charts to display the percentage of 

complaints by type. What complaint category accounts for most 

of the complaints? 

2.95 One of the major measures of the quality of service pro- 

vided by an organization is the speed with which the organization 

responds to customer complaints. A large family-held department 

store selling furniture and flooring, including carpet, had under- 

gone a major expansion in the past several years. In particular, the 

flooring department had expanded from two installation crews to 

an installation supervisor, a measurer, and 15 installation crews. A 

business objective of the company was to reduce the time between 

when the complaint is received and when it is resolved. During a 

recent year, the company received 50 complaints concerning carpet © 

installation. The number of days between the receipt of the com- 

plaint and the resolution of the complaint for the 50 complaints, 

stored.in figtissi(igey, are: 

4 et ae OS. lS hey wd Lee oleee lc, ook d aie ce ae ee 

LTO 26 POLIO 29" 6 3559894 S126 

12 ger wel OS, ere S alt Age A Bait eke 0 ceed wrk eee doe | 3 

13010 See 7 ZURS20) SSO D2 GE a2 62023 

33 68 

a. Construct a frequency distribution and a percentage distribution. 

b. Construct a histogram and a percentage polygon. 

c. Construct a cumulative percentage distribution and plot a cumu- 

lative percentage polygon (ogive). 

d. On the basis of the results of (a) through (c), if you had to 

tell the president of the company how long a customer should 

expect to wait to have a complaint resolved, what would you 

say? Explain. 

2.96 The file contains the percentage alcohol, 
number of calories per 12 ounces, and number of carbohydrates (in 

grams) per 12 ounces for 157 of the best selling domestic beers in 

the United States. 

Source: Data extracted from www.beer100.com/beercalories.htm, April 3, 2019. 



84 CHAPTER 2 | Organizing and Visualizing Variables 

a. Construct a percentage histogram for percentage alcohol, num- 

ber of calories per 12 ounces, and number of carbohydrates (in 

grams) per 12 ounces. 

b. Construct three scatter plots: percentage alcohol versus calories, 

percentage alcohol versus carbohydrates, and calories versus 

carbohydrates. 

Discuss what you learned from studying the graphs in (a) 

and (b), 

2.97 The Super Bowl, watched by close to 200 million Americans, is 

also a big event for advertisers. The file [Sogo ety acute) con- 

tains the rating of ads that ran between the opening kickoff and the 

final whistle. 

Source: Data extracted from www.admeter.usatoday.com/results/2019, 

c . 

For ads that ran before halftime and ads that ran at halftime or after 

separately: 

a. Construct an ordered array. 

b. Construct a stem-and-leaf display. 

c. Plot a percentage histogram. 

d. Plot a percentage polygon for both groups on one chart. 

e. Plot a cumulative percentage polygon for both groups on 

one chart. 

f. What conclusions can you reach about the difference in ad rat- 

ings for ads that ran before halftime compared to ads that ran at 

halftime or after? 

2.98 The file contains the yields for one-year certifi- 
cates of deposit (CDs) and for five-year CDs for 46 financial insti- 

tutions selling CDs in Lake Worth, Florida, as of April 5, 2019. 

Source: Data extracted and compiled from www.bankrate.com, April 5, 2019. 

a. Construct a stem-and-leaf display for one-year CDs and five- 

year CDs. 

b. What conclusions can you reach about the distributions for the 

one-year CDs and the five-year CDs? 

c. Construct a scatter plot of one-year CDs versus five-year CDs. 

d. What is the relationship between the one-year CD rate and the 

five-year CD rate? 

2.99 Download speed of an Internet connection is of great impor- 

tance to both individuals and businesses in a community. The file 

contains the download speed in Mbps for 
100 United States cities with the fastest download speeds. 

Source: Data extracted from broadbandnow.com/fastest-cities. 

For download speed: 

a. Construct a frequency distribution and a percentage distribution. 

b. Construct a histogram and a percentage polygon. 

ce. Construct a cumulative percentage distribution and plot a cumu- 

lative percentage polygon (ogive). 

d. Based on (a) through (c), what conclusions can you reach con- 

cerning download speed? 

e. Construct a scatter plot of download speed and number of 
providers. 

f. What is the relationship between the download speed and num- 
~ ber of providers? 

2.100 Studies conducted by a manufacturer of Boston and Ver- 
mont asphalt shingles have shown product weight to be a major 
factor in customers’ perception of quality. Moreover, the wei ght rep- 
resents the amount of raw materials being used and is therefore very 
important to the company from a cost standpoint. The last stage of 
the assembly line packages the shingles before the packages are 
placed on wooden pallets. The variable of interest is the weight in 
pounds of the pallet, which for most brands holds 16 squares of 

shingles. The company expects pallets of its Boston brand-name 

shingles to weigh at least 3,050 pounds but less than 3,260 pounds. 

For the company’s Vermont brand-name shingles, pallets should 

weigh at least 3,600 pounds but less than 3,800. Data, collected 

from a sample of 368 pallets of Boston shingles and 330 pallets of 

Vermont shingles, are stored in (29. 

a. For the Boston shingles, construct a frequency distribution and a 

percentage distribution having eight class intervals, using 3,015, 

3,050, 3,085, 3,120, 3,155, 3,190, 3,225, 3,260, and 3,295 as the 

class boundaries. 

b. For the Vermont shingles, construct a frequency distribution 

and a percentage distribution having seven class intervals, using 

3,550, 3,600, 3,650, 3,700, 3,750, 3,800, 3,850, and 3,900 as the 

class boundaries. 

c. Construct percentage histograms for the Boston and Vermont 

shingles. 

d. Comment on the distribution of pallet weights for the Boston and 

Vermont shingles. Be sure to identify the percentages of pallets 

that are underweight and overweight. 

2.101 College basketball in the United States is big business with 

television contracts in the billions of dollars and coaches’ salaries in 

the millions of dollars. The file contains the total pay 
for coaches for a recent year and whether the school was a member 

of a major conference (Atlantic Coast, Big 12, Big East, Big Ten, 

Pac-12, or SEC). 

Source: Data extracted from “College Men’s Basketball Coaches Compensation, 

USA Today, March 13, 2019, p. C4. 

For each of the two groups (member of a major conference or not): 

a. Construct frequency and percentage distributions. 

b. Construct a histogram and a percentage polygon. 

c. Construct a cumulative percentage distribution and plot a cumu- 

lative percentage polygon (ogive). 

d. Construct a stem-and-leaf display. 

e. What conclusions can you reach about the differences in coaches 

pay between colleges that belonged to a major conference and 

those that do not. 

2.102 The file contains calorie and cholesterol informa- 
tion for popular protein foods (fresh red meats, poultry, and fish). 

Source: U.S. Department of Agriculture. 

a Construct frequency and percentage distributions for the number 

of calories. 
b. Construct frequency and percentage distributions for the amount 

of cholesterol. 

c. Construct a percentage histogram for the number of calories. 

d. Construct a percentage histogram for the amount of cholesterol. 

e. Construct a scatter plot of the number of calories and the amount 
of cholesterol. 

f. What conclusions can you reach from the visualizations? 

2.103 The file [EQWPIREYY contains the U.S. monthly average 
commercial and residential price for natural gas in dollars per thou- 

sand cubic feet from January 2008 through December 2018. 

Source: Data extracted from “U.S. Natural Gas Prices,” eia.org, March 30, 2019. 

For the commercial price and the residential price: 
a. Construct a time-series plot. 

b. What pattern, if any, is present in the data? 
ce. Construct a scatter plot of the commercial price and the resi- 

dential price. 
d. What conclusion can you reach about the relationship between 

the commercial price and the residential price? 



2.104 The data stored in [S514 represent the amount of soft drink 
in a sample of 50 consecutively filled 2-liter bottles. 
a. Construct a time-series plot for the amount of soft drink on the 

Y axis and the bottle number (going consecutively from 1 to 50) 
on the X axis. 

b. What pattern, if any, is present in these data? 

c. If you had to make a prediction about the amount of soft drink 

filled in the next bottle, what would you predict? 

d. Based on the results of (a) through (c), explain why it is import- 

ant to construct a time-series plot and not just a histogram, as 

was done in Problem 2.47 on page 64. 

2.105 The file [S425 contains the exchange rates of the Cana- 
dian dollar, the Japanese yen, and the English pound from 1980 to 

2019, where the Canadian dollar, the Japanese yen, and the English 

pound are expressed in units per U.S. dollar. 

a. Construct time-series plots for the yearly closing values of the 

Canadian dollar, the Japanese yen, and the English pound. 

b. Explain any patterns present in the plots. 

. Write a short summary of your findings. 

d. Construct separate scatter plots of the value of the Canadian 

dollar versus the Japanese yen, the Canadian dollar versus the 

English pound, and the Japanese yen versus the English pound. 

e. What conclusions can you reach concerning the value of the 

Canadian dollar, Japanese yen, and English pound in terms of 

the U.S. dollar? 

ie) 

2.106 A/B testing allows businesses to test a new design or format 

for a web page to determine if the new web page is more effec- 

tive than the current one. Web designers decide to create a new 

call-to-action button for a web page. Every visitor to the web page 

was randomly shown either the original call-to-action button (the 

control) or the new variation. The metric used to measure success 

was the download rate: the number of people who downloaded the 

file divided by the number of people who saw that particular call- 

to-action button. Results of the experiment yielded the following: 

Variations Downloads Visitors 

Original call-to-action button Sol 3,642 

New call-to-action button 485 ZSELO 

a. Compute the percentage cf downloads for the original call-to- 

action button and the new call-to-action button. 

b. Construct a bar chart of the percentage of downloads for the 

original call-to-action button and the new call-to-action button. 

c. What conclusions can you reach concerning the original call-to- 

action button and the new call-to-action button? 

Web designers then created a new page design for a web page. Every 

visitor to the web page was randomly shown either the original web 

design (the control) or the new variation. The metric used to measure 

success was the download rate: the number of people who down- 

loaded the file divided by the number of people who saw that par- 

ticular web design. Results of the experiment yielded the following: 

Variations Downloads Visitors 

Original web design 305 3,427 

New web design Boo Baio 
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d. Compute the percentage of downloads for the original web 

design and the new web design. 

e. Construct a bar chart of the percentage of downloads for the 

original web design and the new web design. 

f. What conclusions can you reach concerning the original web 

design and the new web design? 

g. Compare your conclusions in (f) with those in (c). 

Web designers next tested two factors simultaneously—the call- 

to-action button and the new page design. Every visitor to the web 

page was randomly shown one of the following: 

Old call-to-action button with original page design 

New call-to-action button with original page design 

Old call-to-action button with new page design 

New call-to-action button with new page design 

Again, the metric used to measure success, was the download rate: 

the number of people who downloaded the file divided by the num- 

ber of people who saw that particular call-to-action button and web 

design. Results of the experiment yielded the following: 

Call-to- 

Action Page 

Button Design Downloaded Declined Total 

Original Original 83 917 1,000 

New Original 137 863 1,000 

Original New 95 905 1,000 

New New 170 Eso) 1,000 

Total 485 Zyols: 4,000 

h. Compute the percentage of downloads for each combination of 

call-to-action button and web design. 

i. What conclusions can you reach concerning the original call to 

action button and the new call to action button and the original 

web design and the new web design? 

j. Compare your conclusions in (i) with those in (c) and (f). 

2.107 (Class Project) Have each student in the class respond to 

the question, “Which carbonated soft drink do you most prefer?” so 

that the instructor can tally the results into a summary table. 

a. Convert the data to percentages and construct a Pareto chart. 

b. Analyze the findings. 

2.108 (Class Project) Cross-classify each student in the class by 

gender (male, female) and current employment status (yes, no) so 

that the instructor can tally the results. 

a. Construct a table with either row or column percentages, depend- 

ing on which you think is more informative. 

b. What would you conclude from this study? 

c. What other variables would you want to know regarding employ- 
ment in order to enhance your findings? 

REPORT WRITING EXERCISE 

2.109 Referring to the results from Problem 2.100 on page 84 con- 
cerning the weights of Boston and Vermont shingles, write a report 

that evaluates whether the weights of the pallets of the two types 

of shingles are what the company expects. Be sure to incorporate 

tables and charts into the report. 
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CHAPTER 

Managing Ashland MultiComm Services 

Recently, Ashland MultiComm Services has been criticized for 

its inadequate customer service in responding to questions and 

problems about its telephone, cable television, and Internet ser- 

vices. Senior management has established a task force charged 

with the business objective of improving customer service. In 

response to this charge, the task force collected data about the 

types of customer service errors, the cost of customer service 

errors, and the cost of wrong billing errors. The task force com- 

piled the following data: 

Types of Customer Service Errors 

Type of Errors Frequency 

Incorrect accessory 27 

Incorrect address 42 

Incorrect contact phone 3] 

Invalid wiring 9 

On-demand programming error 14 

Subscription not ordered 8 

Suspension error 15 

Termination error 22 

Website access error 30 

Wrong billing 137 

Wrong end date 17 

Wrong number of connections 19 

Wrong price quoted 20 

Wrong start date 24 

Wrong subscription type eh 

Total 448 

Cost of Customer Service Errors in the Past Year 

Type of Errors Cost ($thousands) 

Incorrect accessory 755 

Incorrect address 62.4 

Incorrect contact phone 21.3 

Invalid wiring 40.8 

On-demand programming errors 38.8 

Subscription not ordered 20.3 

Suspension error 46.8 

Termination error 50.9 

Website access errors 60.7 
Wrong billing 121.7 
Wrong end date 40.9 
Wrong number of connections 28.1 
Wrong price quoted 50.3 
Wrong start date 40.8 
Wrong subscription type 60.1 

Total 701.2 

Type and Cost of Wrong Billing Errors 

Type of Wrong Billing Errors Cost ($thousands) 

Declined or held transactions 7.6 

Incorrect account number 104.3 

Invalid verification 9.8 

Total 1217 

1. Review these data (stored in EYYS289). Identify the variables 
that are important in describing the customer service problems. 

For each variable you identify, construct the graphical represen- 

tation you think is most appropriate and explain your choice. 

Also, suggest what other information concerning the different 

types of errors would be useful to examine. Offer possible 

courses of action for either the task force or management to 

take that would support the goal of improving customer service. 

2. As a follow-up activity, the task force decides to collect 

data to study the pattern of calls to the help desk (stored in 

EQE2@2)). Analyze these data and present your conclusions 
in a report. 

Digital Case 
In the Using Statistics scenario, you were asked to gather 

information to help make wise investment choices. Sources 

for such information include brokerage firms, investment 

counselors, and other financial services firms. Apply your 

knowledge about the proper use of tables and charts in this 

Digital Case about the claims of foresight and excellence by 

an Ashland-area financial services firm. 

Open EndRunGuide.pdf, which contains the EndRun Financial 

Services “Guide to Investing.” Review the guide, paying close 

attention to the company’s investment claims and supporting 

data and then answer the following. 

1. How does the presentation of the general information about 

EndRun in this guide affect your perception of the business? 

2. Is EndRun’s claim about having more winners than losers a 

fair and accurate reflection of the quality of its investment 

service? If you do not think that the claim is a fair and accu- 

rate one, provide an alternate presentation that you think is 
fair and accurate. 

3. Review the discussion about EndRun’s “Big Eight Differ- 

_ence” and then open and examine the attached sample of 

mutual funds. Are there any other relevant data from that file 

that could have been included in the Big Eight table? How 
would the new data alter your perception of EndRun’s claims? 

EndRun is proud that all Big Eight funds have gained in value 
over the past five years. Do you agree that EndRun sani be 
proud of its selections? Why or why not? 

ae 



CardioGood Fitness 
The market research team at AdRight is assigned the task of 

identifying the profile of the typical customer for each treadmill 

product offered by CardioGood Fitness. The market research 

team decides to investigate whether there are differences across 

the product lines with respect to customer characteristics. The 

team decides to collect data on individuals who purchased a 

treadmill at a CardioGood Fitness retail store during the prior 

three months. The data are stored in the file. 
The team identifies the following customer variables to study: 

product purchased, TM195, TM498, or TM798; gender; age, 

in years; education, in years; relationship status, single or part- 

nered; annual household income ($); average number of times 

the customer plans to use the treadmill each week; average num- 

ber of miles the customer expects to walk/run each week; and 

self-rated fitness on an 1-to-5 ordinal scale, where 1 is poor 

shape and 5 is excellent shape. 

1. Create a customer profile for each CardioGood Fitness tread- 

mill product line by developing appropriate tables and charts. 

2. Write a report to be presented to the management of Cardio- 

Good Fitness detailing your findings. 
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The Choice /s Yours Follow-Up 
Follow up the Using Statistics Revisited section on page 79 by 

analyzing the differences in one-year return percentages, five- 

year return percentages, and ten-year return percentages for the 

sample of 479 retirement funds stored in (goes eer. 

In your analysis, examine differences between the growth and 

value funds as well as the differences among the small, mid-cap, 

and large market cap funds. 

Clear Mountain State Student Survey 
The student news service at Clear Mountain State University 

(CMSU) has decided to gather data about the undergraduate 

students who attend CMSU. They create and distribute a survey 

of 14 questions (see CMUndergradSurvey.pdf) and receive 

responses from 111 undergraduates, stored in EUERISE. 
For each question asked in the survey, construct all the appro- 

priate tables and charts and write a report summarizing your 

conclusions. 



CHAPTER 

Excel Charts Group Reference 

Throughout this book, instructions for creating certain types of visual summaries refer to specific chart icons by name and the number 

that appears in the following illustration. The illustration displays the current Charts group for Microsoft Windows Excel (left) and 

very similar current Charts group for Excel for Mac (centered), with the Windows Excel icons numbered. 

? OO. rhe a "A 
lh sx@ih ~ ie @ fia giz »: ral rh @- Tea 

Recommend F Maps PivotChart aa dh 

Charts O@OL~ - eat ea @ ta: + Maps PivotChart 

Charts fe 

The numbered icons in the left Charts group represent commands to insert these chart types: 

1. Insert Bar or Column Chart 4. Insert Hierarchy Chart 

2. Insert Line or Area Chart 5. Insert Statistic Chart 

3. Insert Pie or Doughnut Chart 6. Insert Scatter (X,Y) or Bubble Chart 

The Excel for Mac tooltip identifies these chart types as Column, Line, Pie, Hierarchy, Statistical, and X Y (Scatter), respec- 

tively. The two unnumbered icons, which are also unlabeled by Excel, insert visual summaries that this book does not discuss. 

Older Excel versions may display a Charts group similar to the one at right in the illustration above. This older Charts 

group will contain a seventh icon that inserts a bar chart. (The icon in this older group, which is similar to the #1 icon, inserts 

only a column chart.) 

EG2.1 ORGANIZING CATEGORICAL | One-Way Tables & Charts x 

VARIABLES ita mn rea 
| am coca a | 

The Summary Table Pie . 

Key Technique Use the PivotTable feature to create a sum- || RawDataCefRange: [010400] 

mary table from the set of untallied values for a variable. NW Bltsas entice serie A LE Sag OS} 

Example Create a frequency and percentage summary table ota ae 

similar to Figure 2.1 on page 40. Percentage Cokmn 

: : 
T~ Bar Chart 

PHStat Use One-Way Tables & Charts. Ph deen 

For the example, open to the DATA worksheet of the big oe Seen ane ) 

Retirement Funds workbook. Select PHStat > Descriptive ake ae ea es 

Statistics > One-Way Tables & Charts. In the procedure’s 
dialog box (shown at right): PHStat creates a PivotTable summary table on a new 

: worksheet. For problems with tallied data, click Table of 
1. Click Raw Categorical Data. Frequencies in step 1. Then, in step 2, enter the cell range 
pa Enter D1:D480 as the Raw Data Cell Range and check _ of the tabular summary as the Freq. Table Cell Range (edit 

First cell contains label. box name changes from Raw Data Cell Range). 
3. Enter a Title, check Percentage Column, and click In the PivotTable, risk categories appear in alphabetical 

OK. order and not in the order low, average, and high as would 
normally be expected. To change to the expected order, use 
steps 9 and 10 of the Workbook instructions but change all 
references to cell A6 to cell A7 and drop the Low label over - 
cell AS, not cell A4. | 
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Workbook (untallied data) Use the Summary Table 
workbook as a model. 

For the example, open to the DATA worksheet of the 
Retirement Funds workbook and select Insert PivotTable. 

In the Create PivotTable dialog box (shown below): 

1. Click Select a table or range and enter D1:D480 as the 

Table/Range cell range. 

2. Click New Worksheet and then click OK. 

| Create PivotTable 

| Choose the data that you want to analyze 

@ Select a table or range 

| TableMRange: [010480 ~SsSsS=S:S*«i 
| © Use an external data source 

Connection name ts 

Use this workbook’s Data Model 

| Choose where you want the PivotTable report to be placed | 

| @ New Worksheet 

| ©) Existing Worksheet 

Location: | ¥ { 

} Choose whether you want to analyze multiple tables 

O Add this data to the Data Model 

<a 
— FEES Iz, 

In the PivotTable fields (PivotTable Builder or PivotTable 

Field List in older Excels) display (shown below): 

3. Drag Risk Level in the Choose fields to add to report 

box and drop it in the Rows (or Row Labels) box. 

4. Drag Risk Level in the Choose fields to add to report 

box a second time and drop it in the } Values box. This 
second label changes to Count of Risk Level to indi- 

cate that a count, or tally, of the risk categories will be 

displayed in the PivotTable. 

PivotTable Fields aS 

Choose fields to add to report: 

|Search 2p 

(J Fund Number 

(] Market Cap 

CD Fund Type 

Risk Level 

More Tables... 

. Drag fields between areas below: 

Y Filters ti Columns 

= Rows | 2 Values 

| [RiskLevel > | || Count of Risk Level ¥ | 
| 
| 

{_] Defer Layout Update Update 

In the PivotTable being created: 

5. Enter Risk Level in cell A3 to replace the heading Row 

T ahels. 
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6. Right-click cell A3 and then click PivotTable Options | — 

in the shortcut menu that appears. : 

In the PivotTable Options dialog box (Windows Excel ver- 

sion shown below): 

7. Click the Layout & Format tab. Check For empty 

cells show and enter 0 as its value. Leave all other set- 

tings unchanged. 

In Excel for Mac, click the Display tab. Check Empty cells 

as and enter 0 as its value. 

8. Click OK to complete the PivotTable. 

| PivotTable Options it x 

PivotTable Name: [PivotTablet aie ae || 

Layout & Format Totals & Filters Display Printing, Data Alt Text 

Layout 

O Merge and center cells with labels 

When in compact form indent row labels: (1 Ee) character(s) 

Display fields in report filter area: | Down, Then Over [vy] | 

Report filter fields per column: fo 

Format 

(2 For error values show: [ } 

Foremptycellsshow: [0 _| | 3 | ee ee 

© Axtotit column widths on update 

Preserve cell formatting on update 

me 

In the PivotTable, the risk level categories appear alphabeti- 

cally and not the expected order Low, Average, and High. To 

reorder categories: 

9. Click the Low label in cell A6 to highlight cell A6. Move 

the mouse pointer to the top edge of the cell until the 

pointer changes to a four-way arrow (hand icon in OS X). | 

10. Drag the Low label and drop the label between cells 

A3 and A4. The risk categories now appear in the 

proper order. 

To add a percentage frequency column: 

11. Enter Percentage in cell C3. Enter the formula 

= B4/B$7 in cell C4 and copy it down through row 7. 

12. Select cell range C4:C7, right-click, and select Format 

Cells in the shortcut menu. 

13. In the Number tab of the Format Cells dialog box, 

select Percentage as the Category and click OK. 

14. Adjust the worksheet formatting, if appropriate (see 

Appendix Section B.4) and enter a title in cell A1. 

Workbook (tallied data) Use the SUMMARY_ SIMPLE 

worksheet of the Summary Table workbook as a model for 

creating a summary table. 

The Contingency Table 

Key Technique Use the PivotTable feature to create a con- 

tingency table from the set of individual values for a variable. 

Example Create a contingency table displaying Fund Type 

and Risk Level similar to Figure 2.2 on page 40. 
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PHStat (untallied data) Use Two-Way Tables & Charts. 

For the example, open to the DATA worksheet of the 

Retirement Funds workbook. Select PHStat > Descriptive 

Statistics > Two-Way Tables & Charts. In the procedure’s 

dialog box (shown below): 

1. Enter C1:C480 as the Row Variable Cell Range. 

2. Enter D1:D480 the Column Variable Cell Range. 

3. Check First cell in each range contains label. 

4, Enter a Title and click OK. 

Two-Way Tables & Charts x 

Data ; 

C1:C480 nl} 

| Column Variable CelRange: [D1:0480 _-| 

| 

| Row Variable Cell Range: 

| | 

|| {¥ First cell in each range contains label 

Output Options —— 

— 
| | T Side-by-Side Bar Chart | 

In the PivotTable, risk categories appear in alphabetical 

order and not in the order low, average, and high as would 

normally be expected. To change the expected order, use 

steps 9 and 10 of the following Workbook instructions. 

Workbook (untallied data) Use the Contingency Table 

workbook as a model. 

For the example, open to the DATA worksheet of the 

Retirement Funds workbook. Select Insert > PivotTable. 

In the Create PivotTable dialog box: 

1. Click Select a table or range and enter A1:N480 as the 

Table/Range cell range. 

2. Click New Worksheet and then click OK. 

In the PivotTable Fields (PivotTable Field List in some 

versions) task pane: 

3. Drag Fund Type from Choose fields to add to report 

and drop it in the Rows (or Row Labels) box. 

4. Drag Risk Level from Choose fields to add to report 
and drop it in the Columns (or Column Labels) box. 

5. Drag Fund Type from Choose fields to add to report 
a second time and drop it in the } Values box. (Type 
changes to Count of Fund Type.) 

In the PivotTable being created: 

EN Select cell A3 and enter a space character to clear the 
label Count of Type. 

Enter Fund Type in cell A4 to replace the heading Row 
Labels. 

Enter Risk Level in cell B3 to replace the heading 
Column Labels. 

Click the Low label in cell D4 to highlight cell D4. 
Move the mouse pointer to the left edge of the cell until 

a 

ge 

= 

the mouse pointer changes to a four-way arrow (hand 

icon in Excel for Mac). 

10. Drag the Low label to the left and drop the label between 

columns A and B. The Low label appears in B4 and 

column B now contains the low risk tallies. 

11. Right-click over the PivotTable and then click 

PivotTable Options in the shortcut menu that appears. 

In the PivotTable Options dialog box: 

12. Click the Layout & Format tab. Check For empty cells 

show and enter 0 as its value. Leave all other settings 

unchanged. 

Click the Display tab. Check Empty cells as and enter 0 as 

its value. Skip to step 15. 

13. Click the Total & Filters tab. 

14. Check Show grand totals for columns and Show 

grand totals for rows. 

15. Click OK to complete the table. 

Workbook (tallied data) Use the CONTINGENCY_ 

SIMPLE worksheet of the Contingency Table workbook 

as a model for creating a contingency table. 

EG2.2 ORGANIZING NUMERICAL 

VARIABLES 

The Ordered Array 

Workbook To create an ordered array, first select the numer- 

ical variable to be sorted. Then select Home>Sort & Filter 

(in the Editing group) and in the drop-down menu click Sort 

Smallest to Largest. (You will see Sort A to Z as the first drop- 

down choice if you did not select a cell range of numerical data.) 

The Frequency Distribution 

Key Technique First, establish bins using the workaround 

that “Classes and Excel Bins” discusses on page 46. Then 

use the FREQUENCY (untallied data cell range, bins cell 

range) array function to tally data. 

Example Create a frequency, percentage, and cumulative 

percentage distribution for the restaurant meal cost data that 

contain the information found in Tables 2.3, 2.5, and 2.8 in 
Section 2.2. 

PHStat (untallied data) Use Frequency Distribution. If 
you plan to construct a histogram or polygon and a frequency 

distribution, use Histogram & Polygons (Section EG2.4). 

For the example, open to the DATA worksheet of the 

Restaurants workbook. This worksheet contains the meal 

cost data in stacked format in column B and a set of bin num- 
bers appropriate for those data in column I. Select PHStat > 

Descriptive Statistics > Frequency Distribution. In the 
procedure’s dialog box (shown on the next page): 

1, Enter B1:B101 as the Variable Cell Range, enter 
11: 110 as the Bins Cell Range, and check First cell in 
each range contains label. 



2. Click Multiple Groups - Stacked and enter A1:A101 
as the Grouping Variable Cell Range (the Location 
variable.) 

3. Enter a Title and click OK. 

| Frequency Distribution x 

tat oe Ee | 

|| Variable Cel Range: 131 | 

|| Bins Cell Range: frastio TEM 

| | IV First cell in each range contains label | 

| | Input Options ——- | 
| | © Single Group Variable | 

| || © Multiple Groups - Unstacked 1 | 

| || © Multiple Groups - Stacked 11 | 
11] = St a SH 

| y ‘ 1 | ||| Srouping arabe cet Range: _[ascaion SJ | 
= ae ae ~ = | | ;- Output Options ———— 

Frequency distributions for the two groups appear on separate 

worksheets. 

To display both distributions on the same worksheet, 

select the cell range B3:D12 on one of the worksheets. Right- 

click that range and click Copy in the shortcut menu. Open to 

the other worksheet. In that other worksheet, right-click cell 

E3 and click Paste Special in the shortcut menu. In the Paste 

Special dialog box, click Values and numbers format and 

click OK. Adjust the worksheet title and headings. (Appendix 

Section B.3 further explains the Paste Special command.) 

Click Single Group Variabie in step 2 to construct a 

distribution from a single group. Click Multiple Groups - 

Unstacked in step 2 if the Variable Cell Range contains two 

or more columns of unstacked data. 

Workbook (untallied data) Use the Center City and 

Metro Area worksheets of the Distributions workbook 

as models. 

For the example, open to the Unstacked worksheet of 

the Restaurants workbook. This worksheet contains the 

unstacked meal cost data in columns A and B and a bin num- 

ber list in column D. Click the insert worksheet icon (the 

plus sign icon to the right of the sheet tabs, below the bottom 

of the worksheet) and in the new worksheet: 

1. Enter a title in cell A1, Bins in cell A3, and Frequency 

in cell B3. 

2. Copy the bin number list in the cell range D2:D10 of the 

Unstacked worksheet and paste this list into cell A4 of 

the new worksheet. 

Select the cell range B4:B12 that will hold the array 

formula. 

4. Type, but do not press the Enter or Tab key, the formula 

= FREQUENCY (Unstacked!$A$2:$A$51,$A$4:A $12). 

Then, while holding down the Ctrl and Shift keys, press 

the Enter key to enter the array formula into the cell 

range B4:B12. 

5. Adjust the worksheet formatting as necessary. 

So 
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Note that in step 4, you enter the absolute cell range as | 

Unstacked!$A$2:$A$51 and not as $A$2:$A$51 because | 

the untallied data are in a second worksheet (Unstacked). | 

(Appendix B discusses both array formulas in Section B.2 | 

and absolute cell references in Section B.3.) : 

Steps | through 5 construct a frequency distribution for the | 

meal costs at center city restaurants. To construct a frequency 

distribution for the meal costs at metro area restaurants, insert | 

another worksheet and repeat steps | through 5, entering | 

= FREQUENCY(Unstacked!$B$2:$B$51,A$4:A$12) as | 

the array formula in step 4. 

To display both distributions on the same worksheet, 

select the cell range B3:B12 on one of the worksheets. 

Right-click that range and click Copy in the shortcut 

menu. Open to the other worksheet. In that other work- 

sheet, right-click cell C3 and click Paste Special in the 

shortcut menu. In the Paste Special dialog box, click 

Values and numbers format and click OK. Adjust the 

worksheet title and headings. (Appendix Section B.3 fur- 

ther explains the Paste Special command.) 

Analysis ToolPak (untallied data) Use Histogram. 

For the example, open to the Unstacked worksheet of the 

Restaurants workbook. This worksheet contains the meal 

cost data unstacked in columns A and B anda set of binnum- | 

bers appropriate for those data in column D. Then: 

1. Select Data > Data Analysis. In the Data Analysis dia- 

log box, select Histogram from the Analysis Tools list 

and then click OK. 

In the Histogram dialog box (shown below): 

2. Enter A1:A51 as the Input Range and enter D1:D10 

as the Bin Range. (If you leave Bin Range blank, the . 

procedure creates a set of bins that will not be as well 

formed as the ones you can specify.) 

3. Check Labels and click New Worksheet Ply. 

4. Click OK to create the frequency distribution on a new 

worksheet. 

Histogram 
? x 

Input > eee 

creda ste [sasi:sasst [ERs] 
Bin Range: [sosisosio Bel | cances | 

M Labels [Help | 

Output options 

© Output Range: 

© New Workbook 

C] Pareto (sorted histogram} 
C] cumulative Percentage 

In the new worksheet: 

5. Select row 1. Right-click this row and click Insert in the 

shortcut menu. Repeat. (This creates two blank rows at 

the top of the worksheet.) 

6. Enter a title in cell Al. 
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| The ToolPak creates a frequency distribution that contains an 

improper bin labeled More. Correct this error by using these 

general instructions: 

7. Manually add the frequency count of the More row to 

the frequency count of the preceding row. (For the exam- 

ple, the More row contains a zero for the frequency, so 

the frequency of the preceding row does not change.) 

8. Select the worksheet row (for this example, row 14) that 

contains the More row. 

9, Right-click that row and click Delete in the shortcut 

menu. 

Steps 1 through 9 construct a frequency distribution for 

the meal costs at center city restaurants. To construct a fre- 

quency distribution for the meal costs at metro area restau- 

rants, repeat these nine steps but in step 2 enter B1:B51 as 

the Input Range. 

The Relative Frequency, Percentage, 

and Cumulative Distributions 

Key Technique Add columns that contain formulas for the 

relative frequency or percentage and cumulative percentage 

to a previously constructed frequency distribution. 

Example Create a distribution that includes the relative 

frequency or percentage as well as the cumulative percent- 

age information found in Tables 2.5 (relative frequency and 

percentage) and 2.8 (cumulative percentage) in Section 2.2 

for the restaurant meal cost data. 

PHStat (untallied data) Use Frequency Distribution. 

For the example, use the PHStat “The Frequency Distribution” 

instructions to construct a frequency distribution. PHStat con- 

structs a frequency distribution that also includes columns for 

the percentages and cumulative percentages. To change the col- 

umn of percentages to a column of relative frequencies, refor- 

mat that column. For example, open to the new worksheet that 

contains the center city restaurant frequency distribution and: 

1. Select the cell range C4:C12, right-click, and select 

Format Cells from the shortcut menu. 

2. In the Number tab of the Format Cells dialog box, 

select Number as the Category and click OK. 

Then repeat these two steps for the new worksheet that 

contains the metro area restaurant frequency distribution. 

Workbook (untallied data) Use the Distributions 
workbook as a model. 

For the example, first construct a frequency distribution 
created using the Workbook “The Frequency Distribution” 
instructions. Open to the worksheet that contains the fre- 
quency distribution for the center city restaurants and: 

1. Enter Percentage in cell C3 and Cumulative Pctage 
in cell D3. 

2. Enter = B4/SUM($B$4:$B$12) in cell C4 and copy this 
formula down through row 12. 

3. Enter = C4 in cell D4. 

4. Enter = C5+D4 in cell D5 and copy this formula down 

through row 12. 

5. Select the cell range C4:D12, right-click, and click 

Format Cells in the shortcut menu. 

6. Inthe Number tab of the Format Cells dialog box, click 

Percentage in the Category list and click OK. 

Then open to the worksheet that contains the frequency 

distribution for the metro area restaurants and repeat steps 

| through 6. 

If you want column C to display relative frequencies instead 

of percentages, enter Rel. Frequencies in cell C3. Select the 

cell range C4:C12, right-click, and click Format Cells in the 

shortcut menu. In the Number tab of the Format Cells dialog 

box, click Number in the Category list and click OK. 

Analysis ToolPak Use Histogram and then modify the 

worksheet created. 

For the example, first construct the frequency distributions 

using the Analysis ToolPak instructions in “The Frequency 

Distribution.” Then use the Workbook instructions to modify 

those distributions. 

EG2.3 VISUALIZING CATEGORICAL 
VARIABLES 

The Bar Chart and the Pie (or Doughnut) Chart 

Key Technique Use the Excel bar, pie, or doughnut chart 

feature with a tabular summary of the variable. If necessary, 

use the Section EG2.1 “The Summary Table” to first create 

that summary. 

Example Construct a bar or pie (or doughnut) chart from a 

summary table similar to Figure 2.4 on page 51. 

PHStat Use One-Way Tables & Charts. 

For the example, use the Section EG2.1 “The Summary 

Table” PHStat instructions, but in step 3, check either Bar 

Chart or Pie Chart (or both) in addition to entering a Title, 

checking Percentage Column, and clicking OK. 

Workbook Use the Summary Table workbook as a model. 

For the example, open to the OneWayTable worksheet of 

the Summary Table workbook. (The PivotTable in this 

worksheet was constructed using the Section EG2.1 “The 

Summary Table” instructions.) To construct a bar chart: 

1. Select cell range A4:B6. (Begin the selection at cell B6 
and not at cell A4.) 

2. Select Insert > Insert Column or Bar Chart (or Bar), 

labeled #1 in the labeled Charts group that appears at the 
start of this guide, and select the Clustered Bar gallery 
item, the first selection in the 2-D Bar row. 

In older Excels, select the seventh icon (see page 89). 

3. Right-click the Risk drop-down button in the chart and 
click Hide All Field Buttons on Chart. 

Step 3 does not apply to Excel for Mac. 



4. Select Design (or Chart Design) >Add Chart 
Element Axis Titles Primary Horizontal. In 
older Excel, select Layout > Axis Titles > Primary 
Horizontal Axis Title > Title Below Axis. 

5S. Select the words “Axis Title” and enter Frequency as 
the new axis title. 

6. Relocate the chart to a chart sheet and turn off the 

chart legend and gridlines by using the instructions in 

Appendix Section B.5. 

For other problems, the horizontal axis may not begin 
at Q. If this occurs, right-click the horizontal axis and click 
Format Axis in the shortcut menu. In the Format Axis dis- 

play, click Axis Options, In the Axis Options, enter 0 as the 

Minimum and then close the display. In Excels with two- 

panel dialog boxes, in the Axis Options right pane, click the 

first Fixed (for Minimum), enter 0 as the value, and then 

click Close. 

To construct a pie or doughnut chart, replace steps 2, 4, and 

6 with these: 

2. Select Insert Pie (#3 in the labeled Charts group) 

and select the Pie gallery item (or the Doughnut item). 

4. Select Design (or Chart Design) > Add Chart 

Element > Data Labels > More Data Label Options. 

In the Format Data Labels display, click Label Options. 

In the Label Options, check Category Name and 

Percentage and clear the other Label Contains check 

boxes. Click Outside End under Label Position (pie 

chart only) and close the display. 

6. Relocate the chart to a chart sheet and turn off the chart 

legend and gridlines by using the instructions in Appen- 

dix Section B.5. 

To see the Label Options in step 4 in the newest versions of 

Excel, you may need to first click the chart (fourth) icon at the 

top of the display. In older versions of Excel, select Layout > 

Data Labels > More Data Label Options in step 4. To con- 

struct a doughnut chart in those Excels, select Insert > Other 

Charts and then the Doughnut item in step 2. 

The Pareto Chart 

Key Technique Use the Excel chart feature with a modified 

summary table. 

Example Construct a Pareto chart of the incomplete ATM 

transactions equivalent to Figure 2.7 on page 54. 

PHStat Use One-Way Tables & Charts. 

For the example, open to the DATA worksheet of the ATM 

Transactions workbook. Select PHStat > Descriptive 

Statistics > One-Way Tables & Charts. In the procedure’s 

dialog box: . 

1. Click Table of Frequencies (because the worksheet 

contains tallied data). 

2. Enter A1:B8 as the Freq. Table Cell Range and check 

First cell contains label. 
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3. Enter a Title, check Pareto Chart, and click OK. 

Workbook Use the Pareto workbook as a model. 

Note: The following instructions do not use the new Pareto | 

chart option that Microsoft Windows Excel users can © 

select from the gallery that is displayed when icon #6 is | 

clicked. 

For the example, open to the ATMTable worksheet of the 

ATM Transactions workbook. Begin by sorting the modi- 

fied table by decreasing order of frequency: 

1. Select row 11 (the Total row), right-click, and click 

Hide in the shortcut menu. (This prevents the total row 

from getting sorted.) 

2. Select cell B4 (the first frequercy), right-click, and 

select Sort Sort Largest to Smallest. 

3. Select rows 10 and 12 (there is no row 11 visible), 

right-click, and click Unhide in the shortcut menu to 

restore row 11. 

Next, add a column for cumulative percentage: 

4. Enter Cumulative Pct. in cell D3. Enter =C4 in 

cell D4. Enter =D4+C5 in cell D5 and copy this 

formula down through row 10. 

5. Adjust the formatting of column D as necessary. 

Next, create the Pareto chart: 

6. Select the cell range A3:A10 and while holding down 

the Ctrl key also select the cell range C3:D10. 

In Excel for Mac, hold down the Command key, not the 

Ctrl key. 

7. Select Insert > Insert Column or Bar Chart (#1 in 

the labeled Charts group), and select the Clustered — 

Column gallery item, the first selection in the 2-D 

Column row. 

8. Select Format. In the Current Selection group, select 

Series “Cumulative Pct.” from the drop-down list and 

then click Format Selection. 

Select Series “Cumulative Pct.” from the drop-down list at 

left and then click More Formats. 

9. Inthe Format Data Series display, click Series Options. 

In the Series Options, click Secondary Axis, and then 

close the display. [In a Format Data Series task pane, 

click the third (chart) icon first if the Series Options are 

not displayed. ] 

10. With the “Cumulative Pct.” series still selected, select 

Design (or Chart Design) > Change Chart Type. In 
the Change Chart Type display, click Combo in the All 

Charts tab. In the Cumulative Pct. drop-down list, select 

the Line with Markers gallery item. Check Secondary 

Axis for the Cumulative Pct. and click OK. 

In Excel for Mac, with the “Cumulative Pct.” series still 
selected, select Chart Design > Change Chart Type> 

Line > Line with Markers. 
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Next, set the maximum value of the primary and secondary 

(left and right) Y axis scales to 100%. For each Y axis: 

11. Right-click on the axis and click Format Axis in the 

shortcut menu. 

12. Inthe Format Axis display, click Axis Options. In Axis 

Options, enter 1 as the Maximum. Click Tick Marks, 

select Outside from the Major type dropdown list, and 

close the display. [In a Format Data Series task pane, 

click the fourth (chart) icon first if the Axis Options are 

not displayed. | 

In Excel versions with two-panel dialog boxes, in the Axis 

Options right pane, click Fixed for Maximum, enter 1 as the 

value, and then click Close. 

13. Relocate the chart to a chart sheet, turn off the chart leg- 

end and gridlines, and add chart and axis titles by using 

the instructions in Appendix Section B.5. 

If you use a PivotTable as a summary table, replace steps 

1 through 6 with these steps: 

1. Add a percentage column in column C, using steps 

11 through 14 of the Workbook “The Summary Table” 

instructions on page 89. 

2. Add a cumulative percentage column in column D. 

Enter Cumulative Pctage in cell D3. 

3. Enter = C4 in cell D4, Enter = C5+ D4 in cell D5, 

and copy the formula down through all the rows in the 

PivotTable. 

4. Select the total row, right-click, and click Hide in the 

shortcut menu. (This prevents the total row from getting 

sorted.) 

5. Right-click the cell that contains the first frequency (cell 

B4 in the example) and select Sort> Sort Largest to 

Smallest. 

6. Select the cell range C3:D10 which contains the per- 

centage and cumulative percentage columns. 

This Pareto chart will not include the category labels. To add 
the category labels: 

1. Right-click on the chart and click Select Data in the 
shortcut menu. 

In the Select Data Source display, click Edit that appears 

under Horizontal (Category) Axis Labels. In the Axis 

Labels display, drag the mouse to select and enter the 
axis labels cell range (A4:A10) and then click OK. 
In Excel for Mac, in the Select Data Source display, click the 
icon inside the Horizontal (Category) axis labels box and 
drag the mouse to select and enter the axis labels cell range. 

3. Click OK to close the display. 

2 

Do not type the axis labels cell range in step 2 for the reasons 
that Appendix Section B.3 explains. 

The Side-by-Side Chart 

Key Technique Use an Excel bar chart that is based on a 
contingency table. 

Example Construct a side-by-side chart that displays the 

Fund Type and Risk Level, similar to Figure 2.9 on page 56. 

PHStat Use Two-Way Tables & Charts. 

For the example, use the Section EG2.1 “The Contingency 

Table” PHStat instructions on page 90 but in step 4, check 

Side-by-Side Bar Chart in addition to entering a Title and 

clicking OK. 

Workbook Use the Contingency Table workbook as 

a model. 

For the example, open to the TwoWayTable worksheet of 

the Contingency Table workbook and: 

1. Select cell A3 (or any other cell inside the PivotTable). 

2. Select Insert > Insert Column or Bar Chart (or Bar), 
labeled #1 in the labeled Charts group, and select the 

Clustered Bar gallery item, the first selection in the 

2-D Bar row. 

In older Excels, select the #7 icon, not the #1 icon. 

3. Right-click the Risk drop-down button in the chart and 

click Hide All Field Buttons on Chart. 

Step 3 does not apply to Excel for Mac. 

4. Relocate the chart to a chart sheet, turn off the grid- 

lines, and add chart and axis titles by using the instruc- 

tions in Appendix Section B.5. 

When creating a chart from a contingency table that is not 

a PivotTable, select the cell range of the contingency table, 

including row and column headings, but excluding the total 

row and total column, as step 1. 

To switch the row and column variables in a side-by-side 

chart, right-click the chart and then click Select Data in the 

shortcut menu. In the Select Data Source dialog box, click 

Switch Row/Column and then click OK. 

EG2.4 VISUALIZING NUMERICAL 
VARIABLES 

The Stem-and-Leaf Display 

Key Technique Enter leaves as a string of digits that begin 

with the ' (apostrophe) character. 

Example Construct a stem-and-leaf display of the three- 

year return percentage for the value retirement funds, similar 
to Figure 2.10 on page 59. 

PHStat Use Stem-and-Leaf Display. 

For the example, open to the Unstacked worksheet of the 
Retirement Funds workbook. Select PHStat> Descriptive 
Statistics > Stem-and-Leaf Display. In the epieatltatce s dialog 
box (shown top left on next page): 

1, Enter B1:B174 as the Variable Cell Range and check 
First cell contains label. 

2. Click Set stem unit as and enter 10 in its box. 

3. Enter a Title and click OK. 
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When creating other displays, use the Set stem unit as option 

sparingly and only if Autocalculate stem unit creates a dis- 

play that has too few or too many stems. (Stem units you 

specify must be a power of 10.) 

Workbook Manually construct the stems and leaves on a new 

worksheet to create a stem-and-leaf display. Adjust the column 

width of the column that holds the leaves as necessary. 

The Histogram 

Key Technique Modify an Excel column chart. 

Example Construct histograms for the three-year return per- 

centages for the growth and value retirement funds, similar 

to Figure 2.12 on page 60. 

PHStat Use Histogram & Polygons. 

For the example, open to the DATA worksheet of the 

Retirement Funds workbook. Select PHStat > Descriptive 

Statistics > Histogram & Polygons. In the procedure’s dialog 

box (shown below): 

1. Enter K1:K480 as the Variable Cell Range, Q1:Q11 

as the Bins Cell Range, R1:R10 as the Midpoints Cell 

Range, and check First cell in each range contains label. 

2. Click Multiple Groups-Stacked and enter C1:C480 

as the Grouping Variable Cell Range. (In the DATA 

worksheet, the one-year return percentages are stacked. 

The column C values allow PHStat to unstack the values 

into growth and value groups.) 

3. Enter a Title, check aoe ee and click OK. 

( eeeen & Bebgates x | 

[¥ First cell in each range contains label 

Input Options 

© Single Group Variable 

Multiple Groups - Unstacked 
@ Multiple Groups - Stacked 

Grouping Variable Cell Range: [e1:c480 a] 
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PHStat inserts two new worksheets, each of which contains 

a frequency distribution and a histogram. To relocate the 

histograms to their own chart sheets, use the instructions in 

Appendix Section B.5. 

Because you cannot define an explicit lower boundary for | 

the first bin, there can be no midpoint defined for that bin. There- © 

fore, the Midpoints Cell Range you enter must have one fewer | 

cell than the Bins Cell Range. PHStat uses the first midpoint for 

the second bin and uses “--” as the label for the first bin. ; 

The example uses the workaround that “Classes and © 

Excel Bins” discusses on page 46. When you use this work- | 

around, the histogram bar labeled—will always be a zero | 

bar. Appendix Section B.7 explains how you can delete this | 

unnecessary bar from the histogram, as was done for the Sec- | 

tion 2.4 examples. 

Workbook Use the Histogram workbook as a model. 

For the example, first construct frequency distributions for 

the growth and value funds. Open to the Unstacked work- 

sheet of the Retirement Funds workbook. This worksheet 

contains the retirement funds data unstacked in columns A 

and B and a set of bin numbers and midpoints appropriate for 

those variables in columns D and E. Click the insert work- 

sheet icon to insert a new worksheet. 

In the new worksheet: 

1. Enter a title in cell Al, Bins in cell A3, Frequency in 

cell B3, and Midpoints in cell C3. 

2. Copy the bin number list in the cell range D2:D11 of the 

Unstacked worksheet and paste this list into cell A4 of 

the new worksheet. 

3. Enter '-- in cell C4. Copy the midpoints list in the cell 

range E2:E13 of the Unstacked worksheet and paste 

this list into cell C5 of the new worksheet. 

4. Select the cell range B4:B13 that will hold the array 

formula. 

5. Type, but do not press the Enter or Tab key, the 

formula = FREQUENCY(Unstacked!$A$2:$A$307, 

$A$4: $A$13). Then, while holding down the Ctrl and 

Shift keys, press the Enter key to enter the array for- 

mula into the cell range B4:B13. 

6. Adjust the worksheet formatting as necessary. 

Steps 1 through 6 construct a frequency distribution for the 

growth retirement funds. To construct a frequency distribu- 

tion for the value retirement funds, insert another worksheet 

and repeat steps 1 through 6, entering =FREQUENCY 

(Unstacked!$B$2:$B$174, $A$4: $A$13) as the array for- 

mula in step 5. 

Having constructed the two frequency distributions, con- 

tinue by constructing the two histograms. Open to the worksheet 

that contains the frequency distribution for the growth funds and: 

1. Select the cell range B3:B13 (the cell range of the 

frequencies). 

2. Select Insert> Insert Column or Bar Chart (#1 in the 

labeled Charts group) and select the Clustered Column 
gallery item, the first selection in the 2-D Column row. 
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3. Right-click the chart and click Select Data in the short- 

cut menu. 

In the Select Data Source display: 

4, Click Edit under the Horizontal (Categories) Axis 

Labels heading. In the Axis Labels display, drag the 

mouse to select and enter $C$3:$C$13 as the midpoints 

cell range and click OK. 

In the Select Data Source display, click the icon inside the 

Horizontal (Category) axis labels box and drag the mouse 

to select and enter the midpoints cell range $C$3:$C$13. 

5. Click OK. 
Do not type the axis label cell range in step 4 for the 

reasons that Appendix Section B.3 explains. 

In the new chart: 

6. Right-click inside a bar and click Format Data Series 

in the shortcut menu. 

7. Inthe Format Data Series display, click Series Options. 

In the Series Options, click Series Options, enter 0 as 

the Gap Width and then close the display. (To see the 

second Series Options, you may have to first click the 

chart [third] icon near the top of the task pane.) 

In Excel for Mac, there is only one Series Options label, and 

the Gap Width setting is displayed without having to click 

Series Options. 

In older Excels, click Series Options in the left pane, and in 

the Series Options right pane, change the Gap Width slider 

to No Gap and then click Close. 

Relocate the chart to a chart sheet, turn off the chart leg- 

end and gridlines, add axis titles, and modify the chart 

title by using the Appendix Section B.5 instructions. 

we 

This example uses the workaround that “Classes and Excel 

Bins” discusses on page 46. Appendix Section B.7 explains 

how the unnecessary histogram bar that this workaround cre- 

ates, which will always be a zero bar, can be deleted, as was 

done for the Section 2.4 examples. 

Analysis ToolPak Use Histogram. 

For the example, open to the Unstacked worksheet of the 
Retirement Funds workbook and: 

1. Select Data> Data Analysis. In the Data Analysis dia- 

log box, select Histogram from the Analysis Tools list 
and then click OK. 

In the Histogram dialog box: 

2. Enter A1:A307 as the Input Range and enter D1:D11 
_ as the Bin Range. 

3. Check Labels, click New Worksheet Ply, and check 
Chart Output. 

4. Click OK to create the frequency distribution and his- 
togram on a new worksheet. 

In the new worksheet: 

5. Follow steps 5 through 9 of the Analysis ToolPak instruc- 
tions in “The Frequency Distribution” on pages 91 and 92. 

These steps construct a frequency distribution and his- 

togram for the growth funds. To construct a frequency dis- 

tribution and histogram for the value funds, repeat the nine 

steps, but in step 2 enter B1:B174 as the Input Range. You 

will need to correct several formatting errors to the histo- 

grams that Excel constructs. For each histogram, first change 

the gap widths between bars to 0. Follow steps 6 and 7 of 

the Workbook instructions of this section, noting the special 

instructions that appear after step 8. 

Histogram bars are labeled by bin numbers. To change the 

labeling to midpoints, open to each of the new work-sheets and: 

1. Enter Midpoints in cell C3 and '-- in cell C4. Copy the 

cell range E2:E10 of the Unstacked worksheet and 

paste this list into cell C5 of the new worksheet. 

2. Right-click the histogram and click Select Data. 

In the Select Data Source display: 

3. Click Edit under the Horizontal (Categories) Axis 

Labels heading. In the Axis Labels display, drag the 

mouse to select and enter the cell range $C$4:$C$13 
and click OK. 

In Excel for Mac, in the Select Data Source display, click the 

icon inside the Horizontal (Category) axis labels box and 

drag the mouse to select and enter the cell range $C$4:$C$13. 

4. Click OK. 

5. Relocate the chart to a chart sheet, turn off the chart leg- 

end, and modify the chart title by using the instructions 

in Appendix Section B.5. 

Do not type the axis label cell range in step 3 as you would oth- 

erwise do for the reasons explained in Appendix Section B.3. 

This example uses the workaround that “Classes and Excel 

Bins” discusses on page 46. Appendix Section B.7 explains 

how the unnecessary histogram bar that this workaround cre- 

ates can be deleted, as was done for the Section 2.4 examples. 

The Percentage Polygon and the Cumulative 
Percentage Polygon (Ogive) 

Key Technique Modify an Excel line chart that is based on 

a frequency distribution. 

Example Construct percentage polygons and cumula- 

tive percentage polygons for the three-year return percent- 

ages for the growth and value retirement funds, similar to 
Figure 2.14 on page 61 and Figure 2.16 on page 62. 

PHStat Use Histogram & Polygons. 

For the example, use the PHStat instructions for creating a 
histogram on page 95 but in step 3 of those instructions, also 
check Percentage Polygon and Cumulative Percentage 
Polygon (Ogive) before clicking OK. 

Workbook Use the Polygons workbook as a model. 

For the example, open to the Unstacked worksheet of the 
Retirement Funds workbook and follow steps 1 through 6 
of the Workbook “The Histogram” instructions on page 95 
to construct a frequency distribution for the growth funds. 



Repeat the steps to construct a frequency distribution for the 
value funds using the instructions that immediately follow 
step 6. Open to the worksheet that contains the growth funds 
frequency distribution and: 

1. Select column C., Right-click and click Insert in the 
shortcut menu. Right-click and click Insert in the 
shortcut menu a second time. (The worksheet contains 
new, blank columns C and D and the midpoints column 
is now column E.) 

2. Enter Percentage in cell C3 and Cumulative Pctage. 
in cell D3. 

3. Enter = B4/SUM($B$4:$B$13) in cell C4 and copy this 
formula down through row 13. 

4. Enter = C4 in cell D4. 

5. Enter = C5+ D4 in cell D5 and copy this formula down 

through row 13. 

6. Select the cell range C4:D13 right-click, and click For- 

mat Cells in the shortcut menu. 

7. Inthe Number tab of the Format Cells dialog box, click 

Percentage in the Category list and click OK. 

Open to the worksheet that contains the value funds fre- 

quency distribution and repeat steps | through 7. To construct 

the percentage polygons, open to the worksheet that contains 

the growth funds distribution and: 

1. Select cell range C4:C13. 

2. Select Insert Line (#3 in the labeled Charts group), and 

select the Line with Markers gallery item in the 2-D 

Line group. 

3. Right-click the chart and click Select Data in the short- 

cut menu. 

In the Select Data Source display: 

4. Click Edit under the Legend Entries (Series) head- 

ing. In the Edit Series dialog box, enter the formula 

= "Growth Funds" as the Series name and click OK. 

In Excel for Mac, enter the formula as the Name. 

5. Click Edit under the Horizontal (Categories) Axis 

Labels heading. In the Axis Labels display, drag the 

mouse to select and enter the cell range $E$4:$E$13 

and click OK. 

In Excel for Mac, in the Select Data Source display, click the 

icon inside the Horizontal (Category) axis labels box and 

drag the mouse to select and enter the cell range $E$4:$ES$13. 

6. Click OK. 

7. Relocate the chart to a chart sheet, turn off the chart 

gridlines, add axis titles, and modify the chart title by 

using the instructions in Appendix Section B.5. 

In the new chart sheet: 

8. Right-click the chart and click Select Data in the short- 

cut menu. 

In the Select Data Source display: 

9. Click Add under the Legend Entries (Series) 

heading. In the Edit Series dialog box, enter the 
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formula ="'Value Funds" as the Series name and 

press Tab. 

In Excel for Mac, click “+” icon below the Legend entries | 

(Series) list. Enter the formula = “Value Funds” as the Name. : : 

10. With the placeholder value in Series values highlighted, 

click the sheet tab for the worksheet that contains the value ~ 

funds distribution. In that worksheet, drag the mouse to | 
select and enter the cell range $C$4:$C$13 and click OK. | 

In Excel for Mac, click the icon in the ¥ values box. Click the 
sheet tab for the worksheet that contains the value funds | 

distribution and, in that worksheet, drag the mouse to select 

and enter the cell range $€$4:$C$13. 

11. Click Edit under the Horizontal (Categories) Axis 

Labels heading. In the Axis Labels display, drag the | 

mouse to select and enter the celi range $E$4:$E$13 
and click OK. 

In Excel for Mac, in the Select Data Source display, click the | 

icon inside the Horizontal (Category) axis labels box and 

drag the mouse to select and enter the cell range $E$4:$E$13. 
Click OK. 

Do not type the axis label cell range in steps 10 and 11 for the 

reasons explained in Appendix Section B.3. 

To construct the cumulative percentage polygons, open 

to the worksheet that contains the growth funds distribution 

and repeat steps | through 12, but in step 1, select the cell 

range D4:D13; in step 5, drag the mouse to select and enter 

the cell range $A$4:$A$13; and in step 11, drag the mouse 
to select and enter the cell range $D$4:$D$13. 

If the Y axis of the cumulative percentage polygon =~ 

extends past 100%, right-click the axis and click Format 

Axis in the shortcut menu. In the Format Axis display, 

click Axis Options. In the Axis Options, enter 0 as the 

Minimum and then close the display. 

In Excels with two-panel dialog boxes, in the Axis Options right 

pane, click the first Fixed (for Minimum), enter 0 as the value, and 

then click Close. 

EG2.5 VISUALIZING TWO NUMERICAL 
VARIABLES 

The Scatter Plot 

Key Technique Use the Excel scatter chart. 

Example Construct a scatter plot of revenue and value for 

NBA teams, similar to Figure 2.17 on page 66. 

PHStat Use Scatter Plot. 

For the example, open to the DATA worksheet of the 

NBAValues workbook. Select PHStat > Descriptive 

Statistics > Scatter Plot. In the procedure’s dialog box 

(shown top left on next page): 

1. Enter D1:D31 as the Y Variable Cell Range. 

2. Enter C1:C31 as the X Variable Cell Range. 

3. Check First cells in each range contains label. 

4, Enter a Title and click OK. 
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To add a superimposed line like the one shown in Figure 2.17. 

click the chart and use step 3 of the Workbook instructions. 

Workbook Use the Scatter Plot workbook as a model. 

For the example, open to the DATA worksheet of the 

NBAValues workbook and: 

1. Select the cell range C1:D31. 

2. Select Insert Scatter (X, Y) or Bubble Chart (#6 in the 

labeled Charts group) and select the Scatter gallery item. 

Excel for Mac labels the #6 icon X Y (Scatter). 

3. Select Design (or Chart Design)>Add Chart 

Element > Trendline > Linear. 

4. Relocate the chart to a chart sheet, turn off the chart leg- 

end and gridlines, add axis titles, and modify the chart 

title by using the Appendix Section B.5 instructions. 

When constructing Excel scatter charts with other variables, 

make sure that the X variable column precedes (is to the left 

of) the Y variable column. (If the worksheet is arranged Y 

then X, cut and paste so that the Y variable column appears 

to the right of the X variable column.) 

The Time-Series Plot 

Key Technique Use the Excel scatter chart. 

Example Construct a time-series plot of movie revenue per 

year from 1995 to 2018, similar to Figure 2.18 on page 67. 

Workbook Use the Time Series workbook as a model. 

For the example, open to the DATA worksheet of the Movie 

Revenues workbook and: 

1. Select the cell range A1:B25. 

2. Select Insert > Scatter (X, Y) or Bubble Chart (#6 in 

the labeled Charts group) and select the Scatter with 

Straight Lines and Markers gallery item. 

Excel for Mac labels the #6 icon X Y (Scatter). 

3. Relocate the chart to a chart sheet, turn off the chart leg- 
end and gridlines, add axis titles, and modify the chart 
title by using Appendix Section B.5 instructions. 

When constructing time-series charts with other variables, 
make sure that the X variable column precedes (is to the left 
of) the Y variable column. (If the worksheet is arranged Y 
then X, cut and paste so that the Y variable column appears 
to the right of the X variable column.) 

EG2.6 ORGANIZING a MIX of VARIABLES 

Multidimensional Contingency Tables 

Key Technique Use the Excel PivotTable feature. 

Example Construct a PivotTable showing percentage of 

overall total for Fund Type, Risk Level, and Market Cap for 

the retirement funds sample, similar to the one shown at the 

right in Figure 2.19 on page 69. 

Workbook Use the MCT workbook as a model. 

For the example, open to the DATA worksheet of the Retire- 

ment Funds workbook and: 

1. Select Insert > PivotTable. 

In the Create PivotTable display: 

2. Click Select a table or range and enter A1:N480 as the 

Table/Range. 

3. Click New Worksheet and then click OK. 

In the PivotTable Fields (PivotTable Builder or PivotTable 

Field List in older Excels) display (partially shown below): 

4, Drag Fund Type in the Choose fields to add to report 

box and drop it in the Rows (or Row Labels) box. 

5. Drag Market Cap in the Choose fields to add to report 

box and drop it in the Rows (or Row Labels) box. 

6. Drag Risk Level in the Choose fields to add to report 

box and drop it in the Columns (or Column Labels) box. 

7. Drag Fund Type in the Choose fields to add to report 

box a second time and drop it in the { Values box. The 

dropped label changes to Count of Fund Type. 

Drag fields between areas below: 

YT Filters | Columns 

[Risklevl Raid 

& Rows = Values 

(FundType — ¥ |[=) || Count of Fund Type 7 | 

| Market Cap > || 

8. Click (not right-click) the dropped label Count of 

Fund Type and then click Value Field Settings in 

the shortcut menu. In the Value Field Settings display, 

click the Show Values As tab and select % of Grand 
Total from the Show values as drop-down list, shown 

at left on the next page. 

Click the “/’ icon to the right of the dropped label Count 

of Fund Type. In the PivotTable Field dialog box, click the 

Show data as tab and select % of Grand Total (% of total 
in older Excels for Mac) from the drop-down list, shown at 

right on the next page. 

9. Click OK. 
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In the PivotTable: 

10. Enter a title in cell Al. 

11. Follow steps 6 through 10 of the Workbook (untallied 

data) “The Contingency Table” instructions on page 90 

that relabel the rows and columns and rearrange the 

order of the risk category columns. 

Adding a Numerical Variable 

Key Technique Alter the contents of the > Values box in 

the PivotTable Field List pane. 

Example Construct the Figure 2.20 PivotTable of Fund Type, 

Risk Level, and Market Cap on page 69 that shows the mean 

ten-year return percentage for the retirement funds sample. 

Workbook Use the MCT workbook as a model. 

For the example, first construct the PivotTable showing per- 

centage of overall total for Fund Type, Risk Level, and Mar- 

ket Cap for the retirement funds sample using the 11-step 

instructions of the “Multidimensional Contingency Table” 

Workbook instructions that starts on page 98. Then continue 

with these steps: 

12. If the PivotTable Fields pane is not visible, right-click 

cell A3 and click Show Field List in the shortcut menu. 

In older Excels for Mac, if the PivotTable Builder (or Field List) 

display is not visible, select PivotTable Analyze — Field List. 

In the display: 

13. Drag the blank label (changed from Count of Fund Type 

in a prior step) in the } Values box and drop it outside 

the display to delete. In the PivotTable, all of the per- 

centages disappear. 

Drag 10YrReturn in the Choose fields to add to report 
box and drop it in the 2 Values box. The dropped label 

changes to Sum of 10YrReturn. 

Click (not right-click) Sum of 10YrReturn and then 

click Value Field Settings in the shortcut menu. In the 

Value Field Settings display, click the Summarize Val- 

ues By tab and select Average from the Summarize 

value field by drop-down list. 

Click the “/’ icon to the right of the label Sum of 10YrReturn. 

In the PivotTable Field dialog box, click the Summarize by 

tab and select Average from the list. 

14 

15 
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16. Click OK. The label in the } Values box changes to : 

Average of 10YrReturn. 

In the PivotTable: 

17. Select cell range B5:E13, right-click, and click Format 

Cells in the shortcut menu. In the Number tab of the 

Format Cells dialog box, click Number, set the Decimal — 

places to 2, and click OK. 

VISUALIZING a MIX of VARIABLES» 
PivotChart 

Key Technique Use the PivotChart feature with a previ- 

ously constructed PivotTable. (The PivotChart feature is not 

included in older Excels for Mac.) 

Example Construct the PivotChart based on the Figure 2.20 

PivotTable of type, risk, and market cap showing mean ten- 

year return percentage, shown in Figure 2.23 on page 71. 

Workbook Use the MCT workbook as a model. 

For the example, open to the MCT worksheet of the MCT 

workbook and: 

1. Select cell A3 (or any other cell inside the PivotTable). 

2. Select Insert > PivotChart. 

3. Inthe Insert Chart display, click Bar in the All Charts tab 

and select the Clustered Bar gallery item and click OK. 

In Excel for Mac, with the newly inserted chart still selected, 

select Insert Column and select the Clustered Bar gallery 

item in the 2-D Bar group. 

4. Relocate the chart to a chart sheet, turn off the grid- 

lines, and add chart and axis titles by using the instruc- 

tions in Appendix Section B.5. 

In the PivotTable, collapse the Growth and Value catego- 

ries, hiding the Market Cap categories. Note that contents of 

PivotChart changes to reflect changes made to the PivotTable. 

Treemap 

Key Technique Use the Excel treemap feature with a spe- 

cially prepared tabular summary that includes columns that 

express hierarchical (tree) relationships. (The treemap feature 

is not included in older Excel versions.) 

Example Construct the Figure 2.24 treemap on page 72 that 

summarizes the sample of 479 retirement funds by Fund Type 

and Market Cap. 

Workbook Use Treemap. 

For the example, open to the StackedSummary worksheet 

of the Retirement Funds workbook. This worksheet con- 
tains sorted fund type categories in column A, market cap 

categories in column B, and frequencies in column C. Select 

the cell range A1:C7 and: 

1. Select Insert> Insert Hierarchy Chart (# in the labeled 

Charts group) and select the Treemap gallery item. 

2. Click the chart title and enter a new title for the chart. 
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3. Click one of the tile labels and increase the point size 

to improve readability. (This change affects all treemap 

labels.) 

4. Select Design (or Chart Design) > Quick Layout 

and select the Layout 2 gallery item (which adds the 

“branch” data labels). 

5. Select Design (or Chart Design) > Add Chart 

Element > Legend Bottom. 

6. Right-click in the whitespace near the title and select 

Move Chart. 

7. In the Move Chart dialog box, click New Sheet and 

click OK. 

PHStat Use Treemap. 

As an example, open to the StackedSummary worksheet 

of the Retirement Funds workbook. This worksheet con- 

tains sorted fund type categories in column A, market cap 

categories in column B, and frequencies in column C. Select 

PHStat > Descriptive Statistics > Treemap. In the proce- 

dure’s dialog box: 

1. Enter A1:C7 as the Hierarchical Cell Range. 

2. Check First cell in each range contains label. 

3. Enter a Title and click OK. 

Treemap x 

- Data ~ 
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r~ Output Options — 
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Sunburst Chart 

Workbook Use Sunburst. 

As an example, open to the StackedHierarchy worksheet of 

the Retirement Funds workbook. This worksheet contains 

sorted fund type categories in column A, sorted market cap 

categories in column B, sorted star rating categories in col- 

umn C, and frequencies in column D. Select the cell range 
A1:D31 and: 

1. Select Insert Insert Hierarchy Chart (# in the labeled 

Charts group) and select the Sunburst gallery item. 

2. Click the chart title and enter a new title for the chart. 

3. Click one of the segments and increase the point size 
to improve readability. (This will change the point size 

_ Of all labels.) 

4. Right-click in the whitespace near the title and select 
Move Chart. 

5. In the Move Chart dialog box, click New Sheet and 
click OK. 

Sparklines 

Key Technique Use the sparklines feature. 

Example Construct the sparklines for movie revenues per 

month for the period 2005 to 2018 shown in Figure 2.25 on 

page 72. 

Workbook Use the Sparklines workbook as a model. 

For the example, open to the DATA worksheet of the 

Monthly Movie Revenues workbook and: 

1. Select Insert > Line (in the Sparklines group). 

2. In the Create Sparklines dialog box (shown below), 

enter B2:M13 as the Data Range and P2:P13 as the 

Location Range. 

3. Click OK. 
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With the sparklines selected: 

4. Select Design > Axis > Same for All Sparklines under 

the Vertical Axis Minimum Value Options. Select 

Design > Axis > Same for All Sparklines under the 

Vertical Axis Maximum Value Options. 

In Excel for Mac, select Sparkline > Axis. In the Axes dialog 

box, click the Vertical tab. In that tab, click the two Same for 
all sparklines option buttons and then click OK. 

5. Select rows 2 through 13. Right-click and click Row 

Height in the shortcut menu. In the Row height dia- 

log box, enter 30 (0.85 in Excel for Mac) as the Row 

Height and click OK. 

In older Excels for Mac, enter 0.85 as the row height. 

Optionally, insert one or more rows at the top of the worksheet 

for a title and copy the month values in column A to column 
L for easier reference. 

PHStat Use Sparklines. 

For the example, open to the DATA worksheet of the Monthly 

Movie Revenues workbook. Select PHStat > Descriptive 

Statistics > Sparklines. In the procedure’s dialog box: — 

1. Enter A1:A13 as the Sparkline Labels Cell Range. 

2. Enter B1:M13 as the Sparkline Data Cell Range. 

3. Check First cell in each range contains Fae 

4. Select Separate Chart Sheet. 

5. Enter a Title and click OK. 
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Key Technique Use the Excel data filter feature. 

Example Filter the DATA worksheet of the Retirement 

Funds workbook such that only funds with a four or five star 

ratings are displayed. 

Workbook Use Filter. 

For the example, open to the DATA worksheet of the 

Retirement Funds workbook. Select columns A through O 

(Fund Number through Star Rating) and: 

1. Select Data Filter. Each column displays a pull-down 

list button. 

2. Click the pull-down button for column O (Star Rating). 

In the pull-down dialog box (shown next column for Windows 

Excel and Excel for Mac): 

“TABLEAU GUIDE 

TG2.1 ORGANIZING CATEGORICAL 
VARIABLES ; 

The Summary Table 

Use text tables. 

For example, create a frequency and percentage summary 

table similar to Figure 2.1 on page 40, in a new Tableau 

workbook, click Connect to Data and open the Retirement 

Funds For Tableau Excel workbook. In a new Tableau 

worksheet: 

1. Drag Risk Level and drop it in the Rows shelf. The shell 

of a summary table appears in the display area. 
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3. Clear the (Select All) check box to clear all check boxes. 

4. Check the Four and Five check boxes. 

5. In Windows Excel, click OK. 
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Excel displays the 108 retirement funds that have either a 

tour- or five-star rating. Excel displays the original row num- 

ber indices of these 108 rows in color and provides visual 

feedback of the gaps between nonconsecutive row numbers. 

To remove this column data filter, click the column O 

pull-down button and select Clear Filter from Star Rating. 

CHAPTER | 

2. Drag Number of Records and drop it over the “Abc” 

column in the table. The green pill SUM(Number of 

Records) appears in the Marks card area. 

Right-click the green pill and select Quick Table 

Calculation > Percent of Total. The green pill displays 
a triangle symbol to indicate a table calculation. 

4. Drag Number of Records and drop it over the Text icon 
in the Marks card area to create a second green pill. 

Select Analysis Totals and check Show Column 

Grand Totals. 

_ 

SA 

Tableau creates the summary table with risk level rows that 

contain both percentage and frequencies for each category 
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(not separate columns). Tableau lists categories in alphabet- 

ical order, To list categories in the order Low, Average, and 

High, right-click the Risk Level pill in the Rows shelf and 

select Sort in the shortcut menu. In the Sort [Risk Level] 

dialog box (shown below): 

6. Click Manual. 

7. In the list box, select Low and then click Up twice to 

reorder categories. 

8. Click OK. 

The Risk Level pill displays the three-lines symbol to indi- 

cate a sorted list of categories. Enter a worksheet title and, 

optionally, adjust font and type characteristics using the 

Appendix Section B.ST instructions. 

Sort (Risk Level] x 

The Contingency Table 

Use text tables. 

For example, to create a contingency table displaying Fund 

Type and Risk Level similar to Figure 2.2 on page 40, in a 

new Tableau workbook, click Connect to Data and open the 

Retirement Funds for Tableau Excel workbook. In a new 

Tableau worksheet: 

1. Drag Risk Level and drop it in the Columns shelf. The 

shell of a summary table appears in the display area. 

2. Drag Fund Type and drop it in the Rows shelf. 

3. Drag Number of Records and drop it over the “Abc” cells 

in the table. The green pill SUM(Number of Records) 
appears in the Marks card area. 

4. Select Analysis > Totals and check Show Row Grand 
Totals. 

_ 3. Select Analysis> Totals and check Show Column 
Grand Totals. 

Tableau creates the summary table with risk level categories in 
alphabetical order. To list categories in the order Low, Average, 
and High, right-click the Risk Level pill in the Columns shelf 
and select Sort in the shortcut menu. In the Sort [Risk Level] 
dialog box, follow steps 6 through 8 in the previous section. 
Enter a worksheet title and, optionally, adjust font and type 
characteristics using the Appendix Section B.ST instructions. 

TG2.2 ORGANIZING NUMERICAL 
VARIABLES 

The Frequency Distribution 

Use View Data with histogram. 

For example, to create a restaurant meal cost data frequency 

distribution similar to Table 2.3 on page 45, first follow the 

Section TG2.4 “The Histogram” instructions to create histo- 

grams for meal costs at center city and metro area restaurants. 

Right-click the whitespace above the bars in either histogram 

and select View Data in the shortcut menu. In the Summary 

tab of the View Data window (not shown): 

1. Click the Cost (bin) column header to sort the bin 

values in ascending order. 

2. Click the Location column header to sort the values 

to form the two frequency distributions (shown below). 

Location —- Count of Cost 
Center City 4 
Center City 3 
Center City 
Center City 
Center City 
Center City 
Center City 
Center City 
Metro Area 
Metro Area 
Metro Area 
Metro Area 
Metro Area 
Metro Area 
Metro Area 
Metro Area SSxaswawxssasusend 

~ we wih ible mw wi ain BN 

The Count of Cost column contains the frequency counts. 

The rows of data in the View Data window are plain text that 
can be copied, pasted, and rearranged into other programs for 

better formatting and presentation. 

TG2.3 VISUALIZING CATEGORICAL 
VARIABLES 

The Bar Chart or the Pie Chart 

Use horizontal bars or pie charts. 

For example, to construct a Tableau bar or pie chart that 

summarizes Risk Level similar to Figures 2.5 and 2.6 on 

pages 52 and 53, in a new Tableau workbook, click Connect 

to Data and open the Retirement Funds for Tableau Excel 
workbook. In a new Tableau worksheet: 

A. Drag Risk Level and drop it in the Rows shelf. The shell 

of a summary table appears in the display area. 

2. Drag Fund Type and drop it in the Rows shelf. 

3. Drag Number of Records and drop it in the Columns 
shelf. 

Tableau displays a bar chart. To change visualization to a 
pie chart, click the pie charts icon in the Show Me gallery. 



Enter a worksheet title, turn off gridlines, and, optionally, 
adjust font and type characteristics using the Appendix Sec- 
tion B.ST instructions. 

If the Risk Level categories need to be reordered as Low, 
Average, and High, right-click the Risk Level pill in the 
Rows shelf and select Sort in the shortcut menu. In the Sort 
[Risk Level] dialog box, follow steps 6 through 8 on page 102. 

The Pareto Chart 

Use horizontal bars and lines. 

For example, to construct the Figure 2.7 Pareto chart of the 

incomplete ATM transactions on page 54, in a new Tab- 

leau workbook, click Connect to Data and open the ATM 

Transactions Excel workbook. Because this Excel work- 
book contains two worksheets, drag DATA in the Sheets list 

and drop it in the Drag sheets here area to manually establish 

the data source. In a new Tableau worksheet: 

1. Drag Cause and drop it in the Columns shelf. 

2. Drag Frequency and drop it in the Rows shelf. 

A vertical bar chart appears and the green pill SUM (Frequency) 

appears in the Rows shelf. 

3. Right-click the Cause pill in the Columns shelf and 

select Sort in the shortcut menu. 

In the Sort[Cause] dialog box (shown below): 

4. Select Field in the Sort By pull-down list. 

. Click Descending. 

. Select Frequency from the Field Name pull-down list. 

. Leave the Aggregation pull-down selected to Sum. 

. Click the Close icon for the dialog box (the “X” icon in 

the upper-right corner of the dialog box). 
on N NH 

Sort [Cause] x 

| Son By 

Field v 

© Ascending 

@ Descending 

Field Name 

Frequency v 

Aggregation 

Sum ng 

ne ee 
| Clear 

9, Drag Frequency and drop it on the right edge of the 

chart. (Tableau will reveal a vertical dashed line when 

the dragged Frequency reaches the right edge.) 

The visual appearance of the chart may change. 

10. In the Marks area, click the first SUM(Frequency) 

entry and then select Bar from the pull-down list below 

this entry. 
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11. In the Marks area, click the second SUM(Frequency) 

entry and then select Line from the pull-down list _ 

below this entry. 

The visual appearance of the chart begins to look like a Pareto | 

chart. 

12. Right-click the second SUM(Frequency) pill in the |” 
Rows shelf and select Add Table Calculation in the — 

shortcut menu. 

In the Table Calculation dialog box: 

13. Select Running Total from the first Calculation Type 

pull-down list. 

14. Check Add secondary calculation. 

Tableau changes (the first) Calculation Type to Primary Cal- 

culation Type and widens the dialog box (shown below). 

15. Select Percent of Total from the Secondary Calculation 

Type pull-down list. 

16. Click the Close icon for the dialog box. 

| Table Calculation x 
% of Total Running Sum of Frequency 

Primary Calculation Type Secondary Calculation Type 

| Running Total + Percent of Total ’ 

| Sum ~  [(_) Compute total across all pages 

| Compute Using Compute Using 

| | PiaBle@ecrosey)o: 9 0 | | PTabletacross): 
| Cell | Table (down) 

| | Specific Dimensions Table 
| io se oF Oe T= eee Cell 

| [¥] Cause Specific Dimensions iS al 

: ‘cue -— | | 
Restarting every | 

Add secondary calculation 
} —_ . . 

| |_| Show calculation assistance 
| 

17. Click Color in the Marks card area. 

18. In the Color gallery (shown below), select the deep 

orange square icon and the second Markers icon (line 

with markers) in the Effects group. 
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Both the left and right Y axes need to be equivalently scaled, 

with upper end values scaled to 100% or an equivalent 

amount. Begin with the axis for the line chart. 

19. Right-click the right Y axis and select Edit Axis. 

In the Edit Axis [% of Total Running Sum of Frequency] 

dialog box (shown below): 

20. Click Fixed and enter 1 as the Fixed end. 

21. Enter Percent as the Title. 

22. Click the Close icon for the dialog box (the upper-right 

*“X”’ icon). 

Edit Axis [% of Total Running Sum of Frequency] x 

General Tick Marks | 

Range 

( Synchronize dual axes 

© Automatic (¥] Include zero 

© Uniform axis range for all rows or columns 

© Independent axis ranges for each row or column 

@ Fixed 

Fixed start v= Fixed end vy | 

0 1 

Scale 

(1 Reversed 

(J Logarithmic 

Axis Titles 

we 

Percent 

Subtitle 
Automatic | 

sit 
sures! 

The left Y axis scale (for the bars) is not equivalent to the 

right Y axis scale. The upper bound of the left scale needs to 

equal the sum of all frequencies (724, for this example). To 

correct this error: 

23. Right-click the left Y axis and select Edit Axis. 

In the Edit Axis [Frequency] dialog box (not shown): 

24. Click Fixed and enter 724 as the Fixed end. 

25. Click the Close icon for the dialog box (the upper-right 
“xX” icon). 

To express the left Y axis scale in terms of percentage, replace 
Steps 23 through 25 with the following Steps 23 through 26. 

23. Right-click the first SUM(Frequency) pill in the Rows 
shelf and select Quick Table Calculation > Percent of 
Total in the shortcut menu. 

24. Right-click the left Y axis and select Edit Axis. 

In the Edit Axis [% of Total Frequency] dialog box: 

25. Click Fixed and enter 1 (representing 100%) as the 
Fixed end. 

26. Click the Close icon for the dialog box (the upper-right 
“X” icon). 

Enter a worksheet title, turn off gridlines, and, optionally, 

adjust font and type characteristics using the Appendix Sec- 

tion B.ST instructions. 

Visualizing Two Categorical Variables 

Use horizontal bars. 

For example, to construct a side-by-side chart that displays 

the fund type and risk level, similar to Figure 2.9 on page 56, 

in anew Tableau workbook, click Connect to Data and open 

the Retirement Funds for Excel workbook. In a new Tab- 

leau worksheet: 

. Drag Fund Type and drop it in the Rows shelf. 

. Drag Risk Level and drop it in the Rows shelf. 

. Drag Number of Records and drop it in the Columns 

shelf. 

wn = 

Tableau creates a side-by-side chart in which all bars have 

the same color. To color the bars differently for each level of 

risk, as the Figure 2.9 charts do, drag Risk Level a second 

time and drop it over the Color icon in the Marks card area. 

Enter a worksheet title, turn off gridlines, and, optionally, 

adjust font and type characteristics using the Appendix Sec- 

tion B.5T instructions. 

If the Risk Level categories need to be reordered as 

Low, Average, and High, right-click the Risk Level pill in 

the Rows shelf and select Sort in the shortcut menu. In the 

Sort [Risk Level] pr box, follow steps 6 through 8 on 

page 102. 

TG2.4 VISUALIZING NUMERICAL 
VARIABLES 

The Histogram 

Use histogram. 

For example, to construct the Figure 2.11 histograms for 

meal costs at center city and metro area restaurants on 

page 59, ina new Tableau workbook, click Connect to Data 

and open the Restaurants for Excel workbook. In a new 
Tableau worksheet: 

1. Drag Cost and drop it in the Columns shelf. 

Click the histogram icon in the Show Me gallery. The 

green pill CNT(3Cost) appears in the Rows shelf. 

Right-click Cost (bin) in the Dimensions list and select 
Edit in the shortcut menu. 

In the Edit Bins [Cost] dialog box (shown below), enter 
10 in the Size of bins box and click OK. 

N 

a 

> 

Edit Bins [Cos [Cost] x 

in 



5. Drag Location and drop it in the Rows shelf. Tableau 
creates a pair of histograms, the X axes of which are 
mislabeled. 

6. Right-click the X¥ axis and select Edit Axis in the short- 
cut menu. 

In the Edit Axis [Cost (bin)] dialog box: 

7. Inthe General tab, enter Meal Cost ($) as the Title and 
click the Tick Marks tab. 

8. In the Tick Marks tab (shown below), click Fixed in 

the Major Tick Marks group and enter 25 as the Tick 

Origin and click the Close icon for the dialog box (the 

upper-right “X” icon), 

Edit Axis [Cost (bin)] = a 

General Tick Marks 

Major Tick Marks 

© Automatic 

© Fixed 

© None 

Tick ongin 

25 10 

Tick interval 

Minor Tick Marks 

@ Automatic 

© Fixed 

O None 

Tick origin 

0 1 

9. Back in the worksheet, right-click the Y axis, select Edit 

Axis in the shortcut menu. 

10. In the Edit Axis [Count of Cost] dialog box, enter 

Frequency as the Title and click the Close icon for the 

dialog box (the upper-right “X” icon). 

Enter a worksheet title, turn off gridlines, and, optionally, 

adjust font and type characteristics using the Appendix 

Section B.5T. 

Histogram Classes. Bins that Tableau creates are true 

classes in the form low value through less than upper value. 

A bin size of 10 and a first lower class boundary of 20 creates 

the classes that match the Table 2.7 classes: 20 but less than 

30, 30 but less than 40, and so forth. Tableau Desktop Public 

Edition automatically selects the first lower class boundary— 

users cannot specify that value as they can in other programs 

that this book discusses. 

TG2.5 VISUALIZING TWO NUMERICAL 

VARIABLES 

The Scatter Plot 

Use scatter plots. 

For example, to construct the Figure 2.17 scatter plot of rev- 

enue and value for NBA teams on page 66, in a new Tabieau 
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workbook, click Connect to Data and open the NBAValues | _ 
Excel workbook. In a new Tableau worksheet: 

1. Drag Revenue and drop it in the Columns shelf. 

. Drag Current Value and drop it in the Rows shelf. 

. Drag Team Code and drop it over the Detail icon in the 

Marks card area. 

4, Inthe Marks card area, select Circle from the pull-down 

list. 

ww bv 

Enter a worksheet title, turn off gridlines, and, optionally, 

adjust font and type characteristics using the Appendix Sec- 

tion B.5T instructions. 

The Time-Series Plot 

Use lines (discrete). 

For example, to construct time-series plot of movie revenue 

per year from 1995 to 2018, similar to Figure 2.18 on page 67, 

in anew Tableau workbook, click Connect to Data and open 

the Movie Revenues Excel workbook. In a new Tableau 

worksheet: 

1. Right-click Year in the Dimensions list and select 

Change Data Type Date in the shortcut menu. 

2. Drag Year and drop it in the Columns shelf. 

3. Drag Revenues and drop it in the Rows shelf. 

4. Click the Color icon in the Marks card area and click 

the second Markers icon (line with markers) in the 

Effects group. 

5. Click anywhere in the time-series plot. 

Enter a worksheet title, turn off gridlines, and, optionally, 

adjust font and type characteristics using the Appendix 

Section B.5T instructions. 

TG2.6 ORGANIZING a MIX of VARIABLES 
Use text tables. 

For example, to create a multidimensional contingency table 

displaying percentage of overall total for fund type, risk level, 

and market cap for the retirement funds sample similar to 

Figure 2.19 on page 69, in a new Tableau workbook, click 

Connect to Data and open the Retirement Funds for 

Tableau Excel workbook. In a new Tableau worksheet: 

1. Drag Risk Level and drop it in the Columns shelf. The 

shell of a summary table appears in the display area. 

2. Drag Fund Type and drop it in the Rows shelf. 

. Drag Market Cap and drop it in the Rows shelf. 

4. Drag Number of Records and drop it over the “Abc” 
cells in the table. The green pill SUM(Number of 

Records) appears in the Marks card area. 

5. Select Analysis Totals and check Show Row Grand 

Totals. 

6. Select Analysis > Totals and check Show Column 

Grand Totals. 

7. Right-click the SUM(Number of Records) pill and 

select Add Table Calculation in the shortcut menu. 

Ge 
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In the Table Calculation dialog box (not shown): 

8. Select Percent of Total from the Calculation Type 

pull-down list. 

9. Select Table in the Compute Using list box. 

10. Click the Close icon for the dialog box (the upper-right 

eo. 1COn), 

Tableau creates the summary table with risk level catego- 

ries in alphabetical order. To list categories in the order Low, 

Average, and High, right-click the Risk Level pill in the 

Columns shelf and select Sort in the shortcut menu. In the 

Sort [Risk Level] dialog box: 

11. Click Manual. 

12. In the list box, select Low and then click Up twice to 

reorder categories. 

13. Click OK. 

Enter a worksheet title and, optionally, adjust font and type 

characteristics using the Appendix Section B.5T instructions. 

Adding a Numerical Variable. To add a numerical variable 

to the multidimensional contingency table for Fund Type, 

Risk Level, and Market Cap to show the mean 10YrReturn, 

similar to Figure 2.20, continue the 13-step process with 

steps 14 through 16. 

14. Right-click the SUM(Number of Records) pill in 

the Marks area and select Remove in the shortcut 

menu. 

15. Right-click 10YrReturn in the Dimensions list and 

select Convert to Measure in the shortcut menu. 

16. Drag 10YrReturn and drop it over the “Abc” cells in 

the table. The green pill SUM(10YrReturn) appears in 

the Marks card area. 

17. Right-click the SUM(10YrReturn) pill and select 

Measure(Sum) > Average in the shortcut menu. 

The mean ten-year return percentage values replace the sums 
in the multidimensional contingency table. Numerical vari- 

ables added in this way must be measures and not dimensions, 

the reason for step 15. 

TG2.7_ VISUALIZING a MIX of VARIABLES 

Colored Scatter Plots 

Use scatter plots. 

For example, to create the Figure 2.22 colored scatter plot of 
expense ratio, 3YrReturn, and market cap, on page 70, in a 
new Tableau workbook, click Connect to Data and open the 
Retirement Funds for Tableau Excel workbook. In a new 
Tableau worksheet: 

1. Drag 3YrReturn and drop it in the Columns shelf. 
2. Drag Expense Ratio and drop it in the Rows shelf. 

3. Drag Market Cap and drop it over the Color icon in 

the Marks card area. 

4, Drag Fund Number and drop it over the Detail icon in 

the Marks card area. 

5. Click the Fund Number pill and then select Circle 

from the Marks pull-down list. (The Marks card area 

after step 5 is shown at right.) 

Marks 

O Circle Y 

$3 & ea) 
Color Size Label 

020 ae 

Detail | Tooltip 
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Enter a worksheet title, turn off gridlines and the zero line, 

and, optionally, adjust font and type characteristics using the 

Appendix Section B.5T instructions. 

Treemap 

Use treemaps. 

For example, to construct the Figure 2.24 treemap for Fund 

Type and Market Cap on page 72, in a new Tableau workbook, 

click Connect to Data. and open the Retirement Funds for 

Tableau Excel workbook. In a new Tableau worksheet: 

1. Drag Fund Type and drop it over the Text icon in the 

Marks card area. 

2. Drag Market Cap and drop it over the Text icon in the 

Marks card area. 

3. Drag Number of Records and drop it over the work- 

sheet display area. 

4. Click Show Me if the Show Me gallery is not visible. 

5. Click the treemaps icon in the Show Me gallery. 

Tableau displays a treemap that is colored by the frequency 

of each group, which is also represented by the size of each 

rectangle. To color the treemap by Market Cap: 

5. Right-click the (second) SUM(Number of Records) 

pill for Color and select Remove in the shortcut menu. 

Every square becomes the same color. 

6. Click the small Text icon to the immediate left of the 

Market Cap pill and select Color from the popup gallery, 

7. Drag Market Cap and drop it over the Text icon in the 

Marks card area. 

Tableau displays a treemap that is labeled by fund.type and 
market cap and colored by market cap. Enter a worksheet title 
and, optionally, adjust font and type characteristics using the 
Appendix Section B.ST instructions. 



Sparklines 

Use lines (discrete). 

For example, to construct the Figure 2.25 sparklines for movie 
revenues per month for the period 2005 to 2018 on page 73, in 
anew Tableau workbook, click Connect to Data and open the 
Monthly Movie Revenues Excel workbook. Because this 
Excel workbook contains two worksheets, drag Stacked in 
the Sheets list and drop it in the Drag sheets here area to man- 

ually establish the data source. In a new Tableau worksheet: 

1. Right-click Year in the Dimensions list and select 

Change Data Type > Date in the shortcut menu. 

- Drag Year and drop it in the Columns shelf. 

. Drag Month and drop it in the Rows shelf. 

Drag Revenue and drop it in the Rows shelf. 

- Click Color in the Marks card area 

. In the Color gallery, select the second Markers icon 

(line with markers) in the Effects group. 

7. Select Format Lines.” 

8. In the Format Lines Rows tab, select None from the 

Grid Lines pull-down list. 

9. In the chart, right-click the Revenue Y axis and clear the 

Show header checkmark. 

10. Resize the width of the chart and the height of the month 

line graphs. 

An bw 

To resize the height of the month graphs, place mouse cursor 

over a horizontal rule that separates any two month labels. 

When the mouse cursor changes to a two-sided arrow, drag 

the mouse up to reduce the height of all month rows. Enter a 

worksheet title and, optionally, adjust font and type charac- 

teristics using the Appendix Section B.5T instructions. 

Adding the high and low points in the Figure 2.25 

sparklines requires defining two calculated fields, an 

advanced use of Tableau. To add the necessary fields, con- 

tinue with steps 11 through 19: 

11. Select Analysis > Create Calculated Field. 

12. In the Calculation Editor (shown below), enter 

FindMaximum as the name of the calculation and enter 

the text IF [Revenue] = { FIXED [Month] : MAX- 

({[Revenue])} THEN [Revenue] END in the calculation 

area. 

13. Click OK. 

IF [Revenue] = {FIXED [Month]: MAX ( [Revenue)) } 

THEN (Revenue) 

END 

The calculation is valid. 1 Dependency fox 
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FindMaximum identifies the maximum value in each 

monthly time series. Use shortcuts to create a calcu- 

lated field that identifies the minimum value in each 

time series, 

14. Right-click FindMaximum in the Measures list and 

select Duplicate in the shortcut menu. 

15. Right-click FindMaximum (copy) and select Edit in 

the shortcut menu. 

16. In the Calculation Editor, change the name of the mea- ~ 

sure to FindMinimum and change MAX to MIN in the | 

calculation area. 

17. Click OK. 

18. Drag FindMaximum in the Measures list and drop it © 

in the Rows shelf. (To see the Measures list, close the |~ 
Format Lines tab if that tab is stili open due to step 7.) 

19. Right-click the FindMaximum pill and select Dual 

Axis in the shortcut menu. 

20. Drag FindMinimum in the Measures list and drop it on 

the on the right edge of the right vertical axis such that 

the dragged icon changes to two vertical bars. 

21. Right-click the SUM(Revenue) pill and clear the Show © 

Header checkmark in the shortcut menu. 

Tableau colors the line graphs to highlight the minimum and 

maximum values in each graph. 

To emphasize the minimum and maximum points, click 

the Measure Names entry in the Marks card area and select 

Circle from the pull-down list. Tableau displays a large point 

if the monthly revenue is either the lowest or highest revenue 

for the time series. 

To change colors of the monthly revenue, maximum, 

or minimum points, right-click an entry in the legend and 

select Edit Colors in the shortcut menu. In the Edit Colors 

dialog box (not shown), change individual colors or assign 

a palette of colors, and then click OK. (The treemap that 

appears in this chapter uses the Tableau Color Blind palette 

to enhance its accessibility for those that suffer from color 

vision deficiencies. ) 

Calculated field formulas are beyond the scope of this 

book to fully discuss. Calculated field formulas supplement 

table calculations. Calculated fields help recode, segment, 

and aggregate data and filter results in addition to performing 

arithmetic operations. 
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YUSING STATISTICS 
More Descriptive Choices 

and visualize the variables found in a sample of 479 retirement funds. Now, several 

weeks later, prospective clients are asking for more information on which they can base 
their investment decisions. In particular, they would like to compare the results of an individual 

retirement fund to the results of similar funds. 

For example, while the earlier work your team did shows how the three-year return per- 
centages are distributed, prospective clients would like to know how the value for a particular 

mid-cap growth fund compares to the three-year returns of all mid-cap growth funds. They also 

seek to understand the variation among the returns. Are all the values relatively similar? And 
does any variable have outlier values that are either extremely small or extremely large? 

While doing a complete search of the retirement funds data could lead to answers to the 
preceding questions, you wonder if there are better ways than extensive searching to uncover 

those answers. You also wonder if there are other ways of being more descriptive about the 

sample of funds—providing answers to questions not yet raised by prospective clients. If you 

can help the Choice /s Yours investment service provide such answers, prospective clients will 
be able to better evaluate the retirement funds that your firm features. 

f s amember of a Choice /s Yours investment service task force, you helped organize 
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3.1 Measures of Central Tendency 109 

he prospective clients in the More Descriptive Choices scenario have begun asking 

questions about numerical variables such as how the three-year return percentages 

vary among the individual funds that comprise the sample of 479 retirement funds. 

Descriptive methods that describe the central tendency, variation, and shape of variables help 
answer such questions. 

Central tendency is the extent to which the values of a numerical variable group around 

a typical, or central, value. Variation measures the amount of dispersion, or scattering, away 

from a central value that the values of a numerical variable show. The shape of a variable is 

the pattern of the distribution of values from the lowest value to the highest value. This chapter 

describes the numerical measures that describe these qualities. The chapter also discusses the 

covariance and the coefficient of correlation, measures that can help show the strength of the 

association between two numerical variables. 

Calculating descriptive measures that this chapter discusses would be one way to help 

prospective clients of the Choice /s Yours service find the answers they seek. More generally, 

calculating these measures is a typical way to begin analyzing numerical data using the DCOVA 

framework. 

of Central Tendency 
Most variables show a distinct tendency to group around a central value. When people talk 

about an “average value” or the “middle value” or the “most frequent value,” they are talking 

informally about the mean, median, and mode—three measures of central tendency. 

The Mean 

The arithmetic mean (in everyday usage, the mean) is the most common measure of central 

tendency. To calculate a mean, sum the values in a set of data and then divide that sum by the 

number of values in the set. The mean can suggest a typical or central value and serves as a 

“balance point” in a set of data, similar to the fulcrum on a seesaw. The mean is the only common 

measure in which all the values play an equal role. 

The symbol X, read as X-bar, represents the mean of a sample. The sample mean is the sum 

of the values in a sample divided by the number of values in the sample. For a sample containing 

n values, the equation for the sample mean is 

sum of the n values 
Y= 

n 

Using the series X;, X>, . .., X, to represent the set of n values, the equation becomes 

ga mtht +X 
n 

Using summation notation (see Appendix A) to replace the numerator X; + X, + +++ + X, 
n 

with the term By X;, which means “sum all the X; values from the first X value, X;, to the last X 
i=1 

value, X,,,” forms Equation (3.1), a formal definition of the sample mean. 

SAMPLE MEAN 

——— (3.1) 
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where 

X = sample mean 

n = sample size 

ith value of the variable X 

a X, = sum of all X; values in the sample 

Because all the values play an equal role, a mean is greatly affected by any value that is very 

different from the others. When a set of data contains extreme values, avoid using the mean as 

a measure of central tendency. 

As an example of using a sample mean, consider that knowing the typical time to get 

ready in the morning might help people to better manage their weekday schedules. To study 

this problem using the DCOVA framework, one first defines get-ready time as the elapsed time 

from when a person wakes up in the morning until the person actually leaves for work, rounded 

to the nearest minute. For a specific person, one collects the get-ready times for 10 consecutive 

weekdays and organizes and stores them in (7ST*. 
Using the collected data, calculating the mean would discover the “typical” get-ready time. 

For these data: 

Day: 1 2 3 a 5 6 7 8 9 10 

Time (minutes): 39 29 43 52 39 44 40 31 44 35 

the mean time is 39.6 minutes, calculated as: 

nN 

x | 
2 _ 39 + 29 + 43 + 52+ 39 + 44 + 40 + 31 + 44 + 35 

10 
><! 

= — = 39.6 
1 

>I 

n 

6 

0 

Even though no individual day in the sample had a value of 39.6 minutes, allotting this amount 

of time to get ready in the morning would be a reasonable decision to make. The mean is a good 

measure of central tendency in this case because the data set does not contain any exceptionally 

small or large values. 

To illustrate how the mean can be greatly affected by any value that is very different from 

the others, imagine that on Day 3, a set of unusual circumstances delayed the person getting 

ready by an extra hour, so that the time for that day was 103 minutes. This extreme value causes 
the mean to rise to 45.6 minutes, as follows: 

| _ 39 + 29 + 103 + 52 + 39 + 44 + 40 + 31 + 44 + 35 X ome i=1 

n 10 

— 456 
X =—— = 45.6 

10 

The one extreme value has increased the mean by 6 minutes. The extreme value also moved the 
position of the mean relative to all the values. The original mean, 39.6 minutes, had a middle, | 
or central, position among the data values: five of the times were less than that mean, and five 
were greater than that mean. In contrast, the mean using the extreme value is greater than 9 of 
the 10 times, making the new mean a poor measure of central tendency. 
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A sample of seven breakfast cereals (stored in [@{{22)) includes nutritional data about the 
number of calories per serving: 

Cereal Calories 

Kellogg’s All Bran 80 

Kellogg’s Corn Flakes 100 

Wheaties 100 

Nature’s Path Organic Multigrain Flakes 110 

Kellogg’s Rice Krispies 130 

Post Shredded Wheat Vanilla Almond 190 

Kellogg’s Mini Wheats 200 

Calculate the mean number of calories in these breakfast cereals. 

SOLUTION The mean number of calories is 130, calculated as follows: 

— 910 
= — 130 

i 

The Median 

The median is the middle value in an ordered array of data that has been ranked from smallest 

to largest. Half the values are smaller than or equal to the median, and half the values are larger 

than or equal to the median. Extreme values do not affect the median, making the median a good 

alternative to the mean when such values exist in the data. 

To calculate the median for a set of data, first rank the values from smallest to largest and 

then use Equation (3.2) to calculate the rank of the value that is the median. 

MEDIAN 

i ae Il 
Median = th ranked value (3.2) 

Calculate the median by following one of two rules: 

¢ Rule 1 Ifthe data set contains an odd number of values, the median is the measurement 

associated with the middle-ranked value. 

¢ Rule2_ Ifthe data set contains an even number of values, the median is the measurement 

associated with the average of the two middle-ranked values. 

To further analyze the sample of 10 get-ready times, one can calculate the median. To do 

so, first rank the daily times: 

Ranked values: 29 31 55 39 39 40 43 44 44 Sy) 

Ranks: 1 D, 3 4 5 6 Wf 8 9 10 

t 
Median = 39.5 

Because the result of dividing n + 1 by 2 for this sample of 10 is (10 + 1)/2 = 5.5, one 

must use Rule 2 and average the measurements associated with the fifth and sixth ranked values, 

39 and 40. Therefore, the median is 39.5. The median of 39.5 means that for half the days, the 

time to get ready is less than or equal to 39.5 minutes, and for half the days, the time to get ready 
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is greater than or equal to 39.5 minutes. In this case, the median time to get ready of 39.5 minutes 

is very close to the mean time to get ready of 39.6 minutes. 

The previous section noted that substituting 103 minutes for the time of 43 minutes 

increased the mean by 6 minutes. Doing the same substitution does not affect the value of 

median, which would remain 39.5. This example illustrates that the median is not affected 

by extreme values, 

| EXAMPLE 3.2] A sample of seven breakfast cereals (stored in [@32"")) includes nutritional data about the 

Calculating the number of calories per serving (see Example 3.1 on page 111). Calculate the median number 

Median From an of calories in breakfast cereals. 

| Odd-Sized Sample SOLUTION Because the result of dividing n + 1 by 2 for this sample of seven is(7 + 1)/2 = 4, 

using Rule 1, the median is the measurement associated with the fourth-ranked value. The num- 

ber of calories per serving values are ranked from the smallest to the largest: 

Ranked values: 80 100 100 110 130 190 200 

Ranks: ] 2 3 4 2 6 fs 

| t 
| Median = 110 
| The median number of calories is 110. Half the breakfast cereals have 110 or less than 110 cal- 

ories per serving, and half the breakfast cereals have 110 or more than 110 calories per serving. 
A ee eee «5! 5\.' ¥-7)' SP 

The Mode 
The mode is the value that appears most frequently. Like the median and unlike the mean, 

extreme values do not affect the mode. For a particular variable, there can be several modes or 

no mode at all. For example, examine the sample of 10 times to get ready in the morning: 

29.cd1. <3), 39.39, 40,43. 44, 44 © 52 

There are two modes, 39 minutes and 44 minutes, because each of these values occurs twice. 

Sometimes there is no mode because each value in a data set appears the same number 

of times in the data set. The following sample of 26 net prices for used smartphones collected 

from an AT&T website during a search of phones has no mode, no value that is “most typical,” 
because every value appears once (EEEETTESSS). 

6.00 6.80 7.00 9.00 9.35 10.00 11.67 13.37 14.00 15.00 15.02 16.67 17.00 

17.85 19.00 20.00 23.34 25.00 25.17 30.00 33.34 35.57 41.67 43.17 50.00 66.00 

A systems manager in charge of a company’s network keeps track of the number of server fail- 
ures that occur in a day. Determine the mode for the following data, which represent the number 
of server failures per day for the past two weeks: 

LS peO Be 26 kid Dee S23 tees 

SOLUTION The ordered array for these data is 

D0 21, 242) Se 32 B63) 3 4-26 Bee 

Because 3 occurs five times, more times than any other value, the mode is 3. Thus, the systems 
manager can say that the most common occurrence is having three server failures in a day. For 
this data set, the median is also equal to 3, and the mean is equal to 4.5. The value 26 is an 
extreme value. For these data, the median and the mode are better measures of central tendency 
than the mean. 

Determining 
the Mode 
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The Geometric Mean 

To measure the rate of change of a variable over time, one uses the geometric mean instead of 

the arithmetic mean. Equation (3.3) defines the geometric mean. 

GEOMETRIC MEAN 

The geometric mean is the nth root of the product of n values: 

xe om (X; x X) PET RO aed veyie (3.3) 

The geometric mean rate of return measures the mean percentage return of an investment 

per time period. Equation (3.4) defines the geometric mean rate of return. 

GEOMETRIC MEAN RATE OF RETURN 

Ro =(1 +R) XUA+R) Xo XA +R" - 1 ee (324) 

where 

R; = rate of return in time period i 

To illustrate these measures, consider an investment of $100,000 that declined to a value of 

$50,000 at the end of Year 1 and then rebounded back to its original $100,000 value at the end 

of Year 2. The rate of return for this investment per year for the two-year period is 0 because the 

starting and ending value of the investment is unchanged. However, the arithmetic mean of the 

yearly rates of return of this investment is 

(—0.50) + (1.00) 
D 

= 0.25 or 23% Y= 

because the rate of return for Year | is 

(08 — 100,000 
R, — ) = —0.50 or —50% 

100,000 

and the rate of return for Year 2 is 

) = 1.00 or 100% 
5 (‘o0.ee — 50,000 

2 50,000 

Using equation (3.4), the geometric mean rate of return per year for the two years is 

Rg =(1 +R) X1+R)]'"- 1 

= [(1 + (—0.50)) X (1 + (1.0))]' — 1 

[(0.50) X (2.0)]/2 — 1 = [1.0]'/? - 1 

=] eS PS 

Using the geometric mean rate of return more accurately reflects the (zero) change in the value 

of the investment per year for the two-year period than does the arithmetic mean. 
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EXAMPLE 3.4 The percentage change in the Russell 2000 Index of the stock prices of 2,000 small companies 

Computing the was 13.1% in 2017 and —12.2% in 2018. Compute the geometric rate of return. 

Geometric Mean SOLUTION Using Equation (3.4), the geometric mean rate of return in the Russell 2000 Index 

Rate of Return for the two years 1s 

Rg = [((1 +R: X (1 + R,)|!/" = 

= ((1 + (0.131)) X (1 + (—0.122))]!/* - 1 

II [(1.131)  (0.878)]'/? — 1 = (0.9930)!/? — 1 

I 0.9965 — 1 = —0.0035 

The geometric mean rate of return in the Russell 2000 Index for the two years is —0.35% per year. 

3.2 Measures of Variation and Shape 
In addition to central tendency, every variable can be characterized by its variation and shape. 

Variation measures the spread, or dispersion, of the values. The shape of a variable represents 

a pattern of all the values, from the lowest to highest value. As Section 3.3 explains, many 

variables have a pattern that looks approximately like a bell, with a peak of values somewhere 

in the middle. 

The Range 
A simple measure of variation, the range is the difference between the largest and smallest value 

and is the simplest descriptive measure of variation for anumerical variable. 

RANGE 

The range is equal to the largest value minus the smallest value. 

Range 9 Xargest — Xsmattest (3.5) 

Calculating the range would further analyze the sample of 10 get-ready times. To do so, first 
rank the data from smallest to largest: 

29. 31035 °39) 39 409143 . 44 44,5 52 

Using Equation (3.5), the range is 52 — 29 = 23 minutes. The range of 23 minutes indi- 
cates that the largest difference between any two days in the time to get ready in the morning 
is 23 minutes. 

A sample of seven breakfast cereals (stored in includes nutritional data about the num- 
- Calculating the ber of calories per serving (see Example 3.1 on page 111). Calculate the range of the number 
Range of the of calories for the cereals. 

Number of Calories 

in Cereals 
SOLUTION Ranked from smallest to largest, the calories for the seven cereals are 

80 100 100 110 130 190 200 

Therefore, using Equation (3.5), the range = 200 — 80 = 120. The largest difference in the 
number of calories between any two cereals is 120. 
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The range measures the total spread in the set of data. However, the range does not take into 

account how the values are distributed between the smallest and largest values. In other words, 

the range does not indicate whether the values are evenly distributed, clustered near the middle, 

or clustered near one or both extremes. Thus, using the range as a measure of variation when at 

least one value is an extreme value is misleading. 

The Variance and the Standard Deviation 

Being a simple measure of variation, the range does not consider how the values distribute or 

cluster between the extremes. Two commonly used measures of variation that account for how 

all the values are distributed are the variance and the standard deviation. These statistics 

measure the “average” scatter around the mean—how larger values fluctuate above it and how 

smaller values fluctuate below it. 

A simple calculation of variation around the mean might take the difference between each 

value and the mean and then sum these differences. However, the sum of tiese differences 

would always be zero because the mean is the balance point for every numerical variable. A 

calculation of variation that differs from one data set to another squares the difference between 

each value and the mean and then sums those squared differences. This sum of the squared 

differences, called the sum of squares (SS), forms a basis for calculating the variance and the 

standard deviation. 
For a sample, the sample variance (S”) is the sum of squares divided by the sample size 

minus |. The sample standard deviation (S) is the square root of the sample variance. Because 

the sum of squares can never be a negative value, the variance and the standard deviation will 

always be non-negative values, and in virtually all cases, the variance and standard deviation 

will be greater than zero. (Both the variance and standard deviation will be zero, meaning no 

variation, only for the special case in which every value in a sample is the same.) 

For a sample containing n values, X,, X>, X3, ..., X,, the sample variance (57) is 

(ee eee ne X)? 

Tiel 
Sa 

Equations (3.6) and (3.7) define the sample variance and sample standard deviation using 
nA 

summation notation. The term > (X; — X)* represents the sum of squares. 
i=] 

SAMPLE VARIANCE and SAMPLE STANDARD DEVIATION 

De 
Siatee eee He (3.6) 

SS ae (3.7) 

where a 

X = sample mean 

n = sample size 

X; = ith value of the variable X 
n — 

SE X)? = summation of all the squared differences between the X; values and X 
i=1 
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Note that in both equations, the sum of squares is divided by the sample size minus 1,n — 1. 

The value is used for reasons related to statistical inference and the properties of sampling dis- 

tributions that Section 7.2 discusses. For now, observe that the difference between dividing by 

nand by n — | becomes smaller as the sample size increases. 

Because the sample standard deviation will always be a value expressed in the same units as 

the original sample data, most use this statistic as the primary measure of variation. (The sample 

variance is a squared quantity that may have no real-world meaning.) For almost all samples, 

the majority of the values in a sample will be within an interval of plus and minus | standard 

deviation above and below the mean. Therefore, calculating the sample mean and the sample 

standard deviation typically helps define where the majority of the values are clustering. 

\) Sample variance can be calculated using this four-step process: 

go 
“6 (Lv 

y (6° 

Step 1 Calculate the difference between each value and the mean. 

Step 2 Square each difference. 

(5 Step 3 Sum the squared differences. 

Step 4 Divide this total by n — 1. 

Table 3.1 illustrates this process for the sample of 10 get-ready times. The middle column 

performs step 1, the right column performs step 2, the sum of the right column represents step 3, 

and the division of that sum represents step 4. 

TABLE 3.1 
Computing the variance Time (X) Step 1:(X; — X) Step 2: (X; — XP 
of the get-ready times 39 —0.60 0.36 

29 —10.60 112.36 

43 3.40 11.56 

ay 12.40 153.76 

- n = 10 39 —0.60 0.36 
The mean (X) equal to 39.6 i 

was calculated previously Sa a aoe ae 
using the method that ; 40 0.40 0.16 
page 110 discusses. ail —8.60 73.96 

44 4.40 19.36 

35 —4.60 21.16 

Step 3: Sum 412.40 

Step 4: Divide by(n — 1) 45,82 

“is e A94 g7 hey Sample variance can also be calculated by substituting values for the terms in Equation (3.6): 

n 

(x, — X/ , 
go Si _ G9 — 39.6)* + 29 — 39.6)? + +++ + 5 — 39.6) 

n= "1 io =1 

9 ; 

3 65 The sample standard deviation, S, can be calculated using the square root of the variance or 
by substituting values for the terms in Equation (3.7) on page 115: 

i=1 
> & - X 
ete es 1 OS ee 

ie i 
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_ of the Number of 

Calories in Cereals 

FIGURE 3.1 

Excel results for the 

variance and standard 

deviation of the number 

of calories in the sample 

of cereals. 
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The sample standard deviation indicates that the get-ready times in this sample are cluster- 

ing within 6.77 minutes around the mean of 39.6 minutes, between X =91/S=" 32.83 "and 

X + 1S = 46.37 minutes. In fact, 7 out of 10 get-ready times lie within this interval. 

While not shown in Table 3.1, the sum of the middle column that represents differences 

between each value and the mean is zero. For any set of data, this sum will always be zero: 

n 

SX — X) = 0 for all sets of data 
i=l 

This property is one of the reasons that the mean is used as the most common measure of central 

tendency. 

Example 3.6 illustrates that many applications calculate the sample variance and the sample 
standard deviation, making hand calculations unnecessary. 

A sample of seven breakfast cereals (stored in (@"—) includes nutritional data about the num- 

ber of calories per serving (see Example 3.1 on page 111). Calculate the variance and standard 

deviation of the calories in the cereals. 

SOLUTION Figure 3.1 contains the Excel results for this example. 

gate Ka Bul Cee es eer G es: D 

1 | Calories Calculations 

2. 80 Variance directly using VAR.S function 

an 100 in formula =VAR,S(A2:A8) 2200 

4 100 
5 110 Standard deviation durectly using STDEV.S 

Ge 130 function in formula =STDEV.S(A2:A8) 46,90 

7{ 190 
8 200 

Alternatively, using Equation (3.6) on page 115: 

n 

Xie W\2 

(hes 2 Lainie We (SOt ISO) (100 nat) ee (00 10) 

n= 1 7-1 

13,200 
aa Tier 2,200 

Using Equation (3.7) on page 115, the sample standard deviation, S, is 

SS 0 = 46,9042 

The standard deviation of 46.9042 indicates that the calories in the cereals are clustering 
within +46.9042 around the mean of 130 (clustering between X — 1S = 83.0958 and 

X + 18 = 176.9042). In fact, 57.1% (four out of seven) of the calories lie within this interval. 

(ae SSA PON TAO AN EIA EON NP EA APOE OR FO ECE EI PATENT OEE ENE ROR 

The Coefficient of Variation 
The coefficient of variation is equal to the standard deviation divided by the mean, multiplied by 
100%. Unlike the measures of variation presented previously, the coefficient of variation (CV) 

measures the scatter in the data relative to the mean. The coefficient of variation is a relative 
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measure of variation that is always expressed as a percentage rather than in terms of the units 

of the particular data. Equation (3.8) defines the coefficient of variation. 

COEFFICIENT OF VARIATION 

The coefficient of variation is equal to the standard deviation divided by the mean, 

multiplied by 100%. 

S 
CV = (5) 100% 

X 

S = sample standard deviation 

(3.8) 

where 

= sample mean 

For the sample of 10 get-ready times, because X = 39.6 and S = 6.77, the coefficient of variation is 

CV = 2 100% = ply 100% = 
Nae an a er ai 

17.10% 

For the get-ready times, the standard deviation is 17.1% of the size of the mean. 
Read the SHort TAKEs for a ip ; 
Chapter 3 to leam more The coefficient of variation is especially useful when comparing two or more sets of data 

ebout this rato. that are measured in different units, as Example 3.7 illustrates. 

EXAMPLE 3.7 Which varies more from cereal to cereal—the number of calories or the amount of sugar ) 
| | 
| 
| 

Comparing Two 
Coefficients of 

Variation When the 

Two Variables Have 

Different Units of 

Measurement 

(in grams)? 

SOLUTION Because calories and the amount of sugar have different units of measurement, 

you need to compare the relative variability in the two measurements. 

For calories, using the mean and variance that Examples 3.1 and 3.6 on pages 111 and 117 

calculate, the coefficient of variation is 

46.9042 

130 
CVesloriss = ( )ro0s = 36.08% 

For the amount of sugar in grams, the values for the seven cereals are 

6 62, 444 S110 

For these data, ¥ = 5.8571 and § = 3.3877. Therefore, the coefficient of variation is 

BW RC caren te i 
CVsugar = 5.8571 100% = 57.84% 

You conclude that relative to the mean, the amount of sugar is much more variable than the 
calories. 

2 Scores 
The Z score of a value is the difference between that value and the mean, divided by the standard 
deviation. A Z score of 0 indicates that the value is the same as the mean. A positive or negative 
Z score indicates whether the value is above or below the mean and by how many standard 
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Excel worksheet 

containing the Z scores 

for 10 get-ready times 
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in Cereals 

FIGURE 3.3 

Excel worksheet 

containing the Z scores 

for 10 cereals 
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deviations. Z scores help identify outliers, the values that seem excessively different from most 

of the rest of the values (see Section 1.4). Values that are very different from the mean will have 

either very small (negative) Z scores or very large (positive) Z scores. As a general rule, a Z score 

that is less than —3.0 or greater than +3.0 indicates an outlier value. 

Z SCORE 

L= (3.9) 

Calculating Z scores would analyze the sample of 10 get-ready times. Because the mean is 

39,6 minutes, the standard deviation is 6.77 minutes, and the time to get ready on tne first day 

is 39.0 minutes, the Z score for Day 1 using Equation (3.9) is 

De. Gt GatO es 
S We) 

The Z score of —0,09 for the first day indicates that the time to get ready on that day is very 

close to the mean. Figure 3.2 presents the Z scores for all 10 days. 

tb 0.09 

aA POSTS BG In The Worksheet 
1 a Get-Ready Time _Z Score SS See eee eS eee eee 

a = = Column B contains formulas that use the STANDARDIZE function to 

4| 43 0.50 calculate the Z scores for the get-ready times. STANDARDIZE requires 

: | = re the mean and standard deviation be known for the data set. 

: | > oe The Z Scores and Variation worksheets of the Excel Guide 

2 311.27 Descriptive workbook illustrate how STANDARDIZE can use the 

ri =e mean and standard deviation that another worksheet calculates. 

The largest Z score is 1.83 for Day 4, on which the time to get ready was 52 minutes. The 

lowest Z score is —1.57 for Day 2, on which the time to get ready was 29 minutes. Because 

none of the Z scores are less than —3.0 or greater then +3.0, you conclude that the get-ready 

times include no apparent outliers. 

cae nr accel a nN ERA SP ENN SANA PETRIE ZO RS ESAS RIM RECA NOESY GE RI REEDS HUA RSMO WR et SD ENE AA IN PTET AE RESTA 

A sample of seven breakfast cereals (stored in [@{Z2/8)) includes nutritional data about the 
number of calories per serving (see Example 3.1 on page 111). Calculate the Z scores of the 

calories in breakfast cereals. 

SOLUTION Figure 3.3 presents the Z scores of the calories for the cereals. The largest Z score 

is 1.49, for acereal with 200 calories. The lowest Z score is — 1.07, for a cereal with 80 calories. 

There are no apparent outliers in these data because none of the Z scores are less than —3.0 or 

greater than +3.0. 

& 7 Gere res See 
Calories Z Score 

win)! 

= 3S o 

fe Jo feel 

a w 3S ° [=] oO 
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FIGURE 3.4 

The shapes of three data 

distributions 

‘Several different operational defini- 
tions exist for kurtosis. The definition 

here, used by Excel, is sometimes 

called excess kurtosis to distinguish 

it from other definitions. Read the 

SHort Takes for Chapter 3 to learn 

how Excel calculates kurtosis (and 

skewness). 

Shape: Skewness 
Skewness measures the extent to which the data values are not symmetrical around the mean. 

The three possibilities are: 

* Mean < median: negative, or left-skewed distribution 

* Mean = median: symmetrical distribution (zero skewness) 

* Mean > median: positive, or right-skewed distribution 

In a symmetrical distribution, the values below the mean are distributed in exactly the same 

way as the values above the mean, and the skewness is zero. In a skewed distribution, the data 

values below and above the mean are imbalanced, and the skewness is a nonzero value (less than 

zero for a left-skewed distribution, greater than zero for a right-skewed distribution). Figure 3.4 

visualizes these possibilities. 

sae) oa 
Panel A Panel B Panel C 

Negative, or left-skewed Symmetrical Positive, or right-skewed 

Panel A displays a left-skewed distribution. In a left-skewed distribution, most of the values 

are in the upper portion of the distribution. Some extremely small values cause the long tail and 

distortion to the left and cause the mean to be less than the median. Because the skewness sta- 

tistic for such a distribution will be less than zero, some use the term negative skew to describe 

this distribution. 

Panel B displays a symmetrical distribution. In a symmetrical distribution, values are equally 

distributed in the upper and lower portions of the distribution. This equality causes the portion 

of the curve below the mean to be the mirror image of the portion of the curve above the mean 

and makes the mean equal to the median. 

Panel C displays a right-skewed distribution. In a right-skewed distribution, most of the 

values are in the lower portion of the distribution. Some extremely large values cause the long 

tail and distortion to the right and cause the mean to be greater than the ian. Because the 

skewness statistic for such a distribution will be greater than zero, some use the term positive 
skew to describe this distribution. 
oe 

Shape: Kurtosis 
Kurtosis measures the peakedness of the curve of the distribution—that is, how sharply the 

curve rises approaching the center of the distribution. Kurtosis compares the shape of the peak 

to the shape of the peak of a bell-shaped normal distribution (see Chapter 6), which, by defini- 

tion, has a kurtosis of zero.’ A distribution that has a sharper-rising center peak than the peak 
of a normal distribution has positive kurtosis, a kurtosis value that is greater than zero, and is 
called leptokurtic. A distribution that has a slower-rising (flatter) center peak than the peak of 
a normal distribution has negative kurtosis, a kurtosis value that is less than zero, and is called 
platykurtic. A leptokurtic distribution has a higher concentration of values near the mean of 
the distribution compared to a normal distribution, while a platykurtic distribution has a lower 
concentration compared to a normal distribution. 
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1 

Excel descriptive statistics 

results for the three-year 

return percentages for the 

growth and value funds 
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In affecting the shape of the central peak, the relative concentration of values near the mean 

also affects the ends, or tails, of the curve of a distribution. A leptokurtic distribution has fatter 

tails, many more values in the tails, than a normal distribution has. When an analysis mistak- 

enly assumes that a set of data forms a normal distribution, that analysis will underestimate the 

occurrence of extreme values if the data actually forms a leptokurtic distribution. Some suggest 

that such a mistake can explain the unanticipated reverses and collapses that led to the financial 

crisis of 2007-2008 (Taleb). 

In the More Descriptive Choices scenario, you are interested in comparing the past performance 

of the growth and value funds from a sample of 479 funds. One measure of past performance 

is the three-year return percentage variable. Compute descriptive statistics for the growth and 

value funds. 

SOLUTION Figure 3.5 presents descriptive summary measures for the two types of funds. 

The results include the mean, median, mode, minimum, maximum, range, variance, standard 

deviation, coefficient of variation, skewness, kurtosis, count (the sample size), and standard 

error. The standard error (see Section 7.2) is the standard deviation divided by the square root 

of the sample size. 

In examining the results, you see that there are some differences in the three-year return for 

the growth and value funds. The growth funds had a mean three-year return of 8.51 and a median 

return of 8.70, This compares to a mean of 6.84 and a median of 7.07 for the value funds. The 

medians indicate that half of the growth funds had three-year returns of 8.70 or better, and half 

the value funds had three-year returns of 6.84 or better. You conclude that the value funds had 

a lower return than the growth funds. 

4 A ae ae In the Worksheet 
1 ‘Descriptive Statistics for the 3YrReturn Variable 

2 The worksheet uses Excel functions 
3 Growth Value Growth A 4 

4 |Mean 8.51 6.84 =AVERAGE(UNSTACKEDIA:A) and short arithmetic formulas to 
5 |Median 8.70 7.07 =MEDIAN(UNSTACKED!A:A) calculate descriptive statistics. (Only 
6 |Mode 8.71 8.6 =MODE(UNSTACKEDIA:A) 
7 [Minimum arn -2.65. =MIN(UNSTACKEDIA:A) the formulas for the Growth column 
8 Maximum 15.32 11.98 =MAX(UNSTACKED!A:A) are shown at left.) 
ae 18.72 14.63 =B8- B7 
10 | Variance 10.1983 5.4092 =VAR.S(UNSTACKEDIA:A) aie 
yan Deviation 3.1935 2.3258 =STDEV.S(UNSTACKEDIA:A) The Complete Statistics worksheet 
12 | Coeff. of Variation 37.53% 34.00% =B11/B4 of the Excel Guide Descriptive 
13 |Skewness -0.4883  -0.9260 =SKEW(UNSTACKED!A:A) : apie 
14 |Kurtosis 0.2327 1.6006 =KURT(UNSTACKED!A:A) workbook is a similar worksheet that 
15 |Count 306 173 =COUNT(UNSTACKEDIA:A) shows calculations for the set of get- 
16 | Standard Error 0.1826 0.1768 =B11/SQRT(B15) 

ready times. 

The growth funds had a higher standard deviation than the value funds (3.1935, as compared 
to 2.3258). The growth funds and the value funds each showed left or negative skewness. The 

skewness of the growth funds was —0.4883 and the skewness of the value funds was —0.9260. 

The kurtosis of the growth funds was slightly positive, indicating a distribution that was more 

peaked than a normal distribution. The kurtosis of the value funds was positive indicating a 

distribution that was much more peaked than a normal distribution. 
se st aE A MR AS ORE RAS BAAS SA RAE PREP SE ARIST RU 
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EXAMPLE 3.10 

Computing 
Descriptive 

Statistics Using 
| Multidimensional 

Contingency Tables 

Continuing with the More Descriptive Choices scenario, you wish to explore the effects of each 

combination of Fund Type, Market Cap, and Risk Level on measures of past performance. One 

measure of past performance is the three-year return percentage. Compute the mean three-year 

return percentage for each combination of Fund Type, Market Cap, and Risk Level. 

SOLUTION A multidimensional contingency table (see Section 2.6) computes the mean three- 

year return percentage for each combination of the three variables. 

FIGURE 3.6 Mean 3YrReturn Risk Level > | 
ini i FundType || Low Average High Grand Total 

Excel multidimensional oma —— = 

_ contingency tables for Large 10.22 10.43 9.79 10.30 
_ the mean three-year Midcap 8.93 6.86 5.78 6.93 
| Small 9.09 7.43 5.99 6.39 

return percentages for “Value 7.76 6.41 4.13 6.84 
~ each combination of Large 7.82 6.49 5.02 7.29 

_ fund type, market cap, MidCap 7.87 7.05 2.22 6.693 
. Small 6.38 5.60 4.63 5.39 

_ and risk level Grand Total 8.66 8.21 6.25 ~ 7.91 

The three-year return is higher for low-risk funds than average-risk or high-risk funds for 

both the growth funds and value funds. However, this pattern changes when Market Cap cat- 

egories are considered. For example, the three-year return percentage for growth funds with 

average risk is much higher for large cap funds than for midcap or small market cap funds. 

Also, for value funds with average risk, the three-year return for midcap funds is higher than 

the return for large funds. 

PROBLEMS FOR SECTIONS 3.1 AND 3.2 

LEARNING THE BASICS c. Calculate the Z scores. Are there any outliers? 

3.1 The following set of data is from a sample of n = 5: d. Describe the shape of the data set. 

TEASED 2) 9. 3.4 The following set of data is from a sample of n = 5: 

a. Calculate the mean, median, and mode. 

b. Calculate the range, variance, standard deviation, and coeffi- 

71-5 -879 

a. Calculate the mean, median, and mode. 
cient of variation. 

c. Calculate the Z scores. Are there any outliers? 

d. Describe the shape of the data set. 

3.2 The following set of data is from a sample of n = 6: 

Flin Ne Lear ke al 6 

a. Calculate the mean, median, and mode. 

b. Calculate the range, variance, standard deviation, and coeffi- 
cient of variation. 

c. Calculate the Z scores. Are there any outliers? 
d. Describe the shape of the data set. 

3.3 The following set of data is from a sample of n = 7: 

12 EA SO OmiaS 

a. Calculate the mean, median, and mode. 
b. Calculate the range, variance, standard deviation, and coeffi- 

cient of variation. 

b. Calculate the range, variance, standard deviation, and coeffi- 

cient of variation. 

c. Calculate the Z scores. Are there any outliers? 

d. Describe the shape of the data set. 

3.5 Suppose that the rate of return for a particular stock during 

the past two years was 10% for one of the years and 30% for the 

other year. Compute the geometric rate of return per year. (A rate 

of return of 10% is recorded as 0.10, and a rate of return of 30% is 
recorded as 0.30.) 

3.6 Suppose that the rate of return for a particular stock during the 
past two years was 20% for one of the years and —30% for the other 
year. Compute the geometric rate of return per year. — 



APPLYING THE CONCEPTS 

3.7 Wired, a magazine that delivers a glimpse into the future of 
business, culture, innovation, and science, reported the following 
summary for the household incomes of its two types of subscribers, 
the print reader and the digital reader. 

Audience Median 

Wired reader $99,874 

Wired.com user 80,394 

Source: Data extracted from “WIRED 2019 Media Kit.” 

bit.ly/2LqBYiz. 

Interpret the median household income for the Wired readers and 

the Wired.com users. 

3.8 The operations manager of a plant that manufactures tires wants 

to compare the actual inner diameters of two grades of tires, each 

of which is expected to be 575 millimeters. A sample of five tires 

of each grade was selected, and the results representing the inner 

diameters of the tires, ranked from smallest to largest, are as follows: 

Grade X Grade Y 

573 574 575 577 578 568 570 575 578 584 

a. For each of the two grades of tires, calculate the mean, median, 

and standard deviation. 

b. Which grade of tire is providing better quality? Explain. 

c. What would be the effect on your answers in (a) and (b) if the 

last value for grade Y was 588 instead of 578? Explain. 

3.9 According to the U.S. Census Bureau (census.goy), in 2018, 

the median sales price of new houses was $326,200, and the mean 

sales price was $384,600. 

a. Interpret the median sales price. 

b. Interpret the mean sales price. 

c. Discuss the shape of the distribution of the price of new houses. 

3.10 The file contains the overall down- 
LESSU8 load and upload speeds in Mbps for eight carriers in the 

United States. 

Carrier Download Speed Upload Speed 

Verizon 533 a aS 

T-Mobile 36.3 16.9 

AT&T 37.1 12.9 
Metro PCS 32.8 13.0 

Sprint B25 4.0 

Boost 29.4 2G 

Straight Talk Shiliil 15.6 

Cricket 6.5 5.8 

Source: Data extracted from Tom’s Guide, “Fastest Wireless Network 2019: 

It’s Not Even close,” bit.ly/2PcGiQE. 

For the download speed and the upload speed separately: 

a. Calculate the mean and median. 

b. Calculate the variance, standard deviation, range, and coeffi- 

cient of variation. 

123 3.2 Measures of Variation and Shape 

. Are the data skewed? If so, how? 

d. Based on the results of (a) through (c), what conclusions can you 

reach concerning the download and upload speeds of various 

carriers? 

OQ 

3.11 The Super Bowl is a big viewing event watched by close 

to 200 million Americans, so it is also a big event for advertisers. 

©) contains the rating of ads that ran 

between the opening kickoff and the final whistle. 

Source: Data extracted from www.admeter.usatoday.com/results/2019. 

For ads that ran before halftime and ads that ran at halftime or after 

separately: 

a. Calculate the mean, median, and mode. 

b. Calculate the variance, standard deviation, range, coefficient of 

variation, and Z scores. 

. Are the data skewed? If so, how? 

d. Based on the results of (a) through (c), what conclusions can 

you reach about the ads that ran before halftime and ads that ran 

at halftime or after? 

QO 

3.12 The file YETTA eEEEe) contains the average number of 

hours worked necessary to afford the cost for three people to attend 

an NBA game, inclusive of parking and food and beverage costs, at 

each of the 30 NBA arenas during a recent season. 

a. Calculate the mean, median, and mode. 

b. Calculate the variance, standard deviation, range, and coeffi- 

cient of variation. 

c. Are the data skewed? If so, how? 

d. Based on the results of (a) through (c), what conclusions can 

you reach about the household cost of attending NBA games? 

3.13 The file contains the number of part- 
ners in a cohort of rising accounting firms that have been tagged as 

“firms to watch.” 

Source: Data extracted from 2019 Top 100 Firms, Bloomberg BNA, 

accountingtoday.com. 

a. Calculate the mean, median, and mode. . 

b. Calculate the variance, standard deviation, range, coefficient of 

variation, and Z scores. Are there any outliers? Explain. 

c. Are the data skewed? If so, how? 

d. Based on the results of (a) through (c), what conclusions can 

you reach concerning the number of partners in rising account- 

ing firms? 

3.14 The file contains the mobile commerce 
penetration values, the percentage of the country population that 

bought something online via a mobile phone in the past month, for 

24 of the world’s economies. 

Source: Data extracted from Statistica.com, bit.ly/2vsnjv8. 

a. Calculate the mean and median. 

b. Calculate the variance, standard deviation, range, coefficient of 

variation, and Z scores. Are there any outliers? Explain. 

. Are the data skewed? If so, how? 

d. Based on the results of (a) through (c), what conclusions can you 

reach concerning mobile commerce population penetration? 

fe) 
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3.15 Is there a difference in the variation of the yields of different 

types of investments? The file [S=};F contains the yields for one- 

year certificates of deposit (CDs) and five-year CDs for 46 banks 

listed for West Palm Beach, Florida on April 5, 2019. 

Source: Data extracted from www.Bankrate.com, April 5, 2019. 

a. For one-year and five-year CDs, separately calculate the vari- 

ance, standard deviation, range, and coefficient of variation. 

b. Based on the results of (a), do one-year CDs or five-year CDs 

have more variation in the yields offered? Explain. 

3.16 A financial services call center monitors call duration, the 

amount of time spent speaking to customers on the phone. The file 

contains the data for time, in seconds, agents spent 
talking to 50 customers: 

a. Calculate the mean, median, and mode. 

b. Calculate the range, variance, and standard deviation. 

c. Based on the results of (a) and (b), what conclusions can you 

reach concerning the amount of time spent speaking to custom- 

ers on the phone? 

3.17 A bank branch located in a commercial district of a city has 

the business objective of developing an improved process for serv- 

ing customers during the noon-to-1:00 p.m. lunch period. The bank 

collects the waiting time, the number of minutes that elapses from 

when a customer joins the waiting line to when the customer begins 

to interact with a teller, for a sample of 15 customers who arrive 

during the noon hour. The waiting times, stored in EFRS7-Ee, are: 

GEOR SSR Sys) S35 ORGS Sly Se 7) WaeRS 7: Mave Pay Dents 1° 0) 

490 G10 0.38 5.12 646 6.19 3,79 

a. Calculate the mean and median. 

b. Calculate the variance, standard deviation, range, coefficient of 

variation, and Z scores. Are there any outliers? Explain. 

. Are the data skewed? If so, how? 

d. As a customer walks into the branch office during the lunch 

hour, she asks the branch manager how long she can expect to 

wait. The branch manager replies, “Almost certainly less than 

five minutes.” On the basis of the results of (a) through (c), eval- 

uate the accuracy of this statement. 

eo) 

3.18 Suppose that another bank branch, located in a residential 

area, is also concerned about waiting times during the noon hour. 

That branch collects waiting times, in minutes, for a sample of 

15 customers who arrive during the noon hour. These waiting times, 

stored in (ZEniaeniueres, are: 

2,06" 5,90 8.02 5.79 8.73 3,82 8.01 8,35 

10.49 6.68 5.64 4.08 6.17 9.91 5.47 

a. Calculate the mean and median. 
b. Calculate the variance, standard deviation, range, coefficient of 

variation, and Z scores. Are there any outliers? Explain. 
c. Are the data skewed? If so, how? 
d. As a customer walks into the branch office during the lunch 

hour, he asks the branch manager how long he can expect to 
wait. The branch manager replies, “Almost certainly less than 
five minutes.” On the basis of the results of (a) through (c), eval- 
uate the accuracy of this statement. 

3.19 General Electric (GE) is one of the world’s largest companies; 

it develops, manufactures, and markets a wide range of products, 

including medical diagnostic imaging devices, jet engines, lighting 

products, and chemicals. In 2017, the stock price rose 0.09%, and 

in 2018, the stock price declined 56.9%. 

a. Compute the geometric mean rate of return per year for the two- 

year period 2017-2018. (Hint: Denote an increase of 0.09% as 

R, = 0.09.) 

b. If you purchased $1,000 of GE stock at the start of 2017, what 

was its value at the end of 2018? 

c. Compare the result of (b) to that of Problem 3 

3.20 Facebook's stock price in 2017 increased by 

USAR 75.8%, and in 2018, it decreased by 25.7%. 

a. Compute the geometric mean rate of return per year for the two- 

year period 2017-2018. (Hint: Denote an increase of 75.8% as 

R, = 0.7580.) 

b. If you purchased $1,000 of Facebook stock at the start of 2017, 

what was its value at the end of 2018? 

c. Compare the result of (b) to that of Problem 3.19 (b). 

3.21 The file [EEJECEY contains data that represent the total rate 
of return percentage for the Dow Jones Industrial Average (DJIA), 

the Standard & Poor’s 500 (S&P 500), and the technology-heavy 

NASDAQ Composite (NASDAQ) from 2015 through 2018. 

a. Compute the geometric mean rate of return per year for the 

DJIA, S&P 500, and NASDAQ from 2015 through 2018. 

b. What conclusions can you reach concerning the geometric 

mean rates of return per year of the three market indices? 

c. Compare the results of (b) to those of Problem 3.22 (b). 

20 (b). 

3.22 In 2016 through 2018, the value of precious metals fluctu- 
ated greatly. The data (stored in [YE"{)) represent the total rate 
of return (in percentage) for platinum, gold, and silver from 2016 

through 2018: 

a. Compute the geometric mean rate of return per year for plati- 

num, gold, and silver from 2016 through 2018. 

b. What conclusions can you reach concerning the geometric 

mean rates of return of the three precious metals? 

c. Compare the results of (b) to those of Problem 3.21 (b). 

3.23 Using the three-year return percentage variable in 

FRetirement Funds } 
a. Construct a table that computes the mean for each combination 

of type, market cap, and risk. 

b. Construct a table that computes the standard deviation for each 

combination of type, market cap, and risk. 

¢. What conclusions can you reach concerning differences among 

the types of retirement funds (growth and value), based on mar- 

ket cap (small, midcap, and large) and the risk (low, average, and 
high)? 

3.24 Using the three-year return percentage variable in 

FRetirement Funds} 
a. Construct a table that computes the mean for each combination 

of type, market cap, and rating. 
b.. Construct a table that computes the standard deviation for each 

combination of type, market cap, and rating. Mas 



What conclusions can you reach concerning differences among 
the types of retirement funds (growth and value), based on mar- 
ket cap (small, mid-cap, and large) and the rating (one, two, 
three, four, and five)? 

3.25 Using the three-year return percentage variable in 

Retirement Funds § 

a. 

b. 

Construct a table that computes the mean for each combination 

of market cap, risk, and rating. 

Construct a table that computes the standard deviation for each 

combination of market cap, risk, and rating. 

. What conclusions can you reach concerning differences based 

on the market cap (small, mid-cap, and large), risk (low, aver- 

age, and high), and rating (one, two, three, four, and five)? 
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3.26 Using the three-year return percentage variable in 

Retirement Funds § 
. Construct a table that computes the mean for each combination 

of type, risk, and rating. 

. Construct a table that computes the standard deviation for each 

combination of type, risk, and rating. 

What conclusions can you reach concerning differences among 

the types of retirement funds (growth and value), based on the 

risk (low, average, and high) and the rating (one, two, three, 

four, and five)? 

3.3 Exploring Numerical Variables 
Besides summarizing by calculating the measures of central tendency, variation, and shape, a 

numerical variable can be explored by examining the distribution of values for the variable. This 

exploration can include calculating the quartiles as well as creating a boxplot, a visual summary 

student TIP 

from smallest to largest 

before calculating the 

quartiles. 

of the distribution of values. 

Quartiles 

Rank the values in order 
The three quartiles split a set of data into four equal parts. The first quartile (Q,) divides the 

smallest 25% of the values from the other 75% that are larger. The second quartile (Q,), the 

median, divides the set such that 50% of the values are smaller than or equal to the median, and 

50% are-larger than or equal to the median. The third quartile (Q;) divides the smallest 75% 

of the values from the largest 25%. 
The boundaries of the four equal parts are the lowest value to Q,, Q, to the median, the median 

to Q3, and Q; to the highest value. Equations (3.10) and (3.11) define the first and third quartiles. 

FIRST QUARTILE, Q, 

THIRD QUARTILE, Qs 

3(nvr 1) 

rel 
th ranked value (3.10) 

th ranked value (3.11) 

Exhibit 3.1 on page 126 summarizes the rules for calculating the quartiles. These rules 

require that the values have been first ranked from smallest to largest. 
For example, to calculate the quartiles for the sample of 10 get-ready times, first rank the 

data from smallest to largest: 

Ranked values: 29 

Ranks: 1 pi 

398 © 39q “40, -:43 

3 4 5 6 7 8 Do 10 

The first quartile is the (n + 1)/4 = (10 + 1)/4 = 2.75 ranked value. Using Rule 3, 
round up to the third ranked value. The third ranked value for the get-ready times data is 

35 minutes. Interpret the first quartile of 35 to mean that on 25% of the days, the time to get 

ready is less than or equal to 35 minutes, and on 75% of the days, the time to get ready is greater 

than or equal to 35 minutes. 
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EXHIBIT Ke 

Rules for Calculating the Quartiles from a Set of Ranked Values 

Rule 1 If the ranked value is a whole number, the quartile is equal to the 

measurement that corresponds to that ranked value. 

Example: If the sample size n = 7, the first quartile, Q,, is equal to the 

measurement associated with the (7 + 1)/4 = second ranked value. 

Rule 2. If the ranked value is a fractional half (2.5, 4.5, efc.), the quartile is equal 

Some sources define to the measurement that corresponds to the average of the measurements 

different rules for calculating corresponding to the two ranked values involved. 

quartiles that may result in Example: If the sample size n = 9, the first quartile, Q;, is equal to the 
slightly different values. (9 + 1)/4 = 2.5 ranked value, halfway between the second ranked value 

and the third ranked value. 

Rule 3 If the ranked value is neither a whole number nor a fractional half, round 

the result to the nearest integer and select the measurement corresponding 

to that ranked value. / 

Example: If the sample size n = 10, the first quartile, Q,, is equal to the 

(10 + 1)/4 = 2.75 ranked value. Round 2.75 to 3 and use the third ranked 
value. 

The third quartile is the 3(n + 1)/4 = 3(10 + 1)/4 = 8.25 ranked value. Using Rule 3 

for quartiles, round this down to the eighth ranked value. The eighth ranked value is 44 minutes. 

Interpret the third quartile to mean that on 75% of the days, the time to get ready is less than 

or equal to 44 minutes, and on 25% of the days, the time to get ready is greater than or equal 
to 44 minutes. 

Percentiles Related to quartiles are percentiles that split a variable into 100 equal parts. 
By this definition, the first quartile is equivalent to the 25th percentile, the second quartile to 

the 50th percentile, and the third quartile to the 75th percentile. 

A sample of seven breakfast cereals (stored in includes nutritional data about the num- 
ber of calories per serving (see Example 3.1 on page 111). Calculate the first quartile (Q,) and Calculating the 

Quartiles for third quartile (Q3) of the number of calories for the cereals. 

Number of Calories SOLUTION Ranked from smallest to largest, the number of calories for the seven cereals are 
in Cereals as follows: 

Ranked values: 80 100 100 110 130 190 200 

Ranks: 1 2 3 4 5 6 a, 

For these data 

1 
ranked value ranked value = dot Ce 

= 2nd ranked value 

E+ 1) 

4 

Therefore, using Rule 1, Q, is the second ranked value. Because the second ranked value is 100, 
> (continued) the first quartile, Q,, is 100. 
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To compute the third quartile, Q3, 

3(n + 1 a7 th 
3, = =O ranked value = | ranked value 

= 6th ranked value 

Therefore, using Rule 1, Q; is the sixth ranked value. Because the sixth ranked value is 190, 
Q; is 190. 

The first quartile of 100 indicates that 25% of the cereals contain 100 calories or fewer per 

serving and 75% contain 100 or more calories. The third quartile of 190 indicates that 75% of 

the cereals contain 190 calories or fewer per serving and 25% contain 190 or more calories. 

The Interquartile Range 
The interquartile range (also called the midspread) measures the difference in the center of a 

distribution between the third and first quartiles. 

_ INTERQUARTILE RANGE 
The interquartile range is the difference between the third quartile and the first quartile: 

Interquartile range = Q3 — Q, (3.12) 

The interquartile range measures the spread in the middle 50% of the values and is not influ- 

enced by extreme values. The interquartile range can be used to determine whether to classify 

an extreme value as an outlier. If a value is either more than 1.5 times the interquartile range 

below the first quartile or more than 1.5 times the interquartile range above the third quartile, 

that value can be classified as an outlier. 

Calculating the interquartile range would further analyze the sample of 10 get-ready times. 

First order the data as follows: 

29 31 35 39 39 40 43 44 44 52 

Using Equation (3.12) and the earlier results on pages 125 and 126, Q; = 35 and Q; = 44: 

Interquartile range = 44 — 35 = 9 minutes 

Therefore, the interquartile range for the 10 get-ready times is 9 minutes. The interval 35 to 44 

is often referred to as the middle fifty. 

nt ne A CE EEN SN INS IO AAS NP EN eR A ST PEN STRSTR TOAAEES, 

EXAMPLE 3.12 A sample of seven breakfast cereals (stored in (6271) includes nutritional data about the num- 

| Calculating the ber of calories per serving (see Example 3.1 on page 111). Calculate the interquartile range of 

| Interquartile Range the number of calories in cereals. 

_ for the Number of SOLUTION Ranked from smallest to largest, the number of calories for the seven cereals are 
| Calories in CerealS ag follows: 

SOs 00 = 100™ 110 130-9190 200 

Using Equation (3.12) and the earlier results from Example 3.11 on page 125 Q, = 100 and 

Q; = 190: 

Interquartile range = 190 — 100 = 90 

Therefore, the interquartile range of the number of calories in cereals is 90 calories. 
cesses SERN ENR TEC ARNE SATE 
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TABLE 3.2 
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Because the interquartile range does not consider any value smaller than Q; or larger than 

Q,, it cannot be affected by extreme values. Descriptive statistics such as the median, Q), Q3, 

and the interquartile range, which are not influenced by extreme values, are called resistant 

measures. 

The Five-Number Summary 
The five-number summary for a variable consists of the smallest value (Xgnatiest), the first 

quartile, the median, the third quartile, and the largest value (Xjargest)- 

FIVE-NUMBER SUMMARY 

Xcmallest Q; Median Q; Xargest 

The five-number summary provides a way to determine the shape of the distribution for 

a set of data. Table 3.2 explains how relationships among these five statistics help identify the 

shape of the distribution. 

Relationships among the five-number summary and the types of distribution 

TYPE OF DISTRIBUTION 

~ COMPARISON Left-Skewed Symmetrical Right-Skewed 

The distance from X.maties to the The distance from Xgnatiest The two distances The distance from X,natiest 
median versus the distance from to the median is greater are the same. to the median is less than 

the median to Xarsest: than the distance from the the distance from the 

median to Xjaroest: median to Xjargest: 

The distance from Xgmatiest to Q1 The distance from Xgnatiest The two distances The distance from X natiest 

versus the distance from Q3 to to Q, is greater than the are the same. to Q, is less than the 

Xiarpest’ distance from Q3 to Xjargest: distance from Q3 to Xjargest- 

The distance from Q, to the The distance from Q; The two distances The distance from Q, to 

median versus the distance from to the median is greater are the same. the median is less than 

the median to Q3. than the distance from ; the distance from the 

the median to Q3. median to Q3. 

Calculating the five-number summary would further analyze the sample of 10 get-ready 

times. From the ordered array for this sample on page 111, the smallest value is 29 minutes, 

and the largest value is 52 minutes. Previous calculations in this chapter show that the 

median = 39.5, Q; = 35, and Q; = 44. Therefore, the five-number summary is 

29 30 39:5 44.52 

The distance from Xmatiest to the median (39.5 — 29 = 10.5) is slightly less than the distance 
from the median to Xjargest (52 — 39.5 = 12.5). The distance from Xgmatiest to; (35 — 29 = 6) 
is slightly less than the distance from Q; to Xargest (52 — 44 = 8). The distance from. Q, to the 
median (39.5 — 35 = 4.5) is the same as the distance from the median to Q3(44 — 39.5 = 4.5). 
Therefore, the get-ready times are slightly right-skewed. 



_ EXAMPLE 3.13 

| Calculating the Five- 

| Number Summary 
| of the Number of 
_ Calories in Cereals 

; 

The boxplot is also 

known as the box-ana- 

Whisker chart, a name 

that Excel uses. 

FIGURE 3.7 

Boxplot for the 

get-ready times 
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A sample of seven breakfast cereals (stored in [@{{) includes nutritional data about the num- 

ber of calories per serving (see Example 3.1 on page 111). Calculate the five-number summary 

of the number of calories in cereals. 

SOLUTION Using earlier results (see pages 112 and 126), the median = 110, Q, = 100, and 

Q; = 190. In addition, the smallest value in the data set is 80, and the largest value is 200. 

Therefore, the five-number summary is 

BOLO Ose 00 

Table 3.2 can be used to evaluate skewness. The distance from Xgmajjes, to the median 

(110 — 80 = 30) is less than the distance (200 — 110 = 90) from the median to Xiargest: 

The distance from Xgnatres: to Q; (100 — 80 = 20) is greater than the distance from Q; to 

Xargest (200 — 190 = 10). The distance from Q, to the median (110 — 100 = 10) is less than 

the distance from the median to Q3; (190 — 110 = 80). 

Two comparisons indicate a right-skewed distribution, whereas the other indicates a left- 

skewed distribution. Therefore, given the small sample size and the conflicting results, the shape 

cannot be clearly determined. 

The Boxplot 
The boxplot visualizes the shape of the distribution of the values for a variable. Boxplots get 

their name from the box that defines the range of the middle 50% of the values and the ends of 

which correspond to Q; and Q3. Inside the box, an additional line marks a median. Extending 

in either direction away from the box are whiskers, the ends of which may have dashed lines 

drawn perpendicular to the whiskers. 

In one form of the boxplot, a five-number boxplot, the endpoints of the whiskers represent 

Xsmallest ANd Xiargest, Making the boxplot a visual representation of a five-number summary. In a 

second form, the endpoints of the whiskers define the smallest and largest values that are within 

the range of 1.5 times the interquartile range from the box. In this second form, values that are 

beyond this range in either direction are plotted as points or asterisks and can be considered 

outliers. Excel versions that contain a boxplot feature construct boxplots that are similar to, but 

not identical to, this second form. Section EG3.3 PHStat and Workbook instructions construct 

five-number boxplots in any Excel version, and this book uses such boxplots as illustrations. 

Box plots can be drawn either horizontally or vertically. When drawn horizontally, the 

lowest values appear to the left and Q, is to the left of Q;. When drawn vertically, the lowest 

values appear toward the bottom and Q, is below Q3. Figure 3.7 contains a horizontal boxplot 

that visualizes the five-number summary for the sample of 10 times to get ready in the morning. 

Xsmallest Q, Median Q3 Xargest 

ee ewe 

20 25 30 35 40 45 50 55 
Time (minutes) 

The Figure 3.7 boxplot for the get-ready times shows a slight right-skewness: The distance 

between the median and the largest value is slightly greater than the distance between the small- 

est value and the median, and the right tail is slightly longer than the left tail. 
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Constructing 

Boxplots of the 

Three-Year Returns 

for the Growth and 

Value Funds 

FIGURE 3.8 

Excel five-number 

summary and boxplot 

for the three-year return 

percentage variable 

In the More Descriptive Choices scenario, you are interested in comparing the past performance 

of the growth and value funds from a sample of 479 funds. One measure of past performance 

is the three-year return percentage (the 3YrReturn variable). Construct the boxplots for this 

variable for the growth and value funds. 

SOLUTION Figure 3.8 contains an Excel five-number summary worksheet and boxplot for the three- 

year return percentages for the growth and value funds. The five-number summary for the growth 

funds associated with these boxplots is Xjmaties. = —3-4, Q; = 6.66, median = 8.70, Q; = 10.92, 

and Xjarcest = 15.32. The five-number summary for the value funds in this boxplot is 

Xemallest = —2-65, Q; = 5.67, median = 7.07, Q3 = 8.5, and Xtargese = 11.98. 

Boxplots for Three-Year Return Percentage 

for the Growth and Value Funds 

a A B ; c / 

1 |Five-Number Summary for 3¥rReturn 
I" , Value i 

3h Growth Value ‘ : 

4 |Minimum 3.4 -2.65 

5 |First Quartile 6.66 5.67 , Growth P 
e:|Medion a7, 791 )—__f_} _} __ 
7 third Quartile 10.92 8.5 L 1 

8 |Maximum 15,32 11,98 

Three-Year Return Percentage 

The median return, the quartiles, and the maximum returns are higher for the growth funds 

than for the value funds. Both the growth and value funds are left-skewed. These results are 

consistent with the Example 3.9 solution on page 121. 
a —— — a RA RR ee 

FIGURE 3.9 

Figure 3.9 demonstrates the relationship between the boxplot and the density curve for four 

different types of distributions. The area under each density curve is split into quartiles corre- 

sponding to the five-number summary for the boxplot. 

The distributions in Panels A and D of Figure 3.9 are symmetrical. In these distributions, 

the mean and median are equal. In addition, the length of the left tail is equal to the length of 

the right tail, and the median line divides the box in half. 

Five-number summary boxplots and corresponding density curves for four distributions 

PanelA 
Bell-shaped distribution 

studentTIP 
Along tail on the left side 
of the ‘boxplot indicates a 
_left-skewed distribution. 
Along tail on the re 
"side of the boxplot — 
indicates a ight-skewed 

distribution. — A 

Panel B Panel C Panei D 

Left-skewed distribution Right-skewed distribution Rectangular distribution 

The distribution in Panel B of Figure 3.9 is left-skewed. The few small values distort the 
mean toward the left tail. For this left-skewed distribution, there is a heavy clustering of values 
at the high end of the scale (i.e., the right side); 75% of all values are found between the left 
edge of the box (Q;) and the end of the right tail (Xiargest): There is a long left tail that contains 
the smallest 25% of the values, demonstrating the lack of symmetry in this data set. 

The distribution in Panel C of Figure 3.9 is right-skewed. The concentration of values is on 
the low end of the scale, toward the left side of the boxplot. Here, 75% of all values are found 
between the beginning of the left tail and the right edge of the box (Q3). There is a long right tail 
that contains the largest 25% of the values, demonstrating the lack of symmetry in this set of data. 



PROBLEMS FOR SECTION 3.3 

LEARNING THE BASICS 

3.27 The following is a set of data from a sample of n = 7: 

L2H e4y9 0073 

a. Calculate the first quartile (Qj), the third quartile (Q3), and the 
interquartile range. 

b. List the five-number summary. 

Construct a boxplot and describe its shape. 

d. Compare your answer in (c) with that from Problem 3.3 (d) on 

page 122. Discuss. 

% 

3.28 The following is a set of data from a sample'of n = 6: 

ae O78 1: 

a. Calculate the first quartile (Q,), the third quartile (Q;), and the 

interquartile range. 

b. List the five-number summary. 

Construct a boxplot and describe its shape. 

d. Compare your answer in (c) with that from Problem 3.2 (d) on 

page 122. Discuss. 

7 

3.29 The following is a set of data from a sample of n = 5: 

meat ESee, 

a. Calculate the first quartile (Q,), the third quartile (Q3), and the 

interquartile range. 

b. List the five-number summary. 

. Construct a boxplot and describe its shape. 

d. Compare your answer in (c) with that from Problem 3.1 (d) on 

page 122. Discuss. 

ie] 

3.30 The following is a set of data from a sample of n = 5: 

eS es, 19) 

a. Calculate the first quartile (Q,), the third quartile (Q3), and the 

interquartile range. 

b. List the five-number summary. 

c. Construct a boxplot and describe its shape. 

d. Compare your answer in (c) with that from Problem 3.4 (d) on 

page 122. Discuss. 

APPLYING THE CONCEPTS 

3.31 The file contains the number of part- 
ners in a cohort of rising accounting firms that have been tagged as 

“firms to watch.” 

Source: Data extracted from 2019 Top 100 Firms, Bloomberg BNA, accounting 

today.com. 

a. Calculate the first quartile (Q,), the third quartile (Q3), and the 

interquartile range. 

b. List the five-number summary. 

c. Construct a boxplot and describe its shape. 

3.32 The file contains the mobile commerce 

penetration values, the percentage of the country population that 

bought something online via a mobile phone in the past month, for 

24 of the world’s economies. 

Source: Data extracted from “Mobile commerce share by country 2018,” bit.ly/2vsnjv8. 

a. Calculate the first quartile (Q;), the third quartile (Q3), and the 

interquartile range. 
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b. List the five-number summary. 

c. Construct a boxplot and describe its shape. 

3.33 A financial services call center monitors call duration, the 
amount of time spent speaking to customers on the phone. The file 

contains the data for time, in seconds, agents spent 
talking to 50 customers. 

a. Calculate the first quartile (Q,), the third quartile (Q3), and the 

interquartile range. 

b. List the five-number summary. 

c. Construct a boxplot and describe its shape. 

3.34 The Super Bowl is a big viewing event watched by close 

to 200 million Americans, so it is also a big event for advertisers. 

The file contains the rating of ads that ran 
between the opening kickoff and the final whistle. 

Source: Data extracted from www.admeter.usatoday.com/results/2019. 

For ads that ran before halftime and ads that ran at halftime or after 

separately: 

a. Calculate the first quartile (Q,), the third quartile (Q3), and the 

interquartile range. 

b. List the five-number summary. 

c. Construct a boxplot and describe its shape. 

3.35 The file contains the yields for one-year CDs and five- 
year CDs, for 46 financial institutions selling in Lake Worth, Florida, 

as of April 5, 2019. 

Source: Data extracted from www.Bankrate.com, April 5, 2019. 

For each type of account: 

a. Calculate the first quartile (Q,), the third quartile (Q3), and the 

interquartile range. 

b. List the five-number summary. 

c. Construct a boxplot and describe its shape. 

3.36 A bank branch located in a commercial district of 
TEST city has the business objective of developing an 

improved process for serving customers during the noon-to- 

1:00 p.m. lunch period. The bank collects the waiting time, the num- 

ber of minutes that elapses from when a customer joins the waiting 

line to when the customer begins to interact with a teller, for a sam- 

ple of 15 customers who arrive during the noon hour. The waiting 

times, stored in Et aEnidirey, are: 

4,21 5.55 3.02 5.13 4.77 2.34 3.54 3.20 

4.50 6.10 0.38 5.12 6.46 6.19 3.79 

Another bank branch, located in a residential area, is also concerned 

about the noon-to-1:00 P.M. lunch hour. That branch collects waiting 

times, in minutes, for a sample of 15 customers who arrive during 

the noon hour. These waiting times, stored in ERS 7iir PY, are: 

9.66) 5.90" 8.0205./9 8.1313,5208,0 1.8.3) 

10.49 6.68 5.64 4.08 6.17 9.91 5.47 

a. List the five-number summaries of the waiting times at the two 

bank branches. 

b. Construct boxplots and describe the shapes of the distributions 

for the two bank branches. 

c. What similarities and differences are there in the distributions 

of the waiting times at the two bank branches? 
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3.4 Numerical Descriptive Measures for a Population 

TABLE 3.3 

Percentage yield for 

the 2019 “Dogs of the 

Dow,” stored in 

Dow Dogs 

Sections 3.1 and 3.2 discuss the statistics that describe the properties of central tendency and 

variation for a sample. For data collected from an entire population (see Section 1.2), compute 

and analyze population parameters for these properties, including the population mean, popu- 

lation variance, and population standard deviation. 

To help illustrate these parameters, consider the population of stocks for the 10 companies 

that comprise the “Dogs of the Dow.” “Dogs” are the 10 stocks in the Dow Jones Industrial Aver- 

age (DJIA) that have the highest dividend yields, or dividend-to-price ratios, as of December 

31 of the previous year and form the basis for an investment approach developed by Michael 

O'Higgins. Table 3.3 lists the 2019 “dogs,” along with the percentage yield of these stocks 

during 2018. 

Stock Percentage Change 

Chevron 4.12 JP Morgan Chase 

Cisco Systems 3.05 Merck 

Coca-Cola 3.29 Pfizer 

ExxonMobil 4.81 Procter & Gamble 

IBM oe Verizon 

Source: Data extracted from dogsofthedow.com/2019-dogs-of-the-dow-co.htm. 

The Population Mean 

The population mean, a measure of central tendency, is the sum of the values in the population 

divided by the population size, N. The Greek lowercase letter mu, jz, represents this parameter, 
which Equation (3.13) defines. 

POPULATION MEAN 

where 

t = population mean 

X; = ith value of the variable X 

N = number of values in the population 
N 
>F ; = summation of all X; values in the population 

Percentage Change 

2.88 © 

3.30 

3.12 

4,29 

(3.13) 
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To compute the mean one-year percentage change in stock price for the Table 3.3 population 

of “Dow Dog” stocks, use Equation (3.13): 

i 
i=1 

N 

HL 2-305 1+) 3.29 4.81 + 5.52 \+ 13.28 + 2.88 + 3.30 + 3.12 + 4.29 

10 

The mean one-year percentage change in the stock price for the “Dow Dog” stocks is 3.77%. 

The Population Variance and Standard Deviation 
The population variance and the population standard deviation parameters measure variation 

in a population. The population variance is the sum of the squared differences around the 

population mean divided by the population size, N, and the population standard deviation is 

the square root of the population variance. In practice, you will most likely use the population 

standard deviation because, unlike the population variance, the standard deviation will always 

be a number expressed in the same units as the original population data. 

The lowercase Greek letter sigma, a, represents the population standard deviation, and 

sigma squared, a”, represents the population variance. Equations (3.14) and (3.15) define these 

parameters. The denominators for the right-side terms in these equations use N and not the 

(n — 1) term found in Equations (3.6) and (3.7) on page 115, which define the sample variance 

and standard deviation. 

POPULATION VARIANCE 

N 

2 pay 
a= ee TE (3.14) 

where 

4 = population mean 

X; = ith value of the variable X 

N 
> (X; — x)? = summation of all the squared differences between the 

ne X; values and yw 

POPULATION STANDARD DEVIATION 

(3.15) 

To calculate the population variance for the Table 3.3 data, use Equation (3.14): 

N 

Xp a) a 24% — _ 6.9612 
N 10 

= 0.6961 
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From Equation (3.15), the population sample standard deviation is 

Therefore, the typical percentage change in stock price differs from the mean of 3.77 by less than 

one percent (0.8%). This very small amount of variation suggests that the “Dow Dog” stocks 

produce results that do not differ greatly. 

The Empirical Rule 
In most data sets, a large portion of the values tend to cluster somewhere near the mean. In 

right-skewed data sets, this clustering occurs to the left of the mean—that is, at a value less than 

the mean. In left-skewed data sets, the values tend to cluster to the right of the mean—that is, 

greater than the mean. In symmetrical data sets, where the median and mean are the same, the 

values often tend to cluster around the median and mean, often producing a bell-shaped normal 

distribution (see Chapter 6). 

The empirical rule states that for population data from a symmetric mound-shaped 

distribution such as the normal distribution, the following are true: 

¢ Approximately 68% of the values are within + | standard deviation from the mean. 

¢ Approximately 95% of the values are within +2 standard deviations from the mean. 

¢ Approximately 99.7% of the values are within +3 standard deviations from the mean. 

The empirical rule helps examine variability in a population as well as identify outliers. The 

empirical rule implies that in a normal distribution, only about | out of 20 values will be beyond 

2 standard deviations from the mean in either direction. As a general rule, consider values not 

found in the interval 4 + 20 as potential outliers. The rule also implies that only about 3 in 

1,000 will be beyond 3 standard deviations from the méan. Therefore, values not found in the 

interval 4 + 30 are almost always considered outliers. 

| EXAMPLE 3.15 A population of 2-liter bottles of cola is known to have a mean fill-weight of 2.06 liters and a 

Using the standard deviation of 0.02 liter. The population is known to be bell-shaped. Describe the distri- 
Empirical Rule bution of fill-weights. Is it very likely that a bottle will contain less than 2 liters of cola? 

SOLUTION 

mw + o = 2.06 + 0.02 = (2.04, 2.08) 

pw + 20 = 2.06 + 2(0.02) = (2.02, 2.10) 

pw + 30 = 2.06 + 3(0.02) = (2.00, 2.12) 

Using the empirical rule, you can see that approximately 68% of the bottles will contain 
between 2.04 and 2.08 liters, approximately 95% will contain between 2.02 and 2.10 liters, and 
approximately 99.7% will contain between 2.00 and 2.12 liters. Therefore, it is highly unlikely 
that a bottle will contain less than 2 liters. 

Chebyshev’s Theorem 
For heavily skewed sets of data and data sets that do not appear to be normally distributed, one 
should use Chebyshev’s theorem instead of the empirical rule. Chebyshev’s theorem (Kendall) 
states that for any data set, regardless of shape, the percentage of values that are found within 
distances of k standard deviations from the mean must be at least 
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Use this rule for any value of k greater than 1. For example, consider k = 2. Chebyshev’s 

theorem states that at least [1 — (1/2)*] X 100% = 75% of the values must be found within 

+ 2 standard deviations of the mean. 
Section EG3.4 describes Chebyshev’s theorem is very general and applies to any distribution. The theorem indicates 
the VE-Variability Excel at least what percentage of the values fall within a given distance from the mean. However, if 
workbook that allows one the data set is approximately bell-shaped, the empirical rule will more accurately reflect the 
to explore the empirical rule _ greater concentration of data close to the mean. Table 3.4 compares Chebyshev’s theorem to 
and Chebyshev's theorem. the empirical rule. 

TABLE 3.4 

How data vary around % of Values Found in Intervals Around the Mean 

the mean SM Goi 
Chebyshev’s Theorem Empirical Rule 

Interval (any distribution) (normal distribution) 

On Meta.) At least 0% Approximately 68% 

i cere A Mot 20") At. least 75% Approximately 95% 

(We n80%, [hie i307) At least 88.89% Approximately 99.7% 

Use Chebyshev’s theorem and the empirical rule to understand how data are distributed 

around the mean when you have sample data. With each, use the value calculated for X in place 

of yx and the value calculated for S in place of a. These results using the sample statistics are 

approximations because population parameters (44, 0) were not used in the calculations. 

yA ESR SPR RE A AEA A SSPE ESLER ELAS SANE 

As in Example 3.15, a population of 2-liter bottles of cola is known to have a mean fill-weight 

| Using the of 2.06 liters and a standard deviation of 0.02 liter. However, the shape of the population is 
Chebyshev Theorem unknown, and you cannot assume that it is bell-shaped. Describe the distribution of fill-weights. 

Is it very likely that a bottle will contain less than 2 liters of cola? 

SOLUTION 

eto = "2.06 2.0.02 = (2,04,2,08) 

[tea 2Gn==12106.2F 2(0.02\9==4(2.02%2, 10) 

fy PSG ="2.06 ME 3(0.02) = "(2 002712) 

Because the distribution may be skewed, you cannot use the empirical rule. Using Chebyshev’s 

theorem, you cannot say anything about the percentage of bottles containing between 2.04 and 

2.08 liters. You can state that at least 75% of the bottles will contain between 2.02 and 2.10 liters 

and at least 88.89% will contain between 2.00 and 2.12 liters. Therefore, between 0 and 11.11% 

of the bottles will contain less than 2 liters. 

| 
i 
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j 
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PROBLEMS FOR SECTION 3.4 

LEARNING THE BASICS APPLYING THE CONCEPTS 

3.37 The following is a set of data for a population with N = 10: 3.89 The file contains the number of McDon- 

peeseeire go 838962 9? S76 Hg ald’s stores per 100,000 population located in each of the 50 U.S. 
states as of September 13, 2018. 

a. Calculate the population mean. Source: Data extracted from Usatoday.com, “Is your state ‘lovin’ it’?” 

b. Calculate the population standard deviation. bit.ly/2vFGoay. 

3.38 The following is a set of data for a population with N = 10; ee the mean, variance, and standard deviation for this 
population. 

Pema 0. 44. 8a.0 9.3 b. What percentage of the 50 states have a number of McDonald’s 
stores within +1, +2, or +3 standard deviations of the mean? 

Compare your findings with what would be expected on the ba- 

sis of the empirical rule. Are you surprised at the results in (b)? 

a. Calculate the population mean. 

b. Calculate the population standard deviation. c 
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3.40 Consider a population of 1,024 mutual funds that primarily 

invest in large companies. You have determined that 4, the mean 

one-year total percentage return achieved by all the funds, is 8.20 

and that o, the standard deviation, is 2.75. 

a. According to the empirical rule, what percentage of these funds 

is expected to be within + | standard deviation of the mean? 

b. According to the empirical rule, what percentage of these funds 

is expected to be within +2 standard deviations of the mean? 

c. According to Chebyshev’s theorem, what percentage of these 

funds is expected to be within +1, +2, or +3 standard devia- 

tions of the mean? 

d. According to Chebyshev’s theorem, at least 93.75% of these 

funds are expected to have one-year total returns between what 

two amounts? 

3.41 The file contains the state cigarette tax (in $) for 
each of the 50 states and the District of Columbia as of January 1, 2019. 

a. Calculate the population mean and population standard devia- 

tion for the state cigarette tax. 

b. Interpret the parameters in (a). 

WA S389 3.42 The file 236%) contains the average residential 
TEST price for electricity in cents per kilowatt hour in each of 

the 50 states and the District of Columbia during a recent year. 

a. Calculate the mean, variance, and standard deviation for the 

population. 

b. What proportion of these states has an average residential price 

for electricity within + 1 standard deviation of the mean, within 

+2 standard deviations of the mean, and within + 3 standard 

deviations of the mean? 

¢. Compare your findings with what would be expected based on 

the empirical rule. Are you surprised at the results in (b)? 

3.43 Thirty companies comprise the DJIA. Just how big are these 

companies? One common method for measuring the size of a com- 

pany is to use its market capitalization, the product of multiply- 

ing the number of stock shares by the price of a share of stock. 

On April 24, 2019, the market capitalization of these companies 

ranged from Traveler’s $36.2 billion to Apple’s $868.9 billion. 

The entire population of market capitalization values is stored in 

[Dow Market Cap } 
Source: Data extracted from “Dow Jones Market capitalization,” bit.ly/2WyjEFD. 

a. Calculate the mean and standard deviation of the market capi- 

talization for this population of 30 companies. 

b. Interpret the parameters calculated in (a). 

3.5 The Covariance and the Coefficient of Correlation 

This section presents two measures of the relationship between two numerical variables: the 

covariance and the coefficient of correlation. 

The Covariance 

The covariance measures the strength of the linear relationship between two numerical variables 

(X and Y). Equation (3.16) defines the sample covariance, and Example 3.17 illustrates its use. 

SAMPLE COVARIANCE 

(3.16) 

Section 2.5 uses NBA team revenue and current values stored in to construct a 
scatter plot that showed the relationship between those two variables. Now, measure the asso- 
ciation between the team revenue and the current value of a team by calculating the sample 
covariance. 

Calculating the 
Sample Covariance 

SOLUTION Figure 3.10 on page 137 contains the data and results worksheets that compute the 
covariance of revenue and value of 30 NBA teams. From the result in cell B9 of the covariance 
worksheet, or by using Equation (3.16) directly, you determine that the covariance is 41.3729: 

cox ys 1199.8133 
> (continued) ante Tee 41.3729 
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FIGURE 3.10 
Excel DATA worksheet and covariance results worksheet for the revenue and current value for the 30 NBA teams 

MSA reset Gel ese ew |e gDee| Aree A PPA Gy D A B | 
1 [Revenue Value (X-XBar) (Y-¥Bar) 1 |Revenue Value (X-XBar) (Y-YBar) 1 (Covariance Analysis of Revenue and Value 

2 | 215) 1.3 = -52.03 -0.59 17 | 258, 1.8 -9.03 -0,09 2 
3 | 2872.8 19.97 0.91 18 | 204 «14 -63.03 -0.49 3 Intermediate Calculations 

4 | 290 2.4 22.97 0.51 19 | 223 13 44,03 -0.59 4 | 267.0333] =AVERAGE(DATAIA:A) 

5 218 «1.3 © -49.03 -0.59 20 | 214 «1.2 -53,03 -0.69 5 | =AVERAGE(DATA!B:B) 
6 287 2.9 19.97 1.01 21 443 4 175.97 2.11 6 1199.8133] =SUMPRODUCT(DATAIC;C, DATA!D:D) 

7 | 302 13 34.97 -0.59 22 241 15 ~26.03 -0,39 7 | 29| =COUNT(DATAIA;A) - 1 

8 | 287 2.3 19.97 0.41 23 | 223 13 -44.03 -0,59 8 

9 | 222 14 -45.03 -0.49 24 | 268 L5 0.97 -0,39 9 |Covariance 41.3729] =COVARIANCE.S(DATAIA:A, DATA!B:B) 

10 | 235 13 32.03 -0.59 25 | 235 17 -32.03 -0,19 

11) 401 3.5 133.97 1.61 26 | 246 16 21.03 0.29 

12 | 323 2.3 55.97 0.41 27 | 263 1.6 -4.03 -0,29 

13 222 14 ~45.03 -0.49 28 | 262 1.7 -5.03 -0,19 

14 258 2.2 -9.03 0.31 29 | 275 17 rAd -0.19 

16 | 398 3.7 130,97 1.81 30) 243 14 -24.03 -0,.49 

16 | 213 1.2 -54.03 -0.69 3 255 1.6 12.03 -0,29 

The covariance has a major flaw as a measure of the linear relationship between two numeri- 

cal variables. Because the covariance can have any value, the covariance cannot be used to deter- 

mine the relative strength of the relationship. In Example 3.17, one cannot tell whether the value 

41.3729 indicates a strong relationship or a weak relationship between revenue and value. To 

better determine the relative strength of the relationship, calculate the coefficient of correlation. 

The Coefficient of Correlation 
The coefficient of correlation measures the relative strength of a linear relationship between 

two numerical variables. The values of the coefficient of correlation range from —1 for a perfect 

negative correlation to +1 for a perfect positive correlation. Perfect in this case means that if 

the points were plotted on a scatter plot, all the points could be connected with a straight line. 

When dealing with population data for two numerical variables, the Greek letter p (rho) is 

used as the symbol for the coefficient of correlation. Figure 3.11 illustrates three different types 

of association between two variables. 

In Panel A of Figure 3.11, there is a perfect negative linear relationship between X and Y. 

Thus, the coefficient of correlation, p, equals —1, and when X increases, Y decreases in a per- 

fectly predictable manner. Panel B shows a situation in which there is no relationship between 

X and Y. In this case, the coefficient of correlation, p, equals 0, and as X increases, there is no 

tendency for Y to increase or decrease. Panel C illustrates a perfect positive relationship where 

p equals +1. In this case, Y increases in a perfectly predictable manner when X increases. 

FIGURE 3.11 ig Y uf 
Types of association 

between variables 
® ® @ ®@e @@ 

student TIP 
eile causation implies 

elation, correlation 

x x x 
PanelA Panel B Panel C 

Perfect negative No correlation Perfect positive 
correlation (p = -1) (p = 0) correlation (p = +1) 

Correlation alone cannot prove that there is a causation effect—that is, that the change in 

the value of one variable caused the change in the other variable. A strong correlation can be 

produced by chance; by the effect of a lurking variable, a third variable not considered in the 

calculation of the correlation; or by a cause-and-effect relationship. One would need to perform 

additional analysis to determine which of these three situations actually produced the correlation. 

Equation (3.17) on page 138 defines the sample coefficient of correlation (r). 
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SAMPLE COEFFICIENT OF CORRELATION 

pee) (3.17) 
SySy 

De — XY; — ¥) 
cov(X, Y) = + an 

EXAMPLE 3.18 Example 3.17 on page 136 calculated the covariance of the team revenue and current value for 

- Calculating the the 30 NBA teams. Now, to measure the relative strength of a linear relationship between the 

Sample Coefficient revenue and value, you want to calculate the sample coefficient of correlation. 

| of Correlation SOLUTION By using Equation (3.17) directly (shown below) or from cell B14 in the coefficient 

of correlation worksheet (shown in Figure 3.12), you determine that the sample coefficient of 

correlation is 0.9104: 

cov(X, ¥) .. 41.3729 
r= = 0.9104 

SySy we 1658. 4445)(0.7776) 

FIGURE 3.12 ie Ss SA Eo In the Worksheet 
Excel worksheet to mecosinart of Correlation Analysis 

compute the sample 

i 

| 

i 

! 

| The worksheet is tte COMPUTE 

coefficient of correlation 
worksheet of the Excel Guide 

Correlation workbook. Appendix F 

explains the DEVSQ and SUMPRODUCT 

mathematical functions that several 

formulas use. 

between revenue and 

current value 

This worksheet uses 

the Figure 3.10 DATA 

worksheet (see page 137). 

The current value and revenue of the NBA teams are very highly correlated. The teams with 

the lowest revenues have the lowest values. The teams with the highest revenues have the highest 

values. This relationship is very strong, as indicated by the coefficient of correlation, r = 0.9104. 

In general, do not assume that just because two variables are correlated, changes in one vari- 

able caused changes in the other variable. However, for this example, it makes sense to conclude 

that changes in revenue would tend to cause changes in the value of a team. 

The sample coefficient of correlation is unlikely to be exactly +1, 0, or —1. Figure 3.13 on 

page 139 presents scatter plots along with their respective sample coefficients of correlation, r F, 
for six data sets, each of which contains 100 pairs of X and Y values. 

In Panel A, the coefficient of correlation, r, is —0.9. For small values of X, there is a very 
strong tendency for Y to be large. Likewise, the large values of X tend to be paired with small 
values of Y. The data do not all fall on a straight line, so the association between X and Y cannot 
be described as perfect. 



FIGURE 3.13 
Six scatter plots and their sample coefficients of correlation, r 
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In Panel B, the coefficient of correlation is —0.6, and the small values of X tend to be paired 

with large values of Y. The linear relationship between X and Y in Panel B is not as strong as that 
in Panel A. Thus, the coefficient of correlation in Panel B is not as negative as that in Panel A. 

In Panel C, the linear relationship between X and Y is very weak, r = —0.3, and there is 

only a slight tendency for the small values of X to be paired with the large values of Y. 
Panels D through F depict data sets that have positive coefficients of correlation because small 

values of X tend to be paired with small values of Y, and large values of X tend to be associated with 

large values of Y. Panel D shows weak positive correlation, with r = 0.3. Panel E shows stronger 
positive correlation, with r = 0.6. Panel F shows very strong positive correlation, with r = 0.9. 
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In summary, the coefficient of correlation indicates the linear relationship, or association, 

between two numerical variables. When the coefficient of correlation gets closer to +1 or —1, 

the linear relationship between the two variables is stronger. When the coefficient of correlation 

is near 0, little or no linear relationship exists. The sign of the coefficient of correlation indicates 

whether the data are positively correlated (the larger values of X are typically paired with the 

larger values of Y) or negatively correlated (the larger values of X are typically paired with the 

smaller values of Y). The existence of a strong correlation does not imply a causation effect. It 

only indicates the tendencies present in the data. 

PROBLEMS FOR SECTION 3.5 

LEARNING THE BASICS c. Which do you think is more valuable in expressing the relation- 

ship between calories and sugar—the covariance or the coeffi- 

cient of correlation? Explain. 

B¢ 7 ) Sa eC) ele 4 9 15 18 d. Based on (a) and (b), what conclusions can you reach about the 

Pao ed Reed Oe. 18° 30 36-019 27 a5 54 relationship between calories and sugar? 

3.44 The following is a set of data from a sample of n = 11 items: 

a. Compute the covariance. 3.47 Movie companies need to predict the gross receipts of indi- 

b. Compute the coefficient of correlation. vidual movies once a movie has debuted. The data, shown below 

c. How strong is the relationship between X and Y? Explain. and stored in G2 eS VE. are the first weekend gross, the U.S. 
gross, and the worldwide gross (in $millions) of the eight Harry 

APPLYING THE CONCEPTS Potter movies: 

3.45 A study of 267 college students investigated the impact of 

smartphones on student connectedness and out-of-class involve- ‘ First US. Worldwide 
ment. One finding showed that students reporting a higher per- _ Title. os Sy ype Weekend Cron ee 

ceived usefulness of smartphones in educational settings used their Sorcerer’s Stone . 90.295 317.558 976.458 

smartphone a higher number of times to send or read email for class Chamber of Secrets 88.357 261.988 878.988 

purposes than students reporting a lower perceived usefulness of Prisoner of Azkaban 93.687 249.539 795.539 

smartphones in educational settings. Goblet of Fire 102.335 290.013 896.013 
Source: Liu X, et al., “The Impact of Smartphone Educational Use on Student Order of the Phoenix 77.108 292.005 938.469 

Connectedness and Out-of-Class Involvement,” The Electronic Journal of Half-Blood Prince 77.836 301.460 934.601 

Communication (2016). 
Deathly Hallows Part! 125.017 = 295.001 955.417 

a. Does the study su t that ived usefuln ; y aiepest that perceived Gsetulness Of smartphones Deathly Hallows Part2. «169.189 381.011._—‘1,328.111 
in educational settings and use of smartphones for class purposes 
are positively correlated or negatively correlated? Source: Data extracted from www.the-numbers.conv/interactive/comp- 

b. Do you think that there might be a cause-and-effect relationship aah Noa ma 
between peyceived usefulness of smartphones in educational 
settings and use of smartphones for class purposes? Explain. a. Calculate the covariance between first weekend gross and U.S. 

Wy pee 3.46 The file [2279 lists the calories and sugar, in ene Se ae aaa 
rams, i : - i 8 in one serving of seven breakfast cereals b. Calculate the coefficient of correlation between first weekend 

: gross and U.S. gross, first weekend gross and worldwide gross, 
Cereal Calories Sugar and U.S. gross and worldwide gross. 
Kellogg’s All Bran 80 6 ¢. Which do you think is more valuable in expressing the relation- 
Kellogg’s Corn Flakes 100 2 ship between first weekend gross, U.S. gross, and worldwide 
Wheaties 100 4 gross—the covariance or the coefficient of correlation? Explain. 
Nature’s Path Organic 110 4 d. Based on (a) and (b), what conclusions can you reach about 
Multigrain Flakes the relationship between first weekend gross, U.S. gross, and 

Kellogg’s Rice Krispies 130 4 veorkd wicks, gtobs 
Be Te is 190 11 3.48 The file contains the overall download and 

anilla upload speeds in Mbps for eight carriers in the U.S. 
Kellogg’s Mini Wheats 200 10 Source: Data extracted from Tom’s Guide, “Fastest Wireless Network 2019: It’s Not 

Even Close,” bit.ly/2PeGiQE. 

a. Calculate the covariance. a. Calculate the covariance between download speed and upload 
b. Calculate the coefficient of correlation. speed. 



b. Calculate the coefficient of correlation between download speed 
and upload speed. 

c. Based on (a) and (b), what conclusions can you reach about the 
relationship between download speed and upload speed? 

3.49 A Pew Reseagch Center survey found that smartphone own- 
ership is growing rapidly around the world, although not always 
equally, and social media use is somewhat less widespread, 
even as Internet use has grown in emerging economies. The file 

contains the level of smartphone ownership, 
measured as the percentage of adults polled who report owning a 
smartphone. The file contains the level of social 
media networking, measured as the percentage of adults who use 

social media sites, as well as the GDP at purchasing power parity 
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(PPP, current international $) per capita for each of 27 advanced 

and emerging countries. 

Source: Data extracted from Pew Research Center, “Smartphone Ownership Is 

Growing Rapidly Around the World, but Not Always Equally,” February 5, 2019, 

bit.ly/21ltMOf. 

For the relationship between percentage of Internet users polled 

who use social networking sites and GDP, and the relationship 

between the percentage of adults polled who own a smartphone 

and GDP: 

a. Calculate the covariance. 

b. Calculate the coefficient of correlation. 

c. Based on (a) and (b), what conclusions can you reach about 

the relationship between the GDP and social media use and the 

relationship between the percentage of adults polled who own a 

smartphone and GDP? 

3.6 Descriptive Statistics: Pitfalls and Ethical Issues 
This chapter describes how a set of numerical data can be characterized by the statistics that 

measure the properties of central tendency, variation, and shape. In business, reports that are 

prepared periodically and report summary or status information frequently include descriptive 

statistics such as the ones this chapter discusses. 

The volume of information available from online, broadcast, or print media has produced much 

skepticism in the minds of many about the objectivity of data. When reading information that contains 

descriptive statistics, one should keep in mind the quip often attributed to the nineteenth-century 

British statesman Benjamin Disraeli: “There are three kinds of lies: lies, damned lies, and statistics.” 

When reviewing statistics for numerical variables, examine both the mean and the median. 

Are they similar, or are they very different? If only the mean is presented, then one cannot deter- 

mine whether the data are skewed or symmetrical and whether the median might be a better mea- 

sure of central tendency than the mean. In addition, one should look to see whether the standard 

deviation or interquartile range for a very skewed set of data has been included in the statistics 

provided. Without these, one cannot determine the amount of variation that exists in the data. 

Ethical considerations arise when deciding which results to include in a report. One should 

document both good and bad results. In addition, presentations should report results in a fair, 

objective, and neutral manner. Unethical behavior occurs when one selectively fails to report 

pertinent findings that are detrimental to the support of a particular position. 

YUSING STATISTICS 
More Descriptive Choices, Revisited 

n the More Descriptive Choices scenario, you were hired | lower than those of the 

by the Choice /s Yours investment company to assist inves- growth funds—they 

tors interested in stock mutual funds. A sample of 479 stock had a mean of 6.84, 

mutual funds included 306 growth funds and 173 value funds. _|_ and half the funds had 

By comparing these two categories, you were able to provide 

investors with valuable insights. 

The three-year returns for both the growth funds and the 

value funds were left-skewed, as the Figure 3.8 boxplot on 

page 130 reveals. The descriptive statistics (see Figure 3.5 on 

page 121) allowed you to compare the central tendency, vari- 

ability, and shape of the returns of the growth funds and the 

value funds. 
The mean indicated that the growth funds returned a mean of 

8.51, and the median indicated that half of the growth funds had 

returns of 8.70 or more. The value funds’ central tendencies were 

three-year returns above 7.07. 

The growth funds showed more variability than the value 
funds, with a standard deviation of 3.1935 as compared to 2.3258. 
The kurtosis of value funds was very positive, indicating a distri- 

bution that was much more peaked than a normal distribution. 

Although the three-year returns were greater for growth 

funds than value funds, that relationship may not hold when 
the one-year, five-year, or ten-year returns for the growth and 
value fund groups are examined. (Analyze the other return 
percentage variables in to see if the relation- 
ship holds for these other periods of time.) 
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¥ SUMMARY 
This chapter discusses how descriptive statistics such as 

the mean, median, quartiles, range, and standard deviation 

describe the characteristics of central tendency, variability, 

and shape. The chapter also identifies the following basic 

concepts related to data variation: 

* The greater the spread or dispersion of the data, the 

larger the range, variance, and standard deviation. 

¢ The smaller the spread or dispersion of the data, the 

smaller the range, variance, and standard deviation. 

TABLE 3.5 
Chapter 3 descriptive 

statistics methods 

Type of Analysis 

Central tendency 

Variation and shape 

Describing the relationship 
between two numerical 

variables 

NS HEINE bate eanaoe 
Booker, J., and L. Ticknor. “A Brief Overview of Kurtosis.” www 

.osti.gov/scitech/servlets/purl/677174. 

Kendall, M. G., A. Stuart, and J. K. Ord. Kendall’s Advanced 

Theory of Statistics, Volume 1: Distribution Theory, 6th ed. 

New York: Oxford University Press, 1994. 

Y KEY EQUATIONS 

YO apwaaehe jks ball ae ame Sa a a ep cases} 

¢ If the values are all the same (no variation in the data), 

the range, variance, and standard deviation will all 

equal zero, 

¢ Measures of variation (the range, variance, and stan- 

dard deviation) are never negative. 

The chapter also discusses how the coefficient of cor- 

relation describes the relationship between two numerical 

variables and how boxplots visualize the distribution of data. 

Table 3.5 classifies the methods that this chapter discusses. 

Methods 

Mean, median, mode (Section 3.1) 

Quartiles, range, interquartile range, variance, standard 

deviation, coefficient of variation, Z scores, skewness, 

kurtosis, boxplot (Sections 3.2 through 3.4) 

Covariance, coefficient of correlation (Section 3.5) 

Taleb, N. The Black Swan, 2nd ed. New York: Random House, 

2010. 

Se 0 aa a RR ee CSS EA GL EL EE eee AO ON SEA 5S RE AS ae eh ee | 

Sample Mean 

~_ a 

Median | 

Median = ranked value (3.2) | 

Geometric Mean 

xe = (X; x X) Xr XK Kyyhe (3.3) 

Geometric Mean Rate of Return 

Rg = [((1 + R,) x (1 + R,) Xere 

Range 

Range nT Xiargest cu Xcmallest (3.5) 

Sample Variance 

n 

> X%, SN 
Ss _ EN 

. aia (3.6) 

Sample Standard Deviation 

= (329); 

Coefficient of Variation 

S 
CV = ($)s00% (3.8) 



Z Score 

Xie X. 
S 

First Quartile, Q, 

ieee 

Of= 

Ze (3.9) 

ranked value (3.10) 

Third Quartile, Q; 

thesis 1.) 
,;= ~—q__ tanked value (3.11) 

Interquartile Range 

Interquartile range = Q; — Q; (3.12) 

eae Mean 

Sy, 
tells pa (3.13) 

Y KEY 1 TERMS. 
Sa 

SRNR TON Sete ao Naar 
ees Seen eee gees Se SOOT EARNS REE TEN 

arithmetic mean (mean) 109 

boxplot 129 

central tendency 109 

Chebyshev’s theorem 134 

coefficient of correlation 137 

coefficient of variation(CV) 117 

covariance 136 

dispersion (spread) 114 

empirical rule 134 

five-number summary 128 

geometric mean 113 

geometric mean rate of return 113 

interquartile range (midspread) 127 

kurtosis 120 

left-skewed 120 

leptokurtic 120 

lurking variable 137 

median 111 

mode 112 

outliers 119 

percentiles 126 

platykurtic 120 

population variance 

Q>: second quartile 

Q;: third quartile 

quartiles 125 

range 114 

resistant measure 

right-skewed 120 

” CHECKING YOUR UNDERSTANDING 
3.50 What are the properties of a set of numerical data? 

3.51 What is meant by the property of central tendency? 

3.52 What are the differences among the mean, median, and mode, 

and what are the advantages and disadvantages of each? 

3.53 How do you interpret the first quartile, median, and third 

quartile? 

3.54 What is meant by the property of variation? 

3.55 What does the Z score measure? 

3.56 What are the differences among the various measures of 

variation, such as the range, interquartile range, variance, standard 

deviation, and coefficient of variation, and what are the aaVaTILAg es 

and disadvantages of each? 

mean (arithmetic mean) 

midspread (interquartile range) 127 

population mean 132 

population standard deviation 133 

133 standard deviation 115 

Q,: first quartile 125 

1225) symmetrical 120 

Checking Your Understanding 143 

Reker Variance 

Sx, soi! 
2 i=1 
FLIES) cesebomeepre sete 3.14 o rr (3.14) 

Population Standard Deviation 

N 

ys, Os crcmy thle 
f=1 

= et 3.15 a (3.15) 

Sample Covariance 

>& =n? G10) pinata @) 

cov(X, Y) = = (3.16) 
eM 

Sample Coefficient of Correlation 

cov(X, Y) 
a mi r 5S, (3.17) 

109 sample coefficient of correlation (r) 137 

sample covariance 136 

sample mean 109 

sample standard deviation (S) 115 

sample variance (Sa) mals 

shape 109 

skewed 120 

skewness 120 

spread (dispersion) 114 

sum of squares (SS) 115 

variance 115 

variation 109 

Zscore 118 

Bias ee ees Leni Mik cn dotnet elas emus eM SW es PaaS 

3.57 How does the empirical rule help explain the ways in which 

the values in a set of numerical data cluster and distribute? 

3.58 How do the empirical rule and Chebyshev’s theorem differ? 

3.59 What is meant by the property of shape? 

3.60 What is the difference between skewness and kurtosis? 

3.61 How do the boxplots for distributions of varying shapes differ? 

3.62 How do the covariance and the coefficient of correlation differ? 

3.63 What is the difference between the arithmetic mean and the 

geometric mean? 

3.64 What is the difference between the geometric mean and the 

geometric rate of return? 
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¥CHAPTER REVIEW PROBLEMS 

3.65 The download and upload speeds of a mobile data carrier 

is of great interest to both individual and business users. The file 

contains the average download speeds in 

Mbps for 100 cities in the United States. 

Source: Data extracted from BroadBandNow, bit.ly/2vSX0FM. 

For the average download speed: 

a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

. Construct a boxplot. Are the data skewed? If so, how? 

d. What can you conclude about the download speeds for the var- 
oO 

ious U. S. cities? 

3.66 An insurance company has the business objective of reducing the 

amount of time it takes to approve applications for life insurance. The 

approval process consists of underwriting, which includes a review of 

the application, a medical information bureau check, possible requests 

for additional medical information and medical exams, and a policy 

compilation stage, in which the policy pages are generated and sent 

for delivery. The ability to deliver approved policies to customers in a 

timely manner is critical to the profitability of this service. Using the 

DCOVA framework you define the variable of interest as the total pro- 

cessing time in days. You collect the data by selecting a random sam- 

ple of 27 approved policies during a period of one month. You organize 

the data collected in a worksheet and store them in [JEWERETY: 
a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

c. Construct a boxplot. Are the data skewed? If so, how? 

d. What would you tell a customer who wishes to purchase this 

type of insurance policy and asks how long the approval process 

takes? 

3.67 One of the major measures of the quality of service provided 

by an organization is the speed with which it responds to customer 

complaints. A large family-held department store selling furniture and 

flooring, including carpet, had undergone a major expansion in the 

past several years. In particular, the flooring department had expanded 

from 2 installation crews to an installation supervisor, a measurer, and 

15 installation crews. The business objective of the company was to 

reduce the time between when a complaint is received and when it is 

resolved. During a recent year, the company received 50 complaints 

concerning carpet installation. The data from the 50 complaints, orga- 

nized in [7 ), represent the number of days between the receipt 
of a complaint and the resolution of the complaint: 

Deer saris, e sie 27.152. 2 123 81. 74.27. Jit 

192126 110 11029 61" 35°°94° 3126 S$." 12. 4 

1652 7326029 28 ye 29m 26 on aSqus lett 14 wh Sie 1B ri OES 

Jeet ele 50.22 36 26 20> 23°33. 68 

a. Calculate the mean, median, first quartile, and third quartile. 
b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

¢c. Construct a boxplot. Are the data skewed? If so, how? 
d. On the basis of the results of (a) through (c), if you had to tell the 

president of the company how long a customer should expect to 
wait to have a complaint resolved, what would you say? Explain. 

Sa PA FER Satie «LB 4: 

3.68 Call centers today play an important role in managing day- 

to-day business communications with customers. It’s important, 

therefore, to monitor’a comprehensive set of metrics, which can 

help businesses understand the overall performance of a call center. 

One key metric for measuring overall call center performance is 

service level which is defined as the percentage of calls answered 

by a human agent within a specified number of seconds. The file 

contains the following data for time, in seconds, to 
answer 50 incoming calls to a financial services call center: 

16 14 16 19 6 14 15 5S 16 18 YF 22 Os ae 

°%2, 6 19 16 16 15 18 2849 Ye we 

23 11 12 14:24 9 10 13 14 26 19. 20,13. 24.246 

IRE P RPA ps ie. AW 

a. Calculate the mean, median, range, and standard deviation for 

the speed of answer, which is the time to answer incoming calls. 

b. List the five-number summary. 

c. Construct a boxplot and describe its shape. 

d. What can you conclude about call center performance if the service 

level target is set as “75% of calls answered in under 20 seconds?” 

3.69 The financial services call center in Problem 3.68 also moni- 

tors call duration, which is the amount of time spent speaking to cus- 

tomers on the phone. The file contains the following 
data for time, in seconds, spent by agents talking to 50 customers: 

243 290 199 240 125 151 158 66 350 1141 251 385 239 

139 181 111 136 250 313 154 78 264 123314 135 99 

420 112 239 208 65 133 213 229 154 377 69 170 261 

230 273 288 180 296 235 243 167 227 384 331 

a. Calculate the mean, median, range, and standard deviation for 

the call duration, which is the amount of time spent speaking 

to customers on the phone. Interpret these measures of central 

tendency and variability. 

b. List the five-number summary. 

c. Construct a boxplot and describe its shape. 

d. What can you conclude about call center performance if a call 

duration target of less than 240 seconds is set? 

3.70 Data were collected on the typical cost of dining at Ameri- 

can-cuisine restaurants within a 1-mile walking distance of a hotel 

located in a large city. The file contains the typical cost 
(a per transaction cost in $) as well as a Bundle score, a measure 

of overall popularity and customer loyalty, for each of 40 selected 
restaurants. 

Source: Data extracted from www.bundle.com via the link on-msn.com/MnIBxo. 

a. For each variable, compute the mean, median, first quartile, and 
third quartile. 

For each variable, compute the range, interquartile range, vari- 

_ ance, standard deviation, and coefficient of variation. 

For each variable, construct a boxplot. Are the data'skewed? If 
so, how? 

d. Calculate the coefficient of correlation between Bundle score 
and typical cost. 
What conclusions can you reach concerning Bundle score and 
typical cost? 

b 

c 

e . 



3.71 A quality characteristic of interest for a tea-bag-filling process 
is the weight of the tea in the individual bags. If the bags are under- 
filled, two problems arise. First, customers may not be able to brew 
the tea to be as strong as they wish. Second, the company may be 
in violation of the truth-in-labeling laws. For this product, the label 
weight on the package indicates that, on average, there are 5.5 grams 
of tea in a bag. If the mean amount of tea in a bag exceeds the 
label weight, the company is giving away product. Getting an exact 
amount of tea in a bag is problematic because of variation in the tem- 

perature and humidity inside the factory, differences in the density 

of the tea, and the extremely fast filling operation of the machine 

(approximately 170 bags per minute). The file [722° contains 
these weights, in grams, of a sample of 50 tea bags produced in one 

hour by a single machine: 

Bere 428 40 O.9G. 5.34 5.54" 5.45° 5525.41 

Pees | Ds I) 5.02 0500 9.40 .5,44 5,51 

ete S.4/ 5.61 5.53 5,32, 9.67 5.29 $49 5.55 

Semesiot® S42 S585.58 S50 05.32'95.50 15,53 6 5.58 

Umea teh S200 103 "OU Or 3.07 5.36 

a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

c. Interpret the measures of central tendency and variation within the 

context of this problem. Why should the company producing the 

tea bags be concerned about the central tendency and variation? 

d. Construct a boxplot. Are the data skewed? If so, how? 

e. Is the company meeting the requirement set forth on the label that, 

on average, there are 5.5 grams of tea in a bag? If you were in 

charge of this process, what changes, if any, would you try to make 

concerning the distribution of weights in the individual bags? 

3.72 The manufacturer of Boston and Vermont asphalt shingles 

provides its customers with a 20-year warranty on most of its 

products. To determine whether a shingle will last as long as the 

warranty period, accelerated-life testing is conducted at the man- 

ufacturing plant. Accelerated-life testing exposes a shingle to the 

stresses it would be subject to in a lifetime of normal use via an 

experiment in a laboratory setting that takes only a few minutes to 

conduct. In this test, a shingle is repeatedly scraped with a brush 

for a short period of time, and the shingle granules removed by 

the brushing are weighed (in grams). Shingles that experience low 

amounts of granule loss are expected to last longer in normal use 

than shingles that experience high amounts of granule loss. In this 

situation, a shingle should experience no more than 0.8 gram of 

granule loss if it is expected to last the length of the warranty period. 

The file [6240 contains a sample of 170 measurements made on 

the company’s Boston shingles and 140 measurements made on 

Vermont shingles. 

a. List the five-number summaries for the Boston shingles and for 

the Vermont shingles. 

b. Construct side-by-side boxplots for the two brands of shingles 

and describe the shapes of the distributions. 

c. Comment on the ability of each type of shingle to achieve a 

granule loss of 0.8 gram or less. 

3.73 The file contains the cost per meal and the rat- 

ings of 50 center city and 50 metro area restaurants on their food, 

décor, and service (and their summated ratings). 
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Complete the following for the center city and metro area restaurants: 

a. Construct the five-number summary of the cost of a meal. 

b. Construct a boxplot of the cost of a meal. What is the shape of 

the distribution? 

c. Calculate and interpret the correlation coefficient of the sum- 

mated rating and the cost of a meal. 

d. What conclusions can you reach about the cost of a meal at 

center city and metro area restaurants? 

3.74 The file contains calories, protein, and cholesterol of 

popular protein foods (fresh red meats, poultry, and fish). 

Source: U.S. Department of Agriculture, 

a. Calculate the correlation coefficient between calories and 

protein. 

b. Calculate the correlation coefficient between calories and 

cholesterol. 

c. Calculate the correlation coefficient between protein and 

cholesterol. 

d. Based on the results of (a) through (c), what conclusions can you 

reach concerning calories, protein, and cholesterol of popular 

protein foods? 

3.75 College basketball in the United States is big business with 

television contracts in the billions of dollars and coaches’ salaries 

in the millions of dollars. The file ""27-7= "2% contains the total 

coaches pay fora recent year and whether the school was a member 

of a major conference (Atlantic Coast, Big 12, Big East, Big Ten, 

Pac-12, or SEC). 

Source: Data extracted from “College Men’s Basketball Coaches Compensation, 

USA Today, March 13, 2019, p. C4. 

For each of the two groups (major conference member and not a 

major conference member): 

a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

c. Interpret the measures of central tendency and variation within 

the context of this problem. 

d. Construct a boxplot. Are the data skewed? If so, how? 

e. What conclusions can you reach about the differences in coaches 

pay between colleges that are members of a major conference 

and those that are not? 

3.76 The file contains the property taxes on a 
$176K home and the median home value for the 50 states and the 

District of Columbia. For each of these two variables: 

a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

c. Construct a boxplot. Are the data skewed? If so, how? 

d. Calculate the coefficient of correlation between the property 

taxes on a $176K home and the median home value. 

Based on the results of (a) through (c), what conclusions 

can you reach concerning property taxes on a $176K home 

and the median home value for each state and the District of 

Columbia? 

e 

3.77 Have you wondered how Internet connection speed varies 
around the globe? The file fejefittetitflamsjs-re8 contains the mean 

connection speed, the mean peak connection speed, the percentage 
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of the time the speed is above 4 Mbps, and the percentage of the 

time the connection speed is above 10 Mbps for various countries, 

Source: Data extracted from bit.ly/IhHaHVD. 

Answer (a) through (c) for each variable. 

a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation, 

c. Construct a boxplot. Are the data skewed? If so, how? 

d. Calculate the coefficient of correlation between mean connec- 

tion speed, mean peak connection speed, percentage of the time 

the speed is above 4 Mbps, and the percentage of the time the 

connection speed is above 10 Mbps. 

e. Based on the results of (a) through (c), what conclusions can 

you reach concerning the connection speed around the globe? 

f. Based on (d), what conclusions can your reach about the rela- 

tionship between mean connection speed, mean peak connection 

speed, percentage of the time the speed is above 4 Mbps, and the 

percentage of the time the connection speed is above 10 Mbps? 

3.78 311 is Chicago’s web and phone portal for government infor- 

mation and nonemergency services. 311 serves as a comprehensive 

one-stop shop for residents, visitors, and business owners; therefore, 

it is critical that 311 representatives answer calls and respond to 

requests in a timely and accurate fashion. The target response time 

for answering 311 calls is 45 seconds. Agent abandonment rate is one 

of several call center metrics tracked by 311 officials. This metric 

tracks the percentage of callers who hang up after the target response 

time of 45 seconds has elapsed. The file contains the 
agent abandonment rate for 22 weeks of call center operation during 

the 7:00 A.M.—3:00 P.M. shift. 

a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

c. Construct a boxplot. Are the data skewed? If so, how? 

d. Calculate the correlation coefficient between day and agent 

abandonment rate. 

e. Based on the results of (a) through (c), what conclusions might 

you reach concerning 311 call center performance operation? 

3.79 How much time do commuters living in or near cities spend 

commuting to work each week? The file contains 
the average weekly commuting time in 30 USS. cities. 

Source: Data extracted from factfinder.census.gov. 

For the weekly commuting time data: 

a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

c. Construct a boxplot. Are the data skewed? If so, how? 

d. Based on the results of (a) through (c), what conclusions might 

you reach concerning the commuting time. 

3.80 How do the mean credit scores of people living in various 

American cities differ? The file is an ordered array 
of the average credit scores of people living in 2,570 American 

cities. 

Source: Data extracted from “Study shows cities with highest and lowest credit 

scores,” bit.ly/2uubZfXx. 

a. Calculate the mean, median, first quartile, and third quartile. 

b. Calculate the range, interquartile range, variance, standard devi- 

ation, and coefficient of variation. 

c. Construct a boxplot. Are the data skewed? If so, how? 

d. Based on the results of (a) through (c), what conclusions might 

you reach concerning the average credit scores of people living 

in various American cities? 

3.81 You are planning to. study for your statistics examination 

with a group of classmates, one of whom you particularly want to 

impress. This individual has volunteered to use software to gen- 

erate the needed summary information, tables, and charts for a 

data set that contains several numerical and categorical variables 

assigned by the instructor for study purposes. This person comes 

over to you with the printout and exclaims, “I’ve got it all—the 

means, the medians, the standard deviations, the boxplots, the pie 

charts—for all our variables. The problem is, some of the output 

looks weird—like the boxplots for gender and for major and the 

pie charts for grade point average and for height. Also, I can’t 

understand why Professor Szabat said we can’t get the descriptive 

stats for some of the variables; I got them for everything! See, the 

mean for height is 68.23, the mean for grade point average is 2.76, 

the mean for gender is 1.50, the mean for major is 4.33.” What is 

your reply? 

REPORT WRITING EXERCISES 

3.82 The file contains the percentage alcohol, 
number of calories per 12 ounces, and number of carbohydrates (in 

grams) per 12 ounces for 157 of the best-selling domestic beers in 
the United States. 

Source: Data extracted from bit.ly/LA4E6AF, April 3, 2019. 

Write a report that includes a complete descriptive evaluation of 
each of the numerical variables—percentage of alcohol, number of 
calories per 12 ounces, and number of carbohydrates (in grams) per 
12 ounces. Append to your report all appropriate tables, charts, and 
numerical descriptive measures. 
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CHAPTER 

Managing Ashland MultiComm Services 
For what variable in the Chapter 2 “Managing Ashland Multi- 

Comm Services” case (see page 86) are numerical descriptive 

measures needed? 

1. For the variable you identify, compute the appropriate numer- 

ical descriptive measures and construct a boxplot. 

2. For the variable you identify, construct a graphical display. 

What conclusions can you reach from this other plot that 

cannot be made from the boxplot? 

3. Summarize your findings in a report that can be included with 

the task force’s study. 

Digital Case 
Apply your knowledge about the proper use of numerical 

descriptive measures in this continuing Digital Case. 

Open EndRunGuide.pdf, the EndRun Financial Services 

“Guide to Investing.” Re-examine EndRun’s supporting data 

for the “More Winners Than Losers” and “The Big Eight Dif- 

ference” and then answer the following: 

1. Can descriptive measures be calculated for any variables? 

How would such summary statistics support EndRun’s 

claims? How would those summary statistics affect your 

perception of EndRun’s record? 

2. Evaluate the methods EndRun used to summarize the results 

presented on the “Customer Survey Results” page. Is there 

anything you would do differently to summarize these results? 

3. Note that the last question of the survey has fewer responses 

than the other questions. What factors may have limited the 

number of responses to that question? 

CardioGood Fitness 
Return to the CardioGood Fitness case first presented on 

page 87. Using the data stored in [ez{iefeeer ia ieee: 

1. Calculate descriptive statistics to create a customer profile for 

each CardioGood Fitness treadmill product line. 

2. Write a report to be presented to the management of Cardio- 

Good Fitness, detailing your findings. 

More Descriptive Choices Follow-up 
Follow up the Using Statistics Revisited section on page 141 

by calculating descriptive statistics to analyze the differences in 

one-year return percentages, five-year return percentages, and 

ten-year return percentages for the sample of 479 retirement 

funds stored in GEER REEY. In your analysis, examine 
differences between the growth and value funds as well as 

the differences among the small cap, midcap, and large cap 

market funds. 

Clear Mountain State Student Survey 
The student news service at Clear Mountain State University 

(CMSU) has decided to gather data about the undergraduate 

students who attend CMSU. They create and distribute a survey 

of 14 questions (see CMUndergradSurvey.pdf) and receive 

responses from 111 undergraduates (stored in SUEENS I"). 
For each numerical variable included in the survey, calculate all 

the appropriate descriptive statistics and write a report summa- 

rizing your conclusions. 



CHAPTER 

MEASURES of CENTRAL 
TENDENCY 

| The Mean, Median, and Mode 

. Key Technique Use the AVERAGE(variable cell range), 

MEDIAN(variable cell range), and MODE(variable cell 

range) functions to compute these measures. 

Example Compute the mean, median, and mode for the 

sample of get-ready times that Section 3.1 introduces. 

PHStat Use Descriptive Summary. 

For the example, open to the DATA worksheet of the 

Times workbook. Select PHStat > Descriptive Statistics > 

Descriptive Summary. In the procedure’s dialog box (shown 

below): 

1. Enter A1l:A11 as the Raw Data Cell Range and check 

First cell contains label. 

2. Click Single Group Variable. 

3. Enter a Title and click OK. 

- | 

Descriptive Summary x | 

[Data - — — _ — | 
|| RawDataCelRange: —‘[Ai:Ai1 =i 
|| IV First cell contains label 

| — Input Options ———_—————_——___—__—— 
©@ Single Group Variable 

© Multiple Groups - Unstacked 

© Multiple Groups - Stacked 

Grouping Variable Cell Range: | 3 ] 

| 

/ 

[= oe ee Se 

[ 
| 
l 

PHStat inserts a new worksheet that contains various mea- 

sures of central tendency, variation, and shape discussed 

in Sections 3.1 and 3.2. This worksheet is similar to the 

CompleteStatistics worksheet of the Descriptive workbook. 

Workbook Use the CentralTendency worksheet of the 

Descriptive workbook as a model. 

For the example, open the Times workbook, insert a new 

worksheet (see Section EG.4), and: 

1. Enter a title in cell Al. 

2. Enter Get-Ready Times in cell B3, Mean in cell A4, 
Median in cell A5, and Mode in cell A6. 

3. Enter the formula = AVERAGE(DATAIA:A) in cell 
B4, the formula = MEDIAN(DATA!A:A) in cell BS, 
and the formula = MODE(DATA!A:A) in cell B6. 
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For these functions, the variable cell range includes the name 

of the DATA worksheet because the data being summarized 

appears on the separate DATA worksheet. For another prob- 

lem, paste the data for the problem into column A of the 

DATA worksheet, overwriting the existing get-ready times. 

Analysis ToolPak Use Descriptive Statistics. 

For the example, open to the DATA worksheet of the Times 

workbook and: 

1. Select Data Data Analysis. 

2. In the Data Analysis dialog box, select Descriptive 

Statistics from the Analysis Tools list and then click 

OK. 

In the Descriptive Statistics dialog box (shown below): 

1. Enter A1:A11 as the Input Range. Click Columns and 

check Labels in first row. 

2. Click New Worksheet Ply and check Summary 

statistics, Kth Largest, and Kth Smallest. 

3. Click OK. 

Descriptive Statistics ? x 

input — 

Input Range: SAS1SAST1 Bie 
| = 7 = . ; 

Grouped By: @ Columns Fee oan 

O Bows Help | 
© Labels in first row a 

| Output options ae 

© Qutput Range: Ee 

| @ New Worksheet Pty: | 

O New Workbook 

YY summary statistics 

| [Confidence tevelforMean: 95 |% | 

Kth Largest: }1 

kth Smatiest: Shae: 4 } 

The ToolPak inserts a new worksheet that contains various 

measures of central tendency, variation, and shape discussed 
in Sections 3.1 and 3.2. 

The Geometric Mean 

Key Technique Use the GEOMEAN((1 + R1), (1 + R2), 

...(1 + Rn)) — 1 function to compute the geometric mean 
rate of return. 

Example Compute the geometric mean rate of return in the 
Russell 2000 Index for the two years as shown in Example 3.4 
on page 114. | 

Workbook Enter the formula =GEOMEAN((1 + (0.131)), 
(1 + (—0.122))) — 1 in any cell. 



/EG3.2 MEASURES of VARIATION 

and SHAPE | 

The Range 

Key Technique Use the MIN(variable cell range) and 
MAX (variable cell range) functions to help compute the 
range. 

Example Compute the range for the sample of get-ready 
times first introduced in Section 3.1. 

PHStat Use Descriptive Summary (see Section EG3.1). 

Workbook Use the Range worksheet of the Descriptive 

workbook as a model. . 

For the example, open the worksheet constructed in the 

Workbook “The Mean, Median, and Mode” instructions. 

Enter Minimum in cell A7, Maximum in cell A8, and 

Range in cell A9. 

Enter the formula =MIN(DATA!A:A) in cell B7, 

the formula =MAX(DATAI!A:A) in cell B8, and the 

formula = B8—B7 in cell B9. 

The Variance, Standard Deviation, 

Coefficient of Variation, and Z Scores 

Key Technique Use the VAR.S(variable cell range) and 

STDEV.S(variable cell range) functions to compute the sam- 

ple variance and the sample standard deviation, respectively. 

Use the AVERAGE and STDEV.S functions for the coef- 

ficient of variation. Use the STANDARDIZE(value, mean, 

standard deviation) function to compute Z scores. 

Example Compute the variance, standard deviation, coeffi- 

cient of variation, and Z scores for the sample of get-ready 

times first introduced in Section 3.1. 

PHStat Use Descriptive Summary (see Section EG3.1). 

Workbook Use the Variation and ZScores worksheets of 

the Descriptive workbook as models. 

For the example, the Variation and ZScores worksheets 

already compute these statistics using the get-ready times 

in the DATA worksheet. To compute the variance, standard 

deviation, and coefficient of variation for another problem, 

paste the data for the problem into column A of the DATA 

worksheet, overwriting the existing get-ready times. 

To compute the Z scores for another problem, copy the 

updated DATA worksheet. In the new, copied worksheet: 

1. Enter Z Score in cell B1. 

2. Enter =STANDARDIZE(A2, Variation!$B$4, 

Variation!$B$11) in cell B2. 

3. Copy the formula down through row 11. 

Analysis ToolPak Use Descriptive Statistics (see Section 

EG3.1). This procedure does not compute Z scores. 
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Shape: Skewness and Kurtosis 

Key Technique Use the SKEW(variable cell range) and . 

the KURT (variable cell range) functions to compute these 
measures, 

Example Compute the skewness and kurtosis for the sample 

of get-ready times first introduced in Section 3.1. . 

PHStat Use Descriptive Summary (see Section EG3.1). 

Workbook Use the Shape worksheet of the Descriptive 

workbook as a model. 

For the example, the Shape worksheet already computes the 

skewness and kurtosis using the get-ready times in the DATA 

worksheet. To compute these statistics for another problem, 

paste the data for the problem into column A of the DATA 

worksheet, overwriting the existing get-ready times. 

Analysis ToolPak Use Descriptive Statistics (see Section 

EG3.1). 

3 EXPLORING 
VARIABLES 

Quartiles 

Key Technique Use the MEDIAN and COUNT, and 

SMALL, INT, FLOOR, CEILING, and IF functions (see 

Appendix F) to compute the quartiles. Avoid using any of 

the Excel quartile functions because they do not use the 

Section 3.3 rules to calculate quartiles. 

Example Compute the quartiles for the sample of get-ready 

times first introduced in Section 3.1. 

PHStat Use Boxplot (see page 150). 

Workbook Use the COMPUTE worksheet of the Quartiles 

workbook as a model. 

For the example, the COMPUTE worksheet already com- 

putes the quartiles for the get-ready times. To compute the 

quartiles for another problem, paste the data into column A 

of the DATA worksheet, overwriting the existing get ready 

times. 

The COMPUTE worksheet uses a number of arith- 
metic and logical formulas that use the IF function to pro- 

duce results consistent to the Section 3.3 rules. Open to the 

COMPUTE_FORMULAS worksheet to review these for- 

mulas and read the SHorT TAKES for Chapter 3 for a detailed 

explanation of those formulas. 

The COMPUTE worksheet avoids using any of the cur- 

rent Excel QUARTILE functions because none of them cal- 

culate quartiles using the Section 3.3 rules. The COMPARE 

worksheet compares the COMPUTE worksheet results to 

the quartiles calculated by the Excel QUARTILE.EXC and 

QUARTILE.INC functions. 
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The Interquartile Range 

Key Technique Use a formula to subtract the first quartile 

from the third quartile. 

Example Compute the interquartile range for the sample of 

get ready times first introduced in Section 3.1. 

Workbook Use the COMPUTE worksheet of the Quar- 

tiles workbook (see previous section) as a model. 

For the example, the interquartile range is already computed 

in cell B19 using the formula = B18 — B16. 

The Five-Number Summary and the Boxplot 

Key Technique Plot a series of line segments on the same 

chart to construct a five-number summary boxplot. 

Example Compute the five-number summary and con- 

struct the boxplots of the three-year return percentage vari- 

able for the growth and value funds used in Example 3.14 

on page 130. 

PHStat Use Boxplot. 

For the example, open to the DATA worksheet of the 

Retirement Funds workbook. Select PHStat > Descriptive 

Statistics > Boxplot. In the procedure’s dialog box (shown 

below): 

1. Enter K1:K480 as the Raw Data Cell Range and check 

First cell contains label. 

2. Click Multiple Groups - Stacked and enter C1:C480 

as the Grouping Variable Cell Range. 

3. Enter a Title, check Five-Number Summary, and click 

OK. , 

The boxplot appears on its own chart sheet, separate from the 
worksheet that contains the five-number summary. 

Workbook Use the worksheets of the Boxplot workbook 
as templates for five-number summary boxplots. 

For the example, use the PLOT_DATA worksheet which 
already shows the five-number summary and boxplot for 
the value funds. To compute the five-number summary and 

construct a boxplot for the growth funds, copy the growth 

funds from column A of the UNSTACKED worksheet of 

the Retirement Funds workbook and paste into column A 

of the DATA worksheet of the Boxplot workbook. 

For other problems, use the PLOT.SUMMARY 

worksheet as the template if the five-number summary has 

already been determined; otherwise, paste your unsumma- 

rized data into column A of the DATA worksheet and use the 

PLOT_DATA worksheet as was done for the example. 

The worksheets creatively use charting features to con- 

struct a boxplot as the SHortT TAKES for Chapter 3 explains. 

EG3.4 NUMERICAL DESCRIPTIVE 
MEASURES for a POPULATION 

The Population Mean, Population Variance, 

and Population Standard Deviation 

Key Technique Use AVERAGE(variable cell range), 

VAR.P(variable cell range), and STDEY.P(variable cell 

range) to compute these measures. 

Example Compute the population mean, population vari- 

ance, and population standard deviation for the “Dow Dogs” 

population data of Table 3.3 on page 132. 

Workbook Use the Parameters workbook as a model. 

For the example, the COMPUTE worksheet of the 

Parameters workbook already computes the three popula- 

tion parameters for the “Dow Dogs.” 

The Empirical Rule and Chebyshev’s Theorem 

Use the COMPUTE worksheet of the VE-Variability 

workbook to explore the effects of changing the mean and 

standard deviation on the ranges associated with + 1 stand- 

ard deviation, +2 standard deviations, and +3 standard 
deviations from the mean. Change the mean in cell B4 and 

the standard deviation in cell BS and then note the updated 

results in rows 9 through 11. 

EG3.5 THE COVARIANCE and the 

COEFFICIENT of CORRELATION 

The Covariance 

Key Technique Use the COVARIANCE.S(variable 1 cell 

range, variable 2 cell range) function to compute this measure. 

Example Compute the sample covariance for the NBA team 

revenue and value shown in Figure 3.10 on page 137. 

Workbook Use the Covariance workbook as a model. 

For the example, the revenue and value have already been 
placed in columns A and B of the DATA worksheet and the 
COMPUTE worksheet displays the computed covariance in 
cell B9. For other problems, paste the data for two variables 
into columns A and B of the DATA worksheet, overwriting 
the revenue and value data. 



Read the SHortT TAKES for Chapter 3 for an explana- 
tion of the formulas found in the DATA and COMPUTE 
worksheets. 

The Coefficient of Correlation 

Key Technique Use the CORREL(variable 1 cell range, 
variable 2 cell range) function to compute this measure. 
Example Compute the coefficient of correlation for the NBA 
team revenue and value data of Example 3.18 on page 138. 

Workbook Use the Correlation workbook as a model. 

* TABLEAU GUIDE 

TG3.3 EXPLORING NUMERICAL 
VARIABLES 

The Five-Number Summary and the Boxplot 

Use box-and-whisker plots. 

For example, to construct the five-number summary boxplots 

of the three-year return percentage variable for the growth 

and value funds, similar to Figure 3.8 on page 130, open to 

the Retirement Funds For Tableau Excel workbook. In a 

new Tableau worksheet: 

1. Right-click 3YrReturn in the Dimensions list and select 

Convert to Measure in the shortcut menu. 

2. Drag 3YrReturn from the Measures list and drop it in 

the Rows area. 

3. Drag Fund Number from the Dimensions list and drop 

it in the Rows area. 

4. If the ShowMe tab is not visible, click ShowMe. 

5. In the ShowMe tab, click box-and-whisker plots. 

6. Drag Fund Type from the Dimensions list and drop it 

in the Rows area. 

7. Right-click over one of the boxes and select Edit from 

the shortcut menu. 

In the Edit Reference Line, Band, or Box dialog box (shown 

in the next column): 

8. Select Maximum extent of the data from the Plot 

Options pull-down list. 

9, Check Hide underlying marks (except outliers). 

10. Click OK. 
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For the example, the revenue and value have already been 

placed in columns A and B of the DATA worksheet and the 

COMPUTE worksheet displays the coefficient of correlation 

in cell B14. For other problems, paste the data for two vari- | 

ables into columns A and B of the DATA worksheet, over- 

writing the revenue and value data. 

The COMPUTE worksheet uses the COVARIANCE.S 

function to compute the covariance (see the previous sec- 

tion) and also uses the DEVSQ, COUNT, and SUMPROD- 

UCT functions that Appendix F discusses. Open to the | 

COMPUTE_FORMULAS worksheet to examine the use | 

of all these functions. 
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11. Back in the main Tableau window, select Analysis > 

Swap Rows and Columns. 

Boxplots change from a vertical to horizontal layout. Moving 

the mouse pointer over each boxplot, displays the values of 

the five-number summary of the boxplot. Tableau labels the | 

first quartile, Q,, the Lower Hinge, and labels the third quar- | 

tile, Q3, the Upper Hinge. (The lower and upper hinges are 

equivalent to these quartiles by the method this book uses to 

calculate Q; and Q3.) 
To construct a boxplot for a numerical variable, the 

variable must be a measure and not a dimension, the reason 

for step 1. 
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Y USING STATISTICS 
Probable Outcomes at Fredco Warehouse Club 

that selects, purchases, and markets electronics items that the club sells, and you seek 
to satisfy customers’ needs. Noting new trends in the television marketplace, you have 

worked with company marketers to conduct an intent-to-purchase study. The study asked the 

heads of 1,000 households about their intentions to purchase a large TV, a screen size of at least 

65 inches, sometime during the next 12 months. 

Now 12 months later, you plan a follow-up survey with the same people to see if they did 

purchase a large TV in the intervening time. For households that made such a purchase, you 

would like to know if the TV purchased was HDR (high dynamic range) capable, whether they 

also purchased a streaming media player in the intervening time, and whether they were satis- 
fied with their large TV purchase. 

You plan to use survey results to form a new marketing strategy that will enhance sales and 

better target those households likely to purchase multiple or more expensive products. What 

questions can you ask in this survey? How can you express the relationships among the various 
intent-to-purchase responses of individual households? 

A s a Fredco Warehouse Club electronics merchandise manager, you oversee the process 



4.1 Basic Probability Concepts 5 Mees) 

he principles of probability help bridge the worlds of descriptive statistics and inferen- 

tial statistics. Probability principles are the foundation for the probability distribution, 

the concept of mathematical expectation, and the binomial and Poisson distributions. 

Applying probability to intent-to-purchase survey responses answers purchase behavior ques- 

tions such as: 

¢ What is the probability that a household is planning to purchase a large TV in the next year? 

* What is the probability that a household will actually purchase a large TV? 

* What is the probability that a household is planning to purchase a large TV and actually 

purchases the TV? 

* Given that the household is planning to purchase a large TV, what is the probability that 

the purchase is made? 

* Does knowledge of whether a household plans to purchase a large TV change the 

likelihood of predicting whether the household will purchase a large TV? 

¢ What is the probability that a household that purchases a large TV will purchase an 

HDR-capable TV? 

What is the probability that a household that purchases a large TV with HDR will also 

purchase a streaming media player? 

What is the probability that a household that purchases a large TV will be satisfied with 

the purchase? 

Answers to these question will provide a basis to form a marketing strategy. One can con- 

sider whether to target households that have indicated an intent to purchase or to focus on selling 

TVs that have HDR or both. One can also explore whether households that purchase large TVs 

with HDR can be easily persuaded to also purchase streaming media players. 

4.1 Basic Probability Concepts 

student TIP 
Events are represented 

by letters of the alphabet. 

In everyday usage, probability, according to the Oxford English Dictionary, indicates the extent 

to which something is likely to occur or exist but can also mean the most likely cause of some- 

thing. If storm clouds form, the wind shifts, and the barometric pressure drops, the probability 

of rain coming soon increases (first meaning). If one observes people entering an office building 

with wet clothes or otherwise drenched, there is a strong probability that it is currently raining 

outside (second meaning). 

In statistics, probability is a numerical value that expresses the ratio between the value 

sought and the set of all possible values that could occur. A six-sided die has faces for 1, 2, 3, 

4,5, and 6. Therefore, for one roll of a fair six-sided die, the set of all possible values are the 

values | through 6. If the value sought is “a value greater than 4,” then the values 5 or 6 would 

be sought. One would say the probability of this event is 2 outcomes divided by 6 outcomes 

or 1/3. 

Consider tossing a fair coin heads or tails two times. What is the probability of tossing two 

tails? The set of possible values for tossing a fair coin twice are HH, TT, HT, and TH. Therefore, 

the probability of tossing two tails is 1/4 because only one value (TT) matches what is being 

sought, and the set of all possible values has four values. 

Events and Sample Spaces 
When discussing probability, one uses outcomes in place of values and calls the set of all possi- 

ble outcomes the sample space. Events are subsets of the sample space, the set of all outcomes 

that produce a specific result. For tossing a fair coin twice, the event “toss at least one head” is 
the subset of outcomes HH, HT, and TH, and the event “toss two tails” is the subset TT. Both 

events are examples of a joint event, an event that has two or more characteristics. In contrast, 

a simple event has only one characteristic, an outcome that cannot be further subdivided. The 

event “rolling a value greater than 4” in the first example results in the subset of outcomes 5 

and 6 and is an example of a simple event because “5S” and “6” represent one characteristic and 

cannot be further divided. 
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The complement of an event A, noted by the symbol A’, is the subset of outcomes that are not 

part of the event. For tossing a fair coin twice, the complement of the event “toss at least one head” 

is the subset TT, while the complement of the event “toss two tails” is HH, HT, and TH. 

A set of events are mutually exclusive if they cannot occur at the same. The events “roll a 

value greater than 4” and “roll a value less than 3” are mutually exclusive when rolling one fair 

die. However, the events “roll a value greater than 4” and “roll a value greater than 5” are not 

because both share the outcome of rolling a 6. 

A set of events are collectively exhaustive if one of the events must occur. For rolling 

a fair six-sided die, the events “roll a value of 3 or less” and “roll a value of 4 or more” are 

student TIP collectively exhaustive because these two subsets include all possible outcomes in the sample 

space. However, the set of events “roll a value of 3 or less” and “roll a value greater than 4” is 

not because this set does not include the outcome of rolling a 4. 

Not all sets of collectively exhaustive events are mutually exclusive. For rolling a fair 

six-sided die, the set of events “roll a value of 3 or less,” “roll an even-numbered value,” and 

“roll a value greater than 4” is collectively exhaustive but is not mutually exclusive as, for 

example, ‘“‘a value of 3 or less” and “an even-numbered value” could both occur if a 2 is rolled. 

Certain and impossible events represent special cases. A certain event is an event that is 

student TIP sure to occur such as “roll a value greater than 0” for rolling one fair die. Because the subset of 

outcomes for a certain event is the entire set of outcomes in the sample, a certain event has a 

probability of 1. An impossible event is an event that has no chance of occurring, such as “roll 

a value greater than 6” for rolling one fair die. Because the subset of outcomes for an impossible 

event is empty—contains no outcomes—an impossible event has a probability of 0. 

By definition, an event 

and its complement are 

always both mutually 

exclusive and collectively 

exhaustive. 

A probability cannot 

be negative or greater 

than 1. 

Types of Probability 
The concepts and vocabulary related to events and sample spaces are helpful to understanding 

how to calculate probabilities. Also affecting such calculations is the type of probability being 

used: a priori, empirical, or subjective. 

In a priori probability, the probability of an occurrence is based on having prior knowl- 

edge of the outcomes that can occur. Consider a standard deck of cards that has 26 red cards 

and 26 black cards. The probability of selecting a black card is 26/52 = 0.50 because there 

are 26 black cards and 52 total cards. What does this probability mean? If each card is replaced 

after it is selected, this probability does not mean that one out of the next two cards selected will 

be black. One cannot say for certain what will happen on the next several selections. However, 

one can say that in the long run, if this selection process is continually repeated, the proportion 

of black cards selected will approach 0.50. Example 4.1 shows another example of computing 
an a priori probability. 

——_——_1_ 

EXAMPLE 4.1 

Finding A Priori 
Probabilities 

A standard six-sided die has six faces. Each face of the die contains either one, two, three, four, 
five, or six dots. If you roll a die, what is the probability that you will get a face with five dots? 

SOLUTION Each face is equally likely to occur. Because there are six faces, the probability of 
getting a face with five dots is 1/6. 

Satnestinnenemeneemeenaneesa ee —————$———$ 

The preceding examples use the a priori probability approach because the number of ways 
the event occurs and the total number of possible outcomes are known from the composition of 
the deck of cards or the faces of the die. 

In the empirical probability approach, the probabilities are based on observed data, not on 
prior knowledge of how the outcomes can occur. Surveys are often used to generate empirical 
probabilities. Examples of this type of probability are the proportion of individuals in the Fredco 
Warehouse Club scenario who actually purchase a large TV, the proportion of registered voters 
who prefer a certain political candidate, and the proportion of students who have part-time jobs. 
For example, if one conducts a survey of students, and 60% state that they have part-time jobs, then 
there is a 0.60 probability that an individual student has a part-time job. 



' 
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TABLE 4.1 

Purchase behavior 

for large TVs 
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The third approach to probability, subjective probability, differs from the other two 

approaches because subjective probability differs from person to person. For example, the devel- 

opment team for a new product may assign a probability of 0.60 to the chance of success for 

the product, while the president of the company may be less optimistic and assign a probability 

of 0.30. The assignment of subjective probabilities to various outcomes is usually based on a 

combination of an individual’s past experience, personal opinion, and analysis of a particular 

situation, Subjective probability is especially useful in making decisions in situations in which 

one cannot use a priori probability or empirical probability. 

Summarizing Sample Spaces 
Sample spaces can be presented in tabular form using contingency tables (see Section 2.1). 

Table 4.1 in Example 4.2 summarizes a sample space as a contingency table. When used for 

probability, each cell in a contingency table represents one joint event, analogous to the one joint 

response when these tables are used to summarize categorical variables. For example, 200 of 

the respondents correspond to the joint event “planned to purchase a large TV and subsequently 

did purchase the large TV.” 

The Fredco Warehouse Club scenario on page 152 involves analyzing the results of an intent- 

to-purchase study. Table 4.1 presents the results of the sample of 1,000 households surveyed in 

terms of purchase behavior for large TVs. 

ACTUALLY PURCHASED 
PLANNED TO SST Ee TE PS 

PURCHASE Yes No Total 

Yes 200 50 250 

No 100 650 750 

Total 300 700 1,000 

What is the sample space? Give examples of simple events and joint events. 

SOLUTION The sample space consists of the 1,000 respondents. Simple events are “planned to 

purchase,” “‘did not plan to purchase,” “purchased,” and “did not purchase.” The complement of 

the event “planned to purchase” is “did not plan to purchase.” The event “planned to purchase 

and actually purchased” is a joint event because in this joint event, the respondent must plan to 

purchase the TV and actually purchase it. 

Simpie Probability 
Simple probability is the probability of occurrence of a simple event A, P(A), in which each outcome 

is equally likely to occur. Equation (4.1) defines the probability of occurrence for simple probability. 

PROBABILITY OF OCCURRENCE 

x 
Probability of occurrence = T (4.1) 

where 

X = number of outcomes in which the event occurs 

T = total number of possible outcomes 
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Equation 4.1 represents what some people wrongly think is the probability of occurrence for 

all probability problems. (Not all probability problems can be solved by Equation 4.1 as later 

examples in this chapter illustrate.) In the Fredco Warehouse Club scenario, the collected survey 

data represent an example of empirical probability. Therefore, one can use Equation (4.1) to 

determine answers to questions that can be expressed as a simple probability. 

For example, one question asked respondents if they planned to purchase a large TV. Using 

the responses to this question, how can one determine the probability of selecting a household 

that planned to purchase a large TV? From the Table 4.1 contingency table, determine the 

value of X as 250, the total of the Planned-to-purchase Yes row and determine the value of T as 

1,000, the overall total of respondents located in the lower right corner cell of the table. Using 

Equation (4.1) and Table 4.1: 

X 
Probability of occurrence = T 

Number who planned to purchase 
P(Planned to purchase) = m 

Total number of households 

= —— = 0.25 
1,000 

Thus, there is a 0.25 (or 25%) chance that a household planned to purchase a large TV. 

Example 4.3 illustrates another application of simple probability. 

EXAMPLE 4.3 In another Fredco Warehouse Club follow-up survey, additional questions were asked of the 

Computing the 300 households that actually purchased large TVs. Table 4.2 indicates the consumers’ responses 

Probability That the to whether the TV purchased was HDR-capable and whether they also purchased a streaming 

Large TV Purchased media player in the past 12 months. 
_ is HDR-capable Find the probability that if a household that purchased a large TV is randomly selected, the 
| television purchased was HDR-capable. 

TABLE 4.2 

Purchase behavior STREAMING MEDIA 
about purchasing an 2 oe WEAVER Mi yey aes 
HDR-capable television pnd eieaning media HDR FEATURE Yes No Total © 

ent Not HDR-capable _70 150 220 

Total 108 F-5h-aegrteh9Q 300 

SOLUTION Using the following definitions: 
/ 

A = purchased an HDR-capable TV 

A’ = purchased a television not HDR-capable 

B = purchased a streaming media player 

B' = did not purchase a streaming media player 

N . POLAR aera eee a ae seapab ina Ngpurotinaed 
Total number of TVs 

= ik = 0.267 
300 , 

There is a 26.7% chance that a randomly selected large TV purchased is HDR-capable. 
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Joint Probability 
Whereas simple probability refers to the probability of occurrence of simple events, joint 

probability refers to the probability of an occurrence involving two or more events. An 

example of joint probability is the probability that one will get heads on the first toss of a coin 

and heads on the second toss of a coin. 

In Table 4.1 on page 155, the count of the group of individuals who planned to purchase 

and actually purchased a large TV corresponds to the cell that represents Planned to purchase 

Yes and Actually purchased Yes, the upper left numerical cell. Because this group consists of 

200 households, the probability of picking a household that planned to purchase and actually 

purchased a large TV is 

Planned to purchase and actually purchased 
P(Planned to purchase and actuall hased 
\ UES ONG Se) Total number of respondents 

200 

1,000 
= 0.20 

Example 4.4 also demonstrates how to determine joint probability. 

In Table 4.2 on page 156, the purchases are cross-classified as being HDR-capable or not and 

whether the household purchased a streaming media player. Find the probability that a randomly 

selected household that purchased a large TV also purchased an HDR-capable TV and purchased 

a streaming media player. 

SOLUTION Using Equation (4.1) on page 155 and Table 4.2, 

Number that purchased an HDR-capable TV 

P(HDR-capable TV and __ and purchased a streaming media player 

streaming media player) Total number of large TV purchasers 

38 
= —— = 0.127 

300 

Therefore, there is a 12.7% chance that a randomly selected household that purchased a large 

LY. ie a an HDR- EERE TV and PUPS a streaming media ie 

Marginal Probability 
The marginal probability of an event consists of a set of joint probabilities. You can deter- 

mine the marginal probability of a particular event by using the concept of joint probability 

just discussed. For example, if B consists of two events, B, and B), then P(A), the probability 

of event A, consists of the joint probability of event A occurring with event B, and the joint 

probability of event A occurring with event B). Use Equation (4.2) to calculate marginal 

probabilities. 

MARGINAL PROBABILITY 

P(A) = P(A and B,) + P(A and By) +--+: + P(A and B,) (4.2) 

where B), Bo,..., By are k mutually exclusive and collectively exhaustive events 
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Using Equation (4.2) to calculate the marginal probability of “planned to purchase” a large 

TV gets the same result as adding the number of outcomes that make up the simple event 

“planned to purchase”: 

P(Planned to purchase) = P(Planned to purchase and purchased) 

+ P(Planned to purchase and did not purchase) 

200 50°) 200 
= —— 4+ —— = —— = 0,25 

1,000 1 OOO 1 O00 

student TIP General Addition Rule 
The key word when using = The probability of event “A or B” considers the occurrence of either event A or event B or both A 

the addition rule is or. and B. For example, how can one determine the probability that a household planned to purchase 

or actually purchased a large TV? 

The event “planned to purchase or actually purchased” includes all households that planned 

to purchase and all households that actually purchased a large TV. Examine each cell of the 

Table 4.1 contingency table on page 155 to determine whether it is part of this event. From 

Table 4.1, the cell “planned to purchase and did not actually purchase” is part of the event 

because it includes respondents who planned to purchase. The cell “did not plan to purchase and 

actually purchased” is included because it contains respondents who actually purchased. Finally, 

the cell “planned to purchase and actually purchased” has both characteristics of interest. There- 

fore, one way to calculate the probability of “planned to purchase or actually purchased” is 

P(Planned to purchase or actually purchased) = P(Planned to purchase and did not actually 

purchase) + P(Did not plan to 

purchase and actually purchased) + 

P(Planned to purchase and 

actually purchased) 

50 100 200 
a = ~ 

1,000 1,000 1,000 

eit, sacerals 
1,000 

Often, it is easier to determine P(A or B), the probability of the event A or B, by using the 
general addition rule, defined in Equation (4.3). 

GENERAL ADDITION RULE 

The probability of A or B is equal to the probability of A plus the probability 
of B minus the probability of A and B. 

P(A or B) = P(A) + P(B) — P(A and B) (4.3) 

Applying Equation (4.3) to the previous example produces the following result: 

P(Planned to purchase or actually purchased) = P(Planned to purchase) 

+ P(Actually purchased) — P(Planned to 
purchase and actually purchased) 

250 na 300 200 

1000 1,000 1,000 

350 
= 7,000 = 0.35 



4.1 Basic Probability Concepts 159 

The general addition rule consists of taking the probability of A and adding it to the probabil- 

ity of B and then subtracting the probability of the joint event A and B from this total because the 

joint event has already been included in computing both the probability of A and the probability 

of B. For example, in Table 4.1, if the outcomes of the event “planned to purchase” are added 

to those of the event “actually purchased,” the joint event “planned to purchase and actually 

purchased” has been included in each of these simple events. Therefore, because this joint 

event has been included twice, you must subtract it to compute the correct result. Example 4.5 

illustrates another application of the general addition rule. 

EE In Example 4.3 on page 156, the purchases were cross-classified in Table 4.2 as TVs that were 
| Using the General HDR-capable or not and whether the household purchased a streaming media player. Find the 

Addition Rule for probability that among households that purchased a large TV, they purchased an HDR-capable 
the Households TV or purchased a streaming media player. 

That Purchased SOLUTION Using Equation (4.3): 
| Large TVs 

P(HDR-capable TV = P(HDR-capable TV) 

| or purchased a streaming media player) + P(purchased a streaming media player) 

— P(HDR-capable TV and 

purchased a streaming media player) 

_ 80, 108 38, 
3007-300" 300 

150 
—— = 0.50 
300 

| Therefore, of households that purchased a large TV, there is a 50% chance that a randomly 

selected household purchased an HDR-capable TV or purchased a streaming media player. 

RE RSS SEE A AE EE ST AE 8 SR SRS Sn SA SRE aS AEN HR NS EMR OR LN TEE SC CS RS ISS 

PROBLEMS FOR SECTION 4.1 

LEARNING THE BASICS 4.4 Consider the following contingency table: 

4.1 Three coins are tossed. | 

a. Give an example of a simple event. B B' 

b. Give an example of a joint event. A 10 30 

c. What is the complement of a head on the first toss? A’ 95 35 

d, What does the sample space consist of? 

4.2 Anurn contains 12 red balls and 8 white balls. One ball is to What is the probability of event 

be selected from the urn. AD 

a. Give an example of a simple event. beans? 

b. What is the complement of a red ball? eA and B? 

c. What does the sample space consist of? d. A’ orB'? 

4.3 Consider the foliowing contingency table: 

APPLYING THE CONCEPTS 

B Br 4.5 For each of the following, indicate whether the type of prob- 

A 10 20 ability involved is an example of a priori probability, empirical 

Aree Sic 20 40 probability, or subjective probability. 

a. The next toss of a fair coin will land on heads. 

What is the probability of event b. Italy will win soccer’s World Cup the next time the competition 

aA? is held. 
b. A’? c. The sum of the faces of two dice will be seven. 
c. Aand B? d. The train taking a commuter to work will be more than 10 minutes 

d. A or B? late. 
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4.6 For each of the following, state whether the events created are 

mutually exclusive and whether they are collectively exhaustive. 

a. Undergraduate business students were asked whether they were 

sophomores or juniors. 

b. Each respondent was classified by the type of car he or she 

drives: sedan, SUV, American, European, Asian, or none. 

c. People were asked, “Do you currently live in (i) an apartment 

or (ii) a house?” 

d. A product was classified as defective or not defective, 

4.7 Which of the following events occur with a probability of zero? 

For each, state why or why not. 

a. A company is listed on the New York Stock Exchange and 

NASDAQ. 

b. A consumer owns a smartphone and a tablet. 

c. A cell phone is an Apple and a Samsung. 

d. An automobile is a Toyota and was manufactured in the United 

States. 

4.8 Financial experts say retirement accounts are one of the best 

tools for saving and investing for the future. Are millennials and Gen 

Xers financially prepared for the future? A survey of American adults 

conducted by INSIDER and Morning Consult revealed the following: 

HAS A RETIREMENT 
SAVINGS ACCOUNT 

AGE GROUP Yes No 

Millennials 579 628 

Gen X p99 ae 

Source: Data extracted from “Millennials are delusional about the future, 

but they aren’t the only ones,” bit.ly/2AKDeDK9. 

a. Give an example of a simple event. 

b. Give an example of a joint event. 

c. What is the complement of “Has a retirement savings account’? 

d. Why is “Millennial and has a retirement savings account” a 

joint event? 

4.9 Referring to the contingency table in Problem 4.8, if an 

American adult is selected at random, what is the probability that 

a. the American adult has a retirement savings account? 

b. the American adult was a millennial who has a retirement sav- 

ings account? 

c. the American adult was a millennial or has a retirement savings 
account? 

d. Explain the difference in the results in (b) and (c). 

4.10 How will marketers change their organic (unpaid) social media 
postings in the near future? A survey by Social Media Examiner reported 

that 65% of B2B marketers (marketers who focus primarily on attract- 

ing businesses) plan to increase LinkedIn organic social media postings, 
as compared to 43% of B2C marketers (marketers who primarily target 
consumers). The survey was based on 1,947 B2B marketers and 3,779 
B2C marketers. The following table summarizes the results, 

INCREASE LINKEDIN BUSINESS FOCUS 
POSTINGS? B2B B2C Total 

Wes 1,266. 1,625. 2,891 
No 681 2154 2,835 
Total 1,947 2 32775" °O 5756 
Source: Data extracted from “2018 Social Media Marketing Industry 
Report,” socialmediaexaminer.com. 

a. Give an example of a simple event. 

b. Give an example of a joint event. 

c. What is the complement of a marketer who plans to increase 

LinkedIn organic social media postings? 

d. Why is a marketer who plans to increase LinkedIn organic 

social media postings and is a B2C marketer a joint event? 

4.11 Referring to the contingency table in Problem 4.10, if a mar- 

keter is selected at random, what is the probability that 

a. he or she plans to increase LinkedIn organic social media 

postings? 

b. he or she is a B2C marketer? 

c. he or she plans to increase LinkedIn organic social media post- 

ings or is a B2C marketer? 

d. Explain the difference in the results in (b) and (c). 

oy SELF 4.12 Is there full support for increased use of educa- 
TEST tional technologies in higher ed? As part of Inside 

Higher Ed’s 2018 Survey of Faculty Attitudes on Technology, aca- 

demic professionals, namely, full-time faculty members and admin- 

istrators who oversee their institutions’ online learning or 

instructional technology efforts (digital learning leaders), were 

asked that question. The following table summarizes their responses. 

ACADEMIC PROFESSIONAL 

FULL Faculty Digital Learning 

SUPPORT Member Leader Total 

Yes 511 LIS 686 

No 1,086 31 i Wi 

Total 1,597 206 1,803 

Source: Data extracted from “The 2018 Inside Higher Ed Survey of Faculty 

Attitudes on Technology,”  bit.ly/301jUit. 

If an academic professional is selected at random, what is the prob- 

ability that he or she 

a. fully supports increased use of educational technologies in 

higher ed? 

b. is a digital learning leader? 

c. fully supports increased use of educational technologies in 

higher ed or is a digital learning leader? 

d. Explain the difference in the results in (b) and (c). 

4.13 Are small and mid-sized business (SMB) owners concerned 

about limited access to money affecting their businesses? A sample 

of 150 female SMB owners and 146 male SMB owners revealed 

the following results: 

SMB OWNER 

GENDER 

CONCERNED ABOUT 

LIMITED ACCESS 
TO MONEY? Female Male Total 

Yes 38 20 58 

No 112 126. = 238 
Total 150 146 296 
Source: Data extracted from “2019 Small Business Owner Report: The Male 
vs Female Divide,” bit.ly/2WyByIN. 

If a SMB owner is selected at random, what is the probability that 
the SMB owner 



a. is concerned about limited access to money affecting the business? 
b. is a female SMB owner and is concerned about limited access 

to money affecting the business? 

c. is a female SMB owner or is concerned about limited access to 

money affecting the business? 

d. Explain the difference in the results of (b) and (c). 

4.14 Consumers are aware that companies share and sell their 

personal data in exchange for free services, but is it important to 

consumers to have a clear understanding of a company’s privacy 

policy before signing up for its service online? According to an 

Axios-SurveyMonkey poll, 911 of 1,001 older adults (aged 65+) 

indicate that it is important to have a clear understanding of a com- 

pany’s privacy policy before signing up for its service online and 

195 of 260 younger adults (aged 18—24) indicate that it is important 

to have a clear understanding of a company’s privacy policy before 

signing up for its service online. 

Source: Data extracted from “Privacy policies are read by an aging few,” bit.ly/2NyPAWx. 

Construct a contingency table to evaluate the probabilities. What is 

the probability that a respondent chosen at random 

a. indicates it is important to have a clear understanding of a 

company’s privacy policy before signing up for its service online? 

b. is an older adult and indicates it is important to have a clear 

understanding of a company’s privacy policy before signing up 

for its service online? 

4.2 Conditional Probability 
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c. is an older adult or indicates it is important to have a clear un- 

derstanding of a company’s privacy policy before signing up for 

its service online? 

d. is an older adult or a younger adult? 

4.15 Each year, ratings are compiled concerning the performance 

of new cars during the first 90 days of use. Suppose that the cars 

have been categorized according to whether a car needs a warranty- 

related repair (yes or no) and the country in which the company 

manufacturing a car is based (United States or not United States). 

Based on the data collected, the probability that the new car needs 

a warranty repair is 0.04, the probability that the car was manu- 

factured by a U.S.-based company is 0.60, and the probability that 

the new car needs a warranty repair and was manufactured by a 

U.S.-based company is 0.025. 

Construct a contingency table to evaluate the probabilities of a 

warranty-related repair. What is the probability that a new car 

selected at random 

a. needs a warranty repair? 

b. needs a warranty repair and was manufactured by a U.S.-based 

company? 

c. needs a warranty repair or was manufactured by a U.S.-based 

company? 

d. needs a warranty repair of was not manufactured by a 

U.S.-based company? 

Each Section 4.1 example involves finding the probability of an event when sampling from the 

entire sample space. How does one determine the probability of an event if one knows certain 

information about the events involved? 

Calculating Conditional Probabilities 
Conditional probability refers to the probability of event A, given information about the 

occurrence of another event, B. 

CONDITIONAL PROBABILITY 

The probability of A given B is equal to the probability of A and B divided by the 

probability of B. 

The probability of B given A is equal to the probability of A and B divided by the 

Hi probability of A. 

where 

P(A and B 
P(A|B) = rae (4.4a) 

P(A and B P(B|A) = sie (4.4b) 

P(A and B) = joint probability of A and B 

P(A) = marginal probability of A 

P(B) = marginal probability of B 
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student TIP 
The variable that 

is given goes in 

the denominator 

of Equation (4.4) 

denominator. Because 

planned to purchase 

was the given, planned 

to purchase goes in the 

denominator. 

Finding the 

Conditional 
Probability of 

Purchasing a 

Streaming Media 
Player 

In the Fredco Warehouse Club scenario, suppose one had been told that a specific household 

planned to purchase a large TV. What then would be the probability that the household actually 

purchased the TV? 

In this example, the objective is to find P(Actually purchased | Planned to purchase), given 

the information that a household planned to purchase a large TV. Therefore, the sample space 

does not consist of all 1,000 households in the survey. It consists of only those households that 

planned to purchase the large TV. Of 250 such households, 200 actually purchased the large TV. 

Therefore, based on Table 4.1 on page 155, the probability that a household actually purchased 

the large TV given that they planned to purchase is 

Planned to purchase and actually purchased 
P(Actually purchased | Planned to purchase) = REET onvchese 

yi 

= = 0.80 

Defining event A as Planned to purchase and event B as Actually purchased, Equation (4.4b) 

also calculates this result: 

wal teal 
FLO) Ban 

200/1,000 200 
P(Actually purchased | Planned to purchase) = = 550 

250/1,000 — 

Example 4.6 further illustrates conditional probability. 

Table 4.2 on page 156 is a contingency table for whether a household purchased an HDR-capable 

TV and whether the household purchased a streaming media player. If a household purchased 

an HDR-capable TV, what is the probability that it also purchased a streaming media player? 

SOLUTION Because you know that the household purchased an HDR-capable TV, the sample 

space is reduced to 80 households. Of these 80 households, 38 also purchased a streaming media 

player. Therefore, the probability that a household purchased a streaming media player, given 

that the household purchased an HDR-capable TV, is 

Number purchasing HDR-capable 

P(Purchased streaming media player|Purchased _ TV and streaming media player 

HDR-capable TV) — Number purchasing 

HDR-capable TV 

aoe a 0.475 
80 

Using Equation (4.4b) on page 161 and the following definitions: 

A = Purchased an HDR-capable TV 

Purchased a streaming media player & I| 

then 

P(A and B) _ 38/300 

P(A) 80/300 
P(B\A) = = 0.475 

Therefore, given that the household purchased an HDR-capable TV, there is a 47.5% chance 
that the household also purchased a streaming media player. You can compare this condi- 
tional probability to the marginal probability of purchasing a streaming media player, which is 
108/300 = 0.36, or 36%. These results tell you that households that purchased HDR-capable 
TVs are more likely to purchase a streaming media player than are households that purchased 
large TVs that are not HDR-capable. . 
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Decision Trees 

In Table 4.1, households are classified according to whether they planned to purchase and 

whether they actually purchased large TVs. A decision tree is an alternative to the contingency 

table. Figure 4.1 represents the decision tree for this example. 

FIGURE 4.1 
af 4 

Decision tree for planned a purcnese™ _. P\Aand B) = fo. 

to purchase and actually BANS oo porwal’Y ; ’ 

purchased : ea 

at - __— 
pian se me Did No ey 

con Act ~~ P(Aand B’) = 20. Entire a Purchasal ly P(A and B’) 7,000 

Setof «< 
Households 

i Pine ‘i 
fo p,, CEP), hase 100 uY, a ee Pure” ie A! Ba 

has. Actually Be Ce -Goy 
750 “™ 

PA) =a = 
1,000 Pld Nop 

Pup. tug, 1, _ 650 
Chas. My, P(A’ and B’) 7,000 

In Figure 4.1, beginning at the left with the entire set of households, there are two 

“branches” for whether or not the household planned to purchase a large TV. Each of these 

branches has two subbranches, corresponding to whether the household actually purchased 

or did not actually purchase the large TV. The probabilities at the end of the initial branches 

represent the marginal probabilities of A and A’. The probabilities at the end of each of the 

four subbranches represent the joint probability for each combination of events A and B. You 

compute the conditional probability by dividing the joint probability by the appropriate mar- 

ginal probability. 

For example, to compute the probability that the household actually purchased, given that 

the household planned to purchase the large TV, you take P(Planned to purchase and actually 

purchased) and divide by P(Planned to purchase). From Figure 4.1, 

200/ 1,000 
250/ 1,000 

200 
= —— = 0.80 

250 

P(Actually purchased | Planned to purchase) = 

Example 4.7 illustrates how to construct a decision tree. 

sneer ee PN AALS OE A IER TIE AERC ETC AE ON ATE EEE TOSI CN NOTIN, 

EXAMPLE 4.7 Using the cross-classified data in Table 4.2 on page 156 construct the decision tree. Use the 

Constructing decision tree to find the probability that a household purchased a streaming media player, given 

the Decision Tree that the household purchased an HDR-capable television. 

for the Households SOLUTION The decision tree for purchased a streaming media player and an HDR-capable 

_ That Purchased TV is displayed in Figure 4.2. 
_ Large TVs 

> (continued) 
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FIGURE 4.2 
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Using Equation (4.4b) on page 161 and the following definitions: 

A = Purchased an HDR-capable TV 

B = Purchased a streaming media player 

then 

P(Aand B) 38/300 
P(B|A) = = = 0.475 
iA} P(A) 80/300 

Independence 
In the example concerning the purchase of large TVs, the conditional probability is 

200/250 = 0.80 that the selected household actually purchased the large TV, given that the 

household planned to purchase. The simple probability of selecting a household that actu- 

ally purchased is 300/1,000 = 0.30. This result shows that the prior knowledge that the 

household planned to purchase affected the probability that the household actually pur- 

chased the TV. In other words, the outcome of one event is dependent on the outcome of 

a second event. 

When the outcome of one event does not affect the probability of occurrence of another 

event, the events are said to be independent. Independence can be determined by using 
Equation (4.5). 

INDEPENDENCE 

Two events, A and B, are independent if and only if 

| P(A|B) = P(A) (4.5) 

where 

P(A|B) = conditional probability of A given B 

P(A) = marginal probability of A 

Example 4.8 on the next page demonstrates the use of Equation (4.5). 
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EXAMPLE 4.8 / EXAMPLE 4.8 | In the follow-up survey of the 300 households that actually purchased large TVs, the households 
| Determining were asked if they were satisfied with their purchases. Table 4.3 cross-classifies the responses to 
| Independence the satisfaction question with the responses to whether the TV was HDR-capable. 

| TABLE 4.3 
| Satisfaction with 

_ purchase of large TVs 

EXAMPLE 4.9 

Using the General 
Multiplication Rule 

> (continued) 

SATISFIED WITH PURCHASE? 

HDR FEATURE Yes No Total 

HDR-capable 64 16 80 

Not HDR-capable 176 44 220 

Total 240 60 300 

Determine whether being satisfied with the purchase and the HDR feature of the TV 

purchased are independent. 

SOLUTION Por these data: 

< 64/300 64 
P(Satisfied| HDR-capable) = = — = 0.80 80/300 80 

which is equal to 
240 

P(Satisfied) = 300 = 0.80 

Thus, being satisfied with the purchase and the HDR feature of the TV purchased are independent. 

Knowledge of one event does not affect the probability of the other event. 

Multiplication Rules 
The general multiplication rule is derived using Equation (4.4a) on page 161: 

P(A and B) 
PUNE) Neen 

and solving for the joint probability P(A and B). 

GENERAL MULTIPLICATION RULE 

The probability of A and B is equal to the probability of A given B times the 

probability of B. 

P(A and B) = P(A|B)P(B) (4.6) 

Example 4.9 demonstrates the use of the general multiplication rule. 

: sn UAE EI TESTE ACN RE: ROT maces ee RFE ve TERE OLR TN CE SSN HEY oR TMCS B NEE REE 

Consider the 80 households that purchased HDR-capable TVs. In Table 4.3 on this page, you see 
that 64 households are satisfied with their purchase, and 16 households are dissatisfied. Suppose 
two households are randomly selected from the 80 households. Find the probability that both 

households are satisfied with their purchase. 

SOLUTION Here you can use the multiplication rule in the following way. If 

A = second household selected is satisfied 

B = first household selected is satisfied 
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then, using Equation (4.6), 

P(A and B) = P(A| B)P(B) 

The probability that the first household is satisfied with the purchase is 64/80. However, the 

probability that the second household is also satisfied with the purchase depends on the result 

of the first selection. If the first household is not returned to the sample after the satisfaction 

level is determined (i.e., sampling without replacement), the number of households remaining 

is 79. If the first household is satisfied, the probability that the second is also satisfied is 63/79 

because 63 satisfied households remain in the sample. Therefore, 

63 \/ 64 
P(A and B) = 79 30 = 0.6380 

There is a 63.80% chance that both of the households sampled will be satisfied with their 

purchase. 

The multiplication rule for independent events is. derived by substituting P(A) for 

P(A|B) in Equation (4.6). 

MULTIPLICATION RULE FOR INDEPENDENT EVENTS 

If A and B are independent, the probability of A and B is equal to the probability 

of A times the probability of B. 

P(A and B) = P(A)P(B) (4.7) 

If this rule holds for two events, A and B, then A and B are independent. Therefore, there 

are two ways to determine independence: 

1. Events A and B are independent if, and only if, P(A|B) = P(A). 

2. Events A and B are independent if, and only if, P(A and B) = P(A)P(B). 

Marginal Probability Using 
the General Multiplication Rule 
Section 4.1 defines the marginal probability using Equation (4.2). One can state the equation for 
marginal probability by using the general multiplication rule. If 

P(A) = P(A and B,) + P(A and B,) + +--+ + P(A and B,) 

then, using the general multiplication rule, Equation (4.8) defines the marginal probability. 

MARGINAL PROBABILITY USING THE GENERAL MULTIPLICATION RULE 

P(A) = P(A|B,)P(B;) + P(A|B2)P(B2) + +++ + P(A|B,)P(B,) — (4.8) — 

where B;, B, ... , By are k mutually exclusive and collectively exhaustive events. 
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To illustrate Equation (4.8), refer to Table 4.1 on page 155 and let: 

P(A) = probability of planned to purchase 

P(B,) = probability of actually purchased 

P(B3) = probability of did not actually purchase 

Then, using Equation (4.8), the probability of planned to purchase is 

P(A) 

PROBLEMS FOR SECTION 4.2 

| P(A|B,)P(B,) + P(A|By)P(B2) 

200)\( 300) , (50 \/_700 
300 /\ 1,000 700 /\ 1,000 

200 50 250 
+ = = 0.25 

1,000 1,000 1,000 

LEARNING THE BASICS 

4.16 Consider the following contingency table: 

B B' 

A 10 20 

A’ 20 40 

What is the probability of 

a. A|B? 

b. A|B'? 

c.A’|B'? 

d. Are events A and B independent? 

4.17 Consider the following contingency table: 

B B' 

A 10 30 

AS 25 35 

What is the probability of 

a. A|B? 

b. A’|B’'? 

c. A|B'? 
d. Are events A and B independent? 

4.18 If P(A and B) = 0.4 and P(B) = 0.8, find P(A| B). 

4.19 If P(A) = 0.7, P(B) = 0.6, andA and B are independent, find 

P(A and B). 

4.20 If P(A) = 0.3, P(B) = 0.4, and P(A and B) = 0.2, are A and 
B independent? 

APPLYING THE CONCEPTS 

4.21 Financial experts say retirement accounts are one of the best 

tools for saving and investing for the future. Are millennials and 

Gen Xers financially prepared for the future? A survey of American 

adults conducted by INSIDER and Morning Consult revealed the 

following: 

HAS A RETIREMENT 

SAVINGS ACCOUNT 

AGE GROUP Yes No 

Millennials 579 628 

Gen Xer 599 532 

Source: Data extracted from “‘Millennials are delusional about the future, 

but they aren’t the only ones,” bit.ly/2KDeDK9. 

. Given that the American adult has a retirement savings account, 

what is the probability that the American adult is a millennial? 

Given that the American adult is a millennial, what is the proba- 

bility that the American adult has a retirement savings account? 

Explain the difference in the results in (a) and (b). 

Is having a retirement savings account and age group independent? 

b. 

c. 

d. 

4.22 How will marketers change their organic (unpaid) social . 

media postings in the near future? A survey by Social Media Exam- 

iner reported that 65% of B2B marketers (marketers who focus pri- 

marily on attracting businesses) plan to increase LinkedIn organic 

social media postings, as compared to 43% of B2C marketers (mar- 

keters who primarily target consumers). The survey was based on 

1,947 B2B marketers and 3,779 B2C marketers. The following table 

summarizes the results. 

BUSINESS FOCUS 
INCREASE LINKEDIN ; 
POSTINGS? B2B B2C Total 

Yes 1,266 1,625 2,891 

No 681 2,154 2,835 

Total 1,947 Se 5,726 

Source: Data extracted from “2018 Social Media Marketing Industry Report,” 

socialmediaexaminer.com. 

a. Suppose you know that the marketer is a B2B marketer. What 

is the probability that he or she plans to increase LinkedIn or- 

ganic social media postings? 
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b. Suppose you know that the marketer is a B2C marketer. What 

is the probability that he or she plans to increase LinkedIn 

organic social media postings? 

c. Are the two events, increase LinkedIn postings and business fo- 

cus, independent? Explain. 

4,23 Are small and mid-sized business (SMB) owners concerned 

about limited access to money affecting their businesses? A sample 

of 150 female SMB owners and 146 male SMB owners revealed 

the following results: 

CONCERNED SMB OWNER GENDER 

ABOUTLIMITED: = oe So 

ACCESS TO 

MONEY? Female Male Total 

Yes 38 20 58 

No 112 126238 
Total 150 146 296 

Source: Data extracted from “2019 Small Business Owner Report: The Male 

vs Female Divide,bit.ly/2WvByIN. 

a. If a SMB owner selected is female, what is the probability that 

she is concerned about limited access to money affecting the 

business? 

b. If a SMB owner selected is male, what is the probability that he is 

concerned about limited access to money affecting the business? 

c. Is concern about limited access to money independent of SMB 

owner gender? 

4.24 Is there full support for increased use of educa- 

ISSUE tional technologies in higher ed? As part of Inside 

Higher Ed’s 2018 Survey of Faculty Attitudes on Technology, aca- 

demic professionals, namely, full-time faculty members and admin- 

istrators who oversee their institutions’ online learning or 

instructional technology efforts (digital learning leaders), were 

asked that question. The following table summarizes their responses: 

ACADEMIC PROFESSIONAL 

FULL Faculty Digital Learning 

SUPPORT Member Leader Total 

Yes =! 511 175 686 

No 1,086 ra 1417 
Total 1,597 206 1,803 

Source: Data extracted from “The 2018 Inside Higher Ed Survey of Faculty 

Attitudes on Technology,” bit.ly/301jUit. 

a. Given that an academic professional is a faculty member, what 
is the probability that the academic professional fully supports 
increased use of educational technologies in higher ed? 

b. Given that an academic professional is a faculty member, what 
is the probability that the academic professional does not fully 
support increased use of educational technologies in higher ed? 

c. Given that an academic professional is a digital learning leader, 
what is the probability that the academic professional fully sup- 
ports increased use of educational technologies in highered? 

d. Given that an academic professional is a digital learning leader, 
what is the probability that the academic professional does not fully 
support increased use of educational technologies in higher ed? 

4.25 Consumers are aware that companies share and sell their per- 

sonal data in exchange for free services, but is it important to con- 

sumers to have a clear understanding of a company’s privacy policy 

before signing up for its service online? According to an Axios- 

SurveyMonkey poll, 911 of 1,001 older adults (aged 65+) and 195 

of 260 younger adults (aged 18-24) indicate that it is important to 

have a clear understanding of a company’s privacy policy before 

signing up for its service online. 

Source: Data extracted from “Privacy policies are read by an aging few,” bit.ly/2NyPAW. 

a. Suppose that the respondent chosen is an older adult. What is 

the probability that the respondent indicates that it is important 

to have a clear understanding of a company’s privacy policy 

before signing up for its service online? 

b. Suppose that the respondent chosen does indicate that it is im- 

portant to have a clear understanding of a company’s privacy 

policy before signing up for its service online. What is the prob- 

ability that the respondent is a younger adult? 

c. Are importance of a clear understanding and adult age inde- 

pendent? Explain 

4.26 Each year, ratings are compiled concerning the performance of 

new cars during the first 90 days of use. Suppose that the cars have 

been categorized according to whether a car needs warranty-related 

repair (yes or no) and the country in which the company manufactur- 

ing a car is based (United States or not United States). Based on the 

data collected, the probability that the new car needs a warranty repair 

is 0.04, the probability that the car is manufactured by a U.S.-based 

company is 0.60, and the probability that the new car needs a warranty 

repair and was manufactured by a U.S.-based company is 0.025. 

a. Suppose you know that a company based in the United States 

manufactured a particular car. What is the probability that the 

car needs a warranty repair? 

b. Suppose you know that a company based in the United States 

did not manufacture a particular car. What is the probability that 

the car needs a warranty repair? 

c. Are the need for a warranty repair and location of the company 

manufacturing the car independent? 

4.27 In 44 of the 68 years from 1950 through 2018 (in 2011 

there was virtually no change), the S&P 500 finished higher after 

the first five days of trading. In 36 out of 44 years, the S&P 500 

finished higher for the year. Is a good first week a good omen for 

the upcoming year? The following table gives the first-week and 

annual performance over this 68-year period: 

S&P 500’S ANNUAL PERFORMANCE 

FIRST WEEK Higher Lower 

Higher 36 8 
Lower 12 12 

a. If a year is selected at random, what is the probability that the 
S&P 500 finished higher for the year? 

b. Given that the S&P 500 finished higher after the first five days of 
trading, what is the probability that it finished higher for the year? 

c. Are the two events “first-week performance” and tao 
performance” independent? Explain. 

d. Look up the performance after the first five days of 2019 and 
the 2019 annual performance of the S&P 500 at finance.yahoo 
-com. Comment on the results. 
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4.28 A standard deck of cards is being used to playa game. There 4.29 A box of nine iPhone 7 cell phones contains two red cell 
are four suits (hearts, diamonds, clubs, and spades), each having phones and seven black cell phones. 
13 faces (ace, 2, 3,4, 5, 6, 7, 8, 9, 10, jack, queen, and king), making —_a. ‘If two cell phones are randomly selected from the box, without 
a total of 52 cards. This complete deck is thoroughly mixed, and 
you will receive the first 2 cards from the deck, without replacement 
(the first card is not returned to the deck after it is selected). 

a. 

b. 

What is the probability that both cards are queens? 

What is the probability that the first card is a 10 and the second 

card is a 5 or 6? 

. If you were sampling with replacement (the first card is returned 

to the deck after it is selected), what would be the answer in (a)? 

. In the game of blackjack, the face cards (jack, queen, king) 

count as 10 points, and the ace counts as either 1 or 11 points. 

All other cards are counted at their face value. Blackjack is 

achieved if two cards total 21 points. What is the probability of 

getting blackjack in this problem? 

replacement (the first cell phone is not returned to the box after 

it is selected), what is the probability that both cell phones 

selected will be red? 

. If two cell phones are randomly selected from the box, without 

replacement (the first cell phone is not returned to the box after 

it is selected), what is the probability that there will be one red 

cell phone and one black cell phone selected? 

. If three cell phones are selected, with replacement (the cell 

phones are returned to the box after they are selected), what is 

the probability that all three will be red? 

. If you were sampling with replacement (the first cell phone 

is returned to the box after it is selected), what would be the 

answers to (a) and (b)? 

4.3 Ethical Issues and Probability 
Ethical issues can arise when any statements related to probability are presented to the public, 

particularly when these statements are part of an advertising campaign for a product or ser- 

vice. Unfortunately, many people are not comfortable with numerical concepts (Paulos) and 

tend to misinterpret the meaning of the probability. In some instances, the misinterpretation 

is not intentional, but in other cases, advertisements may unethically try to mislead potential 

customers. 
One example of a potentially unethical application of probability relates to advertisements 

for state lotteries. When purchasing a lottery ticket, the customer selects a set of numbers (such 

as 6) from a larger list of numbers (such as 54), Although virtually all participants know that 

they are unlikely to win the lottery, they also have very little idea of how unlikely it is for them 

to select all six winning numbers from the list of 54 numbers. They have even less of an idea of 

the probability of not selecting any winning numbers. 

Given this background, one might consider a state lottery commercial that stated, 

“We won’t stop until we have made everyone a millionaire” to be deceptive and possibly unethical. 

Is it possible that the lottery can make everyone a millionaire? Is it ethical to suggest that the 

purpose of the lottery is to make everyone a millionaire? 

Another example of a potentially unethical application of probability relates to an invest- 

ment newsletter promising a 90% probability of a 20% annual return on investment. To make 

the claim in the newsletter an ethical one, the investment service needs to (a) explain the basis 

on which this probability estimate rests, (b) provide the probability statement in another format, 

such as 9 chances in 10, and (c) explain what happens to the investment in the 10% of the cases 

in which a 20% return is not achieved (e.g., is the entire investment lost?). 

Probability-related claims should be stated ethically. Readers can consider how one would 

write an ethical description about the probability of winning a certain prize in a state lottery. Or 

how one can ethically explain a “90% probability of a 20% annual return” without creating a 

misleading inference. 

4.4 Bayes’ Theorem 
Developed by Thomas Bayes in the eighteenth century, Bayes’ theorem builds on conditional 

probability concepts that Section 4.2 discusses. Bayes’ theorem revises previously calculated 

probabilities using additional information and forms the basis for Bayesian analysis. (Anderson- 

Cook, Bellhouse, Hooper). 

In recent years, Bayesian analysis has gained new prominence for its application to ana- 

lyzing big data using predictive analytics (see Chapter 17). However, Bayesian analysis does 
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not require big data and can be used in a variety of problems to better determine the revised 

probability of certain events. The Bayesian Analysis online topic contains examples that apply 

Bayes’ theorem to a marketing problem and a diagnostic problem and presents a set of additional 

study problems. The Consider This for this section explores an application of Bayes’ theorem 

that many use every day, and references Equation (4.9) that the online topic discusses. 

0) oa ae 
Divine Providence and Spam 

Would you ever guess that the essays Divine Benevolence: 

Or, An Attempt to Prove That the Principal End of the 

Divine Providence and Government Is the Happiness of 

His Creatures and An Essay Towards Solving a Problem in 

the Doctrine of Chances were written by the same person? 

Probably not, and in doing so, you illustrate a modern-day 

application of Bayesian statistics: spam, or junk mail filters. 

In not guessing correctly, you probably looked at the words 

in the titles of the essays and concluded that they were talking 

about two different things. An implicit rule you used was that 

word frequencies vary by subject matter. A statistics essay 

would very likely contain the word statistics as well as words 

such as chance, problem, and solving. An eighteenth-century 

essay about theology and religion would be more likely to 

contain the uppercase forms of Divine and Providence. 

Likewise, there are words you would guess to be very 

unlikely to appear in either book, such as technical terms 

from finance, and words that are most likely to appear in 

both—common words such as a, and, and the. That words 

would be either likely or unlikely suggests an application of 

probability theory. Of course, likely and unlikely are fuzzy 

concepts, and we might occasionally misclassify an essay 

if we kept things too simple, such as relying solely on the 

occurrence of the words Divine and Providence. 

For example, a profile of the late Harris Milstead, better 

known as Divine, the star of Hairspray and other films, vis- 

iting Providence (Rhode Island), would most certainly not 

be an essay about theology. But if we widened the number 

of words we examined and found such words as movie or 

the name John Waters (Divine’s director in many films), we 

probably would quickly realize the essay had something to 

do with twentieth-century cinema and little to do with theol- 

ogy and religion. 

We can use a similar process to try to classify a new 

email message in your in-box as either spam or a legitimate 

message (called “ham,” in this context). We would first need 
to.add to your email program a “spam filter” that has the 
ability to track word frequencies associated with spam and 

ham messages as you identify them on a day-to-day basis. 
This would allow the filter to constantly update the prior 

probabilities necessary to use Bayes’ theorem. With these 

probabilities, the filter can ask, “What is the probability that 

an email is spam, given the presence of a certain word?” 

Applying the terms of Equation (4.9), such a Bayes- 

ian spam filter would multiply the probability of finding 

the word in a spam email, P(A| B), by the probability that 

the email is spam, P(B), and then divide by the proba- 

bility of finding the word in an email, the denominator in 

Equation (4.9). Bayesian spam filters also use shortcuts by 

focusing on a small set of words that have a high probabil- 

ity of being found in a spam message as well as on a small 

set of other words that have a low probability of being 

found in a spam message. 

As spammers (people who send junk email) learned of 

such new filters, they tried to outfox them. Having learned 

that Bayesian filters might be assigning a high P(A|B), 

value to words commonly found in spam, such as Viagra, 

spammers thought they could fool the filter by misspelling 

the word as Vi@gr@ or Viagra. What they overlooked was 

that the misspelled variants were even more likely to be 

found in a spam message than the original word. Thus, the 

misspelled variants made the job of spotting spam easier 

for the Bayesian filters. 

Other spammers tried to fool the filters by adding “good” 

words, words that would have a low probability of being 

found in a spam message, or “rare” words, words not 

frequently encountered in any message. But these spam- 

mers overlooked the fact that the conditional probabilities 

are constantly updated and that words once considered 

“good” would be soon discarded from the good list by the 

filter as their P(A|B) value increased. Likewise, as “rare” 

words grew more common in spam and yet stayed rare in 

ham, such words acted like the misspelled variants that 

others had tried earlier. 

Even then, and perhaps after reading about Bayesian 

statistics, spammers thought that they could “break” 

Bayesian filters by inserting random words in their mes- 

sages. Those random words would affect the filter by 

causing it to see many words whose P(A|B) value would 

be low. The Bayesian filter would begin to label many spam 



messages as ham and end up being of no practical use. 
Spammers again overlooked that conditional probabilities 

are constantly updated. 

Other spammers decided to eliminate all or most of the 

words in their messages and replace them with graphics so 

that Bayesian filters would have very few words with which 

to form conditional probabilities. But this approach failed, 

too, as Bayesian filters were rewritten to consider things 

other than words in a message. After all, Bayes’ theorem 

concerns events, and “graphics present with no text” is as 

valid an event as “some word, X, present in a message.” 
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Other future tricks will ultimately fail for the same reason. 

(By the way, spam filters use non-Bayesian techniques as 

well, which makes spammers’ lives even more difficult.) 

Bayesian spam filters are an example of the unexpected 

way that applications of statistics can show up in your 

daily life. You will discover more examples as you read the 

rest of this book. By the way, the author of the two essays 

mentioned earlier was Thomas Bayes, who is a lot more 

famous for the second essay than the first essay, a failed 

attempt to use mathematics and logic to prove the exis- 

tence of God. 

4.5 Counting Rules 
In many cases, a large number of outcomes is possible and determining the exact number of out- 

comes can be difficult. In these situations, rules have been developed for counting the exact number 

of possible outcomes. The Section 4.5 online topic discusses these rules and illustrates their use. 

YUSING STATISTICS 

A s a Fredco Warehouse Club electronics merchandise 
manager, you analyzed an intent-to-purchase-a-large-TV 

study of the heads of 1,000 households as well as a follow-up 
study done 12 months later. In that later survey, respondents 

who answered that they had purchased a large TV were asked 

additional questions concerning whether the large TV was 

HDR-capable and whether the respondents had purchased a 

streaming media player in the past 12 months. 
By analyzing the results of these surveys, you were able 

to uncover many pieces of valuable information that will help 
you plan a marketing strategy to enhance sales and better 
target those households likely to purchase multiple or more 
expensive products. Whereas only 30% of the households 
actually purchased a large TV, if a household indicated that it 
planned to purchase a large TV in the next 12 months, there 

was an 80% chance that 
the household actually 

made the purchase. Thus 
the marketing strategy 

should target those households that have indicated an intent to 
purchase. 

You determined that for households that purchased 

an HDR-capable TV, there was a 47.5% chance that the 

| household also purchased a streaming media player. You 

then compared this conditional probability to the marginal 
probability of purchasing a streaming media player, which 
was 36%. Thus, households that purchased HDR-capable TVs 

are more likely to purchase a streaming media player than 
are households that purchased large TVs that were not 
HDR-capable. 

This chapter develops the basic concepts of probability that 

serve as a foundation for other concepts that later chapters 

discuss. Probability is a numeric value from 0 to | that 

represents the chance, likelihood, or possibility that a par- 

ticular event will occur. In addition to simple probability, 

the chapter discusses conditional probabilities and indepen- 

dent events. The chapter contingency tables and decision 

trees summarize and present probability information. The 

chapter also introduces Bayes’ theorem. 
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Probability of Occurrence 

x 
Probability of occurrence = T (4.1) 

Marginal Probability 
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General Addition Rule 

P(A or B) = P(A) + P(B) — P(A and B) (4.3) 

Conditional Probability 

P(A and B 
CU Fy ee ala (4.4a) 

P(B) 
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YKEY TERMS 

“ss 
— SPSL Pee Lae 

Lowd, D., and C. Meek. “Good Word Attacks on Statistical Spam 

Filters.” Presented at the Second Conference on Email and Anti- 

Spam, 2005. 

Paulos, J. A. Innumeracy. New York: Hill and Wang, 1988. 

Silberman, S. ‘The Quest for Meaning,” Wired 8.02, February 2000. 

Zeller, T. “The Fight Against V1@gra (and Other Spam).” 

The New York Times, May 21, 2006, pp. B1, B6. 

COS a 

Independence 

P(A|B) = P(A) (4.5) 

General Multiplication Rule 

P(A and B) = P(A|B)P(B) (4.6) 

Multiplication Rule for 

Independent Events 

P(A and B) = P(A)P(B) (4.7) 

Marginal Probability Using the General 

Multiplication Rule 

P(A) = P(A|B,)P(B;) + P(A|B2)P(B) 

a priori probability 154 

Bayes’ theorem 169 

certainevent 154 

general addition rule 158 

general multiplication rule 165 
mutually exclusive 154 

outcomes 153 

collectively exhaustive 154 

complement 154 

conditional probability 161 

decision tree 163 

empirical probability 154 
events 153 

independence 164 

jointevent 153 

marginal probability 

events 166 

impossible event 154 

joint probability 157 

probability 153 

sample space 153 
simple event 153 

simple probability 155 

157 subjective probability 155 

multiplication rule for independent 

Y CHECKING YOUR UNDERSTANDING 
RS aI ANA MRE SE A a | 

4.30 What are the differences between a priori probability, 
empirical probability, and subjective probability? 

4.31 What is the difference between a simple event and a joint 
event? 

4.32 How can you use the general addition rule to find the proba- 
bility of occurrence of event A or B? 

4.33 What is the difference between mutually exclusive events and 
collectively exhaustive events? 

4.34 How does conditional probability relate to the concept of 
independence? 

4.35 How does the multiplication rule differ for events that are and 
are not independent? 
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Y CHAPTER REVIEW PROBLEMS 

4.36 A survey by Accenture indicated that 64% of millennials 
as compared to 28% of baby boomers prefer “hybrid” investment 
advice—a combination of traditional advisory services and low-cost 
digital tools—over either a dedicated human advisor or conventional 

robo-advisory services (computer-generated advice and services 

without human advisors) alone. 

Source: Data extracted from Business Wire, “Majority of Wealthy Investors 

Prefer a Mix of Human and Robo-Advice, According to Accenture Research,” 

/bit.ly/2gZY9Ou. 

Suppose that the survey was based on 500 respondents from each 

of the two generation groups. 

a. Construct a contingency table. 

b. Give an example of a simple event and a joint event. 

¢. What is the probability that a randomly selected respondent 

prefers hybrid investment advice? 

d. What is the probability that a randomly selected respondent 

prefers hybrid investment advice and is a baby boomer? 

e. Are the events “generation group” and “‘prefers hybrid investment 

advice” independent? Explain. 

4.37 G2 Crowd provides commentary and insight about employee 

engagement trends and challenges within organizations in its G2 

Crowd Employee Engagement Report. The report represents the 

results of an online survey conducted in 2019 with employees 

located across the United States. G2 Crowd was interested in exam- 

ining differences between HR and non-HR employees. One area of 

focus was on employees’ response to important metrics to consider 

when evaluating the effectiveness of employee engagement pro- 

grams. The findings are summarized in the following tables. 

Source: Data extracted from “Employee Engagement,” G2 Crowd, bit.ly/2,WEQkgk 

PRESENTEEISM IS AN 

IMPORTANT METRIC 

EMPLOYEE Yes No Total 

HR 53 79 132 

Non-HR 43 225 268 

Total 96 304 400 

ABSENTEEISM IS AN 

IMPORTANT METRIC 

EMPLOYEE Yes No Total 

HR 54 78 132 

Non-HR 2 196 268 
Total 126 274 400 

What is the probability that a randomly chosen employee 

a. is an HR employee? 

b. is an HR employee or indicates that absenteeism is an import- 

ant metric to consider when evaluating the effectiveness of 

employee engagement programs? 

does not indicate that presenteeism is an important metric to 

consider when evaluating the effectiveness of employee engage- 

ment programs and is a non-HR employee? 

d. does not indicate that presenteeism is an important metric to 

consider when evaluating the effectiveness of employee engage- 

ment programs or is a non-HR employee? 

c 

e. Suppose the randomly chosen employee does indicate that pre- 

senteeism is an important metric to consider when evaluating the 

effectiveness of employee engagement programs. What is the 

probability that the employee is a non-HR employee? 

f. Are “presenteeism is an important metric” and “employee” 

independent? 

g. Is ‘absenteeism is an important metric” independent of ““employee’’? 

4.38 To better understand the website builder market, Clutch surveyed 

individuals who had created a website using a do-it-yourself (DIY) web- 

site builder. Respondents, categorized by the type of website they built— 

business or personal—were asked to indicate the primary purpose for 

building their website. The following table summarizes the findings: 

TYPE OF WEBSITE 

PRIMARY PURPOSE Business Personal Total 

Online Business O27) 4 56 

Presence 

Online Sales 3) es 45 

Creative Display 28 54 82 

Informational 9 24 36 

Resources 

Blog coast 52 60 
Total 129 147 276 

Source: Data extracted from “How Businesses Use DIY Web Builders: Clutch 

2017 Survey,” bit.ly/2qQjXiq. 

If a website builder is selected at random, what is the probability 

that he or she 

a. indicated creative display as the primary purpose for building 

his/her website? 

b. indicated creative display or informational resources as the pri- 

mary purpose for building his/her website? 

c. is a business website builder or indicated online sales as the 

primary purpose for building his/her website? 

d. is a business website builder and indicated online sales as the 

primary purpose for building his/her website? 

e. Given that the website builder selected is a personal website 

builder, what is the probability that he/she indicated online busi- 

ness presence as the primary purpose for building his/her website? 

4.39 The CMO Survey collects and disseminates the opinions of top 

marketers in order to predict the future of markets, track marketing excel- 

lence, and improve the value of marketing in firms and in society. Part 

of the survey is devoted to the topic of marketing analytics and under- 

standing what factors prevent companies from using more marketing 

analytics. The following findings are based on responses from 272 senior 

marketers within B2B firms and 114 senior marketers within B2C firms. 

Source: Data extracted from “Results by Firm & Industry Characteristics,” The 

CMO Survey, February 2017, p. 148. bit.ly/2qY3Qvk. 

LACK OF PROCESS/TOOLS 

TO MEASURE SUCCESS 

FIRM Yes No Total 

B2B 90 182 272 

B2C 35 79 114 
Total 125 261 386 
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LACK OF PEOPLE WHO 

CAN LINK TO PRACTICE 

FIRM Yes No Total 

B2B 75 197 pf) 

B2C 36 _78 114 
Total 111 275 386 

a. What is the probability that a randomly selected senior marketer 

indicates that lack of process/tools to measure success through 

analytics is a factor that prevents his/her company from using 

more marketing analytics? 

b. Given that a randomly selected senior marketer is within a B2B 

firm, what is the probability that the senior marketer indicates that 

lack of process/tools to measure success through analytics is a 

factor that prevents his/her company from using more marketing 

analytics? 

c. Given that a randomly selected senior marketer is within a B2C 

firm, what.is the probability that the senior marketer indicates 

that lack of process/tools to measure success through analytics 

is a factor that prevents his/her company from using more mar- 

keting analytics? 

d. What is the probability that a randomly selected senior marketer 

indicates that lack of people who can link to marketing practice 

is a factor that prevents his/her company from using more mar- 

keting analytics? 

e. Given that a randomly selected senior marketer is within a B2B 

firm, what is the probability that the senior marketer indicates that 

lack of people who can link to marketing practice is a factor that 

prevents his/her company from using more marketing analytics? 

f. Given that a randomly selected senior marketer is within a B2C 

firm, what is the probability that the senior marketer indicates that 

lack of people who can link to marketing practice is a factor that 

prevents his/her company from using more marketing analytics? 

g. Comment on the results in (a) through (f). 

CHAPTER 

A 

Digital Case 
Apply your knowledge about contingency tables and the proper 

application of simple and joint probabilities in this continuing 

Digital Case from Chapter 3. 

Open EndRunGuide.pdf, the EndRun Financial Services 

“Guide to Investing,” and read the information about the Guar- 

anteed Investment Package (GIP). Read the claims and examine 

the supporting data. Then answer the following questions: 

How accurate is the claim of the probability of success for 

EndRun’s GIP? In what ways is the claim misleading? How 
would you calculate and state the probability of having an 

annual rate of return not less than 15%? 

1. Using the table found under the “Show Me the Winning Prob- 

abilities” subhead, calculate the proper probabilities for the 

group of investors. What mistake was made in reporting the 

7% probability claim? 

2. Are there any probability calculations that would be appropri- 

ate for rating an investment service? Why or why not? 

CardioGood Fitness 
1. For each CardioGood Fitness treadmill product line (see 
(EXISTS). construct two-way contingency tables 
of gender, education in years, relationship status, and self- 

rated fitness. (There will be a total of six tables for each tread- 
mill product.) 

2. For each table you construct, compute all conditional and 
marginal probabilities. 

3. Write a report detailing your findings to be presented to the 
management of CardioGood Fitness. 

The Choice /s Yours Follow-Up 
1. Follow up the “Using Statistics: ‘The Choice Js Yours,’ 

Revisited” on page 79 by constructing contingency tables 

of market cap and type, market cap and risk, market 

cap and rating, type and risk, type and rating, and risk and 

rating for the sample of 479 retirement funds stored in 

Retirement Funds 

2. For each table you construct, compute all conditional and 

marginal probabilities. 

3. Write a report summarizing your conclusions. 

Clear Mountain State Student Survey 
The Student News Service at Clear Mountain State University 

(CMSU) has decided tg gather data about the undergraduate stu- 

dents who attend CMSU. CMSU creates and distributes a survey 

of 14 questions (see CMUndergradSurvey.pdf) and receives 

responses from 111 undergraduates (stored in EUEESISE). 

For these data, construct contingency tables of gender and major, 

gender and graduate school intention, gender and employment 
status, gender and computer preference, class and graduate 
school intention, class and employment status, major and 
graduate school intention, major and employment status, and 
major and computer preference. 

1, For each of these contingency tables, compute all the condi- 
tional and marginal probabilities. 

2. Write a report summarizing your conclusions. 



YEXCEL GUIDE 

CHAPTER | 

/EG4.1_ BASIC PROBABILITY CONCEPTS — 
Simple Probability, Joint Probability, 
and the General Addition Rule 

Key Technique Use Excel arithmetic formulas. 

Example Compute simple and joint probabilities for pur- 

chase behavior data in Table 4.1 on page 155. 

PHStat Use Simple & Joint Probabilities. 

For the example, select PHStat> Probability & Prob. 

Distributions > Simple & Joint Probabilities. In the new 
template, similar to the worksheet shown below, fill in the 

Sample Space area with the data. 

Workbook Use the COMPUTE worksheet of the Prob- 

abilities workbook as a template. 

The worksheet (shown below) already contains the Table 4.1 

purchase behavior data. For other problems, change the sam- 

ple space table entries in the cell ranges C3:D4 and A5:D6. 
As you change the event names in cells, B5, B6, CS, and 

C6, the column A row labels for simple and joint probabilities 

and the addition rule change as well. These column A labels 

are formulas that use the concatenation operator (&) to form 

row labels from the event names you enter. 

For example, the cell A10 formula ="P("'& B5 &")" 

combines the two characters P( with the Yes BS cell value and 

the character ) to form the label P(Yes). To examine all of the 

COMPUTE worksheet formulas shown below, open to the 

COMPUTE_FORMULAS worksheet. 

=B10 + B13 - B17 

=B11 + B12 - B18 

=B11 + B13 - B19 

Key Technique bey 

Example Apply Bayes’ theorem to the television marketing | 

example that the Bayesian Analysis online topic discusses. — 

Workbook Use the COMPUTE worksheet of the Bayes 

workbook as a template. 

The worksheet (shown below) already contains the proba- 

bilities for the online section example. For other problems, 

change those probabilities in the cell range B5:C6. 

J els ee Gon. = oe en rs a De B= 
Bayes' Theorem Computations 

Probabilities a 

|Prior| Conditional od | 

Open to the COMPUTE_FORMULAS worksheet to | 
examine the arithmetic formulas that compute the probabili- 

ties, which are also shown as an inset to the worksheet. 

175 
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Ricknel Home Centers 

The Probability 
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Discrete Variable 

Binomial Distribution 

Poisson Distribution 

Covariance of a 

Probability Distribution 

and Its Application to 

Finance (online) 

Hypergeometric 

Distribution (online) 

Events of Interest..., 

Revisited 

EXCEL GUIDE 

Learn the properties of a 

probability distribution 

Calculate the expected 

value and variance of a 

probability distribution 

Calculate probabilities 

from the binomial and 

Poisson distributions YUSING STATISTICS 
Bae aisnibitiondts Events of Interest at Ricknel Home Centers 
solve business problems 

Use the binomial and 

ment chain, uses an accounting information system (AIS) to manage its accounting and 

financial data. The Ricknel AIS collects, organizes, stores, analyzes, and distributes 

financial information to decision makers both inside and outside the firm. 

One important function of the Ricknel AIS is to continuously audit accounting information, 

looking for errors or incomplete or improbable information. For example, when customers sub- 

mit orders online, the Ricknel AIS scans orders looking to see which orders have possible mis- 
takes. The system tags those orders and includes them in a daily exceptions report. Recent data 

collected by the company show that the likelihood is 0.10 that an order form will be tagged. 

As a member of the AIS team, you have been asked by Ricknel management to determine 

the likelihood of finding a certain number of tagged forms in a sample of a specific size. For 

example, what would be the likelihood that none of the order forms are tagged in a sample of 
four forms? That one of the order forms is tagged? 

176 fe How could you determine the solution to this type of probability problem? 

: ike most other large businesses, Ricknel Home Centers, LLC, a regional home improve- 
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his chapter introduces the concept of a probability distribution. Section 1.1 identifies 

numerical variables as either having discrete integer values that represent a count of 

something, or continuous values that arise from a measuring process. This chapter 

discusses the binomial and Poisson distributions, two probability distributions that represent a 

discrete numerical variable. In the Ricknel Home Centers scenario, a probabilit-distribution 

could be used as a model that approximates the order process. By using such an approximation, 

one could make inferences about the actual order process including the likelihood of finding a 

certain number of tagged forms in a sample. 

9.1 The Probability Distribution for a Discrete Variable 

TABLE 5.1 

Probability distribution 

of the number of 

interruptions per day 

FIGURE 5.1 

Probability distribution 

of the number of 

interruptions per day 

_studentTIP 
Remember, expected 

value is just the mean. 

A probability distribution for a discrete variable is a mutually exclusive list of all the possible 

numerical outcomes along with the probability of occurrence of each outcome. For example, 

Table 5.1 gives the distribution of the number of interruptions per day in a large computer 

network. The list in Table 5.1 is collectively exhaustive because all possible outcomes are 

included. Thus, the probabilities sum to 1. Figure 5.1 is a graphical representation of Table 5.1. 

Interruptions per Day Probability 

0 0.35 

1 0.25 

2 0.20 

3 0.10 

4 0.05 

5 0.05 

P(X) 

0.4 

0.3 

0.2 

0.1 

0 1 2 3 4 5 x 
Interruptions per Day 

Expected Value of a Discrete Variable 
The expected value of a discrete variable is the population mean, yw, of its probability distribu- 

tion. To calculate the expected value, multiply each possible outcome, x;, by its corresponding 

probability, P(X = x,), and then sum these products. 

EXPECTED VALUE, », OF A DISCRETE VARIABLE 

N 

i SEX) Soy PX =H) (5.1) 
i=1 

where 

x; = the ith value of the discrete variable X 

P(X = x;) = probability of occurrence of the ith value of X 

N = number of values of the discrete variable X 
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TABLE 5.2 

Computing the 

expected value 

of the number of 

interruptions per day 

For the Table 5.1 probability distribution of the number of interruptions per day in a large 

computer network, Table 5.2 shows all intermediate steps for calculating the expected value 

using Equation (5.1). 

N 

pw = E(X) = >)xP(X = x) 
i=1 

I 0 + 0.25 + 0.40 + 0.30 + 0.20 + 0.25 

= 1.40 

Interruptions per Day (x;) P(X = x;) x,P(X = x;) 

0 0.35 (0)(0.35) = 0.00 

| 0.25 (1)(0.25) = 0.25 

2 0,20 (2)(0.20) = 0.40 

3 0.10 (3)(0.10) = 0.30 

4 0.05 . (4)(0.05) = 0.20 

5 0.05 (5)(0.05) = 0.25 

1.00 pe = E(X) = 1.40 

The expected value is 1.40. The expected value of 1.40 interruptions per day represents 

the mean number of interruptions per day even though one cannot have a fractional number of 

interruptions, such as 1.4, on a daily basis. 

Variance and Standard Deviation of a Discrete Variable 
Compute the variance of a probability distribution by multiplying each possible squared differ- 

ence [x; — E(X)]* by its corresponding probability, P(X = x), and then summing the resulting 

products. Equation (5.2) defines the variance of a discrete variable, and Equation (5.3) defines 
the standard deviation of a discrete variable. 

VARIANCE OF A DISCRETE VARIABLE 

N 

a = Sly — EXOPPX = x) (5.2) 
i=] 

where 

x; = the ith value of the discrete variable X 
P(X = x;) = probability of occurrence of the ith value of X 

N = number of values of the discrete variable X 

STANDARD DEVIATION OF A DISCRETE VARIABLE 

N 

T=Ve'= dls — EPP = x) (5.3) 
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Table 5.3 shows all intermediate steps for calculating the variance and the standard deviation 
of the number of interruptions per day using Equations (5.2) and (5.3). 

2 
N 

= dy — EQ)PPX = x) 
i=1 

= 0.686 + 0.040 + 0.072 + 0.256 + 0.338 + 0.648 

= 2.04 

and 

o = Vo2 = V2.04 = 1.4283 

TABLE 5.3 

Calculating the variance Interruptions 
and standard deviation per Day (xj) P(X = x;) xP(X = x) [y; - EOP [x; — E(X)PP(X = x; 

of the number of 0 0.35 0.00 (0 -— 1.4 = 1.96  (1.96)(0.35) = 0.686 
interruptions per day 

1 0.25 0.25 (1 — 1.4)? = 0.16 — (0.16)(0.25) = 0.040 

4] 0.20 0.40 (2. 1,4)".= 0.36; .40.36)(0-20) = 0.072 

B) 0.10 0.30 (3 — 1.4) = 2.56 (2.56)(0.10) = 0.256 

4 0.05 0.20 (4 — 1.47 = 6.76 (6.76)(0.05) = 0.338 

2) 0.05 0.25 (5 — 1.4) = 12.96 (12.96)(0.05) = 0.648 

1.00 Bb = E(X) = 1.40 o2 = 2.04 

REIN eee a MUS 

Thus, the mean number of interruptions per day is 1.4, the variance is 2.04, and the standard 

deviation is approximately 1.43 interruptions per day. 

PROBLEMS FOR SECTION 5.1 

LEARNING THE BASICS 

5.1 Given the following probability distributions: 

Distribution A Distribution B 

a. Calculate the expected value for each distribution. 

b. Calculate the standard deviation for each distribution. 

c. What is the probability that x will be at least 3 in Distribution A 

and Distribution B? 

d. Compare the results of distributions A and B. 

APPLYING THE CONCEPTS 

5.2 The following table contains the probability distri- 

WSSI8 bution for the number of traffic accidents per day in a 

small town: 

Number of Accidents 

Daily (X) P(X = x) 

0 0.10 

1 0.20 

2 0.45 

3 0.15 

4 0.05 

5 0.05 

a. Calculate the mean number of accidents per day. 

b. Calculate the standard deviation. 

c. What is the probability that there will be at least two accidents 

on a given day? 

5.3 Recently, a regional automobile dealership sent out fliers to 

prospective customers indicating that they had already won one of 

three different prizes: an automobile valued at $25,000, a $100 gas 

card, or a $5 Walmart shopping card. To claim his or her prize, a 

prospective customer needed to present the flier at the dealership’s 

showroom. The fine print on the back of the flier listed the prob- 

abilities of winning. The chance of winning the car was 1 out of 

31,478, the chance of winning the gas card was | out of 31,478, and 

the chance of winning the shopping card was 31,476 out of 31,478. 
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a. How many fliers do you think the automobile dealership sent out? 

b. Using your answer to (a) and the probabilities listed on the flier, 

what is the expected value of the prize won by a prospective 

customer receiving a flier? 

c. Using your answer to (a) and the probabilities listed on the flier, 

what is the standard deviation of the value of the prize won by a 

prospective customer receiving a flier? 

d. Do you think this is an effective promotion? Why or why not? 

5.4 In the carnival game Under-or-Over-Seven, a pair of fair dice 

is rolled once, and the resulting sum determines whether the player 

wins or loses his or her bet. For example, the player can bet $1 

that the sum will be under 7—that is, 2, 3, 4.15, or 6. For this bet, 

the player wins $1 if the result is under 7 and loses $1 if the outcome 

equals or is greater than 7. Similarly, the player can bet $1 that the 

sum will be over 7—that is, 8, 9, 10, 11, or 12. Here, the player wins 

$1 if the result is over 7 but loses $1 if the result is 7 or under, A 

third method of play is to bet $1 on the outcome 7. For this bet, the 

player wins $4 if the result of the roll is 7 and loses $1 otherwise. 

a. Construct the probability distribution representing the different 

outcomes that are possible for a $1 bet on under 7. 

b. Construct the probability distribution representing the different 

outcomes that are possible for a $1 bet on over 7. 

c. Construct the probability distribution representing the different 

outcomes that are possible for a $1 bet on 7. 

d. Show that the expected long-run profit (or loss) to the player is 

the same, no matter which method of play is used. 

5.5 The number of arrivals per minute at a bank located in the 

central business district of a large city was recorded over a period 

of 200 minutes, with the following results: 

Arrivals Frequency 

14 

31 

47 

41 

i=) 

ONAN PWN Ke 

tO — 

a. Calculate the expected number of arrivals per minute. 

b. Calculate the standard deviation. 

c. What is the probability that there will be fewer than two arrivals 
in a given minute? 

5.6 The manager of the commercial mortgage department of a 
large bank has collected data during the past two years concern- 
ing the number of commercial mortgages approved per week. The 
results from these two years (104 weeks) are as follows: 

Number of Commercial 

_ Mortgages Approved Frequency 

0 13 

1 25 

2 32 

3 ity 

4 9 

5 6 

6 1 

ul 1 

a. Calculate the expected number of mortgages approved per week. 

b. Calculate the standard deviation. 
c. What is the probability that there will be more than one com- 

mercial mortgage approved in a given week? 

5.7 You are trying to develop a strategy for investing in two differ- 

ent stocks. The anticipated annual return for a $1,000 investment 

in each stock under four different economic conditions has the fol- 

lowing probability distribution: 

Returns 

Probability Economic Condition Stock X Stock Y 

0.1 Recession =—50) —100 

0.3 Slow growth 20 50 

0.4 Moderate growth 100 130 

0.2 Fast growth 150 200 

Calculate the 

a. expected return for stock X and for stock Y. 

b. standard deviation for stock X and for stock Y. 

c. Would you invest in stock X or stock Y? Explain. 

5.8 You plan to invest $1,000 in a corporate bond fund or in a 

common stock fund. The following table presents the annual return 

(per $1,000) of each of these investments under various economic 

conditions and the probability that each of those economic condi- 

tions will occur. 

Economic Corporate Common 

Probability Condition Bond Fund — Stock Fund 

0.01 Extreme recession —300 —999 

0.09 Recession =10 —300 

0.15 Stagnation 30 —100 

O35 Slow growth 60 100 

® 0.30 Moderate growth 100 150 
0.10 High growth 120 350 

Calculate the 

a. expected return for the corporate bond fund and for the common 

stock fund. 

b. standard deviation for the corporate bond fund and for the com- 
mon stock fund. 

¢c. Would you invest in the corporate bond fund or the common 
stock fund? Explain. 

d. If you chose to invest in the common stock fund in (c), what do 
you think about the possibility of losing $999 of every $1,000 
invested if there is an extreme recession? 
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5.2 Binomial Distribution 

student TIP 
Do not confuse this 

use of the Greek letter 

pi, 7, to represent the 

probability of an event 

of interest with the 

constant that is the ratio 

of the circumference to 

a diameter of a circle— 

approximately 3.14159. 

In some cases, a mathematical expression or model can be used to calculate the probability of a 

value, or outcome, for a variable of interest. For discrete variables, such mathematical models are 

also known as probability distribution functions. One such function that can be used in many 

business situations is the binomial distribution. Exhibit 5.1 presents the Important properties 

of this distribution. 
i] 

EXHIBIT [eee 

Properties of the Binomial Distribution 

¢ The sample consists of a fixed number of observations, n. 

* Each observation is classified into one of two mutually exclusive and collectively 

exhaustive categories. ; 

¢ The probability of an observation being classified as the event of interest, 77, is 

constant from observation to observation. Thus, the probability of an observation 

being classified as not being the event of interest, 1 — 7, is constant over 
all observations. 

¢ The value of any observation is independent of the value of any other 

observation. 

Use the binomial distribution when the discrete variable is the number of events of interest 

in a sample of n observations. For example, in the Ricknel Home Improvement scenario suppose 

the event of interest is a tagged order form and one seeks to determine the number of tagged 

order forms in a given sample of orders. 

What results can occur? If the sample contains four orders, none, one, two, three, or four 

order forms could be tagged. No other value can occur because the number of tagged order forms 

cannot be more than the sample size, n, and cannot be less than zero. Therefore, the range of the 

binomial variable is from 0 to n. 

Consider this sample of four orders: 

First Order Second Order Third Order Fourth Order 

Tagged Tagged ” Not tagged Tagged 

What is the probability of having three tagged order forms in a sample of four orders in this 

particular sequence? Because the historical probability of a tagged order is 0.10, the probability 

that each order occurs in the sequence is 

First Order Second Order Third Order Fourth Order 

T= 0:10 a = 0.10 1 -— 7 = 0.90 qa = 0.10 

Each outcome is independent of the others because the order forms were selected from an 

extremely large or practically infinite population and each order form could only be selected 

once. Therefore, the probability of having this particular sequence is 

anv — 3) = my = qr)! 

(0.10)°(0.90)! = (0.10)(0.10)(0.10)(0.90) 

= 0,0009 

This result indicates only the probability of three tagged order forms (events of interest) 

from a sample of four order forms in a specific sequence. To find the number of ways of selecting 
x objects from n objects, irrespective of sequence, use the rule of combinations given in 

Equation (5.4) on page 182. 
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'Many scientific calculators include 

a button labeled ,,C,. to compute the COMBINATIONS 

a Sg on aimee The number of combinations of selecting x objects! out of n objects is given by 
lators use the symbol r instead of x. 

n! 

* xiGn-)2z)! Bs 
n C, 

where 

n! = (n\(n — 1)+++ (1) is called n factorial. By definition, 0! = 1. 

With n = 4 and x = 3, there are four such sequences because 

C n! 7 4! _4x3x2XxXi1 _ 

me xn - x! 34-3)! (3X2 1d) 

The four possible sequences are 

Sequence 1 = (tagged, tagged, tagged, not tagged), with probability 

aan — m7) = m1 — 7)! = 0.0009 

Sequence 2 = (tagged, tagged, not tagged, tagged), with probability 

am(1 — yr = m1 — 7)! = 0.0009 

Sequence 3 = (tagged, not tagged, tagged, tagged), with probability 

Tl —- marr = m1 qr)! = 0.0009 

Sequence 4 = (not tagged, tagged, tagged, tagged), with probability 

(1 — m)ram = 71 — 7)! = 0.0009 

Therefore, the probability of three tagged order forms is equal to 0.0036 (4 X 0.0009), or more 

generally, the number of possible sequences X the probability of a particular sequence. 

This straightforward approach can be used for the other possible values of the variable— 

zero, one, two, and four tagged order forms. However, as the sample size, n, increases, using 

this straightforward approach becomes increasingly time-consuming. Equation (5.5) provides a 

general formula for computing any probability from the binomial distribution with the number 
of events of interest, x, given n and 7. 

BINOMIAL DISTRIBUTION 

P(X =x n, 7) = cS w(l - ay * (5.5) 
(Fis) 

P(X = x|n, 7) = probability that X = x events of interest, given n and 77 
n = number of observations 

a = probability of an event of interest 

1 — wm = probability of not having an event of interest 
x = number of events of interest in the sample (X = 0, 1, 2,..., n) 

n! 
ifn a = number of combinations of x events of interest out of n observations 

Equation (5.5) restates what was intuitively derived previously. The binomial variable X can 
have any integer value x from 0 through n. In Equation (5.5), the product 

w(1 — m)"* 
represents the probability of exactly x events of interest from n observations in a particular 
sequence. 



5.2 Binomial Distribution 183 

The term 

n! 

Ri = xX) I 
learnMORE 
The Binomial Table is the number of combinations of the x events of interest from the n observations possible. 
online topic contains Hence, given the number of observations, n, and the probability of an event of interest, 77, the 

binomial probabilities probability of x events of interest is 

and cumulative binomial P(X = x|n, 7) = (number of combinations) X (probability of a particular combination) 
probabilities tables and 

explains how to use a! n! x1 — apy 
the tables to compute Xt) 

binomial and cumulative 
binomial probabilities. Example 5.1 illustrates the use of Equation (5.5). Examples 5.2 and 5.3 show the 

computations for other values of X. 

EXAMPLE 5.1 If the likelihood of a tagged order form is 0.1, what is the pr Beate that there are three none 

| Determining order forms in the sample of four? 

LS 3), Given “i SOLUTION Using Equation (5.5), the probability of three tagged orders from a sample of 
| n = 4and7z7 = 0.1 ae E ee four is 

4! 
| ROS 3a 4. = 01 (01) | (X= 3|n= 4,70 aaa ) 

: = 0.1)°(0.9)! | say OO) 

L = moe ee iiss Ne aie = 0.0036 

If the likelihood of a eae order form is 0.1, what is the ee iy ih that there are three or more 

Determining tagged order forms in the sample of four? 
é 

P(X = 3), Given SOLUTION In Example 5.1, you found that the probability of exactly three tagged order forms 

= 4and7z = 0.1 from a sample of four is 0.0036. To compute the probability of at least three tagged order forms, 

you need to add the probability of three tagged order forms to the probability of four tagged 

order forms. The probability of four tagged order forms is 
| student TIP " 

Another way of saying P(X = 4|n = 4,7 = 0.1) = necarie et 1) (ie 0, 1) ae 
| “three or more” is “at : 

least three.” = 1(0.1)(0.1)(0.1)(0.1)(1) = 0.0001 

Thus, the probability of at least three tagged order forms is 

P(X = 3) = P(X = 3) + PX = 4) 

= 0.0036 + 0.0001 = 0.0037 

There is a 0.37% chance that there will be at least three EES order forms in a ae of four. 

menesrsen:i seroma in menace APO RRR RT SCENE EI CATS TES NAOT 

If the likelihood of a tagged order form is 0.1, what is the probability that there are less than 

Determining three tagged order forms in the sample of four? 

P(X < 3), Given ~SOLUTION The probability that there are less than three tagged order forms is 
= 4andz = 0.1 P(X < 3) = P(X = 0) + P(X = 1) + P(X = 2) 

> (continued) 
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FIGURE 5.2 

Excel worksheet results 

for computing binomial 

probabilities with n = 4 

and 7 = 0.1 

FIGURE 5.3 

Histogram of the binomial 

probability with n = 4 and 
a7 = 0.1 

Using Equation (5.5) on page 182, these probabilities are 

a Peale. | Ora 4=0 << 
P(X = O|n = 4,7 = 0.1) = Fy ON 0.1)*~° = 0.6561 

! 
7 l ood ee 6 St Dadi Ke 9 Seed rer ipa pyar 2a Beh = 0.2916 

4! , ‘en 
P(X = 2|n=4,7 = 0.1) = 7 ape — 0.1)*~* = 0.0486 

Therefore, P(X < 3) = 0.6561 + 0.2916 + 0.0486 = 0.9963. P(X < 3) could also be cal- 

culated from its complement, P(X = 3), as follows: 

P(X < 3) = 1 — P(X 2 3) 

1 — 0.0037 = 0.9963 I 

Excel can automate binomial probability calculations, which become tedious as n gets large. 

Figure 5.2 contains the computed binomial probabilities forn = 4 and 7 = 0.1. 

A B | In the Worksheet 
1 Binomial Probabilities a 

: | = The worksheet uses short arithmetic formulas 

4 [Sample size Pa al to compute parameters and the BINOM.DIST 

; [Probability of aneventof interest] 0.2] function to compute probabilities. 

; The COMPUTE worksheet of the Excel 

Guide Binomial workbook is a copy of the 

Figure 5.2 worksheet. 

561] =BINOM.DIST(A14, $8$4, $B$5, FALSE) 
116] =BINOM.DIST(A15, $8$4, $BS5, FALSE) 
86] =BINOM.DIST(A16, $B$4, $B$5, FALSE) 
936] =BINOM.DIST(A17, $B$4, $B$5, FALSE) 
| =BINOM.DIST(A18, $B$4, $8$5, FALSE) 

Histograms for Discrete Variables 
Discrete histograms visualize binomial distributions. Figure 5.3 visualizes the binomial proba- 

bilities for Example 5,3. Unlike histograms for continuous variables that Section 2.4 discusses, 

the bars for the values in a discrete histogram are very thin, and there is a large gap between each 

pair of bars. Ideally, discrete histogram bars would have no width, and some programs suggest 
that lack of width by graphing vertical lines (“needles”) in lieu of solid bars. 

Binomial Probability Histogram 
0.7 

fe 
01 

0.0 

0 s. 2 3 4 

Number of Events of Interest 

For a binomial probability distribution, the shape depends on the values of 7 and n. When- 
ever 7 = 0.5, the binomial distribution is symmetrical, regardless of how large or small the 
value of n. When 7 # 0.5, both 7 and n affect the skewness of the distribution. 
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Figure 5.4 illustrates the effect of 7 on a binomial distribution. Holding the sample size 

constant, low values for 7, such as 0.2, cause the binomial distribution to be right-skewed (left 

histogram), while high values, such as 0.8, cause the distribution to be left-skewed (right histo- 

gram). Figure 5.5 illustrates that increasing n makes a binomial distribution more symmetrical 

when 7r does not equal 0.5, Generally, the closer 7 is to 0.5 or the larger the number of obser- 

vations, n, the less skewed the binomial distribution will be. 

FIGURE 5.4 

Effect of a on the binomial distribution, holding n constant 

Histogram for m = 0.2 and n = 10 Histogram for 7 = 0.8 and n= 10 
0.35 0.35 

0,30 0.30 
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0,10 0.10 

0.05 0.05 

0.00 0.00 
C) 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10 
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FIGURE 5.5 

Effect of n on the binomial distribution, holding 7 constant 

Histogram for m= 0.2 and n= 10 Histogram for m = 0.2 and n = 20 
0.35 0.25 

0.30 
0,20 

0.25 
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Number of Successes 

Summary Measures for the Binomial Distribution 
The mean, , of the binomial distribution is equal to the sample size, n, multiplied by the prob- 

ability of an event of interest, 77. Therefore, Equation (5.6) can be used in lieu of Equation (5.1) 

to calculate the mean for variables that follow the binomial distribution. 

MEAN OF THE BINOMIAL DISTRIBUTION 

b= E(X) =n | (5.6) 

For the tagged orders example, on average and over the long run, one can theoretically 

expect w = E(X) = na = (4)(0.1) = 0.4 tagged order forms in a sample of four orders. 

Equation 5.7 calculates the standard deviation of the binomial distribution. 

STANDARD DEVIATION OF THE BINOMIAL DISTRIBUTION 

c= Vo? = VVar(X) = Vn7(1 — 7) (5.7) 
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Computing Binomial 

Probabilities for 

Service at a Fast- 

- Food Restaurant 
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The standard deviation of the number of tagged order forms is 

a = V4(0.1)(0.9) = 0.60 

Using Equation (5.3) on page 178 produces the same result. 

Example 5.4 applies the binomial distribution to service at a fast-food restaurant. 

Accuracy in taking orders at a drive-through window is important for fast-food chains. Period- 

ically, OSR Magazine publishes “The Drive-Thru Performance Study: Order Accuracy,” which 

measures the percentage of orders that are filled correctly. In a recent month, the percentage of 

orders filled correctly at Wendy’s was approximately 89.1%. 

Suppose that you go to the drive-through window at Wendy’s and place an order. Two friends 

of yours independently place orders at the drive-through window at the same Wendy’s. What 

are the probabilities that all three, that none of the three, and that at least two of the three orders 

will be filled correctly? What are the mean and standard deviation of the binomial distribution 

for the number of orders filled correctly? 

SOLUTION Because there are three orders and the probability of a correct order is 0.891, 

n = 3,and 7 = 0.891, using Equation (5.5) on page 182, 

PX = 3|n = 3, 7 = 0.891) = -(0.891)°1 — 0.891)°~? 
3! 

Minna) 

I 1(0.891)(0.891)(0.891)(1) = 0.7073 

3 
P(X = O|n = 3, 7 = 0.891) = —————(0.891)°(1 — 0.891)°~° ( |n 7 ) = Os ON eee 

= 1(1)(0.109)(0.109)(0.109) = 0.0013 

3! 

P(X = 2|n = 3, 7 = 0.891) = —————(0.891)°(1 — 0. 3-2 ( |n 7 ) = FG — pi O-89D"U — 0.891) 

3(0.891)(0.891)(0.109) = 0.2596 

P(X = 2) = P(X = 2) + P(X = 3) 

= 0.2596 + 0.7073 

= 0.9669 

Using Equations (5.6) and (5.7), 

BM = E(X) = nt = 3(0.891) = 2.673 

c= Vor? = V Var(X) = Vnr(1 — 7) 

= V 3(0.891)(0.109) 

= V 0.2914 = 0.5398 

The mean number of orders filled correctly in a sample of three orders is 2.673, and the 
standard deviation is 0.5398. The probability that all three orders are filled correctly is 0.7073, 
or 70.73%. The probability that none of the orders are filled correctly is 0.0013 (0.13%). The - 
probability that at least two orders are filled correctly is 0.9669 (96.69%). | 

Figure 5.6 on page 187 shows the Example 5.4 Excel results. The answer to the third question 
can be found in the last column of the “Binomial Probabilities Table” in the X = 2 row. 
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FIGURE 5.6 | 8 SASS Ry ee In the Worksheet 
i Excel results for 1_ Probability of Correct Order at Wendy's 

computing the : ! —— The worksheet uses short arithmetic 

binomial probability 4 formulas to compute parameters and the 

for Example 5.4 é Probability of an event of interest| _0.891| probabilities in columns D through F. 
i The worksheet uses the BINOM.DIST 

| 2.673| function to compute probabilities in 

| columns B and C. 

12 Binomial Probabilities table |_| The CUMULATIVE worksheet of the 
| 131 X|_ P(x) _| P(<=x) | P(<x) | P(>x) | P(>=x) | i i ‘ ‘al a eons Catia: Ache eee Excel Guide Binomial workbook is a 

15 | 1| 0.0328] 0.0331 0.0013] 0.9669] 0.9987 copy of the Figure 5.6 worksheet. 
l 16 2| 0.2596] 0.2927| 0.0331] 0.7073] 0.9669] 
{ 17 | \ ; 

PROBLEMS FOR SECTION 5,2 

3 

LEARNING THE BASICS 

5.9 Determine the following: 

a. Forn = 4 and 7 = 0.12, what is P(X = 0)? 

b. Forn = 10 and 7 = 0.40, what is P(X = 9)? 

c. Forn = 10 and 7 = 0.50, what is P(X = 8)? 

d. Forn = 6and 7 = 0.83, what is P(X = 5)? 

5.10 Determine the mean and standard deviation of the variable X 

in each of the following binomial distributions: 

a. n = 4and7 = 0.10 

b. n = 4 and 7 = 0.40 

c. n = Sand zw = 0.80 

d. n = 3 and 7 = 0.50 

APPLYING THE CONCEPTS 

5.11 The increase or decrease in the price of a stock between the 

beginning and the end of a trading day is assumed to be an equally 

likely random event. What is the probability that a stock will show 

an increase in its closing price on five consecutive days? 

5.12 In the last quarter of 2018, 47% of U.S, smartphone owners 

owned an iPhone. 

Source: Data extracted from pewrsr.ch/2riDGV6. 

Using the binomial distribution, what is the probability that of the 

next six Americans who own a smartphone surveyed, 

a. four will own an iPhone? 

b. all six will own an iPhone? 

c. at least four will own an iPhone? 

d. What are the mean and standard deviation of the number of American 

smartphone owners who own an iPhone in a survey of six? 

e. What assumptions do you need to make in (a) through (c)? 

5.13 A student is taking a multiple-choice exam in which each 

question has four choices. Assume that the student has no knowl- 

edge of the correct answers to any of the questions. She has decided 

on a strategy in which she will place four balls (marked A, B, C, and 

D) into a box. She randomly selects one ball for each question and 

replaces the ball in the box. The marking on the ball will determine 

her answer to the question. There are five multiple-choice questions 

on the exam. What is the probability that she will get 

a. five questions correct? 
b. at least four questions correct? 

c. no questions correct? 

d. no more than two questions correct? 

5.14 A manufacturing company regularly conducts quality con- 

trol checks at specified periods on the products it manufactures. 

Historically, the failure rate for LED light bulbs that the company 

manufactures is 3%. Suppose a random sample of 10 LED light 

bulbs is selected. What is the probability that 

a. none of the LED light bulbs are defective? 

b. exactly one of the LED light bulbs is defective? 

c. two or fewer of the LED light bulbs are defective? 

d. three or more of the LED light bulbs are defective? 

5.15 Past records indicate that the probability of online retail orders that 

turn out to be fraudulent is 0.08. Suppose that, on a given day, 20 online 

retail orders are placed. Assume that the number of online retail orders 

that turn out to be fraudulent is distributed as a binomial random variable. 

a. What are the mean and standard deviation of the number of on- 

line retail orders that turn out to be fraudulent? 

b. What is the probability that zero online retail orders will turn 

out to be fraudulent? 

c. What is the probability that one online retail order will turn out 

to be fraudulent? 

d. What is the probability that two or more online retail orders will 

turn out to be fraudulent? 

5.16 In Example 5.4 that begins on page 186, you and 

MISSAB two friends decided to go to Wendy’s. Now, suppose that 

instead you go to Burger King, which recently filled approximately 

90.9% of orders correctly. What is the probability that 

a. all three orders will be filled correctly? 

b. none of the three will be filled correctly? 

c. at least two of the three will be filled correctly? 

d. What are the mean and standard deviation of the binomial dis- 

tribution used in (a) through (c)? Interpret these values. 

e. Compare the results of (a) through (d) with those of Wendy’s in 

Example 5.4 and McDonald’s in Problem 5.17. 

5.17 In Example 5.4 that begins on page 186, you and two friends 

decided to go to Wendy’s. Now, suppose that instead you go to 

McDonald’s, which recently filled approximately 92.9% of the 

orders correctly. What is the probability that 

a. all three orders will be filled correctly? 

b. none of the three will be filled correctly? 

c. at least two of the three will be filled correctly? 

d. What are the mean and standard deviation of the binomial 

distribution used in (a) through (c)? Interpret these values. 

e. Compare the results of (a) through (d) with those of Burger King 

in Problem 5.16 and Wendy’s in Example 5.4. 
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5.3 Poisson Distribution 

Many studies are based on counts of the occurrences of a particular event in an area of 

opportunity, a fixed interval of time or space. In an area of opportunity, there can be more than 

one occurrence of the event of interest. The Poisson distribution, another discrete probability 

distribution, can be used to compute probabilities for such situations (McGinty). Specifically, 

the Poisson distribution applies if the following properties hold: 

¢ The counting of the number of times a particular event occurs in a given area of opportu- 

nity. The area of opportunity is defined by time, length, surface area, and so forth. 

¢ The probability that an event occurs in a given area of opportunity is the same for all the 

areas of opportunity. 
¢ The number of events that occur in one area of opportunity is independent of the number 

of events that occur in any other area of opportunity. 

¢ The probability that two or more events will occur in an area of opportunity approaches 

zero as the area of opportunity becomes smaller. 

xamples of variables that follow the Poisson distributiegy surface defects on a 

: a dog. that seeks to examine 

the number of customers arriving during the Tanch hour at a specific bank branch in the central 

business district of a large city. If the research problem is stated as the number of customers 

who arrive each minute, does this study match the four properties needed to use the Poisson 

distribution? 

First, the event of interest is the arrival of a customer, and the given area of opportunity is 

defined as a one-minute interval. Will zero customers arrive, one customer arrive, two custom- 

ers arrive, and so on? Second, a reasonable assumption is that the probability that a customer 

arrives during a particular one-minute interval is the same as the probability for all the other 

one-minute intervals. Third, the arrival of one customer in any one-minute interval has no effect 

on (is independent of) the arrival of any other customer in any other one-minute interval. Finally, 

the probability that two or more customers will arrive in a given time period approaches zero 

as the time interval becomes small. For example, the probability is virtually zero that two cus- 

tomers will arrive in a time interval of 0.01 second. Therefore, using the Poisson distribution to 

determine probabilities involving the number of customers arriving at the bank in a one-minute 

time interval during the lunch hour is appropriate. 

The Poisson distribution has one parameter, called A (the Greek lowercase letter lambda), 

which is the mean or expected number of events per unit. The variance of a Poisson distribution 
is also equal to A, and the standard deviation is equal to V/A. The number of events, X, of the 
Poisson variable ranges from 0 to infinity (%). 

Equation (5.8) is the mathematical expression for the Poisson distribution for computing 
the probability of X = x events, given that A events are expected. 

POISSON DISTRIBUTION 

ex 
P(X = x|A) = xl (5.8) 

where . 

P(X = x|A) = probability that X = x events in an area of opportunity given A 
A = expected number of events per unit 
e = mathematical constant approximated by 2.71828 
x = number of events (x = 0, 1,2,...) 

To illustrate an application of the Poisson distribution, suppose that the mean number of 
customers who arrive per minute at the bank during the noon-to-1 P.M. hour is equal to 3.0. 
What is the probability that in a given minute, exactly two customers will arrive? And what is 
the probability that more than two customers will arrive in a given minute? 



learnMORE 
The Poisson Table online 

topic contains a table of 

Poisson probabilities and 
explains how to use the 
table to compute Poisson 

probabilities. 

FIGURE 5.7 

Excel worksheet results 

for computing Poisson 

probabilities with A = 3 

Computing Poisson 
Probabilities 

> (continued) 
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Using Equation (5.8) and A = 3, the probability that in a given minute exactly two cus- 
tomers will arrive is 

oO) 9 
2! (2.71828)°(2) 

P(X = 2|A = 3) = = 0.2240 

The probability that in any given minute more than two customers will arrive is 

PX S>2)= PX=3)+PK=—4+°°: 

Because in a probability distribution all the probabilities must sum to 1, the terms on the right 

side of the equation P(X > 2) also represent the complement of the probability that X is less 

than or equal to 2 [i.e., 1 — P(X = 2)]. Thus, 

PO 2) ee PX Se 2) Sol =. [PX 0) th PH LY PX 2) 

Now, using Equation (5.8), 

PUK 2) 01 Tr >) 

= 1 — [0.0498 + 0.1494 + 0.2240] 

= 1 — 0.4232 = 0.5768 

Thus, there is a 57.68% chance that more than two customers will arrive in the same minute. 

Excel can automate Poisson probability calculations, which can be tedious. Figure 5.7 

contains the computed Poisson probabilities for the bank customer arrival example. 

—=3.() 0 —=3,0 i 310) 2 ae E (3.0), €*9(3.0)' | &*°3.0) | 

A Sigua oer Sp Ere In the Worksheet 
1 [Poisson Probabilities - 

a The worksheet uses the POISSON.DIST function to 

|Mean/Expected number of events of interest: compute the column B pr obabilities. 

The COMPUTE worksheet of the Excel Guide 

eee. $ES4, FALSE) Poisson workbook is a copy of the Figure 5.7 
OISSON.DIST(A9, $E4, FALSE) worksheet. 
OISSON.DIST(A10, $E$4, FALSE) 
OISSON. DIST(A11, $E$4, FALSE) 

| =POISSON.DIST(A14, $E$4, FALSE) 

|| =POISSON. DIST(A15, $E$4, FALSE) 

| =POISSON. DIST(A16, $E$4, FALSE) 

'| =POISSON. DIST(A17, $E$4, FALSE) 

t| =POISSON.DIST(A20, $E$4, FALSE) 
.0000| =POISSON.DIST(A21, $£$4, FALSE) 
,0000| =POISSON. DIST(A22, $E$4, FALSE) 

900| =POISSON.DIST(A23, $E$4, FALSE) 

po a a acnonion: erin 

Assume that the number of new visitors to a website in one minute follows a Poisson distribution 

with a mean of 2.5. What is the probability that in a given minute, there are no new visitors to 

the website? That there is at least one new visitor to the website? 

SOLUTION Using Equation (5.8) on page 188 with A = 2.5 (or Excel or a Poisson table 

lookup), the probability that there are no new visitors to the website is 

Rial Oey re 1 

= ———— = 0.0821 
0! (2.71828)?°(1) PEROT 2.5)e= 
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The probability that there will be no new visitors to the website in a given minute is 0.0821, 

or 8.21%. Thus, ~~. 

P(X = 1) =1-—-PX=0) 

= 1 — 0.0821 = 0.9179 

The probability that there will be at least one new visitor to the website in a given minute is 

0.9179, or 91.79%. Figure 5.8 shows the Example 5.5 Excel results. The answer to the questions 

can be found in the boldface cells in the “Poisson Probabilities Table.” 

FIGURE 5.8 

Excel worksheet results for 

computing the Poisson 

probability for Example 5.5 

PROBLEMS FOR SECTION 5.3 

: A 5 c D E 

Poisson Probabilities for Website Visitors 

| Data ) 

[Mean/Expected number of events of interest: 25 

~~ sT eS 

on onnk® Wr = 

LEARNING THE BASICS 

5.18 Assume a Poisson distribution. 

a. If A = 2.5, find P(X = 2). 

b. IFA = 8.0, find P(X = 8). 
c. IfA = 0.5, find P(X = 1). 
d. If A = 3.7, find P(X = 0). 

5.19 Assume a Poisson distribution. 

If A = 2.0, find P(X = 2). 

If A = 8.0, find P(X = 3). 
If A = 0.5, find P(X = 1). 

. IfA = 4.0, find P(X = 1). 

e. If A = 5.0, find P(X = 3). 

acop 

5.20 Assume a Poisson distribution with A = 5.0. What is the 

probability that 

ee Cay 

bea = 12 

(Os eS 

Ab KOS AY 

APPLYING THE CONCEPTS 

5.21 Assume that the number of airline customer service com- 

plaints filed with the Department of Transportation’s Office of 

Aviation Enforcement and Proceedings (OAEP) in one day is 

distributed as a Poisson variable. The mean number of customer 
service complaints in January 2019 is 3.13 per day. 

Source: Data extracted from U.S. Department of Transportation, Air Travel 
Consumer Report, January 2019. 

What is the probability that in any given day 

a. Zero customer service complaints against travel agents will be filed? 

b. exactly one customer service complaint against travel agents 
will be filed? 

two or more customer service complaints against travel agents 
will be filed? 
fewer than three customer service complaints against travel 
agents will be filed? 

c 

d 

5.22 The quality control manager of Marilyn’s Cookies is inspect- 

ing a batch of chocolate chip cookies that has just been baked. If 

the production process is in control, the mean number of chocolate 

chips per cookie is 6.0. What is the probability that in any particular 

cookie being inspected 

a. fewer than five chocolate chips will be found? 

b. exactly five chocolate chips will be found? 

c. five or more chocolate chips will be found? 

d. either four or five chocolate chips will be found? 

5.23 Refer to Problem 5.22. How many cookies in a batch of 100 

should the manager expect to discard if company policy requires 

that all chocolate chip cookies sold have at least four chocolate 
chips? 

5.24 The U.S. Department of Transportation maintains statistics 

for mishandled bags. In January 2019, Delta mishandled 0.32 bags 

per day. What is the probability that in the next month, Delta will 
have 

a. no mishandled bags? 

b, at least one mishandled bag? 

c. at least two mishandled bags? 

5.25 The U.S. Department of Transportation maintains statistics 
for mishandled bags. In January 2019, American Airlines mishan- 

dled 0.90 bags per day. What is the probability that in the next 
month, American Airlines will have 

a. no mishandled bags? 

b. at least one mishandled bag? 

c. at least two mishandled bags? 

5.26 The Consumer Financial Protection Bureau’s Consumer 
Response team hears directly from consumers about the challenges 

they face in the marketplace, brings their concerns to the attention 

of financial institutions, and assists in addressing their complaints. 
An analysis of complaints registered recently indicates that the 

mean number of vehicle lease complaints registered by consumers 
is 3.5 per day. 

Sorce: Data extracted from bit.ly/2nGDsc7. 



Assume that the number of vehicle lease complaints registered by 
consumers is distributed as a Poisson random variable. What is the 
probability that in a given day 

a. no vehicle lease complaint will be registered by consumers? 
b. exactly one vehicle lease complaint will be registered by 

consumers? 

¢. more than one vehicle lease complaint will be registered by 
consumers? 

d. fewer than two vehicle lease complaints will be registered by 
consumers? 

5.27 J.D. Power and Associates calculates and publishes various 

statistics concerning car quality. The dependability score measures 

problems experienced during the past 12 months by owners of vehi- 

cles (2019). For these models of cars, Ford had 1.48 problems per 

car and Toyota had 1.08 problems per car. 

Source: Data extracted from M. Bomey, “Lexus top brand as auto reliability hits an 

all-time high,” USA Today, February 14 2009, p. 1B-2B. 

Let X be equal to the number of problems with a Ford. 

a. What assumptions must be made in order for X to be distributed 

as a Poisson random variable? Are these assumptions reasonable? 

Making the assumptions as in (a), if you purchased a Ford in the 

2019 model year, what is the probability that in the past 12 months, 

the car had 

b. zero problems? 

191 5.5 Hypergeometric Distribution 

c. two or fewer problems? 

d. Give an operational definition for problem. Why is the operational 

definition important in interpreting the initial quality score? 

5.28 Refer to Problem 5.27. If you purchased a Toyota in the 2019 

model year, what is the probability that in the past 12 months the 

car had 

a. zero problems? 

b. two or fewer problems? 

c. Compare your answers in (a) and (b) to those for the Ford in 

Problem 5.27 (b) and (c). 

5.29 A toll-free phone number is available from 9 A.M. to 9 P.M. 

for your customers to register complaints about a product purchased 

from your company. Past history indicates that a mean of 0.8 calls 

is received per minute. 

a. What properties must be true about the situation described here 

in order to use the Poisson distribution to calculate probabilities 

concerning the number of phone calls received in a one-minute 

period? 

Assuming that this situation matches the properties discussed in (a), 

what is the probability that during a one-minute period 

a. zero phone calls will be received? 

b. three or more phone calls will be received? 

c. What is the maximum number of phone calls that will be 

received in a one-minute period 99.99% of the time? 

5.4 Covariance of a Probability Distribution and Its 
Application in Finance 

Section 5.1 defines the expected value, variance, and standard deviation for the probability dis- 

tribution of a single variable. The Section 5.4 online topic discusses covariance between two 

variables and explores how financial analysts apply this method as a tool for modern portfolio 

management. 

5.5 Hypergeometric Distribution 
er etric distribution determines the probabil} 

rom a finite population has been co 

Y USING STATISTICS 
Events of Interest..., Revisited 

n the Ricknel Home Centers scenario at the beginning of 

i this chapter, you were an accountant for the Ricknel Home 

Centers, LLC. The company’s accounting information system 

automatically reviews order forms from online customers for 

possible mistakes. Any questionable invoices are tagged and 

included in a daily exceptions report. Knowing that the prob- 

ability that an order will be tagged is 0.10, the binomial distri- 

bution was able to be used to determine the chance of finding 

a certain number of tagged forms in a sample of size four. 

There was a 65.6% chance that none of the forms would be 

tagged, a 29.2% chance that one would be tagged, and a 5.2% 

chance that two or more would be tagged. 

of x events of i 

Other calculations 
determined that, on 

average, one would 

expect 0.4 form to be 
tagged, and the standard 
deviation of the number 
of tagged order forms 
would be 0.6. Because the binomial distribution can be applied 
for any known probability and sample size, Ricknel staffers 
will be able to make inferences about the online ordering pro- 
cess and, more importantly, evaluate any changes or proposed 

changes to that process. 
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¥ SUMMARY 
om OSS 250) SO ORAS 1S 

This chapter discusses two important discrete probability * If there is a fixed number of observations, n, each of 

distributions: the binomial and Poisson distributions. The which is classified as an event of interest or not an 

chapter explains the following selection rules that gov- event of interest, use the binomial distribution. 

ern which discrete distribution to select for a particular ¢ If there is an area of opportunity, use the Poisson 

situation: distribution. 
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Expected Value, yx, of a Discrete Variable _ Binomial Distribution 

. | n! 
ji — EA) = > Ek = Xj) (S.1) | P(X = x\|n,7) = ——— (1 - a)" (5.5) 

=1 | rit = xy 
Vari faDi ; 

Seeder eenee yn AIG Mean of the Binomial Distribution 
N 

a = Sly — ECOPPX = x) (5:2)0 popes E(X) sera |, (5.6) 
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Y CHECKING YOUR UNDERSTANDING 

5.30 What is the meaning of the expected value of a variable? 5.32 What are the four properties that must be present in order to 

5.31 What are the four properties that must be present in order to use the Poisson distribution? 
use the binomial distribution? 



5.33 Darwin Head, a 35-year-old sawmill worker, won $1 million 
and a Chevrolet Malibu Hybrid by scoring 15 goals within 24 sec- 
onds at the Vancouver Canucks National Hockey League game (B. 
Ziemer, “Darwin Evolves into an Instant Millionaire,’ Vancouver 
Sun, February 28, 2008, p. 1). Head said he would use the money 
to pay off his mortgage and provide for his children, and he had no 
plans to quit his job. The contest was part of the Chevrolet Malibu 
Million Dollar Shootout, sponsored by General Motors Canadian 
Division. Did GM-Canada risk the $1 million? No! GM-Canada 

purchased event insurance from a company specializing in promo- 

tions at sporting events such as a half-court basketball shot or a 

hole-in-one giveaway at the local charity golf outing. The event 

insurance company estimates the probability of a contestant win- 

ning the contest and, for a modest charge, insures the event. The 

promoters pay the insurance premium but take on no added risk as 

the insurance company will make the large payout in the unlikely 

event that a contestant wins. To see how it works, suppose that 

the insurance company estimates that the probability a contestant 

would win a million-dollar shootout is 0.001 and that the insurance 

company charges $4,000. 

a. Calculate the expected value of the profit made by the insurance 

company. 

b. Many call this kind of situation a win—win opportunity for the 

insurance company and the promoter. Do you agree? Explain. 

5.34 Between 1896—when the Dow Jones index was created— 

and 2018, the index rose in 66.4% of the years. 

Based on this information, and assuming a binomial distribution, 

what do you think is the probability that the stock market will rise 

a. next year? 

b. the year after next? 

c. in four of the next five years? 

d. in none of the next five years? 

e. For this situation, what assumption of the binomial distribution 

might not be valid? 

5.35 The Internet has become a crucial marketing channel for busi- 

ness. According to a recent study, 91% of retail brands use two or 

more socia! media channels for business. 

Source: Data extracted from Brandwatch, “123 Amazing Social Media Statistics 

and Facts,” bit.ly/2Oh2Crg. 

If a sample of 10 businesses is selected, what is the probability that: 

a. 8 use two or more social media channels for business? 

b. At least 8 use two or more social media channels for business? 

c. At most 6 use two or more social media channels for business? 

d. If you selected 10 businesses in a certain geographical area and 

only three use two or more social media channels for business, 

what conclusion might you reach about businesses in this geo- 

graphical area? 

5.36 One theory concerning the Dow Jones Industrial Average 

is that it is likely to increase during U.S. presidential election 

years. From 1964 through 2016, the Dow Jones Industrial Average 

increased in 11 of the 14 U.S. presidential election years. Assuming 

Chapter Review Problems 193 

"CHAPTER REVIEW PROBLEMS 
that this indicator is a random event with no predictive value, you 

would expect that the indicator would be correct 50% of the time. 

a. What is the probability of the Dow Jones Industrial Average 

increasing in 11 or more of the 14 U.S. presidential election 

years if the probability of an increase in the Dow Jones Industrial 

Average is 0,50? 

b. What is the probability that the Dow Jones Industrial Average 

will increase in 11 or more of the 14 U.S. presidential election 

years if the probability of an increase in the Dow Jones Industrial 

Average in any year is 0.75? 

5.37 Medical billing errors and fraud are on the rise. According to 

Medical Billing Advocates of America, three out of four times, the 

medical bills that they review contain errors. 

Source: Kelly Gooch, “Medical billing errors growing, says Medical Billing 

Advocates of America,” Becker’s Hospital Review, bit.ly/2qkA8mR, 

If a sample of 10 medical bills is selected, what is the probability 

that 

a. 0 medical bills will contain errors? 

b. exactly 5 medical bills will contain errors? 

c. more than 5 medical bills will contain errors? 

d. What are the mean and standard deviation of the probability 

distribution? 

5.38 Refer to Problem 5.37. Suppose that a quality improvement 

initiative has reduced the percentage of medical bills containing 

errors to 40%. If a sample of 10 medical bills is selected, what is 

the probability that 

a. O medical bills will contain errors? 

b. exactly 5 medical bills will contain errors? 

c. more than 5 medical bills contain errors? 

d. What are the mean and standard deviation of the probability 

distribution? 

e. Compare the results of (a) through (c) to those of Problem 5.37 

(a) through (c). 

5.39 In a recent year, 46% of Google searches were one or two 

words, while 21% of Google searches were five or six words. 

Source: Wordstream Blog, “27 Google Search Statistics You Should Know in 

2019 (+ Insights!),” bit.ly/2GxpUIv. 

If a sample of 10 Google searches is selected, what is the proba- 

bility that 

a. more than 5 are one- or two-word searches? 

b. more than 5 are five- or six-word searches? 

c. none are one- or two-word searches? 

d. What assumptions did you have to make to answer (a) through (c)? 

5.40 The Consumer Financial Protection Bureau’s Consumer 

Response Team hears directly from consumers about the challenges 

they face in the marketplace, brings their concerns to the attention 

of financial institutions, and assists in addressing their complaints. 

Of the consumers who registered a bank account and service com- 

plaint, 46% cited ‘‘account management,” complaints related to the 

marketing or management of an account, as their complaint. 

Source: Consumer Response Annual Report, bit.ly/2x4CN5w. 
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Consider a sample of 20 consumers who registered bank account 

and service complaints. Use the binomial model to answer the fol- 

lowing questions: 

a, What is the expected value, or mean, of the binomial distribution? 

b. What is the standard deviation of the binomial distribution? 

c. What is the probability that 10 of the 20 consumers cited 

“account management” as the type of complaint? 

d. What is the probability that no more than 5 of the consumers 

cited “account management” as the type of complaint? 

e. What is the probability that 5 or more of the consumers cited 

“account management” as the type of complaint? 

5.41 Refer to Problem 5.40, In the same time period, 24% of the 

consumers registering a bank account and service compliant cited 

“deposit and withdrawal” as the type of complaint; these are issues 

such as transaction holds and unauthorized transactions. 

a. What is the expected value, or mean, of the binomial distribution? 

b. What is the standard deviation of the binomial distribution? 

c. What is the probability that none of the 20 consumers cited 

“deposit and withdrawal” as the type of complaint? 

d. What is the probability that no more than 2 of the consumers 

cited “deposit and withdrawal” as the type of complaint? 

What is the probability that 3 or more of the consumers cited 

“deposit and withdrawal” as the type of complaint? 

e 

5.42 One theory concerning the S&P 500 Index is that if it 

increases during the first five trading days of the year, it is likely 

to increase during the entire year. From 1950 through 2018, the 

S&P 500 Index had these early gains in 44 years (in 2011 there 

was virtually no change). In 36 of these 44 years, the S&P 500 

Index increased for the entire year. Assuming that this indicator is 

a random event with no predictive value, you would expect that the 

indicator would be correct 50% of the time. What is the probability 

of the S&P 500 Index increasing in 36 or more years if the true 

probability of an increase in the S&P 500 Index is 

a. 0.50? 

b. 0.70? 

CO907 : 

d. Based on the results of (a) through (c), what do you think is 

the probability that the S&P 500 Index will increase if there is 

an early gain in the first five trading days of the year? Explain. 

5.43 Spurious correlation refers to the apparent relationship 

between variables that either have no true relationship or are related 

to other variables that have not been measured. One widely publi- 

cized stock market indicator in the United States that is an exam- 

ple of spurious correlation is the relationship between the winner 

of the National Football League Super Bowl and the performance 

of the Dow Jones Industrial Average in that year. The “indicator” 

states that when a team that existed before the National Football 

League merged with the American Football League wins the Super 

Bowl, the Dow Jones Industrial Average will increase in that year. 

(Of course, any correlation between these is spurious as one thing 

has absolutely nothing to do with the other!) Since the first Super 

Bowl was held in 1967 through 2018, the indicator has been correct 

38 out of 52 times. Assuming that this indicator is a random event 

with no predictive value, you would expect that the indicator would 

be correct 50% of the time. 

a. What is the probability that the indicator would be correct 38 or 

more times in 50 years? 

b. What does this tell you about the usefulness of this indicator? 

5.44 The United Auto Courts Reports blog notes that the National 

Insurance Crime Bureau says that Miami-Dade, Broward, and Palm 

Beach counties account for a substantial number of questionable 

insurance claims referred to investigators. Assume that the num- 

ber of questionable insurance claims referred to investigators by 

Miami-Dade, Broward, and Palm Beach counties is distributed as a 

Poisson random variable with a mean of 7 per day. 

a. What assumptions need to be made so that the number of ques- 

tionable insurance claims referred to investigators by Miami- 

Dade, Broward, and Palm Beach counties is distributed as a 

Poisson random variable? 

Making the assumptions given in (a), what is the probability that 

b. 5 questionable insurance claims will be referred to investigators 

by Miami-Dade, Broward, and Palm Beach counties in a day? 

c. 10 or fewer questionable insurance claims will be referred to 

investigators by Miami-Dade, Broward, and Palm Beach coun- 

ties in a day? 

d. 11 or more questionable insurance claims will be referred to 
investigators by Miami-Dade, Broward, and Palm Beach coun- 
ties in a day? 



Managing Ashland MultiComm Services 
The Ashland MultiComm Services (AMS) marketing depart- 
ment wants to increase subscriptions for its 3-For-All tele- 
phone, cable, and Internet combined service. AMS marketing 
has been conducting an aggressive direct-marketing campaign 
that includes postal and electronic mailings and telephone solic- 
itations. Feedback from these efforts indicates that including 
premium channels in this combined service is a very important 

factor for both current and prospective subscribers. After several 

brainstorming sessions, the marketing department has decided to 

add premium cable channels as a no-cost benefit of subscribing 
to the 3-For-All service. 

The research director, Mona Fields, is planning to conduct 

a survey among prospective customers to determine how many 

premium channels need to be added to the 3-For-All service 

in order to generate a subscription to the service. Based on 

past campaigns and on industry-wide data, she estimates the 

following: 

Number of Free 

Premium Channels 

Probability 

of Subscriptions 

0.02 

0.04 

0.06 

0.07 

0.08 

0.085 MA bh WN KF © 

1. If a sample of 50 prospective customers is selected and no 

free premium channels are included in the 3-For-All service 

offer, given past results, what is the probability that 

a. fewer than 3 customers will subscribe to the 3-For-All 

service offer? 

b. O customers or 1 customer will subscribe to the 3-For-All 

service offer? 

c. more than 4 customers will subscribe to the 3-For-All ser- 

vice offer? 

d. Suppose that in the actual survey of 50 prospective cus- 

tomers, 4 customers subscribe to the 3-For-All service 

offer. What does this tell you about the previous estimate 

of the proportion of customers who would subscribe to the 

3-For-All service offer? 

Instead of offering no premium free channels as in Problem 1, 

suppose that two free premium channels are included in the 

3-For-All service offer. Given past results, what is the prob- 

ability that 

x 
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a. fewer than 3 customers will subscribe to the 3-For-All 

service offer? 

b. 0 customers or 1 customer will subscribe to the 3-For-All 

service offer? 

c. more than 4 customers will subscribe to the 3-For-All 

service offer? 

d. Compare the results of (a) through (c) to those of Problem 1. 

e. Suppose that in the actual survey of 50 prospective cus- 

tomers, 6 customers subscribe to the 3-For-All service 

offer. What does this tell you about the previous estimate 

of the proportion of customers who would subscribe to the 

3-For-All service offer? 

f. What do the results in (e) tell you about the effect of offer- 

ing free premium channels on the likelihood of obtaining 

subscriptions to the 3-For-All service? 

3. Suppose that additional surveys of 50 prospective customers 

were conducted in which the number of free premium chan- 

nels was varied. The results were as follows: 

Number of Free Number of 

Premium Channels Subscriptions 

1 5 

3 6 

4 6 

5 7 

How many free premium channels should the research director 

recommend for inclusion in the 3-For-All service? Explain. 

Digital Case 
Apply your knowledge about expected value in this continuing 

Digital Case from Chapters 3 and 4. 

Open BullsAndBears.pdf, a marketing brochure from EndRun 

Financial Services. Read the claims and examine the supporting 

data. Then answer the following: 

1. Are there any “catches” about the claims the brochure makes 

for the rate of return of Happy Bull and Worried Bear funds? 

2. What subjective data influence the rate-of-return analyses of 

these funds? Could EndRun be accused of making false and 

misleading statements? Why or why not? 

3. The expected-return analysis seems to show that the Worried 

Bear fund has a greater expected return than the Happy Bull 

fund. Should a rational investor never invest in the Happy 

Bull fund? Why or why not? 
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EG5.1 The PROBABILITY DIST RIBUTION 
for a DISCRETE VARIABLE 

Key Technique Use SUMPRODUCT(X cell range, 

P(X) cell range) to compute the expected value, Use 

SUMPRODUCT(squared differences cell range, P(X) cell 

range) to compute the variance. 

Example Compute the expected value, variance, and stan- 

dard deviation for the number of interruptions per day data 

of Table 5.1 on page 177. 

Workbook Use the Discrete Variable workbook as a 

model. 

For the example, open to the DATA worksheet of the 

Discrete Variable workbook. The worksheet contains the 

column A and B entries needed to compute the expected 

value, variance, and standard deviation for the example. 

Unusual for a DATA worksheet in this book, column C con- 

tains formulas. These formulas use the expected value that 

cell B4 in the COMPUTE worksheet of the same workbook 

computes (first three rows shown below) and are equivalent 

to the fourth column calculations in Table 5.3. 

4A) B c ae 
1 |X P(x) [X-E(x)]42 
20 0.35 =(A2-COMPUTE!SBS4)*2 
a 0.25 =(A3- COMPUTE!$B$4)*2 
4 '2 0.20 =(A4- COMPUTE!$B$4)42 

For other problems, modify the DATA worksheet. 

Enter the probability distribution data into columns A and 

B and, if necessary, extend column C, by first selecting 

cell C7 and then copying that cell down as many rows as 

necessary. If the probability distribution has fewer than six 

outcomes, select the rows that contain the extra, unwanted 

outcomes, right-click, and then click Delete in the shortcut 

‘menu. 
Appendix F further explains the SUMPRODUCT 

function that the COMPUTE worksheet uses to compute the 

expected value and variance. 

EGS.2 BINOMIAL DISTRIBUTION 

Key Technique Use the BINOM.DIST(number of events 

of interest, sample size, probability of an event of interest, 
FALSE) function. 

Example Compute the binomial probabilities for n = 4 
and z = 0.1, and construct a histogram of that probability 
distribution, similar to Figures 5.2 and 5.3 on page 184. 

196 

PHStat Use Binomial. 

For the example, select PHStat> Probability & Prob. 

Distributions > Binomial. In the procedure’s dialog box 

(shown below): 

1. Enter 4 as the Sample Size. 

2. Enter 0.1 as the Prob. of an Event of Interest. 

3. Enter 0 as the Outcomes From value and enter 4 as the 

(Outcomes) To value. 

4. Enter a Title, check Histogram, and click OK. 

| Binomial Probability Distribution xX | 

| > Data el 

| Sample Size: 4 

Prob, of an Event of Interest: 

Outcomes From: 

Check Cumulative Probabilities before clicking OK in 

step 4 to have the procedure include columns for P(=X), 

P(<X), P(>X), and P(=X) in the binomial probabilities 

table. 

Workbook Use the Binomial workbook as a template and 

model. 

For the example, open to the COMPUTE worksheet of the 

Binomial workbook, shown in Figure 5.2 on page 184. The 

worksheet already contains the entries needed for the example. 

For other problems, change the sample size in cell B4 and the 

probability of an event of interest in cell BS. If necessary, 

extend the binomial probabilities table by first selecting cell 

range A18:B18 and then copying that cell range down as many 

rows as necessary. To construct a histogram of the probability 

distribution, use the Appendix Section B.6 instructions. 

For problems that require cumulative probabilities, use 

the CUMULATIVE worksheet in the Binomial workbook. 
The SHORT TaKEs for Chapter 5 explains and documents this 
worksheet. 

EG5.3 POISSON DISTRIBUTION 

Key Technique Use the POISSON.DIST(number of 
events of interest, the average or expected number of events 
of interest, FALSE) function. 



Example Compute the Poisson probabilities for the 
Figure 5.7 customer arrival problem on page 189. 

PHStat Use Poisson. 

For the example, select PHStat> Probability & Prob. 

Distributions > Poisson. In this procedure’s dialog box 
(shown below): 

1. Enter 3 as the Mean/Expected No. of Events of 
Interest. 

2. Enter a Title and click OK. 

| Poisson Probability Distribution x 

| Data E Ss SSE : 
Mean/Expected No. of Events of Interest: [s | 
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Check Cumulative Probabilities before clicking OK in | 
step 2 to have the procedure include columns for P(SX), | 

P(<X), P(>X), and P(=X) in the Poisson probabilities table. 

Check Histogram to construct a histogram of the Poisson | ~ 

probability distribution. 

Workbook Use the Poisson workbook as a template. 

For the example, open to the COMPUTE worksheet of 

the Poisson workbook, shown in Figure 5.7 on page 189. 

The worksheet already contains the entries for the example. 

For other problems, change the mean or expected number 

of events of interest in cell E4. To construct a histogram of 

the probability distribution, use the Appendix Section B.6 

instructions, 

For problems that require cumulative probabilities, use 

the CUMULATIVE worksheet in the Binomial workbook. 

The SHort TAKEs for Chapter 5 explains and documents this 

worksheet. 
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Y USING STATISTICS 
Normal Load Times at MyTVLab 

ou are the vice president in charge of sales and marketing for MyT VLab, a web-based 

business that has evolved into a full-fledged, subscription-based streaming video 

service. To differentiate MyTVLab from the other companies that sell similar services, 

you decide to create a “Why Choose Us” web page to help educate new and prospective sub- 
scribers about all that MyTVLab offers. 

As part of that page, you have produced a new video that samples the content MyTVLab 

streams as well as demonstrates the relative ease of setting up MyTVLab on many types of 

devices. You want this video to download with the page so that a visitor can jump to different 
segments immediately or view the video later, when offline. 

You know from research (Kishnan and Sitaraman) and past observations, Internet visitors 

will not tolerate waiting too long for a web page to load. One wait time measure is load time, 
the time in seconds that passes from first pointing a browser to a web page until the web page is 

fully loaded and content such as video is ready to be viewed. You have set a goal that the load 

time for the new sales page should rarely exceed 10 seconds (too long for visitors to wait) and, 

ideally, should rarely be less than | second (a waste of company Internet resources). 

To measure this time, you point a web browser at the MyTVLab corporate test center to 

the new sales web page and record the load time. In your first test, you record a time of 
6.67 seconds. You repeat the test and record a time of 7.52 seconds. Though consistent to your 
goal, you realize that two load times do not constitute strong proof of anything, especially as 
your assistant has performed his own test and recorded a load time of 8.83 seconds. 

Could you use a method based on probability theory to ensure that most load times will 
be within the range you seek? MyTVLab has recorded past load times of a similar page with 
a similar video and determined the mean load time of that page is 7 seconds, the standard 
deviation of those times is 2 seconds, that approximately two-thirds of the load times are 
between 5 and 9 seconds, and about 95% of the load times are between 3 and 11 seconds. 

Could you use these facts to assure yourself that the load time goal you have set for the 
new sales page is likely to be met? 
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hapter 5 discusses how to use probability distributions for a discrete numerical variable. 

In the MyTVLab scenario, you are examining the load time, a continuous numeri- 

cal variable. You are no longer considering a table of discrete (specific) values, but a 

continuous range of values. For example, the phrase “load times are between 5 and 9 seconds” 

includes any value between 5 and 9 and not just the values 5, 6, 7, 8, and 9. If you plotted the 

phrase on a graph, you would draw a continuous line from 5 to 9 and not just plot five discrete 

points. 

When you add information about the shape of the range of values, such as two-thirds of 

the load times are between 5 and 9 seconds or about 95% of the load times are between 3 and 

11 seconds, you can visualize the plot of all values as an area under a curve. If that area under 

the curve follows the well-known pattern of certain continuous distributions, you can use the 

continuous probability distribution for that pattern to estimate the likelihood that a load time 

is within a range of values. In the MyTVLab scenario, the past load times of a similar page 

describes a pattern that conforms to the pattern associated with the normal distribution, the 

subject of Section 6.2, That would allow you, as the vice president for sales and marketing, to 

use the normal distribution with the statistics given to determine if your load time goal is likely 
to be met. 

6.1 Continuous Probability Distributions 
Continuous probability distributions vary by the shape of the area under the curve. Figure 6.1 

visualizes the normal, uniform, and exponential probability distributions. 

FIGURE 6.1 

Three continuous 

probability distributions 
(Min P (ty, 

— 

of X Values of X Values of X 

Normal Distribution Uniform Distribution Exponential Dist ubeD 
eq oy 

Some distributions, including the normal and uniform distributions in Figure 6.1, show a 

symmetrical shape. Distributions such as the right-skewed exponential distribution do not. 

In symmetrical distributions the mean equals the median, whereas in a right-skewed distri- 

bution the mean is greater than the median. Each of the three distributions also has unique 

properties. 

cluster around the mean. Although the values in a normal distribution can range from 

negative infinity to positive infinity, the shape of the normal distribution makes it very unlikely 

that extremely large or extremely small values will occur. 

Section 6.4 further 

discusses the uniform 

distribution. distribution, every value 1s equally likely. 
The exponential distribution contains values from zero to positive infinity and is right- 

The online Section 6.5 
makes it unlikely that extremely 

further discusses the 

exponential distribution. 
arge values will occur. 

Besides visualizations such as those in Figure 6.1, a continuous probability distribution 

can be expressed mathematically as a probability density function. A probability density 

function for a specific continuous probability distribution, represented by the symbol f(X), 

defines the distribution of the values for a continuous variable and can be used as the basis for 

calculations that determine the likelihood or probability that a value will be within a certain 

range. 
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6.2 The Normal Distribution 

By the rule the previous 

paragraph states, the 

probability that the load 

time is exactly 7, or any 

other specific value, is zero. 

TABLE 6.1 

Fill amounts for 10,000 

one-liter water bottles 

The most commonly used continuous probability distribution, the normal distribution, plays 

an important role in statistics and business. Because of its relationship to the Central Limit 

Theorem (see Section 7.2), the distribution provides the basis for classical statistical inference 

and can be used to approximate various discrete probability distributions. For business, many 

continuous variables used in decision making have distributions that closely resemble the normal 

distribution. The normal distribution can be used to estimate the probability that values occur 

within a specific range or interval. This probability corresponds to an area under a curve that 

the normal distribution defines. Because a single point on a curve, representing a specific value, 

cannot define an area, the area under any single point/specific value will be 0, Therefore, when 

using the normal distribution to estimate values of a continuous variable, the probability that the 

variable will be exactly a specified value is always zero. 

For the MyTVLab scenario, the load time for the new sales page would be an example of 

a continuous variable whose distribution approximates the normal distribution. This approxi- 

mation enables one to estimate probabilities such as the probability that the load time would be 

between 7 and 10 seconds, the probability that the load time would be between 8 and 9 seconds, 

or the probability that the load time would be between 7.99 and 8.01 seconds. 

Exhibit 6.1 presents four important theoretical properties of the normal distribution. The 

distributions of many business decision-making continuous variables share the first three 

properties, sufficient to allow the use of the normal distribution to estimate the probability for 

specific ranges or intervals of values. 

EXHIBIT Sera) 

Normal Distribution Important Theoretical Properties 

Symmetrical distribution. Its mean and median are equal. 

Bell-shaped. Values cluster around the mean. 

Interquartile range is roughly 1.33 standard deviations. Therefore, the middle 50% 

of the values are contained within an interval that is approximately two-thirds of a. 
standard deviation below and two-thirds of a standard deviation above the mean. 

The distribution has an infinite range (—*© < X < ©), Six standard deviations 

approximate this range (see page 205). 

Table 6.1 presents the fill amounts, the volume of liquid placed inside a bottle, for a produc- 

tion run of 10,000 one-liter water bottles. Due to minor irregularities in the machinery and the 

water pressure, the fill amounts will vary slightly from the desired target amount, which is a bit 

more than 1.0 liters to prevent underfilling of bottles and the subsequent consumer unhappiness 
that such underfilling would cause. 

Fill Amount (liters) Relative Frequency 

< 1,025 48/10,000 = 0.0048 
1.025 < 1.030 122/10,000 = 0.0122 

erireeperelsOAbniseal 03 Scranton areeereime neenned 25 /'10,000,='0.0325 
1,035 < 1,040 ewww > -695/10,000 = 0.0695 
1.040 < 1,045 1,198/10,000 = 0.1198 

. 1.045 < 1.050 1,664/10,000 = 0.1664 
~ 1050) <r05s 1,896/10,000 = 0.1896 

PNET )S FMEA OGY 1,664/10,000 = 0.1664 
1.060 < 1,065 1,198/10,000 = 0.1198 
1.065 < 1.070 695/10,000 = 0.0695 
1.070 < 1,075 ‘ 325/10,000 = 0.0325 
1.075 < 1.080 122/10,000 = 0.0122 
1.080 or above 48/10,000 = 0.0048 
Total 1.0000 



student TIP 
Section 2.4 discusses 

histograms and relative 

frequency polygons. 

FIGURE 6.2 

Relative frequency 

histogram and polygon 

of the amount filled in 

10,000 water bottles 

FIGURE 6.3 

Three normal distributions 

6.2 The Normal Distribution 201 

The fill amounts for the 10,000-bottle run cluster in the interval 1.05 to 1.055 liters. The fill 

amounts distribute symmetrically around that grouping, forming a bell-shaped pattern, which 

the relative frequency polygon that has been superimposed over the Figure 6.2 histogram high- 

lights. These properties of the fill amount permit the normal distribution to be used to estimate 

values. Note that the distribution of fill amounts does not have an infinite range as fill amounts 

can never be less than 0 or more than the entire, fixed volume of a bottle. Therefore, the normal 

distribution can only be an approximation of the fill amount distribution, a distribution that does 
not contain an infinite range, an important theoretical property of true normal distributions. 

Probability of X 

1.025 1,035 1.045 1.055 1.065 1.075 
1,031 1.04 1.05. 1.06 1.07) 1.08 Maximum 

eee bottle volume 
Amount of Fill (liters) 

Role of the Mean and the Standard Deviation 

Each combination of a mean yw and a standard deviation o defines a separate normal distribution. 

Figure 6.3 shows the normal distribution for three such combinations. Distributions A and B 

have the same mean but have different standard deviations. Distributions A and C have the same 

standard deviation but have different means. Distributions B and C have different values for both 

the mean and standard deviation. 

Not surprisingly, both the mean, pu, and the standard deviation, a, appear in Equation (6.1) that 

defines the probability density function for the normal distribution. 

NORMAL PROBABILITY DENSITY FUNCTION 

ee l eo 1/2UX— w)/oP (6.1) 

270 

where 

e = mathematical constant approximated by 2.71828 

q = mathematical constant approximated by 3.14159 

pe = mean 

o = standard deviation 

X = any value of the continuous variable, where —%° < X < © 
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FIGURE 6.4 

Transformation of scales 

Calculating Normal Probabilities 
Examining Equation (6.1) reveals that the only terms that are not numerical constants are 

the mean, 2, and the standard deviation, a. This insight allows normal probabilities to be 

calculated using an alternative method based in part on using the transformation formula 

that Equation (6.2) defines. Using this second method avoids the calculational complexities 

that the direct use of Equation (6.1) would create. 

Z TRANSFORMATION FORMULA 

The Z value is equal to the difference between X and the mean, yp, divided by 

the standard deviation, o. 

Z= _ (6.2) 

The transformation formula converts a normally distributed variable, X, to a corresponding 

standardized normal variable, Z. The formula calculates a Z value, called standardized units, 

that expresses the difference of the X value from the mean, yz, in standard deviation units. While 

a variable, X, has mean, mw, and standard deviation, o, the standardized variable, Z, always has 

mean “ = 0 and standard deviation 0 = 1. 

With a calculated Z value, use Table E.2, the cumulative standardized normal 

distribution, to determine the probability. For example, recall from the MyTVLab scenario on 

page 198 that past data indicate that the sales page load time is normally distributed, with a 

mean mw = 7 seconds and a standard deviation o = 2 seconds. Figure 6.4 shows that every 

measurement X has a corresponding standardized measurement Z, computed from Equation (6.2), 

the transformation formula. 

MyTVLab 
Sales Page Load Time 

w-30 p-2o pw-'10 bh b+lo prt2o p+3e 

1 3 5 i 9 11 13 X Scale (u=7,0 = 2) 

-3 -2 -1 0 +1 +2 +3 Z Scale (u =0,o0 = 1) 

Therefore, a load time of 9 seconds is equivalent to 1 standardized unit (1 standard deviation) 

above the mean because ; 

A load time of | second is equivalent to —3 standardized units (3 standard deviations) below 
the mean because 

In Figure 6.4, the standard deviation is the unit of measurement. In other words, a time of 9 seconds 
is 2 seconds (1 standard deviation) higher, or slower, than the mean time of 7 seconds. Similarly, a 
time of 1 second is 6 seconds (3 standard deviations) lower, or faster, than the mean time: 

As another example of applying the transformation formula, suppose that the technical 
support web page has a load time that is normally distributed, with a mean & = 4seconds and 
a standard deviation @ = 1 second. Figure 6.5 on the next page shows this distribution, 



FIGURE 6.5 

A different transformation 

of scales 

student TIP 
When discussing 
the normal or other 

continuous distributions, 

the word area has 

the same meaning as 

probability. 

TABLE 6.2 

Finding a cumulative 

area under the normal 

curve 

Source: Extracted from 

Table E.2. 
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Support Page Load Time 

i 2 eo ee 27) X Scale (u = 4, 0 = 1) 

-3 -2 -1 0 +1 +2 +3 AS CALC N=10 an =) 

This transformation shows that a load time of 5 seconds is 1 standard deviation above the 

mean download time because 

LZ | I a 

A time of 1 second is 3 standard deviations below the mean load time because 

Tere, 
Z tans as Fi 

I 

Having determined the Z value, use a table of values from the cumulative standardized 

normal distribution to look up the normal probability. For example, consider that one wanted 

to find the probability that the load time for the MyTVLab sales page is less than 9 seconds. 

Recall from page 202 that given a mean x = 7 seconds and a standard deviation a = 2 seconds, 

transforming X = 9 leads to a Z value of +1.00. 

Use Table E.2 with a calculated Z value to find the cumulative area under the normal curve 

less than (to the left of) Z = +1.00. To read the probability or area under the curve less than 

Z = +1.00, locate the Table E.2 row for the Z value 1.0. Next, locate the entry in the row for 

the column that contains the 100th place of the Z value. Therefore, in the body of the table, the 

probability for Z = 1.00, that entry is .8413, in the .00 column. 

Table 6.2 highlights this entry and shows how the entry was found. There is an 84.13% 

chance that the download time will be less than 9 seconds. Figure 6.6 on page 204 visualizes 

this probability. 

Cumulative Probabilities 

Tae OU Ula 020 03-045 G05 OOF FOr au 08 oan 9 
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FIGURE 6.6 

Determining the area less 

than Z from a cumulative 

standardized normal 

distribution 

FIGURE 6.7 

Demonstrating a 

transformation of scales 

for corresponding 

cumulative portions under 

two normal curves 

student TIP 
When calculating 

probabilities under the 

normal curve, draw a 

_normal curve and enter 

the values for the mean 

and X below the curve 

as a helpful guide. Shade 

_ the desired area to be 

determined under the 
curve. 

EXAMPLE 6.1 

Finding P(X > 9) 

FIGURE 6.8 
Finding P(X > 9) 
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Sales Page Load Time 

Area = 0.8413 

1 3 5 7 9 11 13. XScale 

-3,00 -2,00 -1,00 0 +1.00 +2.00 +3.00 ZScale 

From Figure 6.5, a support page load time of 5 seconds is | standardized unit above the 

mean time of 4 seconds. Thus, the probability that the load time for the support page will be 

less than 5 seconds is also 0.8413. Figure 6.7 shows that regardless of the value of the mean, yp, 

and standard deviation, 7, of a normally distributed variable, Equation (6,2) can transform the 

X value to a Z value. 

Using Table E.2 with Equation (6.2) can answer many questions related to the sales page 

load time, including whether achieving the load time goal is likely, using the normal distribution. 

Support Page Load Time 

Sales Page Load Time 

What is the probability that the load time for the MyTVLab sales page will be more than 
9 seconds? 

SOLUTION The probability that the load time will be less than 9 seconds is 0.8413 (see 
Figure 6.6). Thus, the probability that the load time will be more than 9 seconds is the complement 
of less than 9 seconds, | — 0.8413 = 0.1587. Figure 6.8 illustrates this result. 

MyTVLab 
Sales Page Load Time 

Area = 0.1587 

fn CAk : B-aNLN ROM At Salat 13 
-3.00 -2.00 -100 0 41.00 +2.00 +3.00 ZScale 



EXAMPLE 6.2 ff 

| Finding P(x < 7 
-orxX > 9) 

FIGURE 6.9 

Finding 

PXi<2 7. OF X > 9) 

EXAMPLE 6.3 | 

| Finding 
PIB <X <9) 

FIGURE 6.10 

Finding P(5 < X < 9) 

| 
! 
: 
i 

) 
: 
' 
i 
: 

! 
i 
' 
i 
{ 

ee 

ne CR EN 

This result is the justifica- 

tion for the empirical rule 

presented on page 134. 

The accuracy of the empi- 

rical rule increases the 

closer the variable follows 

the normal distribution. 
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What is the probability that the load time for the MyTVLab sales page will be less than 7 seconds 
or more than 9 seconds? 

SOLUTION To find this probability, separately calculate the probability of a load time less 

than 7 seconds and the probability of a load time greater than 9 seconds and then add these two 

probabilities together. Figure 6.9 illustrates this result. 

MyTVLab 
Sales Page Load Time Area = 0.3413 because 

0.8413 — 0.5000 = 0.3413 

Area 0.1587 

1 3 5 7 9 11 13 X Scale 

-3.00 -2.00 -1.00 0 +1.00 +2.00 +3.00 ZScale 

Because the mean is 7 seconds, and because the mean is equal to the median in a normal 

distribution, 50% of load times are under 7 seconds. From Example 6.1, the probability that the 

load time is greater than 9 seconds is 0.1587. Therefore, the probability that a load time is less 

than 7 or more than 9 seconds, P(X < 7 or X > 9), is 0.5000 + 0.1587 = 0.6587. 

What is the probability that load time for the MyTVLab sales page will be between 5 and 

9 seconds—that is, P(S < X < 9)? 

SOLUTION In Figure 6.10, the area of interest is shaded dark blue and is located between 

two values, 5 and 9. 

Area = 0.1587 because Cumulative area = 0.8413 because 

pecs me oF go X- 241,00 
oO oO 

Dark blue area = 0.6826 because 

0.8413 — 0.1587 = 0.6826 

4 3 5 7 9 11. +13.+~+«XScaie 

-3.00 -2.00 -1.00 0 +1.00 +2.00 +3.00 ZScale 

Example 6.1 on page 204, calculates the area under the normal curve less than 9 seconds as 

0.8413. To find the area under the normal curve less than 5 seconds, 

Tae 0) 5 ‘ 

From Table E.2, using Z = —1.00, the cumulative probability is 0.1587. Therefore, the 

probability that the load time will be between 5 and 9 seconds is 0.8413 — 0.1587 = 0.6826, 

as Figure 6.10 visualizes. 
A eee ee Cr PRE ANNE OTR RI LEON A EIT NDI NAP ALOE D TA AOE ITNT IRE RNS! eres oe ewes 

From the Example 6.3 solution and from Figures 6.11 and 6.12 on page 206 that visualize 

related examples, one can observe that for any normal distribution 

* approximately 68.26% of the values fall within + 1 standard deviation of the mean. 
¢ approximately 95.44% of the values fall within + 2 standard deviations of the mean. 

* approximately 99.73% of the values fall within +3 standard deviations of the mean. 

From Figure 6.10 in Example 6.3, 68.26% of the values are within + 1 standard deviation of the 
mean. From Figure 6.11, 95.44% of the values are within +2 standard deviations of the mean 

(0.9772 — 0.0228). For the MyTVLab sales page, 95.44% of the download times are between 

3 and 11 seconds. From Figure 6.12, 99.73% of the values are within +3 standard deviations 
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FIGURE 6.11 

Finding P(8 < X < 11) 
Z2= 

-3.00 

FIGURE 6.12 

Finding P(1 < X < 13) Xan, 
Area below is 0.00135 because 

Area below is 0.0228 because , 

X= b 
( 

-3.00 

Area below is 0.9772 because 

ge Do! 2 42.00 
oO 

5 7 9 11 13 X Scale 

-1.00 0 +1.00 +2.00 +3.00 ZScale 

Area below is 0.99865 because 

Fe AHS. 00 

5 Fy ee Tr 13. XScale 

-1.00 0 +1,00 +2.00 +3.00 ZScale 

above or below the mean. For the MyTVLab sales page, 99.73% of the load times are between 

1 and 13 seconds. 

For the MyTVLab sales page, it is unlikely (0.0027, or only 27 in 10,000) that a load time 

will be so fast or so slow that it will take less than 1 second or more than 13 seconds. In general, 

use 60, 3 standard deviations below the mean to 3 standard deviations above the mean, as a 

practical approximation of the range for normally distributed data. 

Wi a EXPLORATIONS 

Exploring the Normal Distribution 

Open the VE-Normal Distribution add-in workbook 

to explore the normal distribution. (For Excel technical 

requirements, see Appendix D.) When this workbook 

opens properly, it adds a Normal Distribution menu in the 

Add-ins tab (Apple menu in Excel for Mac). 

To explore the effects of changing the mean and 

standard deviation on the area under a normal curve, 

select Normal Distribution > Probability Density 

Function. The add-in displays a normal curve for the 

MyTVLab example and a floating control panel (top right). 

Use the control panel spinner buttons to change the 

values for the mean, standard deviation, and X value and 

then note the effects of these changes on the probability 

of X < value and the corresponding shaded area under 

the curve. To see the normal curve labeled with Z values, 

click Z Values. Click Reset to reset the control panel 

values. Click Finish to finish exploring. 

To create shaded areas under the curve for 

problems similar to Examples 6.2 and 6.3, select 

Normal Distribution > Areas. In the Areas dialog box 
(bottom right), enter values, select an Area Option, and 
click OK. 

ae 
Normal Distribution 

Probability Density Function 

Arthmetic Mean: 

Standard Devation: [2 +4 
= 

X Value: [7 = 

Probabiity of X< 0.5000 

Areas x 

| Data ———-- —— — -+ + ———. 

| Mean: ae i 

Standard Deviation: 2 

Probability for X < 7 

Probability for X > [> 

Area Options —— 

© Probabiity for (7 < X < 9) 

@ Probability for (X < 7 or X > 9) 
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Deans 

| Finding the X Value 

for a Cumulative 

| Probability of 0.10 

TABLE 6.3 

Finding a Z value 

corresponding to 

a cumulative area 

of 0.10 under the 

normal curve 

Source: Extracted from 

Table E.2. 

FIGURE 6.13 
Finding Z to determine X 

> (continued) 
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Finding X Values 
The solutions to Examples 6.1 through 6.3 require finding the area under the normal curve that 

corresponds to a specific X value. Other problems require the opposite: Finding the X value 

that corresponds to a specific area. To do so, first solve Equation (6.2) for X and use that result, 

Equation (6.3), to find the X value. 

FINDING AN X VALUE ASSOCIATED WITH A KNOWN PROBABILITY 

The X value is equal to the mean, jz, plus the product of the Z value and the 

standard deviation, o. 

Kama [Lt 0: (6.3) 

To find a particular value associated with a known probability, follow these steps: 

¢ Sketch the normal distribution curve and then place the values for the mean and X on the 

X and Z scales. 

¢ Find the cumulative area less than X. 

¢ Shade the area of interest. 

¢ Using Table E.2, determine the Z value corresponding to the area under the normal curve 

less than X, 

¢ Using Equation (6.3), solve for X: X = uw + Zo. 

Examples 6.4 and 6.5 demonstrate this technique using this five-step procedure to find a 

particular value associated with a known probability. 

How much time (in seconds) will elapse before the fastest 10% of the MyTVLab sales pages 

load time occur? 

SOLUTION Because 10% of the load times are expected to occur in under X seconds, the area 

under the normal curve less than this value is 0.1000. Using Table E.2, locate the entry for the 

area or probability of 0.1000. The closest entry is 0.1003, as Table 6.3 shows. 

Cumulative Probabilities 

02 .03 .04 .05 06 .07 

0630 .0618 .0606 .0594 .0582 

=a dea OSU Serr 0 199 5e1.0)./6.2050/ OF me 49m 130 45.0721 (0708. 6.0 

0913 p.090 tae. 0885 «~.0869)> .0853 

94 .0681 - 

0823 

0985 

Working from this area to the margins of the table, find the Z value corresponding to the 

particular Z row (— 1.2) and Z column (.08) is —1.28, which Figure 6.13 visualizes. 

Area is 0.9000 

Area is 0.1000 

xX 7 X Scale 

-1.28 0 Z Scale 
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Having determined Z, use Equation (6.3) on page 207 to determine the X value. 

Substituting uw = 7,0 = 2, and Z = —1.28>) 

X=prt Zo 

X = 7 + (—1.28)(2) = 4.44 seconds 

Thus, 10% of the load times are 4.44 seconds or less. 

| EXAMPLE 6.5 | What are the lower and upper values of X, symmetrically distributed around the mean, that 

Finding the X Values include 95% of the load times for the MyTVLab sales page? 

That Include 95% of To answer this question, first find the lower value of X (called X,) and the upper value of 

the Download Times X (called Xy). Because 95% of the values are between X; and X,), and because X; and Xy are 

equally distant from the mean, 2.5% of the values are below X; (see Figure 6.14). 

FIGURE 6.14 

Finding Z to 

determine X, Area is 0.9750 

Area is 0.0250 

X, i X Scale 

-1.96 0 Z Scale 

Although X; is not known, find the corresponding Z value because the area under the 

normal curve less than this Z is 0.0250. Using Table E.2, locate the entry closest to 0.0250. 

Table 6.4 shows that Z value for this area is — 1.96, as 0:0250 corresponds to the Z row (—1.9) 

and Z column (.06). 

TABLE 6.4 

Finding a Z value Cumulative Probabilities 

corresponding to 

a cumulative area 

of 0.025 under the 

normal curve 0228) 0222 0217 0212. (0207 0202 .0197 .0192 .0188 .0183 

: : 202" 0244 .0239 .0233 

sot) 0359 0351 .0344 0336 0329 .0322 .0314 .0307 .0301 .0294 

Source: Extracted from 

Table E.2. 

Having determined Z, use Equation (6.3) on page 207: 

X=p+Zo 

= 7 + (—1.96)(2) 

= 7 — 3.92 = 3.08 seconds 

Use a similar process to find Xv. Because only 2.5% of the load times take longer than 
Xy seconds, 97.5% of the load times take less than X, seconds. From the symmetry of the 
normal distribution, the desired Z value is +1.96 (positive because Z lies to the right of the stan- 
dardized mean of 0), as Figure 6.15 on page 209 shows. Table 6.5 shows that, in Table E.2, 0.975 

> (continued) is the area under the normal curve less than the Z value of +1.96. 



| FIGURE 6.15 
Finding Z to 

determine X, 

TABLE 6.5 

Finding a Z value 

corresponding to 

/ acumulative area 

| of 0.975 under the 
normal curve 

| Source: Extracted from 

| Table E.2. 

r 

FIGURE 6.16 
Excel worksheet template 

for computing normal 

probabilities and finding X 

values 
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Area is 0.9750 

Area is 0.0250 

i, Xu X Scale 

0 +1.96 Z Scale 

Cumulative Probabilities 

2 OTI IT TBA 9783. D788) 9793 Fw. 97 98 e RO80S me E9808. 9812 OS 9817 

Using Equation (6.3) on page 207, 

X=w+ Zo 

= 7 + (+1.96)(2) 

= 7 + 3.92 = 10.92 seconds 

Therefore, 95% of the load times are between 3.08 and 10.92 seconds. 

An Excel worksheet template can automate normal probability calculations. Figure 6.16 

shows an example of such a template that an Excel Guide workbook can contain and which 

PHStat can create. The worksheet template automatically recalculates when new values for the 

mean, standard deviation, and, if applicable, the X value(s) and percentages are entered. 

| eee eit 2 ed Sees In The Worksheet 
1__Normal Probabilities SoS i a ee ee 

: alee The worksheet uses arithmetic 
a formulas and the STANDARDIZE, 

§ {Stender Deviation|__2 NORM.DIST, NORM.INV, and 
NORM.S.INV functions to compute 

values and probabilities. 

The COMPUTE worksheet of the 

Excel Guide Normal workbook is a 

copy of the Figure 6.16 worksheet. 

bility for X<7 or X >9 

K>9) | _0.6587 

=| Peete | lee Bet 

20| Probability for a Range 
2 |Fromxvalue |S 

1] =STANDARDIZE(B21, B4, 85) 
|| =STANDARDIZE(B22, B4, BS) 

| =NORM.DIST(B21, B4, BS, TRUE) 
=NORM.DIST(B22, 84, BS, TRUE) 

827] =ABS(B26 - B25) 

=NORM.S.INV(B30) 
44| =NORM.INV(B30, B4, B5) 

35 
: | -1.96]=NORM.S.INV((1- B35)/2) 

_ 3.08| =B4 + (B36 * BS) 
52|=B4 - (B36 * BS) 



210 CHAPTER 6 | The Normal Distribution and Other Continuous Distributions 

ee ea 
What Is Normal? 

lronically, the statistician who popularized the use of “normal” 

to describe the distribution that Section 6.2 discussses 

was someone who saw the distribution as anything but the 

everyday, anticipated occurrence that the adjective normal 

usually suggests. 

Starting with an 1894 paper, Karl Pearson argued 

that measurements of phenomena do not naturally, or 

“normally,” conform to the classic bell shape. While this 

principle underlies much of statistics today, Pearson’s point 

of view was radical to contemporaries who saw the world as 

standardized and normal. Pearson changed minds by show- 

ing that some populations are naturally skewed (coining that 

term in passing), and he helped put to rest the notion that 

the normal distribution underlies all phenomena. 

Today, people still make the type of mistake that Pear- 

son refuted. As a student, you are probably familiar with 

discussions about grade inflation, a real phenomenon at 

many schools. But have you ever realized that a “proof” of 

this inflation—that there are “too few” low grades because 

grades are skewed toward As and Bs—wrongly implies that 

grades should be “normally” distributed? Because college 

students represent small nonrandom samples, there is good 

reason to suspect that the distribution of grades would not 

be “normal.” 

Misunderstandings about the normal distribution 

have occurred both in business and in the public sec- 

tor through the years. These misunderstandings have 

caused a number of business blunders and have sparked 

several public policy debates, including the causes of the 

collapse of large financial institutions in 2008. Accord- 

ing to one theory, the investment banking industry’s 

application of the normal distribution to assess risk may 

have contributed to the global collapse (Hutchinson and 

Kishnan). Using the normal distribution led these banks to 

overestimate the probability of having stable market con- 

ditions and underestimate the chance of unusually large 

market losses. 

According to this theory, the use of other distributions 

that have less area in the middle of their curves, and, there- 

fore, more in the “tails” that represent unusual market out- 

comes, might have led to less serious losses. 

As you read this chapter, make sure you understand 

the assumptions that must hold for the proper use of 

the “normal” distribution, assumptions that investment 

bankers did not explicitly verify in 2008. And, most 

importantly, always remember that the name normal 

distribution does not mean normal in the everyday sense 

of the word. 

PROBLEMS FOR SECTION 6.2 

LEARNING THE BASICS 

6.1 Given a standardized normal distribution (with a mean of 0 and 

a standard deviation of 1, as in Table E.2), what is the probability that 

a. Zis less than 1.57? 

b. Z is greater than 1.84? 

c. Zis between 1.57 and 1.84? 

d. Z is less than 1.57 or greater than 1.84? 

6.2 Given a standardized normal distribution (with a mean of 0 and 

a standard deviation of 1, as in Table E.2), what is the probability that 
a. Zis between —1.57 and 1.84? 

b. Zis less than — 1.57 or greater than 1.84? 
c. What is the value of Zif only 2.5 percent of all possible Z values 

are larger? 
d. Between what two values of Z (symmetrically distributed around 

the mean) will 68.26 percent of all possible Z values be contained? 

6.3 Given a standardized normal distribution (with a mean of 0 

and a standard deviation of 1, as in Table E.2), what is the proba- 

bility that 

a. Z is less than 1.08? 
b. Z is greater than —0,21? 

c. Zis less than —0.21 or greater than the mean? 

d. Z is less than —0.21 or greater than 1.08? 

6.4 Given a standardized normal distribution (with a mean of 0 and 
a standard deviation of 1, as in Table E.2), determine the following 
probabilities: 

a. P(Z > 1.08) 

bo P(Z*<"=0.21) 

ce. P(-1.96 < Z < —0.21) 

d. What is the value of Z if only 15.87 percent of all possible 
Z values are larger? 



6.5 Given a normal distribution with u = 100 anda = 10, what 
is the probability that 

D.C eat hal: 
Dox =< 70? 

c. X < 800r X > 110? 

d. Between what two X values (symmetrically distributed around 

the mean) are 80 percent of the values? 

6.6 Given a normal distribution with x = 50 and o = 4, what is 
the probability that 

a. X > 43? 

b. X < 42? 

c. Five percent of the values are less than what X value? 

d. Between what two X values (symmetrically distributed around 

the mean) are 60 percent of the values? 

APPLYING THE CONCEPTS 

6.7 In 2017, the per capita consumption of bottled water in the 

United States was reported to be 42.1 gallons. 

Source: Data extracted from IBWA, “Bottled Water Market,” bit.ly/2JImynt. 

Assume that the per capita consumption of bottled water in the 

United States is approximately normally distributed with a mean 

of 42.1 gallons and a standard deviation of 10 gallons. 

a. What is the probability that someone in the United States 

consumed more than 33 gallons of bottled water in 2017? 

b. What is the probability that someone in the United States 

consumed between 10 and 20 gallons of bottled water in 2017? 

c. What is the probability that someone in the United States 

consumed less than 10 gallons of bottled water in 2017? 

d. Ninety-nine percent of the people in the United States consumed 

less than how many gallons of bottled water? 

e. Compare the answers for this problem to the answers for 

Problem 6.11. 

6.8 Toby’s Trucking Company determined that the dis- 

MISSAB tance traveled per truck per year is normally distributed, 

with a mean of 50 thousand miles and a standard deviation of 

12 thousand miles. 

a. What proportion of trucks can be expected to travel between 

34 thousand and 50 thousand miles in a year? 

b. What percentage of trucks can be expected to travel either 

less than 30 thousand or more than 60 thousand miles in 

a year? 

c. How many miles will be traveled by at least 80 percent of the 

trucks? 

d. What would be your answers to (a) through (c) if the standard 

deviation were 10 thousand miles? 

6.9 Millennials spent a mean of $163 per month on dining in 2018. 

Source: Data extracted from Shop Tutors, Inc., bit.ly/2S4xW2zg. 

Assume that the amount spent on dining per month is normally 

distributed and that the standard deviation is $25. 

a. What is the probability that a randomly selected millennial 

spent more than $100 per month? 

b. What is the probability that a randomly selected millennial 

spent between $100 and $200 annually? 

c. Between what two values will the middle 95 percent of the 

amounts spent fall? 
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6.10 A set of final examination grades in an introductory statistics 

course is normally distributed, with a mean of 73 and a standard 

deviation of 8. 

a. What is the probability that a student earned below 91 on this exam? 

b. What is the probability that a student earned between 65 and 89? 

c. The probability is 5 percent that a student taking the test earns 

higher than what grade? 

d. If the professor grades on a curve (gives A’s to the top ten per- 

cent of the class, regardless of the score), are you better off 

earning a grade of 81 on this exam or earning a grade of 68 on 

a different exam that has a mean of 62 and a standard deviation 

of 3? Explain your answer in statistical terms. 

6.11 In 2017, the per capita consumption of bottled water in China 

was reported to be 25.46 gallons. 

Source: Data extracted from IBWA, “Bottled Water Market,” bit.ly/2JImynt. 

Assume that the per capita consumption of bottled water in China 

is approximately normally distributed with a mean of 25.46 gallons 

and a standard deviation of 8 gallons. 

a. What is the probability that someone in China consumed more 

than 33 gallons of bottled water in 2017? 

b. What is the probability that someone in China consumed 

between 10 and 20 gallons of bottled water in 2017? 

c. What is the probability that someone in China consumed less 

than 10 gallons of bottled water in 2017? 

d. Ninety-nine percent of the people in China consumed less than 

how many gallons of bottled water? 

e. Compare the answers for this problem to the answers for 

Problem 6.7. 

6.12 In 2017, the per capita consumption of soft drinks in the 

United States was reported to be 37.5 gallons. 

Source: Data extracted from Shop Tutors, Inc., bit.ly/2S4xWzg. 

Assume that the per capita consumption of soft drinks in the 

United States is approximately normally distributed with a mean 

of 37.5 gallons and a standard deviation of 8 gallons. 

a. What is the probability that someone in the United States 

consumed more than 50 gallons in 2017? 

b. What is the probability that someone in the United States 

consumed between 25 and 40 gallons in 2017? 

c. What is the probability that someone in the United States 

consumed less than 10 gallons in 2017? 

d. Ninety-nine percent of the people in the United States consumed 

less than how many gallons of soft drinks in 2017? 

6.13 Many manufacturing problems involve the matching of 

machine parts, such as shafts that fit into a valve hole. A particular 

design requires a shaft with a diameter of 22.000 mm, but shafts 

with diameters between 21.990 mm and 22.010 mm are acceptable. 

Suppose that the manufacturing process yields shafts with diame- 

ters normally distributed, with a mean of 22.002 mm and a standard 

deviation of 0.005 mm. For this process, what is 

a. the proportion of shafts with a diameter between 21.99 mm and 

22.00 mm? 

b. the probability that a shaft is acceptable? 

c. the diameter that will be exceeded by only two percent of the 

shafts? 

d. What would be your answers in (a) through (c) if the standard 

deviation of the shaft diameters were 0.004 mm? 
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6.3 Evaluating Normality 

TABLE 6.6 

Descriptive statistics 

and five-number 

summary for the 

three-year return 

percentages 

Recall the important theoretical properties of the normal distribution that Exhibit 6.1 lists on 

page 200. As Section 6.2 notes, many continuous variables used in business closely follow a 

normal distribution. To determine whether a set of data can be approximated by the normal 

distribution, either compare the characteristics of the data with the theoretical properties of the 

normal distribution or construct a normal probability plot. 

Comparing Data Characteristics 

to Theoretical Properties 
Many continuous variables have characteristics that approximate theoretical properties. 

However, other continuous variables are often neither normally distributed nor approximately 

normally distributed. For such variables, the descriptive characteristics of the data are incon- 

sistent with the properties of a normal distribution. For such a variable, compare the observed 

characteristics of the variable with what would be expected to occur if the variable follows a 

normal distribution. To use this method: 

¢ Construct charts and observe their appearance. For small- or moderate-sized data sets, 

create a stem-and-leaf display or a boxplot. For large data sets, in addition, plot a histo- 

gram or polygon. 

¢ Compute descriptive statistics and compare these statistics with the theoretical proper- 

ties of the normal distribution. Compare the mean and median. Is the interquartile range 

approximately 1.33 times the standard deviation? Is the range approximately 6 times the 

standard deviation? 

¢ Evaluate how the values are distributed. Determine whether approximately two-thirds 

of the values lie between the mean and +1 standard deviation. Determine whether 

approximately four-fifths of the values lie between the mean and + 1.28 standard 

deviations. Determine whether approximately 19 out of every 20 values lie between the 

mean and + 2 standard deviations. 

For example, use these techniques to determine whether the three-year return percentages in the 

sample of retirement funds that Chapters 2 and 3 discuss follow a normal distribution. Table 6.6 

presents the descriptive statistics and the five-number summary for the 3YrReturn variable 

stored in that contains those return percentages, and Figure 6.17 on page 213 
uses boxplots to visualize the 3YrReturn variable. 

Descriptive Statistics Five-Number Summary 

Mean 7.91 Minimum —3.40 
Median 8.09 First quartile 6.14 
Mode 11.93 Median 8.09 
Minimum —3.40 Third quartile 9.86 
Maximum Loe Maximum 1532 
Range 18.72 
Variance 9.10 

Standard deviation 3.02 

Coeff. of variation 38.15% 

Skewness 033 

Kurtosis 0.42 

Count 479 

Standard error 0.14 



FIGURE 6.17 

Excel boxplot for 

the three-year return 

percentages 

TABLE 6.7 
Ordered values and 

corresponding Z values 

fora sample of n = 19 
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Boxplot for the Three-Year Return Percentages 

-10 5 0 5 10 i5 

Three-Year Return Percentage 

From Table 6.6, Figure 6.17, and from an ordered array of the returns (not shown), one can 

make these statements about the three-year returns: 

The mean of 7.91 is slightly less than the median of 8.09. (In a normal distribution, the 
mean and median are equal.) 

The boxplot is slightly left-skewed. (The normal distribution is symmetrical.) 

The interquartile range of 3.72 is approximately 1.23 standard deviations. (In a normal 

distribution, the interquartile range is 1.33 standard deviations.) 

The range of 18.72 is equal to 6.21 standard deviations. (In a normal distribution, the 

range is approximately 6 standard deviations.) 

68.75% of the returns are within +1 standard deviation of the mean. (In a normal 

distribution, 68.26% of the values lie within + 1 standard deviation of the mean.) 

79.38% of the returns are within + 1.28 standard deviations of the mean. (In a normal 

distribution, 80% of the values lie within + 1.28 standard deviations of the mean.) 

94.58% of the returns are within +2 standard deviations of the mean. (In a normal 

distribution, 95.44% of the values lie within + 2 standard deviations of the mean.) 

The skewness statistic is —0.3288, and the kurtosis statistic is 0.4189. (In a normal 

distribution, each of these statistics equals zero.) 

Based on these statements and the method that page 212 discusses, one can conclude that 

the three-year returns are approximately normally distributed or, at most, slightly left-skewed. 

The skewness is slightly negative, and the kurtosis indicates a distribution that is slightly more 

peaked than a normal distribution. 

Constructing the Normal Probability Plot 
A normal probability plot is a visual display that helps you evaluate whether the data are 

normally distributed. One common plot is called the quantile—quantile plot. To create this plot, 

you first transform each ordered value to a Z value. For example, for a sample of n = 19, the 

Z value for the smallest value corresponds to a cumulative area of 

ome srennies 0.05 
nit 19 + 1 20 

The Z value for a cumulative area of 0.05 (from Table E.2) is —1.65. Table 6.7 illustrates the 

entire set of Z values for a sample of n = 19, 

Ordered Value Z Value | Ordered Value Z Value | Ordered Value Z Value 
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In a quantile—quantile plot, the Z values are plotted on the X axis, and the corresponding 

values of the variable are plotted on the Y axisyIf the data are normally distributed, the values will 

plot along an approximately straight line. Figure 6.18 illustrates the typical shape of the quantile— 

quantile normal probability plot for a left-skewed distribution ( Panel A), a normal distribution 

(Panel B), and a right-skewed distribution (Panel C). If the data are left-skewed, the curve will 

rise more rapidly at first and then level off. If the data are normally distributed, the points will 

plot along an approximately straight line. If the data are right-skewed, the data will rise more 

slowly at first and then rise at a faster rate for higher values of the variable being plotted. 

FIGURE 6.18 

Normal probability 

plots for a left-skewed 

distribution, a normal 

distribution, and a right- 

istribution skewed d Left-skewed 

PanelA 

oe 
Normal Right-skewed 

Panel B Panel C 

Figure 6.19 shows an Excel normal probability plot for the three-year returns. The Excel 

plot shows that the bulk of the points approximately follow a straight line except for a few 

low values. 

FIGURE 6.19 

Excel normal probability 

plot for the three-year 

returns 

PROBLEMS FOR SECTION 6.3 

Normal Probability Plot for 3Y¥rReturn 

LEARNING THE BASICS 

6.14: Show that for a sample of n = 39, the smallest and largest 

Z values are —1.96 and +1.96, and the middle (i.e., 20th) Z value 

is 0.00. 

6.15 Forasample of n = 6, list the six Z values. 

APPLYING THE CONCEPTS 

f SiR 6.16 The Super Bowl is a big viewing event watched by 
MSIE close to 200 million Americans, so it is also a big event 

for advertisers. The file SYS CTl contains the rating 

of ads that ran between the opening kickoff and the final whistle. 

Source: Data extracted from admeter.usatoday.com/results/2019. 

For ads that ran before halftime and ads that ran at halftime or after 
separately: 

Decide whether the data appear to be approximately normally 
distributed by 
a. comparing data characteristics to theoretical properties. 
b. constructing a normal probability plot. 

6.17 As player salaries have increased, the cost in household hours 

worked of attending basketball games has increased dramatically. 

The file contains the cost of three tickets pur- 
chased, food and beverages, and one parking space at each of the 

30 National Basketball Association arenas during a recent season. 

Source: Data extracted from ValuePenguin, bit.ly/2mGG2Li. 

Decide whether the data appear to be approximately normally 
distributed by 

a. comparing data characteristics to theoretical properties. 

b. constructing a normal probability plot. 

6.18 The file contains the property taxes on a 
$176K home for the 50 states and the District of Columbia. Decide 
whether the data appear to be approximately normally distributed by 

a. comparing data characteristics to theoretical properties. 

b. constructing a normal probability plot. 

6.19 Thirty companies comprise the DJIA. How big are these com-- 
panies? One common method for measuring the size of a company 
is to use its market capitalization, which is computed by multiply- 
ing the number of stock shares by the price of a share of stock. 



On April 24, 2019, the market capitalization of these companies 

ranged from Traveler’s $35.07 billion to Apple’s $957.8 billion. 
The entire population of market capitalization values is stored in 

Dow Market Cap § 

Source: Data extracted from money.cnn.com, April 24, 2019, 

Decide whether the market capitalization of companies in the DJIA 

appears to be approximately normally distributed by 

a. comparing data characteristics to theoretical properties. 

b. constructing a normal probability plot. 

c. constructing a histogram. 

6.20 One operation of a mill is to cut pieces of steel into parts that 

will later be used as the frame for front seats in an automotive plant. 

The steel is cut with a diamond saw, and the resulting parts must 

be within + 0.005 inch of the length specified by the automobile 

company. The data come from a sample of 100 steel parts and are 

stored in [{E). The measurement reported is the difference, in 

inches, between the actual length of the steel part, as measured by a 

laser measurement device, and the specified length of the steel part. 

Determine whether the data appear to be approximately normally 

distributed by 

a. comparing data characteristics to theoretical properties. 

b. constructing a normal probability plot. 

6.4 The Uniform Distribution 
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6.21 The file (2) 5"\"") contains the yields for a one-year certifi- 
cate of deposit (CD) and a five-year CD for 46 banks listed for West 

Palm Beach, Florida on April 5, 2019, 

Source: Data extracted from www.Bankrate,com, April 5, 2019, 

For each type of investment, decide whether the data appear to be 

approximately normally distributed by 

a. comparing data characteristics to theoretical properties. 

b. constructing a normal probability plot. 

6.22 The file (TM contains the electricity costs, in dollars, 
during July of a recent year for a random sample of 50 one-bedroom 

apartments in a large city: 

OGm e/a 2aeel omen eee O23) LS 7] ae 2y/ ee 

See OSeee OO Mm LOM seme eA S eS eS ORGS 

141 149 206 175 123 128 144 168 109 167 

sy “ices UXO) Gy4h KO aay RS ere Its lal 

LORD LOPS S3. 1S Lee TASs 35m 1 lee elo 8 155 

Decide whether the data appear to be approximately normally 

distributed by 

a. comparing data characteristics to theoretical papers: 

b. constructing a normal probability plot. 

In the uniform distribution, the values are evenly distributed in the range between the smallest 

value, a, and the largest value, b. Selecting random numbers is one of the most common uses of 

the uniform distribution. When you use simple random sampling (see Section 1.3), you assume 

that each random digit comes from a uniform distribution that has a minimum value of 0 and a 

maximum value of 9. 

Equation (6.4) defines the probability density function for the uniform distribution. 

UNIFORM PROBABILITY DENSITY FUNCTION 

fX) = 5 
where 

ifa = X s band 0 elsewhere 
yt 

(6.4) 

= minimum value of X is) | 

b = maximum value of X 

Equation (6.5) defines the mean of the uniform distribution, and Equation (6.6) defines the 

variance and standard deviation of the uniform distribution. 

MEAN OF THE UNIFORM DISTRIBUTION 

Gites D 

2 
= (6.5) 



216 CHAPTER 6 | The Normal Distribution and Other Continuous Distributions 

VARIANCE AND STANDARD DEVIATION OF THE UNIFORM DISTRIBUTION 

(b — ay’ 
[2 

2 
C = (6.6a) 

(b- ay 
a 6.6b o Sie ( ) 

Because of its shape, the uniform distribution is sometimes known as the rectangular 

distribution, as Section 6.1 notes. Figure 6.20 illustrates the uniform distribution with a = 0 

and b = 1. The total area inside the rectangle is 1.0, equal to the base (1.0) times the height 

(1.0). Having an area of 1.0 satisfies the requirement that the area under any probability density 

function equals 1.0. 

FIGURE 6.20 f(X) 

Probability density 

function for a uniform 

distribution with a = 0 

and b = 1 x 

0) £0.15 0.2) 03° 04 Ob 06707903 0.9 4.0 ” 

In this uniform distribution, what is the probability of getting a random number between 

0.10 and 0.30? The area between 0.10 and 0.30, depicted in Figure 6.21, is equal to the base 

(which is 0.30 — 0.10 = 0.20) times the height (1.0). Therefore, 

P(0.10 < X < 0.30) = (Base)(Height) = (0.20)(1.0) = 0.20 

FIGURE 6.21 f(X) 
Finding P(0.10 < X < 0.30) 

for a uniform distribution 

with a = Oandb = 1 my) 

0 0.1 02 03 04 0.5 06 07 0.8 0.9. 1.0 

From Equations (6.5) and (6.6), the mean and standard deviation of the uniform distribution 
fora = 0 and b = 1 are computed as follows: 

atb 

2 

SeDorbcds & 
0.5 

to 

and 

(b— a) 
12 

figs 0)3 
12 

% T 

1 
pga 0.0833 

V 0.0833 = 0.2887. 

Thus, the mean is 0.5, and the standard deviation is 0.2887. 
Example 6.6 provides another application of the uniform distribution. 

oO 
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In the MyTVLab scenario on page 198, the load time of the new sales page was assumed to be 
| Computing Uniform normally distributed with a mean of 7 seconds. Suppose that the load time follows a uniform 

Probabilities (instead of a normal) distribution between 4.5 and 9.5 seconds. What is the probability that a 

load time will take more than 9 seconds? 

SOLUTION The load time is uniformly distributed from 4.5 to 9.5 seconds. The area between 9 and 

9.5 seconds is equal to 0.5 seconds, and the total area in the distribution is 9.5 — 4.5 = 5 seconds. 

Therefore, the probability of a load time between 9 and 9.5 seconds is the portion of the area greater 

| than 9, which is equal to 0.5/5.0 = 0.10. Because 9.5 is the maximum value in this distribution, 

| the probability of a load time above 9 seconds is 0.10. In comparison, if the load time is normally 

| distributed with a mean of 7 seconds and a standard deviation of 2 seconds (see Example 6.1 on 

| page 204), the probability of a load time above 9 seconds is 0.1587. 

\ 

PROBLEMS FOR SECTION 6.4 | 

LEARNING THE BASICS c. What are the mean and standard deviation of the shopping 

6.23 Suppose you select one value from a uniform distribution with time? 

a = Oand b = 10. What is the probability that the value will be Bt Senda 6.26 How long does it take to download a two-hour HD movie 
etween 5 and 7? from a streaming media site? According to Fastmetrics’s “Down- 

between 2 and 3? load Speed Comparison Table,” bit.ly/IEONXKY, downloading 
What “i the mean? ae such a movie using a 100 Mbps Internet connection should take 

- What is the standard deviation? about 4.5 minutes. Assume that the download times are uniformly 
distributed between 3.5 and 5.5 minutes. If you download a two- 

APPLYING THE CONCEPTS hour movie, what is the probability that the download time will be 

6.24 The time between arrivals of customers at a bank a. less than 4.5 minutes? 

TEST during the noon-to-1 P.M. hour has a uniform distribution b. more than 4 minutes? 

between 0 to 120 seconds. What is the probability that the time c. between 4.0 and 4.5 minutes? 

between the arrival of two customers will be d. What are the mean and standard deviation of the download 

a. less than 20 seconds? times? 

b. between 10 and 30 seconds? 

c. more than 35 seconds? 

d. What are the mean and standard deviation of the time between 

arrivals? 

aoop 

6.27 The scheduled commuting time on the Long Island Rail- 

road from Glen Cove to New York City is 65 minutes. Suppose 

that the actual commuting time is uniformly distributed between 

64 and 74 minutes. What is the probability that the commuting 

6.25 A study of the time spent shopping in a supermarket fora time will be 

market basket of 20 specific items showed an approximately uni- a. less than 70 minutes? 

form distribution between 20 minutes and 40 minutes. What is the b. between 65 and 70 minutes? 

probability that the shopping time will be c. more than 65 minutes? 

a. between 25 and 30 minutes? d. What are the mean and standard deviation of the commuting 

b. less than 35 minutes? time? 

6.5 The Exponential Distribution 
The exponential distribution is a continuous distribution that is right-skewed and ranges from 
0 to positive infinity (see Figure 6.1 on page 199). The Section 6.5 online topic discusses this 

distribution and illustrates its application. 

6.6 The Normal Approximation to the Binomial Distribution 

In many circumstances, the normal distribution can be used to approximate the binomial 

distribution, discussed in Section 5.2. The Section 6.6 online topic discusses this technique 

and illustrates its use. 
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YUSING STATISTICS 
Normal Load Times ..., Revisited 

* n the Normal Downloading at MyTVLab scenario, you 

F were the sales and marketing vice president for a web-based 

business. You sought to ensure that the load time for a new 

sales web page would be within a certain range. By running 

experiments in the corporate offices, you determined that the 

amount of time, in seconds, that passes from first pointing a 

browser to a web page until the web page is fully loaded is a 

bell-shaped distribution with a mean load time of 7 seconds 

and standard deviation of 2 seconds. Using the normal distri- 

bution, you were able to calculate that approximately 84% of 

the load times are 9 seconds or less, and 95% of the load times 

are between 3.08 and 10.92 seconds, 

Now that you understand how to calculate probabilities 
from the normal distribution, you can evaluate load times of 

¥Y SUMMARY 
ae Ea De OP Or (RUM SL ieee el ewe 

This chapter and Chapter 5 discuss probability distributions, 

mathematical models that can be used to solve business 

problems. Chapter 5 uses discrete probability distributions 

for situations where the values come from a counting process 

such as the number of social media sites to which you 

belong or the number of tagged order forms in a report gen- 

erated by an accounting information system. This chapter uses 

continuous probability distributions for situations where the 

values come from a measuring process such as your height 

or the download time of a video. . 
Continuous probability distributions come in various 

shapes, but the most common and most important in busi- 

ness is the normal distribution. The normal distribution is 

symmetrical; thus, its mean and median are equal. It is also 
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similar sales web 
pages that use 
other designs. For 

example, if the 
standard deviation remained at 2 seconds, lowering the mean to 

6 seconds would shift the entire distribution lower by | second. 

Thus, approximately 84% of the load times would be 8 seconds 
or less, and 95% of the load times would be between 2.08 and 

9,92 seconds. Another change that could reduce long load times 

would be reducing the variation. For example, consider the case 

where the mean remained at the original 7 seconds but the stan- 

dard deviation was reduced to | second. Again, approximately 
84% of the load times would be 8 seconds or less, and 95% of 

the load times would be between 5.04 and 8.96 seconds. 
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bell-shaped, and approximately 68.26% of its values are 

within +1 standard deviation of the mean, approximately 

95.44% of its values are within +2 standard deviations of 

the mean, and approximately 99.73% of its values are within 

+3 standard deviations of the mean. Although many vari- 

ables in business are-closely approximated by the normal 

distribution, not all variables can be approximated by the 

normal distribution. 

Section 6.3 discusses methods for evaluating normal- 

ity in order to determine whether the normal distribution 

is a reasonable mathematical model to use in specific 

situations. Chapter 7 uses the normal distribution that 

this chapter explains to develop the concept of statistical 

inference. 
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Normal Probability Density Function 
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Z Transformation Formula 
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Finding an X Value Associated with a Known 

Probability 

», a ne A 07 (6.3) 
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Mean of the Uniform Distribution 
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Variance and Standard Deviation 

of the Uniform Distribution 

(6.6a) 

a NR Seger (6.6b) 

213 quantile—quantile plot 213 

standardized normal variable 202 

transformation formula 202 

uniform distribution 199 

r CHECKING YOUR UNDERSTANDING 
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6.28 How do you find the area between two values under the 

normal curve? 

6.29 How do you find the X value that corresponds to a given 

percentile of the normal distribution? 

6.30 What are some of the distinguishing properties of a normal 

distribution? 

* CHAPTER REVIEW PROBLEMS 
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6.33 An industrial sewing machine uses ball bearings that are 

targeted to have a diameter of 0.75 inch. The lower and upper 

specification limits under which the ball bearings can operate 

are 0.74 inch and 0.76 inch, respectively. Past experience has 

indicated that the actual diameter of the ball bearings is approx- 

imately normally distributed, with a mean of 0.753 inch and a 

standard deviation of 0.004 inch. What is the probability that a 

ball bearing is 
a. between the target and the actual mean? 

b. between the lower specification limit and the target? 

c. above the upper specification limit? 

d. below the lower specification limit? 

e. Of all the ball bearings, 93% of the diameters are greater than 

what value? 

6.31 How does the shape of the normal distribution differ from the 

shapes of the uniform and exponential distributions? 

6.32 How can you use the normal probability plot to evaluate 

whether a set of data is normally distributed? 

ELSE Rc ate eas | SE ie eS eee eee 

6.34 The fill amount in 2-liter soft drink bottles is normally distrib- 
uted, with a mean of 2.0 liters and a standard deviation of 0.05 liter. 

If bottles contain less than 95% of the listed net content (1.90 liters, 

in this case), the manufacturer may be subject to penalty by the state 

office of consumer affairs. Bottles that have a net content above 

2.10 liters may cause excess spillage upon opening. What propor- 

tion of the bottles will contain 

a. between 1.90 and 2.0 liters? 

b. between 1.90 and 2.10 liters? 

c. below 1.90 liters or above 2.10 liters? 

d. At least how much soft drink is contained in 99% of the bottles? 

e. Ninety-nine percent of the bottles contain an amount that is 

between which two values (symmetrically distributed) around 

the mean? 
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6.35 In an effort to reduce the number of bottles that contain less 

than 1.90 liters, the bottler in Problem 6.34 sets the filling machine 

so that the mean is 2.02 liters. Under these circumstances, what are 

your answers in Problem 6.34 (a) through (e)? 

6.36 Webrooming, researching products online before buying them 

in store, has become the new norm for some consumers and con- 

trasts with showrooming, researching products in a physical store 

before purchasing online, A recent study by Interactions reported 

that most shoppers have a specific spending limit in place while 

shopping online. Findings indicate that men spend an average of 

$250 online before they decide to visit a store. 

Source: Data extracted from bit.ly/1JEcmgh., 

Assume that the spending limit is normally distributed and that the 

standard deviation is $20. 
a. What is the probability that a male spent less than $210 online 

before deciding to visit a store? 

b. What is the probability that a male spent between $270 and $300 

online before deciding to visit a store? 

c. Ninety percent of the amounts spent online by a male before 

deciding to visit a store are less than what value? 

Eighty percent of the amounts spent online by a male before 

deciding to visit a store are between what two values symmetri- 

cally distributed around the mean? 

pe 

6.37 The file contains the percentage alcohol, 
number of calories per 12 ounces, and number of carbohydrates 

(in grams) per 12 ounces for 157 of the best-selling domestic beers 

in the United States. Determine whether each of these variables 

appears to be approximately normally distributed. Support your 

decision through the use of appropriate statistics and graphs. 

Source: Data extracted from www.Beer100.com, April 3, 2019. 

6.38 The evening manager of a restaurant was very concerned 

about the length of time some customers were waiting in line to be 

seated. She also had some concern about the seating times—that is, 

the length of time between when a customer is seated and the time 

he or she leaves the restaurant. Over the course of one week, 100 

customers (no more than one per party) were randomly selected, and 

their waiting and seating times (in minutes) were recorded in {7FV¥. 
a. Think about your favorite restaurant. Do you think waiting times 

more closely resemble a uniform, an exponential, or a normal 

distribution? 

Again, think about your favorite restaurant. Do you think seating 

times more closely resemble a uniform, an exponential, or a 

normal distribution? 

Construct a histogram and a normal probability plot of the 

waiting times. Do you think these waiting times more closely 

resemble a uniform, an exponential, or a normal distribution? 

Construct a histogram and a normal probability plot of the 
seating times. Do you think these seating times more closely 
resemble a uniform, an exponential, or a normal distribution? 

> 

© 

= 

6.39 The major stock market indexes had weak results in 2018. 
The mean one-year return for stocks in the S&P 500, a group of 
500 very large companies, was —6.24%. The mean one-year return 
for the NASDAQ, a group of 3,200 small and medium-sized com- 
panies, was —3.88%. Historically, the one-year returns are approx- 
imately normally distributed, the standard deviation in the S&P 500 

is approximately 20%, and the standard deviation in the NASDAQ 

is approximately 30%. 

a. What is the probability that a stock in the S&P 500 gained value 

in 2018? 
b. What is the probability that a stock in the S&P 500 gained 10% 

or more in 2018? 

¢c. What is the probability that a stock in the S&P 500 lost 20% or 

more in 2018? 

d. What is the probability that a stock in the S&P 500 lost 30% or 

more in 2018? 

e. Repeat (a) through (d) for a stock in the NASDAQ. 

f. Write a short summary on your findings. Be sure to include a 

discussion of the risks associated with a large standard deviation. 

6.40 Interns report that when deciding on where to work, career 

growth, salary and compensation, location and commute, and com- 

pany culture and values are important factors to them. According 

to reports by interns to Glassdoor, the mean monthly pay of interns 

at Intel is $5,940. 

Source: Data extracted from www.glassdoor.com/index.htm. 

Suppose that the intern monthly pay is normally distributed, with a 

standard deviation of $400. What is the probability that the monthly 

pay of an intern at Intel is 

a. less than $5,900? 
b. between $5,700 and $6,100? 

c. above $6,500? 
d. Ninety-nine percent of the intern monthly pays are higher than 

what value? 

e. Ninety-five percent of the intern monthly pays are between what 

two values, symmetrically distributed around the mean? 

6.41 According to the same Glassdoor source mentioned in 

Problem 6.40, the mean monthly pay for interns at Facebook is 

$6,589. Suppose that thé intern monthly pay is normally distributed, 

with a standard deviation of $500. What is the probability that the 

monthly pay of an intern at Facebook is 

a. less than $5,900? 
b. between $5,700 and $6,100? 
c. above $6,500? 

d. Ninety-nine percent of the intern monthly pays are higher than 

what value? 

Ninety-five percent of the intern monthly pays are between what 

two values, symmetrically distributed around the mean? 

f. Compare the results for the Intel interns computed in Problem 

6.40 to those of the Facebook interns. 

2 

6.42 (Class Project) One theory about the daily changes in the 

closing price of a stock is that these changes follow a random 

walk—that is, these daily events are independent of each other 

and move upward or downward in a random manner—and can be 

approximated by a normal distribution. To test this theory, use either 
a newspaper or the Internet to select one company traded on the 
NYSE, one company traded on the American Stock Exchange, and 
one company traded on the NASDAQ and then do the following: 
1. Record the daily closing stock price of each of these compa- 

nies for six consecutive weeks (so that you have 30 values per 
company). 

2, Calculate the daily changes in the closing stock price of each 
of these companies for six consecutive weeks (so that you have 
30 values per company). 



Note: The random-walk theory pertains to the daily changes in the closing 
stock price, not the daily closing stock price. 

For each of your six data sets, decide whether the data are approx- 
imately normally distributed by 
a. constructing the stem-and-leaf display, histogram or polygon, 

and boxplot. 

Cases 221 

b. comparing data characteristics to theoretical properties. 

¢. constructing a normal probability plot. 

d. Discuss the results of (a) through (c), What can you say about 

your three stocks with respect to daily closing prices and daily 

changes in closing prices? Which, if any, of the data sets are 

approximately normally distributed? 

CHAPTER 

Managing Ashland MultiComm Services 
The AMS technical services department has embarked on a 

quality improvement effort. Its first project relates to maintain- 

ing the target upload speed for its Internet service subscribers. 

Upload speeds are measured on a standard scale in which the 

target value is 1.0. Data collected over the past year indicate that 

the upload speed is approximately normally distributed, with 

a mean of 1.005 and a standard deviation of 0.10. Each day, 

one upload speed is measured. The upload speed is considered 

acceptable if the measurement on the standard scale is between 

0.95 and 1.05. 

1, Assuming that the distribution of upload speed has not 

changed from what it was in the past year, what is the prob- 

ability that the upload speed is 

a. less than 1.0? 

b. between 0.95 and 1.0? 
c. between 1.0 and 1.05? 

d. less than 0.95 or greater than 1.05? 

2. The objective of the operations team is to reduce the prob- 

ability that the upload speed is less than 1.0. Should the 

team focus on process improvement that increases the 

mean upload speed to 1.05 or on process improvement that 

reduces the standard deviation of the upload speed to 0.075? 

Explain. 

CardioGood Fitness 
Return to the CardioGood Fitness case (stored in 

eeictickdiucee) first presented on page 33. 

1. For each CardioGood Fitness treadmill product line, determine 

whether the age, income, usage, and the number of miles the 

customer expects to walk/run each week can be approximated 

by the normal distribution. 

2. Write a report to be presented to the management of 

CardioGood Fitness detailing your findings. 

More Descriptive Choices Follow-up 

Follow up the More Descriptive Choices Revisited Using 

Statistics scenario on page 147 by constructing normal 

probability plots for the 1-year return percentages, 5-year 

return percentages, and 10-year return percentages for the 

sample of 479 retirement funds stored in (G%3iturinaat ces. 

In your analysis, examine differences between the growth and 

value funds as well as the differences among the small, mid- 

cap, and large market cap funds. 

Clear Mountain State Student Survey 
The Student News Service at Clear Mountain State University 

(CMSU) has decided to gather data about the undergraduate 

students who attend CMSU. They create and distribute a survey 

of 14 questions and receive responses from 111 undergraduates 

(stored in [QR E Se). For each numerical variable in the 
survey, decide whether the variable is approximately normally 

distributed by 

a. comparing data characteristics to theoretical properties. 

b. constructing a normal probability plot. 

c. writing a report summarizing your conclusions. 

Digital Case 
Apply your knowledge about the normal distribution in this 

Digital Case, which extends the Using Statistics scenario from 

this chapter. 

To satisfy concerns of potential customers, the management 

of MyTVLab has undertaken a research project to learn how 

much time it takes users to load a complex video features 

page. The research team has collected data and has made some 

claims based on the assertion that the data follow a normal 

distribution. 

Open MTL_QRTStudy.pdf, which documents the work of 

a quality response team at MyTVLab. Read the internal report 
that documents the work of the team and their conclusions. Then 

answer the following: 

1. Can the collected data be approximated by the normal 

distribution? 

2. Review and evaluate the conclusions made by the MyTVLab 

research team. Which conclusions are correct? Which ones 

are incorrect? 

3. If MyTVLab could improve the mean time by 5 seconds, how 

would the probabilities change? 
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/EG6.2 1 «The NORM/ JI’ A 

' Key Technique Use the NORM. DIST(X value, mean, 

- standard deviation, True) function to compute normal 

= probabilities and use the NORM.LS.INV (percentage) function 

- and the STANDARDIZE function (see Section EG3.2) to 

- compute the Z value. 

_ Example Compute the normal probabilities for Examples 

6.1 through 6.3 on pages 204 and 205 and the X and Z values 

for Examples 6.4 and 6.5 on pages 207 and 208. 

PHStat Use Normal. 

For the example, select PHStat> Probability & Prob. 

Distributions > Normal. In this procedure’s dialog box 

(shown below): 

1. Enter 7 as the Mean and 2 as the Standard Deviation. 

. Check Probability for: X <= and enter 7 in its box. 

. Check Probability for: X > and enter 9 in its box. 

. Check Probability for range and enter 5 in the first box 

and 9 in the second box. 

5. Check X for Cumulative Percentage and enter 10 in 

its box. 

6. Check X Values for Percentage and enter 95 in its box. 

7. Enter a Title and click OK. 

ma & bY 

| Normal Probability Distribution x 
| 
| ;~ Data - ——— = — 
|| Mean: [7 
| | Standard Deviation: F 

(es On a 
| (Biel, X <= aa 

| \¥ Probability for: X > fo 
| 7 Probability forrange:[5 <=x<= [9 
I¥ x for Cumulative Percentage: [10 % 

| 
ime ee oe 95 % 

Workbook Use the COMPUTE worksheet of the Normal 
workbook as a template. 

The worksheet already contains the data for solving the 

problems in Examples 6.1 through 6.5. For other problems, 

change the values for the Mean, Standard Deviation, X 
Value, From X Value, To X Value, Cumulative Percent- 
age, and/or Percentage. 

Unlike most other Excel Guide COMPUTE worksheets, 
this worksheet uses formulas in column A to dynamically 
create labels based on the data values you enter. These 
formulas make extensive use of the ampersand operator 

222 

(&) to construct the actual label. For example, the cell A10 

formula ="P(X<="&B8&")" results in the display of 

P(X <=7) because the initial contents of cell B8, 7, is com- 

bined with "P(X<=" and ")", Changing the value in cell B8 

to 9, changes the label in cell A10 to P?X<=9), 

EG6.3 EVALUATING NORMALITY 

Comparing Data Characteristics 

to Theoretical Properties 

Use the Section EG3.1 through EG3.3 instructions to 

compare data characteristics to theoretical properties. 

Constructing the Normal Probability Plot 

Key Technique Use a scatter plot with Z values computed 

using the NORM.S.INV function. 

Example Construct the Figure 6.19 normal probability plot 

for three-year return percentages for the sample of 479 retire- 

ment funds that is shown on page 214. 

PHStat Use Normal Probability Plot. 

For the example, open to the DATA worksheet of the 

Retirement Funds workbook. Select PHStat > Probability 

& Prob. Distributions > Normal Probability Plot. In the 

procedure’s dialog box (shown below): 

1. Enter K1:K480 as the Variable Cell Range. 

2. Check First cell contains label. 

3. Enter a Title and click OK. 

Normal Probability Plot x 

In addition to the chart sheet containing the normal 

probability plot, the procedure creates a plot data work- 

sheet identical to the PlotData worksheet discussed in the 

Worksheet Excel instructions. 

Workbook Use the worksheets of the NPP workbook as 
templates. 

The NormalPlot chart sheet displays a normal probabil- 
ity plot using the rank, the proportion, the Z value, and the 
variable found in the PLOT_DATA worksheet. The PLOT 
DATA worksheet already contains the three-year return per- 
centages for the example. 



To construct a plot for a different variable, paste the sorted 

values for that variable in column D of the PLOT_DATA 

worksheet. Adjust the number of ranks in column A and the 

divisor in the formulas in column B to compute cumulative 

percentages to reflect the quantity n + 1 (480 for the example). 

(Column C formulas use the NORM.S.INV function to com- 

pute the Z values for those cumulative percentages.) 

If you have fewer than 479 values, delete rows from the 

bottom up. If you have more than 479 values, select row 480, 

right-click, click Insert in the shortcut menu, and copy down 

the formulas in columns B and C to the new rows. 

EXCEL Guide 223 

To create your own normal probability plot for the | 

3YrReturn variable, open to the PLOT_DATA worksheet and | 

select the cell range C1:D480. Then select Insert> Scatter | 

(X, Y) or Bubble Chart icon (#6 in the labeled Chart group | 

shown at the start of the Chapter 2 Excel Guide) and select 

the Scatter gallery item. Excel for Mac labels the same icon as _| 

X Y (Scatter). (For more information about creating a scatter | 

plot, see Section EG2.5.) 

Relocate the chart to a chart sheet, turn off the chart | 

legend and gridlines, add axis titles, and modify the chart 

title. 
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YUSING STATISTICS 
Sampling Oxford Cereals 

team overseeing the installation of three new fill production lines. By automating the 

bag formation, fill, bag sealing, and weighing operations, three identical lines running 

at Plant 1 have increased the production of boxes of flaked cereals at that plant by 20%, and 

similar gains are expected at Plant 3. In the future, these lines will give Oxford Cereals man- 

agement greater production flexibility by allowing the option to use packaging other than the 

standard pillow bags long used. 

For now, you must verify the calibration of the Plant 3 filling machines. Proper calibration 

should ensure that filled boxes will contain a mean of 368 grams of cereal, among other attri- 

butes. If the calibration is imperfect, the mean weight of the boxes could vary too much from 

the 368 grams claimed on the preprinted boxes used in the lines. You decide to take samples of 

the cereal boxes being produced in the initial runs of the new lines. For each sample of cereal 

boxes you select, you plan to weigh each box in the sample and then calculate a sample mean. 
You need to determine the probability that such a sample mean could have been randomly 

selected from a population whose mean is 368 grams. Based on your analysis, you will have 

to decide whether to maintain, alter, or shut down the cereal-filling process. 

RK s the cereal lines manager for Oxford Cereals Plant 3, you are part of the project 
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uilding on the foundation of the normal distribution that Chapter 6 develops, this chap- 

ter explores sampling distributions. Sampling distributions enable one to use a statistic, 

such as the sample mean, to estimate the population parameter, such as the population 

mean. In the Oxford Cereals scenario, you need to make a decision about a cereal-filling process, 

based on the weights of a sample of filled boxes. Proper application of a sampling distribution 

can assist you determining whether the calibration of the Plant 3 filling machines is acceptable. 

7.1 Sampling Distributions 
In many situations, one needs to make inferences that are based on statistics calculated from 

samples to estimate the values of population parameters. The main focus when using statistical 

inference is reaching conclusions about a population and not reaching conclusions only about 

the random sample drawn from the population for analysis. For example, a political pollster is 

interested in the sample results only as a way of estimating the actual proportion of the votes that 

each candidate will receive from the population of voters. Likewise, as plant operations manager 

for Oxford Cereals, you seek to use the mean weight calculated from a sample of cereal boxes 

to estimate the mean weight of a population of boxes. 
Hypothetically, to use the sample statistic to estimate the population parameter, one could 

examine every possible sample of a given size that could occur. A sampling distribution is the 

distribution of the results that would occur had one selected all possible samples. In practice, one 

selects a single random sample of a predetermined size from the population. The single result 

obtained is just one of the results in the sampling distribution. 

7.2 Sampling Distribution of the Mean 

learnMORE 
Learn more about the 

unbiased property of 

the sample in the SHORT 

Takes for Chapter 7. 

TABLE 7.1 

Number of errors 

made by each of 

four administrative 

assistants 

FIGURE 7.1 

Number of errors made 

by a population of four 

administrative assistants 

In Chapter 3, several measures of central tendency, including the mean, median, and mode, were 

discussed. For several reasons, the mean is the most widely used measure of central tendency, 

and the sample mean is often used to estimate the population mean. The sampling distribution 

of the mean is the distribution of all possible sample means calculated from all possible samples 

of a given size. 

The Unbiased Property of the Sample Mean 
The sample mean is unbiased because the mean of all the possible sample means (of a given 

sample size, ) is equal to the population mean, jz. A simple example concerning a population 

of four administrative assistants demonstrates this property. Each assistant is asked to apply the 

same set of updates to a human resources database. Table 7.1 presents the number of errors made 

by each of the administrative assistants. This population distribution is shown in Figure 7.1. 

Administrative Assistant Number of Errors 

Ann X, = 3 

Bob X= 2 

Carla x3 = 1 

Dave X,= 4 

3 

b 2 
ce 
ic) 
rm] 
ion 
o 4 
LL 

0 
0 1 2 3 4 

Number of Errors 
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studentTIP 

When population data exist, calculate the population mean by using Equation (7.1), and calculate 

the population standard deviation, 0, by using Equation (7.2). 

POPULATION MEAN 
Recall from Section 3.4 

that the population mean 

is the sum of the values 

in the population divided 

by the population size, N. 

TABLE 7.2 

All 16 samples of 

n = 2 administrative 

assistants from a 

population of N = 4 

administrative 

assistants when 

sampling with 

replacement 

2Xi 
L = ar (7.1) 

POPULATION STANDARD DEVIATION 

> —p) 

g=\/> eye (7.2) 

For the data of Table 7.1, 

Se 2) + 1+ 4 
= 4 = 2.5-errors 

and 

= 1.12 errors 
ie ~ 257 + (2 — 2.57% + (1 — 2.5) + (4 — 2.57 

‘Bie — 

4 

If selecting samples of two administrative assistants with replacement from this population, 

16 samples are possible (V" = 4° = 16). Table 7.2 lists the 16 possible sample outcomes. 

The mean of all 16 of these sample means is 2.5, which is also the mean of the population, pw. 

Sample Administrative Assistants Sample Outcomes Sample Mean 

1 Ann, Ann 3,3 x= 3 

2 Ann, Bob Spa X, = 2.5 
3 Ann, Carla 3,1 x, = 
4 Ann, Dave 3,4 X4, = 3.5 
5 Bob, Ann 2,3 X5 = 2.5 
6 Bob, Bob yy Xe = 2 
7 Bob, Carla 4,1 xX, = 15 
8 Bob, Dave 2,4 Xs = 3 

2 Carla, Ann nitwie X52 

10 Carla, Bob 1,2 Xp = 15 
11 Carla, Carla ge Xi ea 

ile Carla, Dave 1,4 Xin = 2.5 
13 Dave, Ann 4,3 Xi3 = 3.5 
14 Dave, Bob 4,2 Xia = 3 
15 Dave, Carla 4,1 Xin = 25) 
16 Dave, Dave 4,4 x sad 

Because the mean of the 16 sample means is equal to the population mean, the sample mean 
is an unbiased estimator of the population mean. Therefore, although one does not know how close 
the sample mean of any particular sample selected is to the population mean, one can state that the 
mean of all the possible sample means that could have been selected is equal to the population mean. 
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Standard Error of the Mean 
Figure 7.2 illustrates the variation in the sample means when selecting all 16 possible samples. 

FIGURE 7.2 Administrative Assistants Analysis 

Sampling distribution 

of the mean, based on 44 
all possible samples 

containing two 

administrative assistants Frequency 
N a 1 4 

J 4 

Source: Data are from Table 7.2. 

co 

1 1.5 2 2.5 3 3.5 4 

Mean Number of Errors 

In this small example, although the sample means vary from sample to sample, depending 

on which two administrative assistants are selected, the sample means do not vary as much as 

the individual values in the population. That the sample means are less variable than the indi- 

vidual values in the population follows directly from the fact that each sample mean averages 

together ail the values in the sample. A population consists of individual outcomes that can 

take on a wide range of values, from extremely small to extremely large. However, if a sample 

contains an extreme value, although this value will have an effect on the sample mean, the effect 

is reduced because the value is averaged with all the other values in the sample. As the sample 

student TIP size increases, the effect of a single extreme value becomes smaller because it is averaged with 

more values. 

The value of the standard deviation of all possible sample means, called the standard error 

of the mean, expresses how the sample means vary from sample to sample. As the sample size 

increases, the standard error of the mean decreases by a factor equal to the square root of the 

sample size. Equation (7.3) defines the standard error of the mean when sampling with replace- 

ment or sampling without replacement from large or infinite populations. 

Remember, the standard 

error of the mean mea- 

sures variation among 

the means not the indi- 

vidual values. 

STANDARD ERROR OF THE MEAN 

The standard error of the mean, oy, is equal to the standard deviation in the population, 

a, divided by the square root of the sample size, n. 

Ona (7.3) Ve 

Example 7.1 computes the standard error of the mean when the sample selected without 

replacement contains less than 5% of the entire population. 

Returning to the Oxford Cereals scenario, if you randomly select a sample of 25 boxes without 

Computing the replacement from the thousands of boxes filled during a shift, the sample contains a very small 
Standard Error portion of the population. Given that the standard deviation of the cereal-filling process is 
of the Mean 15 grams, compute the standard error of the mean. 

SOLUTION Using Equation (7.3) with n = 25 and a = 15 the standard error of the mean is 

o 15 (5) 
6 ee ee —— 

OE EN ST ee 

The variation in the sample means for samples of n = 25 is much less than the variation in the 

individual boxes of cereal because C= 3, while 0 = 15. 

pacer ar £5 Bt EROS POA ROEDER NED CERES NOU EY POE BBE: IODA MSE ENN SPREE EEE AINA TS ATES ASIAN DEA wanes 
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‘Remember that “only” 500 samples 
out of an infinite number of samples 

have been selected, so that the sam- 

pling distributions shown are only 

approximations of the population 

distribution. 

FIGURE 7.3 

Sampling distributions 

of the mean from 

500 samples of sizes 

n = 1, 2, 4, 8, 16, and 32 

selected from a normally 

distributed population 

Sampling from Normally Distributed Populations 
What distribution does the sample mean, X, foHow? If sampling is done from a population that 

is normally distributed with mean yw and standard deviation a, then regardless of the sample 

size, n, the sampling distribution of the mean is normally distributed, with mean wy = and 

standard error of the mean oy = o7/ Vn. 
For the simplest case, in which samples of size n = | are taken, each possible sample mean 

is a single value from the population because 

Therefore, if the population is normally distributed, with mean yz and standard deviation o, the 

sampling distribution X for samples of n = 1 must also follow the normal distribution, with 

mean wy = pm and standard error of the mean og = a/\1 =a. In addition, as the sample 

size increases, the sampling distribution of the mean still follows a normal distribution, with 

{ty = q, but the standard error of the mean decreases so that a larger proportion of sample means 

are closer to the population mean. 

Figure 7.3 illustrates this reduction in variability. Note that 500 samples of size 1, 2, 4, 8, 

16, and 32 were randomly selected from a normally distributed population. The Figure 7.3 

polygons show that, although the sampling distribution of the mean is approximately! normal 

for each sample size, the sample means are distributed more tightly around the population mean 

as the sample size increases. 

3 ul [e) N _—— 

Te ae ae a a gy 
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To further examine the concept of the sampling distribution of the mean, return to the 

Oxford Cereals scenario. The packaging equipment that is filling 368-gram boxes of cereal is 

set so that the amount of cereal in a box is normally distributed, with a mean of 368 grams. 

Past experience informs Oxford Cereals that the population standard deviation for this filling 

process is 15 grams. 

If a random sample of 25 boxes is taken from the many thousands that are filled in a day 

and the sample mean weight calculated, what type of result could one expect? Would the sample 

mean be 368 grams? 200 grams? 365 grams? 

The sample acts as a miniature representation of the population, so if the values in the 

population are normally distributed, the values in the sample should be approximately normally 

distributed. If the population mean is 368 grams, the sample mean has a good chance of being 

close to 368 grams. 

How can one determine the probability that the sample of 25 boxes will have a mean below 

365 grams? From the application of the normal distribution that Section 6.2 discusses, one can 

find the area below any value X by converting to standardized Z values: 

ee Sa 
oO 

The Section 6.2 examples show how any single value, X, differs from the population mean. 

Now, to answer the question, one needs to study how a sample mean, X, differs from the pop- 

ulation mean. Substituting X for X, Hy for w, and oF for o in the equation above produces 

Equation (7.4). 

FINDING Z FOR THE SAMPLING DISTRIBUTION OF THE MEAN 

The Z value is equal to the difference between the sample mean, X, and the population 

mean, 2, divided by the standard error of the mean, Os. 

Z= Beieey htt (7.4) 

» a iii = at le ried LSI BEE asin 

V5 

The area corresponding to Z = —1.00 in Table E.2 is 0.1587. Therefore, 15.87% of all the 

possible samples of 25 boxes have a sample mean below 365 grams. 

The preceding statement is not the same as saying that a certain percentage of individual 

boxes will contain less than 365 grams of cereal. That percentage is calculated as follows: 

X—p 365-368  —3 
= = = = -0.20 

o 15 15 
Li 

The area corresponding to Z = —0.20 in Table E.2 is 0.4207. Therefore, 42.07% of the 

individual boxes are expected to contain less than 365 grams. Comparing these results, you 

see that many more individual boxes than sample means are below 365 grams. This result is 

explained by the fact that each sample consists of 25 different values, some small and some 

large. The averaging process dilutes the importance of any individual value, particularly when 



230 CHAPTER 7 | Sampling Distributions 

the sample size is large. Therefore, the chance that the sample mean of 25 boxes is very different 

from the population mean is less than the chance that a single box is very different from the 

population mean. 

Examples 7.2 and 7.3 show how these results are affected by using different sample sizes. 

How is the standard error of the mean affected by increasing the sample size from 25 to 

_ The Effect of 100 boxes? 

_ Sample Size, “ol on SOLUTION Ifn = 100 boxes, then using Equation (7.3) on page 227, 
| the Computation 

| of ox 
= 15 he 

Oe ——> _—_— 

. Vn Vi OO 10 

The fourfold increase in the sample size from 25 to 100 reduces the standard error of the mean 

by half—from 3 grams to 1.5 grams. This demonstrates that taking a larger sample results in 

less variability in the sample means from sample to sample. 

Ls) 

EXAMPLE 7.3 If you select a sample of 100 boxes, what is the probability that the sample mean is below 

| The Effect of 365 grams? 

Sample Size, Ny SOLUTION Using Equation (7.4) on page 229, 
' on the Clustering 
| of Means in X — pz. 365.— 368. —3 

; Z = ——* = —_—_ = — = -7, ao oe ti a istribution St Ae 
100 

From Table E.2, the area less than Z = —2.00 is 0.0228. Therefore, 2.28% of the samples of 

100 boxes have means below 365 grams, as compared with 15.87% for samples of 25 boxes. 

Sometimes one needs to find the interval that contains a specific proportion of the sample 

means. To do so, determine a distance below and above the population mean containing a 
specific area of the normal curve. From Equation (7.4) on page 229, 

Xi~ ph 
ao | 

Vn 

re 

Solving for X results in Equation (7.5). 

FINDING X FOR THE SAMPLING DISTRIBUTION OF THE MEAN 

o 
ANGe (7.5) X=yn+Z 

Example 7.4 on page 231 illustrates the use of Equation (7.5). 



EXAMPLE 7.4] 
| Determining the 
| Interval That 
| Includes a Fixed 
| Proportion of the 

| Sample Means 
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For the Oxford Cereals scenario, find an interval symmetrically distributed around the popula- 

tion mean that will include 95% of the sample means, based on samples of 25 boxes. 

SOLUTION If 95% of the sample means are in the interval, then 5% are outside the interval. 

Divide the 5% into two equal parts of 2.5%. The value of Z in Table E.2 corresponding to an 

area of 0.0250 in the lower tail of the normal curve is — 1.96, and the value of Z corresponding 

to a cumulative area of 0.9750 (0.0250 in the upper tail of the normal curve) is +1.96. 

The lower value of X, X/, and the upper value of X, X,, are found by using Equation (7.5): 

15 
X, = 368 + (—1.96)—== = 368 — 5.88 = 362.12 

25 

15 

V25 

Therefore, 95%, of all sample means, based on samples of 25 boxes, are between 362.12 and 

373.88 grams. 

Xy = 368 + (1.96) = 368 + 5.88 = 373.88 

Sampling from Non-normally Distributed Populations — 
The Central Limit Theorem 
The sampling distribution of the mean that this section discusses requires a normally distributed 

population. However, for many analyses, one will either discover that the population is not nor- 

mally distributed or be able to conclude that the assumption of a normally distributed population is 

unrealistic. The Central Limit Theorem enables one to make inferences about the population 

mean without having to know the specific shape of the population distribution. 

The Central Limit Theorem states as the sample size gets large enough, the sampling 

distribution of the mean is approximately normally distributed. This theorem applies regardless 

of the shape of the distribution of the individual values in the population. This theorem is of 

crucial importance to using statistical inference to reach conclusions about a population. 

What sample size is large enough? As a general rule, statisticians have found that for 

many population distributions, when the sample size is at least 30, the sampling distribution 

of the mean is approximately normal. However, one can apply the Central Limit Theorem for 

even smaller sample sizes if the population distribution is approximately bell-shaped. In the 

case in which the distribution of a variable is extremely skewed or has more than one mode, 

one needs sample sizes larger than 30 to ensure normality in the sampling distribution of 

the mean. 
Figure 7.4 on page 232 illustrates that the Central Limit Theorem applies to all types 

of populations, regardless of their shape. In the figure, the effects of increasing sample size 

are shown for a normally distributed population in the left column; a uniformly distributed 

population, in which the values are evenly distributed between the smallest and largest values, in 

the center column; and an exponentially distributed population, in which the values are heavily 

right-skewed, in the right column. For each population, as the sample size increases, the variation 

in the sample means decreases, resulting in a narrowing of the width of the graph as the sample 

size increases from 2 to 30. 

Because the sample mean is an unbiased estimator of the population mean, the mean of 

any sampling distribution in a column will be equal to the mean of the population that the col- 

umn represents. Because the sampling distribution of the mean is always normally distributed 

for a normally distributed population, the Column A sampling distribution is always normally 

distributed. 
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FIGURE 7.4 
Sampling distribution of 

the mean for samples of 

n = 2, 5, and 30, for 

three different populations 
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For the other two populations, a central limiting effect causes the sample means to become 

more similar and the shape of the graphs to become more like a normal distribution. This effect 

happens initially more slowly for the heavily skewed exponential distribution than for the uni- 

form distribution, but when the sample size is increased to 30, the sampling distributions of these 

two populations converge to the shape of the sampling distribution of the normal population. 

Exhibit 7.1 summarizes the conclusions regarding the Central Limit Theorem that Figure 7.4 
illustrates. 

EXHIBIT Bae 



| EXAMPLE 7.5 

| Constructing 
| a Sampling 
| Distribution for a 
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TABLE 7.3 

Mean service times 

(in minutes) at a 

_ fast-food chain 
drive-through lane for 

100 different random 

samples of n = 2 

> (continued) 
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Example 7.5 illustrates a sampling distribution for a skewed population. 

Figure 7.5 shows the distribution of the time it takes to fill orders at a fast-food chain 

drive-through lane. Note that the probability distribution table is unlike Table 7.1 on page 225, 

which presents a population in which each value is equally likely to occur. 

FIGURE 7.5 

Probability distribution and histogram of the service time (in minutes) at a fast-food chain 

drive-through lane 

j : Histogram of Probability Distribution of Service Time 
Service Time 
(minutes) Probability ot 

1 0.10 oe 
2 0.40 atl 

3 CO0m) x 
4 Ons 4 ee 

5 co Ci 
6 0.05 in 

0.05 + e 

0.00 

1 2 3 4 5 6 

Minutes 

Using Equation (5.1) on page 177, the population mean is 2.9 minutes. Using Equa- 

tion (5.3) on page 178, the population standard deviation is 1.34. Select 100 samples of 

n = 2,n = 15,andn = 30. What conclusions can be reached about the sampling distribution 

of the service time (in minutes) at the fast-food chain drive-through lane? 

SOLUTION Table 7.3 represents the mean service time (in minutes) at the fast-food chain 

drive-through lane for 100 different random samples of n = 2. The mean of these 100 sample 

means is 2.825 minutes, and the standard error of the mean is 0.883. 
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2.5 3 3 3 2 ei) 2 ils) ope 2 

ahh 3 5 2 Nee) 3 Dis) jag) pies) 2) 

33 15 6 2 15 Pigg sis) 2 Re) 5 

2.5 3.5) 4.5 B10) 3.5 2 4 2 3 3 
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Table 7.4 on page 234 represents the mean service time (in minutes) at the fast-food chain 

drive-through lane for 100 different random samples of n = 15. The mean of these 100 sample 
means is 2.9313 minutes, and the standard error of the mean is 0.3458. 

Table 7.5 on page 234 represents the mean service time (in minutes) at the fast-food chain 

drive-through lane for 100 different random samples of n = 30. The mean of these 100 sample 

means is 2.9527 minutes, and the standard error of the mean is 0.2701. 
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TABLE 7.4 . a 

Mean service times (in minutes) at a fast-food chain drive-through lane for-100 different random samples of n = 15 

3:9333 8667 3°1333 3.6000 20333 2.8000 2.8667 34332 3.2667 33333 

3.0000 3333 Bi toso 2.6000 2.8667 3.0667 2.1333 20002 2.8000 $/1333 

2.8000 A Bee 2.6000 oe hee 2.8667 3.4667 2.9333 2.8000 2.2000 3.0000 

2.9333 2.6000 2.6000 3.1333 Shae A Ewaso aU? 39333 2.8000 

3.0000 Zao 2.6000 2.4667 3.2000 2.4667 3.2000 203a3 2.8667 3.4667 

2.6667 3.0000 CER E Dikoea fe ee ey J,J0ce 3.4000 3.2000 3.0000 

3.2000 3.0000 2.6000 2.93933 3.0667 2.8667 2.2667 pia i Be 2.1a85 2.2667 

2.8000 2.8000 2.6000 Sih 335 2.9333 3.0667 3.6667 2.6667 2.8667 2.6667 

3.0000 3.4000 Pt Be ho 3.6000 2.6000 21333 A IG 2.6000 2.8667 2.8000 

MEER oh ees) 3.0667 2.6667 2.8667 2.2667 2.7333 2.8667 3.5333 3.2000 

TABLE 7.5 
Mean service times (in minutes) at a fast-food chain drive-through lane for 100 different random samples of n = 30 

3.0000 3.3667 3.0000 Se33 2.8667 2.8399 3.2667 2.9000 2.7000 3.2000 

e333 2.7667 3.2333 2.8000 3.4000 3.0333 2.8667 3.0000 3.4333 3.4000 

2.3000 3.0000 3.0667 2.9667 2.0333 2.4000 2.8667 2.8000 2.5000 2.7000 

2.7000 2.9000 2.9335 3.3000 3.1333 2.8667 2.6667 2.6000 kb He 2.8667 

| 2667 2.9333 2.5667 2.3393 3.0333 BPP Me 3.0667 2.9667 2.4000 3.3000 

2.8000 3.0667 3.2000 2.9667 2.9667 3,2353 3.3667 2.9000 3.0333 me es | 

323333 2.8667 2.8333 3.0667 3.3667 3.0667 3.0667 3.2000 3.1667 3.3667 

3.0333 3.1667 2.4667 3.0000 26333 2.6667 2.9667 3.1333 2.8000 2.8333 

2.9333 2.7000 3.0333 2353 2.6667 2.6333 e353 3.0667 2.5333 3.3333 

3.1000 2.5667 2.9000 a0 589 2.9000 2.7000 2.7333 2.8000 2.6667 2.8333 

Figure 7.6 Panels A through C show histograms of the mean service time (in minutes) at 

the fast-food chain drive-through lane for the three sets of 100 different random samples shown 

in Tables 7.3 through 7.5. Panel A, the histogram for the mean service time for 100 different 

random samples of n = 2, shows a skewed distribution, but a distribution that is less skewed 
than the Figure 7.5 population distribution of service times. 

FIGURE 7.6 
Histograms of the mean service time (in minutes) at the fast-food chain drive-through lane of 100 different random 
samples of n = 2 (Panel A, left), 100 different random samples of n = 15 (Panel B, right), and 100 different random 
samples of n = 30 (Panel C, next page). 

30 Histogram of Mean Service Time for Samples of n = 2 30 Histogram of Mean Service Time for Samples of n = 15 

0 . ‘0 
1.725 2.175 2.625 3.075 3.525 3.975 4.425 4.875 5.325 5.775 6.225 2.2233 2.4033 2.5833 2.7633 2.9433 3.1233 3.3033 3.4833 3.6633 3.8433 4.0233 

Mean Service Time for n = 2 Mean Service Time for n = 15 

> (continued) 
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FIGURE 7.6 Histogram of Mean Service Time for Samples of n = 30 

(continued) 

2.3817 2.5450 2.7083 2.8717 3.0350 3.1983 3.3617 3.5250 3.6883 3.8517 4.0150 

Mean Service Time for n = 30 

° 

Panel B, the histogram for the mean service time for 100 different random samples of 

n = 15, shows.a somewhat symmetrical distribution that contains a concentration of values in 

the center of the distribution. Panel C, the histogram for the mean service time for 100 different 

random samples of n = 30, shows a distribution that appears to be approximately bell-shaped 

with a concentration of values in the center of the distribution. The progression of the histo- 

grams from a skewed population toward a bell-shaped distribution as the sample size increases 

is consistent with the Central Limit Theorem. 
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Exploring Sampling Distributions 
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PROBLEMS FOR SECTION 7.2 

LEARNING THE BASICS 7.2 Given a normal distribution with 4. = 50 and a = 5, if you 
7.1 Given anormal distribution with» = 100 anda = 10,if you select a sample of n = 100, what is the probability that X is 

select a sample of n = 25, what is the probability that X is a. less than 47? 

a. less than 95? b. between 47 and 49.5? 

9 c. above 51.1? . 

E ae a d. There is a 35% chance that X is above what value? 

d. There is a 65% chance that X is above what value? 



236 CHAPTER 7 | Sampling Distributions 

APPLYING THE CONCEPTS 

7.3 For each of the following three populations, indicate what the 

sampling distribution for samples of 25 would consist of: 

a. Customer receipts for a supermarket for a year. 

b. Insurance payouts in a particular geographical area in a year. 

ce. Call center logs of inbound calls tracking handling time for a 

credit card company during the year. 

7.4 The following data represent the number of days absent per 

year in a population of six employees of a small company: 

i 3.0 Tea 

a. Assuming that you sample without replacement, select all pos- 

sible samples of n = 2 and construct the sampling distribution 

of the mean. Compute the mean of all the sample means and 

also compute the population mean. Are they equal? What is this 

property called? 

b. Repeat (a) for all possible samples of n = 3. 

c. Compare the shape of the sampling distribution of the mean in 

(a) and (b). Which sampling distribution has less variability? 

Why? 

d. Assuming that you sample with replacement, repeat (a) through 

(c) and compare the results. Which sampling distributions have 

the least variability—those in (a) or (b)? Why? 

7.5 The amount of water in a two-liter bottle is approximately nor- 

mally distributed with a mean of 2.05 liters and a standard deviation 

of 0.025 liter. 

a. What is the probability that an individual bottle contains less 

than 2.03 liters? 

b. If a sample of four bottles is selected, what is the probability 

that the sample mean amount contained is less than 2.03 liters? 

c. If a sample of 25 bottles is selected, what is the probability that 

the sample mean amount contained is less than 2.03 liters? 

d. Explain the difference in the results in (a) and (c). 

e. Explain the difference in the results in (b) and (c). 

7.6 The weight of an energy bar is approximately normally dis- 

tributed with a mean of 42.05 grams and a standard deviation of 

0.025 gram. 

a. What is the probability that an individual energy bar contains 

less than 42.035 grams? 

b. Ifa sample of four energy bars is selected, what is the probability 

that the sample mean weight is less than 42.035 grams? 

c. If a sample of 25 energy bars is selected, what is the probability 

that the sample mean weight is less than 42.035 grams? 

d. Explain the difference in the results in (a) and (c). 

e. Explain the difference in the results in (b) and (c), 

7.7 The diameter of a brand of tennis balls is approximately nor- 
mally distributed, with a mean of 2.63 inches and a standard devia- 
tion of 0.03 inch. If you select a random sample of nine tennis balls, 
a. what is the sampling distribution of the mean? 
b. what is the probability that the sample mean is less than 

2.61 inches? 

c. what is the probability that the sample mean is between 2.62 

and 2.64inches? 

d. The probability is 60% that the sample mean will be between 

what two values symmetrically distributed around the popula- 

tion mean? 

7.8 The U.S. Census Bureau announced that the median sales price 

of new houses sold.in January 2018 was $323,000, and the mean 

sales price was $382,700. 

Source: www.census.gov/newhomesales, March 8, 2018. 

Assume that the standard deviation of the prices is $90,000. 

a. If you select samples of n = 4, describe the shape of the 

sampling distribution of X. 

b. If you select samples of n = 100, describe the shape of the 

sampling distribution of X, 

c. If you select a random sample of n = 100, what is the probabil- 

ity that the sample mean will be less than $370,000? 

d. If you select arandom sample of n = 100, what is the probability 

that the sample mean will be between $350,000 and $365,000? 

7.9 According to a report by App Annie, a business intelligence 

company that produces tools and reports for the apps and digital 

goods industry, smartphone owners are using an average of 30 apps 

per month. 

Source: “Report: Smartphone owners are using 9 apps per day, 30 per month,” 

2017, tern.ch/2qK4iRr. 

Assume that number of apps used per month by smartphone owners 

is normally distributed and that the standard deviation is 5. If you 

select a random sample of 25 smartphone owners, 

a. what is the probability that the sample mean is between 29 and 

31? 

b. what is the probability that the sample mean is between 28 and 

32? i 

c. If you select a random sample of 100 smartphone owners, what 

is the probability that the sample mean is between 29 and 31? 

d. Explain the difference in the results of (a) and (c). 

7.10 According to the National Survey of Student = 
S18 Engagement, the average student spends about 15 hours 

each week preparing for classes; preparation for classes includes 

homework, reading and any other assignments. 

Source: Data extracted from bit.ly/2gSNwNo. 

Assume the standard deviation of time spent preparing for classes 

is 4 hours. If you select a random sample of 16 students, 

a. what is the probability that the mean time spent preparing for 

classes is at least 14 hours per week? 

b. there is an 85% chance that the sample mean is less than how 
many hours per week? 

¢. What assumption must you make in order to solve (a) and (b)? 
d. If you select a random sample of 64 students, there is an 85% 

chance that the sample mean is less than how many hours per 
week? 

7.3 Sampling Distribution of the Proportion 
When analyzing a categorical variable, one often wants to know what proportion of the data 
consists of one specific categorical value, or characteristic of interest. In the simplest case, 
a categorical variable that has only two categories such as yes and no, calculate the sample 
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constant that represents 

the ratio of the 

circumference to the 

diameter of a circle. 

student TIP 
Remember that the 

sample proportion 

cannot be negative and 

also cannot be greater 

than 1.0. 

7.3 Sampling Distribution of the Proportion 237 

proportion, p, that Equation (7.6) defines, as part of the process to estimate the population pro- 

portion, 7, the proportion of items in the entire population with the characteristic of interest. 

SAMPLE PROPORTION 

X Number of items having the characteristic of interest (7.6) 
PP Faye 

j 
; 

pe Sample size 

The sample proportion calculation is a simple fraction. For example, for a yes-no variable 

in a sample size of five responses, if there are three responses with the characteristic of interest 

yes, the sample proportion would be 0.6 (three fifths, or 3 divided by 5). 

The sample proportion, p, will be between 0 and 1. If all items have the characteristic, p is 

equal to 1. If half the items have the characteristic, p is equal to 0.5. If none of the items have 

the characteristic, p is equal to zero. 

Section 7.2 explains that the sample mean, X, is an unbiased estimator of the population 

mean, #. Similarly, the statistic p is an unbiased estimator of the population proportion, 77. 
: on 

By analogy to the sampling distribution of the mean, whose standard error is a; = —>=, the 

standard error of the proportion, o,,, is given in Equation (7.7). Van 

STANDARD ERROR OF THE PROPORTION 

1 = w= ee (7.7) 

The sampling distribution of the proportion follows the binomial distribution, which Sec- 

tion 5.2 discusses, when sampling with replacement (or without replacement from extremely 

large populations). However, one can use the normal distribution to approximate the binomial 

distribution when nz and n(1 — 7r) are each at least 5. In most cases in which inferences are 

made about the population proportion, the sample size is substantial enough to meet the condi- 

tions for using the normal approximation (Cochran). 

ee i= 
Substituting p for X, 7 for uw, and UE ue for ——= in Equation (7.4) on page 229 

results in Equation (7.8). € Va 

FINDING Z FOR THE SAMPLING DISTRIBUTION OF THE PROPORTION 

Gs a sez Nae (7.8) 
ar lergr) 

V n 

To illustrate the sampling distribution of the proportion, a recent survey of employed adults 

who work outside the home, 54% reported that they go to work anyway when they are sick (Smith 

and Padilla). Suppose that one selects a random sample of 200 American workers and seeks to 

determine the probability that more than 50% of them stated that they go to work anyway when they 
are sick. Because na = 200(0.54) = 108 > 5 andn(1 — aw) = 200(1 — 0.54) = 92 > 5, 

the sample size is large enough to assume that the sampling distribution of the proportion is approxi- 

mately normally distributed. Therefore, one can use the survey percentage of 54% as the population 
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proportion and can calculate the probability.that more than 50% of American workers say that 

they go to work even though they are sick using Equation (7.8): 

p= 
ZL ooo 

mw) sgt) 

n 

D0 “= 0,.54> o) ge O.DAveuiy S008 

if ce 54)(0.46) [0.2484 0.0352 
200 200 

= —1.14 

Using Table E.2, the area under the normal curve greater than —1.14 is 0.8729. Therefore, 

if the population proportion is 0.54, the probability is 87.29% that more than 50% of the 200 

American workers in the sample will say that they go to work even though they are sick. 

PROBLEMS FOR SECTION 7.3 

LEARNING THE BASICS 

7.11 In a random sample of 64 people, 48 are classified as 

“successful.” 

a. Determine the sample proportion, p, of “successful” people. 

b. If the population proportion is 0.70, determine the standard 

error of the proportion. 

7.12 A random sample of 50 households was selected for a phone 

(landline and cellphone) survey. The key question asked was, “Do 

you or any member of your household own an Apple product 

(iPhone, iPod, iPad, or Mac computer)?” Of the 50 respondents, 20 

said yes, and 30 said no. 

a. Determine the sample proportion, p, of households that own an 

Apple product. 

b. If the population proportion is 0.45, determine the stancard 

error of the proportion. 

7.13 The following data represent the yes or no (Y or N) responses 

from a sample of 40 college students to the question “Do you cur- 

rently own shares in any stocks?” 

Ree a ee yeaa tN ay IN SY IN ak. ¥o WAN: Nw, 

Peas aoa Y NON Y YeNNN YN NY N N 

a. Determine the sample proportion, p, of college students who 

own shares of stock. 

b. If the population proportion is 0.30, determine the standard 

error of the proportion. 

APPLYING THE CONCEPTS 

7.14 A political pollster is conducting an analysis of 

MISS18 sample results in order to make predictions on election 
night. Assuming a two-candidate election, if a specific candidate 

receives at least 55% of the vote in the sample, that candidate will 

be forecast as the winner of the election. If you select a random 
sample of 100 voters, what is the probability that a candidate will 
be forecast as the winner when 
a. the population percentage of her vote is 50.1%? 
b. the population percentage of her vote is 60%? 
c. the population percentage of her vote is 49% (and she will actu- 

ally lose the election)? 

d. If the sample size is increased to 400, what are your answers to 
(a) through (c)? Discuss. 

7.15 You plan to conduct a marketing experiment in which stu- 

dents are to taste one of two different brands of soft drink. Their 

task is to correctly identify the brand tasted. You select a random 

sample of 200 students and assume that the students have no ability 

to distinguish between the two brands. (Hint: If an individual has 

no ability to distinguish between the two soft drinks, then the two 

brands are equally likely to be selected.) 

a. What is the probability that the sample will have between 50% 

and 60% of the identifications correct? 

b. The probability is 90% that the sample percentage is contained 

within what symmetrical limits of the population percentage? 

c. What is the probability that the sample percentage of correct 

identifications is greater than 65%? 

d. Which is more likely to occur—more than 60% correct identifi- 

cations in the sample of 200 or more than 55% correct identifi- 

cations in a sample of 1,000? Explain. 

7.16 What do millennials around the world want in a job? A Deloitte 

survey of millennials on work-life challenges found that millennials 

are looking for stability in an uncertain world, with 65% of millennials 

preferring a permanent, full-time job rather than working freelance or 

as a consultant on a flexible or short-term basis. 

Source: Data extracted from “Freelance flexibility with full-time stability,” 

bit.ly/2pr6h9r. 

Suppose you select a sample of 100 millennials. 

a. What is the probability that in the sample fewer than 70% prefer 

a permanent, full-time job? 

b. What is the probability that in the sample between 60% and 

70% prefer a permanent, full-time job? 

. What is the probability that in the sample more than 70% pais 
a permanent, full-time job? 

d. If a sample of 400 is taken, how does this change your answers 
to (a) through (c)? 

7.17 The goal of corporate sustainability is to manage the environ- 

mental, economic, and social effects of a corporation’s operations 

so it is profitable over the long-term while acting in a responsible ~ 

manner to society. An international study by Unilever reveals that 

33% of consumers are choosing to buy from brands they believe are 
doing social or environmental good. 

Source: Data extracted from “Report shows a third of consumers prefer sustainable 
brands,” bit.ly/2pTyEzO. 



Suppose you select a sample of 100 consumers. 
a. What is the probability that in the sample fewer than 30% are 

choosing to buy from brands they believe are doing social or 
environmental good? 

What is the probability that in the sample between 28% and 

38% are choosing to buy from brands they believe are doing 

social or environmental good? 

What is the probability that in the sample more than 38% are 

choosing to buy from brands they believe are doing social or 

environmental good? 

d. If a sample of 400 is taken, how does this change your answers 

to (a) through (c)? 

= 

Cc 

7.18 According to a survey in December 2018 of Women on 
Boards, women hold 21.7% of director seats on U.S. corporate 

boards. This study also reports that 39.2% of U.S. os have 

three or more female board directors. 

Source: Data extracted from bit.ly/2LU2rEI. 

If you select a random sample of 200 U.S. companies, 

a. what is the probability that the sample will have between 30% and 

38% companies that have three or more female board directors? 

b. the probability is 90% that the sample percentage of companies 

that have three or more female board directors will be contained 

within what symmetrical limits of the population percentage? 

c. the probability is 95% that the sample percentage of companies 

that have three or more female board directors will be contained 

within what symmetrical limits of the population percentage? 

7.19 The topic of global warming increasingly appears in the 

news. It has the potential to impact companies’ operations through 

changes in governmental regulations, new reporting requirements, 

necessary operational changes, and so on. The Institute of Man- 

agement Accountants (IMA) conducted a survey of senior finance 
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professionals to gauge members’ thoughts on global warming and 

its impact on their companies. The survey found that 65% of senior 

finance professionals believe that global warming is having a sig- 

nificant impact on the environment. 

Source: Data extracted from “Global Warming: How Has It Affected Your 

Company?” bit.ly/2pd341h. 

Suppose that you select a sample of 100 senior finance professionals. 

a. What is the probability that the sample percentage indicating 

global warming is having a significant impact on the environ- 

ment will be between 64% and 69%? 

b. The probability is 90% that the sample percentage will be 

contained within what symmetrical limits of the population 

percentage? 

c. The probability is 95% that the sample percentage will be 

contained within what symmetrical limits of the population 

percentage? 

d. Suppose you selected a sample of 400 senior finance profes- 

sionals. How does this change your answers in (a) through (c)? 

7.20 Referring to Problem 7.18, the same survey reported that 

20.9% of German companies have women directors and 80% have 

three or more women on the board. 

If you select a random sample of 200 German companies, 

a. what is the probability that the sample will have between 70% 

and 78% companies that have three or more female board 

directors? 

b. the probability is 90% that the sample percentage of companies 

that have three or more female board directors will be contained 

within what symmetrical limits of the population percentage? 

c. the probability is 95% that the sample percentage of companies 

that have three or more female board directors will be contained 

within what symmetrical limits of the population percentage? 

7.4 Sampling from Finite Populations 
The Central Limit Theorem and the standard errors of the mean and of the proportion are based 

on samples selected with replacement. However, in nearly all survey research, you sample 

without replacement from populations that are of a finite size, N. The Section 7.4 online topic 

explains how you use a finite population correction factor to compute the standard error of 

the mean and the standard error of the proportion for such samples. 

Y USING STATISTICS 
Sampling Oxford Cereals, Revisited 

s the plant operations manager for Oxford Cereals, 

A you were responsible for monitoring the amount 

of cereal placed in each box. To be consistent with 

package labeling, boxes should contain a mean of 368 grams 

of cereal. Because weighing each of the thousands of boxes 

produced each shift would be too time-consuming, costly, and 

inefficient, you selected a sample of boxes. Based on your 

analysis of this sample, you had to decide whether to maintain, 

alter, or shut down the process. 

Using the concept of the sampling distribution of the 

mean, you were able to determine probabilities that such a sam- 

ple mean could have been randomly selected from a population 

} 

| 

| 

| 
| 

| 

| 

with a mean of 368 grams. 
Specifically, if a sample of 
sizen = 25 is selected from 
a population with a mean of 
368 and standard deviation of 
15, you calculated the probability of selecting a sample with a 
mean of 365 grams or less to be 15.87%. If a larger sample size 
is selected, the sample mean should be closer to the population 
mean. This result was illustrated when you calculated the prob- 
ability if the sample size were increased ton = 100. Using the 
larger sample size, you determined the probability of selecting 
a sample with a mean of 365 grams or less to be 2.28%. 
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YSU MMARY 

This chapter discusses the sampling distribution of the 

sample mean and the sampling distribution of the sample 

proportion. The chapter explains that the sample mean is 

an unbiased estimator of the population mean, and the sam- 

ple proportion is an unbiased estimator of the population 
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proportion. The chapter also discusses the Central Limit 

Theorem, a crucially important theorem in statistical infer- 

ence, and relates the theorem to the sampling distributions 

that the chapter identifies. 

' 2 SE Gh Lee inet Sle = Ril 

Smith, M. and R. Padilla. “What Working Americans Do When 

They Are III.” USA Today, February 19, 2019, p. 1A. 

Finding X for the Sampling Distribution of the Mean 

= o 
EN Pe (7.5) 

Vn 

Sample Proportion 

xX 
ge ier (7.6) 

_ Standard Error of the Proportion 

| ar(1 — 47r) 
| PEA (7.7) 

| Finding Z for the Sampling Distribution of the Proportion 

foe ei 

wl — 17) 

\ n 

(7.8) 

Central Limit Theorem 231 

finite population correction factor 239 

sampling distribution 225 

sampling distribution of the mean 225 

sampling distribution of the proportion 237 

standard error of the mean 227 

standard error of the proportion 237 
unbiased 225 

Y CHECKING YOUR UNDERSTANDING 

7.21 Why is the sample mean an unbiased estimator of the 
population mean? 

7.22 Why does the standard error of the mean decrease as the sam- 
ple size, n, increases? 

7.23 Why does the sampling distribution of the mean follow a 
normal distribution for a large enough sample size, even though the 
population may not be normally distributed? 

7.24 What is the difference between a population distribution and 
a sampling distribution? 

7.25 Under what circumstances does the sampling distribution of — 
the proportion approximately follow the normal distribution? 
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Y CHAPTER. REVIEW PROBLEMS 

7.26 An industrial sewing machine uses ball bearings that are tar- 
geted to have a diameter of 0.75 inch. The lower and upper specifi- 
cation limits under which the ball bearing can operate are 0.74 inch 
(lower) and 0.76 inch (upper). Past experience has indicated that 
the actual diameter of the ball bearings is approximately normally 
distributed, with a mean of 0.753 inch and a standard deviation of 

0.004 inch. If you select a random sample of 25 ball bearings, what 

is the probability that the sample mean is 

a. between the target and the population mean of 0.753? 

b. between the lower specification limit and the target? 

c. greater than the upper specification limit? 

d. less than the lower specification limit? 

e. The probability is 93% that the sample mean diameter will be 

greater than what value? 

7.27 The fill amount of bottles of a soft drink is normally distrib- 

uted, with a mean of 2.0 liters and a standard deviation of 0.05 liter. 

If you select a random sample of 25 bottles, what is the probability 

that the sample mean will be 

a. between 1.99 and 2.0 liters? 

b. below 1.98 liters? 

c. greater than 2.01 liters? 

d. The probability is 99% that the sample mean amount of soft 

drink will be at least how much? 

e. The probability is 99% that the sample mean amount of soft 

drink will be between which two values (symmetrically distrib- 

uted around the mean)? 

7.28 An orange juice producer buys oranges from a large orange 

grove that has one variety of orange. The amount of juice squeezed 

from these oranges is approximately normally distributed, with a 

mean of 4.70 ounces and a standard deviation of 0.40 ounce. Sup- 

pose that you select a sample of 25 oranges. 

a. What is the probability that the sample mean amount of juice 

will be at least 4.60 ounces? 

b. The probability is 70% that the sample mean amount of juice 

will be contained between what two values symmetrically dis- 

tributed around the population mean? 

c. The probability is 77% that the sample mean amount of juice 

will be greater than what value? 

7.29 In Problem 7.28, suppose that the mean amount of juice 

squeezed is 5.0 ounces. 

a. What is the probability that the sample mean amount of juice 

will be at least 4.60 ounces? 

b. The probability is 70% that the sample mean amount of juice 

will be contained between what two values symmetrically dis- 

tributed around the population mean? 

c. The probability is 77% that the sample mean amount of juice 

will be greater than what value? 

d. Compare the results of (a) through (c) with the results of Prob- 

lem 7.28 (a) through (c). 

7.30 The stock market in Qatar reported strong returns in the 

first 11 months of 2018. The population of stocks earned a mean 

return of 21.19% in 2018. 

Assume that the returns for stocks on the Qatar stock market were 

distributed as a normal variable, with a mean of 21.19 and a standard 

deviation of 20. If you selected a random sample of 16 stocks from 

this population, what is the probability that the sample would have 

a mean return 

a. less than 0 (i.e., a loss)? 

b. between 0 and 10? 

c. greater than 10? 

7.31 For the year 2018, the stock market in Germany had a mean 

return of —12.53% in 2018. Assume that the returns for stocks on 

the German stock market were distributed normally, with a mean of 

— 12.53% and a standard deviation of 10. If you select an individual 

stock from this population, what is the probability that it would 

have a return 

a. less than 0 (i.e., a loss)? 

b. between —10 and —20? 

c. greater than —5? 

If you selected a random sample of four stocks from this population, 

what is the probability that the sample would have a mean return 

d. less than 0 (a loss)? 

e. between —10 and —20? 

f. greater than —5? 

g. Compare your results in parts (d) through (f) to those in (a) 

through (c). 

7.32 (Class Project) The table of random numbers is an example 

of a uniform distribution because each digit is equally likely to 

occur. Starting in the row corresponding to the day of the month in 

which you were born, use a table of random numbers (Table E.1) 

to take one digit at a time. 

Select five different samples each of n = 2,n = 5, and 

n = 10, Compute the sample mean of each sample. Develop a fre- 

quency distribution of the sample means for the results of the entire 

class, based on samples of sizesn = 2,n = 5,andn = 10, 

What can be said about the shape of the sampling distribution 

for each of these sample sizes? 

7.33 (Class Project) Toss a coin 10 times and record the number 

of heads. If each student performs this experiment five times, a 

frequency distribution of the number of heads can be developed 

from the results of the entire class. Does this distribution seem to 

approximate the normal distribution? 

7.34 (Class Project) The number of cars waiting in line at a car 

wash is distributed as follows: 

Number of Cars Probability 

0 0.25 

0.40 

0.20 

0.10 

0.04 

0.01 AWN 

You can use a table of random numbers (Table E.1) to select sam- 

ples from this distribution by assigning numbers as follows: 

1. Start in the row corresponding to the day of the month in which 

you were born. 

2. Select a two-digit random number, 
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3. If you select a random number from 00 to 24, record a waiting 

line length of 0; if from 25 to 64, record a length of 1; if from 65 

to 84, record a length of 2; if from 85 to 94, record a length of 3; 

if from 95 to 98, record a length of 4; if 99, record a length of 5. 

Select samples ofn = 2,n = 15,andn = 30, Compute the mean 

for each sample. For example, if a sample of size 2 results in the ran- 

dom numbers 18 and 46, these would correspond to lengths 0 and 1, 

respectively, producing a sample mean of 0.5. If each student selects 

five different samples for each sample size, a frequency distribution 

of the sample means (for each sample size) can be developed from the 

results of the entire class. What conclusions can you reach concerning 

the sampling distribution of the mean as the sample size is increased? 

7.35 (Class Project) The file contains the average 

credit scores of people from 2,750 American cities. 

Source: Data extracted from bit.ly/20Cgnbi. 

a. Select five different samples of n = 2,n = 5,n = 15, and 

n = 30. 

b. Compute the sample mean of each sample. Develop a frequency 

distribution of the sample means for the results of the entire 

class, based on samples of sizes n = 2,n = 5, n = 15, and 

n = 30. 

c. What can be said about the shape of the sampling distribution 

for each of these sample sizes? 

CHAPTER 

Managing Ashland MultiComm Services 
Continuing the quality improvement effort first described in the 

Chapter 6 Managing Ashland MultiComm Services case, the 

target upload speed for AMS Internet service subscribers has 

been monitored. As before, upload speeds are measured on a 

standard scale in which the target value is 1.0. Data collected 

over the past year indicate that the upload speeds are approxi- 

mately normally distributed, with a mean of 1.005 and a stan- 

dard deviation of 0.10. 

1. Each day, at 25 random times, the upload speed is measured. 

Assuming that the distribution has not changed from what 

it was in the past year, what is the probability that the mean 

upload speed is 

a. less than 1.0? 

b. between 0.95 and 1.0? 
c. between 1.0 and 1.05? 

d. less than 0.95 or greater than 1.05? 

e. Suppose that the mean upload speed of today’s sample 

of 25 is 0.952. What conclusion can you reach about the 

mean upload speed today based on this result? Explain. 

2. Compare the results of AMS Problem 1 (a) through (d) to 

those of AMS Problem | in Chapter 6 on page 221. What 

conclusions can you reach concerning the differences? 

Digital Case 
Apply your knowledge about sampling distributions in this Dig- 
ital Case, which reconsiders the Oxford Cereals Using Statistics 
scenario. 

The advocacy group Consumers Concerned About Cereal 
Cheaters (CCACC) suspects that cereal companies, including 

Oxford Cereals, are cheating consumers by packaging cereals 

at less than labeled weights. Recently, the group investigated 

the package weights of two popular Oxford brand cereals. Open 

CCACC.pdf to examine the group’s claims and supporting data, 

and then answer the following questions: 

1. Are the data collection procedures that the CCACC uses to 

form its conclusions flawed? What procedures could the 

group follow to make its analysis more rigorous? 

2. Assume that the two Samples of five cereal boxes (one sample 

for each of two cereal varieties) listed on the CCACC website 

were collected randomly by organization members. For each 

sample, 

a. calculate the sample mean. 

b. assuming that the standard deviation of the process is 

15 grams and the population mean is 368 grams, calculate 

the percentage of all samples for each process that have 

a sample mean less than the value you calculated in (a). 

c. assuming that the standard deviation is 15 grams, calculate 

the percentage of individual boxes of cereal that have a 
weight less than the value you calculated in (a). 

& What, if any, conclusions can you form by using your calcula- 

tions about the filling processes for the two different cereals? 

= A representative from Oxford Cereals has asked that the 

CCACC take down its web page discussing shortages in Oxford 

Cereals boxes. Is this request reasonable? Why or why not? 

4 Can the techniques discussed in this chapter be used to prove 

cheating in the manner alleged by the CCACC? Why or why 
not? 
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CHAPTER 

EG7.2 SAMPLING DISTRIBUTION 
-of the MEAN 

Key Technique Use an add-in procedure to create a simu- 
lated sampling distribution and use the RAND() function to 
create lists of random numbers. 

Example Create a simulated sampling distribution that con- 

sists of 100 samples of n = 30 from a uniformly distributed 
population. 

PHStat Use Sampling Distributions Simulation. 

For the example, select PHStat > Sampling > Sampling 

Distributions Simulation. In the procedure’s dialog box 
(shown below): 

1. Enter 100 as the Number of Samples. 

2. Enter 30 as the Sample Size. 

3. Click Uniform. 

4. Enter a Title and click OK. 

| Sampling Distributions Simulation x | 

| ;- Data - 

|| Number of Samples: [100 
1} Sample Size: jx | 

| -— Distribution Options 

© Uniform 

© Standardized Normal 

© Discrete 

X and P(X) Values Cell Range: | =, | 

| 

Tite: | 
| 

T~ Histogram 

The procedure inserts a new worksheet in which the sam- 

ple means, overall mean, and standard error of the mean can 

be found starting in row 34. 

Workbook Use the SDS worksheet of the SDS workbook 

as a model. 

For the example, in a new worksheet, first enter a title in cell Al, 

Then enter the formula =RAND() in cell A2 and then copy 

the formula down 30 rows and across 100 columns (through 

column CY). Then select this cell range (A2:CV31) and use 

copy and paste values as discussed in Appendix Section B.4. 

Use the formulas that appear in rows 33 through 37 in 

the SDS_FORMULAS worksheet as models if you want to 

compute sample means, the overall mean, and the standard 

error of the mean. 

Analysis ToolPak Use Random Number Generation. e 

For the example, select Data>Data Analysis. In the Data 

Analysis dialog box, select Random Number Generation B 

from the Analysis Tools list and then click OK. 

In the procedure’s dialog box (shown below): 

. Enter 100 as the Number of Variables. 

. Enter 30 as the Number of Random Numbers. 

. Select Uniform from the Distribution drop-down list. 

. Keep the Parameters values as is. 

. Click New Worksheet Ply and then click OK. nh WN = 

[ Rifidorn Humber Generation ? San 

| 

Number of Variables: [100 

Cancel a 

Help | 

gabe! 
Number of Random Numbers: [30 | hie ss ae 

Uniform Ki a 

Parameters 

| Between [o = be and io | 

Distribution: 

Random Seed: ean 

- Output options = Sees 

| ©) Output Range: wad: Bl 

@) New Worksheet Ply: — BO) 

© New Workbook 

If, for other problems, you select Discrete in step 3, you 

must be open to a worksheet that contains a cell range of 

X and P(X) values. Enter this cell range as the Value and 

Probability Input Range (not shown when Uniform has 

been selected) in the Parameters section of the dialog box. 

Use the formulas that appear in rows 33 through 37 in 

the SDS_FORMULAS worksheet of the SDS workbook 
as models if you want to compute sample means, the overall 

mean, and the standard error of the mean. 
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\ 
YUSING STATISTICS 
Getting Estimates at Ricknel Home Centers 

the probability of discovering questionable, or tagged, invoices. Now you have been 

assigned the task of auditing the accuracy of the integrated inventory management and 

point of sale component of the firm’s retail management system. 

You could review the contents of every inventory and sales transaction to check the 

accuracy of the information system, but such a detailed review would be time-consuming 

and costly. Could you use statistical inference techniques to reach conclusions about the 

population of all records from a relatively small sample collected during an audit? At the 

end of each month, could you select a sample of the sales invoices to estimate population 
parameters such as 

A s a member of the AIS team at Ricknel Home Centers, you have already examined 

¢ The mean dollar amount listed on the sales invoices for the month 
* The proportion of invoices that contain errors that violate the internal control 

policy of the company 

If you used a sampling technique, how accurate would the results from the sample be? 

How would you use the results you generate? How could you be certain that the sample size is 
large enough to give you the information you need? 
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Section 7.2 explains how the Central Limit Theorem and insight about a population distribution 
can be used to determine the percentage of sample means that are within certain distances of 
the population mean. In the Oxford Cereals scenario that Chapter 7 features, Example 7.4 on 

page 231 uses this knowledge to conclude that 95% of all sample means are between 362.12 

and 373.88 grams. That conclusion is an example of deductive reasoning, a conclusion based 

on taking something that is true in general (for the population) and applying it to something 
specific (the sample means). 

Getting the results that Ricknel Home Centers needs requires inductive reasoning. Inductive 

reasoning uses some specifics to make broader generalizations. One cannot guarantee that the 

broader generalizations are absolutely correct, but with a careful choice of the specifics and a rig- 

orous methodology, one can reach useful conclusions. As a Ricknel AIS team member, you need 

to use inferential statistics, which uses sample results (the “some specifics”) to estimate unknown 

population parameters such as a population mean or a population proportion (the “broader gen- 

eralizations”). Note that statisticians use the word estimate in the same sense of the everyday 

usage: something about which one is reasonably certain but cannot say is absolutely correct. 

One estimates population parameters by using either point estimates or interval estimates. 

A point estimate is the value of a single sample statistic, such as a sample mean. A confidence 

interval estimate is a range of numbers, called an interval, constructed around the point esti- 

mate. The confidence interval is constructed such that the probability that the interval includes 

the population parameter is known. 

For example, a researcher seeks to estimate the mean GPA of all the students at a public 

university. The mean GPA for all the students is an unknown population mean, denoted by pw. 

The researcher selects a sample of students and calculates the sample mean, X, to be 3.20. Asa 

point estimate of the population mean, jy, the researcher seeks to know how accurate is 3.20 as an 

estimate of the population mean, jz. By taking into account the variability from sample to sample 

(the sampling distribution of the mean that Section 7.2 discusses), the researcher constructs a 

confidence interval estimate for the population mean to determine this. 

A confidence interval estimate indicates the confidence of correctly estimating the value of 

the population parameter, w. This enables one to say that there is a specified confidence that 

is somewhere in the range of numbers defined by the interval. 

Suppose the researcher found that a 95% confidence interval for the mean GPA at that 

university is 3.15 = w < 3.25. The researcher can interpret this interval estimate as follows: 

the researcher is 95% confident that the mean GPA at that university is between 3.15 and 3.25. 

8.1 Confidence Interval Estimate for the Mean (a Known) 
How would one estimate the population mean, using the information from a single sample for 

the Chapter 7 Oxford Cereals scenario? Instead of using w + (1.96)(a/ Vn) to find the upper 

and lower limits around p, as Section 7.2 does, one uses the sample mean, X, for the unknown 

wand uses X + (1.96)(0/ Vn) as the interval to estimate the unknown j. 

Examining a set of all possible samples of the same sample size helps explain the insight 

that allows the sample mean to be used in this way. Suppose that a sample of n = 25 cereal 

boxes has a mean of 362.3 grams and a standard deviation of 15 grams. Using the Section 7.2 

method, the interval estimate that includes pz is 362.3 + (1.96)(15)/(V25), or 362.3 + 5.88. 

Therefore, the estimate of wis 356.42 = uw = 368.18. This sample results in a correct statement 

about pz because the population mean, jz, known to be 368 grams, is included within the interval. 

Example 7.4 results enable one to conclude that the interval around the population mean 

from 362.12 through 373.88 grams will hold 95% of all sample means. One can also conclude 

that 95% of all samples of n = 25 will have sample means that can be used to estimate an 

interval for the population mean. 
Figure 8.1 on page 246 shows this interval and visualizes the estimates of 4 made 

using five different samples of n = 25, each with their own sample means. Note the third 

sample of n = 25 with a mean of 360 grams does not estimate an interval (shown in red) 
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362.12 368 373.88 

X, = 362.3 
356.42 362.3 368.18 

X> = 369.5 
363.62 369.5 375.38 

~ | 
X; = 360 

354.12 360 365.88 

X, = 362.12 
356.24 362.12 368 

X, = 373.88 
368 373.88 379.76 

that includes the population mean. Therefore, the estimate of 354.12 Sy= 365.88 is an 

incorrect statement. 
The fourth and fifth samples of n = 25 shown in Figure 8.1 contain the lowest (362.12) 

and highest (373.88) means for samples of n = 25 that can be used to correctly estimate the 

population mean. Should a subsequent sample of n = 25 be taken that has a sample mean less 

than 362.12 or greater than 373.88, that sample mean will not lead to a correct estimate of the 

population mean. 

In most real-world situations, the population mean, yw, will be unknown, unlike the exam- 

ple that Figure 8.1 illustrates. Therefore, one will not be able to judge whether the estimate of 

the population mean developed from a single sample mean is a correct statement. However, 

by the principles that Chapters 6 and 7 discuss, and by using the conclusions of the previous 

paragraph, one can conclude that if one takes all possible samples of a specific sample size n 

and use their sample means to estimate their 95% confidence intervals for the population mean, 

95% of those intervals will include the population mean (and 5% will not). In other words, 

one has 95% confidence that the population mean is somewhere in an interval estimated by 
a sample mean. 

The intervals shown in Figure 8.1 are properly called 95% confidence intervals. Saying that 

something is a 95% confidence interval is a shorthand way of saying the following: 

“Tam 95% confident that the interval that states that the mean amount of cereal in the 

population of filled boxes is somewhere between 356.42 and 368.18 grams is an interval 

that includes the population mean.” 

Sampling Error 
To further understand confidence intervals, consider the order-filling process for an online 

retailer. Filling orders consists of several steps, including receiving an order, picking the parts 

of the order, checking the order, packing, and shipping the order. The file [&=—9 contains the 

time, in minutes, to fill orders for a population of N = 200 orders on a recent day. Although 
in practice the population characteristics are rarely known, for this population of orders, the 
mean, #4, is known to be equal to 69.637 minutes; the standard deviation, a, is known to be equal 
to 10.411 minutes; and the population is normally distributed. 

To illustrate how the sample mean and sample standard deviation can vary from one ane 
to another, 20 different samples of n = 10 were selected from the population of 200 orders, and 
the sample mean and sample standard deviation (and other statistics) were calculated for each 
sample. Figure 8.2 on page 247 shows these results. 
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Sample n Mean Std Dev Minimum Median Maximum Range 95% Conf. Int. 
$Ol 10 74.15 ah Peet] 56. LO 76.85 97.70 41.60 (67.70, 80.60) 

$20 ‘10 74.48 

From Figure 8.2, observe: 

¢ The sample statistics differ from sample to sample. The sample means vary from 61.10 

to 76.26 minutes, the sample standard deviations vary from 6.50 to 14.10 minutes, the 

sample medians vary from 59.70 to 80.60 minutes, and the sample ranges vary from 21.50 

to 41.60 minutes. 

¢ Some of the sample means are greater than the population mean of 69.637 minutes, and 

some of the sample means are less than the population mean. 

¢ Some of the sample standard deviations are greater than the population standard deviation 

of 10.411 minutes, and some of the sample standard deviations are less than the popula- 

tion standard deviation. 

The variation in the sample ranges is much more than the variation in the sample standard 

deviations. 

The variation of sample statistics from sample to sample is called sampling error. Sampling 

error is the variation that occurs due to selecting a single sample from the population. The size 

of the sampling error is primarily based on the amount of variation in the population and on the 

sample size. Large samples have less sampling error than small samples, but large samples cost 

more to select. 

The last column of Figure 8.2 contains 95% confidence interval estimates of the population 
mean order-filling time, based on the results of those 20 samples of n = 10. Begin by examining 

the first sample selected. The sample mean is 74.15 minutes, and the interval estimate for the 

population mean is 67.70 to 80.60 minutes. In a typical study, the value of the population mean 

is unknown, and therefore one will not know for sure whether this interval estimate is correct. 

However, for this population of orders, the population mean is known to be 69.637 minutes. The 

first interval estimate 67.70 to 80.60 minutes includes the population mean of 69.637 minutes. 

Therefore, the first sample provides a correct estimate of the population mean in the form of an 

interval estimate. For the other 19 samples, all the other samples except samples 2, 5, and 12 

have interval estimates that contain the population mean. 

For sample 2, the sample mean is 61.10 minutes, and the interval estimate is 54.65 to 67.55 

minutes; for sample 5, the sample mean is 62.18, and the interval estimate is between 55.73 and 

68.63; for sample 12, the sample mean is 76.26, and the interval estimate is between 69.81 and 

82.71 minutes. The population mean of 69.637 minutes is not located within any of these inter- 

vals, and the estimate of the population mean made using these intervals is incorrect. Although 

in this example only 17 of the 20 intervals (85%) include the population mean, if one selects 
all the possible samples of n = 10 from a population of N = 200, 95% of the intervals would 

include the population mean. 
In some situations, one might want a higher degree of confidence of including the population 

mean within the interval estimate (such as 99%). In other cases, you might accept less confidence 

(such as 90%) of correctly estimating the population mean. In general, the level of confidence 
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is symbolized by (1 — a) X 100%, where a is the proportion in the tails of the distribution that 

is outside the confidence interval. The proportion in the upper tail of the distribution is a/2, 

and the proportion in the lower tail of the distribution is @/2. Use Equation (8.1) to construct a 

(1 — a) X 100% confidence interval estimate for the mean with o known. 

CONFIDENCE INTERVAL FOR THE MEAN (ao KNOWN) 

‘. Oo 

= Le eee 

Vn 
><! 

or 

XZ ype Sp SXF ZS (8.1) 
Vn 

where 
Z,/2 is the value for an upper-tail probability of a@/2 from the standardized 

normal distribution (i.e., a cumulative area of | — a@/2) 

Z 6 oO 
haem 

is the sampling error 

The value of Z,/2 needed for constructing a confidence interval is called the critical value 

for the distribution. 95% confidence corresponds to an @ value of 0.05. The critical Z value 

corresponding to a cumulative area of 0.975 is 1.96 because there is 0.025 in the upper tail of 

the distribution, and the cumulative area less than Z = 1.96 is 0.975. 

There is a different critical value for each level of confidence, | — a. A level of confidence 

of 95% leads to a Z value of 1.96 (see Figure 8.3). 99% confidence corresponds to an @ value of 

0.01. The Z value is approximately 2.58 because the upper-tail area is 0.005 and the cumulative 

area less than Z = 2.58 is 0.995 (see Figure 8.4). 

025 .025 
0.475 | 0.475 

-1.96 0 +1.96 

-2.58 

On page 249, Example 8.1 illustrates the application of the confidence interval estimate, 
and Example 8.2 illustrates the effect of using a 99% confidence interval. 

Now that various levels of confidence have been considered, why not always make.the con- 
fidence level as close to 100% as possible? Any increase in the level of confidence widens (and 
makes less precise) the confidence interval. There is no “free lunch” here. One would have more 
confidence that the population mean is within a broader range of values; however, the broader 
range might make the interpretation of the confidence interval less useful. 
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Returning to the Chapter 7 Oxford Cereals scenario, managers must ensure that the mean wei ght 
of filled boxes is 368 grams to be consistent with the labeling on those boxes. To determine 
whether the mean weight is consistent with the expected amount of 368 grams, managers 
periodically select a random sample of 100 filled boxes from the large number of boxes filled. 
Past experience states that the standard deviation of the fill amount is 15 grams. One random 
sample of 100 filled boxes they selected has a sample mean of 369.27 grams. Construct a 95% 
confidence interval estimate of the mean fill amount. 

SOLUTION Using Equation (8.1) on page 248, with Zy/2 = 1.96 for 95% confidence, 

Es 15 
X £ Zyy— = = 369.27 + (1.96) ——— = 369.27 + 2.94 

Vn V/100 

366.33 <a = 372.21 

Thus, with 95% confidence, the population mean is between 366.33 and 372.21 grams. Because 

the interval includes 368, the value indicating that the cereal-filling process is working properly, 

there is no evidence to suggest that anything is wrong with the cereal-filling process. 

Construct a 99% confidence interval estimate for the population mean fill amount. 

SOLUTION Using Equation (8.1) on page 248, with Z,/. = 2.58 for 99% confidence, 

= 15 
Be = = 369.27 202.58) = 369,278.87 

Vin V100 
365.40 < p < 373.14 

Once again, because 368 is included within this wider interval, there is no evidence to suggest 

that anything is wrong with the cereal-filling process. 

As Section 7.2 discusses, the sampling distribution of the sample mean, X, is normally dis- 

tributed if the population for your characteristic of interest, X, follows a normal distribution. And 

if the population of X does not follow a normal distribution, the Central Limit Theorem almost 

always ensures that X is approximately normally distributed when n is large. However, when 

dealing with a small sample size and a population that does not follow a normal distribution, 

the sampling distribution of X is not normally distributed, and therefore the confidence interval 

that this section discusses is inappropriate. In practice, however, as long as the sample size is 

large enough and the population is not very skewed, one can use the confidence interval defined 

in Equation (8.1) to estimate the population mean when o is known. (To assess the assumption 

of normality, evaluate the shape of the sample data by constructing a histogram, stem-and-leaf 

display, boxplot, or normal probability plot.) 

Can You Ever Know the Population Standard Deviation? 
To use Equation (8.1), one must know the value for a, the population standard deviation. To 

know o@ implies that one knows all the values in the entire population. (How else would one 

know the value of this population parameter?) If one knew all the values in the entire popu- 

lation, the population mean could be computed directly. There would be no need to use the 
inductive reasoning of inferential statistics to estimate the population mean. In other words, if 

one knows a, one really does not have a need to use Equation (8.1) to construct a confidence 

interval estimate of the mean (a known). 

Given this observation, then why would one study the method? Studying the method is an 

effective way of understanding the confidence interval concept because the method uses the 
normal distribution that Chapters 6 and 7 discuss. Understanding the confidence interval concept 

is very important to understanding concepts that later chapters present. 
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PROBLEMS FOR SECTION 8.1 

LEARNING THE BASICS 

8.1 If X = 85,o0 = 8, and n = 64, construct a 95% confidence 

interval estimate for the population mean, f. 

8.2 IfX = 125.0 = 24, andn = 36, construct a 99% confidence 

interval estimate for the population mean, /. 

8.3 Why is it not possible in Example 8.1 on page 249 to have 

100% confidence? Explain. 

8.4 Is it true in Example 8.1 on page 249 that you do not know for 

sure whether the population mean is between 366.33 and 372.21 

grams? Explain. 

APPLYING THE CONCEPTS 

8.5 A market researcher selects a simple random sample of 

n = 100 Twitter users from a population of more than 100 million 

Twitter-registered users. After analyzing the sample, she states that 

she has 95% confidence that the mean time spent on Twitter per day is 

between 15 and 57 minutes. Explain the meaning of this statement. 

8.6 Suppose that you are going to collect a set of data, either from 

an entire population or from a random sample taken from that 

population. 

a. Which statistical measure would you compute first: the mean or 

the standard deviation? Explain. 

b. What does your answer to (a) tell you about the “practicality” 

of using the confidence interval estimate formula given in Equa- 

tion (8.1)? 

8.7 Consider the confidence interval estimate discussed in 

Problem 8.5. Suppose the population mean time spent on Twitter 

is 46 minutes a day. Is the confidence interval estimate stated in 

Problem 8.5 correct? Explain. 

8.8 You are working as an assistant to the dean of institutional 

research at your university. The dean wants to survey members of 

the alumni association who obtained their baccalaureate degrees 

five years ago to learn what their starting salaries were in their first 

full-time job after receiving their degrees. A sample of 100 alumni 

is to be randomly selected from the list of 2,500 graduates in that 

class. If the dean’s goal is to construct a 95% confidence interval 

estimate for the population mean starting salary, why is it not pos- 

sible that you will be able to use Equation (8.1) on page 248 for 

this purpose? Explain. 

8.9 A bottled water distributor wants to estimate the amount of 

water contained in 1-gallon bottles purchased from a nationally 

known water bottling company. The water bottling company’s spec- 

ifications state that the standard deviation of the amount of water is 

equal to 0.02 gallon. A random sample of 50 bottles is selected, and 

the sample mean amount of water per 1-gallon bottle is 0.993 gallon. 

a. Construct a 99% confidence interval estimate for the population 

mean amount of water included in a 1-gallon bottle. 

b. On the basis of these results, do you think that the distributor 

has a right to complain to the water bottling company about the 

amount of water that the bottles contain? Why? 

c. Must you assume that the population amount of water per bottle 

is normally distributed here? Explain. 

d. Construct a 95% confidence interval estimate. How does this 

change your answer to (b)? 

8.10 The operations manager at a light emitting diode 

TEST (LED) light bulb factory needs to estimate the mean life 

of a large shipment of LEDs. The manufacturer’s specifications are 

that the standard deviation is 1,500 hours. A random sample of 

64 LEDs indicated a sample mean life of 49,875 hours. 

a. Construct a 95% confidence interval estimate for the population 

mean life of LED light bulbs in this shipment. 

b. Do you think that the manufacturer has the right to state that 

the LED light bulbs have a mean life of 50,000 hours? Explain. 

c. Must you assume that the population LED light bulb life is nor- 

mally distributed? Explain. 

d. Suppose that the standard deviation changes to 500 hours. What 

are your answers in (a) and (b)? 

8.2 Confidence Interval Estimate for the Mean (a Unknown) 
Section 8.1 explains that, in most business situations, one does not know a, the population stan- 
dard deviation. This section discusses a method of constructing a confidence interval estimate 
of 1 that uses the sample statistic S as an estimate of the population parameter o. 

Student’s t Distribution 
At the start of the twentieth century, William S. Gosset was working at Guinness in Ireland, 
trying to help brew better beer less expensively (Kirk). Because he had only small samples 
to study, he needed to find a way to make inferences about means without having to know a. 

‘Guinness considered all research 

conducted to be proprietary and a 

trade secret. The firm prohibited 

its employees from publishing their 

results. Gosset circumvented this 

ban by using the pen name “Student” 

to publish his findings. 

Writing under the pen name “Student,’! Gosset solved this problem by developing what today 
is known as the Student’s ¢ distribution, or the f distribution. 

If the variable X is normally distributed, then the following statistic 
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has a ¢ distribution with n — 1 degrees of freedom. This expression has the same form as the 
Z statistic in Equation (7.4) on page 229, except that S' is used to estimate the unknown o. 

The Concept of Degrees of Freedom 
Equation 3.6 on page 115 defines the sample variance, S”, as a fraction, the numerator of which 
is the sum of squares around the sample mean: 

n 

Dwe.¢ cit Xie 

i=] 

In order to calculate S$”, one first needs to calculate the sample mean, X. If one knows X, then 

once you know n — | of the values, the last value is not “free to vary” because the sum of the n 

values is known from the calculation of X. This observation is what is meant by saying “having 

n — | degrees of freedom.” For example, suppose a sample of five values has a mean of 20. 

How many values does one need to know before one can determine the remainder of the values? 

From n = 5 and X = 20, one knows 

n 

n pope 

>» ¢ = 100 because = =X 

If one only knew the first value, e.g., 18, then one would not know what the other four values in 

the sample would be. However, when one knows four values such as 18, 24, 19, and 16, then one 

knows that the fifth value must be 23. That value must be 23 in order for the five numbers sum 

to 100. That value is not “free to vary” from 23. Therefore, this sample has 4 (n — 1) degrees 

of freedom. 

Properties of the t Distribution 

The ¢ distribution is very similar in appearance to the standardized normal distribution. Both 

distributions are symmetrical and bell-shaped, with the mean and the median equal to zero. 

However, because S is used to estimate the unknown a, the values of t are more variable than 

those for Z. Therefore, the ¢ distribution has more area in the tails and less in the center than 

does the standardized normal distribution (see Figure 8.5). 

m=rrr= Standardized normal distribution 

see tf distribution 

for 5 degrees 
of freedom 

As the sample size and degrees of freedom increase, $ becomes a better estimate of a, and 

the ¢ distribution gradually approaches the standardized normal distribution, until the two are 

virtually identical. With a sample size of about 120 or more, S estimates a closely enough so 
that there is little difference between the ¢ and Z distributions. 

As stated earlier, the ¢ distribution assumes that the variable X is normally distributed. In 
practice, however, when the sample size is large enough and the population is not very skewed, 

in most cases use the ¢ distribution to estimate the population mean when a is unknown. When 

dealing with a small sample size and a skewed population distribution, the confidence interval 

estimate may not provide a valid estimate of the population mean. To assess the assumption 

of normality, evaluate the shape of the sample data by constructing a histogram, stem-and-leaf 

display, boxplot, or normal probability plot. However, the ability of any of these graphs to help 

evaluate normality is limited when the sample size is small. 



252 CHAPTER 8 | Confidence Interval Estimation 

TABLE 8.1 

Determining the critical 

value from the t table for 

an area of 0.025 in each 

tail with 99 degrees of 

freedom 

FIGURE 8.6 
t distribution with 

99 degrees of freedom 

Source: Extracted from Table E.3. 

Find the critical values of t for the appropriate degrees of freedom from the table of the 

t distribution (such as Table E.3). The columns of the table present the most commonly used 

cumulative probabilities and corresponding upper-tail areas. The rows of the table represent the 

degrees of freedom. The critical t values are found in the cells of the table. For example, for 

99 degrees of freedom with 95% confidence, use Table 8.1, a Table E.3 excerpt, to locate the 

99 degrees of freedom row. Then find the entry for the column for the cumulative probability 

of 0.975 (or the upper-tail area of 0.025) because 95% confidence level means that 2.5% of the 

values (an area of 0,025) are in each tail of the distribution. The entry, the critical value for ¢ for 

this example, is 1.9842. Figure 8.6 visualizes this value. 

Degrees of Freedom . 

31.8207 63.6574 

6.9646 9.9248 

4.5407 5.8409 

3.7469 4.6041 

3.3649 4.0322 

2.3658 2.6280 

2.3654 2.6275 

2.3650 2.6269 

67 ; 6604 2.3646 2.6264 

100 phan Oe Vie de 1.2901 1.6602 1.9840 2.3642 2.6259 

~ +1,9842 t 

Because f is a symmetrical distribution with a mean of 0, if the upper-tail value is + 1.9842, 
the value for the lower-tail area (lower 0.025) is —1.9842. A t value of —1.9842 means that 
the probability that t is less than —1.9842 is 0.025, or 2.5%. Note that for a 95% confidence ~ 
interval, the cumulative probability will always be 0.975, and the upper-tail area will always be 
0.025. Similarly, for a 99% confidence interval, the cumulative probability and upper-tail area 
will always be 0.995 and 0.005, and for a 90% confidence interval, these values will always be 
0.95 and 0.05. 
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The Confidence Interval Statement 
Equation (8.2) defines the (1 — a) X 100 confidence interval estimate for the mean with o 
unknown. 

CONFIDENCE INTERVAL FOR THE MEAN (ao UNKNOWN) 

or 

= S 
= L 9,655 by /2—_ = (8.2) 

iS; 
"1/2 

Many Vn 
where 

ty/2 18 the critical value for an upper-tail probability of a/2 (i.e., a cumulative 

area of 1 — a/2) from the f distribution with n — 1 degrees of freedom. 

S 
ty/2~—= is the sampling error 
CVn 

To illustrate the application of the confidence interval estimate for the mean when the 

standard deviation is unknown, recall the Ricknel Home Centers scenario on page 244. In that 

scenario, the mean dollar amount listed on the sales invoices for the month was one of the pop- 

ulation parameters you sought to estimate. 

To calculate this estimate, apply the DCOVA framework (see First Things First Chapter) 

and define the variable of interest as the dollar amount listed on the sales invoices for the month. 

You then collect data by selecting a sample of 100 sales invoices from the population of sales 

invoices during the month and organize the data as a worksheet or data table. 

Construct various graphs (not shown here) to better visualize the distribution of the dollar 

amounts. Using the data, calculate the sample mean of the 100 sales invoices as $110.27 and 

the sample standard deviation as $28.95. For 95% confidence, the critical value from the ¢ dis- 

tribution (as Table 8.1 shows on page 252) is 1.9842. Using Equation (8.2), 

=i S 28.95 
Sovrsue iy steals a aaean A AUWOS isl QE bey 9) pp cee os 

Vin V100 
= 11007 4 5.74 

104.53 < p < 116.01 

Figure 8.7 shows the Excel confidence interval estimate of the mean dollar amount results. 

4 A See In the Worksheet 

The T.INV.2T function calculates the t 

critical value in cell B12. That value is 

multiplied by the standard error of the 

mean (in cell B10) to calculate the 

interval half width in cell B13. In turn, 

=8a/SQRT(B6) that B13 value is subtracted from and 

=B6-1 added to the sample mean (cell B5) to 

dl ee calculate the lower and upper limits of 
the confidence interval in cells B16 

and B17. 
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Thus, with 95% confidence, one concludes.that the mean amount of all the sales invoices is 

between $104.53 and $116.01. The 95% confidence level indicates that if all possible samples 

of 100 were to be selected, 95% of the intervals developed would include the population mean 

somewhere within the interval. The validity of this confidence interval estimate depends on the 

assumption of normality for the distribution of the amount of the sales invoices. With a sample 

of 100, the normality assumption is valid, and the use of the ¢ distribution is likely appropriate. 

Example 8.3 further illustrates how to construct the confidence interval for a mean when the 

population standard deviation is unknown. 

An insurance company has the business objective of reducing the amount of time it takes to 

approve applications for life insurance. The approval process consists of underwriting, which 

includes a review of the application, a medical information bureau check, possible requests for 

additional medical information and medical exams, and a policy compilation stage in which 

the policy pages are generated and sent for delivery. Using the DCOVA steps first discussed 

on page 3, you define the variable of interest as the total processing time in days. You collect 

the data by selecting a random sample of 27 approved policies during a period of one month. 

You organize the data collected in a worksheet. Table 8.2, stored as [EP EE"Y, lists the total 

processing time, in days. To analyze the data, you need to construct a 95% confidence interval 

estimate for the population mean processing time. 

SO 1-15 M7 1Y 2a 257 2 Bees, soe ak ee 

48 50 51 56 56 60 63 64 69 73 80 84 91 

SOLUTION To visualize the data, you construct a boxplot of the processing time (see Figure 8.8) 

and a normal probability plot (see Figure 8.9). To analyze the data, you construct the confidence 
interval estimate (see Figure 8.10 on page 255). 

Excel boxplot for the processing time for life insurance applications 

FIGURE 8.9 

Processing Time for Life Insurance Applications 

Processing Time (days) 

Excel normal probability plot for the processing time for life insurance applications 

> (continued) 

Normal Probability Plot for Processing Times 

Time (days) 

~2 “15 -1 0.5 0 0.5 1 1.5 2 



FIGURE 8.10 

8.2 Confidence Interval Estimate for the Mean (o Unknown) 255 

| 
| | Excel confidence interval estimate for the mean processing time results for life insurance applications 

| A 8 In the Worksheet 
1 Processing Time for Life Insurance Applications none - 

Or This worksheet solution uses the same 
a . . 

4 |Sample Standard Deviation template that the Figure 8.7 Ricknel 

peeps Mean Home Center example on page 253 uses. 
6 Sample Size 

7 [Confidence Level 

8 | 

9 intermediate Calculations 

10 (Standard Error of the Mean 4.4547 

11 | Degrees of Freedom 26 

12 |t Value 2.0555 
13 |Interval Half Width 9.1567 

: —-~ aera 

ve As 

4 

Figure 8.10 shows that the sample mean is X = 45.2222 days and the sample standard 

deviation is § = 23.1472 days. To use Equation (8.2) on page 253 to construct the confidence 

interval, first determine the critical value from the f table, using the row for 26 degrees of free- 

dom. For 95% confidence, use the column corresponding to an upper-tail area of 0.025 and 

-a cumulative probability of 0.975. From Table E.3, you see that f4/2 = 2.0555. Thus, using 

X = 45.2222, § = 23.1472, n = 27, and ty) = 2.0555, 

23.1472 

a7 
g 

fa/a—= = 45.2222 + (2.0555) 
Van 

= 45.2222 + 9.1567 

S60 7e=nest54:38 

a= a 

Conclude with 95% confidence that the mean processing time for the population of life 
insurance applications is between 36.07 and 54.38 days. The validity of this confidence inter- 

val estimate depends on the assumption that the processing time is normally distributed. 
From the Figure 8.8 boxplots and the Figure 8.9 normal probability plots, the processing time 

appears approximately symmetric, so the validity of the confidence interval estimate is not 

in serious doubt. 
ne een 

The interpretation of the confidence interval when o is unknown is the same as when o is 

known. To illustrate the fact that the confidence interval for the mean varies more when o@ is 

unknown, return to the order-filling times example that the “Sampling Error” section Section 8.1 

uses. Suppose that one did not know the population standard deviation and instead use the sam- 

ple standard deviation to construct the confidence interval estimate of the mean. Figure 8.11 
on page 256 shows the results for each of 20 samples of n = 10 orders. 
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FIGURE 8.11 Sample N Mean Std Dev»SE Mean 95% o ieaeerie 

$01 10 71.64 7.58 2.40 (66.22, 77. 
poets none $02 10 67.22 10.95 3.46 (59.39, 75.05) 

estimates of the mean $03 10 67.97 14.83 4.69 (57.36, 78.58) 

for 20 samples of n = 10 s04 10 73.90 10.59 3.35 (66.33, 81.47) 

randomly selected from $05 10 67.11 11.12 3.52 (59.15, ae 

= S06 10 68.12 10.83 3.43 (60.37, 75. 
aS porancn Shieeese0g S07 10 65.80 10.85 3.43 (58.03, 73.57) 

Grdersavitha, unkngwn S08 10 77.58 11.04 3.49 (69.68, 85.48) 
S09 10 66.69 11.45 3.62 (58.50, 74.88) 
$10 10 62.55 8.58 2.71 (56.41, 68.69 
$11 10 71.12 12.82 4.05 (61.95, 80.29) 
$12 10 70.55 10.52 3.33 (63.02, 78.08) 
$13 10 65.51 8.16 2.58 (59.67, 71.35) 
$14 10 64.90 7.55 2.39 (59.50, 70.30) 
$15 10 66.22 11.21 3.54 (58.20, 74.24) 
$16 10 70.43 10.21 3.23 (63.12, 77.74) 
$17 10 72.04 6.25 1.96 (67.57, 76.51) 
$18 10 73.91 11.29 3.57 (65.83, 81.99) 
$19 10 71.49 9.76 3.09 (64.51, 78.47) 
$20 10 70.15 10.84 3.43 (62.39, 77.91) 

In Figure 8.11, observe that the standard deviation of the samples varies from 6.25 (sample 17) 

to 14.83 (sample 3). Thus, the width of the confidence interval developed varies from 8.94 

in sample 17 to 21.22 in sample 3. Because one knows that the population mean order time 

jt = 69.637 minutes, one can determine that the interval for sample 8 (69.68 — 85.48) and 

the interval for sample 10 (56.41 — 68.69) do not correctly estimate the population mean. All 

the other intervals correctly estimate the population mean. As section 8.1 observes, in practice, 

one will select only one sample and will be unable to know for sure whether that sample 

provides a confidence interval that includes the population mean. 

PROBLEMS FOR SECTION 8.2 

LEARNING THE BASICS 

8.11 If X = 75, 5 = 24, andn = 36, and assuming that the pop- 
ulation is normally distributed, construct a 95% confidence interval 

estimate for the population mean, pu. 

8.12 Determine the critical value of t in each of the following 

circumstances: 

a. 1 —a = 0.95,n = 10 

b. 1 — a = 0.99,n = 10 

c 1-—a@ = 0.95,n = 32 

d. 1 — a = 0.95,n = 65 

e. 1 — a = 0.90,n = 16 

8.13 Assuming that the population is normally distributed, con- 

struct a 95% confidence interval estimate for the population mean 

for each of the following samples: 

SampleA: 1 1118 8 8 8 

2S EO Oe 

Explain why these two samples produce different confidence inter- 

vals even though they have the same mean and range. 

Sample B: 1 

8.14 Assuming that the population is normally distributed, con- 
struct a 95% confidence interval for the population mean, based on 
the following sample of size n = 7: 

ee oe tec 42 De Ga k) 

Change the value of 20 to 7 and recalculate the confidence interval. 
Using these results, describe the effect of an outlier (i.e., an extreme 
value) on the confidence interval. 

= 

APPLYING THE CONCEPTS 

8.15 A marketing researcher wants to estimate the mean amount 

spent ($) on Amazon.com by Amazon Prime member shoppers. 

Suppose a random sample of 100 Amazon Prime member shoppers 

who recently made a purchase on Amazon.com yielded a mean of 

$1,500 and a standard deviation of $200. 

a. Construct a 95% confidence interval estimate for the mean 

spending for all Amazon Prime member shoppers. 

b. Interpret the interval constructed in (a). 

8.16 A survey of nonprofit organizations showed that 

MSSU8 online fundraising has increased in the past year. Based 
on a random sample of 133 nonprofits, the mean one-time gift dona- 

tion resulting from email outreach in the past year was $87, Assume 

that the sample standard deviation is $9. 

a. Construct a 95% confidence interval estimate for the population 

mean one-time gift donation. 

b. Interpret the interval constructed in (a), 

8.17 The U.S. Department of Transportation requires tire manufac- 

turers to provide tire performance information on the sidewall of a 

tire to better inform prospective customers as they make purchasing 

decisions. One very important measure of tire performance is the 

tread wear index, which indicates the tire’s resistance to tread wear 
compared with a tire graded with a base of 100. A tire with a grade ~ 
of 200 should last twice as long, on average, as a tire graded with a 
base of 100. A consumer organization wants to estimate the actual 
tread wear index of a brand name of tires that claims “graded 200” 
on the sidewall of the tire. A random sample of n = 18 indicates 



a sample mean tread wear index of 195.3 and a sample standard 
deviation of 21.4. 
a. Assuming that the population of tread wear indexes is normal- 

ly distributed, construct a 95% confidence interval estimate for 
the population mean tread wear index for tires produced by this 
manufacturer under this brand name. 

b. Do you think that the consumer organization should accuse the 
manufacturer of producing tires that do not meet the perfor- 
mance information provided on the sidewall of the tire? Explain. 

¢c. Explain why an observed tread wear index of 210 for a particu- 
lar tire is not unusual, even though it is outside the confidence 
interval developed in (a). 

8.18 The file (5 eS") contains the amount that a sample of 15 
customers spent for lunch ($) at a fast casual restaurant: 

PAZS629 5.83 6.50 8.34 9.51.7.10 6.30 
4.89 6.50 5.52 7.90 8.30 9.60 

a. Construct a 95% confidence interval estimate for the population 
mean amount spent for lunch ($) at a fast casual restaurant. 

b. Interpret the interval constructed in (a). 

c. What assumption must you make about the population distribu- 

tion in order to construct the confidence interval estimate in (a)? 

d. Do you think that the assumption needed in order to construct 

the confidence interval estimate in (a) is valid? Explain. 

5.90 

8.19 How much time do commuters living in or near cities spend 

commuting to work each week? The file (ey ee contains 

the average weekly commuting time in 30 U.S. cities. 

Source: Data extracted from Office of the New York City Comptroller, “NYC 

Economics Brief,’ March 2015, p. 3. 

a. Construct a 95% confidence interval estimate for the population 

mean commuting time. 

b. Interpret the interval constructed in (a). 
c. What assumption must you make about the population distri- 

bution in order to construct the confidence interval estimate 

in (a)? 

d. Do you think that the assumption needed in order to construct 

the confidence interval estimate in (a) is valid? Explain. 

8.20 The Super Bowl, watched by close to 200 million Americans, 

is also a big event for advertisers. The file 
contains the rating of ads that ran between the opening kickoff and 

the final whistle. 

Source: Data extracted from www.admeter.usatoday.com/results/2019 

For ads that ran before halftime and ads that ran at halftime or after 

separately: 

a. Construct a 95% confidence interval estimate for the population 

mean ad rating. 
b. Interpret the interval constructed in (a). 

c. What conclusions can you reach about the ad ratings of ads that 

ran before halftime and ads that ran at halftime or after? 

d. What assumption must you make about the population distribu- 

tion in order to construct the confidence interval estimate in (a)? 

Do you think that the assumption needed in order to construct 

the confidence interval estimate in (a) is valid? Explain. 
e 

8.21 Is there a difference in the yields of different types of 

investments? The file contains the yields for a one-year 

certificate of deposit (CD) and a five-year CD sold by 46 financial 

institutions in Lake Worth, Florida, as of April 5, 2019. 

Source: Data extracted from www.Bankrate.com, April 5, 2019. 
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a. Construct a 95% confidence interval estimate for the mean yield 

of one-year CDs. 

b. Construct a 95% confidence interval estimate for the mean yield 

of five-year CDs. 

c. Compare the results of (a) and (b). 

8.22 One of the major measures of the quality of service pro- 

vided by any organization is the speed with which the organization 

responds to customer complaints. A large family-held department 

store selling furniture and flooring, including carpet, had under- 

gone a major expansion in the past several years. In particular, the 

flooring department had expanded from 2 installation crews to an 

installation supervisor, a measurer, and 15 installation crews. The 

store had the business objective of improving its response to com- 

plaints. The variable of interest was defined as the number of days 

between when the complaint was made and when it was resolved. 

Data were collected from 50 complaints that were made in the past 

year. The data, stored in [7itf¥, are as follows: 

Ae 50350137 ol ao tuelo ae lod TI 
TO Ze 110 1102000 a5 vod una eee Maron oan 
165 32°99 28 20°26 105° enieteeet sane 
OL PN SR lin dhe ee 

a. Construct a 95% confidence interval estimate for the population 

mean number of days between the receipt of a complaint and 

the resolution of the complaint. 

b. What assumption must you make about the population distribu- 

tion in order to construct the confidence interval estimate in (a)? 

c. Do you think that the assumption needed in order to construct 

the confidence interval estimate in (a) is valid? Explain. 

d. What effect might your conclusion in (c) have on the validity of 

the results in (a)? 

8.23 A manufacturing company produces electric insulators. You 

define the variable of interest as the strength of the insulators. If 

the insulators break when in use, a short circuit is likely. To test the 

strength of the insulators, you carry out destructive testing to deter- 

mine how much force is required to break the insulators. You measure 

force by observing how many pounds are applied to the insulator 

before it breaks. You collect the force data for 30 insulators selected 

for the experiment and organize and store these data in (ier: 

L870. 1728) W656 1,610 91,634. 1.7845 81 Soo eal O6 

1,592 1,662 1,866 1,764 1,734 1,662 1,734 1,774 

1,550 1,756 1,762 1,886 1,820 1,744 1,788 1,688 

L508 | 752915680 01,8106 1652917736 

a. Construct a 95% confidence interval estimate for the population 

mean breaking force. 

b. What assumption must you make about the population distribu- 

tion in order to construct the confidence interval estimate in (a)? 

c. Do you think that the assumption needed in order to construct 

the confidence interval estimate in (a) is valid? Explain. 

8.24 The file contains mobile commerce pene- 
tration values (the percentage of the country population that bought 

something online via a mobile phone in the past month) for 24 of 

the world’s economies. 

Source: Data extracted from statistica.com, bit.ly/2IfWSfI. 

a. Construct a 95% confidence interval estimate for the population 

mean mobile commerce penetration. 



258 CHAPTER 8 | Confidence Interval Estimation 

b. What assumption do you need to make about the population to 

construct the interval in (a)? 

c. Given the data presented, do you think the assumption needed 

in (a) is valid? Explain. 

8.25 One operation of a mill is to cut pieces of steel into parts that 

are used in the frame for front seats in automobiles. The steel is cut 

with a diamond saw, and the resulting parts must be cut to be within 

+ 0.005 inch of the length specified by the automobile company. 

The measurement reported from a sample of 100 steel parts (stored 

in S88) is the difference, in inches, between the actual length of 

the steel part, as measured by a laser measurement device, and the 

specified length of the steel part. For example, the first observation, 

—0.002, represents a steel part that is 0.002 inch shorter than the 

specified length. 

a. 

b. 

Construct a 95% confidence interval estimate for the population 

mean difference between the actual length of the steel part and 

the specified length of the steel part. 

What assumption must you make about the population distribu- 

tion in order to construct the confidence interval estimate in (a)? 

Do you think that the assumption needed in order to construct 

the confidence interval estimate in (a) is valid? Explain. 

. Compare the conclusions reached in (a) with those of Problem 

2.43 on page 64, 

8.3 Confidence Interval Estimate for the Proportion 
student TIP The concept of a confidence interval also applies to categorical data. With categorical data, you 

As noted in Chapter 7, do 
want to estimate the proportion of items in a population having a certain characteristic of interest. 

The unknown population proportion is represented by the Greek letter 77. The point estimate for not confuse this use of 
the Greek letter pi, z, to 7 is the sample proportion, p = X/n, where n is the sample size and X is the number of items 

represent the population in the sample having the characteristic of interest. Equation (8.3) defines the confidence interval 

proportion with the estimate for the population proportion. 

mathematical constant pi. 

CONFIDENCE INTERVAL ESTIMATE FOR THE PROPORTION 

or 

1 = 
pt Zen [pC - P) 

p= Zapf Sa7sprt Zan (8.3) 

where 

p = sample proportion 

student TIP 
Remember, the sample 
proportion, p, must be Za /2 
between 0 and 1. 

n = sample size 

7 = population proportion 

X _ Number of items having the characteristic 

sample size 

critical value from the standardized normal distribution 

Note: To use this equation for the confidence interval, the sample size n must be large 
enough to ensure that both X andn — X are greater than 5, 

Use the confidence interval estimate for the proportion defined in Equation (8.3) to estimate 
the proportion of sales invoices that contain errors (see the Ricknel Home Centers scenario on 
page 244). Using the DCOVA steps, first define the variable of interest as whether the invoice 
contains errors (yes or no). Then, collect the data from a sample of 100 sales invoices and orga- 
nize and store the results that show 10 invoices contain errors. To analyze the data, compute 
p = X/n = 10/100 = 0.10. Because both X = 10 andn — X = 100 — 10 = 90are > 5, 
using Equation (8.3) and Z, /2 = 1.96, for 95% confidence, 
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pl — P) 
p th Zari} n 

= 0.10 + (1.96),/ 210020 100 

= 0.10 + (1.96)(0.03) 
= 0.10 + 0.0588 
0.0412 < m < 0.1588 

Therefore, with 95% confidence, the population proportion of all sales invoices containing errors 

is between 0.0412 and 0.1588. The estimate is that between 4.12% and 15.88% of all the sales 
invoices contain errors. Figure 8.12 shows an Excel confidence interval estimate for this example. 

FIGURE 8.12 

Excel confidence interval estimate results for the proportion of sales invoices that contain errors 

eK er In the Worksheet 
1 |Proportion of In-Error Sales Invoices 

a The NORM.S.INV function calculates 
3 Data 

4 [Sample Size 100 the Z value in cell B10. That value is 

eae os suereeeae ae multiplied by the standard error of the 
6 \Confidence Level 95% 

7 proportion (in cell B11) to calculate the 

8 | Intermediate Calculations ; interval half width in cell B12. In turn, 
9 |Sample Proportion 0,1} =B5/B4 . 
10|2 value 77.3600] -NORM.s.INV((1-86)/2) that B12 value is subtracted from and 
11 [Standard Error of the Proportion 0.03|=SQRT(B9 * (1 - B9)/B4) added to the sample proportion (cell B9) 
12 |interval Half Width 0.0588] =ABS(B10 * B43) 

to calculate the lower and upper limits 

of the confidence interval in cells B15 

and B16. 

13 | 

—— 
ESS 

nterval Upper | 

Example 8.4 illustrates another application of a confidence interval estimate for the proportion. 

The operations manager at a large newspaper wants to estimate the proportion of newspapers 
Estimating the printed that have a nonconforming attribute. Using the DCOVA steps, you define the variable of 

| Proportion of interest as whether the newspaper has excessive rub-off, improper page setup, missing pages, or 

| Nonconforming duplicate pages. You collect the data by selecting a random sample of n = 200 newspapers from 
all the newspapers printed during a single day. You organize the results in a worksheet, which 

shows that 35 newspapers contain some type of nonconformance. To analyze the data, you need 

to construct and interpret a 90% confidence interval estimate for the proportion of newspapers 

printed during the day that have a nonconforming attribute. 

SOLUTION Using Equation (8.3), 

Newspapers Printed 

bara ohn = 0.175, and with a 90% level of confidence Z,/2 = 1.645 

ipl =p) 
Pp at a/2 n 

ag WR Ga) ee 
200 

= 0.175 + (1.645)(0.0269) 

= 0.175 + 0.0442 

0.1308 = 7 = 02192 

You conclude with 90% confidence that the population proportion of all newspapers printed that 

day with nonconformities is between 0.1308 and 0.2192. This means you estimate that between 

13.08% and 21.92% of the newspapers printed on that day have some type of nonconformance. 
Leer Oe ee eM 

5 

5) 
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Equation (8.3) contains a Z statistic because you can use the normal distribution to approx- 

imate the binomial distribution when the sample size is sufficiently large. In Example 8.4, the 

confidence interval using Z provides an excellent approximation for the population proportion 

because both X and n — X are greater than 5. However, if you do not have a sufficiently large 

sample size, you should use the binomial distribution rather than Equation (8.3) (Cochran, 

Fisher, and Snedecor). The exact confidence intervals for various sample sizes and proportions 

of items of interest have been tabulated by Fisher and Yates (Fisher). 

PROBLEMS FOR SECTION 8.3 

LEARNING THE BASICS 

8.26 Ifn = 200 and X = 50, construct a 95% confidence interval 

estimate for the population proportion. 

8.27 Ifn = 400 and X = 25, construct a 99% confidence interval 

estimate for the population proportion. 

APPLYING THE CONCEPTS 

8.28 A cellphone provider has the business objective of 

LISS1E wanting to estimate the proportion of subscribers who 

would upgrade to a new cellphone with improved features if it were 

made available at a substantially reduced cost. Data are collected from 

a random sample of 500 subscribers. The results indicate that 135 of 

the subscribers would upgrade to a new cellphone at a reduced cost. 

a. Construct a 99% confidence interval estimate for the popula- 

tion proportion of subscribers that would upgrade to a new cell- 

phone at a reduced cost. 

b. How would the manager in charge of promotional programs use 

the results in (a)? 

8.29 An Ipsos poll asked 1,004 adults, “If purchasing a used car 
made certain upgrades or features more affordable, what would be 

your preferred luxury upgrade?” The results indicated that 9% of 

males and 14% of females answered window tinting. 

Source: Ipsos, “Safety Technology Tops the List of Most Desired Features Should 

They Be More Affordable When Purchasing a Used Car—Particularly Collision 

Avoidance,” available at bit.ly/2ufbS8Z. 

The poll description did not state the sample sizes of males and 

females. Suppose that both sample sizes were 502 and that 46 of 

502 males and 71 of 502 females reported window tinting as their 

preferred luxury upgrade of choice. 

a. Construct a 95% confidence interval estimate of the population 

proportion of males who said that window tinting would be 

their favorite upgrade. 

b. Construct a 95% confidence interval estimate of the population 

proportion of females who said that window tinting would be 

their favorite upgrade. 

c. What conclusions do you reach about differences between 

males and females and their favorite upgrade? 

8.30 What do you value most when shopping in a retail store? 
According to a TimeTrade survey, 26% of consumers value per- 
sonalized experience most. 

Source: Data extracted from “The State of Retail, 2017,” TimeTrade, bit.ly/2rFGf7o. 

a. Suppose that the survey had a sample size of n = 1,000. 
Construct a 95% confidence interval estimate for the population 
proportion of consumers that value personalized experience 
most when shopping in a retail store? 

b. Based on (a), can you claim that more than a quarter of all con- 

sumers value personalized experience most when shopping in 

a retail store? 

c. Repeat parts (a) and (b), assuming that the survey had a sample 

size of n = 10,000. 

d. Discuss the effect of sample size on confidence interval estimation. 

8.31 A survey of 1,520 American adults asked, “Do you feel over- 

loaded with too much information?” The results indicate that 134 

of 304 females feel information overload compared to 651 of 1,216 

males. 

Source: Data extracted from “Information Overload,” bit.ly/2pR5bHZ. 

a. Construct a 95% confidence interval estimate of the population 

proportion of males who feel overloaded with too much infor- 

mation. 

b. Construct a 95% confidence interval estimate of the population 

proportion of females who feel overloaded with too much in- 

formation. 

c. What conclusions do you reach about differences between males 

and females and their information overload? 

8.32 A Pew Research Center survey of 4,787 adults found that 

4,178 had bought something online. Of these online shoppers, 789 

are weekly online shoppers. 

a. Construct a 95% confidence interval estimate of the population 

proportion of adults who had bought something online. 

b. Construct a 95% confidence interval estimate of the popu- 

lation proportion of online shoppers who are weekly online 

shoppers. 

c. How would the director of e-commerce sales for a company use 

the results of (a) and (b)? 

8.33 What business, economic, policy, and environmental threats 
to organization growth are CEOs extremely concerned about? In a 

survey by PricewaterhouseCoopers (PwC), 57 of 114 U.S. CEOs 

are extremely concerned about cyberthreats, and 22 are extremely 

concerned about lack of trust in business. 

Source: Data extracted from PWC, “US business leadership in the world in 2017,” 
pwe.to/2KHRGnE. 

a. Construct a 95% confidence interval estimate for the population 

proportion of U.S. CEOs who are extremely concerned about 
cyber threats. 

b. Construct a 95% confidence interval estimate for the population - 
proportion of U.S. CEOs who are extremely concerned about 
lack of trust in business. 

c. Interpret the intervals in (a) and (b). 
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8.4 Determining Sample Size 

2 + “ER “In this context, some statisticians 
refer to e as the margin of error. 

3One uses Z instead of t because, to 

determine the critical value of t, one 

would need to know the sample size, 

but one does not know that at this 

point! For most studies, the sample 

size needed is large enough that the 

standardized normal distribution 

is a good approximation of the t 

distribution. 

In each confidence interval developed so far in this chapter, the sample size was reported 
along with the results, with little discussion of the width of the resulting confidence interval. 
In the business world, sample sizes are determined prior to data collection to ensure that the 
confidence interval is narrow enough to be useful in making decisions. Determining the proper 
sample size is a complicated procedure, subject to the constraints of budget, time, and the 

amount of acceptable sampling error. In the Rickne!l Home Centers scenario, if one wants to 

estimate the mean dollar amount of the sales invoices, one must first determine two things: how 

large a sampling error to allow in estimating the population mean and the level of confidence 
to use (such as 90%, 95%, or 99%) to estimate the population mean. 

Sample Size Determination for the Mean 
To develop an equation for determining the appropriate sample size needed when constructing 

a confidence interval estimate for the mean, recall Equation (8.1) on page 248: 

= Co 
Kom Zp 

Vn 
The amount added to or subtracted from X is equal to half the width of the interval. This quantity 

represents the amount of imprecision in the estimate that results from sampling error.” The 

sampling error, e, is defined as 

o 
e = Zap 

Vn 
Solving for n gives the sample size needed to construct the appropriate confidence interval 

estimate for the mean. “Appropriate” means that the resulting interval will have an acceptable 

amount of sampling error. 

SAMPLE SIZE DETERMINATION FOR THE MEAN 

The sample size, n, is equal to the product of the Z,/2 value squared and the standard 

deviation, a, squared, divided by the square of the sampling error, e. 

Viz oc, 

a (8.4) 
e 

To compute the sample size, three quantities must be known: 

* The desired confidence level, which determines the value of Z,/2, the critical value from 

the standardized normal distribution* 

¢ The acceptable sampling error, e 

¢ The standard deviation, 7 

In some business-to-business relationships that require estimation of important parameters, 

legal contracts specify acceptable levels of sampling error and the confidence level required. For 

companies in the food and drug sectors, government regulations often specify sampling errors 

and confidence levels. In general, however, it is usually not easy to specify the three quantities 

needed to determine the sample size. How can one determine the level of confidence and sam- 

pling error? Typically, these questions are answered only by an individual very familiar with 

the variables under study, such as a subject matter expert. Although 95% is the most common 

confidence level used, if more confidence is desired, then 99% might be more appropriate; if less 
confidence is deemed acceptable, then 90% might be used. For the sampling error, one should 
think not of how much sampling error one would like to have (one really wants no errors) but 

rather of how much you can tolerate when reaching conclusions from the confidence interval. 

In addition to specifying the confidence level and the sampling error, one needs to estimate the 

standard deviation. Unfortunately, one rarely knows the population standard deviation, a. In some 

instances, one can estimate the standard deviation from past data. In other situations, one can make 
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FIGURE 8.13 

Excel results for deter- 

mining the sample size 

for estimating the mean 

sales invoice amount for 

the Ricknel Home Centers 

example 

EXAMPLE 8.5 

Determining the 

Sample Size for 
the Mean 
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an educated guess by taking into account the'range and distribution of the variable. For example, 

if one assumes a normal distribution, the range is approximately equal to 60 (+ 30 around the 

mean) and o can be estimated as the range divided by 6. If one cannot estimate o in this way, 

one can conduct a small-scale study and estimate the standard deviation from the resulting data. 

To explore how to determine the sample size needed for estimating the population mean, con- 

sider again the audit at Ricknel Home Centers. In Section 8.2, a sample of 100 sales invoices was 

selected and a 95% confidence interval estimate for the population mean sales invoice amount. 

How was this sample size determined? Should a different sample size have been selected? 

Suppose that, after consulting with company managers, one determines that a sampling error 

of no more than + $5 is desired, along with 95% confidence. Past data indicate that the standard 

deviation of the sales amount is approximately $25. Thus, e = $5,a = $25, and Z,/2 = 1.96 

(for 95% confidence). Using Equation (8.4), 

Za27 _ (1.96)°(25)? 
e (5)° 

96.04 

Because the general rule is to slightly oversatisfy the criteria by rounding the sample size up to 

the next whole integer, a sample size of 97 is needed. The Section 8.2 example on page 253 uses 

asample size n = 100, slightly more than what is necessary to satisfy the needs of the company, 

based on the estimated standard deviation, desired confidence level, and sampling error. Because 

the calculated sample standard deviation is slightly higher than expected, $28.95 compared to 

$25.00, the confidence interval is slightly wider than desired. Figure 8.13 presents Excel results 

for determining the sample size. 

In the Worksheet Ay were ures ey" gP 

1 |For the Mean Sales Invoice Amount 

: The NORM.S.INYV function 

al an er ehleaaed Sonia 3 calculates the Z value in cell B9. 
5 seni Error 5 That value is used in calculated 

] | _ 95%] ; 
= = es , sample size formula in cell B10. 
8 | Intemediate Calculations The ROUNDUP(B 10, 0) function 

9 |Z Value | _-1.9600] =NORM.S.INV((1 - B6)/2) . 

10 Calculated Sample Size 96.0365 | =((B9 * B4)/B5)A2 in cell B13 rounds the calculated 
a. sample size to the next whole 
12 i 1 Semper} -rounourrena,) _integer (96.0365 to 97). 

Example 8.5 illustrates another application of determining the sample size needed to develop 
a confidence interval estimate for the mean. 

Returning to Example 8.3 on page 254, suppose you want to estimate, with 95% confidence, 
the population mean processing time to within +4 days. On the basis of a study conducted 
the previous year, you believe that the standard deviation is 25 days. Determine the sample 
size needed. 

SOLUTION Using Equation (8.4) on page 261 and e = 4,0 = 25, and Za/2 = 1.96 for 95% 
confidence, 

ZF (1.96)2(25)? 
ee (4)? 

150.06 

Therefore, you should select a sample of 151 applications because the general rule for - 
determining sample size is to always round up to the next integer value in order to slightly 
oversatisfy the criteria desired. An actual sampling error larger than 4 will result if the sample 
standard deviation calculated in this sample of 151 is greater than 25 and smaller if the sample 
standard deviation is less than 25. 
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Sample Size Determination for the Proportion 
The previous passage discusses determining the sample size needed for estimating the pop- 
ulation mean. A similar method determines the sample size needed to estimate a population 
proportion, 77. Recall that in developing the sample size for a confidence interval for the mean, 
the sampling error is defined by 

(OF 

aarp Zu/2 
Vn 

To estimate a proportion, replace a with \V (1 — 7r) to calculate sampling error as 

adh <p) 

n 

Solving for n produces Equation (8.5), which determines the sample size necessary to develop 

a confidence interval estimate for a proportion. 

SAMPLE SIZE DETERMINATION FOR THE PROPORTION 

The sample size n is equal to the product of Z,/2 squared, the population proportion, 7, 

and | minus the population proportion, 77, divided by the square of the sampling error, e. 

Zaj2m (1 — 77) 
n= er ings, (8.5) 

Therefore, determining the sample size needed to estimate a population proportion requires 

three quantities: 

* The desired confidence level, which determines the value of Z,/2, the critical value from 

the standardized normal distribution 

¢ The acceptable sampling error (or margin of error), e 

¢ The population proportion, 7 

To solve Equation (8.5), first determine the desired level of confidence in order to be able to 

find the appropriate Z,/ value from the standardized normal distribution. Then, set the sampling 

error, é, the amount of error tolerated in estimating the population proportion. However, note 

that the third required quantity, 7, is the population parameter that will be estimated later. How 

does one state a value for something that has yet to be determined? 

Past information or relevant experience may provide an educated estimate of 7. In the 

absence of that knowledge, one should provide a value for 7 that would never underestimate 

the sample size needed. In Equation (8.5), the quantity 7(1 — 7) appears in the numerator. 

Therefore, the value of 7 needs to be the value that will make the quantity 7(1 — 7) as large as 

possible. When 77 = 0.5, the product 7(1 — 7r) achieves its maximum value, as the following 
values of 7 demonstrate: 

For 7 = 0.9, 7(1 — zr) = (0.9)(0.1) = 0.09 

For 7 = 0.7, 7(1 — a) = (0.7)(0.3) = 0.21 

For 7 = 0.5, 7(1 — a) = (0.5)(0.5) = 0.25 

For 7 = 0.3, 7(1 — a) = (0.3)(0.7) = 0.21 

For 7 = 0.1, 7(1 — 7) = (0.1)(0.9) = 0.09 

Therefore, when no prior knowledge about the population proportion, 77, exists, use 7 = 0.5 

to determine the sample size. Using 7 = 0.5 produces the largest possible sample size and 

results in the narrowest and most precise confidence interval. This increased precision comes at 
the cost of spending more time and money for an increased sample size. Using 7 = 0.5 overes- 

timates the sample size needed and will calculate a confidence interval narrower than originally 
intended if the proportion is a value other than 0.5, two outcomes that are acceptable for using 

the results for decision making. 
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In the Ricknel Home Centers scenario, suppose that the auditing procedures require you 

to have 95% confidence in estimating the population proportion of sales invoices with errors 

to within +0.07. The results from past months indicate that the largest proportion has been 

no more than 0.15. Thus, using Equation (8.5) with e = 0.07, 7 = 0.15, and Zy/2 = 1.96 for 

95% confidence, 

Zyl — 7) — (1,96)2(0.15)(0.85) 
| Hie rans eT —— = : a 

e (0.07) 

= 99.96 

Because the general rule rounds up the sample size to the next whole integer to slightly 

oversatisfy the criteria, a sample size of 100 is needed, The sample size needed to satisfy the 

requirements of the company, based on the estimated proportion, desired confidence level, and 

sampling error, is the same as the sample size that the Section 8.3 example on page 258 uses. 

The actual confidence interval is narrower than required because the sample proportion is 0.10, 

whereas 0.15 was used for a in Equation (8.5). Figure 8.14 presents Excel results for determining 

the sample size. 

FIGURE 8.14 A B In the Worksheet 
tt 1 |For the Proportion of In-Error Sales Invoices 

Excel for determining the me 
The NORM.S.INV function 

sample size for estimating 2 | 
the proportion of in-error 4 Estimate of True Proportion calculates the Z value in cell B9. 

. ; ; a \Sampling Error : ‘ 

sales invoices for Ricknel 6 [Confidence Level That sa Sane %% the Sarl 
sample size formula in ; 

Home Centers 1 ons spl isle et pste ss ~~ 
| ntermediate Calculations The ROUNDU P(B 10, 0) 

9 IZ Value -1.9600) =NORM.S.INV((1 - B6) / 2) « e 

10 |Calculated Sample Size 99.9563|=(B9A2 * B4 * (1- B4)) / BSA2 function in cell B13 rounds the 

calculated sample size to the next 

whole integer (99.9563 to 100). 100] =ROUNDUP(B10, 0) 

Example 8.6 provides another application of determining the sample size for estimating the 
population proportion. 

EXAMPLE 8.6 
You want to have 90% confidence of estimating, to within + 0.05, the proportion of office workers 

Determining the who respond to email within an hour. Because you have not previously undertaken such a study, 

_ Sample Size for no information is available from past data. Determine the sample size needed. 

Be nit SOLUTION Because no information is available from past data, assume that 7 = 0.50. Using 
p Equation (8.5) on page 263 and e = 0.05, 7 = 0.50, and Z,,) = 1.645 for 90% confidence, 

_ Zar 71 ~ 7) _ (1,645)?(0.50)(0.50) 
e (0.05)? 

= 270.6 

Therefore, you need a sample of 271 office workers to estimate the population proportion to 
within £0.05 with 90% confidence. 

PROBLEMS FOR SECTION 8.4 

LEARNING THE BASICS 8.36 If you want to be 99% confident of estimating the population 
8.34 If you want to be 95% confident of estimating the population Proportion to within a sampling error of + 0.04, what sample size 
mean to within a sampling error of +5 and the standard deviation _'8 needed? _ 
is assumed to b ize i i umed to be 15, what sample size is required? 8.37 If you want to be 95% confident of estimating the population 
8.35 If you want to be 99% confident of estimating the population Proportion to within a sampling error of + 0.02 and there is histor- 
mean to within a sampling error of + 20 and the standard deviation ical evidence that the population proportion is approximately 0.40, 
is assumed to be 100, what sample size is required? what sample size is needed? 
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of Se 8.38 A survey is planned to determine the mean annual 
family medical expenses of employees of a large com- 

pany. The management of the company wishes to be 95% confident 
that the sample mean is correct to within + $50 of the population 
mean annual family medical expenses. A previous study indicates 
that the standard deviation is approximately $400. 
a. How large a sample is necessary? 
b. If management wants to be correct to within + $25, how many 

employees need to be selected? 

8.39 Ifthe manager of a bottled water distributor wants to estimate, 
with 95% confidence, the mean amount of water in a 1-gallon bottle 
to within + 0.004 gallon and also assumes that the standard devia- 
tion is 0.02 gallon, what sample size is needed? 

8.40 Ifa light bulb manufacturing company wants to estimate, with 
95% confidence, the mean life of light emitting diode (LED) light 
bulbs to within + 400 hours and also assumes that the population 
standard deviation is 1,500 hours, how many LED light bulbs need 

to be selected? 

8.41 If the inspection division of a county weights and measures 

department wants to estimate the mean amount of soft-drink fill in 2-liter 

bottles to within + 0.01 liter with 95% confidence and also assumes that 

the standard deviation is 0.05 liter, what sample size is needed? 

8.42 An advertising media analyst wants to estimate the mean 

weekly amount of time consumers spend watching television daily. 

Based on previous studies, the standard deviation is assumed to be 

20 minutes. The media analyst wants to estimate, with 99% con- 

fidence, the mean weekly amount of time to within +5 minutes. 

a. What sample size is needed? 

b. If 95% confidence is desired, how many consumers need to be 

selected? 

8.43 An advertising media analyst wants to estimate the mean 

amount of time that consumers spend with digital media daily. From 

past studies, the standard deviation is estimated as 45 minutes. 

a. What sample size is needed if the media analyst wants to be 

90% confident of being correct to within + 5 minutes? 

b. If 99% confidence is desired, how many consumers need to be 

selected? 

8.44 Panera Bread is a restaurant chain that features gourmet 

casual breakfast, lunch, and brunch, a growing niche in the restau- 

rant industry. Suppose that the mean per-person check for breakfast 

at Panera Bread is approximately $9.50. 

a. Assuming a standard deviation of $2.00, what sample size is 

needed to estimate, with 95% confidence, the mean per-person 

check for Panera Bread to within + $0.25? 

b. Assuming a standard deviation of $2.50, what sample size is 

needed to estimate, with 95% confidence, the mean per-person 

check for Panera Bread to within + $0.25? 

ce. Assuming a standard deviation of $3.00, what sample size is 

needed to estimate, with 95% confidence, the mean per-person 

check for Panera Bread to within + $0.25? 

d. Discuss the effect of variation on the sample size needed. 

8.45 What does brand loyalty mean to consumers? According to a Rare 

research report, 20% of consumers associate trust with brand loyalty. 

Source: Data extracted from “Redefining Loyalty,” Rare, 2016, bit.ly/2solA40. 
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a. To conduct a follow-up study that would provide 95% confi- 

dence that the point estimate is correct to within + 0.04 of the 

population proportion, how large a sample size is required? 

b. To conduct a follow-up study that would provide 99% con- 

fidence that the point estimate is correct to within +0.04 of 

the population proportion, how many consumers need to be 

sampled? 

To conduct a follow-up study that would provide 95% confi- 

dence that the point estimate is correct to within + 0.02 of the 

population proportion, how large a sample size is required? 

To conduct a follow-up study that would provide 99% con- 

fidence that the point estimate is correct to within +0.02 of 

the population proportion, how many consumers need to be 

sampled? 

e. Discuss the effects on sample size requirements of changing 

the desired confidence level and the acceptable sampling error. 

Cc 

8.46 A Federal Reserve Bank of Atlanta report looks at what strat- 

egies and measures financial institutions are pursuing to provide 

mobile financial services to their customers. When 115 financial 

institutions were asked about barriers hindering greater consumer 

adoption of mobile banking, 81 said security concerns is a barrier, 

68 said lack of trust in the technology is a barrier, and 16 said dif- 

ficulty of use was a barrier. 

Source; Data extracted from “2016 Mobile Banking and Payments Survey of Financial 

Institutions in the Sixth District,’ Federal Reserve Bank of Atlanta bit.ly/2sfeOco. 

Construct a 95% confidence interval estimate of the population 

proportion of financial institution who said: 

a. security concerns are a barrier hindering greater consumer 

adoption of mobile banking. 

lack of trust is a barrier hindering greater consumer adoption of 

mobile banking. 

difficulty of use is a barrier hindering greater consumer adop- 

tion of mobile banking. 

You have been asked to update the results of this study. Deter- 

mine the sample size necessary to estimate, with 95% confi- 

dence, the population proportions in (a) through (c) to within 

+ 0.02. 

b 

c 

= 

8.47 Ina study of 443 nonprofits nationwide, 130 indicated that the 

greatest diversity staffing challenge they face is retaining younger 

staff (those under 30), 

Source: Data extracted from “2016 Nonprofit Employment Practices Survey,” 

Nonprofit HR, 2016, bit.ly/23ZHwhb. 

a. Construct a 95% confidence interval for the population pro- 

portion of nonprofits that indicate retaining younger staff is the 

greatest diversity staffing challenge for their organization. 

b. Interpret the interval constructed in (a). 

c. If you wanted to conduct a follow-up study to estimate the pop- 

ulation proportion of nonprofits that indicate retaining younger 

staff is the greatest diversity staffing challenge for their organ- 

ization to within 0.01 with 95% confidence, how many non- 

profits would you survey? 

8.48 Cybersecurity is a critical business issue that demands the 

attention of business and IT executives. According to a study 

released by PwC, 38% of surveyed business and IT executives 

reported phishing scams at their institutions. 

Source: Data extracted from “Toward new possibilities in threat management,” 

PwC, 2017 pwe.to/2kwhPJv. 
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sample size formula? 

within + 0.03. 

8.49 Personal data are the new currency of the digital economy. 

How do consumers fee! about sharing personal data with their com- 

munication service providers (CSPs)? A recent IBM report high- 

. If you conduct a follow-up study to estimate the population pro- 

portion of business and IT executives reporting phishing scams 

at their institutions, would you use a 7 of 0.38 or 0.50 in the a. 

. Using your answer in part (a), find the sample size necessary 

to estimate, with 95% confidence, the population proportion to 
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Source: Data extracted from “The trust factor in the cognitive era,” IBM Institute 

for Business Value, 2017 ibm.co/2rq48Pd. 

To conduct a follow-up study that would provide 99% confi- 

dence that the point estimate is correct to within + 0.03 of the 

population proportion, how many 18- to 25-year-old consumers 

need to be sampled? 

b. To conduct a follow-up study that would provide 99% confi- 

dence that the point estimate is correct to within + 0.05 of the 

population proportion, how many 18- to 25-year-old consumers 

need to be sampled? 

c. Compare the results of (a) and (b). 
lights that 40% of 18- to 25-year-old consumers are comfortable 

sharing personal data with their CSPs. 

8.5 Confidence Interval Estimation and Ethical Issues 

student TIP 
When preparing point 

estimates, always state 

the interval estimate in 

a prominent place and 

include a brief explanation 

of the meaning of the 

confidence interval. Also, 

make sure to highlight the 

sample size and sampling 

error. 

The selection of samples and the inferences that accompany them raise several ethical issues. 

The major ethical issue concerns whether confidence interval estimates accompany point esti- 

mates. Failure to include a confidence interval estimate might mislead the user of the results into 

thinking that the point estimate is all that is needed to predict the population characteristic with 

certainty. Confidence interval limits (typically set at 95%), the sample size used, and an inter- 

pretation of the meaning of the confidence interval in terms that a person untrained in statistics 

can understand should always accompany point estimates. 

When media outlets publicize the results of a political poll, they often overlook this type of 

information. Sometimes, the results of a poll include the sampling error, but the sampling error 

is often presented in fine print or as an afterthought to the story being reported. A fully ethical 

presentation of poll results would give equal prominence to the confidence levels, sample size, 

sampling error, and confidence limits of the poll. 

8.6 Application of Confidence Interval Estimation in Auditing 
Auditing is the collection and evaluation of evidence about information related to an economic 
entity in order to determine and report on how well the information corresponds to established 
criteria. Auditing uses probability sampling methods to develop confidence interval estimates. 
The Section 8.6 online topic reviews three common applications of confidence interval esti- 
mation in auditing. 

8.7 Estimation and Sample Size Determination 
for Finite Populations 

To develop confidence interval estimates for population parameters or determine sample sizes 
when estimating population parameters, you use the finite population correction factor when 
samples are selected without replacement from a finite population. The Section 8.7 online topic 
explains how to use the finite population correction factor for these purposes. 

8.8 Bootstrapping 
The confidence interval estimation procedures discussed in this chapter make assumptions that 
are often not valid, especially for small samples. Bootstrapping, the selection of an initial sam- 
ple and repeated sampling from that initial sample, provides an alternative approach that does 
not rely on those assumptions. The Section 8.8 online topic explains this alternative technique. 
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Getting Estimates at Ricknel Home Centers, Revisited 

: n the Ricknel Home Centers scenario, you were an accoun- 
~ tant for a distributor of home improvement supplies in the 
northeastern United States. You were responsible for the accu- 
racy of the integrated inventory management and sales informa- 
tion system. You used confidence interval estimation techniques 
to draw conclusions about the population of all records from a 
relatively small sample collected during an audit. 

At the end of the month, you collected a random sample 
of 100 sales invoices and made the following inferences: 

* With 95% confidence, you concluded that the mean amount of 
all the sales invoices is between $104.53 and $116.01. 

¥ SUMMAR 
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This chapter discusses confidence intervals for estimating the 

characteristics of a population, along with how you can deter- 

mine the necessary sample size. You learned how to apply 

these methods to numerical and categorical data. Table 8.3 

provides a list of topics covered in this chapter. 

TABLE 8.3 

Summary of topics 

in Chapter 8 TYPE OF ANALYSIS 

Confidence interval for a 
population parameter 

Determining sample size 
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tioners. New York: John Wiley and Sons, Inc., 1991. 
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¢ With 95% confidence, you , 

concluded that between 4.12% and 15.88% of all the sales 

invoices contain errors. 

These estimates provide an interval of values that you 

believe contain the true population parameters. If these inter- 

vals are too wide (i.e., the sampling error is too large) for 

the types of decisions Ricknel Home Centers needs to make, 

you will need to take a larger sample. You can use the sample 

size formulas in Section 8.4 to determine the number of sales 

invoices to sample to ensure that the size of the sampling error 
is acceptable. 

To determine what equation to use for a particular 

situation, you need to answer these questions: 

¢ Are you constructing a confidence interval or deter- 

mining a sample size? 

¢ Do you have a numerical variable or a categorical variable? 

TYPE OF DATA 

Numerical Categorical 

Confidence interval 
estimate for the proportion 
(Section 8.3) 

Confidence interval 

estimate for the mean 

(Sections 8.1 and 8.2) 

Sample size determination 
for the mean (Section 8.4) 

Sample size determination 
for the proportion 
(Section 8.4) 
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Kirk, R. E., Ed. Statistical Issues: A Reader for the Behavioral 

Sciences. Belmont, CA: Wadsworth, 1972. 

Larsen, R. L., and M. L. Marx. An Introduction to Mathematical 

Statistics and Its Applications, 5th ed. Upper Saddle River, NJ: 

Prentice Hall, 2012. 

Snedecor, G. W., and W. G. Cochran. Statistical Methods, 7th ed. 

Ames, IA: Iowa State University Press, 1980. 
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¥ KEY EQUATIONS 
Confidence Interval for the Mean (o Known) 

= oO 
Gia A gee — 

Vn 
or 

<r o s o 

X — Lap = X + Zajy—F (8.1) 
Vn “Vn 

Confidence Interval for the Mean (o Unknown) 

= S 
x 2 - 

Vn 

or 

== AS oa ts 

eft BS XT by (8.2) 
Vn Vn 

YKEY TERMS 

confidence interval estimate 245 level of confidence 

critical value 248 

degrees of freedom 251 

margin of error 261 

point estimate 245 

Sa 

Confidence Interval Estimate for the Proportion 

pa =D 
at n . 

or 

_ [pay seal 2 a 
Pie Zip oy Samsprt Za/?2 n (8.3) 

Sample Size Determination for the Mean 

* /2 o 

) = ee (8.4) 
Pe) 

Sample Size Determination for the Proportion 

Zz i 7(1 — 7) 
n= —— (8.5) 

e 

VER ECL I EL ET Se 

247 sampling error 247 

Student’s f distribution 250 

Y CHECKING YOUR UNDERSTANDING 
SSeS ee TESA i aapia yaa Sen See Oe gre eS EM EE RS 

8.50 Why can you never really have 100% confidence of correctly 

estimating the population characteristic of interest? 

8.51 When should you use the f¢ distribution to develop the 

confidence interval estimate for the mean? 

RE RIEL a 

8.52 Why does widening the confidence interval (thereby making 

it less precise) increase confidence for a given sample size, n? 

8.53 Why is the sample size needed to determine the proportion 

smaller when the population proportion is 0.20 than when the 

population proportion is 0.50? 

"CHAPTER REVIEW PROBLEMS 
8.54 A GlobalWebIndex study noted the percentage of Internet 

users that owned various devices. Suppose that a survey of 1,000 

Internet users found that 840 own a PC/laptop, 910 own a smart- 

phone, 500 own a tablet, and 100 own a smart watch, 

Source: Data extracted from “GWI Device,” GlobalWebIndex Quarterly Report, 

Q1 2017 bit.ly/2qBksOx. 

a. Construct 95% confidence interval estimates for the population 

proportion of the devices Internet users own. 

b. What conclusions can you reach concerning what devices Inter- 

net users own? 

8.55 How do smartphone owners use their smartphones when 

shopping in a grocery store? A sample of 731 smartphone owners 

in the United States revealed that 358 use their smartphone to access 

digital coupons, 355 look up recipes, 234 read reviews of products 

and brands, and 154 locate in-store items. 

Source: Data extracted from “U.S, Grocery Shopping Trends, 2016,” FMI, bit 
ly/2h9Q4SI. 

a. For each smartphone user grocery shopping online activity, 

construct a 95% confidence interval estimate of the population 
proportion. 

b. What conclusions can you reach concerning how smartphone 
owners use their smartphones when shopping in a grocery store? 

8.56 A market researcher for a consumer electronics company 

wants to study the media viewing behavior of residents of a partic- 

ular area. A random sample of 40 respondents is selected, and each 

respondent is instructed to keep a detailed record of time spent 

engaged viewing content on any screen (TV, smartphone, tablet, 

etc.) for a specific week. The results of the study are: 

Content viewing time per week: ¥ = 51 hours, § = 3.5 hours. 

32 respondents have at least one ultra high definition (UHD) screen. 

a. Construct a 95% confidence interval estimate for the mean con- 
tent viewing time per week in this area. 

b. Construct a 95% confidence interval estimate for the population 

proportion of residents who have at least one UHD screen. 

Suppose that the market researcher wants to take another survey in 

a different location. Answer these questions: 

¢. What sample size is required to be 95% confident of estimating the 

population mean content viewing time to within + 2 hours assum- 

ing that the population standard deviation is equal to 5 hours? 
d. How many respondents need to be selected to be 95% confident of 

being within + 0.06 of the population proportion who have UHD 

on at least one television set if no previous estimate is available? 

e. Based on (c) and (d), how many respondents should the market 

researcher select if a single survey is being conducted? 



8.57 An information technology (IT) provider of cloud backup and 
restore solutions for small to midsize businesses wants to study the 
consequences of ransomware attacks. A random sample of 50 small 
to midsized companies in the United States that have experienced 
a ransomware attack reveals the following: 

Time spent dealing with and containing a ransomware incident: 
X = 42 hours, S = 8 hours. 
Thirteen small to midsize companies lost customers as a result 
of a ransomware incident, 

a. Construct a 99% confidence interval estimate for the population 
mean time spent dealing with and containing a ransomware incident. 
Construct a 95% confidence interval estimate for the population 
proportion of small to midsized companies who have lost cus- 
tomers as a result of a ransomware incident. 

oe 

8.58 The human resource (HR) director of a large corporation 
wishes to study absenteeism among its mid-level managers at its 
central office during the year. A random sample of 25 mid-level 
managers reveals the following: 

Absenteeism: X = 6.2 days, § = 7.3 days. 

13 mid-level managers cite stress as a cause of absence. 

a. Construct a 95% confidence interval estimate for the mean num- 

ber of absences for mid-level managers during the year. 

b. Construct a 95% confidence interval estimate for the population pro- 

portion of mid-level managers who cite stress as a cause of absence. 

Suppose that the HR director wishes to administer a survey in one 

of its regional offices. Answer these questions: 

c. What sample size is needed to have 95% confidence in estimat- 

ing the population mean absenteeism to within + 1.5 days if the 

population standard deviation is estimated to be 8 days? 

d. How many mid-level managers need to be selected to have 90% 

confidence in estimating the population proportion of mid-level 

managers who cite stress as a cause of absence to within + 0.075 

if no previous estimate is available? 

e. Based on (c) and (d), what sample size is needed if a single 

survey is being conducted? 

8.59 A national association devoted to HR and workplace programs, 

practices, and training wants to study HR department practices and 

employee turnover of its member organizations. HR professionals 

and organization executives focus on turnover not only because it 

has significant cost implications but also because it affects overall 

business performance. A survey is designed to estimate the propor- 

tion of member organizations that have both talent and development 

programs in place to drive human-capital management as well as the 

member organizations’ mean annual employee turnover cost (cost 

to fill a frontline employee position left vacant due to turnover). A 

random sample of 100 member organizations reveals the following: 

Frontline employee turnover cost: X = $12,500, S = $1,000. 

Thirty member organizations have both talent and development 

programs in place to drive human-capital management. 

Construct a 95% confidence interval estimate for the population 

mean frontline employee turnover cost of member organizations. 

Construct a 95% confidence interval estimate for the popula- 

tion proportion of member organizations that have both talent 

and development programs in place to drive human-capital 

management. 

What sample size is needed to have 99% confidence of esti- 

mating the population mean frontline employee turnover cost 

to within + $250? 

a 

= 

c 
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d. How many member organizations need to be selected to have 

90% confidence of estimating the population proportion of orga- 

nizations that have both talent and development programs in 

place to drive human-capital management to within + 0,045? 

8.60 The financial impact of IT systems downtime is a concern 

of plant operations management today. A survey of manufacturers 

examined the satisfaction level with the reliability and availability 

of their manufacturing IT applications. The variables of focus are 

whether the manufacturer experienced downtime in the past year 

that affected one or more manufacturing IT applications, the num- 

ber of downtime incidents that occurred in the past year, and the 

approximate cost of a typical downtime incident. The results from 

a sample of 200 manufacturers are as follows: 

Sixty-two experienced downtime this year that affected one or 

more manufacturing applications. 

Number of downtime incidents: X = 3.5, S = 2.0. 

Cost of downtime incidents: X = $18,000, S = $3,000. 

a. Construct a 90% confidence interval estimate for the population 

proportion of manufacturers who experienced downtime in the 

past year that affected one or more manufacturing IT applications. 

b. Construct a 95% confidence interval estimate for the population 

mean number of downtime incidents experienced by manufac- 

turers in the past year. 

c. Construct a 95% confidence interval estimate for the population 

mean cost of downtime incidents. 

8.61 The branch manager of an outlet (Store 1) of a nationwide 

chain of pet supply stores wants to study characteristics of her cus- 

tomers. In particular, she decides to focus on two variables: the 

amount of money spent by customers and whether the customers 

own only one dog, only one cat, or more than one dog and/or cat. 

The results from a sample of 70 customers are as follows: 

* Amount of money spent: X = $21.34, § = $9.22. 

¢ Thirty-seven customers own only a dog. 

* Twenty-six customers own only a cat. 

¢ Seven customers own more than one dog and/or cat. 

a. Construct a 95% confidence interval estimate for the population 

mean amount spent in the pet supply store. 

b. Construct a 90% confidence interval estimate for the population 

proportion of customers who own only a cat. 

The branch manager of another outlet (Store 2) wishes to conduct 

a similar survey in his store. The manager does not have access to 

the information generated by the manager of Store 1. Answer the 

following questions: 

c. What sample size is needed to have 95% confidence of estimat- 

ing the population mean amount spent in this store to within 

+ $1.50 if the standard deviation is estimated to be $10? 
d. How many customers need to be selected to have 90% confi- 

dence of estimating the population proportion of customers who 

own only a cat to within + 0.045? 
e. Based on your answers to (c) and (d), how large a sample should 

the manager take? 

8.62 Scarlett and Heather, the owners of an upscale restaurant 

in Dayton, Ohio, want to study the dining characteristics of their 

customers. They decide to focus on two variables: the amount of 

money spent by customers and whether customers order dessert. 

The results from a sample of 60 customers are as follows: 

Amount spent: X = $38.54, S = $7.26. 
Eighteen customers purchased dessert. 
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a. Construct a 95% confidence interval estimate for the population 

mean amount spent per customer in the restaurant. 

b. Construct a 90% confidence interval estimate for the population 

proportion of customers who purchase dessert. 

Jeanine, the owner of a competing restaurant, wants to conduct a 

similar survey in her restaurant. Jeanine does not have access to the 

information that Scarlett and Heather have obtained from the survey 

they conducted. Answer the following questions: 

c. What sample size is needed to have 95% confidence of estimat- 

ing the population mean amount spent in her restaurant to within 

+ $1.50, assuming that the standard deviation is estimated to 

be $8? 
d. How many customers need to be selected to have 90% confi- 

dence of estimating the population proportion of customers who 

purchase dessert to within + 0.04? 

e. Based on your answers to (c) and (d), how large a sample should 

Jeanine take? 

8.63 The manufacturer of Ice Melt claims that its product will melt 

snow and ice at temperatures as low as 0° Fahrenheit. A represen- 

tative for a large chain of hardware stores is interested in testing 

this claim. The chain purchases a large shipment of 5-pound bags 

for distribution. The representative wants to know, with 95% con- 

fidence and within +0.05, what proportion of bags of Ice Melt 

perform the job as claimed by the manufacturer. 

a. How many bags does the representative need to test? What 

assumption should be made concerning the population propor- 

tion? (This is called destructive testing; i.e., the product being 

tested is destroyed by the test and is then unavailable to be sold.) 

b. Suppose that the representative tests 50 bags, and 42 of them do 

the job as claimed. Construct a 95% confidence interval estimate 

for the population proportion that will do the job as claimed. 

c. How can the representative use the results of (b) to determine 

whether to sell the Ice Melt product? 

8.64 Claims fraud (illegitimate claims) and buildup (exaggerated 

loss amounts) continue to be major issues of concern among auto- 

mobile insurance companies. Fraud is defined as specific material 

misrepresentation of the facts of a loss; buildup is defined as the 

inflation of an otherwise legitimate claim. A recent study examined 

auto injury claims closed with payment under private passenger cov- 

erages. Detailed data on injury, medical treatment, claimed losses, 

and total payments, as well as claim-handling techniques, were col- 

lected. In addition, auditors were asked to review the claim files to 

indicate whether specific elements of fraud or buildup appeared in 

the claim and, in the case of buildup, to specify the amount of excess 

payment. The file contains data for 90 randomly 
selected auto injury claims. The following variables are included: 

CLAIM—Claim ID; BUILDUP—1 if buildup indicated, 0 if not; 

and EXCESSPAYMENT—excess payment amount, in dollars. 

a. Construct a 95% confidence interval for the population propor- 
tion of all auto injury files that have exaggerated loss amounts. 

b. Construct a 95% confidence interval for the population mean 
dollar excess payment amount. 

8.65 A quality characteristic of interest for a tea-bag-filling pro- 
cess is the weight of the tea in the individual bags. In this example, 
the label weight on the package indicates that the mean amount is 
5.5 grams of tea in a bag. If the bags are underfilled, two problems 
arise. First, customers may not be able to brew the tea to be as 
strong as they wish. Second, the company may be in violation of 
the truth-in-labeling laws. On the other hand, if the mean amount of 

tea in a bag exceeds the label weight, the company is giving away 

product. Getting an exact amount of tea in a bag is problematic 

because of variation in the temperature and humidity inside the fac- 

tory, differences in the density of the tea, and the extremely fast fill- 

ing operation of the machine (approximately 170 bags per minute). 

The following data (stored in (2°U2"")) are the weights, in grams, of 

a sample of 50 tea bags produced in one hour by a single machine: 

§.65 5A4 5,42. SAO + 5,535.34 5.54 BAS S5270A1 
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a. Construct a 99% confidence interval estimate for the population 

mean weight of the tea bags. 

b. Is the company meeting the requirement set forth on the label 

that the mean amount of tea in a bag is 5.5 grams? 

¢. Do you think the assumption needed to construct the confidence 

interval estimate in (a) is valid? 

8.66 Call centers today play an important role in managing day- 

to-day business communications with customers. It’s important, 

therefore, to monitor a comprehensive set of metrics, which can 

help businesses understand the overall performance of a call center. 

One key metric for measuring overall call center performance is 

service level, which is defined as the percentage of calls answered 

by a human agent within a specified number of seconds. The file 

contains the following data for time, in seconds, to 
answer 50 incoming calls to a financial services call center: 

16 14 16 19 6 14 15 5 16 18 17 22 6 18 10 15 12 
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a. Construct a 95% confidence interval estimate for the population 

mean time, in seconds, to answer incoming calls. 

b. What assumption do you need to make about the population to 

construct the interval in (a)? 

c. Given the data presented, do you think the assumption needed 
in (a) is valid? Explain. 

8.67 The manufacturer of Boston and Vermont asphalt shingles 

knows that product weight is a major factor in a customer’s per- 

ception of quality. The last stage of the assembly line packages the 

shingles before they are’ placed on wooden pallets. Once a pallet 

is full (a pallet for most brands holds 16 squares of shingles), it is 

weighed, and the measurement is recorded. The file ES contains 

the weight (in pounds) from a sample of 368 pallets of Boston shin- 

gles and 330 pallets of Vermont shingles. 

a. For the Boston shingles, construct a 95% confidence interval 

estimate for the mean weight. 

b. For the Vermont shingles, construct a 95% confidence interval 

estimate for the mean weight. 
¢. Do you think the assumption needed to construct the confidence 

interval estimates in (a) and (b) is valid? 

d. Based on the results of (a) and (b), what conclusions can you reach 

concerning the mean weight of the Boston and Vermont shingles? 

8.68 The manufacturer of Boston and Vermont asphalt ‘shingles 
provides its customers with a 20-year warranty on most of its prod- 
ucts. To determine whether a shingle will last the entire warranty 
period, accelerated-life testing is conducted at the manufacturing 
plant. Accelerated-life testing exposes the shingle to the stresses 



it would be subject to in a lifetime of normal use via a laboratory 
experiment that takes only a few minutes to conduct. In this test, a 
shingle is repeatedly scraped with a brush for a short period of time, 
and the shingle granules removed by the brushing are weighed (in 
grams). Shingles that experience low amounts of granule loss are 
expected to last longer in normal use than shingles that experience 
high amounts of granule loss. In this situation, a shingle should 
experience no more than 0.8 grams of granule loss if it is expected 
to last the length of the warranty period. The file contains 
a sample of 170 measurements made on the company’s Boston shin- 
gles and 140 measurements made on Vermont shingles. 
a. For the Boston shingles, construct a 95% confidence interval 

estimate for the mean granule loss. 

Managing Ashland MultiComm Services 
Marketing Manager Lauren Adler seeks to increase the num- 

ber of subscribers to the AMS 3-For-All cable TV and Internet 

and smartphone service. Her staff has designed the following 

10-question survey to help determine various characteristics of 

households who subscribe to AMS cable or cellphone services. 

1. Does your household subscribe to smartphone service from 

Ashland? 

1) Yes (2) No 

2. Does your household subscribe to Internet service from 

Ashland? 

(1) Yes (2) No 

3. How often do you watch streaming video on any device? 

(1) Every day (2) Most days 

(3) Occasionally or never 

4. What type of cable television service do you have? 

(1) Basic or none (2) Enhanced 

5. How often do you watch premium content that requires an 

extra fee? 

(1) Almost every day (2) Several times a week 

(3) Rarely (4) Never 

6. Which method did you use to obtain your current AMS 

subscription? 
(2) AMS toll-free number 

(4) In-store signup 
(1) AMS email/text offer 

(3) AMS website 

(5) MyTVLab promotion 

7. Would you consider subscribing to the 3-For-All service for 

a trial period if a discount were offered? 

(CL) Yes (2) No 

(If no, skip to question 9.) 

If purchased separately, cable TV and Internet and 

smartphone service would currently cost $160 per 

month. How much would you be willing to pay per 

month for the 3-For-All service? 

Ne 

Cases er) 

b. For the Vermont shingles, construct a 95% confidence interval 
estimate for the mean granule loss. 

c. Do you think the assumption needed to construct the confidence 

interval estimates in (a) and (b) is valid? 

d. Based on the results of (a) and (b), what conclusions can you 

reach concerning the mean granule loss of the Boston and Ver- 

mont shingles? 

REPORT WRITING EXERCISE 

8.69 Referring to the results in Problem 8.66 concerning the answer 

time of calls, write a report that summarizes your conclusions. 

ure Pals Es th 

9. Does your household use another provider of cellphone 

services? 

(omyves (2) No 

10. AMS may distribute vouchers good for one free smart- 

phone for subscribers who agree to a two-year sub- 

scription contract to the 3-For-All service. Would being 

eligible to receive a voucher cause you to agree to the 

two-year term? 

(1) Yes (2) No 

Of the 500 households selected that subscribe to cable tele- 

vision service from Ashland, 82 households either refused to 

participate, could not be contacted after repeated attempts, 

or had telephone numbers that were not in service. The sum- 

mary results for the 418 households that were contacted are as __. 

follows: 

Household Has AMS Smartphone Service Frequency 

Yes 83 

No 335 

Household Has AMS Internet Service Frequency 

Yes 262 

No ; 156 

Streams Video Frequency 

Every day 170 

Most days 166 

Occasionally or never 82 

Type of Cable Service Frequency 

Basic or none 164 

Enhanced 254 

Watches Premium Content Frequency 

Almost every day 16 

Several times a week 40 

Rarely 179 

Never 183 
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Method Used to Obtain Subscription Frequency 

AMS email/text offer 70 

AMS toll-free number 64 

AMS website 236 

In-store signup 36 

MyTVLab promotion 12 

Would Consider Discounted Trial Offer Frequency 

YES 40 

No 378 

Trial Monthly Rate ($) Willing to Pay (stored in 

100 79 114 50 91 106 67 110 70 113 90 115 98 75 119 

100 90 60 89 105 65 91 8691 84 92 95 85 80 108 

90 97 79 91 125 99 98 5077 85 

Uses Another Cellphone Provider Frequency 

Yes 369 

No 49 

Voucher for Two-Year Agreement Frequency 

Yes 38 

No 380 

Analyze the results of the survey of Ashland households 

that receive AMS cable television service. Write a report that 

discusses the marketing implications of the survey results for 

Ashland MultiComm Services. 

Digital Case 
Apply your knowledge about confidence interval estimation in 

this Digital Case, which extends the MyTVLab Digital Case 

from Chapter 6. 

Among its other features, the MyTVLab website allows cus- 

tomers to purchase MyTVLab LifeStyles merchandise online. 

To handle payment processing, the management of MyTVLab 

has contracted with the following firms: 

¢ PayAFriend (PAF)—This is an online payment system with 

which customers and businesses such as MyTVLab register 

in order to exchange payments in a secure and convenient 

- manner without the need for a credit card. 

* Continental Banking Company (Conbanco)—This pro- 

cessing services provider allows MyTVLab customers to 

pay for merchandise using nationally recognized credit cards 

issued by a financial institution. 

To reduce costs, management is considering eliminating one 

of these two payment systems. However, Lorraine Hildick of the 

sales department suspects that customers use the two forms of 
payment in unequal numbers and that customers display dif- 
ferent buying behaviors when using the two forms of payment. 
Therefore, she would like to first determine the following: 

* The proportion of customers using PAF and the proportion of 
customers using a credit card to pay for their purchases. 

* The mean purchase amount when using PAF and the mean 
purchase amount when using a credit card. 

Assist Ms. Hildick by preparing an appropriate analysis. 
Open PaymentsSample.pdf, read Ms. Hildick’s comments, and 

use her random sample of 50 transactions as the basis for your 

analysis. Summarize your findings to determine whether Ms. 

Hildick’s conjectures about MyTVLab LifeStyle customer pur- 

chasing behaviors are correct. If you want the sampling error to 

be no more than $3 when estimating the mean purchase amount, 

is Ms. Hildick’s sample large enough to perform a valid analysis? 

Sure Value Convenience Stores 

You work in the corporate office for a nationwide convenience 

store franchise that operates nearly 10,000 stores. The per-store 

daily customer count has been steady, at 900, for some time (1.e., 

the mean number of customers in a store in one day is 900). To 

increase the customer count, the franchise is considering cutting 

coffee prices. The 12-ounce size will now be $0.59 instead of 

$0.99, and the 16-ounce size will be $0.69 instead of $1.19. 

Even with this reduction in price, the franchise will have a 40% 

gross margin on coffee. To test the new initiative, the franchise 

has reduced coffee prices in a sample of 34 stores, where cus- 

tomer counts have been running almost exactly at the national 

average of 900. After four weeks, the sample stores stabilize at a 

mean customer count of 974 and a standard deviation of 96. This 

increase seems like a substantial amount to you, but it also seems 

like a pretty small sample. Is there some way to get a feel for 

what the mean per-store count in all the stores will be if you cut 

coffee prices nationwide? Do you think reducing coffee prices 

is a good strategy for increasing the mean number of customers? 

CardioGood Fitness 
Return to the CardioGood Fitness case first presented on page 33. 

Using the data stored in [eet flerrre ts tes: 

1. Construct 95% confidence interval estimates to create a 

customer profile for each CardioGood Fitness treadmill 

product line. 

2. Write a report to be presented to the management of Cardio- 

Good Fitness detailing your findings. 

More Descriptive Choices Follow-Up 
Follow up the More Descriptive Choices Revisited, Using Sta- 

tistics scenario on page 147 by constructing 95% confidence 

intervals estimates of the one-year return percentages, five-year 

return percentages, and ten-year return percentages for the sam- 

ple of growth and value funds and for the small, mid-cap, and 

large market cap funds (stored in ESSE SR"). In your 
analysis, examine differences between the growth and value 
funds as well as the differences among the small, mid-cap, and 
large market cap funds. 

Clear Mountain State Student Survey 
The Student News Service at Clear Mountain State University 
(CMSU) has decided to gather data about the undergraduate 
students who attend CMSU. They create and distribute‘a survey 
of 14 questions and receive responses from 111 undergraduates 
(stored in EQWEESSS"NE")). For each variable included in the sur- 
vey, construct a 95% confidence interval estimate for the population 
characteristic and write a report summarizing your conclusions. 



“EXCEL GUIDE 

Key Technique Use the NORMS. INV(cumulative per- 
centage) to compute the Z value for one-half of the (1 — a) 
value and use the CONFIDENCE(1 —confidence level, pop- 
ulation standard deviation, sample size) function to compute 
the half-width of a confidence interval. 

Example Compute the confidence interval estimate for 
the mean for the Example 8.1 mean fill amount problem on 
page 249, 

PHStat Use Estimate for the Mean, sigma known. 

For the example, select PHStat > Confidence Intervals > 

Estimate for the Mean, sigma known. In the procedure’s 

dialog box (shown below): 

1. Enter 15 as the Population Standard Deviation. 

2. Enter 95 as the Confidence Level percentage. 

3. Click Sample Statistics Known and enter 100 as the 

Sample Size and 369.27 as the Sample Mean. 

4. Enter a Title and click OK. 

Estimate for the Mean, sigma known Xx ] 

Data ae Sage Sane oe 
| Population Standard Deviation: [15 
| 
| Confidence Level: [os % 1 
| 1 

| 
{ 

| 
| 
| 

When using unsummarized data, click Sample Statistics 

Unknown and enter the Sample Cell Range in step 3. 

Workbook Use the COMPUTE worksheet of the CIE 

sigma known workbook as a template. 

The worksheet already contains the data for the example. For 

other problems, change the Population Standard Deviation, 

Sample Mean, Sample Size, and Confidence Level values 

in cells B4 through B7. 

Key Technique Use the T.JINV.2T(1 -confidence level, 

degrees of freedom) function to determine the critical value 

from the ¢ distribution. 

Example Compute the Figure 8.7 confidence interval esti- 

mate for the mean sales invoice amount on page 253. 

PHStat Use Estimate for the Mean, sigma unknown. 

For the example, select PHStat > Confidence Intervals > 

Estimate for the Mean, sigma unknown. In the procedure’s 

dialog box (shown below): 

1. Enter 95 as the Confidence Level percentage. 

2. Click Sample Statistics Known and enter 100 as the 

Sample Size, 110.27 as the Sample Mean, and 28.95 7 

as the Sample Std. Deviation. 

3. Enter a Title and click OK. 

| Estimate forthe eae sigma unknown x 

| ;~ Data — aC Ee eat 

Confidence Level: | 

~ Input Options ———————---- | 
| | (© Sample Statistics Known \| 

Sample Size: | 

Sample Mean: 110,27 | 
||| Sample Std, Deviation: [28.95 | | 

{ 

| 
| 

Sample Statistics Unknown 

[~ Finite Population Correction 

Population Size; 

When using unsummarized data, click Sample Statistics 

Unknown and enter the Sample Cell Range in step 2. 

Workbook Use the COMPUTE worksheet of the CIE 

sigma unknown workbook as a template. 

The worksheet already contains the data for the example. For 

other problems, change the Sample Standard Deviation, 

Sample Mean, Sample Size, and Confidence Level values 

in cells B4 through B7. 
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EG8.3 CONFIDENCE INTERVAL ESTIMATE 
for the PROPORTION 

Key Technique Use the NORM.S.INV((1-confidence 

level)/2) function to compute the Z value. 

Example Compute the Figure 8.12 confidence interval esti- 

mate for the proportion of in-error sales invoices on page 259. 

PHStat Use Estimate for the Proportion. 

For the example, select PHStat > Confidence Intervals > 

Estimate for the Proportion. In the procedure’s dialog box 

(shown below): 

1. Enter 100 as the Sample Size. 

2. Enter 10 as the Number of Successes. 

3. Enter 95 as the Confidence Level percentage. 

4. Enter a Title and click OK. 

Estimate for the Proportion Xx 

~ Data - —— — 
Sample Size: [100 || 
Number of Successes: fio | | 

| ‘Confidence bevels 1s ai | 

y= Gutpun Options eae | 
| Tite: 

|| [~ Finite Population Correction 
Dar dation | 

Workbook Use the COMPUTE worksheet of the CIE 

Proportion workbook as a template. 

The worksheet already contains the data for the example. To 

compute confidence interval estimates for other problems, 

change the Sample Size, Number of Successes, and Confi- 

dence Level values in cells B4 through B6. 

EG8.4 DETERMINING SAMPLE SIZE 

Sample Size Determination for the Mean 

Key Technique Use the NORM.S.INV((1—confidence 

level)/2) function to compute the Z value and use the 

ROUNDUP calculated sample size, 0) function to round up 

the computed sample size to the next higher integer. 

Example Determine the sample size for the Figure 8.13 

mean sales invoice amount example on page 262. 

PHStat Use Determination for the Mean. 

For the example, select PHStat> Sample Size > Determi- 
nation for the Mean. In the procedure’s dialog box (shown 
at the top right): 

1. Enter 25 as the Population Standard Deviation. 
2. Enter 5 as the Sampling Error. 
3. Enter 95 as the Confidence Level percentage. 
4. Enter a Title and click OK. 

Sample Size Determination for the Mean x 

; | 
| ;-Oate === ae (4 
\ Population Standard Deviation: [25 || 

| Sampling Error: [5 

Confidence Level: fos % 1 

;~ Output Options 

| Tits 
| 

| [~ Finite Population Correction } | 

| = 
PA ron Fe 

Workbook Use the COMPUTE worksheet of the Sample 

Size Mean workbook as a template. 

The worksheet already contains the data for the example. For 

other problems, change the Population Standard Deviation, 

Sampling Error, and Confidence Level values in cells B4 

through B6. 

Sample Size Determination for the Proportion 

Key Technique Use the NORM.S.INV and ROUNDUP 
functions discussed previously to help determine the sample 

size needed for estimating the proportion. 

Example Determine the sample size for the Figure 8.14 

proportion of in-error sales invoices example on page 264. 

PHStat Use Determination for the Proportion. 

For the example, select PHStat> Sample Size > Determi- 

nation for the Proportion. In the procedure’s dialog box 
(shown below): 

1. Enter 0.15 as the Estimate of True Proportion. 

2. Enter 0.07 as the Sampling Error. 

3. Enter 95 as the Confidence Level percentage. 

4. Enter a Title and click OK. 

Sample Size Determination for the Propor... X 

| Data 
[ Estimate of True Proportion fo.1s 

| Sampling Error [0.07 | 

| | Confidence Level 9 % 
[ote op a eet eter el eerie 

| (Output Options —— SST | 

| Tite: | 
| ; 

| 7 Fete Population Correction | 
Populstion Size | | 

Workbook Use the COMPUTE worksheet of the Sample 

Size Proportion workbook as a template. 

The worksheet already contains the data for the example. To 
compute confidence interval estimates for other problems, 
change the Estimate of True Proportion, Sampling Error, 
and Confidence Level in cells B4 through B6. ; 
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Hypothesis Testing 
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EXCEL GUIDE 

Learn the principles 

of hypothesis testing 

. i a m Use hypothesis testing to 

¥ USING STATISTICS 
test a mean or proportion 

Evaluate the assumptions 

Significant Testing at Oxford Cereals of each hypothesis- 
] testing procedure 

s in Chapter 7, you again find yourself as plant operations manager for Oxford Cereals. and understand the 

‘ _. Among other duties you are responsible for monitoring the amount in each cereal box consequences if 
{~~ s filled. Company specifications require a mean weight of 368 grams per box. You must assumptions are seriously 
adjust the cereal-filling process when the mean fill-weight in the population of boxes differs violated 
from 368 grams. Adjusting the process requires shutting down the cereal production line 

temporarily, so you do not want to make unnecessary adjustments. | 

What decision-making method can you use to decide if the cereal-filling process needs to 
be adjusted? You decide to begin by selecting a random sample of 25 filled boxes and weighing j 

each box. From the weights collected, you compute a sample mean. How could that sample Avoid the pitfalls involved 

mean be used to help decide whether adjustment is necessary? ! in hypothesis testing 

Become aware of 

hypothesis testing pitfalls 

and ethical issues 
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Chapter 7 discusses methods to determine,whether the value of a sample mean is consistent with 

a known population mean. In this second Oxford Cereals scenario, you seek to use a sample mean 

to validate a claim about the population mean, a somewhat different analysis. For such analyses, 

you use the inferential method called hypothesis testing. In hypothesis testing, you state a claim, or 

null hypothesis, unambiguously. You examine a sample statistic to see if it better supports the null 

hypothesis or a mutually exclusive alternative hypothesis. 

9.1 Fundamentals of Hypothesis Testing 

student TIP 
Hypothesis testing 

reaches conclusions 

about parameters, not 

statistics. 

Hypothesis testing analyzes differences between a sample statistic and the results one would 

expect if a null hypothesis was true. In doing so, hypothesis testing enables one to make infer- 

ences about a population parameter that are based on the sample statistic a hypothesis test 

examines. For the Oxford Cereals scenario, hypothesis testing would permit you to infer from 

a random sample either 

¢ the mean weight of the cereal boxes in a sample is a value consistent with what you would 

expect if the mean of the entire population of cereal boxes were 368 grams, or 

¢ the population mean is not equal to 368 grams because the sample mean is significantly 

different from 368 grams. 

The null hypothesis, represented by the symbol Hp, often states a status quo case. For the 

Oxford Cereals scenario, a status quo case would be the cereal-filling process is working as 

intended, and therefore, the population mean fill amount is 368 grams, stated as 

Ho: w = 368 

The alternative hypothesis, represented by the symbol Hj, states a claim that is con- 

trary to the null hypothesis. For the Oxford Cereals scenario, the contrary claim would be 

stated as 

Hy: LM ~ 368 

A pair of null and alternative hypotheses are always mutually exclusive—only one of them 

can be true. To use the hypothesis test methods that this book discusses, a pair of null and alterna- 

tive hypotheses must also be collectively exhaustive, as the pair for the Oxford Cereals scenario 

is. Note that the null and alternative hypotheses are always stated in terms of the population 

parameter because a hypothesis test always examines a sample statistic. 

One rejects the null hypothesis in favor of the alternative hypothesis when a hypothesis test 

provides sufficient evidence from the sample data to show that the null hypothesis is false. The 

alternative hypothesis is often the focus of underlying research. For example, in new product 

research, the null hypothesis would be that the new product is as equally effective as existing 

products, even if the focus of the research was providing evidence that suggests the product is 

different. In the Oxford Cereals scenario, discovering sufficient evidence that would cause you 

to reject the null hypothesis would lead to corrective action: stopping production and taking 

corrective action. In a sense, hypothesis testing for this case is focused on whether these special 
actions are required. 

Finding insufficient evidence causes one not to reject the null hypothesis. This does not 

mean that hypothesis testing can “prove” that the null hypothesis is true; hypothesis testing can 

only show that the results have failed to prove that the null hypothesis is false, an important 
distinction. For the Oxford Cereals example, if one does not reject the null hypothesis, one can- 
not claim that the hypothesis test “proves” that the population mean fill amount is 368 grams. 
One can only say that insufficient evidence exists to challenge the assertion that the population 
mean is 368 grams. 

Understanding precisely what hypothesis testing does and avoiding misstatements about 
hypothesis testing, such as that a test has proved a null (or alternative) hypothesis claim to be 
true, forms the basis for using hypothesis testing correctly. Exhibit 9.1 on page 277 summarizes 
the concepts that one needs to know to use hypothesis testing knowingly. 
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EXHIBIT Ee 

Fundamental Hypothesis Testing Concepts 

The null hypothesis, Ho, states a status quo claim. 

The alternative hypothesis, H;, states a claim that is contrary to the null hypothesis 
and often represents a research claim or specific inference that an analyst 
seeks to prove. 

A null and alternative pair of hypotheses are always collectively exhaustive. 

If one rejects the null hypothesis, one has strong statistical evidence that the 

alternative hypothesis is correct. 

If one does not reject the null hypothesis, one has not proven the null hypothesis. 

(Rather, one has only failed to prove the alternative hypothesis.) 

The null hypothesis always refers to a population parameter such as ys and not a 

sample statistic such as X. 

The null hypothesis always includes an equals sign when stating a claim about the 

population parameter, for example, Hp: . = 368 grams. 

The alternative hypothesis never includes an equals sign when stating a claim 

about the population parameter. 

You are the manager of a fast-food restaurant. You want to determine whether the waiting time 

to place an order has changed in the past month from its previous population mean value of 

4.5 minutes. State the null and alternative hypotheses. 

SOLUTION The null hypothesis is that the population mean has not changed from its previous 

value of 4.5 minutes. This is stated as 

Ho mw = 4.5 

The alternative hypothesis is the opposite of the null hypothesis. Because the null hypothesis is 

that the population mean is 4.5 minutes, the alternative hypothesis is that the population mean 

is not 4.5 minutes. This is stated as 

Hip #45 

The Critical Value of the Test Statistic 
Hypothesis testing uses sample data to determine how likely it is that the null hypothesis is true. In 

the Oxford Cereals example, the null hypothesis is that the mean amount of cereal per box in the 

entire filling process is 368 grams, the population parameter specified by the company. To test this 

hypothesis, one selects a sample of filled boxes, weighs each box, and calculates the sample mean X. 

This sample statistic is an estimate of the corresponding parameter, the population mean, w. 

Even if the null hypothesis is true, the sample statistic X is likely to differ from the value of the 

parameter (the population mean, jz) because of variation due to sampling. One does expect the 

sample statistic to be close to the population parameter if the null hypothesis is true. 

If the sample statistic is close to the population parameter, one has insufficient evidence 

to reject the null hypothesis. For example, if the sample mean is 367.9 grams, one might 

conclude that the population mean has not changed (that 41 = 368) because a sample mean of 

367.9 grams is very close to the hypothesized value of 368 grams. However, if there is a large 

difference between the value of the sample statistic and the hypothesized value of the population 

parameter, one might conclude that the null hypothesis is false. For example, if the sample mean 

is 320 grams, one might conclude that the population mean is not 368 grams (i.e., 4 ~ 368) 

because the sample mean is very far from the hypothesized value of 368 grams. Intuitively, 

one might conclude that getting a sample mean of 320 grams if the population mean is actually 
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student TIP 
Every test statistic 

follows a specific 

sampling distribution. 

FIGURE 9.1 

Regions of rejection 

and nonrejection in 

hypothesis testing 

368 grams is very unlikely. Therefore, it is: more logical to conclude that the population mean 

is not equal to 368 grams and to reject the null hypothesis. 

However, the decision-making process is not always so clear-cut. Determining what is “very 

close” and what is “very different” is arbitrary without clear definitions. Hypothesis-testing meth- 

odology provides clear definitions for evaluating differences, This methodology quantifies the 

decision-making process by calculating the probability of getting a certain sample result if the null 

hypothesis is true. The methodology determines this probability by first calculating the sampling 

distribution for the sample statistic of interest, such as a sample mean, and then calculating the 

test statistic for the sample. Because the sampling distribution for the test statistic often follows 

a well-known statistical distribution, such as the standardized normal distribution or f distribution, 

one of these well-known distributions can help determine whether the null hypothesis is true. 

Regions of Rejection and Nonrejection 
The sampling distribution of the test statistic is divided into two regions, a region of rejection 

(sometimes called the critical region) and a region of nonrejection (see Figure 9.1). If the test 

statistic falls into the region of nonrejection, one does not reject the null hypothesis. For the 

Oxford Cereals scenario, that outcome would enable one to conclude that there is insufficient 

evidence that the population mean fill is different from 368 grams. If the test statistic falls into 

the rejection region, one rejects the null hypothesis. For the Oxford Cereals scenario, that out- 

come would enable one to conclude that the population mean is not 368 grams. 

fae t oe 
Critical Critical 

‘ Val 
Region of eee Region of bile Region of 
Rejection Nonrejection Rejection 

The region of rejection consists of the values of the test statistic that are unlikely to occur if 

the null hypothesis is true. These values are much more likely to occur if the null hypothesis is 

false. Therefore, if a value of the test statistic falls into this rejection region, one rejects the null 

hypothesis because that value is unlikely if the null hypothesis is true. 

To make a decision concerning the null hypothesis, one first determines the critical value 

of the test statistic. The critical value divides the nonrejection region from the rejection region. 
Determining the critical value depends on the size of the rejection region. The size of the 
rejection region is directly related to the risks involved in using only sample evidence to make 
decisions about a population parameter. 

Risks in Decision Making Using Hypothesis Testing 
Using hypothesis testing involves the risk of reaching an incorrect conclusion. One might 
wrongly reject a true null hypothesis, Ho, or conversely, one might wrongly not reject a false 
null hypothesis, Ho. These types of risk are called Type I and Type II errors. 

TYPE | AND TYPE I! ERRORS 

A Type [error occurs if one rejects the null hypothesis, Hp, when it is true and should not 
be rejected. A Type I error is a “false alarm.” The probability of a Type I error occurring is a. 

A Type II error occurs if one does not reject the null hypothesis, Ho, when it is false and 
should be rejected. A Type II error represents a “missed Opportunity” to take some correc- 
tive action. The probability of a Type II error occurring is B. ) 
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In the Oxford Cereals scenario, a Type I error would occur if one concluded that the 

population mean fill is not 368 grams when it is 368 grams. This error would cause one to need- 

lessly adjust the filling process (the “false alarm”) even though the process is working properly. 

A Type II error would occur if one concluded that the population mean fill is 368 grams when 

it is not 368 grams. In this case, one would allow the process to continue without adjustment, 

even though an adjustment is needed (the “missed opportunity”). 

Traditionally, one controls the Type I error by determining the risk level, a (the lowercase 

Greek letter alpha), that one is willing to have of rejecting the null hypothesis when it is true. 

This risk, or probability, of committing a Type I error is known as the level of significance 

(a). Because one specifies the level of significance before one performs a hypothesis test, one 

directly controls the risk of committing a Type I error. 

Choosing the risk level for making a Type I error depends on the cost of making a Type I 

error, with risk levels of 0.01, 0.05, or 0.10, being the most common choices. After one spec- 

ifies the value for a, one can then determine the critical values that divide the rejection and 

nonrejection regions. One knows the size of the rejection region because a is the probability of 

rejection when the null hypothesis is true. From this, one can then determine the critical value 

or values that divide the rejection and nonrejection regions. 

The probability of committing a Type II error is called the B risk. This probability depends 

on the difference between the hypothesized and actual values of the population parameter. 

Unlike the Type I error, one cannot specify this risk. Because large differences are easier to find 

than small ones, if the difference between the hypothesized and actual values of the population 

parameter is large, 8 is small. For example, if the population mean is 330 grams, there is a small 

chance (f) that one will conclude that the mean has not changed from 368 grams. However, if 

the difference between the hypothesized and actual values of the parameter is small, 6 is large. 

For example, if the population mean is actually 367 grams, there is a large chance (8) that one 

will conclude that the mean is still 368 grams. 

Error Type Probability of Error User-specified Risk 

Type I level of significance, a Yes 

Type II B risk No 

Complements of Type I and Type II Errors The complement of the probability 

of a Type I error, (1 — a), is called the confidence coefficient. The confidence coefficient is 

the probability that one will not reject the null hypothesis, Hp, when it is true and should not be 

rejected. For the Oxford Cereals scenario, the confidence coefficient measures the probability 

of concluding that the population mean fill is 368 grams when it is actually 368 grams. 

The complement of the probability of a Type II error, (1 — £), is called the power of a 

statistical test. The power of a statistical test is the probability that one will reject the null 

hypothesis when it is false and should be rejected. For the Oxford Cereals scenario, the power 
of the test is the probability that one will correctly conclude that the mean fill amount is not 

368 grams when it actually is not 368 grams. 

Table 9.2 summarizes the outcomes of not rejecting Ho or rejecting Hy when using hypothesis 

testing to support decision making. 

ACTUAL SITUATION 

STATISTICAL DECISION Hy True Hy False 

Do not reject Hy Correct decision Type II error 
Confidence coefficient = (1 — a) P(Type II error) = B 

Reject Hy Type I error Correct decision 
P(Type I error) = a Power = (1 — 8) 
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One way to reduce the probability of making a Type II error is by increasing the sample 

size. Large samples generally permit the detection of even very small differences between 

the hypothesized values and the actual population parameters. For a given level of a, increasing 

the sample size decreases B, thereby increasing the power of the statistical test to detect that the 

null hypothesis, Hp, is false. 

For any given sample size, one must consider the trade-offs between the two possible types of 

errors. Because one can directly control the risk of a Type I error, one can reduce this risk by select- 

ing a smaller value for a. For example, if the negative consequences associated with making a Type I 

error are substantial, one could select a = 0.01 instead of 0.05. However, when one decreases a, 

B increases, so reducing the risk of a Type I error results in an increased risk of a Type II error. 

However, to reduce , you could select a larger value for a. If avoiding a Type II error is an import- 

ant goal, one can increase a, using a value such as 0.05 or 0.10 instead of a value such as 0.01. 

For the Oxford Cereals scenario, the risk of a Type I error occurring involves concluding 

that the mean fill amount has changed from the hypothesized 368 grams when it actually has 

not changed, The risk of a Type I error occurring involves concluding that the mean fill amount 

has not changed from the hypothesized 368 grams when it actually has changed. The choice of 

reasonable values for a and B depends on the costs inherent in each type of error. For example, 

if itis very costly to change the cereal-filling process, one would want to be very confident that 

a change is needed before making any changes. In this case, the risk of a Type I error occurring 

is more important, and one would choose a small a. However, if one wants to be very certain 

of detecting changes from a mean of 368 grams, the risk of a Type II error occurring is more 

important, and one would choose a higher level of a. 

Now that one has been introduced to hypothesis testing, recall that in the Oxford Cereals 

scenario, the business problem is to determine if the mean fill-weight in the population of boxes 

in the cereal-filling process differs from 368 grams. One would first select a random sample of 

25 boxes, weigh each box, and calculate the sample mean, X. Then, one would evaluate the dif- 

ference between this sample statistic and the hypothesized population parameter by comparing 

the sample mean weight (in grams) to the expected population mean of 368 grams specified by 

the company, stating the null and alternative hypotheses as 

Hp: p = 368 
Ay: ~ 368 

Z Test for the Mean (co Known) 
When the standard deviation, o, is known (a rare occurrence), one uses the Z test for the mean if 

the population is normally distributed. If the population is not normally distributed, one can still 

use the Z test if the sample size is large enough for the Central Limit Theorem to take effect (see 

Section 7.2). Equation (9.1) defines the Zs747 test statistic for determining the difference between 
the sample mean, X, and the population mean, jz, when the standard deviation, a, is known. 

Z TEST FOR THE MEAN (0 KNOWN) 

X-p 
Oo 

Vn 

Zstat = (9.1) 

In Equation (9.1), the numerator measures the difference between the observed sample 
mean, X, and the hypothesized mean, 4. The denominator is the standard error of the mean, so 
Zsrar represents the difference between X and y in standard error units. 

Hypothesis Testing Using the Critical Value Approach 
The critical value approach compares the value of the computed Zg7,47 test statistic from Equa- 
tion (9.1) to critical values that divide the normal distribution into regions of rejection and 
nonrejection. The critical values are expressed as standardized Z values that are determined by 
the level of significance. 
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For example, if one uses a level of significance of 0.05, the size of the rejection region is 

0.05. Because the null hypothesis contains an equal sign and the alternative hypothesis contains 

a not equal sign, one has a two-tail test in which the rejection region is divided equally among 

the two tails of the distribution, 0.025 for each tail. For this two-tail test, a rejection region of 

0.025 in each tail of the normal distribution results in a cumulative area of 0.025 below the lower 

critical value, a cumulative area of 0.975 (1 — 0.025) below the upper critical value. According to 

the cumulative standardized normal distribution table (Table E.2), the critical values that divide 

the rejection and nonrejection regions are — 1.96 and +1.96. 

Figure 9.2 illustrates that if the mean is actually 368 grams, as Hp claims, the values of the 

ZsTaT test Statistic have a standardized normal distribution centered at Z = 0 (which corresponds 

to an X value of 368 grams). Values of Zs747 greater than +1.96 and less than —1.96 indicate 

that X is sufficiently different from the hypothesized ~ = 368 that such an X value would be 

unlikely to occur if Hp were true. 

-1.96 +1.96 | 74 

| 
Region of Region of Region of 
Rejection Nonrejection Rejection 

| 
Critical 368 Critical x 
Value Value 

Therefore, the decision rule is 

Reject A if ZSTAT SS opi ie 

or if Zsrar << = Bier 

otherwise, do not reject Hp. 

Suppose that the sample of 25 cereal boxes indicates a sample mean, X, of 372.5 grams, and 

the population standard deviation, a, is 15 grams. Using Equation (9.1), 

Because Zs747 = +1.50 is greater than —1.96 and less than +1.96, one does not reject Hp (see 

Figure 9.3). 
One concludes that there is insufficient evidence that the mean fill amount is not 368 grams. 

To take into account the possibility of a Type II error, one does not say “the mean fill amount 

is 368 grams.” 

0 fA +150 +1.96 f Z 
Region of 
Rejection 

ae 
Region of Region of 
Rejection Nonrejection 
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Exhibit 9,2 summarizes the critical value approach to hypothesis testing. Steps | and 2 are 

part of the Define task, step 5 combines the Collect and Organize tasks, and steps 3, 4, and 6 

involve the Visualize and Analyze tasks of the DCOVA framework first introduced on page SF 

Examples 9.2 and 9.3 apply the critical value approach to hypothesis testing to Oxford Cereals 

and to a fast-food restaurant. 

EXHIBIT Bi: 

The Critical Value Approach to Hypothesis Testing 

Step 1 State the null hypothesis, Ho, and the alternative hypothesis, A). 

Step 2 Choose the level of significance, a, and the sample size, n. The level of 

significance is based on the relative importance of the risks of committing 

Type I and Type II errors in the problem. 

Step 3 Determine the appropriate test statistic and sampling distribution. 

Step 4 Determine the critical values that divide the rejection and nonrejection 

regions. 

Step 5 Collect the sample data, organize the results, and determine the value of the 
test statistic. 

Step 6 Make the statistical decision, determine whether the assumptions are valid, 

and state the managerial conclusion in the context of the theory, claim, or 

assertion being tested. If the test statistic falls into the nonrejection region, 

do not reject the null hypothesis. If the test statistic falls into the rejection 

region, reject the null hypothesis. 

| EXAMPLE 9.2 Apply the critical value approach to hypothesis testing at Oxford Cereals. 

| Applying the Critical so) ytion 

_ Value Approach to 
| Hypothesis Testing Step 1 State the null and alternative hypotheses. The null hypothesis, Hp, is always stated 

at Oxford Cereals as a mathematical expression, using population parameters. In testing whether the 

| mean fill is 368 grams, the null hypothesis states that uw equals 368. The alter- 

| native hypothesis, H, is also stated as a mathematical expression, using popula- 

: tion parameters. Therefore, the alternative hypothesis states that wu is not equal to 
368 grams. 

: 
Step 2 Choose the level of significance and the sample size. Choose the level of significance, 

a, according to the relative importance of the risks of committing Type I and Type II 

errors in the problem. The smaller the value of @,,the less risk there is of making a Type I 

error. In this example, making a Type I error means that you conclude that the popu- 

lation mean is not 368 grams when it is 368 grams. You would take corrective action 

on the filling process even though the process is working properly. In the example, 

a = 0.05, and the sample size, n, is 25. 

Step 3 Select the appropriate test statistic. Because a is known from information about the 
filling process, you use the Zys747 test statistic because, by the Central Limit Theorem, the 
sample size is large enough that the sampling distribution is approximately normally 
distributed. 

Step 4 Determine the rejection region. Critical values for the appropriate test statistic are 
selected so that the rejection region contains a total area of a when Hp is true and the 
nonrejection region contains a total area of 1 — a@ when Ap is true. Because a = 0.05 
in the cereal example, the critical values of the Z¢r47 test statistic are —1.96 and +1.96. 
The rejection region is therefore Zsp47 < —1.96 or Zsr47 > +1.96. The nonrejection 

> (continued) region is —1.96 S Zors7p S +1.96. 
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Step 5 Collect the sample data and compute the value of the test statistic. In the cereal exam- 

ple, X = 372.5, and the value of the test statistic is Zyr47 = +1.50. 

Step 6 State the statistical decision and the managerial conclusion. First, determine wheth- 

er the test statistic has fallen into the rejection region or the nonrejection region. 

For the cereal example, Zs747 = +1.50 is in the region of nonrejection because 

—1.96 S Zoryp = +1.50 = +1.96. Because the test statistic falls into the nonrejec- 

tion region, the statistical decision is to not reject the null hypothesis, Hp. The manage- 

rial conclusion is that insufficient evidence exists to prove that the mean fill is different 

{ from 368 grams. No corrective action on the filling process is needed. 

| EXAMPLE 9.3 | You are the manager of a fast-food restaurant. The business problem is to determine whether the 

| Testing and population mean waiting time to place an order has changed in the past month from its previous 
| Rejecting a Null population mean value of 4.5 minutes. From past experience, you can assume that the population 

Hypothesis is normally distributed, with a population standard deviation of 1.2 minutes. You select a sample of 

36 orders during a one-hour period. The sample mean is 5.1 minutes. Use the Exhibit 9.2 six-step 

approach on page 282 to determine whether there is evidence at the 0.05 level of significance 

‘that the population mean waiting time to place an order has changed in the past month from its 

previous population mean value of 4.5 minutes. 

? 

: 
| 
‘ 
| 

Step 1 The null hypothesis is that the population mean has not changed from its previous 

value of 4.5 minutes: 

) 
| SOLUTION 

) 

Ho: | oa 4.5 

Because the null hypothesis is that the population mean is 4.5 minutes, the alternative 

hypothesis is that the population mean is not 4.5 minutes: 

Hyp # 45 

Step 2 You have selected a sample of n = 36. The level of significance is 0.05 (@ = 0.05). 

Step 3. Because o is assumed to be known, you use the Zs7,7 test statistic because the sample | 

size is large enough so that the Central Limit Theorem tells you that the sampling dis- 

tribution is approximately normally distributed. 

| 
! 

/ 
| 
| 
| Step 4 Because a = 0.05, the critical values of the Zs747 test statistic are —1.96 and +1.96. 

| The rejection region is Zs747 < —1.96 or Zs74p > +1.96. The nonrejection region is 

—1.96 S Zorar S +1.96. 

Step 5 You collect the sample data and compute X = 5.1. Using Equation (9.1) on page 280, 

you compute the test statistic: 

X-p 51-45 
Za = —__— = +3,00 STAT Co 12 

Step 6 Because Zs747 = +3.00 > +1.96, you reject the null hypothesis. You conclude that 

there is evidence that the population mean waiting time to place an order has changed 

from its previous value of 4.5 minutes. The mean waiting time for customers is longer 

now than it was last month. As the manager, you would now want to determine how 

waiting time could be reduced to improve service. 

eres 
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student TIP 
A small (low) p-value 

indicates a small 

probability that Hp is 

true. A large (high) 

p-value indicates a large 

probability that Hp is true. 

FIGURE 9.4 

Finding a p-value 

for a two-tail test 

Hypothesis Testing Using the p-Value Approach 

The p-value is the probability of getting a test statistic equal to or more extreme than the sample 

result, given that the null hypothesis, Ho, is true, The p-value is also known as the observed level 

of significance, Using the p-value to determine rejection and nonrejection is another approach 

to hypothesis testing. 

The decision rules for rejecting Hp in the p-value approach are 

1. If the p-value is greater than or equal to a, do not reject the null hypothesis. 

2. If the p-value is less than a, reject the null hypothesis. 

Many people confuse these rules, mistakenly believing that a high p-value is reason for rejection. 

This mistake can be avoided by remembering 

If the p-value is low, then Hp must go. 

To understand the p-value approach, recall the Oxford Cereals scenario. One tested whether 

the mean fill was equal to 368 grams. The test statistic resulted in a Zs747 value of +1.50, and 

one did not reject the null hypothesis because +1.50 was less than the upper critical value of 

+1.96 and greater than the lower critical value of —1.96. 

To use the p-value approach for the two-tail test, find the probability that the test statistic 

Zsrar is equal to or more extreme than 1.50 standard error units from the center of a standard- 

ized normal distribution. In other words, one determines the probability that the Zs747 value is 

greater than +1.50 and the probability that the Zs5747 value is less than — 1.50. Using Table E.2, 

the probability of a Zs747 value below —1.50 is 0.0668, and the probability of a value below 

+1.50 is 0.9332. From the latter value, the probability of a value above +1.50 is 0.0668 

(1 — 0.9332), as Figure 9.4 shows. Therefore, the p-value for this two-tail test is 0.1336 

(0.0668 + 0.0668). The probability of a test statistic equal to or more extreme than the 

sample result is 0.1336. Because 0.1336 is greater than a = 0.05, one does not reject the 

null hypothesis. 

In this example, the observed sample mean is 372.5 grams, 4.5 grams above the hypothe- 
sized value, and the p-value is 0.1336. If the population mean is 368 grams, there is a 13.36% 
chance that the sample mean differs from 368 grams by at least 4.5 grams and, therefore, is 
=372.5 grams or $363.5 grams. Therefore, even though 372.5 grams is above the hypothe- 
sized value of 368 grams, a result as extreme as or more extreme than 372.5 grams is not highly 
unlikely when the population mean is 368 grams. 

Unless one is using a test statistic that follows the normal distribution, one will only be 
able to approximate the p-value from the tables of the distribution. Programs such as Excel can 
compute the p-value for any hypothesis test with greater precision. Such computed p-values | 
enable one to substitute the p-value approach for the critical value approach when one conducts 
hypothesis testing. 
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Figure 9.5 presents the Z test for the mean results for the cereal-filling example that this 

section uses. 

FIGURE 9.5 > - 

Excel Z test for the mean gas = Test For the Mean 
2 

(a Known) results for the 3 | Data 
cereal-filling example 2 Null Hypothesis —H= “8 

5 Level of Significance 0.05 

6 Population Standard Deviation 15 

7 [Sample Size 25 

8 Sample Mean 372.5 

9 

10 Intermediate Calculations 

11 Standard Error of the Mean 3| =B6/SQRT(B7) 

12 |Z Test Statistic 1,5] =(88 - B4)/B11 

=NORM.S.INV(B5/2) 
=NORM.S.INV(1 - B5/2) 
=2* (1- NORM.S.DIST(ABS(B12), TRUE)) 

_|=1F(B17 < BS,"Reject the null hypothesis", 

"Do not reject the nuil hypothesis") 

Exhibit 9.3 summarizes the p-value approach to hypothesis testing. Note that the first three 

steps are identical to the first three steps of the critical value approach. 

EXHIBIT BERR) 

The p-Value Approach to Hypothesis Testing 

Step 1 State the null hypothesis, Ho, and the alternative hypothesis, Hj. 

Step 2 Choose the level of significance, a, and the sample size, n. The level of 

significance is based on the relative importance of the risks of committing 

Type I and Type II errors in the problem. 

Step 3 Determine the appropriate test statistic and the sampling distribution. 

Step 4 Collect the sample data and calculate the value of the test statistic. 

Step 5 Calculate the p-value. 

Step 6 Make the statistical decision and state the managerial conclusion in the 

context of the theory, claim, or assertion being tested. If the p-value is 

greater than or equal to a, do not reject the null hypothesis. If the p-value 

is less than a, reject the null hypothesis. 

Example 9.4 applies the p-value approach to the fast-food restaurant example. 

a You are the manager of a fast-food restaurant. The business problem is to determine whether the 

Testing and population mean waiting time to place an order has changed in the past month from its previous 

Rejecting a Null value of 4.5 minutes. From past experience, you can assume that the population standard deviation 
Hypothesis Using is 1.2 minutes and the population waiting time is normally distributed. You select a sample of 

the p-Value 36 orders during a one-hour period. The sample mean is 5.1 minutes. Use the Exhibit 9.3 six- 

Approach step p-value approach to determine whether there is evidence that the population mean waiting 

time to place an order has changed in the past month from its previous population mean value 

of 4.5 minutes. 

SOLUTION 

Step 1 The null hypothesis is that the population mean has not changed from its previous 

value of 4.5 minutes: 

> (continued) 
Ao: w = 4.5 
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Because the null hypothesis is that the population mean is 4.5 minutes, the alternative 

hypothesis is that the population mean is not 4.5 minutes: 

Hy: Le x 4,5 

Step 2 You have selected a sample of n = 36 and you have chosen a 0.05 level of significance 

(i.e., a = 0.05). 

Step 3 Select the appropriate test statistic. Because o is assumed known, you use the normal 

distribution and the Zo747 test statistic, 

Step 4 You collect the sample data and compute X = 5.1. Using Equation (9.1) on page 280, 

you compute the test statistic as follows: 

es ES ee 

Step 5 To find the probability of getting a Zs747 test statistic that is equal to or more extreme 

than 3.00 standard error units from the center of a standardized normal distribution, 

you determine the probability of a Zs747 value greater than +3.00 along with the proba- 

bility of a Zs747 value less than —3.00. From Table E.2, the probability of a Zs747 value 

below —3.00 is 0.00135. The probability of a value below +3.00 is 0.99865. Therefore, 

the probability of a value above +3.00 is 1 — 0.99865 = 0.00135. Thus, the p-value 

for this two-tail test is 0.00135 + 0.00135 = 0.0027. 

Step 6 Because the p-value = 0.0027 < a = 0.05, you reject the null hypothesis. You con- 

clude that there is evidence that the population mean waiting time to place an order has 

changed from its previous population mean value of 4.5 minutes. The mean waiting 

time for customers is longer now than it was last month. 

A Connection Between Confidence Interval Estimation 

and Hypothesis Testing 
This chapter and Chapter 8 discuss confidence interval estimation and hypothesis testing, 

the two major elements of statistical inference. Although confidence interval estimation and 

hypothesis testing share the same conceptual foundation, they are used for different purposes. 

In Chapter 8, confidence intervals estimated parameters. In this chapter, hypothesis testing 

makes decisions about specified values of population parameters. Hypothesis tests are used 

when trying to determine whether a parameter is less than, more than, or not equal to a speci- 

fied value. Proper interpretation of a confidence interval, however, can also indicate whether a 

parameter is less than, more than, or not equal to a specified value. For example, in this section, 
whether the population mean fill amount was different from 368 grams was tested by using 
Equation (9.1) on page 280: 

X-p 
Zstar = 

Vn 

Instead of testing the null hypothesis that 4. = 368 grams, one can reach the same conclu- 
sion by constructing a confidence interval estimate of j. If the hypothesized value of pb = 368 
is contained within the interval, one does not reject the null hypothesis because 368 would not be 
considered an unusual value. However, if the hypothesized value does not fall into the interval, 
one rejects the null hypothesis because 44 = 368 grams is then considered an unusual value. 
Using these results: 

n = 25,X = 372.5 grams, o = 15 grams 
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and Equation (8.1) on page 248, for a confidence level of 95% (a = 0.05), 

a o 
x ae Le = 

en 
15 

V5 
Sea tek sO) 

372.5 re), 88 

so that 

366.62 = w = 378.38 

Because the interval includes the hypothesized value of 368 grams, one does not reject the null 

hypothesis. There is insufficient evidence that the mean fill amount for the entire filling process 

is not 368 grams, the same conclusion reached by using a two-tail hypothesis test. 

Can You Ever Know the Population Standard Deviation? 
Section 8.1 concludes with the thought that one would be unlikely to use a confidence interval 

estimation method that required knowing o, the population standard deviation, because if one 

knew the population standard deviation, one could directly calculate the population mean— 

eliminating the need to use a method to estimate that parameter! 

Likewise, for most practical applications, one is unlikely to use a hypothesis-testing method 

that requires knowing a. If one knew the population standard deviation, one would also know the 

population mean and therefore have no need to perform a test. This observation raises the ques- 

tion “Why, then, does this section discuss the method?” Discussing the test makes explaining 

the fundamentals of hypothesis testing simpler. With a known population standard deviation, one 

can use the normal distribution and calculate p-values using the tables of the normal distribution. 

PROBLEMS FOR SECTION 9.1 

LEARNING THE BASICS 

9.1 If you use a 0.05 level of significance in a two-tail hypothesis 

test, what decision will you make if Zs747 = —1.76? 

9.2 If you use a 0.05 level of significance in a two-tail hypothesis 
test, what decision will you make if Zs747 = +2.21? 

9.3 If you use a 0.05 level of significance in a two-tail hypothesis 

test, what is your decision rule for rejecting a null hypothesis that 

the population mean equals 500 if you use the Z test? 

9.4 If you use a 0.01 level of significance in a two-tail hypothesis 

test, what is your decision rule for rejecting Hp: = 12.5 if you 

use the Z test? 

9.5 What is your decision in Problem 9.4 if Zsr47 = —2.81? 

9.6 What is the p-value if, in a two-tail hypothesis test, 

ZstaT = +2.00? 

9.7 In Problem 9.6, what is your statistical decision if you test the 

null hypothesis at the 0.05 level of significance? 

9.8 What is the p-value if, in a two-tail hypothesis test, 

ZSTAT = = 138) 

APPLYING THE CONCEPTS 

9.9 In the U.S. legal system, a defendant is presumed innocent 

until proven guilty. Consider a null hypothesis, Hp, that a defendant 

ee ne i le ee ee ae ee ae ie eae that therdetendant 

is guilty. A jury has two possible decisions: Convict the defendant 

(i.e., reject the null hypothesis) or do not convict the defendant 

(i.e., do not reject the null hypothesis). Explain the meaning of the _ 

risks of committing either a Type I or Type II error in this example. 

9.10 Suppose the defendant in Problem 9.9 is presumed guilty 

until proven innocent. How do the null and alternative hypotheses 

differ from those in Problem 9.9? What are the meanings of the risks 

of committing either a Type I or Type II error here? 

9.11 Many consumer groups feel that the U.S. Food and Drug 

Administration (FDA) drug approval process is too easy and, as 

a result, too many drugs are approved that are later found to be 

unsafe. On the other hand, a number of industry lobbyists have 

pushed for a more lenient approval process so that pharmaceutical 

companies can get new drugs approved more easily and quickly. 

Consider a null hypothesis that a new, unapproved drug is unsafe 

and an alternative hypothesis that a new, unapproved drug is safe. 

a. Explain the risks of committing a Type I or Type II error. 

b. Which type of error are the consumer groups trying to avoid? 

Explain. 

c. Which type of error are the industry lobbyists trying to avoid? 

Explain. 

d. How would it be possible to lower the chances of both Type I 

and Type II errors? 

9.12 Asaresult of complaints from both students and faculty about 

lateness, the registrar at a large university is ready to undertake a 

study to determine whether the scheduled hreak between classes 
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should be changed. Until now, the registrar has believed that there 

should be 20 minutes between scheduled classes. State the null 

hypothesis, Ho, and the alternative hypothesis, 1. 

9.13 Do business seniors at your school prepare for class more 

than, less than, or about the same as business seniors at other 

schools? The National Survey of Student Engagement (NSSE) 

annual results found that business seniors spent a mean of 13 hours 

per week preparing for class. 

a. State the null and alternative hypotheses to try to prove that the 

mean number of hours preparing for class by business seniors at 

your school is different from the 13-hour-per-week benchmark 

reported by the NSSE. 

b. What is a Type I error for your test? 

c. What is a Type II error for your test? 

oy SELF 9.14 The quality-control manager at a light emitting 7 
SUB diode (LED) factory needs to determine whether the 

mean life of a large shipment of LEDs is equal to 50,000 hours. The 

population standard deviation is 1,500 hours. A random sample of 

64 LEDs indicates a sample mean life of 49,875 hours. 

a. At the 0.05 level of significance, is there evidence that the mean 

life is different from 50,000 hours? 

b. Compute the p-value and interpret its meaning. 

c. Construct a 95% confidence interval estimate of the population 

mean life of the LEDs. 

d. Compare the results of (a) and (c). What conclusions do you reach? 

9.15 Suppose that in Problem 9.14, the standard deviation is 

500 hours. 

a. Repeat (a) through (d) of Problem 9.14, assuming a standard 

deviation of 500 hours. 

b. Compare the results of (a) to those of Problem 9.14. 

9.16 A bottled water distributor wants to determine whether the 

mean amount of water contained in 1-gallon bottles purchased from 

a nationally known water bottling company is actually 1 gallon. 

You know from the water bottling company specifications that the 

standard deviation of the amount of water per bottle is 0.02 gallon. 

You select a random sample of 50 bottles, and the mean amount of 

water per |-gallon bottle is 0.995 gallon. 

a. Is there evidence that the mean amount is different from 

1.0 gallon? (Use a = 0.01.) 

b. Compute the p-value and interpret its meaning. 

¢c. Construct a 99% confidence interval estimate of the population 

mean amount of water per bottle. 

d. Compare the results of (a) and (c). What conclusions do you 

reach? 

9.17 Suppose that in Problem 9.16, the standard deviation is 

0.012 gallon. 

a. Repeat (a) through (d) of Problem 9.16, assuming a standard 

deviation of 0.012 gallon. 

b. Compare the results of (a) to those of Problem 9.16. 

9.2 t Test of Hypothesis for the Mean (a0 Unknown) 
In most hypothesis-testing situations concerning the population mean, yz, one will hot know 

the population standard deviation, 7. However, one will always be able to calculate the sample 

standard deviation, S. If one assumes that the population is normally distributed, then the sam- 

pling distribution of the mean will follow at distribution with n — 1 degrees of freedom and the 

t test for the mean can be used. If the population is not normally distributed, one can still use 

the ¢ test if the population is not too skewed and the sample size is not too small. Equation (9.2) 
defines the test statistic for determining the difference between the sample mean, X, and the 
population mean, jz, when using the sample standard deviation, S. 

t TEST FOR THE MEAN (o@ UNKNOWN) 

X- um 
strat = 5 

Vn 

(9.2) 

where the fsr,7 test statistic follows a t distribution having n — 1 degrees of freedom. 

To illustrate the use of the f test for the mean, return to the Chapter 8 Ricknel Home Centers 
scenario on page 244. Members of the AIS team might have been assigned the business problem 
to determine if the mean amount per sales invoice has not changed from the $120 of the past 
five years. 

A t test for the mean (@ unknown) would enable team members to determine whether the 
mean amount per sales invoice is increasing or decreasing. Either the critical value or p-value 
approach could be used to evaluate this test. 

To perform this two-tail hypothesis test using either approach, begin with steps 1 through 3 
of the six-step methods that Exhibits 9.2 and 9.3 on pages 282 and 285 summarize. 
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Define the following hypotheses: 

Ho: w = 120 

Fy: se 120 

The alternative hypothesis contains the statement for which team members seek to find 

evidence. If the null hypothesis is rejected, then there is statistical evidence that the 

population mean amount per sales invoice is no longer $120. If the statistical conclusion 

is “do not reject Hp,” then the team will conclude that there is insufficient evidence to 

prove that the mean amount differs from the long-term mean of $120. 

Collect the data from a sample of n = 12 sales invoices. The team decides to use 

a = 0.05. 

Because o is unknown, the team uses the ¢ distribution and the fy7,7 test statistic. 

Team members assume that the population of sales invoices is approximately normally 

distributed in order to use the ¢ distribution because the sample size is only 12. (See 

“Checking the Normality Assumption” on page 291.) 

Continue with either the critical value approach on page 282 or the p-value approach on page 285. 

Using the Critical Value Approach 
Having completed steps 1 through 3: 

Step 4 For a given sample size, n, the test statistic ts747 follows a t distribution with n — 1 

degrees of freedom. For this problem, use the critical values of the ¢ distribution with 

12 — 1 = 11 degrees of freedom. The alternative hypothesis, H,: 4 # 120, has two 

tails. The area in the rejection region of the t distribution’s left (lower) tail is 0.025, and 

the area in the rejection region of the ¢ distribution’s right (upper) tail is also 0.025. 

From Table E.3, the critical values of t, a portion of which Table 9.3 shows, the 

critical values are + 2.2010. The decision rule is 

Reject Ap if tera < —2.2010 

or if teraz > +2.2010; 

otherwise, do not reject Hp. 

Degrees of 

Freedom Soe lie 

1 : 31.8207 63.6574 

y 0.8165 1.8856 2.9200 6.9646 9.9248 

3 0.7649 1.6377 2.3534 4.5407 5.8409 

4 0.7407 1.5332 2.1318 3.7469 4.6041 

= 0.7267 1.4759 2.0150 3.3649 4.0322 

6 0.7176 1.4398 1.9432 3.1427 3.7074 

vi 0.7111 1.4149 1.8946 2.9980 3.4995 

8 0.7064 1.3968 1.8595 2. 690) 3.3554 

9 0.7027 1.3830 1.8331 2.8214 3.2498 

0 2.7638 3.1693 

fii 2.7181 3.1058 

Source; Extracted from Table E.3. 
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FIGURE 9.6 
Testing a hypothesis for 

the mean (a0 unknown) 

at the 0.05 level of 

significance with 11 

degrees of freedom 

FIGURE 9.7 

Excel results for the sales 

invoices example t test 

Step 5 
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~2.2010 \G/ see t 
| 

| 
Region of Region of Region of 

Rejection Nonrejection Rejection 

| 

Critical $120 Critical Xe 
Value Value 

The team organizes and stores the data from a random sample of 12 sales invoices in 

Invoices § 
108.98 152/22 111.45 110.59 127.46 107.26 

93.32 91.97 111.56 75.71 128.58 135.11 

Using Equations (3.1) and (3.7) on pages 109 and 115, 

X = $112.85 and S = $20.80 

From Equation (9.2) on page 288, 

Kite pete LIBS eveAO Bs 
lstaT = wea 70.80 = —1.1908 

Va V12 
The test statistic can also be determined by software results, as the Figure 9.7 Excel results for 

this test illustrate. 

Step 6 Because —2.2010 < fgzyr = —1.1908 < 2.2010, the team does not reject Hp. The 

team has insufficient evidence to conclude that the mean amount per sales invoice dif- 

fers from $120. The audit suggests that the mean amount per invoice has not changed. 

| Sea [5 
it Test for the Hypothesis of the Mean 

=(B7 - B4)/B11 

=-T.INV.2T(BS, B12) 
=T.INV.2T(BS, B12) 

=T.DIST.2T(ABS(B13), 812) 
=IF(B18 < BS,"Reject the null hypothesis", 

"Do not reject the null hypothesis") 

Using the p-Value Approach 
Having completed steps | through 3 on page 289: 

Step 4 Using the Figure 9.7 software results, the test statistic tory7 = —1.19. 

Step 5 Using the software results, the p-value = 0.2588. 

Step 6 Because the p-value of 0.2588 is greater than a = 0.05, the team does not reject Hp. The 
data provide insufficient evidence to conclude that the mean amount per sales invoice 
differs from $120. The audit suggests that the mean amount per invoice has not changed. 



FIGURE 9.8 

Excel descriptive statistics 

and boxplot for the sales 

invoice data 

FIGURE 9.9 

Excel normal probability 

plot for the sales invoice 

data 
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The p-value indicates that if the null hypothesis is true, the probability that a sample 

of 12 invoices could have a sample mean that differs by $7.15 or more from the stated 

$120 is 0.2588. In other words, if the mean amount per sales invoice is truly $120, then 

there is a 25.88% chance of observing a sample mean below $112.85 or above $127.15. 

For this example, it is incorrect to state that there is a 25.88% chance that the null hypothesis 

is true. Remember that the p-value is a conditional probability, calculated by assuming that the 
null hypothesis is true. In general, it is proper to state the following: 

If the null hypothesis is true, there is a (p-value) < 100% chance of observing a test statistic 

at least as contradictory to the null hypothesis as the sample result. 

Checking the Normality Assumption 
Use the f test when the population standard deviation, o, is not known and is estimated using the 

sample standard deviation, S. To use the ¢ test, assume that the data represent a random sample 

from a population that is normally distributed. In practice, as long as the sample size is not very 

small and the population is not very skewed, the ¢ distribution provides a good approximation 

of the sampling distribution of the mean when o is unknown. 

There are several ways to evaluate the normality assumption necessary for using the ¢ test. One 

can examine how closely the sample statistics match the normal distribution’s theoretical properties. 

One can also construct a histogram, stem-and-leaf display, boxplot, or normal probability plot to visu- 

alize the distribution of the sales invoice amounts. For details on evaluating normality, see Section 6.3. 

Figure 9.8 presents descriptive statistics and a boxplot, and Figure 9.9 presents a normal 

probability plot for the sales invoice data. 

invoice Amount 

Mean 112.8508 

an Bae Boxplot of Invoice Amount 
Mode BN/A 

Minimum 75.71 1 1 

Maximum 152.22 J ' 
Range 76.51 H ; 

Variance 432.5565 1 1 

Standard Deviation 20.7980 _ 
4 iati 18.43% : j 

eett ot etalon 70 80 90 100 110 120 130 140 150 160 
Skewness 0.1336 Tie t ($) 

Kurtosis 0.1727 Wseelciad i Abate 
Count 12 
Standard Error 6.0033 

Normal Probability Plot for Invoice Amount 
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The mean is very close to the median, and the points on the normal probability plot appear 

to be increasing approximately in a straight line. The boxplot appears to be approximately sym- 

metrical. Thus, one can assume that the population of sales invoices is approximately normally 

distributed. The normality assumption is valid, and therefore the auditor’s results are valid. 
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The f test is a robust test. A robust test:does not lose power if the shape of the population 

departs somewhat from a normal distribution, particularly when the sample size is large enough 

to enable the test statistic ¢ to follow the ¢ distribution. However, one can reach erroneous con- 

clusions and can lose statistical power if one uses the f test incorrectly. If the sample size, n, is 

small (less than 30) and one cannot easily make the assumption that the underlying population 

is at least approximately normally distributed, then using nonparametric tests would be more 

appropriate (Bradley, Daniel). 

PROBLEMS FOR SECTION 9.2 

LEARNING THE BASICS 

9.18 If, inasample of n = 16 selected from a normal population, 

X = 56and§ = 12, what isthe value of f9747 if you are testing the 

null hypothesis Ho: uw = 50? 

9.19 In Problem 9.18, how many degrees of freedom does the 

t test have? 

9.20 In Problems 9.18 and 9.19, what are the critical values of ¢ if 

ihe level of significance, a, is 0.05 and the alternative hypothesis, 

H,, is w» # 50? 

9.21 In Problems 9.18, 9.19, and 9.20, what is your statistical deci- 

sion if the alternative hypothesis, H,,is w~ # 50? 

9.22 If, ina sample ofn = 16 selected froma left-skewed popula- 

tion, X = 65, and § = 21, would you use the f test to test the null 

hypothesis Hp: w = 60? Discuss. 

9.23 If, ina sample of n = 160 selected from a left-skewed pop- 

ulation, X = 65, and S = 21, would you use the f test to test the 

null hypothesis Ho: 4 = 60? Discuss. 

APPLYING THE CONCEPTS 

A 383 9.24 You are the manager of a restaurant for a fast-food 

ISSUE franchise. Last month, the mean waiting time at the 

drive-through window for branches in your geographic region, as 

measured from the time a customer places an order until the time 

the customer receives the order, was 3.7 minutes. You select a ran- 

dom sample of 64 orders. The sample mean waiting time is 

3.57 minutes, with a sample standard deviation of 0.8 minute. 

a. At the 0.05 level of significance, is there evidence that the popu- 

lation mean waiting time is different from 3.7 minutes? 

b. Because the sample size is 64, do you need to be concerned 

about the shape of the population distribution when conducting 

the f test in (a)? Explain. 

9.25 A manufacturer of chocolate candies uses machines to pack- 

age candies as they move along a filling line. Although the packages 

are labeled as 8 ounces, the company wants the packages to contain 

a mean of 8.15 ounces so that virtually none of the packages contain 

less than 8 ounces. A sample of 50 packages is selected periodically, 

and the packaging process is stopped if there is evidence that the 
mean amount packaged is different from 8.15 ounces. Suppose that 
in a particular sample of 50 packages, the mean amount dispensed 
is 8.159 ounces, with a sample standard deviation of 0.051 ounce. 
a. Is there evidence that the population mean amount is different 

from 8.15 ounces? (Use a 0.05 level of significance.) 
b. Determine the p-value and interpret its meaning. 

9.26 A marketing researcher wants to estimate the mean amount 

spent per year ($) on Amazon.com by Amazon Prime member shop- 

pers. Suppose a random sample of 100 Amazon Prime member 

shoppers who recently made a purchase on Amazon.com yielded 

a mean amount spent of $1,500 and a standard deviation of $200. 

a. Is there evidence that the population mean amount spent per 

year on Amazon.com by Amazon Prime member shoppers is 

different from $1,475? (Use a 0.05 level of significance.) 

b. Determine the p-value and interpret its meaning. 

9.27 The U.S. Department of Transportation requires tire manu- 

facturers to provide performance information on tire sidewalls to 

help prospective buyers make their purchasing decisions. One very 

important piece of information is the tread wear index, which indi- 

cates the tire’s resistance to tread wear. A tire with a grade of 200 

should last twice as long, on average, as a tire with a grade of 100. 

A consumer organization wants to test the actual tread wear 

index of a brand name of tires that claims “graded 200” on the 

sidewall of the tire. A random sample of n = 18 indicates a 

sample mean tread wear index of 198.8 and a sample standard 

deviation of 21.4. 

a. Is there evidence that the population mean tread wear index is 

different from 200? (Use a 0.05 level of significance.) 

b. Determine the p-value and interpret its meaning. 

9.28 The file contains the amount that a sample of 
15 customers spent for lunch ($) at a fast-food restaurant: 

bee O20 3.83 "650 

4:89 6:50 5,52, 7.90 

8.34 9.51 

8.30 9.60 

7.10 6.80 5.90 

a. At the 0.05 level of significance, is there evidence that the mean 

amount spent for lunch is different from $6.50? 

b. Determine the p-value in (a) and interpret its meaning. 

c. What assumption must you make about the population distribu- 

tion in order to conduct the ¢ test in (a) and (b)? 

d. Because the sample size is 15, do you need to be concerned 

about the shape of the population distribution when conducting 

the ¢ test in (a)? Explain. 

9.29 An insurance company has the business objective of reducing 

the amount of time it takes to approve applications for life insur- 

ance. The approval process consists of underwriting, which includes 

a review of the application, a medical information bureau check, 

possible requests for additional medical information and medical - 

exams, and a policy compilation stage in which the policy pages 
are generated and sent for delivery. The ability to deliver approved 
policies to customers in a timely manner is critical to the profit- 
ability of this service. During a period of one month, you collect 



a random sample of 27 approved policies and store their total pro- 
cessing times, in days, in [JE 2S. 
a. In the past, the mean processing time was 45 days. At the 0.05 

level of significance, is there evidence that the mean processing 
time has changed from 45 days? 

b. What assumption about the population distribution is needed in 
order to conduct the f test in (a)? 

¢. Construct a boxplot or a normal probability plot to evaluate the 
assumption made in (b). 

d. Do you think that the assumption needed in order to conduct the 
t test in (a) is valid? Explain. 

9.30 The following data (in [S95%) represent the amount of soft 
drink filled in a sample of 50 consecutive 2-liter bottles. The results, 
listed horizontally in the order of being filled, were: 

2.109 2.086 2.066 2.075 2.065 2.057 ‘2.052 2.044 
2.036 2.038 2.031 2.029 2.025 2.029 2.023 2.020 
pioee2.0140°2.013 2.014 2.012 2.012. 2.012 2.010 

2.005 2.003 1.999 1.996 1.997 1,992 1.994 1.986 
1.984 1.981 1.973 1.975 1.971 1.969 1.966 1.967 
1.963 1.957 1.951 1.951 1.947 1.941 1.941 1.938 
1.908 1.894 

a. At the 0.05 level of significance, is there evidence that the mean 

amount of soft drink filled is different from 2.0 liters? 

b. Determine the p-value in (a) and interpret its meaning. 

c. In (a), you assumed that the distribution of the amount of soft 

drink filled was normally distributed. Evaluate this assumption 

by constructing a boxplot or a normal probability plot. 

d. Do you think that the assumption needed in order to conduct the 

t test in (a) is valid? Explain. 

e. Examine the values of the 50 bottles in their sequential order, 

as given in the problem. Does there appear to be a pattern to the 

results? If so, what impact might this pattern have on the valid- 

ity of the results in (a)? 

9.31 One of the major measures of the quality of service provided 

by any organization is the speed with which it responds to customer 
complaints. A large family-held department store selling furniture and 

flooring, including carpet, had undergone a major expansion in the 

past several years. In particular, the flooring department had expanded 

from two installation crews to an installation supervisor, a measurer, 

and 15 installation crews. The store had the business objective of 

improving its response to complaints. The variable of interest was 

defined as the number of days between when the complaint was made 

and when it was resolved. Data were collected from 50 complaints 

that were made in the past year. These data, stored in [FYSTS), are: 
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a. The installation supervisor claims that the mean number of days be- 

tween the receipt of a complaint and the resolution of the complaint 

is 20 days. At the 0.05 level of significance, is there evidence that the 

claim is not true (i.e., the mean number of days is different from 20)? 

b. What assumption about the population distribution is needed in 

order to conduct the ¢ test in (a)? 

ce. Construct a boxplot or a normal probability plot to evaluate the 

assumption made in (b). 
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d. Do you think that the assumption needed in order to conduct the 

t test in (a) is valid? Explain. 

9.32 A manufacturing company produces steel housings for 

electrical equipment. The main component part of the housing is 

a steel trough that is made out of a 14-gauge steel coil. It is pro- 

duced using a 250-ton progressive punch press with a wipe-down 

operation that puts two 90-degree forms in the flat steel to make 

the trough. The distance from one side of the form to the other 

is critical because of weatherproofing in outdoor applications. 

The company requires that the width of the trough be between 

8.31 inches and 8.61 inches. The file T/{F{{) contains the widths 
of the troughs, in inches, fora sample of n = 49: 

8.312 8.343 8.317 8.383 8.348 8.410 8.351 8.373 8.481 8.422 

8.476 8.382 8.484 8.403 8.414 8.419 8.385 8.465 8.498 8.447 

8.436 8.413 8.489 8.414 8.481 8.415 8.479 8.429 8.458 8.462 

8.460 8.444 8.429 8.460 8.412 8.420 8.410 8.405 8.323 8.420 

8.396 8.447 8.405 8.439 8.411 8.427 8.420 8.498 8.409 

a. At the 0.05 level of significance, is there evidence that the mean 

width of the troughs is different from 8.46 inches? 

b. What assumption about the population distribution is needed in 

order to conduct the f test in (a)? 

c. Evaluate the assumption made in (b). 

d. Do you think that the assumption needed in order to conduct the 

t test in (a) is valid? Explain. 

9.33 One operation of a steel mill is to cut pieces of steel into 

parts that are used in the frame for front seats in an automobile. The 

steel is cut with a diamond saw and the resulting parts must be cut 

to be within + 0.005 inch of the length specified by the automo- 

bile company. The file contains a sample of 100 steel parts. 
The measurement reported is the difference, in inches, between the 

actual length of the steel part, as measured by a laser measurement 

device, and the specified length of the steel part. For example, a 

value of —0.002 represents a steel part that is 0.002 inch shorter 

than the specified length. 

a. At the 0.05 level of significance, is there evidence that the mean 

difference is different from 0.0 inches? 

b. Construct a 95% confidence interval estimate of the population 

mean. Interpret this interval. 

c. Compare the conclusions reached in (a) and (b). 

d. Because n = 100, do you have to be concerned about the nor- 

mality assumption needed for the ¢ test and ¢ interval? 

9.34 In Problem 3.71 on page 145, you were introduced to a 
teabag-filling operation. An important quality characteristic of 

interest for this process is the weight of the tea in the individual 

bags. The file contains an ordered array of the weight, in 
grams, of a sample of 50 tea bags produced during an 8-hour shift. 

a. Is there evidence that the mean amount of tea per bag is differ- 

ent from 5.5 grams? (Use a = 0.01.) 

b. Construct a 99% confidence interval estimate of the population 

mean amount of tea per bag. Interpret this interval. 

c. Compare the conclusions reached in (a) and (b). 

9.35 We Are Social and Hootsuite reported that the typical Ameri- 
can spends 2.02 hours (121 minutes) per day accessing the Internet 

via mobile devices. 

Source: Digital in 2017 Global Overview, available at bit.ly/2jXeS3F 

In order to test the validity of this statement, you select a sample 

of 30 friends and family. The results for the time spent per day 
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accessin g the Internet via mobile devices (in minutes) are stored in b. What assumption about the population distribution is needed in 

order to conduct the f test in (a)? 

a. Is there evidence that the population mean time spent per day c. Make a list of the various ways you could evaluate the assump- 

accessing the Internet via mobile devices is different from 121 tion noted in (b). 

minutes? Use the p-value approach and a level of significance d. Evaluate the assumption noted in (b) and determine whether the 

of 0.05. test in (a) is valid. 

9.3 One-Tail Tests 

studentTIP 
The rejection region 

matches the direction 

of the alternative 

hypothesis. If the 

alternative hypothesis 

contains a < sign, the 

_ rejection region is in 

the lower tail. If the 
_ alternative hypothesis 
contains a > sign, the 
rejection region is in the 

_ upper tail. 

The examples of hypothesis testing in Sections 9.1 and 9.2 are called two-tail tests because 

the rejection region is divided into the two tails of the sampling distribution of the mean. In 

contrast, some hypothesis tests are one-tail tests because they require an alternative hypothesis 

that focuses on a particular direction. Either the critical value or p-value approach can be used 

to evaluate one-tail hypothesis tests, using one of the six-step methods that Exhibits 9.2 and 9.3 

summarize, with a minor adjustment that reflects the one tail. 

One example of a one-tail hypothesis test would be a test to determine whether the 

population mean is Jess than a specified value. For example, a quick-service or fast-casual 

restaurant might undertake a quality improvement effort to improve the speed of drive-through 

service using as a benchmark the mean service time as reported in a recent drive-through 

study conducted by QSR magazine (Oches). In that study, the mean drive-through service time 

for McDonald’s was 208.16 seconds, which was fifth fastest out of the 15 chains surveyed. 

Suppose that McDonald’s began an effort to improve service by reducing the service time and 

had deployed an improved drive-through order fulfillment process in a sample of 25 stores. 

Because McDonald’s would want to institute the new process in all of its stores only if the test 

sample saw a decreased drive-through time, the entire rejection region is located in the lower 

tail of the distribution. 

For this problem, McDonald’s seeks to determine whether the new drive-through process 

has a mean that is less than 208.16 seconds. To perform this one-tail hypothesis test, McDonald’s 

begins with the steps 1 through 3 that the critical value and p-value approach share (see Exhibits 

9.2 and 9.3). 

Step 1 McDonald’s defines the null and alternative hypotheses: 

Ho: w = 208.16 
Hi: w < 208.16 

The alternative hypothesis contains the statement for which McDonald’s seeks to find 

evidence. If the conclusion of the test is “reject Hp,” there is statistical evidence that 

the mean drive-through time is less than the drive-through time in the old process. This 

would be reason to change the drive-through process for the entire population of stores. 

If the conclusion of the test is “do not reject ‘Hp,” then there is insufficient evidence 
that the mean drive-through time in the new process is significantly less than the drive- 
through time in the old process. If this occurs, there would be insufficient reason to 
institute the new drive-through process in the population of stores. 

Step 2 McDonald’s collects the data by selecting a sample of n = 25 stores. McDonald’s 
decides to use a = 00.05. 

Step 3. Because o is unknown, McDonald’s uses the ¢ distribution and the fs747 test statistic. 
McDonald’s needs to assume that the drive-through time is normally distributed because 
a sample of only 25 drive-through times is selected. 

Continue with either the critical value approach on page 282 or the p-value approach on page 285. 

Using the Critical Value Approach 
Having completed steps 1 through 3: 

Step 4 The rejection region is entirely contained in the lower tail of the sampling distribution 
of the mean because, for this problem, one rejects Hp only when the sample mean is 
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significantly less than 208.16 seconds. When the entire rejection region is contained 

in one tail of the sampling distribution of the test statistic, the test is called a one-tail 

test, or directional test. If the alternative hypothesis includes the /ess than sign, the 
critical value of f is negative. 

Because the entire rejection region is in the lower tail of the t distribution and con- 

tains an area of 0.05 (see Figure 9.10), due to the symmetry of the ¢ distribution, the 

critical value of the f test statistic with 25 — 1 = 24 degrees of freedom is —1.7109. 

(see Table 9.4, a portion of Table E.3). The decision rule is 

Reject Ap if ter4r < —1.7109; 

otherwise, do not reject Hp. 

TABLE 9.4 

Determining the critical 

value from the ¢t table 

for an area of 0.05 in 

the lower tail, with é 

24 degrees of freedom Degrees of - 

Freedom 

4.3027 6.9646 9.9248 
3.1824 4.5407 5.8409 

2.0687 2.4999 2.8073 

2.0639 2.4922 2/969 

25 0.6844 1.3163 1.7081 2.0595 2.4851 2.7874 

Source: Extracted from Table E.3. 

FIGURE 9.10 

One-tail test of hypothesis 

for a mean (a unknown) 

at the 0.05 level of 0.05 
significance 

; 

t -1.7109 of — 

Region of Region of 
Rejection Nonrejection 

Step 5 For the sample of 25 stores, McDonald’s finds that the sample mean service time 

at the drive-through equals 195.6 seconds and the sample standard deviation equals 

22.1 seconds. Usingn = 25, X = 195.6, S = 22.1, and Equation (9.2) on page 288, 

Key 195.6 — 208.16 
tstaT = Ging ae = SiaSi9 45 HULAe = —2.8416 

Van V25 
The test statistic can also be determined by software results, as the Figure 9.11 

on page 296 Excel results for this test illustrate. 

Step 6 Because tsy47 = —2.8416 < —1.7109 (see Figure 9.10), McDonald’s rejects the null 

hypothesis. McDonald’s concludes that the mean service time at the drive-through 
is less than 208.16 seconds. There is sufficient evidence to change the drive-through 
process for the entire population of stores. 
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FIGURE 9.11 

Excel t test worksheet 

results for the drive- 

through time study 

FIGURE 9.12 

Determining the p-value 

for a one-tail test 

EXAMPLE 9.5 

_ A One-Tail Test 

for the Mean 

| > (continued) 

Using the p-Value Approach. 
Having completed steps 1 through 3 on page 294: 

Step 4 Using the Figure 9.11 software results, the test statistic fgr47 = —2.8416. Because 

the alternative hypothesis indicates a rejection region entirely in the lower tail of the 

sampling distribution, to calculate the p-value, McDonald’s needs to find the proba- 

bility that the fyr47 test statistic will be less than —2.8416. 

Step 5 Using the software results, the p-value = 0.0045. 

Step 6 The p-value of 0.0045 is less than a = 0.05 (see Figure 9.12). McDonald’s rejects 

Hp and concludes that the mean service time at the drive-through is less than 208.16 

seconds. There is sufficient evidence to change the drive-through process for the 

entire population of stores. 

A B 

t Test for the Hypothesis of the Mean 

‘ 

“Do not reject the null hypothesis”) 

=T.DIST.RT(ABS(B13), B12) 

=1-€11 

2.8416 t 

Example 9.5 illustrates a one-tail test in which the rejection region is in the upper tail. 

A company that manufactures chocolate bars is particularly concerned that the mean weight 
of a chocolate bar is not greater than 6.03 ounces. A sample of 50 chocolate bars is selected: 
the sample mean is 6,034 ounces, and the sample standard deviation is 0.02 ounce. Using the 
a = 0.01 level of significance, is there evidence that the population mean weight of the choc- 
olate bars is greater than 6.03 ounces? | 

SOLUTION Using the Exhibit 9.2 critical value approach on page 282, 

Step 1 First, define the null and alternative hypotheses: 

Hb: dips 6.03 

Hy: p> 6.03 

Step 2 Collect the data from a sample of n = 50. You decide to use a = 0.01. 
Step 3 Because o is unknown, you use the f distribution and the tsrar test statistic. 
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| Step 4 The rejection region is entirely contained in the upper tail of the sampling distribution 
i of the mean because you want to reject Hy only when the sample mean is significantly 

greater than 6.03 ounces. Because the entire rejection region is in the upper tail of the 

t distribution and contains an area of 0.01, the critical value of the ¢ distribution with 

50 — 1 = 49 degrees of freedom is 2.4049 (see Table E.3). 
| The decision rule is 

Reject Ap if tor47 > 2.4049; 

otherwise, do not reject Hp. 

Step 5 From your sample of 50 chocolate bars, you find that the sample mean weight 

is 6.034 ounces, and the sample standard deviation is 0.02 ounces. Using n = 50, 

X = 6.034, S = 0.02, and Equation (9.2) on page 288, 

| Pig oneal S024 8.03 

hee . 0.02 | 0.02" 
Van V50 

Step 6 Because fsr47 = 1.414 < 2.4049 or the p-value (from Excel) is 0.0818 > 0.01, you 

do not reject the null hypothesis. There is insufficient evidence to conclude that the 

population mean weight is greater than 6.03 ounces. 

= 1.414 

To perform one-tail tests of hypotheses, one must properly formulate Hp and H,. Exhibit 9.4 

summarizes the key points about the null and alternative hypotheses for one-tail tests. 

EXHIBIT EF! 

The Null and Alternative Hypotheses in One-Tail Tests 

The null hypothesis, Hp, states a status quo claim. 

The alternative hypothesis, H, states a claim that is contrary to the null hypothesis 

and often represents a research claim or specific inference that an analyst 

seeks to prove. 

A null and alternative pair of hypotheses are always collectively exhaustive. 

If one rejects the null hypothesis, one has strong statistical evidence that the 

alternative hypothesis is correct. 

If one does not reject the null hypothesis, one has not proven the null hypothesis. 

(Rather, one has only failed to prove the alternative hypothesis.) 

The null hypothesis always refers to a population parameter such as y and not 

a sample statistic such as X. 

The null hypothesis always includes an equals sign when stating a claim about the 

population parameter, for example, Hp: uw = 208.16 grams. 

The alternative hypothesis never includes an equals sign when stating a claim 
about the population parameter, for example, H): w < 208.16 grams. 

PROBLEMS FOR SECTION 9.3 

LEARNING THE BASICS 9.38 In a one-tail hypothesis test where you reject Hp only in the 

9.36 Ina one-tail hypothesis test where you reject Ho only in the lower tail, what is the p-value if Zsry47 = —1.38? 

upper tail, what is the p-value if Zsrar = +2.00? 9.39 In Problem 9.38, what is your statistical decision if you test 

9.37 In Problem 9.36, what is your statistical decision if you test the null hypothesis at the 0.05 level of significance? 

the null hypothesis at the 0.01 level of significance? 
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9.40 Ina one-tail hypothesis test where you reject Ho only in the 

lower tail, what is the p-value if Zgry7 = +1.38? 

9.41 In Problem 9.40, what is the statistical decision if you test the 

null hypothesis at the 0.05 level of significance? 

9.42 In a one-tail hypothesis test where you reject Ho only in 

the upper tail, what is the critical value of the f-test statistic with 

10 degrees of freedom at the 0.01 level of significance? 

9.43 In Problem 9.42, what is your statistical decision if 

lsraT = 2.797? 

9.44 In a one-tail hypothesis test where you reject Ay only in the 

lower tail, what is the critical value of the fto747 test statistic with 

20 degrees of freedom at the 0.01 level of significance? 

9.45 In Problem 9.44, what is your statistical decision if 

lorar = SSH tows 

APPLYING THE CONCEPTS 

9.46 The Washington Metropolitan Area Transit Authority has 

set a bus fleet reliability goal of 8,000 bus-miles. Bus reliability is 

measured specifically as the number of bus-miles traveled before 

a mechanical breakdown that requires the bus to be removed from 

service or deviate from the schedule. Suppose a sample of 64 buses 

resulted in a sample mean of 8,210 bus-miles and a sample standard 

deviation of 625 bus-miles. 

a. Is there evidence that the population mean bus-miles is greater 

than 8,000 bus-miles? (Use a 0.05 level of significance.) 

b. Determine the p-value and interpret its meaning. 

9.47 CarMD reports that the mean repair cost of a Toyota in 2018 

for a “check engine” light was $482. 

Source: www.carmd.com/wp/vehicle-health-index-introduction/2018-carmd- 

manufacturer-vehicle-rankings 

Suppose a sample of 100 “check engine” light repairs completed in 

the last month was selected. The sample mean repair cost was $271 

with the sample standard deviation of $100. 

a. Is there evidence that the population mean repair cost is less 

than $482? (Use a 0.05 level of significance.) 

b. Determine the p-value and interpret its meaning. 

f' 383 9.48 Patient waiting is a common phenomenon in the 
MESSUE doctor’s waiting room. One acceptable standard of prac- 

tice states that waiting time for patients to be seen by the first 

provider in hospital outpatient and public health clinics should be 

less than 30 minutes. A study was conducted to assess patient 

waiting at a primary healthcare clinic. Data were collected on a 

sample of 860 patients. In this sample, the mean wait time was 

24.05 minutes, with a standard deviation of 16.5 minutes. 

Source: Data.extracted from BA Ahmad, K, Khairatul, and A. Farnazza, “An 

assessment of patiént waiting and consultation time in a primary healthcare clinic,” 

Malaysian Family Practice, 2017, 12(1), pp. 14-21. 

a. If you test the null hypothesis at the 0.01 level of significance, 

is there evidence that the population mean wait time is less than 

30 minutes? 

b. Interpret the meaning of the p-value in this problem. 

9.49 You are the manager of a restaurant that delivers pizza 

to college dormitory rooms. You have just changed your deliv- 

ery process in an effort to reduce the mean time between the 

order and completion of delivery from the current 25 minutes. 

A sample of 36 orders using the new delivery process yields a 

sample mean of 22.4 minutes and a sample standard deviation 

of 6 minutes. 

a. Using the six-step critical value approach, at the 0.05 level of 

significance, is there evidence that the population mean deliv- 

ery time has been reduced below the previous population mean 

value of 25 minutes? 

At the 0.05 level of significance, use the six-step p-value 

approach. 

c. Interpret the meaning of the p-value in (b). 

d. Compare your conclusions in (a) and (b). 

SF 

9.50 A survey of nonprofit organizations showed that online fund- 

raising has increased in the past year. Based on a random sample 

of 133 nonprofits, the mean one-time gift donation resulting from 

email outreach in the past year was $87. Assume that the sample 

standard deviation is $9. 

a. If you test the null hypothesis at the 0.01 level of significance, 

is there evidence that the mean one-time gift donation is greater 

than $85.50? 

Interpret the meaning of the p-value in this problem. b 

9.51 The population mean waiting time to check out of a super- 

market has been 4 minutes. Recently, in an effort to reduce the 

waiting time, the supermarket has experimented with a system 

in which infrared cameras use body heat and in-store software 

to determine how many lanes should be opened. A sample of 

100 customers was selected, and their mean waiting time to 

check out was 3.10 minutes, with a sample standard deviation 

of 2.5 minutes. 

a. At the 0.05 level of significance, using the critical value 

approach to hypothesis testing, is there evidence that the pop- 

ulation mean waiting time to check out is less than 4 minutes? 
b. At the 0.05 level of significance, using the p-value approach to 

hypothesis testing, is there evidence that the population mean 

waiting time to check out is less than 4 minutes? 

Interpret the meaning of the p-value in this problem. 

Compare your conclusions in (a) and (b). a9 

9.4 Z Test of Hypothesis for the Proportion 
In some situations, one seeks to test a hypothesis about the proportion of events of interest in the 
population, 77, rather than test the population mean. To begin, one selects a random sample and 
calculates the sample proportion, p = X/n. Then, one compares the value of this statistic to the 
hypothesized value of the parameter, 7r, in order to decide whether to reject the null hypothesis. 

If the number of events of interest (X) and the number of events that are not of interest 
(n — X) are each at least five, the sampling distribution of a proportion approximately follows 



student TIP 
Do not confuse this 

use of the Greek letter 

pi, 77, to represent the 

population proportion 

with the constant 

that is the ratio of the 

circumference to the 

diameter of a circle— 

approximately 3.14159. 

las reported by L. Petrecca in 

“Always ‘on’: How you can dis- 

connect from work,” USA Today, 

January 16, 2017. 

FIGURE 9.13 
Two-tail test of hypothesis 

for the proportion at the 

0.05 level of significance 
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a normal distribution, and one can use the Z test for the proportion. Equation (9.3) defines 

this hypothesis test for the difference between the sample proportion, p, and the hypothesized 

population proportion, 7. Equation (9.4) provides an alternate definition that uses the number 
of events of interest, X, instead of the sample proportion, p. 

Z TEST FOR THE PROPORTION 
| pean) 

ZsTaT = Tega 

V n 

X number of events of interest in the sample 
p = sample proportion = ae 

(9.3) 

where 

sample size 

7 = hypothesized proportion of events of interest in the population 

2 TEST FOR THE PROPORTION 

IN TERMS OF THE NUMBER OF EVENTS OF INTEREST 

=> pay 
hy a 

AUN Eriemen 4) 
The Zs7,7 test statistic approximately follows a standardized normal distribution when X 

and (n — X) are each at least 5 for this test. 

Either the critical value or p-value approach can be used to evaluate the Z test for the pro- 

portion. To illustrate both approaches, consider a 2016 survey conducted by CareerBuilder in 

which 45% of American workers reported that they work during nonbusiness hours.! Suppose 

a research firm decides to take a new survey to determine whether the proportion has changed 

since 2016. The firm conducts this new survey and finds that 208 of 400 American workers 

reported that they work during nonbusiness hours. To determine whether the proportion has 

changed, the firm defines the null and alternative hypotheses: 

Ho: 7 = 0.45 (the proportion of American workers who reported that they work during 

nonbusiness hours has not changed since 2016) 

H,: 7 # 0.45 (the proportion of American workers who reported that they work during 

nonbusiness hours has changed since 2016) 

Because the firm seeks to determine whether the population proportion of American workers 

who reported that they work during nonbusiness hours has changed from 0.45 since 2016, the 

firm uses a two-tail test with either the critical value approach or the p-value approach. 

Using the Critical Value Approach 
The firm selects an a = 0.05 level of significance that defines the rejection and nonrejection 

regions that Figure 9.13 visualizes. The decision rule is 

Reject Hp if ZSTAT <1 96" or it ZSTAT 2 aR 1.96; 

otherwise, do not reject Hp. 

T=1i06 Mame en 7 treet t(OB TN Z 
Region of Region of Region of 
Rejection Nonrejection Rejection 
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Having determined the null and alternate hypotheses and the Z test statistic, the research firm first 

calculates the sample proportion, p. In the new survey, 208 of 400 American workers reported that 

they work during nonbusiness hours, which makes p = 0.52 (208 + 400). Because X = 208 

and n — X = 192, and each value is greater than 5, either Equation (9.3) or (9.4) can be used: 

= 52 — 0.45 0.0700 

i (= — 7) (ee — 0.45) 0.0249 

n 400 

_ — (400)(0.45 8 X—nw__ _ 208 — 400)0.45) _ _28 2.8141 VOT ey — ——_- = a a 

e/a — 7) —V‘(400)(0.45)(0.55) _9-9499 

The Z test statistic can also be determined by software results, as the Figure 9.14 Excel results 

for this test illustrate. 
Because Zo747 = 2.8141 > 1.96, the firm rejects Hp. There is evidence that the population 

proportion of American workers who reported that they work during nonbusiness hours has 

changed from 0.46 since 2016. 

FIGURE 9.14 . A 8 

Excel Z test results for fag = Test of typothoris for the operas 
whether the proportion of 3 | 

American workers who ee ee 
reported that they work 6 \Num 

during nonbusiness hours an 
has changed from 0.45 *. jee al -oues 

since 2016 11 |Standard Error =SQRT(B4 * (1- B4)/B7) 
Z Test Statistic | =(B10 - B4)/B11 

500] =NORM.S.INV(B5/2) 

| -NORM.S.INV(1 - 85/2) 
9 =2 * (1 - NORM.S.DIST(ABS(B12), TRUE)) 

|=IF(B17 < BS,”Reject the null hypothesis”, } 
"Do not reject the null hypothesis”) 

Using the p-Value Approach 
Having determined the null and alternate hypotheses, the research firm uses the Figure 9.14 

software results to determine the Z value and the p-value = 0.0049. Because this value is less 

than the selected level of significance (a = 0.05), the firm rejects the null hypothesis. 

Example 9.6 illustrates a one-tail test for a proportion. 

EXAMPLE 9.6 
In addition to the business problem of the speed of service at the drive-through, 

| Testing a quick-service restaurant chains want to fill orders correctly. The same study that reported 
Hypothesis for a that McDonald’s had a drive-through service time of 208.16 seconds also reported that 
Proportion McDonald’s filled 92.9% of its drive-through orders correctly (Oches). Suppose that 

McDonald’s implements a new procedure to ensure that orders at the drive-through are 
filled correctly and seeks to determine whether the new process can increase the percent- 
age of orders filled correctly. Data are collected from a sample of 500 orders using the 
new process. The results indicate that 476 orders were filled correctly. At the 0.01 level. 
of significance, can you conclude that the new process has increased the proportion of 

> (continued) orders filled correctly? 
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SOLUTION The null and alternative hypotheses are 

Hp: 7 = 0.929 (the population proportion of orders filled correctly using the new process 
is less than or equal to 0.929) 

A: 7 > 0.929 (the population proportion of orders filled correctly using the new process 
is greater than 0.929) 

Because X = 476 andn — X = 24, both > 5, using Equation (9.3) on page 299, 

Dee at Ooze 02 oe an Ucd 2 
er a ro —— | ODIO PA 0 O20 ak. Olive 

The p-value Zs+47 > 2.00 is 0.0228. 

Using the critical value approach, you reject Ho if Zs747 > 2.33. Using the p-value 
approach, you reject Ho if the p-value < 0.01. Because Zs747 = 2.00 < 2.33 or the 

p-value = 0.0228 > 0.01, you DO NOT reject Ho. There is insufficient evidence that the new 

process has increased the proportion of correct orders above 0.929 or 92.9%. (McDonald’s 

management would not be able to use this result to support a decision to implement the new 

process at additional stores.) 

PROBLEMS FOR SECTION 9.4 

LEARNING THE BASICS 

9.52 If, ina random sample of 400 items, 88 are defective, what is 

the sample proportion of defective items? 

9.53 In Problem 9.52, if the null hypothesis is that 20% of the 

items in the population are defective, what is the value of Zs7,47? 

9.54 In Problems 9.52 and 9.53, suppose you are testing the null 

hypothesis Hp: 7 = 0.20 against the two-tail alternative hypothesis 

H,: 7 * 0.20 and you choose the level of significance a = 0.05. 

What is your statistical decision? 

APPLYING THE CONCEPTS 

9.55 According to a recent National Association of Colleges and 

Employers (NACE) report, 44% of college students who had unpaid 

internships received full-time job offers post-graduation compared 

to 72% of college students who had paid internships. 

Source: Data extracted from “Here’s Why You May Want to Rethink That Unpaid 

Internship,” available at for.tn/29CAnU9. 

A recent survey of 60 college unpaid interns at a local university 

found that 30 received full-time job offers post-graduation. 

a. Use the six-step p-value approach to hypothesis testing and 

a 0.05 level of significance to determine whether the propor- 

tion of college unpaid interns that received full-time job offers 

post-graduation is different from 0.44. 

b. Assume that the study found that 35 of the 60 college unpaid 

interns had received full-time job offers post-graduation and 

repeat (a). Are the conclusions the same? 

9.56 The worldwide market share for the Chrome web browser 

was 69.52% in March 2019. 

Source: Data extracted from netmarketshare.com. 

Suppose that you decide to select a sample of 100 students at your 

university and you find that 60 use the Chrome web browser. 

a. Use the six-step p-value approach to determine whether there 

is evidence that the market share for the Chrome web browser | 

at your university is less than the worldwide market share of 

69.52%. (Use the 0.05 level of significance.) 

b. Suppose that the sample size ism = 600, and you find that 60% of 

the sample of students at your university (360 out of 600) use the 

Chrome web browser. Use the six-step p-value approach to try to 

determine whether there is evidence that the market share for the 

Chrome web browser at your university is greater than the world- 

wide market share of 69.52%. (Use the 0.05 level of significance.) 

c. Discuss the effect that sample size has on hypothesis testing. 

d. What do you think are your chances of rejecting any null 

hypothesis concerning a population proportion if a sample size 

of n = 20 is used? 

9.57 One of the issues facing organizations is increasing diversity 

throughout an organization. One of the ways to evaluate an organi- 

zation’s success at increasing diversity is to compare the percentage 

of employees in the organization in a particular position with a 

specific background to the percentage in a particular position with 

that specific background in the general workforce. Recently, a large 

academic medical center determined that 9 of 17 employees in a 

particular position were female, whereas 55% of the employees 
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for this position in the general workforce were female. At the 0.05 

level of significance, is there evidence that the proportion of females 

in this position at this medical center is different from what would 

be expected in the general workforce? 

f Jam 9.58 What are companies’ biggest obstacles to attract- 

USSUB ing the best talent? Of 703 surveyed U.S. and Canadian 
talent acquisition professionals, 464 reported that competition for 

talent is the biggest obstacle at their company. 

Source: U.S. and Canadian Recruiting Trends 2017, LinkedIn Talent Solutions, 

bit.ly/2s2S6Mc. 

At the 0.05 level of significance, is there evidence that the propor- 

tion of all talent acquisition professionals who report competition 

is the biggest obstacle to attracting the best talent at their company 

is different from 60%? 

9.59 A cellphone provider has the business objective of wanting 

to determine the proportion of subscribers who would upgrade to a 

new cellphone with improved features if it were made available at a 
substantially reduced cost. Data are collected from a random sample 

of 500 subscribers. The results indicate that 135 of the subscribers 

would upgrade to a new cellphone at a reduced cost. 

a. At the 0.05 level of significance, is there evidence that more 

than 20% of the customers would upgrade to a new cellphone 

at a reduced cost? 

b. How would the manager in charge of promotional programs 

concerning residential customers use the results in (a)? 

9.60 Actuation Consulting conducted a global survey of product 

teams with the goal of better understanding the dynamics of product 

team performance and uncovering the practices that make these 

teams successful. Having a clear definition of “done” is a basic 
element of successful product management process. One of the 

survey findings was that 29.4% of organizations indicated that a 

collective decision by the product team established this important 

definition of “done.” 

Source: The Study of Product Team Performance, 2016, available at 

bit.ly/2rAGhMT, 

Suppose another study is conducted to check the validity of this 

result, with the goal of proving that the percentage is less than 

29.4%, 

a. State the null and alternate hypotheses. 

b. A sample of 100 organizations is selected, and results show 

that 27 indicated that a collective decision by the product team 

established this important definition of “done.” Use either 

the six-step critical value hypothesis testing approach or the 

six-step p-value approach to determine at the 0.05 level of 

significance whether there is evidence that the percentage is 

less than 29.4%, 

9.5 Potential Hypothesis-Testing Pitfalls and Ethical Issues 
Using hypothesis testing comes with potential pitfalls and raises the ethical issues that this 
section summarizes. 

Important Planning Stage Questions 
When using hypothesis testing with data collected from a survey, research study, or a designed 
experiment, one must answer the questions that Exhibit 9.5 lists. 

EXHIBIT [ee 
) uest [e} ns To 

Failing to consider these questions early in the planning process can lead to biased or incom- 
plete results. Proper planning can help ensure that the statistical study will provide objective 
information needed to make good business decisions. 
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Statistical Significance Versus Practical Significance 
One must make a distinction between the existence of a statistically significant result and its 

practical significance in a field of application. Sometimes, due to a very large sample size, one 

may get a result that is statistically significant but has little practical significance. 

For example, suppose that prior to a national marketing campaign focusing on a series of 

expensive television commercials, one believes that the proportion of people who recognize a 

specific brand is 0.30. At the completion of the campaign, a survey of 20,000 people indicates 

that 6,168 recognized that brand. A one-tail test trying to prove that the proportion is now greater 

than 0.30 results in a p-value of 0.0048, and the correct statistical conclusion is that the propor- 

tion of consumers recognizing that brand name has now increased. 

Was the campaign successful? The result of the hypothesis test indicates a statistically sig- 

nificant increase in brand awareness, but is this increase practically important? The population 

proportion is now estimated at 6,168 /20,000 = 0.3084 = 0.3084 or 30.84%. This increase 
is less than 1%, above the hypothesized value of 30%. Did the large expenses associated with 

the marketing campaign produce a result with a meaningful increase in brand awareness? 

Because of the minimal real-world impact that an increase of less than 1% has on the overall 

marketing strategy and the huge expenses associated with the marketing campaign, one should 

conclude that the campaign was not successful. On the other hand, if the campaign increased 

brand awareness from 30% to 50%, one could conclude that the campaign was successful. 

Statistical Insignificance Versus Importance 
Some results may be important in a business sense even when the results are not statistically 

significance. In Matrixx Initiatives, Inc. v. Siracusano, the U.S. Supreme Court ruled that com- 

panies cannot rely solely on whether the result of a study is statistically significant when deter- 

mining what study results they communicate to investors (Bialik). 

In some situations, the lack of a sufficiently large sample size may result in a nonsignificant 

result when in fact an important difference does exist (Seaman 2011). A study that compared 

male and female entrepreneurship rates globally and within Massachusetts found a significant 

difference globally but not within Massachusetts, even though the entrepreneurship rates for 

females and for males in the two geographic areas were similar (8.8% for males in Massachusetts 

as compared to 8.4% globally; 5% for females in both geographic areas). The difference was due 

to the fact that the global sample size was 20 times larger than the Massachusetts sample size. 

Reporting of Findings 
In conducting research, one should document both good and bad results. One should not just report 

the results of hypothesis tests that show statistical significance but omit those for which there is insuf- 

ficient evidence in the findings. In instances in which there is insufficient evidence to reject Hp, one 

must make it clear that this does not prove that the null hypothesis is true. What the result indicates 

is that with the sample size used, there is not enough information to disprove the null hypothesis. 

Ethical Issues 

One needs to distinguish between poor research methodology and unethical behavior. Ethical 

considerations arise when the hypothesis-testing process is manipulated. Some of the areas 

where ethical issues can arise include the use of human subjects in experiments, the data col- 

lection method, the type of test (one-tail or two-tail test), the choice of the level of significance, 

the cleansing and discarding of data, and the failure to report pertinent findings. 

9.6 Power of the Test 

The power of a hypothesis test is the probability that one correctly rejects a false null hypothesis. The 

power of the test is affected by the level of significance, the sample size, and whether the test is one-tail 

or two-tail. The Section 9.6 online topic further explains the power of the test and illustrates its use. 
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YUSING STATISTICS 
Significant Testing ..., Revisited 

©) s the plant operations manager for Oxford Cereals, you you would make a Type I 

\were responsible for the cereal-filling process. It was error and conclude that the 

your responsibility to adjust the process when the mean population mean fill was not 

fill-weight in the population of boxes deviated from the 368 when it actually was 

company specification of 368 grams. You chose to conduct a 368 grams. This error would 

hypothesis test. result in adjusting the filling process even though the pro- 

You determined that the null hypothesis should be that the cess was working properly. If you did not reject a false null 

population mean fill was 368 grams. If the mean weight of the hypothesis, you would make a Type II error and conclude that 

sampled boxes was sufficiently above or below the expected the population mean fill was 368 grams when it actually was 

368-gram mean specified by Oxford Cereals, you would reject not 368 grams. Here, you would allow the process to continue 

the null hypothesis in favor of the alternative hypothesis that without adjustment even though the process was not working 

the mean fill was different from 368 grams. If this happened, properly. 

you would stop production and take whatever action was After collecting a random sample of 25 cereal boxes, you 
necessary to correct the problem. If the null hypothesis was used either the six-step critical value or p-value approaches 

not rejected, you would continue to believe in the status quo— to hypothesis testing. Because the test statistic fell into the 

that the process was working correctly—and therefore take no nonrejection region, you did not reject the null hypothesis. You 

corrective action. concluded that there was insufficient evidence to prove that the 

Before proceeding, you considered the risks involved _ mean fill differed from 368 grams. No corrective action on the 

with hypothesis tests. If you rejected a true null hypothesis, filling process was needed. 

M SUMMARY 
TRS SAD AE EOS RAES ORR: GOES Laisa Se ROS 

Table 9.5 lists the hypothesis tests that this chapter discusses. In deciding which test to use, one must ask the follow- 

This chapter presents the foundations of hypothesis testing. ing question: Does the test involves a numerical variable or a 

The chapter discusses how to perform tests on the population —_ categorical variable? If the test involves a numerical variable, 

mean and on the population proportion. The chapter develops _ you use the f test for the mean. If the test involves a categorical 

both the critical value approach and the p-value approach to __-variable, you use the Z test for the proportion. 
hypothesis testing. 

TABLE 9.5 
Summary of topics TYPE OF DATA 

TYPE OF ANALYSIS Numerical ; Categorical 

Hypothesis test Z test of hypothesis for Z test of hypothesis for the 
concerning a single the mean (Section 9.1) proportion (Section 9.4) 
parameter t test of hypothesis for 

the mean (Section 9.2) 

Bialik, C. “Making a Stat Less Significant.” The Wall Street Journal, Oches, S. “The 2018 QSR Drive-Thru Study.” QSR, bit.ly/2Adricz. 
April 2, 2011, AS. Seaman, J., and E. Allen. “Not Significant, But Important?” Quality 

Bradley, J. V. Distribution-Free Statistical Tests. Upper Saddle Progress, August 2011, 57-59. 
River, NJ: Prentice Hall, 1968. Seaman, J., and E. Allen. “The Significance of Power.” Quality 

Daniel, W. Applied Nonparametric Statistics, 2nd ed. Boston: Progress, July 2015, 51-53. 
Houghton Mifflin, 1990. 
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x CHECKING YOUR UNDERSTANDING 
Reet 

9.61 What is the difference between a null hypothesis, Hp, and an 

alternative hypothesis, H,? 

9.62 What is the difference between a Type I error and a Type II 

error? 

9.63 What is meant by the power of a test? 

9.64 What is the difference between a one-tail test and a two-tail 

test? 
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9.69 In hypothesis testing, the common level of significance is 

a = 0.05. Some might argue for a level of significance greater than 

0.05. Suppose that web designers tested the proportion of potential 

web page visitors with a preference for a new web design over the 

existing web design. The null hypothesis was that the population 

proportion of web page visitors preferring the new design was 0.60, 

and the alternative hypothesis was that it was not equal to 0.60. The 

p-value for the test was 0.20. 

a. State, in statistical terms, the null and alternative hypotheses for 

this example. ; 

b. Explain the risks associated with Type I and Type II errors in 

this case. 

. What would be the consequences if you rejected the null hypoth- 

esis for a p-value of 0.20? 

* CHAPTER REVIEW PROBLEMS 

9.65 What is meant by a p-value? 

9.66 How can a confidence interval estimate for the population 

mean provide conclusions for the corresponding two-tail hypothesis 

test for the population mean? 

9.67 What is the six-step critical value approach to hypothesis 
testing? 

9.68 What is the six-step p-value approach to hypothesis testing? 

BR ear Ha 
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d. What might be an argument for raising the value of a? 

e. What would you do in this situation? 

f. What is your answer in (e) if the p-value equals 0.12? What if 

it equals 0.01? 

9.70 Financial institutions utilize prediction models to predict 

bankruptcy. One such model is the Altman Z-score model, which 

uses multiple corporate income and balance sheet values to mea- 

sure the financial health of a company. If the model predicts a low 

Z-score value, the firm is in financial stress and is predicted to go 

bankrupt within the next two years. If the model predicts a moderate 

or high Z-score value, the firm is financially healthy and is predicted 

to be a nonbankrupt firm. This decision-making procedure can be 

expressed in the hypothesis-testing framework. The null hypothesis 
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is that a firm is predicted to be a nonbankrupt firm. The alternative 

hypothesis is that the firm is predicted to be a bankrupt firm. 

a, Explain the risks associated with committing a Type I error in 

this case. 

b. Explain the risks associated with committing a Type I error in 

this case. 

¢. Which type of error do you think executives want to avoid? Explain. 

d. How would changes in the model affect the probabilities of com- 

mitting Type I and Type II errors? 

9.71 IAB conducted a study of 821 U.S. adults to understand the 

behavioral shift of consumers’ TV viewing experience, The study 

found that 460 of U.S. adults own streaming enabled TVs, including 

smart TVs and video streaming devices. 

Source: The Changing TV Experience: 2017, available at bit.ly/2sz4Mal. 

The authors of the report imply that the survey proves that more 

than half of all U.S. adults own streaming enabled TVs, including 

smart TVs and video streaming devices. 

a. Use the six-step p-value approach to hypothesis testing and a 

0.05 level of significance to try to prove that more than half of 

all U.S. adults own streaming enabled TVs, including smart TVs 

and video streaming devices. 

b. Based on your result in (a), is the claim implied by the authors 

valid? 

Suppose the study found that 428 of U.S. adults own streaming 

enabled TVs, including smart TVs and video streaming devices. 

Repeat parts (a) and (b). 

d. Compare the results of (b) and (c). 

te) 

9.72 The owner of a specialty coffee shop wants to study coffee pur- 

chasing habits of customers at her shop. She selects a random sample 

of 60 customers during a certain week, with the following results: 

* The amount spent was X = $7.25, S = $1.75. 
¢ Thirty-one customers say they “definitely will” recommend 

the specialty coffee shop to family and friends. 

a. At the 0.05 level of significance, is there evidence that the pop- 

ulation mean amount spent was different from $6.50? 

b. Determine the p-value in (a). 

c. At the 0.05 level of significance, is there evidence that more than 

50% of all the customers say they “definitely will” recommend 

the specialty coffee shop to family and friends? 

d. What is your answer to (a) if the sample mean equals $6.25? 
e. What is your answer to (c) if 39 customers say they “definitely 

will” recommend the specialty coffee shop to family and friends? 

9.73 An auditor for a government agency was assigned the task 

of evaluating reimbursement for office visits to physicians paid by 

Medicare. The audit was conducted on a sample of 75 reimburse- 

ments, with the following results: 

¢ In 17 of the office visits, there was an incorrect amount of 

reimbursement. 

¢ The amount of reimbursement was X = $93.70, S = $34.55, 

a. At the 0.05 level of significance, is there evidence that the pop- 
_ulation mean reimbursement was less than $100? 

b. At the 0.05 level of significance, is there evidence that the 
proportion of incorrect reimbursements in the population was 
greater than 0.10? 

c. Discuss the underlying assumptions of the test used in (a). 
d. What is your answer to (a) if the sample mean equals $90? 
e. What is your answer to (b) if 15 office visits had incorrect 

reimbursements? 

9.74 A bank branch located in a commercial district of a city has the 

business objective of improving the process for serving customers 

during the noon-to-1:00 p.m. lunch period. The waiting time (defined 

as the time the customer enters the line until he or she reaches the 

teller window) of a random sample of 15 customers is collected, and 

the results are organized and stored in ERRJSU-SG"). These data are: 
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a. At the 0.05 level of significance, is there evidence that the pop- 

ulation mean waiting time is less than 5 minutes? 

b. What assumption about the population distribution is needed in 

order to conduct the f test in (a)? 

c. Construct a boxplot or a normal probability plot to evaluate the 

assumption made in (b). 

d. Do you think that the assumption needed in order to conduct the 

t test in (a) is valid? Explain. 

e. As a customer walks into the branch office during the lunch 

hour, she asks the branch manager how long she can expect to 

wait. The branch manager replies, “Almost certainly not longer 

than 5 minutes.” On the basis of the results of (a), evaluate this 

statement. 

9.75 Call centers today play an important role in managing day- 

to-day business communications with customers. It’s important, 

therefore, to monitor a comprehensive set of metrics, which can 

help businesses understand the overall performance of a call center. 

One key metric for measuring overall call center performance is 

service level, which is defined as the percentage of calls answered 

by a human agent within a specified number of seconds. The file 

contains the following data for time, in seconds, to 
answer 50 incoming calls to a financial services call center: 
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a. At the 0.05 level of significance, is there evidence that the popu- 

lation mean time to answer calls is less than 20 seconds? 

b. What assumption about the population distribution is needed in 

order to conduct the ¢ test in (a)? 

c. Construct a histogram, boxplot, or normal probability plot to 

evaluate the assumption made in (b). 

d. Do you think that the assumption needed in order to conduct the 

t test in (a) is valid? Explain. 

9.76 An important quality characteristic used by the manufacturer 

of Boston and Vermont asphalt shingles is the amount of moisture the 

shingles contain when they are packaged. Customers may feel that 

they have purchased a product lacking in quality if they find mois- 

ture and wet shingles inside the packaging. In some cases, excessive 
moisture can cause the granules attached to the shingles for texture 
and coloring purposes to fall off the shingles, resulting in appearance 
problems. To monitor the amount of moisture present, the company 
conducts moisture tests. A shingle is weighed and then dried. The 
shingle is then reweighed, and based on the amount of moisture 
taken out of the product, the pounds of moisture per 100 square 
feet are calculated. The company would like to show that the mean 
moisture content is less than 0.35 pound per 100 square feet. The 
file [YESSY includes 36 measurements (in pounds per 100 square 
feet) for Boston shingles and 31 for Vermont shingles. 



a. For the Boston shingles, is there evidence at the 0.05 level of 
significance that the population mean moisture content is less 
than 0.35 pound per 100 square feet? 

b. Interpret the meaning of the p-value in (a). 
c. For the Vermont shingles, is there evidence at the 0.05 level of 

significance that the population mean moisture content is less 
than 0.35 pound per 100 square feet? 

d. Interpret the meaning of the p-value in (c). 
e. What assumption about the population distribution is needed in 

order to conduct the ¢ tests in (a) and (c)? 
f. Construct histograms, boxplots, or normal probability plots to 

evaluate the assumption made in (a) and (c). 
g. Do you think that the assumption needed in order to conduct the 

t tests in (a) and (c) is valid? Explain. 

9.77 Studies conducted by the manufacturer of Boston and Vermont 
asphalt shingles have shown product weight to be a major factor in the 

customer’s perception of quality. Moreover, the weight represents the 

amount of raw materials being used and is therefore very important 

to the company from a cost standpoint. The last stage of the assembly 

line packages the shingles before the packages are placed on wooden 

pallets. Once a pallet is full (a pallet for most brands holds 16 squares 

of shingles), it is weighed, and the measurement is recorded. The file 

[2S contains the weight (in pounds) from a sample of 368 pallets 
of Boston shingles and 330 pallets of Vermont shingles. 

a. For the Boston shingles, is there evidence at the 0.05 level of 

significance that the population mean weight is different from 

3,150 pounds? 

b. Interpret the meaning of the p-value in (a). 

c. For the Vermont shingles, is there evidence at the 0.05 level of 

significance that the population mean weight is different from 

3,700 pounds? 

d. Interpret the meaning of the p-value in (c). 

307 Cases 

e. In (a) through (d), do you have to be concerned with the normal- 

ity assumption? Explain. 

9.78 The manufacturer of Boston and Vermont asphalt shingles 

provides its customers with a 20-year warranty on most of its prod- 

ucts. To determine whether a shingle will last through the warranty 

period, accelerated-life testing is conducted at the manufacturing 

plant. Accelerated-life testing exposes the shingle to the stresses it 

would be subject to in a lifetime of normal use in a laboratory setting 

via an experiment that takes only a few minutes to conduct. In this 

test, a shingle is repeatedly scraped with a brush for a short period of 

time, and the shingle granules removed by the brushing are weighed 

(in grams). Shingles that experience low amounts of granule loss are 

expected to last longer in normal use than shingles that experience 

high amounts of granule loss. The file [@{2//") contains a sample 
of 170 measurements made on the company’s Boston shingles and 

140 measurements made on Vermont shingles. 

a. For the Boston shingles, is there evidence at the 0.05 level of 

significance that the population mean granule loss is different 

from 0.30 grams? 

b. Interpret the meaning of the p-value in (a). 

c. For the Vermont shingles, is there evidence at the 0.05 level of 

significance that the population mean granule loss is different 

from 0.30 grams? 

d. Interpret the meaning of the p-value in (c). 

e. In (a) through (d), do you have to be concerned with the normal- 

ity assumption? Explain. 

REPORT WRITING EXERCISE 

9.79 Referring to the results of Problems 9.76 through 9.78 con- 

cerning Boston and Vermont shingles, write a report that evaluates 

the moisture level, weight, and granule loss of the two types of 

shingles. 

CHAPTER 

Managing Ashland MultiComm Services 
Continuing its monitoring of the upload speed first described in 

the Chapter 6 Managing Ashland MultiComm Services case on 

page 221, the technical operations department wants to ensure 

that the mean target upload speed for all Internet service sub- 

scribers is at least 0.97 on a standard scale in which the target 

value is 1.0. Each day, upload speed was measured 50 times, 

with the following results (stored in JNYE®)). 

0.854 1.023 1.005 1.030 1.219 0.977 1.044 0.778 1.122 1.114 

1.091 1.086 1.141 0.931 0.723 0.934 1.060 1.047 0.800 0.889 

1.012 0.695 0.869 0.734 1.131 0.993 0.762 0.814 1.108 0.805 

1.223 1.024 0.884 0.799 0.870 0.898 0.621 0.818 1.113 1.286 

1.052 0.678 1.162 0.808 1.012 0.859 0.951 1.112 1.003 0.972 

1. Compute the sample statistics and determine whether there 

is evidence that the population mean upload speed is less 

than 0.97. 

2. Write amemo to management that summarizes your conclusions. 

Digital Case 
Apply your knowledge about hypothesis testing in this Digital 

Case, which continues the cereal-fill-packaging dispute first dis- 

cussed in the Digital Case from Chapter 7. 

In response to the negative statements made by the Concerned 

Consumers About Cereal Cheaters (CCACC) in the Chapter 7 

Digital Case, Oxford Cereals recently conducted an experi- 

ment concerning cereal packaging. The company claims that 

the results of the experiment refute the CCACC allegations that 

Oxford Cereals has been cheating consumers by packaging cere- 

als at less than labeled weights. 

Open OxfordCurrentNews.pdf, a portfolio of current news 

releases from Oxford Cereals. Review the relevant press releases 

and supporting documents. Then answer the following questions: 

1. Are the results of the experiment valid? Why or why not? If 

you were conducting the experiment, is there anything you 

would change? 
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2. Do the results support the claim that Oxford Cereals is not 

cheating its customers? 

3. Is the claim of the Oxford Cereals CEO that many cereal 

boxes contain more than 368 grams surprising? Is it true? 

4. Could there ever be a circumstance in which the results of 

the Oxford Cereals experiment and the CCACC’s results are 

both correct? Explain. 

Sure Value Convenience Stores 
You work in the corporate office for a nationwide convenience 

store franchise that operates nearly 10,000 stores. The per-store 

daily customer count (defined as the mean number of customers 

in a store in one day) has been steady, at 900, for some time. 

To increase the customer count, the chain is considering cutting 

prices for coffee beverages. The small size will now be $0.59 

instead of $0.99, and the medium size will be $0.69 instead of 

$1.19. Even with this reduction in price, the chain will have a 

40% gross margin on coffee. 

To test the new initiative, the chain has reduced coffee 

prices in a sample of 34 stores, where customer counts have been 

running almost exactly at the national average of 900. After four 

weeks, the stores sampled stabilize at a mean customer count of 

974 and a standard deviation of 96. This increase seems like a 

substantial amount to you, but it also seems like a pretty small 

sample. Is there statistical evidence that reducing coffee prices 

is a good strategy for increasing the mean customer count? Be 

prepared to explain your conclusion. 



“EXCEL GUIDE 

EG9.1 FUNDAMENTALS < of LEV ROTIESE 
TESTING 

Key Technique Use the NORM.LS.INV(level of signif- 
icance/2) and NORM.S.INV(1 — level of significance/2) 
functions to compute the lower and upper critical values. 

Use NORMLS.DIST (absolute value of the Z test statistic, 

True) as part of a formula to compute the p-value. 

Example Perform the Figure 9.5 two-tail Z test for the mean 
for the cereal-filling example on page 285. 

PHStat Use Z Test for the Mean, sigma known. 

For the example, select PHStat > One-Sample Tests > Z, 

Test for the Mean, sigma known. In the procedure’s dialog 

box (shown below): 

1. Enter 368 as the Null Hypothesis. 

2. Enter 0.05 as the Level of Significance. 

3. Enter 15 as the Population Standard Deviation. 

4. Click Sample Statistics Known and enter 25 as the 

Sample Size and 372.5 as the Sample Mean. 

Click Two-Tail Test. 

6. Enter a Title and click OK. 

‘27 Test for the Mean, sigma known x 

7 

r- Data — = 

Null Hypothesis: [368 | 

Level of Significance: 0.05 

Population Standard Deviation: fis | 

[~ Sample Statistics Options <> | | 

| 
| 

Sample Statistics Known 

[25 

| 

{| Sample Size: 

Sample Mean: [372.5 | 

| 
j Sample Cell Renge | Sf 

! 

© Sample Statistics Unknown 

IF First cell contains label 
} 
hy 
J} 

;~ Test Options 1 | 

© Two-Tail Test 

© Upper-Tail Test 

© Lower-Tail Test || 

[> Output Options —— 

| 

—————— 
| Title: | 

Sree ee =] 

| f set 
| 

When using unsummarized data, click Sample Statistics 

Unknown in step 4 and enter the cell range of the unsumma- 

rized data as the Sample Cell Range. 

Workbook Use the COMPUTE worksheet of the Z Mean 

workbook as a template. 

The worksheet already contains the data for the exam- 

ple. For other problems, change the null hypothesis, level of 

significance, population standard deviation, sample size, and 

sample mean values in cells B4 through B8 as necessary. 

CHAPTER 

Key Technique Use the T.INV.2T(level of significance, 

degrees of freedom) function to compute the lower and upper 

critical values. 
Use T.DIST.2T (absolute value of the t test statistic, 

degrees of freedom) to compute the p-value. 

Example Perform the Figure 9.7 two-tail ¢ test for the mean 

for the sales invoices example on page 290. 

PHStat Use t Test for the Mean, sigma unknown. 

For the example, select PHStat > One-Sample Tests > 

t Test for the Mean, sigma unknown. In the procedure’s 

dialog box (shown below): 

1. Enter 120 as the Null Hypothesis. 

2. Enter 0.05 as the Level of Significance. 

3. Click Sample Statistics Known and enter 12 as the 

Sample Size, 112.85 as the Sample Mean, and 20.8 as 
the Sample Standard Deviation. 

4. Click Two-Tail Test. 

5. Enter a Title and click OK. 

| tTest for the Mean, sigma ts iene 5 dal 

isp ae tea ie eras 
Null Hypothesis: fi20 {| 

Level of Significance: o.05 | 

| | (= Sample Statistics Options — eee] | 
| || Sample Statistics Known 1} | 

Sample Size: fiz 

Sample Standard Deviation: [z0. 8 

© Sample Statistics Linknown 

Sampie Cell Range; | 3 

J¥! First cell contains label 

1} | 

HH 
Sample Mean: fii. 85 

Sezer: 3 = = =a 

;~ Test Options ee — 

{* Two-Tail Test 

© Upper-Tail Test 

s Lower-Tail Test 

~ Output Options ——-—— a Soe 

|| Title: 

When using unsummarized data, click Sample Statistics 

Unknown in step 3 and enter the cell range of the unsumma- 

rized data as the Sample Cell Range. 

Workbook Use the COMPUTE worksheet of the T mean 
workbook, as a template. 

The worksheet already contains the data for the example. 
For other problems, change the values in cells B4 through B8 

as necessary. 
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EG9.3  ONE-TAIL TESTS 

_ Key Technique Use the NORM.S.INV with (level of sig- 

nificance) and (1 = level of significance) to compute the 

lower and upper critical values. 

Use NORM.S.DIST(Z test statistic, True) and 

1 — NORMLS.DIST(Z test statistic, True) to compute the 

 Jower-tail and upper-tail p-values. 

Key Technique (t test for the mean) Use the -T.INV.2T 

and T.INV.2T functions with (2 * level of significance, degrees 

of freedom) to compute the lower and upper critical values. 

Use an IF function that tests the 7 test statistic to deter- 

mine whether T.DIST.RT (absolute value of the t test statis- 

tic, degrees of freedom) or 1-T.DIST.RT (absolute value of 

the t test statistic, degrees of freedom) computes the p-value. 

Example Perform the Figure 9.11 lower-tail ¢ test for the 

mean for the drive-through time study example on page 296. 

PHStat Click either Lower-Tail Test or Upper-Tail Test in 

the procedure dialog boxes discussed in Sections EG9.1 and 

EG9.2 to perform a one-tail test. 

For the example, select PHStat > One-Sample Tests > 

t Test for the Mean, sigma unknown. In the procedure’s 

dialog box (shown below): 

1. Enter 208.16 as the Null Hypothesis. 

2. Enter 0.05 as the Level of Significance. 

3. Click Sample Statistics Known and enter 25 as the 

Sample Size, 195.6 as the Sample Mean, and 22.1 as 

the Sample Standard Deviation. 

4. Click Lower-Tail Test. 

5. Enter a Title and click OK. 

| t Test for the Mean, sigma unknown x | 

(pea eee | 
} Null Hypothesis: pos.16 

| Level of Significance: 0.05 | 

Sample Statistics Options ——_——— 
© Sample Statistics Known 

Sample Size: [25 

Sample Mean fiss.6 
Sample Standard Deviation: [221 

_© Sample Statistics Unknown 
| 
| 

Sample Cel Range: | | 

IV First cei contains label 

——— —H 

Workbook Use the COMPUTE_LOWER worksheet or 
the COMPUTE_UPPER worksheet of the Z Mean and T 
mean workbooks as templates. 

For the example, open to the COMPUTE_LOWER 
worksheet of the T mean workbook. For other problems 
that require a f test, open to the appropriate worksheet and 

CHAPTER 9 | Fundamentals of Hypothesis Testing: One-Sample Tests 

change the.Null Hypothesis, Level of Significance, Sample 

Size, Sample Mean, and Sample Standard Deviation in the 

cell range B4:B8. 

For other problems that require a Z test, open to the 

appropriate worksheet and change the Null Hypothesis, 

Level of Significance, Population Standard Deviation, 

Sample Size, and Sample Mean in the cell range B4:B8. 

To see the all of the formulas used in the one-tail test work- 

sheets, open to the COMPUTE_ALL_FORMULAS worksheet, 

EG9.4 Z TEST of HYPOTHESIS 
for the PROPORTION 

Key Technique Use the NORM.S.INV (level of significance/ 

2) and NORM.S.INV(1 — level of significance/2) functions 

to compute the lower and upper critical values. 
Use NORM.S.DIST(absolute value of the Z test 

statistic, True) as part of a formula to compute the p-value. 

Example Perform the Figure 9.14 two-tail Z test for the 

proportion for whether the proportion of American workers 

who reported that they work during nonbusiness hours has 

changed on page 300. 

PHStat Use Z Test for the Proportion. 

For the example, select PHStat > One-Sample Tests > 

Z Test for the Proportion. In the procedure’s dialog box 

(shown below): 

1. Enter 0.45 as the Null Hypothesis. 

2. Enter 0.05 as the Level of Significance. 

3. Enter 208 as the Number of Items of Interest. 

4. Enter 400 as the Sample Size. 

5. Click Two-Tail Test. 

6. Enter a Title and click OK. 

Z Test for the Proportion x 

|p Data 

2 z z g 

| 

| 
| 
| 

/ 

| Co] _ cores _| 

Workbook Use the COMPUTE worksheet of the Z 
Proportion workbook as a template. 

The worksheet already contains the data for the example. For 
other problems, change the null hypothesis, level of signifi- 
cance, population standard deviation, sample size, and sam- 
ple mean values in cells B4 through B7 as necessary. 

Use the COMPUTE_LOWER or COMPUTE_UPPER 
worksheets as templates for performing one-tail tests. 



Y USING STATISTICS 
Differing Means for Selling Streaming Media Players 
at Arlingtons? 

o what extent does the location of products in a store affect sales? At Arlingtons, a gen- 

eral merchandiser that competes with discount and wholesale club retailers, manage- 
ment has been considering this question as part of a general review. Seeking to enhance 

revenues, managers have decided to create a special sales area at the front of the each store. 
Arlingtons plans to charge product manufacturers a placement fee for placing specific products 
in this front area, but first needs to demonstrate that the area would boost sales. 

While some manufacturers refuse to pay such placement fees, Arlingtons has found a 

willing partner in Pierrs6hn Technologies. Pierrséhn wants to introduce VLABGo, their new 
mobile streaming player, and is willing to pay a placement fee to be featured at the front of each 

Arlingtons store. However, PierrsShn management wants reassurance that the front of the store 

will be worth the placement fee. As the retail operations chief at Arlingtons, you have been 

asked to negotiate with PierrsGhn. You propose a test that will involve 20 Arlingtons locations, 

all with similar storewide sales volumes and shopper demographics. You explain that you will 

randomly select 10 stores to sell the VLABGo player among other, similar items in the mobile 

electronics aisle in those Arlingtons stores. For the other 10 stores, you will place the VLABGo 

players in a special area at the front of the store. 
At the end of the one-month test period, the sales of VLABGo players from the two store 

samples will be recorded and compared. You wonder how you could determine whether the 

sales in the in-aisle stores are different from the sales in the stores where the VLABGo players 

appear in the special front area. You also would like to decide if the variability in sales from 

store to store is different for the two types of sales location. If you can demonstrate a difference 

in sales, you will have a stronger case for asking for a special front of the store placement fee 

from Pierrséhn. What should you do? 

USING STATISTICS: 

Differing Means... ? 

Comparing the 

Means of Two 

Independent 

Populations 

CONSIDER THIS: Do 

People Really Do This? 

Comparing the 

Means of Two 

Related Populations 

Comparing the 

Proportions of 

Two Independent 

Populations 

F Test for the Ratio 

of Two Variances 

Effect Size (online) 

DIFFERING MEANS ... ?, 

REVISITED 

EXCEL GUIDE 

Compare the means 

or proportions of two 

independent populations 

Compare the means of 

two related populations 

Compare the variances 

of two independent 

populations 
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hapter 9 discusses several hypothesis-testing procedures commonly used to test a single 

sample of data selected from a single population. Hypothesis testing can be extended to 

two-sample tests that compare statistics from samples selected from two populations. 

In the Arlingtons scenario, one such test would be, “Are the mean VLABGo player monthly sales 

at the special front location (one population) different from the mean VLABGo player monthly 

sales at the in-aisle location (a second population)?” 

10.1 Comparing the Means of Two Independent Populations 

!When m, = mo, the pooled variance 
equation simplifies as 

post 8 
Pee 

student TIP 
_ The population defined 

as population 1 in the null 

and alternative hypothe- 

ses must be defined as 

population 1 in Equation 

(10.1). The population 

defined as population 2 

in the null and alternative 

hypotheses must be 

defined as population 2 

in Equation (10.1). 

Using the correct two-sample test to compare the means of samples selected from each of 

two independent populations requires first establishing whether the assumption holds that the 

variances in the two populations are equal. If the assumption holds, you use a pooled-variance 

t test, otherwise you use a separate-variance t test. Determining whether the assumption that 

the two variances are equal can be complicated because when sampling from two independent 

populations, one almost always does not know the standard deviation of either population, as 

Sections 8.1 and 9.1 note. However, using the sample variances, one can test whether the two 

population variances are equal using the method that Section 10.4 discusses. 

Pooled-Variance t Test for the Difference 
Between Two Means Assuming Equal Variances 
If one assumes that the random samples are independently selected from two populations and 

that the populations are normally distributed and have equal variances, one can use a pooled- 

variance ¢ test to determine whether there is a significant difference between the means. If the 

populations do not differ greatly from a normal distribution, one can still use the pooled-variance 

t test, especially if the sample sizes are large enough (typically =30 for each sample). 

This ¢ test is called pooled-variance because the test statistic pools, or combines, the two 

sample variances $7 and S3 to calculate Sn the best estimate of the variance common to both 

populations, under the assumption that the two population variances are equal. Equation (10.1) 
defines the pooled-variance f test.' 

POOLED-VARIANCE t TEST FOR THE DIFFERENCE BETWEEN TWO MEANS 

(X, — Xp) — (uy = pa) 
star = (10.1) 

where 

Ss = pooled variance 

X, = mean of the population | sample 
ft; = mean of population | 

n,; = size of the population | sample 

X, = mean of the population 2 sample 

Mz = mean of population 2 

Ny = size of the population 2 sample 

Piha IS} + (m = 1)S3 
(m — 1) +m —) 

S? = variance of the population 1 sample 

S3 = variance of the population 2 sample 

The fsr4z test statistic follows a f distribution with n; + n. — 2 degrees of freedom. 



FIGURE 10.1 

Regions of rejection 

and nonrejection for the 

pooled-variance t¢ test for 

the difference between the 

means (two-tail test) 

student TIP 
A lower or less than 

comparison indicates a 

lower-tail test. An upper 

or more than comparison 

indicates an upper-tail 

test. A different or not 

the same as comparison 

indicates a two-tail test. 

TABLE 10.1 

Comparing VLABGo 

player sales from two 

different locations 

313 10.1 Comparing the Means of Two Independent Populations 

For the pooled-variance f test, the null and alternative hypotheses of a test for difference in 

the means of two independent populations can be stated in one of two ways: 

Hie Ha 

(a any 

Ho: fy = by Or 

Hy: My ca ba or 

For a given level of significance, a, in a two-tail test, one rejects the null hypothesis if the 

tsrar test statistic is greater than the upper-tail critical value from the ¢ distribution or if the tgr47 

test statistic is less than the lower-tail critical value from the ¢ distribution (see Figure 10.1). 

a/2 a/2 

f tap % Obs PiyAordse ty at et 
Region of Region of Region of 

Rejection Nonrejection Rejection 

Critical Critical 
Value Value 

In a one-tail test in which the rejection region is in the lower tail, one rejects the null hypoth- 

esis if the fyr47 test statistic is less than the lower-tail critical value from the ¢ distribution. In a 

one-tail test in which the rejection region is in the upper tail, one rejects the null hypothesis if 

the fs747 test statistic is greater than the upper-tail critical value from the ¢ distribution. 

To demonstrate the pooled-variance ¢ test, recall the Using Statistics scenario on 

page 311. Two populations are of interest: the set of all possible VLABGo player monthly sales 

at the special front location (population 1) and the set of all possible VLABGo player monthly 

sales at the in-aisle location (population 2). Using the DCOVA framework, one defines the 

business objective as determining whether there is a difference in the mean VLABGo player 

monthly sales at the special front and in-aisle locations. One collects the data from a sample of 

10 Arlingtons stores that have been assigned the special front location and another sample 

of 10 Arlingtons stores that have been assigned the in-aisle location. Table 10.1 presents the 

organized data, stored in (7W\-fey. 

SALES LOCATION 

Special Front In-Aisle 

224 189 248 285 218 LO 2nadar 236 164 154 189 

190 =243 Pals) Z2oUne=s oc 220 eel! TSG mee 2 boa Ce 

The null and alternative hypotheses are 

iy ep 0 

M1 — bn # O 

A: [Ub a yy We 

HA;: By 7 M2 OF 

Assuming that the samples are from normal populations having equal variances, one can use 

the pooled-variance ¢ test. The fgr,7 test statistic follows at distribution with 10 + 10 — 2 = 18 

degrees of freedom. Using an a = 0.05 level of significance, you divide the rejection region into 

two tails of 0.025 each. Table E.3 shows that the critical values for this two-tail test are —2.1009 

and +2.1009 (see Figure 10.2 on page 314). The decision rule is 

Reject ely if lsTAT > +2.1009 

or if tsTAT << —2.1009: 

otherwise, do not reject Hp. 
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FIGURE 10.2 
Two-tail test of hypothesis 

for the difference between 

the means at the 0.05 level 

of significance with 18 

degrees of freedom 
0.025 

| -2,1009  * 0 “ +2,1009f t 

Region of Region of Region of 

Rejection Nonrejection Rejection 

Critical Critical 

Value Value 

Using Equation (10.1) on page 312 and the Figure 10.3 descriptive statistics, 

(X; — Xo) — (my — P42) 
erat = 

s2 nly she iki 

EXO! 1s 

where 

— 1)S?-+ (nm — 1)S3 5420)? + 9(32.5271)? 
ee is aa Ma. pe is Cat) Sek Y= 1,433,9167 

th ee ie 1) I+) 

the result is 

(246.4 — 202.3) — 0.0 44.1 
tee = ——— = 2.6041 
ii 4 BIR \/ 286.7833 

1,433.9167| —5 + 75 

Figure 10.3 shows the Excel results for the two different sales locations data. 

FIGURE 10.3 
Excel pooled-variance t test results with confidence interval estimate for the two different sales locations data 

“ee Se. et ee et | 

1_Pooled-Variance t Test for Differences in Two Means 
2 (assumes equal population variances) 

17 Population 2 Sample Degrees of Freedom Sak: =B11-1 

8 [Total Degrees of Freedom = Sh tag] 

Pooled Variance 1433.9167| =((B16 * B942) + (B17 * B1342))/B18 
20 |Standard Error aye * (1/87 + 1/B11)) 
aerate in Sample Means =B8 - B12 

=-(T.INV.27(B5, B18)) 
=T.INV.27(B5, B18) 
=T.DIST.2T(ABS(B22), B18) 
=IF(B27 < BS, "Reject the null hypothesis", ) 

"Do not reject the null hypothesis") 

Pi OD 4 L. = 

3 | Confidence Interval Estimate 

4 | for the Difference Between Two Means 

§ | 

6 = 

In the Worksheet 

The worksheet uses the T.INV.2T functions 

to compute the upper and lower critical 

values. 

The COMPUTE worksheet of the Excel 

Guide Polled- Variance T workbook is a 

copy of the Figure 10.3 worksheet. 



TABLE 10.2 

Pooled-variance t test 

summary for the two 

sales locations 

FIGURE 10.4 

Excel boxplot for sales 

at the special front and 

in-aisle locations 

10.1 Comparing the Means of Two Independent Populations 315 

Table 10.2 summarizes the results of the pooled-variance ¢ test for the difference between 

the two sales locations using the calculations on page 314 and the Figure 10.3 results. Based on 

the conclusions, the special front location generates significantly higher sales. Therefore, as part 

of the last step of the DCOVA framework, one can offer a justification for charging a placement 

fee for the special front location, 

Result Conclusions 

The fs747 = 2.6041 is greater than 1. Reject the null hypothesis Hp. 

2.1009. 2. Conclude that evidence exists that the 

mean sales are different for the two sales 

locations. 

The ¢ test p-value = 0.0179 is less than 3. The probability of observing a difference 
the level of significance, a = 0.05. in the two sample means this large or 

larger is 0.0179. 

The tsz4r is positive. 4. Conclude that the mean sales are higher 

for the special front location. 

Evaluating the Normality Assumption 

The pooled-variance ¢ test assumes that the two populations are normally distributed, with 

equal variances. When the two populations have equal variances, the pooled-variance f test is 

robust (not sensitive) to moderate departures from the assumption of normality, provided that 

the sample sizes are large. In such situations, one can use the pooled-variance f test without 

serious effects on its power, the probability that one correctly rejects a false null hypothesis. 

However, for cases in which one cannot assume that both populations are normally distrib- 

uted, two alternatives exist. One can use a nonparametric procedure, such as the Wilcoxon 

rank sum test (see Section 12.4), that does not depend on the assumption of normality for the 

two populations, or use a normalizing transformation on each of the values before using the 

pooled-variance f test. 
To check the assumption of normality in each of the two populations, one can construct a 

boxplot of the sales for the two display locations (see Figure 10.4). For these two small samples, 

there appears to be only a slight departure from normality, so the assumption of normality needed 

for the ¢ test is not seriously violated. 

Boxplot for Special Front and In-Aisle Sales 

Special Front ' 

' 1 

' ' 
' ' 
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Example 10.1 provides another application of the pooled-variance f test. 

_ Testing for the 
Difference in the 

Mean Delivery 

Times 

and store the data in (JP2"95"""89. Table 10.3 shows the delivery times. 

TABLE 10.3 
Delivery times Local 

(in minutes) for a local 

pizza restaurant and a 16.8 

national pizza chain My 

15.6 

16.7 

iy’ Be) 

SOLUTION Because you want to know whether the mean is /ower for the local pizza restaurant than 

for the national pizza chain, you have a one-tail test with the following null and alternative hypotheses: 

Ao: &, = Mz (The mean delivery time for the local pizza restaurant is equal to or greater 

18.1 

14.1 

21.8 

13.9 

20.8 

22.0 

15.2 

7 

15.6 

20.8 

than the mean delivery time for the national pizza chain.) 

Hy: 4, < fz (The mean delivery time for the local pizza restaurant is less than the mean 

delivery time for the national pizza chain.) 

Chain 

EXAMPLE 10.1 You and some friends have decided to test the validity of an advertisement by a local pizza 

restaurant, which says it delivers to the dormitories faster than a local branch of a national chain. 

Both the local pizza restaurant and the national chain are located across the street from your 

college campus. You define the variable of interest as the delivery time, in minutes, from the 

time the pizza is ordered to when it is delivered. You collect the data by ordering 10 pizzas from 

the local pizza restaurant and 10 pizzas from the national chain at different times. You organize 

19.5 

17.0 

Lao 

16.5 

24.0 

At the 0.05 level of significance, is there evidence that the mean delivery time for the local 

pizza restaurant is less than the mean delivery time for the national pizza chain? 

Figure 10.5 displays the results for the pooled-variance f test for these data. 

Excel pooled-variance 

t test results for the pizza 

delivery time data 

FIGURE 10.5 4 A 

| 

23| 

24 
25 
26 
2 > (continued) 

Pooled-Variance t Test for Differences in Two Means _ 
(assumes equal population variances) ee 

Data | 

In the Worksheet 

The COMPUTE_LOWER worksheet 
of the Excel Guide Pooled- Variance 
T workbook is a copy of the Figure 10.5 

worksheet. 

The worksheet uses a design similar to the 

design of the COMPUTE worksheet that 

Figure 10.3 presents. 



TABLE 10.4 

Pooled-variance t 

test summary for the 

delivery times for the 

two pizza restaurants 
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Using Equation (10.1) on page 312, 

(X; — Xp) — Gay = a) 
tsTaT = (Snes 

On| brett ee 
ny Ny 

where 

, . (n, — 1)S? + (m — 1)8% 93.0955) + 9(2.8662)” eam loa koe 20992) ot 2 8002). g 096 
(ese ets Oise) 9+ 9 

the result is 

1 es (16, Fk 888)..0,05) ei 2.18. oe 
STA aa ne 

1 | V 1.7797 
8 BORG | at 

LOiaenO 

Table 10.4 summarizes the results of the pooled-variance ft test for the pizza delivery data 

using the calculations above and Figure 10.5 results. Based on the conclusions, the local branch 

of the national chain and a local pizza restaurant have similar delivery times. Therefore, as part of 

the last step of the DCOVA framework, you and your friends exclude delivery time as a decision 
criteria when choosing from which store to order pizza. 

Result Conclusions 

The ts747 = —1.6341 is greater than 1. Do not reject the null hypothesis Hp. 

—T734i 2. Conclude that insufficient evidence 

The ¢ test p-value = 0.0598 is greater exists that the mean delivery time is 
than the level of significance, a = 0.05. lower for the local restaurant than for 

the branch of the national chain. 

3. There is a probability of 0.0598 that 

toraT =< — 1.6341. 

Confidence Interval Estimate for the Difference 

Between Two Means 

Instead of, or in addition to, testing for the difference between the means of two independent 

populations, one can use Equation (10.2) to develop a confidence interval estimate of the dif- 

ference in the means. 

CONFIDENCE INTERVAL ESTIMATE FOR THE DIFFERENCE BETWEEN 

THE MEANS OF TWO INDEPENDENT POPULATIONS 

— jones 
(X, -— X) + tay} Sp (+ Ss 1) (10.2) 

or 

XY YX 2 l J ee cz 3% Yy 2 1 1 

(X, — %) - a/2 Sp Me ne S iy — to = (Xi — X) + tap Sp Fe ape 

where fy /2 is the critical value of the ¢ distribution, with n; + nz — 2 degrees of freedom, 

for an area of a/2 in the upper tail. 
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FIGURE 10.6 

Excel separate-variance t 

test results for the two dif- 

ferent sales locations data 

Using the Figure 10.3 sample statistics results on page 314 and using 95% confidence, 

X, = 246.4, n, = 10, X> = 202.3, nm). = 10,82 = 1,433.9167, with 10 + 10 — 2 

II 18 degrees of freedom, fo.925 = 2.1009 

Using Equation (10.2) 

l | 
(246.4 — 202.3) = a.1009)|.43as167( + i 

44.10 + (2.1009)(16.9347) 

44.10 + 35.5784 

8.5216 = py — My = 79.6784 

Therefore, one can be 95% confident that the difference in mean sales between the special front 

and in-aisle locations is between 8.5216 and 79.6784 VLABGo players sold. In other words, 

one estimates, with 95% confidence, that the special front location has mean sales of between 

8.5216 and 79.6784 more VLABGo players than the in-aisle location. Because the interval does 

not include zero, one rejects the null hypothesis of no difference between the means of the two 

populations. 

Separate-Variance t Test for the Difference 

Between Two Means, Assuming Unequal Variances 
For situations in which the two independent populations can be assumed to be normally dis- 

tributed but cannot be assumed to have equal variances, use the separate-variance f test that 

Satterthwaite developed to use the two separate sample variances (Satterthwaite). Figure 10.6 

displays the separate-variance ¢ test results for the two different sales locations data. Observe 

that the test statistic ts747 = 2.6041 and the p-value is 0.019 < 0.05. The results for the 

separate-variance ¢ test are nearly the same as those of the pooled-variance f test. The assump- 

tion of equality of population variances had no appreciable effect on the results. 

Aran onset 8, Sapo ME eet | B a eee 
1 Separate-Variances t Test 16 | Calculations Area 

2 (assumes unequal population variances 16 Pop. 1 Sample Variance 1809.8222 

3 | Data 17 Pop. 2 Sample Variance 1058.0111 

4 ‘Hypo zed Difference ——— - o 18 |Pop. 1 Sample Var./Sample Size 180.9822 

5 |Level of Significance | 0. 19 | Pop. 2 Sample Var./Sample Size 105.8011 
6 | Population 1 ple 20 |For one-tailed tests: 

7 Semplese___{ ad =COUNT(DataCopy2!$A:$A) f 21 \T.DIST.RT value 0.0096 
8 | __ 246.4] =AVERAGE(DataCopy2!$a:$A) 22 |1-T.DIST.RT value 0.9904 
a Semple Standard evistion_____|_a2.s420 =STDEV.S(DataCopy2!$A:$A) 

fi Sample Size opreerant =COUNT(DataCopy2!$B:$8) 
ii sample Maan | _____ 202.3] -AVERAGE(DataCopy2!$B:$8) In the Worksheet 
13 Sample Standard Deviation _ |___ 32.5271] =STDEV.S(DataCopy2!$B:$B) 

The worksheet uses a calculations 
tusmersto of Dag ; area in cell range D15:E22 to 

’ |Denominator of Degrees of Freedom Ri =(E1842)/(B7 - 1) + (E1942)/(B14 - 1) : : . : 

§ Total Degrees of Freedom \ =B16/B17 simplify other calculations in the 
) | Degrees of Freedom | _____—_—sA6/=1NT(B18) worksheet. 

) =SQRT(E18 + £19) 
2) puiterence in sample Means : The COMPUTE worksheet of 

=(B21 - B4)/B20 
the Excel Guide Separate- 

Variance T workbook is a copy 
=-(T. a 

. 

yi kins of the Figure 10.6 worksheet. 
=T.DIST.2T(ABS(B22), B19) 
=IF(B27 < BS,"Reject the null hypothesis", 

"Do not reject the null hypothesis") 
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Sometimes, the results from the pooled-variance and separate-variance f tests conflict 
because the assumption of equal variances is violated. Therefore, one must evaluate the assump- 
tions and use those results as a guide in selecting a test procedure. In Section 10.4, the F test for 

the ratio of two variances determines whether there is evidence of a difference in the two popula- 

tion variances. The results of that test can help one decide which of the ¢ tests—pooled-variance 

or separate-variance—is more appropriate. 

TNR NTHIS oe a ee 
Do People Really Do This? 

Some question whether decision makers really use 

confirmatory methods such as hypothesis testing. The 

following real case study, contributed by a student, 

reveals a role that such methods still play in business and 

also answers the question: “Do businesses really monitor 

their customer service calls for quality assurance purposes 

as they sometimes claim?” 

In her first full-time job at a financial services com- 

pany, a student was asked to improve a training program 

for new hires at a call center that handled customer 

questions about outstanding loans. For feedback and 

evaluation, she planned to randomly select phone calls 

received by each new employee and rate the employee 

on 10 aspects of the call, including whether the employee 

maintained a pleasant tone with the customer. When 

she presented her plan to her boss for approval, her 

boss wanted proof that her new training program would 

improve customer service. The boss, quoting a famous 

statistician, said “In God we trust; all others must bring 

data.” Faced with this request, she called her business 

statistics professor. “Hello, Professor, you’ll never believe 

why | called. | work for a large company, and in the proj- 

ect | am currently working on, | have to put some of the 

statistics you taught us to work! Can you help?” Together 

they formulated this test: 

e Randomly assign the 60 most recent hires to two training 

programs. Assign half to the preexisting training program 

and the other half to the new training program. 

e At the end of the first month, compare the mean score 

for the 30 employees in the new training program against 

the mean score for the 30 employees in the preexisting 

training program. 

She listened as her professor explained, “What you are 

trying to show is that the mean score from the new training 

program is higher than the mean score from the current pro- 

gram. You can make the null hypothesis that the means are 

equal and see if you can reject it in favor of the alternative 

that the mean score from the new program is higher.” 

“Or, as you used to say, ‘if the p-value is low, Hj) must 

go!’—yes, | do remember!” she replied. Her professor 

chuckled and added, “If you can reject Hy you will have the 

evidence to present to your boss.” She thanked him for his 

help and got back to work, with the newfound confidence 

that she would be able to successfully apply the t test that 

compares the means of two independent populations. 

PROBLEMS FOR SECTION 10.1 

LEARNING THE BASICS 

10.1 If you have samples of n; = 12 and n; = 15, in performing 

the pooled-variance f test, how many degrees of freedom do you have? 

10.2 Assume that you have a sample of n,; = 8 with the sample 

mean X; = 42, and a sample standard deviation S; = 4, and you 

have an independent sample of n. = 15 from another population with 

a sample mean of X, = 34 and a sample standard deviation S, = 5. 

a. What is the value of the pooled-variance fs747 test statistic for 

testing Ho: @, = M2? 

b. In finding the critical value, how many degrees of freedom are there? 

c. Using the level of significance a = 0.01, what is the critical 

value for a one-tail test of the hypothesis Ho: #; = M2 against 

the alternative, Hj: My > M2? 

d. What is your statistical decision? 

10.3 What assumptions about the two populations are necessary 
in Problem 10.2? 

10.4 Referring to Problem 10.2, construct a 95% confidence inter- 
val estimate of the population mean difference between pw; and My. 

10.5 Referring to Problem 10.2, ifn, = 5 andn) = 4, how many 
degrees of freedom do you have? 

10.6 Referring to Problem 10.2, ifn; = 5 andn, = 4, at the 0.01 

level of significance, is there evidence that uw, > py? 

APPLYING THE CONCEPTS 

10.7 When people make estimates, they are influenced by anchors 

to their estimates. A study was conducted in which students were 

asked to estimate the number of calories in a cheeseburger. One group 



320 CHAPTER 10 | Two-Sample Tests 

was asked to do this after thinking about a calorie-laden cheesecake. 

A second group was asked to do this after thinking about an organic 

fruit salad. The mean number of calories estimated in a cheeseburger 

was 780 for the group that thought about the cheesecake and 1,041 

for the group that thought about the organic fruit salad. 

Source: Data extracted from “Drilling Down, Sizing Up a Cheeseburger’s Caloric 

Heft,” New York Times, October 4, 2010, p. B2. 

Suppose that the study was based on a sample of 20 people who 

thought about the cheesecake first and 20 people who thought about 

the organic fruit salad first, and the standard deviation of the number 

of calories in the cheeseburger was 128 for the people who thought 

about the cheesecake first and 140 for the people who thought about 

the organic fruit salad first. 

a. State the null and alternative hypotheses if you want to determine 

whether the mean estimated number of calories in the cheeseburger 

is lower for the people who thought about the cheesecake first than 

for the people who thought about the organic fruit salad first. 

b. In the context of this study, what is the meaning of the Type I 

error? 

c. In the context of this study, what is the meaning of the Type II 

error? 

d. At the 0.01 level of significance, is there evidence that the mean 

estimated number of calories in the cheeseburger is lower for 

the people who thought about the cheesecake first than for the 

people who thought about the organic fruit salad first? 

If you were developing a commercial for a cheeseburger, based 

on the results of (d), what other foods might you show in the 

commercial? 

e 

10.8 A study found that 51 children who watched a commercial 

for Walker Crisps (potato chips) featuring a long-standing sports 

celebrity endorser ate a mean of 36 grams of Walker Crisps as com- 

pared to a mean of 25 grams of Walker Crisps for 41 children who 

watched a commercial for an alternative food snack. 

Source: Data extracted from E. J. Boyland et al., “Food Choice and Overconsump- 

tion: Effect of a Premium Sports Celebrity Endorser,” Journal of Pediatrics, March 

13, 2013, bit.ly/16NR4Bi. 

Suppose that the sample standard deviation for the children who 

watched the sports celebrity-endorsed Walker Crisps commercial 

was 21.4 grams and the sample standard deviation for the children 

who watched the alternative food snack commercial was 12.8 grams. 

a. Assuming that the population variances are equal anda = 0.05, 

is there evidence that the mean amount of Walker Crisps eaten 

was significantly higher for the children who watched the sports 

celebrity-endorsed Walker Crisps commercial? 

Assuming that the population variances are equal, construct a 

95% confidence interval estimate of the difference between the 

mean amount of Walker Crisps eaten by children who watched 

the sports celebrity-endorsed Walker Crisps commercial and 

children who watched the alternative food snack commercial. 

c. Compare and discuss the results of (a) and (b). 

d. Based on the results of (a) and (b), if you wanted to increase the con- 
sumption of Walker Crisps, which commercial would you choose? 

= 

. 

10.9 Is there a difference in the satisfaction rating of traditional 
cellphone providers who bill for service at the end of a month often 
under a contract and prepaid cellphone service providers who bill in 
advance without a contract? The file contains 
the satisfaction rating for 10 traditional cellphone providers and 13 
prepaid cellphone service providers. 
Source: Data extracted from “Carrier Ratings: Why It Pays to Think Small,” 
Consumer Reports, February 2016, p. 51. 

a. Assumingthat the population variances from both types of cell- 

phone providers are equal, is there evidence of a difference in 

the mean ratings between the two types of cellphone providers? 

(Use a = 0,05.) 

b. Find the p-value in (a) and interpret its meaning. 

c. What other assumption is necessary in (a)? 

d. Assuming that the population variances from both cellphone 

providers are equal, construct and interpret a 95% confidence 

interval estimate of the difference between the population 

means of the two cellphone providers. 

e. What conclusions can you reach about the satisfaction rating of 

traditional cellphone providers who bill for service at the end of 

a month often under a contract and prepaid cellphone service 

providers who bill in advance without a contract? 

/ SELF 10.10 Accounting Today identified the top accounting 

WSSA8 firms in 10 geographic regions across the United States. All 
10 regions reported growth in a recent year. The Southeast and Gulf 

Coast regions reported growth of 12.49% and 9.78%, respectively. A 

characteristic description of the accounting firms in the Southeast and 

Gulf Coast regions included the number of partners in the firm. The 

file Fe ry 4 contains the number of partners. 

Source: Data extracted from Accounting Today, The 2019 Top Firms and Regional 

Leaders, available at accountingtoday.com/collections/the-2019-top-100-firms- 

and-regional-leaders. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence between Southeast region accounting firms and Gulf Coast 

accounting firms with respect to the mean number of partners? 

Determine the p-value and interpret its meaning. 

c. What assumptions do you have to make about the two popula- 

tions in order to justify the use of the f test? 

. 

10.11 The Super Bowlis a big viewing event watched by close 

to 200 million Americans, so it is also a big event for advertisers. 

The file 7g 70 Perse trey contains the rating of ads that ran 

between the opening kickoff and the final whistle. 

Source: Data extracted from www.admeter.usatoday.com/results/2019. 

a. Assuming that the population variances from the ads that ran 

before halftime and the ads that ran at halftime or after are equal, 

is there evidence of a difference in the mean score between the 

two types of ads? (Use a = 0.05.) 

b. Determine the p-value in (a) and interpret its meaning. 

c. Assuming that the population variances from both types of ads 

are equal, construct and interpret a 95% confidence interval es- 

timate of the difference between the population mean score of 

the two types of ads. 

10.12 A bank with a branch located in a commercial district 

of a city has the business objective of developing an improved 

process for serving customers during the noon-to-1 P.M. lunch 
period. Management decides to first study the waiting time in 
the current process. The waiting time is defined as the number 
of minutes that elapses from when the customer enters the line 
until he or she reaches the teller window. Data are collected from 
a random sample of 15 customers and stored in ERR 2itY. 
These data are: 

Sitlic mi Die0 Sauce als. 49) 244, 5,58 3.20 
450 610 ..0.38 5.12 646° 6.19 © 3.79 

Suppose that another branch, located in a residential area, is also 
concerned with improving the process of serving customers in the 



noon-to-1 P.M. lunch period. Data are collected from a random sam- 
ple of 15 customers and stored in EES" 2{8"F). These data are: 

peg 65.90 79:8.021) 96.794 8.73. 3:82 W801 0835 
10.49 668 564 408 617 9.91 5,47 

Assuming that the population variances from both banks are 
equal, is there evidence of a difference in the mean waiting time 
between the two branches? (Use a = 0.05.) 

b. Determine the p-value in (a) and interpret its meaning. 
c. In addition to equal variances, what other assumption is neces- 

sary in (a)? 

Construct and interpret a 95% confidence interval estimate of the 
difference between the population means in the two branches. 

Z 

S 

10.13 Repeat Problem 10.12 (a), assuming that the population 

variances in the two branches are not equal. Compare these results 

with those of Problem 10.12 (a). 

10.14 Asa member of the international strategic management team 

in your company, you are assigned the task of exploring potential 

international market entry. As part of your initial investigation, you 

want to know if there is a difference between developed markets and 

emerging markets with respect to the time required to start a busi- 

ness. You select 15 developed countries and 15 emerging countries. 

The time required to start a business, defined as the number of days 

needed to complete the procedures to legally operate a business in 

these countries, is stored in fin@urices:eiieie cig. 

Source: Data extracted from data.worldbank.org. 

a. Assuming that the population variances for developed coun- 

tries and emerging countries are equal, is there evidence 

of a difference in the mean time required to start a busi- 

ness between developed countries and emerging countries? 

(Use a = 0.05.) 

b. Determine the p-value in (a) and interpret its meaning. 

c. In addition to equal variances, what other assumption is neces- 

sary in (a)? 

d. Construct a 95% confidence interval estimate of the differ- 

ence between the population means of developed countries and 

emerging countries. 

10.15 Repeat Problem 10.14 (a), assuming that the population 

variances from developed and emerging countries are not equal. 

Compare these results with those of Problem 10.14 (a). 
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10.16 We Are Social and Hootsuite reported that the typical Amer- 

ican spends 2,02 hours (121 minutes) per day accessing the Internet 

through a mobile device. 

Source: Digital in 2017 Global Overview, available at bit.ly/2jXeS3F. 

You wonder if males and females spend differing amounts of time 

per day accessing the Internet through a mobile device. 

You select a sample of 60 friends and family (30 males and 

30 females), collect times spent per day accessing the Internet 

through a mobile device (in minutes), and store the data collected in 

Mobile Device Study 2 } 
a. Assuming that the variances in the population of times spent per 

day accessing the Internet via a mobile device are equal, is there 

evidence of a difference between males and females in the mean 

time spent per day accessing the Internet via a mobile device? 

(Use a 0.05 level of significance.) 

b. In addition to equal variances, what other assumption is neces- 

sary in (a)? 

10.17 Brand valuations are critical to CEOs, financial and mar- 

keting executives, security analysts, institutional investors, and oth- 

ers who depend on well-researched, reliable information needed 

for assessments and comparisons in decision making. Millward 

Brown Optimor has developed the BrandZ Top 100 Most Valuable 

Global Brands for WPP, the world’s largest communications ser- 

vices group. Unlike other studies, the BrandZ Top 100 Most Valu- 

able Global Brands fuses consumer measures of brand equity with 

financial measures to place a financial value on brands. The file 

yee y4i a) contains the brand values for the technology sec- 
tor and the financial institution sector in the BrandZ Top 100 Most 

Valuable Global Brands for a recent year. 

Source: Data extracted from BrandZ Top100 Most Valuable Global Brands 

2019, available at millwardbrown.com/brandz/rankings-and-reports/top-us- 

brands/2019. 

a. Assuming that the population variances are equal, is there 

evidence of a difference between the technology sector and the 

financial institutions sector with respect to mean brand value? 

(Use a = 0.05.) 

b. Repeat (a), assuming that the population variances are not 

equal. 

c. Compare the results of (a) and (b). 

10.2 Comparing the Means of Two Related Populations 

Section 10.1 hypothesis-testing procedures examine differences between the means of 

two independent populations. This section discusses a procedure for examining the mean 

difference between two populations when samples are collected from populations that are 

related, that is, when results of the first population are not independent of the results of the 

second population. 
There are two cases in which related data are used: when one takes repeated measurements 

from the same set of items or individuals or when one matches items or individuals according 

to some characteristic. In these situations, one examines the difference between the two related 

values rather than the individual values themselves. 

When one takes repeated measurements on the same items or individuals, one assumes 

that the same items or individuals will behave alike if treated alike. The objective is to show 

that any differences between two measurements of the same items or individuals are due to 
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student TIP 
Which sample you define 

as sample 1 determines 

which one-tail test (lower 

or upper) to perform, if a 

one-tail test is needed. 

TABLE 10.5 

Determining the 

difference between 

two related samples 

different treatments that have been applied to the items or individuals. For example, to conduct 

an experiment that compares the prices of items from two retailers, one collects the prices of 

equivalent items that the retailers sell. For each item, the two prices are the “repeated measure- 

ments” of the item. 

Using repeated measurements enables one to answer questions such as “Do prices for the 

same items differ between two retailers?” By collecting the prices of the same items from both 

sellers, one creates two related samples and can use a test that is more powerful than the tests 

Section 10.1 discusses. Those tests use two independent samples that most likely will not contain 

the same sample of items. That means that differences observed might be due to one sample 

having products that are inherently costlier than the other. 

Matched samples represent another type of related data between populations. In matched 

samples, items or individuals are paired together according to some characteristic of interest. 

For example, in test marketing a product in two different advertising campaigns, a sample 

of test markets can be matched on the basis of the test-market population size and/or demo- 

graphic variables. By accounting for the differences in test-market population size and/or 

demographic variables, one can better measure the effects of the two different advertising 

campaigns, 

Whether using matched samples or repeated measurements, the objective is to study the 

difference between two measurements by reducing the effect of the variability that is due to the 

items or individuals themselves. Table 10.5 shows the differences between the individual values 

for two related populations. In this table, X,,, Xj2, .. ., X;, represent the n values from the first 

sample and X>;, Xx, . . ., X2, represent either the corresponding n matched values from a second 

sample or the corresponding n repeated measurements from the initial sample. The set of values 

D,, Dz, ..., D,, in the last column represents the corresponding set of n difference scores. To 

test for the mean difference between two related populations, one treats the difference scores, 

each D;, as values from a single sample. 

Value Sample 1 Sample 2 Difference Score 

tiene X14 Xp D, = Xi, — Xn 

2 X12 Xp Dy = X12 — Xx 

i Xi; Xj D; = Xi; — Xp; 

nN Xin Xrp, D,, — Xin X> 

Paired t Test 
If one can assume that the difference scores are randomly and independently selected from a 
population that is normally distributed, one can use the paired ¢ test for the mean difference 
in related populations to determine whether there is a significant population mean difference. 
As with the one-sample f test that Section 9.2 discusses and which Equation (9.2) defines (see 
page 288), the paired f test statistic follows the ¢ distribution with n — 1 degrees of freedom. 
Although the paired f test assumes that the population is normally distributed, one can use this 
test as long as the sample size is not very small and the population is not highly sake because 
this test is robust. 

Equation (10.3) on page 323 defines the paired ¢ test for the mean difference. 
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PAIRED t TEST FOR THE MEAN DIFFERENCE 

nie Kp 
imp creat (10.3) 

Road EM 

Vn 
where 

Mp = hypothesized mean difference, w, — po 
nN 

=D; 
D we i=1 

n 

D; = ith difference score 

Sp = 

The fs74r test statistic follows a t distribution with n — 1 degrees of freedom. 

The null and alternative hypotheses of a test for difference in the means of two related 
populations are 

Hy: bp = 

Ay: bp # 0 

For a two-tail test with a given level of significance, a, you reject the null hypothesis if the tyr47 

test statistic is greater than the upper-tail critical value f,/2 from the f distribution or, if the tyr47 test 

statistic is less than the lower-tail critical value —t,/, from the ¢ distribution. The decision rule is 

Reject Hp if tsTaT = ly /2 

or if tsraT << ~lq/25 

otherwise, do not reject Hp. 

To illustrate the use of the paired f test for the mean difference, consider a researcher who 

seeks to determine if the prices of the same or equivalent grocery items differ between Costco, 

a warehouse club that sells only to members who pay an annual fee, and Walmart, a large gen- 

eral retailer that sells groceries. In this repeated measures experiment, the researcher uses one 

market basket (set) of products. For each product, the researcher determines the price of the item 

at Costco and the price of the same or equivalent item at Walmart. By using the same market 

basket, the researcher reduces the variability in the prices that would occur if the researcher 

used two market baskets that contained different sets of items and can focus on the differences 

between the prices of the equivalent products offered by the two retailers. 

Table 10.6, stored in [JPESYEPEVSY, contains market basket prices for the n = 7 selected 
items from Costco and Walmart. 

Using the DCOVA framework, the researcher defines the business objective as determining 
if there is any difference between the mean price at Costco and Walmart. In other words, is there 
evidence that the mean price is different between the two retailers? The null and alternative 

hypotheses are 

Ho: Lp = 0 (There is no difference in the mean price between Costco and Walmart.) 
Hi: wp # 0 (There is a difference in the mean price between Costco and Walmart.) 

t 
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TABLE 10.6 

cea eee Equivalent Item Costco Walmart 

Costco and Walmart Chicken broth per 128 oz. 5.98 5.88 

Vanilla ice cream per 96 oz. 8.59 7,19 

Dishwasher detergent per 100 loads . 9.00 17.00 

Laundry detergent per 100 loads 11.00 12.00 

Paper towels per 100 square feet 1.47 2.09 

Toilet paper per 10 rolls 12.00 27.00 

Tissues per 100 tissues 1.23 i 

Source; Data extracted and adapted from “The Best Everyday Products,” Consumer Reports, January 2015, 
p. 29. 

Choosing the level of significance a = 0.05 and assuming that the differences are normally 

distributed, the researcher uses the paired f test for mean difference. For a sample of n = 7 

items, there aren — 1 = 6 degrees of freedom. As Figure 10.7 visualizes, using Table E.3, the 

decision rule is 

Reject Ap if tsr,47 > 2.4469 

or if tsTAaT < —2.4469: 

otherwise, do not reject Hp. 

FIGURE 10.7 

Two-tail paired t test at the 

0.05 level of significance 

with 6 degrees of freedom 

t -2.4469 0 YA +24469} ¢ 
Region of Region of Region of 
Rejection Nonrejection Rejection 

Critical Critical 
Value Value 

For the n = 7 differences (calculated from the Table 10.6 data), the sample mean difference is 

2 _ 23.01 _ 
eee they, 

D=+ = —3,287] 
and 
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Table 10.7 summarizes the results of the paired 7 test for the difference between the two sales 
locations using the calculation on page 324 and Figure 10.8 results. Based on the conclusions, 
Costco and Walmart sell equivalent items at similar prices. Therefore, as part of the last step of 
the DCOVA framework, a researcher can state that a price-conscious shopper would do equally 
well shopping for the market basket of items at either retailer. 

TABLE 10.7 
Paired t test summary Result Conclusions 

for the Dees of The ts747 = —1.4471 is greater than 1. Do not reject the null hypothesis Hp. 
equivalent items at — 2.4469 and less than 2.4469. 
Costco and Walmart 

The f test p-value = 0.1980 is greater 2. Conclude that no evidence exists 
than the level of significance, a = 0.05. that there is a difference in the mean 

price of equivalent items purchased at 

Costco and Walmart. 

FIGURE 10.8 A Sea ee In the Worksheet 
1 Paired t Test 

oa eouls : The worksheet uses the DEVSQ i 3 | Data 

eee ani products 4 iH sized Mean Difference 0 function in cell B11 to compute the 

P 2 nevetot significance 0.08 sum of the squares of the differences 
7 | intermediate Calculations to simplify other calculations in the 
8 |Sample Size =COUNT(PtCalcs!$A:$A) worksheet 

9 |DBar =AVERAGE(PtCalcs!§C:$C) i 
10 degrees of freedom =B8-1 

4115, =SQRT(DEVSQ{PtCales!C:C)/B10) The COMPUTE worksheet of the 

z E = ae aaah Excel Guide Paired T workbook is a 

a) cae ean ed " copy of the Figure 10.8 worksheet. 

=-T.INV.2T(B5, B10) 

=T.INV.2T(BS, B10) 

=T.DIST.2T(ABS(B13), B10) 
=IF(B18 < BS, “Reject the null hypothesis", ) 

“Do not reject the null hypothesis") 

: Ae Set er 

ot reject the null hypothesis 

To evaluate the validity of the assumption of normality, if the sample size is sufficiently large 

(which is not the case with the preceding example), one can construct a boxplot, histogram, or 

normal probability plot. If these plots reveal that the assumption of underlying normality in the 
population is severely violated, then the ¢ test may be inappropriate, especially if the sample 

size is small. If one concludes that the f test is inappropriate, one can use either a nonparamet- 

ric procedure that does not make the assumption of underlying normality (see Section 12.5) or 

make a data transformation (Snedecor) and then check the assumptions again to determine 

whether the ¢ test can be used. 

nn TRNAS AE RMON IN I TSP COMIC NOE NNN NNEC EL OCMC BSAA TOSI AP OPA EAE CE AEOE BEEPS ATE ALE CEE ARTOPT LIES IEEE SEDI TE BS SECT FRPP ESE 

EXAMPLE 10.2 Recall from Example 10.1 on page 316 a local pizza restaurant situated across the street from 

Paired t Test of your college campus advertises that it delivers to the dormitories faster than the local branch 

Pizza Delivery Times Of a national pizza chain. In order to determine whether this advertisement is valid, you and 
some friends decided to order 10 pizzas from the local pizza restaurant and 10 pizzas from the 

national chain. In fact, each time you ordered a pizza from the local pizza restaurant, at the same 

time, your friends ordered a pizza from the national pizza chain. Therefore, you have matched 
samples (because each pair of pizzas was ordered at the same time). For each of the 10 times 

that pizzas were ordered, you have one measurement from the local pizza restaurant and one 
from the national chain. At the 0.05 level of significance, is the mean delivery time for the local 
pizza restaurant less than the mean delivery time for the national pizza chain? 

SOLUTION Use the paired f test to analyze the Table 10.8 data (stored in [RP22 Wee). 

> (continued) Figure 10.9 on page 326 shows the paired ¢ test results for the pizza delivery data. 
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TABLE 10.8 

Delivery times for 

local pizza restaurant 

and national pizza 

chain 

FIGURE 10.9 
Excel paired t test 

results for the pizza 

delivery data 

> (continued) 
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Time Local Chain Difference 

| 16.8 22.0 mei” 

2 Le LS. = 3,9 

3 15.6 18.7 —3.1 
4 16.7 15.6 ey 

2 ke Ps 20.8 mei 

6 18.1] LODE 5 —1.4 

7 14.1 17.0 wat 4 

8 21.8 19.5 23 

9 13.9 16.5 =—2.0 

10 20.8 24.0 aid 

—21.8 

‘ A 8 ee E In the Worksheet 
1 Paired t Test 

: 7s The worksheet uses a design similar to 

4 Hypothesized Mean Diff. 0 the design of the COMPUTE worksheet 

2 evel of significence 905 that Figure 10.8 presents. 

a The COMPUTE_LOWER worksheet 
9 (DBar =2. of the Excel Guide Paired T workbook 

ns, f is a copy of the Figure 10.9 worksheet. 
12 Standard Error 

The null and alternative hypotheses are: 

Ho: kp = O (Mean difference in the delivery time between the local pizza restaurant and 

the national pizza chain is greater than or equal to 0.) 

A: fp < 0 (Mean difference in the delivery time between the local pizza restaurant and 

the national pizza chain is less than 0.) 

Choosing the level of significance a = 0.05 and assuming that the differences are normally 

distributed, you use the paired f test for mean difference. For a sample of n = 10 delivery times, 
there aren — 1 = 9 degrees of freedom. Using Table E.3, the decision rule is 

Reject Hp if lsTaT = —1o.05 = —1.833 ib 

otherwise, do not reject Hp. 

For n = 10 differences (see Table 10.8), the sample mean difference is 

>; S218 
Diag charge Rape eRe 

and the sample standard deviation of the difference is 



TABLE 10.9 

Paired t test 

summary for the 

delivery times for the 

two pizza restaurants 
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From Equation (10.3) on page 323, 

Dr tA lhe tone tsrar = = = —3.0448 
vavial ee 2.2641 

Va V'10 

Table 10.9 summarizes the results of the paired f test for the pizza delivery data using the 

calculation above and Figure 10.9 results. Based on the conclusions, the local pizza restau- 

rant has a faster (lower) delivery time than the branch of the national chain. Therefore, as 

part of the last step of the DCOVA framework, you and your friends should order from the 

local pizza restaurant if delivery time is an important decision-making criterion for choosing 

a restaurant. 

Result Conclusions 

The tsz47 = —3.0448 is less than 1, Reject the null hypothesis Hp. 

it RENE 2. Conclude that evidence exists that the 
The f test p-value = 0.0070 is less than mean delivery time is lower for the local 
the level of significance, a = 0.05. restaurant than for the branch of the 

national chain. 

3. There is a probability of 0.0070 that 

tsrar < —3.0448 

This conclusion differs from the conclusion reached when using the pooled-variance f test 

for these data (see Example 10.1 on page 316). By pairing the delivery times, you are able to 

focus on the differences between the two pizza delivery services and not the variability created 

by ordering pizzas at different times of day. The paired ¢ test is a more powerful statistical pro- 

cedure that reduces the variability in the delivery time because you are controlling for the time 

of day the pizza was ordered. 

Confidence Interval Estimate for the Mean Difference 

When conducting a two-tail test for the mean difference between two related populations, one 

can use Equation (10.4) to construct a confidence interval estimate for the population mean 

difference. 

CONFIDENCE INTERVAL ESTIMATE FOR THE MEAN DIFFERENCE 

De (10.4) 
Sp 
, 

or 
Sp _ pee 

Leas Wi 

where f, / is the critical value of the ¢ distribution, with n — 1 degrees of freedom, for an 

area of a/2 in the upper tail. 

D Mp =D + tay 
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Recall the example comparing equivalent item prices at Costco and Walmart that begins on 

page 323. Using Equation (10.4), D = —3.2871, Sp = 6.0101, n = 7, and fg/2 = 2.4469 (for 

95% confidence andn — | = 7 degrees of freedom), 

32871 x 
6.0101 

(2.4469) ——— V7 

~3.20/1 i S288 

—8,.8455 = pp S 2.2713 

Thus, with 95% confidence, you estimate that the population mean difference in equivalent item 

prices between Costco and Walmart is between ~$8.8455 and $2.2713. Because the interval 

estimate contains zero, using the 0.05 level of significance and a two-tail test, the researcher can 

conclude that there is no evidence of a difference in the mean item prices between Costco and 

Walmart, the same as the the f test results (see Table 10.7 on page 325). 

PROBLEMS FOR SECTION 10.2 

LEARNING THE BASICS 

10.18 An experimental design for a paired ¢ test has 20 pairs of 

identical twins. How many degrees of freedom are there in this f test? 

10.19 Fifteen volunteers are recruited to participate in an experi- 

ment. A measurement is made (such as blood pressure) before each 

volunteer is asked to read a particularly upsetting passage from a 

book and and then again after each volunteer reads the passage from 

the book. In the analysis of the data collected from this experiment, 

how many degrees of freedom are there in the test? 

APPLYING THE CONCEPTS 

wh S383 10.20 Nine experts rated two brands of coffee in a 

TEST taste-testing experiment. A rating on a 7-point scale 

(1 = extremely unpleasing, 7 = extremely pleasing) is given for 

each of four characteristics: taste, aroma, richness, and acidity. The 

following data stored in contain the ratings accumulated 
over all four characteristics: 

BRAND 

EXPERT A B 

Cc 24 26 
S.E. 27 27 
E.G. 19 22 
B.L. 24 27 
C.M. ey) 25 
C.N. 26 27 
GN. | 27 26 
RM. 25 18g 
PV. 22 23 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the mean ratings between the two brands? 

b. What assumption is necessary in order to perform this test? 

c. Determine the p-value in (a) and interpret its meaning. 

d. Construct and interpret a 95% confidence interval estimate of 

the difference in the mean ratings between the two brands. 

10.21 How do the ratings.of TV and Internet services compare? 

The file contains the ratings of 10 different providers. 

Source: Data extracted from ACSI Telecommunication Report 2017, available at 

bit.ly/2syfebA. 

a. At the 0.05 level of significance, is there evidence of a difference 

in the mean service rating between TV and Internet services? 

b. What assumption is necessary in order to perform this test? 

c. Use a graphical method to evaluate the validity of the assump- 

tion in (a). 

d. Construct and interpret a 95% confidence interval estimate 

of the difference in the mean service rating between TV and 

Internet services. 

10.22 Do upload and download speeds vary between cities and Inter- 

net service providers? The file contains the 
upload and download speeds in Mbps in 40 different cities for four 

Internet service providers, AT&T, T-Mobile, Sprint, and Verizon, as 

measured in November 2017. In this problem, you have decided to focus 

on the difference in the download times between AT&T and Verizon. 

Source: Data extracted from “Speedsmart Wireless Speed Index,” bit.ly/2FjoRadt . 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the mean download speed between AT&T and Verizon? 

b. What assumption is necessary to perform this test? 

c. Use a graphical method to evaluate the assumption made in (a). 

d. Construct and interpret a 95% confidence interval estimate of 

the difference in the mean download speed between AT&T and 
Verizon. 

10.23 Do upload and download speeds vary between cities and Inter- 

net service providers? The file contains the 
upload and download speeds in Mbps in 40 different cities for four 

Internet service providers, AT&T, T-Mobile, Sprint, and Verizon, as 
measured in November 2017. In this problem, you have decided to 
focus on the difference in the upload times between AT&T and Verizon. 

Source: Data extracted from “Speedsmart Wireless Speed Index,” bit.ly/2FjoRadt. 

a. At the 0.05 level of significance, is there evidence of a differ- 
ence in the mean upload speed between AT&T and Verizon? 

b. What assumption is necessary to perform this test? 
¢c. Use a graphical method to evaluate the assumption made in (a). 
d. Construct and interpret a 95% confidence interval estimate of the 

difference in the mean upload speed between AT&T and Verizon. 
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10.24 Multiple myeloma, or blood plasma cancer, is character- 
ized by increased blood vessel formulation (angiogenesis) in the 
bone marrow that is a predictive factor in survival, One treatment 
approach used for multiple myeloma is stem cell pansplantanen 
with the patient’s own stem cells. The data stored in fv" felom 
shown below represent the bone marrow microvessel dencity for 
patients who had a complete response to the stem cell transplant 
(as measured by blood and urine tests). The measurements were 
taken immediately prior to the stem cell transplant and at the time 
the complete response was determined. 

Patient Before After 

1 158 284 

2 189 214 

, 3 202 101 
4 353 P| 

5 416 290 

6 426 176 

7 441 290 

Data extracted from S. V. Rajkumar, R. Fonseca, T. E. Witzig, M. A. 

Gertz, and P. R. Greipp, “Bone Marrow Angiogenesis in Patients Achiev- 

ing Complete Response After Stem Cell Transplantation for Multiple 

Myeloma,” Leukemia 13 (1999); 469-472. 

a. At the 0.05 level of significance, is there evidence that the mean 

bone marrow microvessel density is higher before the stem cell 

transplant than after the stem cell transplant? 

b. Interpret the meaning of the p-value in (a), 

c. Construct and interpret a 95% confidence interval estimate of 

the mean difference in bone marrow microvessel density before 

and after the stem cell transplant. 

d. What assumption is necessary in order to perform the test in (a)? 

10.25 To assess the effectiveness of a cola video ad, a random sample 

of 38 individuals from a target audience was selected to participate 

in a copy test. Participants viewed two ads, one of which was the ad 

being tested. Participants then answered a series of questions about how 

much they liked the ads. An adindex measure was created and stored in 

ve Tye; the higher the adindex value, the more likeable the ad. Com- 

pute descriptive statistics and perform a paired ¢ test. State your findings 

and conclusions in a report. (Use the 0,05 level of significance.) 

10.26 The file (eR STeia) contains the compressive 
strength, in thousands of pounds per square inch (psi), of 40 sam- 

ples of concrete taken two and seven days after pouring. 

Source: Data extracted from O. Carrillo-Gamboa and R, F. Gunst, “Measurement- 

Error-Model Collinearities,” Technometrics, 34 (1992): 454-464. 

a. At the 0.01 level of significance, is there evidence that the mean 

strength is lower at two days than at seven days? 

b. What assumption is necessary in order to perform this test? 

c. Find the p-value in (a) and interpret its meaning. 

10.3 Comparing the Proportions of Two 
Independent Populations 

Often, one needs to make comparisons and analyze differences between two population pro- 

portions. Two different procedures perform a test for the difference between two proportions 

selected from independent populations. This section presents a procedure whose test statistic, 

Zsra7, iS approximated by a standardized normal distribution. (Section 12.1 discusses an equiv- 

alent procedure in which the test statistic, Xéra7> is approximated by a chi-square distribution.) 

Z Test for the Difference Between Two Proportions 
To evaluate differences between two population proportions, one uses a Z test for the difference 

between two proportions. Equation (10.5) defines this test. The Zs747 test statistic is based on 

the difference between two sample proportions (p, — p>), and the test statistic approximately 

follows a standardized normal distribution for large enough sample sizes. 

Z TEST FOR THE DIFFERENCE BETWEEN TWO PROPORTIONS 

(D1 — Pr) — (™ — 7) 

where 

ZstaT = (10.5) 
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student TIP 
Do not confuse this 

use of the Greek letter 

pi, 7, to represent the 

population proportion 

with the mathematical 

constant that is 

approximately 3.14159. 

and 

p, = proportion of items of interest in sample | 

X, = number of items of interest in sample | 

n, = sample size of sample | 

7, = proportion of items of interest in population | 

p> = proportion of items of interest in sample 2 

> = number of items of interest in sample 2 

n> = sample size of sample 2 

7 = proportion of items of interest in population 2 

Pp = pooled estimate of the population proportion of items of interest 

The Zor, test statistic approximately follows a standardized normal distribution. 

The null hypothesis in the Z test for the difference between two proportions states that the 

two population proportions are equal (77; = 7). Because the pooled estimate for the population 

proportion is based on the null hypothesis, you combine, or pool, the two sample proportions 

to compute p, an overall estimate of the common population proportion. This estimate is equal 

to the number of items of interest in the two samples (X; + X>) divided by the total sample size 

from the two samples (7; + np). 

As the following table summarizes, the Z test for the difference between population propor- 

tions can be used to determine whether there is a difference in the proportion of items of interest 

in the two populations (two-tail test) or whether one population has a higher proportion of items 

of interest than the other population (one-tail test). 

Two-Tail Test One-Tail Test- One-Tail Test 

Ab: LUN THES Ap: Tr = v1p) Hp: 7 = v1) 

Hy: 17 F 11 Hy: 7 — Up) Hy: Ty > Ty 

For a given level of significance, a, one rejects the null hypothesis if the Zs747 test statistic 

that Equation (10.5) defines is greater than the upper-tail critical value from the standardized 

normal distribution or if the Zy747 test statistic is less than the lower-tail critical value from the 
standardized normal distribution. 

To illustrate the use of the Z test for the equality of the two proportions, recall the Chapter 6 

Using Statistics MyTVLab scenario. MyTVLab web designers face a new task to revise the signup 

page for the website. The designers ponder whether this page should ask for many personal details 

or just a few. They decide to design both types of signup pages and devise an experiment. Every 

visitor going to the signup page will be randomly shown one of the two new designs. Effective- 

ness will be measured by whether the visitor clicks the signup button that appears on the page 
displayed. 

Using the DCOVA framework, the designers define the business objective as determining if 
there is evidence of a significant difference in signups generated by the two pages. The results 
of the experiment showed that of 4,325 visitors to the signup page that asks only a few personal 
details, 387 clicked the signup button while of 4,639 visitors to the signup page that asks for 
many personal details, 283 clicked the signup button. At the 0.05 level of significance, is there 
evidence of a significant difference in signup between a signup page that asks only a few per- 
sonal details and a signup page that asks for many personal details? 

The null and alternative hypotheses are 

Ho: 7 = 7 or 7 — 7 =0 

Ay: 7, # 1%, or 7 — % #0 



FIGURE 10.10 

Regions of rejection and 

nonrejection when testing 

a hypothesis for the differ- 

ence between two propor- 

tions at the 0.05 level of 

significance. 

TABLE 10.10 

Z test summary for 

the two signup pages 

problem 
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Using the 0.05 level of significance, the critical values are — 1.96 and +1.96 (see Figure 10.10), 

and the decision rule is 

Reject fel if ZsTAT se cae ] 96 

or if Zorar > +1.96; 

otherwise, do not reject Ho. 

-1.96 % ) ‘ +1.96 | Z 

Region of 
Region of Nonrejection Region of 
Rejection Rejection 

Critical Critical 
Value Value 

Using Equation (10.5) on page 329, 

elles (pisos seat) 

sneak Pulse p ena 

where 

Xx, 387 X> 283 
= — = —— = 0.0895 == = 0.0610 

PU 4 395 A630 
Ss Are nX5 387° 283 

= = = 0.0747 
ES Pe ectineuce fle pL a He 

the result is 

(010895 =—"*0,0610)7=="¢0) 0.0285 Z e. = === = +5,1228 

- 0.0747(1 — 0.0747 ( ) ae : =i) me 
teal ) 4,325 4,639 

Table 10.10 summarizes the results of the Z test for the difference between the two signup 

proportions using the calculation above and Figure 10.11 results on page 332. Based on the 

conclusions, the signup page that asks fewer personal details generates a significantly greater 

proportion of visitors who sign up. Therefore, as part of the last step of the DCOVA framework, 

the designers would recommend that MyTVLab use the signup page that asks the fewer number 

of personal questions. 

Result Conclusions 

The Zs747 = +5.1228 is greater than 1. Reject the null hypothesis Ap. 
+1.96. 2. Conclude that evidence exists that the 

signup pages are significantly different 
with respect to signups. 

The Z test p-value = 0.0000 is less 3. There is a probability of 0.0000 that 

than the level of significance, a = 0.05. Zotar > 5.1228 or <—5.1228. 
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FIGURE 10.11 | A 8 In the Worksheet 

Excel Z test worksheet 

results for the difference 

between two proportions 

for the two signup pages 

problem 

The worksheet uses the NORM.S.INV 

function in cells B21 and B22 to 

compute the lower and upper critical 

values. 

The COMPUTE worksheet of the 

Excel Guide Z Two Proportions is a 

copy of the Figure 10.11 worksheet. 

0| =2 * (1 - NORM.S.DIST(ABS(B18), TRUE)) 

| =IF(B23 < BS, "Reject the null hypothesis", 

"Do not reject the null hypothesis”) 

— ———— — — —-_—— 

EXAMPLE 10.3 | Are men less likely than women to say that a major reason they use Facebook is to share with 

| Testing for the many people at once? A survey reported that 42% of men (193 out of 459 sampled) and 50% 

| Difference Between of women (250 out of 501 sampled) said that a major reason they use Facebook is to share with 

| Two Proportions many people at once. (Source: “6 new facts about Facebook,” bit.ly/IKENZcA.) 

SOLUTION Because you want to know whether there is evidence that the proportion of men 

who say that a major reason they use Facebook is to share with many people at once is Jess than 

| the proportion of women who say that a major reason they use Facebook is to share with many 

people at once, you have a one-tail test. The null and alternative hypotheses are 

/ Ho: 7, = 7 (The proportion of men who say that a major reason they use Facebook is to 

share with many people at once is greater than or equal to the proportion of women who 

say that a major reason they use Facebook is to share with many people at once.) 

: H,: 7 < 7 (The proportion of men who say that a major reason they use Facebook is 

to share with many people at once is less than the proportion of women who say that a 
major reason they use Facebook is to share with many people at once.) 

Using the 0.05 level of significance, for the one-tail test in the lower tail, the critical value is 
— 1.645. The decision rule is 

Reject Ao if Zsr47 < —1.645; 

otherwise, do not reject Hp. 

Using Equation (10.5) on page 329, 

(D1 — Po) — (a, — Mr) 
Zstat = 

l 

AA a; ue a 
where 

X, 193 Aare] 5t) 
=— = —=04 = = — = P\ ny 459 205 po ay 0.4990 

URS. C8: a 2 oe 8 

EIS CCM, wane 

the result is 

as (0.4205 — 0.4990) — (0) —0.0785 
La. = 

> (continued) 459 501 

= SS = 2.4379 
1 ) V 0.0010437 

0.4615(1 — 0.4615)( 35 P= 



TABLE 10.11 

Z test summary for 

the difference in the 

proportion of men 

and women who say 

sharing with many 

people at once is a 

major reason they 

use Facebook 

FIGURE 10.12 

Excel Z test results for the 

major reason men and 

women use Facebook 
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Table 10.11 summarizes the results of the Z test for the difference between the gender 

proportions using the calculation above and Figure 10.12 results. Based on the conclusions, 

the proportion of men who say that sharing with many people at once is a major reason they 

use Facebook is less than the proportion of women who say that. Therefore, as part of the last 

step of the DCOVA framework, you might recommend that Facebook explore other ways in 

which the two genders differently view the usefulness of Facebook. 

Result Conclusions 

The Zs747 = —2.4379 is less than —1.645. 1; 

The Z test p-value = 0.0074 is less than the ae 

level of significance, a = 0.05. 

Reject the null hypothesis Ho. 

Conclude that evidence exists that 
men are significantly less likely than 

women to say that sharing with many 
people at once is a major reason they 

use Facebook. 

3. There is a probability of 0.0074 that 
Zstar < —2.4379. 

RiiesSrectietint ete AN JON eee = In the Worksheet 
1 ZTest for Differences in Two Proportions 

2 

| Data 
The worksheet uses a design similar to 

the design of the COMPUTE worksheet 

that Figure 10.11 presents. 

4 Hypothesized Difference 0 

5 |Level of Significance 0.05) 

6 | Group 1 | 

7 \Number of Items of Interest 193 
8 Sample Size 459) 

9 | Group 2 | 

10 |Number of Items of Interest 250 

2 | 501, 

ee a et Se 

The COMPUTE_LOWER worksheet 

of the Excel Guide Two Proportions is 

a copy of the Figure 10.12 worksheet. 

Confidence Interval Estimate for the Difference 

Between Two Proportions 

Instead of, or in addition to, testing for the difference between the proportions of two indepen- 

dent populations, one can construct a confidence interval estimate for the difference between 

the two proportions using Equation (10.6) on page 334. 
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CONFIDENCE INTERVAL ESTIMATE FOR THE DIFFERENCE 

BETWEEN TWO PROPORTIONS 

(P) — P2) 

or 

(1 = pi) , Pall — Pa) 
(P a P2) 75 Zann|= Zs = : 

[pi = py) 
S (py = po) + Zy/24/— 7a 

t Za/2 
et ») l i. io] pi — py) ¢ Pr P2) 

ny Ny 
(10.6) 

= (7 — 1) 
No < ny 

il = Ds) 
Ny 

Recall the MyTVLab example that begins on page 330 that seeks to determine if there is a 

significant population difference between the proportion of visitors to the few personal details 

page who signed up and the proportion of visitors to the many personal details page who signed 

up. Using these Figure 10.11 software results (see page 332) 

Reson 
P| n, 

387 

a 75 
= 0.0895 p= | AAO 

and Equation (10.6) with 95% confidence, results in 

(0.0895 — 0.0610) 

0.0285 

0.0285 

~ 

= 

a 

0.0895(1 — 0.0895) 

4,325 

(1.96)(0.0056) 

0.0109 

0.0610(1 — 0.0610) 
(1.96) 4.639 

0.0175 < (a, — m) < 0.0394 

The designers have 95% confidence that the difference between the population proportion of 

visitors to the few personal details page who signed up and the population proportion of visitors 

to the many personal details page who signed up is between 0.0175 and 0.0394. In percentages, 

the difference is between 1.75% and 3.94%. Visitors are more likely to sign up if they are pre- 
sented with a signup page that asks for fewer personal details. 

LEARNING THE BASICS 

10.27 Let n; = 100, X,; = 50, ny = 100, and X, = 30. 
a. At the 0.05 level of significance, is there evidence of a signifi- 

cant difference between the two population proportions? 

b. Construct a 95% confidence interval estimate for the difference 

between the two population proportions. 

10.28 Let n; = 100, X; = 45, mn) = 50, and X, = 25. 
a. At the 0.01 level of significance, is there evidence of a signifi- 

cant difference between the two population proportions? 
b. Construct a 99% confidence interval estimate for the difference 

between the two population proportions. 

PROBLEMS FOR SECTION 10.3 : | 

APPLYING THE CONCEPTS 

10.29 An online survey asked 1,004 adults, “If purchasing a used 

car made certain upgrades or features more affordable, what would 

be your preferred luxury upgrade?” The results indicated that 9% of 

the males and 14% of the females answered window tinting. 

Source: Data extracted from Ipsos, “Safety Technology Tops the List of Most 

Desired Features Should They Be More Affordable When Purchasing a Used Car— — 
Particularly Collision Avoidance,” bit.ly/IRCce1L. 

The sample sizes of males and females were not provided. Suppose 
that both sample sizes were 502 and that 46 of 502 males and 71 
of 502 females reported window tinting as their preferred luxury 
upgrade of choice. 
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a. Is there evidence of a difference between males and females in 
the proportion who said they prefer window tinting as a luxury 
upgrade at the 0.01 level of significance? 

b. Find the p-value in (a) and interpret its meaning. 
c. Construct and interpret a 99% confidence interval estimate for 

the difference between the proportion of males and females who 
said they prefer window tinting as a luxury upgrade. 

d. What are your answers to (a) through (c) if 60 males said they 
prefer window tinting as a luxury upgrade? 

10.30 Does Cable Video on Demand (VOD D4+) increase ad 
effectiveness? A recent VOD study compared general TV and VOD 
D4+ audiences after viewing a brand ad. Data were collected on 
whether the viewer indicated that the ad made them want to visit 
the brand website. The results were: 

MADE ME WANT TO VISIT 

THE BRAND WEBSITE 

VIEWING AUDIENCE Yes No 

VOD D4+ 147 103 

General TV ie 235 166 

Source: Data extracted from Canoe Ventures, Understanding VOD 

Advertising Effectiveness, bit.ly/1JnmMup, removed. 

a. Set up the null and alternative hypotheses to try to determine 

whether ad impact is stronger following VOD D4+ viewing 

than following general TV viewing. 

b. Conduct the hypothesis test defined in (a), using the 0.05 level 

of significance. 

c. Does the result of your test in (b) make it appropriate to claim 

that ad impact is stronger following VOD D4+ than following 

general TV viewing? 

10.31 Are you an impulse shopper? A survey of 500 grocery shop- 

pers indicated that 29% of males and 40% of females make an 

impulse purchase every time they shop. Assume that the survey 

consisted of 250 males and 250 females. 

Source: Data extracted from Women shoppers are impulsive while men snap up 

bargains, available at bit.ly/2sLYmVx. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the proportion of males and females who make an im- 

pulse purchase every time they shop? 

b. Find the p-values and interpret its meaning. 

10.32 The Society for Human Resource Management (SHRM) 

collaborated with Globoforce on a series of organizational surveys 

with the goal of identifying challenges that HR leaders face and 

what strategies help them conquer those challenges. A recent sur- 

vey indicates that employee retention/turnover (46%) and employee 

engagement (36%) were cited as the most important organizational 

challenges currently faced by HR professionals. 

One strategy that may have an impact on employee retention, 

turnover, and engagement is a successful employee recognition 

program. Surveying small organizations, those with 500 to 2,499 

employees, and large organizations, those with 10,000 or more 

employees, SHRM and Globoforce showed that 326 (77%) of the 

423 small organizations have employee retention programs as com- 

pared to 167 (87%) of the 192 large organizations. 

Source: Data extracted from SHRM Survey Finding: Influencing Workplace Culture 

Through Employee Retention and Other Efforts, bit.ly/2rFvE9w. 

a. Atthe 0.01 level of significance, is there evidence of a significant 

difference between organizations with 500 to 2,499 employees 

and organizations with 10,000 or more employees with respect 

to the proportion that have employee recognition programs? 

b. Find the p-value in (a) and interpret its meaning. 

c. Construct and interpret a 99% confidence interval estimate for the 

difference between organizations with 500 to 2,499 employees 

and organizations with 10,000 or more employees with respect to 

the proportion that have employee recognition programs. 

10.33 What social media tools do marketers commonly use? A 

survey by Social Media Examiner of B2B marketers (marketers 

that focus primarily on attracting businesses) and B2C marketers 

(marketers that primarily target consumers) reported that 267 (81%) 

of B2B marketers and 295 (44%) of B2C marketers commonly use 

LinkedIn as a social media tool. The study also revealed that 149 

(45%) of B2B marketers and 308 (46%) of B2C marketers com- 

monly use YouTube as a social media tool. 

Data extracted from 2017 Social Media Marketing Industry Report, bit.ly/2rFmLzh. 

Suppose the survey was based on 330 B2B marketers and 670 B2C 

marketers. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence between B2B marketers and B2C marketers in the propor- 

tion that commonly use LinkedIn as a social media tool? 

b. Find the p-value in (a) and interpret its value. 

c. At the 0.05 level of significance, is there evidence of a differ- 

ence between B2B marketers and B2C marketers in the propor- 

tion that commonly use YouTube as a social media tool? 

10.34 Does cobrowsing have positive effects on the customer 

experience? Cobrowsing refers to the ability to have a contact center 

agent and customer jointly navigate an online document or mobile 

application on a real-time basis through the web. A study of busi- 

nesses indicates that 81 of 129 cobrowsing organizations use skills- 

based routing to match the caller with the right agent, whereas 65 of 

176 non-cobrowsing organizations use skills-based routing to match 

the caller with the right agent. 

Source: Cobrowsing Presents a ‘Lucrative’ Customer Service Opportunity, availa- 

ble at bit.ly/IwwALWr. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence between cobrowsing organizations and non-cobrowsing 

organizations in the proportion that use skills-based routing to 

match the caller with the right agent? 

b. Find the p-value in (a) and interpret its meaning. 

10.35 One of the most innovative advances in online fundraising 

during the past decade has been the rise of crowdfunding websites. 

While features differ from site to site, crowdfunding websites give 

people an opportunity to set up an online fundraising web page and 

to accept money directly from that page through an online payments 

system. Kickstarter, one such crowdfunding website, reported that 72 

of 415 technology crowdfunding projects in Canada were successfully 

funded in the past year and 88 of 300 film and video crowdfunding 

projects were successfully funded in Canada in the past year. 

Source: Data extracted from bit.ly/2rSCPtp. 

a. Is there evidence of a significant difference in the propor- 

tion of technology crowdfunding projects and film and video 

crowdfunding projects that were successful? (Use a = 0,05.) 

b. Determine the p-value in (a) and interpret its meaning. 

c. Construct and interpret a 95% confidence interval estimate 

for the difference between the proportion of technology 

crowdfunding projects and film and video crowdfunding pro- 

jects that are successful. 
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10.4 F Test for the Ratio of Two Variances 

student TIP 
Because the numerator 

in Equation (10.7) 

contains the larger 

variance, the Fstat 

statistic is always greater 

than or equal to 1.0. 

Examining the variances of two populations determines which Section 10.1 ¢ test for the dif- 

ferences in two means to use: the pooled-variance f test, which assumes equal variances, or the 

separate-variance f test, which does not assume equal variances. 

The test for the difference between the variances of two independent populations is based 

on the ratio of the two sample variances. If one assumes that each population is normally dis- 

tributed, then the sampling distribution of the ratio 5?/S% is distributed as an F distribution. 

Unlike the normal and f distributions, which are symmetric, the F distribution is right-skewed. 

Equation (10.7) defines the F test for the ratio of two variances that uses the F distribution. 

In this test, the sample with the /arger sample variance is defined as the first sample and the 

sample with the smaller sample variance is defined as the second sample. The population from 

which the first sample was drawn is defined population | and the population from which the 

second sample was drawn is defined as population 2. 

F TEST STATISTIC FOR TESTING THE RATIO OF TWO VARIANCES 

The F747 test statistic is equal to the variance of sample’l (the larger sample variance) 

divided by the variance of sample 2 (the smaller sample variance). 

S? 

Ferup = 2 (10.7) 
< 

7 = variance of sample | (the larger sample variance) 

5 = variance of sample 2 (the smaller sample variance) 

population | sample size = & II 

population 2 sample size => i) 
I 

n, — 1 = degrees of freedom from sample | (the numerator degrees of freedom) 

Ny — 1 = degrees of freedom from sample 2 (the denominator degrees of freedom) 

The Fer4r test statistic follows an F distribution with n, — 1 and n, — 1 degrees of 

freedom. 

The critical values of the F distribution (see Table E.5) depend on the degrees of freedom in 

the two samples. The numerator degrees of freedom are the degrees of freedom for the first sam- 

ple, and the denominator degrees of freedom are the degrees of freedom for the second sample. 

For a given level of significance, a, the null and alternate hypotheses of a test for equality 
of population variances are 

Ho: 

Ho # a oo Cae 

One rejects the null hypothesis if the Fy, test statistic is greater than the upper-tail critical 
value, F,,/2, from the F distribution, with n; — 1 degrees of freedom in the numerator and yer, 
degrees of freedom in the denominator. The decision rule is 

Reject Ho if Frar = F793 

otherwise, do not reject Hp. 

To illustrate how to use the F test to determine whether the two variances are equal, 
recall the Using Statistics scenario on page 311 that concerns the sales of VLABGo players 
in two different sales locations. To determine whether to use the pooled-variance f test or the 



TABLE 10.12 

Finding the upper-tail 

critical value of F with 

9 denominator and 

numerator degrees 

of freedom for an 

upper-tail area of 0.025 

10.4 F Test for the Ratio of Two Variances Son 

separate-variance f test, one first tests the equality of the two population variances. The null and 
alternative hypotheses are 

H;: ot F oF 

Because sample | is defined as having the larger sample variance, the rejection region in the 

upper tail of the F distribution contains a/2. Using the level of significance a = 0.05, the 

rejection region in the upper tail contains 0.025 of the distribution. 

Because there are samples of 10 stores for each of the two sales locations, there are 

10 — 1 = 9 degrees of freedom for both the numerator (the sample with the larger variance) 

and the denominator (the sample with the smaller variance), Use Table E.5 to determine Fyja, 

the upper-tail critical value of the F distribution. From Table E.5, a portion of which Table 10.12 

shows, the upper-tail critical value, Fy, is 4.03. Therefore, the decision rule is 

Reject Ho if Forar > Fo.025 = 4.03; 

otherwise, do not reject Hp. 

Cumulative Probabilities = 0.975 
Upper-Tail Area = 0.025 

Numerator df, 

Denominator df, 

1 647.80 799.50 864.20 wins 948.20 956.70 9631.30 

2 38.51 39.00%, aur mi 393362 239.3) Eee o.3o 

3 17.44 16.04 15.44 SAE 14.62 14.54 14.47 

7 8.07 6.54 ayiebe/ bah 4.99 4.90 41.82 

8 LOT. 6.06 5.42 Ke 4.53 4.43 436 

Source: Extracted from Table E.5. 

Using the Table 10.1 VLABGo sales data on page 313 and Equation (10.7) on page 336 

Seren 45420 eee SOUS 22cm (4 25271) = 1,058.08 it 

the result is 
St 1,809,8222 
— = = GAs 
SS 1,058,0111 Fsrar = 

Because Fsr4r = 1.7106 < 4.03, you do not reject Hp. Figure 10.13 on page 338 shows the 

results for this test, including the p-value, 0.4361. Because 0.4361 > 0.05, one concludes that 

there is no evidence of a significant difference in the variability of the sales of the VLABGo 

players for the two sales locations. 
In testing for a difference between two variances using the F test, one assumes that each of 

the two populations is normally distributed. The F test is very sensitive to the normality assump- 
tion. If boxplots or normal probability plots suggest even a mild departure from normality for 

either of the two populations, one should not use the F test. Instead, use the Levene test (see 

Section 11.1) or a nonparametric approach (Corder and Daniel). 

In testing for the equality of variances as part of assessing the appropriateness of the 

pooled-variance ¢ test procedure, the F test is a two-tail test with a/2 in the upper tail. However, 

when one examines the variability in situations other than the pooled-variance t test, the F test 

is often a one-tail test. Example 10.4 illustrates a one-tail test. 
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FIGURE 10.13 

Excel F test results for 

the two different sales 

locations data. 

EXAMPLE 10.4 ff 

| A One-Tail Test 
| for the Difference 
| Between Two 
| Variances 

| 
' 

A 5 | In the Worksheet 
| F Test for Differences in Two Variances 

The worksheet uses the RINV.RT 

function to compute the upper critical 

value in cell B18 and the RDIST.RT 

funciton to help compute the p-value. 
| __ 10] =COUNT(DataCopy!$:$A) 

=VAR.S(DataCopy!$A:SA) 

apee |__10] =cOUNT(DataCopy!$8:$8) The COMPUTE worksheet of the Excel 

1 eer Guide F Two Variances workbook is a 

nee aemachate COETONS copy of the Figure 10.8 worksheet. 

14 |Population 1 Sample Degrees of Freedom 

15 Population 2 Sample Degrees of Freedom 

60] =F .INV.RT(B4/2, 814, B15) 
|| =2 * F.DIST.RT(B13, B14, B15) 

| =1F(B19 < B4, "Reject the null hypothesis”, ) 

"Do not reject the null hypothesis”) 

$$ SS + ee 

Waiting time is a critical issue at fast-food chains, which not only want to minimize thé mean 

service time but also want to minimize the variation in the service time from customer to cus- 

tomer. One fast-food chain carried out a study to measure the variability in the waiting time 

(defined as the time in minutes from when an order was completed to when it was delivered to 

the customer) at lunch and breakfast at one of the chain’s stores. The results were as follows: 

4 

Lunch: n,; = 25 Sj = 4.4 

of = fo Breakfast: n> 

At the 0.05 level of significance, is there evidence that there is more variability in the service time 

at lunch than at breakfast? Assume that the population service times are normally distributed. 

SOLUTION The null and alternative hypotheses are 

Ap: oO; ~~ On 

A: oF > OR 

Equation (10.7) on page 336 calculates the Fyy47 test statistic as 

Si 
S3 

One uses Table E.5 to find the upper critical value of the F distribution. Withn,; — 1 = 25 — 1 = 24 
degrees of freedom in the numerator, nm. — 1 = 21 — 1 = 20 degrees of freedom in the denomi- 
nator, and a = 0.05, the upper-tail critical value, Fo 9s, is 2.08. The decision rule is 

Fsrar = 

\ Reject Ho if For47 > 2.08; 

otherwise, do not reject Hp. 

From Equation (10.7) 

St 
a Forar = 8 

4.4 
=— = 231 19 3158 

Because Fsrar = 2.3158 > 2.08, you reject Ho. Using a 0.05 level of significance, one concludes 
that there is evidence that there is more variability in the service time at lunch than at breakfast. 
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LEARNING THE BASICS 

10.36 Determine the upper-tail critical values of F in each of the 
following two-tail tests. 

a. a = 0.10, n,; = 16, nm = 21 

b. a = 0.05, 2, = 16, n2 = 21 

c. a = 0.01, n, = 16, nm = 21 

10.37 Determine the upper-tail critical value of F in each of the 
following one-tail tests. 

a. a = 0.05, n; = 16, nm = 21 

b. a = 0.01, n,; = 16, = 21 

10.38 The following information is available for two samples 
selected from independent normally distributed populations: 

Population A: n; = 25 St = 16 

Population B:n) = 25 S$} = 25 

a. Which sample variance do you place in the numerator of F747? 

b, What is the value of Fo747? 

10.39 The following information is available for two samples 

selected from independent normally distributed populations: 
4 

Population A:n; = 25 S; = 161.9 

Population B:n) = 25 $3 = 133.7 

What is the value of Fs7,47 if you are testing the null hypothesis 

ia o, = oF? 

10.40 In Problem 10.39, how many degrees of freedom are there 

in the numerator and denominator of the F test? 

10.41 In Problems 10.38 and 10.39, what is the upper-tail critical 
value for F if the level of significance, a, is 0.05 and the alternative 

hypothesis is Hj: 0} ~ 03? 

10.42 In Problem 10.39, what is your statistical decision? 

10.43 The following information is available for two samples 
selected from independent but very right-skewed populations: 

= 169 S¢ = 47,3 

oss = 36.4 

Should you use the F test to test the null hypothesis of equality of 

variances? Discuss. 

10.44 In Problem 10.43, assume that two samples are selected 

from independent normally distributed populations. 

a. At the 0.05 level of significance, is there evidence of a ditfer- 

ence between oj and 03? 
b. Suppose that you want to perform a one-tail test. At the 0.05 

level of significance, what is the upper-tail critical value of F to 

determine whether there is evidence that oj > a3? What is your 

statistical decision? 

Population A: 1, 

Population B: ny 

APPLYING THE CONCEPTS 

10.45 Is there a difference in the variance of the satisfaction rat- 

ing of traditional cellphone providers who bill for service at the 

end of a month (often under a contract) and prepaid cellphone 

service providers who bill in advance without a contract? The file 

ret aie lye) contains the satisfaction rating for 10 tradi- 

tional cellphone providers and 13 prepaid cellphone service providers. 

Source; Data extracted from “Carrier Ratings: Why It Pays to Think Small,” Con- 

sumer Reports, February 2016, p. 51. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the variability of the satisfaction rating between the 

types of cellphone providers? 

b. Determine the p-value in (a) and interpret its meaning. 

c. What assumption do you need to make in (a) about the two pop- 

ulations in order to justify your use of the F test? 

d. Based on the results of (a) and (b), which ¢ test defined in Sec- 

tion 10.1 should you use to compare the mean satisfaction rat- 

ing of the two types of cellphone providers? 

10.46 Accounting Today identified top accounting firms 
SSE in 10 geographic regions across the United States. All 10 

regions reported growth in a recent year. The Southeast and Gulf 

Coast regions reported growths of 12.49% and 9.78%, respectively. 

A characteristic description of the accounting firms in the Southeast 

and Gulf Coast regions included the number of partners in the firm. 

The file contains the number of partners. 

Source: Data extracted from Accounting Today, “The 2019 Top Firms and Regional 

Leaders,” available at bit.ly/2XdQVVW. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the variability in numbers of partners for Southeast 

region accounting firms and Gulf Coast accounting firms? 

b. Determine the p-value in (a) and interpret its meaning. 

c. What assumption do you have to make about the two popula- 

tions in order to justify the use of the F test? 

d. Based on (a) and (b), which t test defined in Section 10.1 should 

you use to test whether there is a significant difference in the 

mean number of partners for Southeast region accounting firms 

and Gulf Coast accounting firms? 

10.47 A bank with a branch located in a commercial district of a 

city has the business objective of improving the process for serving 

customers during the noon-to-1 P.M. lunch period. To do so, the 

waiting time (defined as the number of minutes that elapses from 

when the customer enters the line until he or she reaches the teller 

window) needs to be shortened to increase customer satisfaction. A 

random sample of 15 customers is selected and the waiting times 

are collected and stored in [ERRYW2iised. These data are: 

BS. 593.025 SSPE 47 Te 234 138.54 203,20 

AO) mC). 30°" Osta O40" “O19 W379 

Suppose that another branch, located in a residential area, is also 

concerned with the noon-to-1 P.M. lunch period. A random sample 

of 15 customers is selected and the waiting times are collected and 

stored in (:EniaWEnse@ey. These data are: 

D,66ner 90 wr 8.02 e080. 19 ger 873) GiSi824 W801, 08:35 

10.49 668 5.64 408 617 9.91 5.47 
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a. Is there evidence of a difference in the variability of the waiting 

time between the two branches? (Use a = 0.05.) 

b. Determine the p-value in (a) and interpret its meaning. 

c. What assumption about the population distribution of each bank 

is necessary in (a)? Is the assumption valid for these data? 

d. Based on the results of (a), is it appropriate to use the pooled- 

variance f test to compare the means of the two branches? 

- 

10.48 The Super Bowl is a big viewing event watched by close 

to 200 million Americans, so it is also a big event for advertisers. 

The file SUE EEE contains the rating of ads that ran 

between the opening kickoff and the final whistle. 

Source: Data extracted from www.admeter.usatoday.com/results/2019. 

a. Is there evidence of a difference in the variability of the scores 

between the ads that ran in the first half and the ads that did not? 

(Use a = 0.05.) 

b. Determine the p-value in (a) and interpret its meaning. 

c. What assumption about the population distribution of the two 

types of ads is necessary in (a)? Is the assumption valid for 

these data? 

d. Based on the results of (a), which f test defined in Section 10.1 

should you use to compare the mean scores of the ads that ran 

in the first half and the ads that did not? 

10.49 We Are Social and Hootsuite reported that the typical Amer- 

ican spends 2.02 hours (121 minutes) per day accessing the Internet 

through a mobile device. 

Source: Digital in 2017 Global Overview, available at bit.ly/2jXeS3F. 

10.5 Effect Size 

You wonder if males and females spend differing amounts of time 

per day accessing the Internet through a mobile device. 

You select a sample of 60 friends and family (30 males and 30 

females), collect times spent per day accessing the Internet through 

a mobile device (in minutes), and store the data collected in 

Mobile Device Study 2 } 
a. Using a 0.05 level of significance, is there evidence of a differ- 

ence in the variances of time spent per day accessing the Inter- 

net via mobile device between males and females? 

b. On the basis of the results in (a), which ¢ test that Section 10.1 

defines should you use to compare the means of males and 

females? Discuss. 

10.50 A taxicab company has been receiving an increasing number 

of complaints concerning the delay time between when a call for 

a taxicab is received and when the passenger is picked up. The file 

G2ENEN contains the delay times (in minutes) for two drivers 
on the same route for a period of 35 days. 

Source: Data extracted from M. Sharma, “Above and Beyond,” Six Sigma Forum 

Magazine, May 2015, p. 21-25. ° 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the variance of the delay times between the two drivers? 

b. What assumption do you need to make in order to do (a)? 

c. Evaluate the validity of the assumption in (a). 

d. Based on the results of (a), which t-test for the difference be- 

tween the means from Section 10.1 should you use to determine 

whether there is evidence of a difference in the mean delay time 

between the two drivers? 

- 

Section 9.5 discusses the issue of the practical significance of a statistically significant test and 

explains that when a very large sample is selected, a statistically significant result can be of limited 

importance. The Section 10.5 online topic shows how to measure the effect size of a statistical test. 

YUSING STATISTICS 
Differing Means for Selling..., Revisited 

In the Using Statistics scenario, you sought to show that 
the sales location in a store could affect sales of a product. 
If you could show such an effect, you would have an 
argument for charging a placement fee for the better loca- 
tion. You designed an experiment that would sell the new 
VLABGo mobile streaming media player in one of two 
sales locations, at a special front of store location or in the 
mobile electronics aisle. In the experiment, 10 stores used 
the special front location to sell VLABGo players and 
10 stores used the mobile electronics aisle. 

Using a ¢ test for the difference between two means, you 
conclude that the mean sales using the special front location 

are higher than the 
mean sales for the 
in-aisle location, A 

confidence interval — 
enabled you to infer with 95% confidence that population mean 
amount sold at the special front location was between 8.52 and 
79.68 more than the in-aisle location. The F test for the differ- 
ence between two variances enables you to conclude that there 
was no significant difference in the variability of the sales for 
the two sales locations. That you now have evidence that sales ~ 
are higher in the special front location gives you one argument 
for charging manufacturers a placement fee for that location. 



* SUMMARY 
bgt ht pa = Ob Ate Bad 

This chapter discusses statistical test procedures for ana- 
lyzing possible differences between means, proportions, 
and variances. The chapter also discusses a test proce- 

dure that is frequently used when analyzing differences 
between the means of two related samples. Selecting the 

TABLE 10.13 

Analyses that compare 
two populations Numerical Data 

t tests for the difference in the 

means of two independent 
populations (Section 10.1) 

Paired f test (Section 10.2) 

Summary 341 

most appropriate hypothesis-testing procedure requires 

investigating the validity of the assumptions underlying 

each of the possible hypothesis-testing procedures that 

might be used. Table 10.13 lists the analyses that compare 

two populations which this chapter discusses. 

Categorical Data 

Z test for the difference 

between two proportions 
(Section 10.3) 

F test for the difference between 

two variances (Section 10.4) 

The Figure 10.14 roadmap guides readers to select the 

most appropriate procedure that compares two populations. 

The roadmap presents these questions: 

1. What type of variables do you have? 

2. If you have a numerical variable, do you have indepen- 

dent samples or related samples? 

FIGURE 10.14 

Roadmap for selecting a 

test of hypothesis for two 

populations 

Z test for the 
difference 

between two 

proportions 

Separate-Variance 
neo ie 

Categorical 

3. If you have independent samples, is your focus on vari- 

ability or central tendency? 

4. If your focus is central tendency and you can assume 

approximate normality, can you assume that the vari- 

ances of the two populations are equal? 

Two-Sample 
Procedures 

Numerical 

Variability 

Paired — 
t Test 

FTest — 

for 04 =o} 

Pooled-Variance 
t Test 
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10.51 What are some of the criteria used in the selection of a par- 
ticular hypothesis-testing procedure? 

10.52 Under what conditions should you use the pooled-variance 
t test to examine possible differences in the means of two indepen- 
dent populations? 

10.53 Under what conditions should you use the F test to exam- 
ine possible differences in the variances of two independent 
populations? 

10.54 What is the distinction between two independent populations 
and two related populations? 

Y CHAPTER REVIEW PROBLEMS _ 

10.58 The American Society for Quality (ASQ) conducted a salary 

survey Of all its members. ASQ members work in all areas of man- 

ufacturing and service-related institutions, with a common theme 

of an interest in quality. Two job titles are black belt and green belt. 

(See Section 15.6 for a description of these titles in a Six Sigma 

quality improvement initiative.) Descriptive statistics concerning 

salaries for these two job titles are given in the following table: 

Standard 

Job Title Sample Size Mean Deviation 

Black belt 96 101.785 33.354 

Green belt 29 72.345 19.344 

Source: Data extracted from “QP Salary Survey,” Quality Progress, 

December 2017, p. 34. 

a. Using a 0.05 level of significance, is there a difference in the 

variability of salaries between black belts and green belts? 

b. Based on the result of (a), which t test defined in Section 10.1 is 

appropriate for comparing mean salaries? 

c. Using a 0.05 level of significance, is the mean salary of black 

belts greater than the mean salary of green belts? 

10.59 How do private universities and public colleges compare 

with respect to debt at graduation incurred by students? The file 

contains the average debt at graduation incurred by 
students for 100 private universities and 100 public colleges, as 

reported by Kiplinger. 

Source: Data extracted from “Kiplinger’s Best College Values,” available at 

bit.ly/1z39qsT. 

a. At the 0.05 level of significance, is there a difference in the vari- 

ance of average graduation debt incurred by students for private 

universities and public colleges? 

b. Using the results of (a), which r test is appropriate for comparing 

mean debt at graduation incurred by students at private univer- 

sities and public colleges. 

Chapter Review Problems 343 

“ HECKING YOUR UNDERSTANDING 

10.55 What is the distinction between repeated measurements and 

matched items? 

10.56 When you have two independent populations, explain the 

similarities and differences between the test of hypothesis for the 

difference between the means and the confidence interval estimate 

for the difference between the means. 

10.57 Under what conditions should you use the paired ¢ test for 

the mean difference between two related populations? 

c. At the 0.05 level of significance, conduct the test selected in (b). 

d. Write a short summary of your findings. 

10.60 Do males and females differ in the amount of time they 

spend online and the amount of time they spend playing games 

while online? A study reported that women spent a mean of 1,254 

minutes per week online as compared to 1,344 minutes per week for 

men. Suppose that the sample sizes were 100 each for women and 

men and that the standard deviation for women was 60 minutes per 

week as compared to 70 minutes per week for men. 

Source: Data extracted from Ofcom, Adults’ Media Use and Attitudes, Report 

2016, bit.ly/2emgWRk. 

a. Using a 0.01 level of significance, is there evidence of a differ- 

ence in the variances of the amount of time spent online between 

women and men? 

b. To test for a difference in the mean online time of women and 

men, is it most appropriate to use the pooled-variance f test or the 

separate-variance ¢ test? Using a 0.01 level of significance, use 

the most appropriate test to determine if there is a difference in 

the mean amount of time spent online between women and men. 

The report found that women spent a mean of 294 minutes per week 

playing games while online compared to a mean of 360 minutes per 

week for men. Suppose that the standard deviation for women was 

15 minutes per week compared to 20 minutes per week for men. 

c. Using a 0.01 level of significance, is there evidence of a differ- 

ence in the variances of the amount of time spent playing games 

while online per week by women and men? 

d. Based on the results of (c), use the most appropriate test to deter- 

mine, at the 0.01 level of significance, whether there is evidence 

of a difference in the mean amount of time spent playing games 

online per week by women and men. 

10.61 The file contains the ratings for food, décor, 
service, and the price per person for a sample of 50 restaurants 

located in a center city and 50 restaurants located in an outlying 

area. Completely analyze the differences between center city and 
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outlying area restaurants for the variables food rating, décor rating, 

service rating, and cost per person, using a = 0.05. 

Source: Data extracted from Zagat Survey 2016 New York City Restaurants. 

10.62 A computer information systems professor is interested in 

studying the amount of time students in a programming course take 

to write a small Python program. The professor hires you to analyze 

the following results (in minutes), stored in QUIEN), from a random 

sample of nine students: 

(0 ia) 0215 Ms is a i ae 

a. At the 0.05 level of significance, is there evidence that the pop- 

ulation mean time is greater than 10 minutes? What will you 

tell the professor? 

b. Suppose that the professor, when checking her results, real- 

izes that the fourth student needed 51 minutes rather than the 

recorded 15 minutes to write the Python program. At the 0.05 

level of significance, reanalyze the question posed in (a), using 

the revised data. What will you tell the professor now? 

c. The professor is perplexed by these paradoxical results and 

requests an explanation from you regarding the justification for 

the difference in your findings in (a) and (b). Discuss. 

d. A few days later, the professor calls to tell you that the dilemma 

is completely resolved. The original number 15 (the fourth data 

value) was correct, and therefore your findings in (a) are being 

used in the article she is writing for a computer journal. Now 

she wants to hire you to compare the results from that group of 

Introduction to Computers students against those from a sample 

of 11 computer majors in order to determine whether there is 

evidence that computer majors can write a Python program in 

less time than introductory students. For the computer majors, 

the sample mean is 8.5 minutes, and the sample standard devia- 

tion is 2.0 minutes. At the 0.05 level of significance, completely 

analyze these data. What will you tell the professor? 

e. A few days later, the professor calls again to tell you that a 

reviewer of her article wants her to include the p-value for the 

“correct” result in (a). In addition, the professor inquires about 

an unequal-variances problem, which the reviewer wants her to 

discuss in her article. In your own words, discuss the concept of 

p-value and also describe the unequal-variances problem. Then, 

determine the p-value in (a) and discuss whether the unequal- 

variances problem had any meaning in the professor’s study. 

10.63 Do social shoppers differ from other online consumers with 

respect to spending behavior? A study of browser-based shopping 

sessions reported that social shoppers, consumers who click away 

from social networks to retail sites or share an item on a social 

network, spent a mean of $126.12 on a retail site in a 30-day period 

compared to other online shoppers who spent a mean of $115.55, 

Source: Data extracted from “Social shoppers spend 8% more than other online 
consumers,” bit.ly/IFyyXP5, 

Suppose that the study consisted of 500 social shoppers and 500 
other online shoppers and the standard deviation of the order value 
was $40 for social shoppers and $10 for other online shoppers. 
Assume a level of significance of 0.05. 
a. Is there evidence of a difference in the variances of the order 

values between social shoppers and other online shoppers? 
b. Is there evidence of a difference in the mean order value between 

social shoppers and other online shoppers? 
ce. Construct a 95% confidence interval estimate for the difference 

in mean order value between social shoppers and other online 
shoppers. 

10.64 The lengths of life (in hours) of a sample of 40 six-watt 

light emitting diode (LED) light bulbs produced by manufacturer 

A and a sample of 40 six-watt light emitting diode (LED) light 

bulbs produced by manufacturer B are stored in (ES). Completely 

analyze the differences between the lengths of life of the light emit- 

ting diode (LED) light bulbs produced by the two manufacturers. 

(Use a = 0.05.) 

10.65 A hotel manager looks to enhance the initial impressions 

that hotel guests have when they check in. Contributing to initial 

impressions is the time it takes to deliver a guest’s luggage to the 

room after check-in. A random sample of 20 deliveries on a partic- 

ular day were selected in Wing A of the hotel, and a random sample 

of 20 deliveries were selected in Wing B. The results are stored 

in (RPELTY. Analyze the data and determine whether there is a 
difference between the mean delivery times in the two wings of the 

hotel. (Use a = 0.05.) 

10.66 The owner of a restaurant that serves Continental-style 

entrées has the business objective of learning more about the pat- 

terns of patron demand during the Friday-to-Sunday weekend time 

period. She decided to study the demand for dessert during this time 

period. In addition to studying whether a dessert was ordered, she will 

study the gender of the individual and whether a beef entrée was 

ordered. Data were collected from 630 customers and organized in 

the following contingency tables: 

GENDER 
DESSERT 
ORDERED Male Female Total 

Yes 96 50 146 

No 234 250 484 
Total ~330 300 630 

hEeocne BEEF ENTREE 

ORDERED Yes No Total 

Yes 74 68 142 

No 123 365 488 
Total 197 433 630 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence between males and females in the proportion who order 

dessert? 

b. At the 0.05 level of significance, is there evidence of a difference 

in the proportion who order dessert based on whether a beef 

entrée has been ordered? 

10.67 The manufacturer of Boston and Vermont asphalt shingles 
knows that product weight is a major factor in the customer’s per- 
ception of quality. Moreover, the weight represents the amount of 
raw materials being used and is therefore very important to the 
company from a cost standpoint. The last stage of the assembly line 
packages the shingles before they are placed on wooden pallets. 
Once a pallet is full (a pallet for most brands holds 16 squares of 
shingles), it is weighed, and the measurement is recorded. The file - 
(23 contains the weights (in pounds) from a sample of 368 pal- 
lets of Boston shingles and 330 pallets of Vermont shingles. Com- 
pletely analyze the differences in the weights of the Boston and 
Vermont shingles, using a = 0.05. 



10.68 The manufacturer of Boston and Vermont asphalt shingles 
provides its customers with a 20-year warranty on most of its prod- 
ucts. To determine whether a shingle will last as long as the war- 
ranty period, the manufacturer conducts accelerated-life testing. 
Accelerated-life testing exposes the shingle to the stresses it would 
be subject to in a lifetime of normal use in a laboratory setting via 
an experiment that takes only a few minutes to conduct. In this test, 
a shingle is repeatedly scraped with a brush for a short period of 
time, and the shingle granules removed by the brushing are weighed 
(in grams). Shingles that experience low amounts of granule loss are 
expected to last longer in normal use than shingles that experience 
high amounts of granule loss. In this situation, a shingle should 
experience no more than 0.8 grams of granule loss if it is expected 
to last the length of the warranty period. The file contains 
a sample of 170 measurements made on the company’s Boston shin- 
gles and 140 measurements made on Vermont shingles. Completely 
analyze the differences in the granule loss of the Boston and Ver- 
mont shingles, using a = 0.05. 

10.69 Market data indicates that smartphone users are very con- 

cerned about the battery life of their smartphones. An experiment 
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is conducted in which the battery life of a newly designed smart- 

phone battery is compared to the battery life of an existing smart- 

phone battery. The following table summarizes the results of the 

experiment. 

Sample Mean Standard Deviation 

Design Size (hours) (hours) 

Existing 30 18.45 0.35 

New 30 16.10 0.15 

Source: Data extracted from L. Ferryanto, “Are These The Same?,’” 

Quality Progress, May 2017, 29-36. 

Completely analyze these data and indicate which battery design 

you prefer. 

REPORT WRITING EXERCISE 

10.70 Referring to the results of Problems 10.67 and 10.68 
concerning the weight and granule loss of Boston and Vermont 

shingles, write a report that summarizes your conclusions, 

CHAPTER 

Managing Ashland MultiComm Services 
AMS communicates with customers who subscribe to telecom- 

munications services through a special secured email system 

that sends messages about service changes, new features, and 

billing information to in-home digital set-top boxes for later 

display. To enhance customer service, the operations depart- 

ment established the business objective of reducing the amount 

of time to fully update each subscriber’s set of messages. The 
department selected two candidate messaging systems and con- 

ducted an experiment in which 30 randomly chosen cable sub- 

scribers were assigned one of the two systems (15 assigned to 

each system). Update times were measured, and the results are 

organized in Table AMS 10.1 and stored in EXYEST. 

1. Analyze the data in Table AMS 10.1 and write a report to the 

computer operations department that indicates your findings. 

Include an appendix in which you discuss the reason you 

selected a particular statistical test to compare the two inde- 

pendent groups of callers. 

2. Suppose that instead of the research design described in the 

case, there were only 15 subscribers sampled, and the update 

process for each subscriber email was measured for each of 

the two messaging systems. Suppose that the results were 

organized in Table AMS 10.1—making each row in the table a 

pair of values for an individual subscriber. Using these suppo- 

sitions, reanalyze the Table AMS 10.1 data and write a report 

for presentation to the team that indicates your findings. 

TABLE AMS 10.1 

Update times (in seconds) for two different email interfaces 

Email Interface 1 Email Interface 2 

4.13 Bil 

Bul 3.89 

8193 4,22 

3.74 4.57 

3.36 4.24 

3.85 3.90 

3.26 4.09 

ohiis) 4.05 

4.06 4.07 

633 eee S00) 

3,96 4.36 

Soil 4,38 

Sills) 3.49 

3.68 Bi 

3.63 4.74 

Digital Case 
Apply your knowledge about hypothesis testing in this Digital 

Case, which continues the cereal-fill packaging dispute Digital 

Case from Chapters 7 and 9. 
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Even after the recent public experiment about cereal box weights, 

Consumers Concerned About Cereal Cheaters (CCACC) 

remains convinced that Oxford Cereals has misled the pub- 

lic. The group has created and circulated MoreCheating.pdf, 

a document in which it claims that cereal boxes produced at 

Plant Number 2 in Springville weigh less than the claimed 

mean of 368 grams. Review this document and then answer 

the following questions: 

1. Do the CCACC’s results prove that there is a statistically 

significant difference in the mean weights of cereal boxes 

produced at Plant Numbers | and 2? 

2. Perform the appropriate analysis to test the CCACC’s hypoth- 

esis. What conclusions can you reach based on the data? 

Sure Value Convenience Stores 

You continue to work in the corporate office for a nation- 

wide convenience store franchise that operates nearly 10,000 

stores. The per-store daily customer count (the mean number 

of customers in a store in one day) has been steady, at 900, 

for some time. To increase the customer count, the chain is 

considering cutting prices for coffee beverages. The small 

size will now be either $0.59 or $0.79 instead of $0.99. Even 
with this reduction in price, the chain will have a 40% gross 

margin on coffee. 

The question to be answered is how much to cut prices to 

increase the daily customer count without reducing the gross 

margin on coffee sales too much. The chain decides to carry out 

an experiment in a sample of 30 stores where customer counts 

have been running almost exactly at the national average of 900. 

In 15 of the stores, the price of a small coffee will now be $0.59 

instead of $0.99, and in 15 other stores, the price of a small cof- 

fee will now be $0.79. After four weeks, the 15 stores that priced 

the small coffee at $0.59 had a mean daily customer count of 964 

and a standard deviation of 88, and the 15 stores that priced the 

small coffee at $0.79 had a mean daily customer count of 941 

and a standard deviation of 76. Analyze these data (using the 

0.05 level of significance) and answer the following questions. 

1. Does reducing the price of a small coffee to either $0.59 or 

$0.79 increase the mean per-store daily customer count? 

2. If reducing the price of a small coffee to either $0.59 or $0.79 
increases the mean per-store daily customer count, is there 
any difference in the mean per-store daily customer count 

between stores in which a small coffee was priced at $0.59 

and stores in which a small coffee was priced at $0.79? 

3. What price do you recommend for a small coffee? 

CardioGood Fitness 
Return to the CardioGood Fitness case first presented on 

page 33. Using the data stored in [er ieifletere Sa aS: 

1. Determine whether differences exist between males and 

females in their age in years, education in years, annual 

household income ($), mean number of times the customer 

plans to use the treadmill each week, and mean number of 

miles the customer expects to walk or run each week. 

2. Write a report to be presented to the management of Cardio- 

Good Fitness detailing your findings. 

More Descriptive Choices Follow-Up 
Use the “More Descriptive Choices, Revisited” section on 

page 147 to answer the following question. 

Determine whether there is a difference in the 1-year return per- 

centage, 5-year return percentages, and 10-year return percent- 

ages of the growth and value funds (stored in Ero Sater ry). 

Clear Mountain State Student Survey 
The Student News Service at Clear Mountain State University 

(CMSU) has decided to gather data about the undergraduate 

students who attend CMSU. It creates and distributes a survey 

of 14 questions and receives responses from 111 undergraduates 

(stored in STRESS. 
1. At the 0.05 level of significance, is there evidence of a dif- 

ference between males and females in grade point average, 

expected starting salary, number of social networking sites 

registered for, age, spending on textbooks and supplies, 

text messages sent in a week, and the wealth needed to 
feel rich? 

2. At the 0.05 level of significance, is there evidence of a dif- 

ference between students who plan to go to graduate school 

and those who do not plan to go to graduate school in grade 

point average, expected starting salary, number of social net- 

working sites registered for, age, spending on textbooks and 
supplies, text messages sent in a week, and the wealth needed 
to feel rich? 
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EG10.1 COMPARING the MEANS of TW 
INDEPENDENT POPULATIONS __ 

Pooled-Variance t Test for the Difference 
Between Two Means 

Key Technique Use the T.INV.2T (level of significance, 
total degrees of freedom) function to compute the lower and 
upper critical values. 

Use the T.DIST.2T (absolute value of the t test statistic, total 
degrees of freedom) to compute the p-value. 

Example Perform the Figure 10.3 pooled-variance ¢ test for 
the Table 10.1 Arlingtons sales data for the two in-store sales 
locations. 

PHStat Use Pooled-Variance t Test. 

For the example, open to the DATA worksheet of the 

VLABGo workbook. Select PHStat > Two-Sample Tests 

(Unsummarized Data) > Pooled-Variance t Test. In the 

procedure’s dialog box (shown below): 

1. Enter 0 as the Hypothesized Difference. 

. Enter 0.05 as the Level of Significance. 

. Enter A1:A11 as the Population 1 Sample Cell Range. 

. Enter B1:B11 as the Population 2 Sample Cell Range. 

Check First cells in both ranges contain label. 

. Click Two-Tail Test. 

. Check Confidence Interval Estimate and enter 95 as 

the Confidence level. 

8. Enter a Title and click OK. 

NAM wWhH 

| Pooled-Variance t Test x 

r Data 

Hypothesized Difference: fo 

Level of Significance: [0.05 

| Population 1 Sample Cell Range: [ai:a11 =| | 

Population 2 Sample Cell Range: p1:611 ti 

| las First cells in both ranges contain label 

| -— Test Options — ~ 
@ Two-Tail Test | 

© Upper-Tail Test 

© Lower-Tail Test 

|} 

ine 

When using summarized data, select PHStat > Two-Sample 

Tests (Summarized Data) > Pooled-Variance t Test. In that 

procedure’s dialog box, enter the hypothesized difference and 

level of significance, as well as the sample size, sample mean, 

and sample standard deviation for each sample. 

CHAPTER 

Workbook Use the COMPUTE worksheet of the 

Pooled-Variance T workbook as a template. 

The worksheet already contains the data and formulas to use 

the unsummarized data for the example. For other problems, 

use this worksheet with either unsummarized or summarized 

data. 

For unsummarized data, paste the data in columns A 

and B in the DataCopy worksheet and keep the COMPUTE 

worksheet formulas that compute the sample size, sam- 

ple mean, and sample standard deviation in the cell range 

B7:B13. For summarized data, replace the formulas in the 

cell range B7:B13 with the sample statistics and ignore the 

DataCopy worksheet. 

Use the COMPUTE_LOWER or COMPUTE_ 

UPPER worksheets in the same workbook as templates 

for performing one-tail pooled-variance ¢ tests with either 

unsummarized or summarized data. For unsummarized data, 

paste the new data into the DataCopy worksheet. For sum- 

marized data, replace COMPUTE worksheet formulas with 
sample statistics. 

Analysis ToolPak Use t-Test: Two-Sample Assuming 

Equal Variances. 

For the example, open to the DATA worksheet of the 

VLABGo workbook and: 

L 

Qe 

Select Data > Data Analysis. 

In the Data Analysis dialog box, select t-Test: 

Two-Sample Assuming Equal Variances from the 

Analysis Tools list and then click OK. 

In the procedure’s dialog box (shown below): 

oN N Mm & 

. Enter A1:A11 as the Variable 1 Range. 

. Enter B1:B11 as the Variable 2 Range. 

Enter 0 as the Hypothesized Mean Difference. 

Check Labels and enter 0.05 as Alpha. 

. Click New Worksheet Ply. 

Click OK. 

t-Test: Two-Sample Assuming Equal Variances ? x 

Input Meocer eeeS a a 

Variable 1 Range: | AVANT ia 

Variable 2 Range: [e161 E Cancel 

 Hypothesized Mean Difference: diam ia [He | 

Labels 

sora: [005] 
; Output options Seige arnio 

© Output Range: Pe 

Onew wormed (__——_—| 
© New Workbook 
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Results (shown below) appear in a new worksheet that 

contains both two-tail and one-tail test critical values and 

p-values. Unlike the results shown in Figure 10.3, only 

the positive (upper) critical value is listed for the two-tail 

test. 

5 A | B | c 

t-Test: Two-Sample Assuming Equal Variances 1 

2 j 

3 | Front in-Aisle 

4 |Mear 246.4 202.3 

5 Variance 1809,8222 1058.0111 

6 Observations 10 10 

7 \pooled Variance 1433.9167 

8 Hypothesized Mean Difference 0 

9 df 18 

40 tStat 2.6041 
41 |P(T<=t) one-tail 0.0090 
12 \t Critical one-tail 1.7341 
13 | pcrest) two-tail 0.0179 

14 |t Critical two-tail 2.1009 

Confidence Interval Estimate for the 

Difference Between Two Means 

PHStat The PHStat instructions for the pooled-variance f 

test includes a step to create a confidence interval estimate. 

Workbook Use the Workbook instructions for the 

pooled-variance t test. The COMPUTE worksheet of the 
Pooled-Variance T workbook includes confidence interval 

estimate calculations in columns D and E. 

Separate-Variance t Test for the Difference 
Between Two Means, Assuming Unequal 
Variances 

Key Technique Use the T.INV.2T(level of significance, 

degrees of freedom) function to compute the lower and upper 
critical values. 

Use the T.DIST.2T(absolute value of the t test statistic, 

degrees of freedom) to compute the p-value. 

Example Perform the Figure 10.6 separate-variance f test 

for the two in-store sales locations data on page 318. 

PHStat Use Separate-Variance t Test. 

For the example, open to the DATA worksheet of the 
VLABGo workbook. Select PHStat > Two-Sample Tests 
(Unsummarized Data) > Separate-Variance t Test. In the 
procedure’s dialog box (shown in the right column): 

1. Enter 0 as the Hypothesized Difference. 

2. Enter 0.05 as the Level of Significance. 

3. Enter A1:A11 as the Population 1 Sample Cell 
Range. 

4. Enter B1:B11 as the Population 2 Sample Cell 
Range. 

5. Check First cells in both ranges contain label. 
6. Click Two-Tail Test. 

7. Enter a Title and click OK. 

| Separate-Variance t Test x 

Data : “> | 

Hypothesized Difference: | | 
Level of Significance: o.os 

Population 1 Sample Cell Range: [au:Al1 af 

| Population 2Sample Cel Range: [B1:811 =I | 
|  [V First cells in both ranges contain label 

Test Options 

| Two-Tail Test 

© Upper-Tail Test 

| © Lower-Tad Test 

Output Options 

Tite: 

__ Heo _| 

When using summarized data, select PHStat > Two-Sample 

Tests (Summarized Data) > Separate-Variance t Test. In that 

procedure’s dialog box, enter the hypothesized difference and 

the level of significance, as well as the sample size, sample 

mean, and sample standard deviation for each group. 

Workbook Use the COMPUTE worksheet of the Separate- 

Variance T workbook as a template. 

The worksheet already contains the data and formulas to use 

the unsummarized data for the example. For other problems, 

use this worksheet with either unsummarized or summarized 

data. 

For unsummarized data, paste the data in columns A and 

B in the DataCopy worksheet and keep the COMPUTE 

worksheet formulas.that compute the sample size, sam- 

ple mean, and sample standard deviation in the cell range 

B7:B13. For summarized data, replace those formulas in the 

cell range B7:B13 with the sample statistics and ignore the 

DataCopy worksheet. 

Use the COMPUTE_LOWER or COMPUTE_ 

UPPER worksheets in the same workbook as templates 

for performing one-tail pooled-variance f¢ tests with either 

unsummarized or summarized data. For unsummarized data, 

paste the new data into the DataCopy worksheet. For sum- 

marized data, replace the COMPUTE worksheet formulas 
with sample statistics. 

Analysis ToolPak Use t-Test: Two-Sample Assuming 
Unequal Variances. 

For the example, open to the DATA worksheet of the 
VLabGo workbook and: 

1. Select Data > Data Analysis. 

2. In the Data Analysis dialog box, select t-Test: 

Two-Sample Assuming Unequal Variances from the 
Analysis Tools list and then click OK. 

In the procedure’s dialog box (shown on page 349): 

3. Enter Al:A11 as the Variable 1 Range. 

4. Enter B1:B11 as the Variable 2 Range. 

5. Enter 0 as the Hypothesized Mean Difference. 

6. Check Labels and enter 0.05 as Alpha. 



7. Click New Worksheet Ply. 

8. Click OK. 

t-Test: Two-Sample Assuming Unequal Variances ? Pd 

| Input —_ 
Variable 1 Range: [A1AN [ral 

Variable 2 Range: |B1:611 Taal | Cancel | | 

Hypothesized Mean Difference: lo {Help | | 

Labels | 

Alpha: |o.0s | | 

Output options 

© Qutput Range: Fal 

@ New Worksheet Ply: [ ; 

© New Workbook 

Results (shown below) appear in a new worksheet that 
contains both two-tail and one-tail test critical values and 
p-values. Unlike the results shown in Figure 10.6, only the 
positive (upper) critical value is listed for the two-tail test. 
Because the Analysis ToolPak uses table lookups to approxi- 

mate the critical values and the p-value, the results will differ 

slightly from the values shown in Figure 10.6. 

= = A = SS ee B aL Cc 

1 tTest: Two-Sample Assuming Unequal Variances 
2 | 
Oe 

3 | Special Front in-Aisle ++ 
4 |Mean 246.4 202.3 

5 |Variance 1809.8222 1058,0111 
6 |Observations 10 10 

7 |Hypothesized Mean Difference 0 

8 \df 17 
Q |tStat 2.6041 
10 | P(T<=t) one-tail 0.0093 

11 |t Critical one-tail 1.7396 

12 |P(T<=t) two-tail 0.0185 
13 |t Critical two-tail 2.1098 

EG10.2 COMPARING the MEANS of TWO 

RELATED POPULATIONS . 

Paired t Test 

Key Technique Use the T.INV.2T(level of significance, 

degrees of freedom) function to compute the lower and upper 

critical values. 

Use the T.DIST.2T (absolute value of the t test statistic, 

degrees of freedom) to compute the p-value. 

Example Perform the Figure 10.8 paired r test for the equiv- 

alent products price data on page 325. 

PHStat Use Paired t Test. 

For the example, open to the DATA worksheet of the 

Market Basket workbook. Select PHStat > Two-Sample 

Tests (Unsummarized Data) > Paired t Test. In the proce- 

dure’s dialog box (shown in the right column): 

1. Enter 0 as the Hypothesized Mean Difference. 

Enter 0.05 as the Level of Significance. 

Enter B1:B8 as the Population 1 Sample Cell Range. 

Enter C1:C8 as the Population 2 Sample Cell Range. 

Check First cells in both ranges contain label. wk wh 
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6. Click Two-Tail Test. 

7. Enter a Title and click OK. 

| Paired t Test x | 

| j- Data wenn | 
| Hypothesized Mean Difference: lo | 

| Level of Significance: [0.05 “ | 

Population 1 Sample Cell Range: [e1:88 S = | 

Population 2 Sample Cell Range: fc 1:8 2} | | 

|¥ First cells in both ranges contain label | 

+ Test Options | 
* Two-Tail Test | 

| ( Upper-Tail Test {| 

© Lower-Tail Test | 
4 —_— — - = - oad | | 

[= Output Options | 
Title: {| 

éaVaeit re | 

| 
Help 

The procedure creates two worksheets, one of which is similar to 

the PtCalcs worksheet discussed in the following Workbook sec- 

tion. When using summarized data, select PHStat> Two-Sample 

Tests (Summarized Data) Paired t Test t Test. In that procedure’s 

dialog box, enter the hypothesized mean difference, the level of 

significance, and the differences cell range. 

Workbook Use the COMPUTE and PtCalcs worksheets 
of the Paired T workbook as a template. 

The COMPUTE and supporting PtCalcs worksheets already 

contain the equivalent products price data for the example. The 

PtCalcs worksheet also computes the differences that allow the 

COMPUTE worksheet to compute the Sp in cell B11. 

For other problems, paste the unsummarized data into 

columns A and B of the PtCalcs worksheet. For sample sizes 

greater than 7, select cell C8 and copy the formula in that cell 

down through the last data row. For sample sizes less than 7, 

delete the column C formulas for which there are no column 

A and B values. 

If you know the sample size, D, and Sp values, you can 

ignore the PtCalcs worksheet and enter the values in cells B8, 

B9, and B11 of the COMPUTE worksheet, overwriting the 

formulas that those cells contain. 

Use the similar COMPUTE_LOWER and COMPUTE __ 

UPPER worksheets in the same workbook as templates 

for performing one-tail tests. For unsummarized data, paste 

the new data into the DataCopy worksheet. For summarized 

data, replace COMPUTE worksheet formulas with sample 
statistics. 

Analysis ToolPak Use t-Test: Paired Two Sample for 

Means. 

For the example, open to the DATA worksheet of the 

MarketBasket workbook and: 

1. Select Data > Data Analysis. 

2. In the Data Analysis dialog box, select t-Test: Paired 

Two Sample for Means from the Analysis Tools list 

and then click OK. 
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~ Inthe procedure’s dialog box (shown below): 

3. Enter B1:B8 as the Variable 1 Range. 

4, Enter C1:C8 as the Variable 2 Range. 

5. Enter 0 as the Hypothesized Mean Difference. 

6. Check Labels and enter 0.05 as Alpha. 

7. Click New Worksheet Ply. 

8. Click OK. 

| t-Test: Paired Two Sample for Means ? x 

Input Set 

Variable 1 Range: |B1:88 [Piss] 

Variable 2 Range: |C1:C8 fea {| Cancel | 

1 |. eee, 
Hypothesized Mean Difference: 0 . / 

Y Labels 

| Alpha: [0.05 | 
| Output options = 

| ©) Output Range: | Sena MON Fee) 

| @ New Worksheet Ply: | Saat) 

© New Workbook 

Results (shown below) appear in a new worksheet that 

contains both two-tail and one-tail test critical values and 

p-values. Unlike in Figure 10.8, only the positive (upper) 

critical value is listed for the two-tail test. 

ria ft AB. 1 Cc 

1 tTest: Paired Two Sample for Means 

| SSC eer a ss 
3 Costco Walmart 

4 |Mean 2.8514 2.9986 
5 Variance 14.7542 17.0431 

6 Observations 7 7 
7 Pearson Correlation 0.9935 

8 Hypothesized Mean Difference 0 

3 af 6 
tlt Stat -0.7235 

11) P(T<=t) one-tail 0.2483 

EG10.3 COMPARING the PROPORTIONS 
of TWO INDEPENDENT 
POPULATIONS 

2 Test for the Difference Between 

Two Proportions 

Key Technique Use the NORM.S.INV (percentage) func- 

tion to compute the critical values. 

Use the NORM.S.DIST (absolute value of the Z test statis- 

tic, True) function to compute the p-value. 

Example Perform the Figure 10.11 Z test for the web signup 
page experiment. 

PHStat Use Z Test for Differences in Two Proportions. 

For the example, select PHStat > Two-Sample Tests 
(Summarized Data)>Z Test for Differences in Two Propor- 
tions. In the procedure’s dialog box (shown in the right column): 

1. Enter 0 as the Hypothesized Difference. 
2. Enter 0.05 as the Level of Significance. 

3. For the Population 1 Sample, enter 387 as the Number 

of Items of Interest and 4325 as the Sample Size. 

4. For the Population 2 Sample, enter 283 as the Number 

of Items of Interest and 4639 as the Sample Size. 

5. Click Two-Tail Test. 

6. Enter a Title and click OK. 

Z Test for Differences in Two Proportions x 

Data 

Hypothesized Difference: fo 

Level of Significance: |o.05 

r> Population 1 Sample 

| Number of Items of Interest: [387 
Sample Size: [432s 

;~ Population 2 Sample ~ 

| Number of Items of Interest: 23 

| Sample Size: [4639 

Test Options 

@ Two-Tad Test 

© Upper-Tad Test 

Workbook Use the COMPUTE worksheet of the Z Two 

Proportions workbook as a template. 

The worksheet already contains data for the website signup 

survey. For other problems, change the hypothesized dif- 

ference, the level of significance, and the number of items 

of interest and sample size for each group in the cell range 
B4:B11. 

Use the similar COMPUTE_LOWER and COMPUTE_ 

UPPER worksheets in the same workbook as templates 

for performing one-tail Z tests for the difference between 

two proportions. For unsummarized data, paste the new 

data into the DataCopy worksheet. For summarized data, 

replace COMPUTE worksheet formulas with sample 
statistics. 

Confidence Interval Estimate for the 

Difference Between Two Proportions 

PHStat Modify the PHSrat instructions for the Z test for 

the difference between two proportions. In step 6, also 

check Confidence Interval Estimate and enter a Confi- 
dence Level in its box, in addition to entering a Title and 
clicking OK. 

Workbook Use the “Z Test for the Difference Between Two 
Proportions” Workbook instructions in this section. The Z 
Two Proportions workbook worksheets include a confidence 
interval estimate for the difference between two means in the 
cell range D3:E16. 



EG10.4 F TEST for the RATIO of TWO 
VARIANCES 

Key Technique Use the RINV.RT (level of significance/2, 
population I sample degrees of freedom, population 2 sam- 
ple degrees of freedom) function to compute the upper crit- 
ical value. 

Use the KDIST.RT(F test statistic, population I sample 
degrees of freedom, population 2 sample degrees of free- 
dom) function to compute the p-values. 

Example Perform the Figure 10.13 F test for the ratio of 
two variances for the Table 10.1 Arlingtons sales data for two 
in-store locations. 

PHStat Use F Test for Differences in Two Variances. 

For the example, open to the DATA worksheet of the 

VLABGo workbook. Select PHStat>Two-Sample Tests 

(Unsummarized Data)>F Test for Differences in Two 

Variances. In the procedure’s dialog box (shown below): 

1. Enter 0.05 as the Level of Significance. 
2. Enter A1:A11 as the Population 1 Sample Cell Range. 

3. Enter B1:B11 as the Population 2 Sample Cell Range. 

4. Check First cells in both ranges contain label. 

5. Click Two-Tail Test. 

6. Enter a Title and click OK. 

| F Test for Differences in TwoVariances =‘ X | 

| Prt 71 
|| Level oF Significance: Joos 
| | Population 1 Sample Cell Range: [aia =| 

Population 2 Sample Cell Range: fp1:611 =| 

First cells in both ranges contain label | 

| = Test Options 
| 
| ; & Two-Tail Test 

© Upper-Tail Test 
(ees =e 

When using summarized data, select PHStat> Two-Sample 

Tests (Summarized Data) >F Test for Differences in Two 

Variances. In that procedure’s dialog box, enter the level of 

significance and the sample size and sample variance for each 

sample. 

Workbook Use the COMPUTE worksheet of the F Two 

Variances workbook as a template. 

The worksheet already contains the data and formulas for 

using the unsummarized data for the example. For unsumma- 

rized data, paste the data in columns A and B in the DataCopy 

EXCEL Guide 351 

worksheet and keep the COMPUTE worksheet formulas that 

compute the sample size and sample variance for the two 

samples in cell range B4:B10. For summarized data, replace 

the COMPUTE worksheet formulas in cell ranges B4:B10 

with the sample statistics and ignore the DataCopy worksheet. 

Use the similar COMPUTE_UPPER worksheet in the 

same workbook as a template for performing the upper-tail 

test. For unsummarized data, paste the new data into the Data- 

Copy worksheet. For summarized data, replace COMPUTE 

worksheet formulas with sample statistics. 

Analysis ToolPak Use F-Test Two-Sample for Variances. | _ 

For the example, open to the DATA worksheet of the | 
VALBGo workbook and: 

1. Select Data > Data Analysis. eo 

2. In the Data Analysis dialog box, select F-Test Two- — 

Sample for Variances from the Analysis Tools list and | 

then click OK. 

In the procedure’s dialog box (shown below): 

3. Enter Al:A11 as the Variable 1 Range and enter ae 

B1:B11 as the Variable 2 Range. 

4. Check Labels and enter 0.05 as Alpha. 

5. Click New Worksheet Ply. 

6. Click OK. 

ee ee 

| F-Test Two-Sample for Variances ? > | 

Input STs 
Variable 1 Range: [Ata as [Bel 

Variable 2 Range: 51611 (el [_Goncel | 

Zuabers ess | 
| Alpha: | 0.05 

~ Output options Sc 

© Output Range: 

@ New Worksheet Ply: 

© New Workbook 

Results (shown below) appear in a new worksheet and include 

only the one-tail test p-value (0.2181), which must be dou- 

bled for the two-tail test shown in Figure 10.13 on page 338. 

Ae reste BS Zire 
1 |F-Test Two-Sample for Variances 

Special Front _in-Aisle 

246.4 202.3 

1809.8222 1058.0111 

10 10 

9.0000 9 

1.7106 

9 |P(F<=f) one-tail 0.2181 

10 |F Critical one-tail | 3.1789) 



USING STATISTICS: 

The Means to Find 

Differences at Arlingtons 

One-Way ANOVA 

Two-Way ANOVA 

The Randomized 

Block Design (online) 

Fixed Effects, 

Random Effects, 

and Mixed Effects 

Models (online) 

The Means to Find 

Differences at 

Arlingtons, Revisited 

Introduce the basic 

concepts of experimental 

design 

Learn to use the one-way 

analysis of variance 

to test for differences 

among the means of 

several groups 

Learn to use the two-way 

analysis of variance and 

interpret the interaction 

effect 

Learn to perform multiple 

comparisons in a one- 

way analysis of variance 

and a two-way analysis 

of variance 
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YUSING STATISTICS 
The Means to Find Differences at Arlingtons 

oosting sales of mobile electronics items is a key goal in a new strategic plan just issued by 

the senior management at the general merchandiser Arlingtons. Having helped to conduct an 

experiment that provided evidence that sales of a mobile streaming media player are higher in 

a special front location than in the mobile electronics aisle (see Chapter 10), you wonder if moving 

all mobile electronics items to another in-store location might also affect sales. 

The strategic plan also encourages managers to make better use of kiosks, the special end-of- 

aisle endcap areas that face customers as customers enter aisles and suggests that managers create 

expert counters, positions that customers can visit to ask specially trained staff questions about 

items for sale in a specific department. Might these two in-store locations be combined with the two 
locations of the previous experiment (the special front location and the regular in-aisle location) into 
one larger experiment? 

You propose an experiment in which mobile electronics in selected Arlingtons stores will 
be sold at one of four in-store locations; the current in-aisle location, the special front of the 

store location, in a special endcap kiosk, or at the expert counter position for mobile electronics. 
You suggest that Arlingtons select 20 stores that have similar annual sales and divide the stores 

into four groups of five stores each and assign to each group a different in-store sales location 
for mobile electronics: current in-aisle, special front, kiosk, or expert counter. 

How would you determine if varying the locations had an effect on mobile electronics 

sales? As you consider this, another manager suggests that customers who use mobile payment 

methods might be more likely to buy mobile electronics items. If you also wanted to later 

explore the effects of permitting customers to use mobile payment methods to purchase mobile 

electronics items, could you design an experiment that examined this second factor while it was 
examining the effects of in-store location? 
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omparing possible differences has been the subject of the statistical methods discussed 

in the previous two chapters. In the one-sample tests of Chapter 9, the comparison is to 

a standard, such as a certain mean weight for a cereal box being filled by a production 

line. In Chapter 10, the comparison is between samples taken from two populations. Analysis 

of variance, known by the acronym ANOVA, allows statistical comparison among samples 

taken from many populations. 

In ANOVA, the comparison is typically the result of an experiment. For example, the man- 

agement of a general merchandiser might be brainstorming ways of improving sales of mobile 

electronics items. At Arlingtons, the management decided to try selling those items in four 

different in-store locations and then observe what the sales would be in each of those locations. 

The basis for an ANOVA experiment is called the factor, which in the Arlingtons scenario is 

in-store location. The statistical use of the word “factor” complements the everyday usage, illus- 

trated by a question such as “How much of a factor is in-store location in determining mobile 
electronics sales?” 

The actual different locations (in-aisle, special front, kiosk, and expert counter) are the levels 

of the factor. Levels of a factor are analogous to the categories of a categorical variable, but you call 

in-store location a factor and not a categorical variable because the variable under study is mobile 

electronics sales. Levels provide the basis of comparison by dividing the variable under study into 

groups. In the Arlingtons scenario, the groups are the stores selling the mobile electronics items 

in the mobile electronics aisle, the stores selling those items at the special front location, the stores 

selling those items at the kiosk location, and the stores selling those items at the expert counter. 

student TIP The completely randomized design is the ANOVA method that analyzes a single factor. 

Understanding One executes this design using the statistical method one-way ANOVA. One-way ANOVA is a 

ANOVA is important two-part process. In the first part, one determines if there is a significant difference among the 

to understanding both group means. If one rejects the null hypothesis that there is no difference among the means, one 

hypothesis testing and proceeds with a second method that seeks to identify the groups whose means are significantly 

regression, the subject of different from the other group means. 

Chapters 13 through 17. The factorial design is the ANOVA method that analyzes two or more factors. This design 

uses a two-way ANOVA if there are two factors and a general ANOVA if there are more than 

two factors. With a factorial design, the ANOVA method includes interaction terms that measure 

the interrelationship of the factors. 

Randomized block design is a method that evaluates differences among the means of more 

than two independent groups. In this design, members of each group have been placed in blocks 

either by being matched or subjected to repeated measurement. Blocking removes variability 

due to individual differences so that the differences among the groups are more evident. This 

ANOVA method can also include different levels or one or more factors for each group. 
While ANOVA literally does analyze variation, the purpose of ANOVA is to reach conclu- 

sions about possible differences among the means of each group, analogous to the hypothesis 

tests of the previous chapter. Every ANOVA design uses samples that represent each group 

and subdivides the total variation observed across all samples (all groups) toward the goal of 

analyzing possible differences among the means of each group. How this subdivision, called 
partitioning, works is a function of the design being used, but total variation, represented 

by the quantity sum of squares total (SS7), will always be the starting point. As with other 

statistical methods, ANOVA requires making assumptions about the populations that the 

groups represent. 

11.1 One-Way ANOVA 
In one-way ANOVA, to analyze variation toward the goal of determining possible differences 
among the group means, you partition the total variation into variation that is due to differences 

among the groups and variation that is due to differences within the groups (see Figure 11.1 on 

page 354). The within-group variation (SSW) measures random variation. The among-group 

variation (SSA) measures differences from group to group. The symbol n represents the number 

of values in all groups and the symbol c represents the number of groups. 
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FIGURE 11.1 

Partitioning the total 

variation in a completely 

randomized design 

When using Excel, always 

organize multiple-sample 

data as unstacked data, one 

column per group. 

student TIP 
Another way of 

stating the alternative 

hypothesis, H,, is that 

at least one population 

mean is different from the 

others. 

studentTIP 
_ Remember that a sum of 
_ Squares (SS) cannot be 
negative. 

CHAPTER 11 | Analysis of Variance 

Partitioning the Total Variation 

SST= SSA+ SSW 

Among-Group 
Variation (SSA) 

Total Variation “” df=c-1 

(SST) 
df=n-1 yee a oe 

Assuming that the c groups represent populations whose values are randomly and inde- 

pendently selected, follow a normal distribution, and have equal variances, the null hypothesis 

of no differences in the population means: 

EA! jug pig SRS OE 

is tested against the alternative that not all the c population means are equal: 

H,: Not all yu; are equal (where j = 1,2,...,C). 

To perform an ANOVA test of equality of population means, one subdivides the total varia- 

tion in the values into two parts—that which is due to variation among the groups and that which 

is due to variation within the groups. The total variation is represented by the sum of squares 

total (SST). Because the population means of the c groups are assumed to be equal under the 

null hypothesis, one calculates the total variation among all the values by summing the squared 

differences between each individual value and the grand mean, X. The grand mean is the mean 

of all the values in all the groups combined. Equation (11.1) defines the total variation. 

TOTAL VARIATION IN ONE-WAY ANOVA 

(11.1) 

where 

X = &11 _ = grand mean 

Ag ith value in group j 

x I ; = number of values in group j 

total number of values in all groups combined 

(that is,n = nm, + my +++: +71) 

c = number of groups 

2 I 

One calculates the among-group variation, usually called the sum of squares among 
groups (SSA), by summing the squared differences between the sample mean of each group, 
X;, and the grand mean, X, weighted by the sample size, n;, in each group. Equation (11.2) on 
page 355 defines the among-group variation. 



student TIP 
Remember, mean square 

is just another term for 
variance that is used in — 

the analysis of variance. 

_ Also, because the mean 

_ square is equal to the 
‘sum of squares divided 
_ by the degrees of 
- freedom, a mean square 

can never k be negative. 

11.1 One-Way ANOVA 355 

AMONG-GROUP VARIATION IN ONE-WAY ANOVA 

SSA = S)nj(X, — X)? (11.2) 

where 

c = number of groups 

n, = number of values in group j 

= sample mean of group j 

>I Os! I grand mean 

The within-group variation, usually called the sum of squares within groups (SSW), mea- 

sures the difference between each value and the mean of its own group and sums the squares of 

these differences over all groups. Equation (11.3) defines the within-group variation. 

WITHIN-GROUP VARIATION IN ONE-WAY ANOVA 

SSW = bs Xe aX; (11.3) 
j=li=1 

where 

= ith value in group j 

cal 
I sample mean of group j 

Because one compares c groups, there are c — | degrees of freedom associated with the 

sum of squares among groups. Because each of the c groups contributes n; — | degrees of free- 

dom, there are n — c degrees of freedom associated with the sum of squares within groups. In 

addition, there are n — | degrees of freedom associated with the sum of squares total because 

you are comparing each value, Xj, to the grand mean, X, based on all n values. 

Dividing each of these sums of squares by its respective degrees of freedom computes three 

variances, which in ANOVA are known as mean squares: MSA (mean square among), MSW 

(mean square within), and MST (mean square total). 

MEAN SQUARES IN ONE-WAY ANOVA 

SSA 
MSA = Soa) (11.4a) 

SSW 
MSW = (11.4b) 

(hs =a 

SS 
MST = a (11.4c) 
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student TIP 
The test statistic 

compares mean squares 

(the variances) because 

one-way ANOVA reaches 

conclusions about 

possible differences 

among the means of c © 

groups by examining 

variances. 

FIGURE 11.2 

Regions of rejection and 

nonrejection when using 

ANOVA 

F Test for Differences Among More Than Two Means 

To determine if there is a significant difference among the c group means, use the F test for 

differences among more than two means. As Section 10.4 discusses, the F distribution is right- 

skewed with a minimum value of 0. If the null hypothesis is true and there are no differences 

among the c group means, MSA, MSW, and MST, will provide estimates of the overall variance 

in the population. Equation (11.5) defines the one-way ANOVA F747 test statistic as the ratio 

of MSA to MSW. 

ONE-WAY ANOVA Foy, TEST STATISTIC 

MSA 
Fura = (11.5) STAT MSW 

The F747 test statistic follows an F distribution, with c — 1 numerator degrees 

of freedom and n — c denominator degrees of freedom. 

The null and alternative hypotheses for this test are 

Figs [hy [ig Se es Se Th 

H,: Not all yy; are equal (where j = 1, 2,... ,¢) 

For a given level of significance, a, one rejects the null hypothesis if the F747 test statistic 

is greater than the upper-tail critical value, F,, from the F distribution with c — | numerator 

degrees of freedom and n — c denominator degrees of freedom (see Table E.5). As Figure 11.2 

visualizes, the decision rule is 

Reject Hp if Frat = I 

otherwise, do not reject Hp. 

0 ; Ree: > F 
Region of Critical Region of 

Nonrejection Value Rejection 

If the null hypothesis is true, the Fy747 test statistic is expected to be approximately equal 
to 1 because both the numerator and denominator mean square terms are estimating the overall 
variance in the population. If Ho is false (and there are differences in the group means), the 
Fsrar test statistic is expected to be larger than 1 because the numerator, MSA, is estimating 
the differences among groups in addition to the overall variability in the values, while the 
denominator, MSW, is measuring only the overall variability in the values. Therefore, one rejects 
the null hypothesis at a selected level of significance, a, only if the computed Fy747 test statistic 
is greater than F,,, the upper-tail critical value of the F distribution having c — 1 andn — ¢ 
degrees of freedom. 

Table 11.1 on page 357 presents a generalized ANOVA summary table that is commonly 
used to summarize the results of a one-way ANOVA. The table includes entries for the sources 
of variation (among groups, within groups, and total), the degrees of freedom, the sums of 
squares, the mean squares (the variances), and the computed Fy747 test statistic. The table may 
also include the p-value, the probability of having an Fs747 value as large as or larger than the one 



TABLE 11.1 

ANOVA summary table 

FIGURE 11.3 

Mobile electronics 

sales (in thousands of 

dollars), sample means, 

and sample standard 

deviations for four different 

in-store locations 

FIGURE 11.4 

Excel scatter plot of 

mobile electronics sales 

for four in-store locations 

For the chart, the locations 

have been relabeled 17, 2, 

3, and 4 in order to use the 

scatter plot chart type and 

the Y axis minimum value 

has been set to 27. 
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computed, given that the null hypothesis is true. The p-value enables one to reach conclusions 
about the null hypothesis without needing to refer to a table of critical values of the F distribu- 

tion. If the p-value is less than the chosen level of significance, a, you reject the null hypothesis. 

Degrees of Sum of Mean Square 

Source Freedom Squares (Variance) F 

SSA MSA 
A ; — N70) pV acoletmiamaarss x at PO SS aa oes mea mong groups meg SSA papier STAT ~ asw 

a SSW 
Within groups Mil SSW MSW = oh eal 

Total ne I SST 

To illustrate the one-way ANOVA F test, return to the Using Statistics scenario (on page 352). 

Arlingtons has accepted your proposal and has defined the business objective as determining 

whether significant differences exist in the mobile electronics sales for the four different in-store 

locations. 

_ To test the comparative effectiveness of the four in-store locations, Arlingtons conducts 

a 60-day experiment at 20 same-sized stores that have similar storewide net sales. Arlingtons 

randomly assigns five stores to use the current mobile electronics aisle (in-aisle), five stores to 

use the special front location (front), five stores to use the kiosk location (kiosk), and five stores 

to use the expert counter (expert). At the end of the experiment, researchers organize the mobile 

electronics sales data by group and store the data in unstacked format in [YECTYSEe Tes. 

Figure 11.3 presents that unstacked data, along with the sample mean and the sample standard 

deviation for each group. 

Kiosk Expert 

30.78 30.33 

30.91 30.29 

30.79 30.25 

In-aisle Front 

30.06 32.22 

29.96 31.47 

3019 W235 

29.96 31.86 30.95 30.25 

2154. Seed) FOldae oU.00 

Sample Mean 29.582 31.994 30.912 30.334 

Sample Standard Deviation 1.034 0.335 0.143 0.125 

Figure 11.3 shows differences among the sample means for the mobile electronics sales for 

the four in-store locations. For the original in-aisle location, mean sales were $29.582 thousands, 

whereas mean sales at the three new locations varied from $30.334 thousands (“‘expert” location) 

to $30.912 thousands (“kiosk” location) to $31.994 thousands (“‘front’” location). 

Differences in the mobile electronics sales for the four in-store locations can also be pre- 

sented visually. The Figure 11.4 scatter plot presents the mobile electronics sales at each store in 

each group that visualizes differences within each location as well as among the four locations. 

Mobile Electronics Sales Scatter Plot 

Sales ($000) 
& 8 

N o 

N ~ 

(¢) 1 2 3 4 

In-Store Location 
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student TIP 
If the sample sizes in 

each group were larger, 

you could construct 

stem-and-leaf displays, 

boxplots, and normal 

probability plots as 

additional ways of 

visualizing the sales data. 

Having observed that the four sample means appear to be different, researchers use the F test 

for differences among more than two means to determine if these sample means are sufficiently 

different to conclude that the population means are not all equal. The null hypothesis states that 

there is no difference in the mean sales among the four in-store locations: 

Ao: by, = M2 = ba = Mg 

The alternative hypothesis states that at least one of the in-store location mean sales differs from 

the other means: 

H;: Not all the means are equal. 

To determine whether to reject the null hypothesis, researchers use the ANOVA summary 

table in the software results (see Figure 11.6 on page 360) or construct an ANOVA summary 

table. To construct the table, researchers first calculate the sample means in each group (see 

Figure 11.3 on page 357). Then researchers calculate the grand mean: 

C ny 

De 
> 2% _ 614.12 _ j=1i=1 

a n 20 
= 30.706 ><ll 

Then, using Equations (11.1) through (11.3) on pages 354—355, researchers calculate the sum 

of squares: 

SSA = >\nj(X; — X)? = (5)(29.582 — 30.706)? + (5)(31.994 — 30.706)? 
j=l 

+ (5)(30.912 — 30.706)* + (5)(30.334 — 30.706) 

II = A Nn — Nn — 

ssw = > D% - 

(30.06 — 29.582)" + (29.96 — 29.582)? + (30.19 — 29.582) I 

+ (29.96 — 29,582)? + (27.74 — 29.582)? + +++ + (30.55 — 30.334) 

= 4.8706 
Cc n; 

ssc y Si (x, SX) 
jal il 

= (30.06 — 30.706)” + (29.96 — 30.706)? + ++ + (30.55 — 30.706) 

= 20.3863 

Researchers could have also determined the SSA, SSW, and SST values from software results. 
These three values are in the SS column in the Excel ANOVA table (see Figure 11.6 on page 360). 

Researchers then calculate the mean squares by dividing the sum of squares by the 
db et degrees of freedom using Equation (11.4) on page 355. Because c = 4 
and n = 20, 

SSA IS:SIS? 
MSA = = = ay a4 5719 

SSW 4.8706 
MSW = = = EEE OTT 0.3044 

Using Equation (11.5) on page 356, the result is 

MSA — 5.1719 
CTA Tukeas = 16.9898 

MSW 0.3044 



TABLE 11.2 

Finding the critical 

value of F with 3 and 

16 degrees of freedom 

at the 0.05 level of 

significance 

FIGURE 11.5 

Regions of rejection 

and nonrejection for the 

one-way ANOVA at the 

0.05 level of significance, 

with 3 and 16 degrees of 

freedom 
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Researchers could have also determined the Fy747 value from software results. This value 
appears in the F Excel column in the summary table. 

Because the researchers are seeking to determine whether MSA is greater than MSW, the 
researchers only reject Ho if Fyzyr is greater than the upper critical value of F. For a selected 
level of significance, a, you find the upper-tail critical value, F’,, from the F distribution. For the 
in-store location sales experiment, there are 3 numerator degrees of freedom and 16 denominator 

degrees of freedom. From Table E.5, a portion of which Table 11.2 shows, F,, the upper-tail 

critical value at the 0.05 level of significance, is 3.24. 

Cumulative Probabilities = 0.95 

Upper-Tail Area = 0.05 

Numerator df; 

Denominator df, 1 2 4 5 6 vi 8 9 

1] 4.84 3.98 : Bele Geib) aS kOe SBM Re PASI) 

wag toh fe awe ete ; SpeAcy opi hl SAMOA ROR —ecbey et 

13 4.67 3.81 : OL Oio Usa 2.02 ao Sears 

14 4.60 3.74 : Slee 06 982.05) mee OF 27) aaez.05 

ES 4.54 3.68 3. OG 2:90) 2) Sl te. O42 ,59 

(16) 4493.63» : HUY ke Nea May aalen Phe y I= Oia 

Source: Extracted from Table E.5. 

Because P5747 = 16.9898 is greater than F, = 3.24, the Arlingtons researchers reject the 

null hypothesis (see Figure 11.5). They conclude that there is a significant difference in the mean 

sales for the four in-store locations. 

— 
0 f B24 al wear. 

Region of | Region of 
Nonrejection Rejection 

Critical 
Value 

Figure 11.6 on page 360 shows the ANOVA results for the in-store location sales exper- 
iment, including the p-value. In Figure 11.6, what Table 11.1 on page 357 labels Among 

Groups is labeled Between Groups in the Excel table. 

Table 11.3 on page 360 summarizes the results of the one-way ANOVA for the mobile elec- 

tronics data. Based on the conclusions, there is a difference in sales among the in-store locations. 
However, researchers still do not know which in-store locations differ. All they know is that there 

is sufficient evidence to state that the population means are not all the same. In other words, one or 

more population means are significantly different. To determine which in-store locations differ, one 

can use a multiple comparisons procedure such as the Tukey-Kramer procedure that this section 

discusses later. 
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TABLE 11.3 

One-Way ANOVA 

summary for the mobile 

electronics data 

FIGURE 11.6 

Excel worksheet results for 

the in-store location sales 

experiment 

student TIP 
To use the one-way 

ANOVA F test, the 
variable to be analyzed 

must either be interval 

or ratio scaled. 

CHAPTER 11 | Analysis of Variance 

Result ~~ Conclusions 

The Fy747 = 16.9898 is greater than 3.24. 1. Reject the null hypothesis Hp. 

2. Conclude that evidence exists that the 

mean sales are different at the in-store 

locations. 

3. There is a probability of 0.0000 that 
Fsrar > 16.9898. 

The F test p-value = 0.0000 is less than 

the level of significance, a = 0.05. 

A B c oD E F G 

One-Way ANOVA (ANOVA: Single Factor) 1 

2 

3 SUMMARY 

4) Groups __ Count Sum _Averoge Variance 

5 |In-aisle 5 147.91 29,582 1.06922 

6 |Front 5 159.97 ©31.994 0.11243 

7 Kiosk 5 154.56 30.912 0.02032 

8 Expert 5 151.67 30.334 0.01568 

“ 

10 

1) ANOVA ete, oe oe a 
12 Source of Variation SS df MS F P-value F crit 

13 BetweenGroups 15.5157 3 5.1719 16.9898 0.0000 3.2389 

14 Within Groups 4.8706 16 0.3044 

15 

16 Total 20.3863 19 

7 [Level of significance] 0.05) 

One-Way ANOVA F Test Assumptions 
To use the one-way ANOVA F test, one must make three assumptions: 

¢ Randomness and independence of the samples selected 

¢ Normality of the c groups from which the samples are selected 

¢ Homogeneity of variance (the variances of the c groups are equal) 

Most critical of all is the first assumption. The validity of any experiment depends on ran- 

dom sampling or a randomization process. To avoid biases in the outcomes, one needs to select 

random samples from the c groups or use a randomization process to randomly assign the items 

to the c levels of the factor. Selecting a random sample or randomly assigning the levels ensures 

that a value from one group is independent of any other value in the experiment. Departures from 

this assumption can seriously affect inferences made using the ANOVA results. These problems 

are discussed more thoroughly in Daniel and in Gitlow, Melnyck, and Levine. 

As for the second assumption, normality, the one-way ANOVA F test is fairly robust against 

departures from the normal distribution. As long as the distributions are not extremely different 

from a normal distribution, the level of significance of the ANOVA F test is usually not greatly 

affected, particularly for large samples. One can assess the normality of each of the c samples 
by constructing a normal probability plot or a boxplot. 

As for the third assumption, homogeneity of variance, if each group has the same sample 

size, inferences based on the F distribution are not seriously affected by unequal variances. 

Whenever possible, groups should have equal sample sizes because with unequal sample sizes, 

unequal variances can have a serious effect on inferences made using the ANOVA results. (Use 
the Levene test for homogeneity of variance, which the next section discusses, to test whether 
the variances of the c groups are equal.) 

When only the normality assumption is violated, one can use the Kruskal-Wallis rank test, a 
nonparametric procedure. When only the homogeneity-of-variance assumption is violated, one 
can use procedures similar to those used in the separate-variance test that Section 10.1 discusses. 
When both the normality and homogeneity-of-variance assumptions have been violated, one 
needs to use an appropriate data transformation that both normalizes the data and reduces the 
differences in variances or use a more general nonparametric procedure. The Berenson, Corder, 
and Kutner references contain more information about these alternative tests. 



student TIP 
The Levene test performs 

a one-way ANOVA on 

the absolute differences 

from the median in each 

group, not on the actual 

values in each group. 

TABLE 11.4 
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Levene Test for Homogeneity of Variance 
Although the one-way ANOVA F test is relatively robust with respect to the assumption of equal 
group variances, large differences in the group variances can seriously affect the level of signif- 

icance and the power of the F test. One powerful yet simple procedure for testing the equality 

of the variances is the modified Levene test to test for the homogeneity of variance. The null 

and alternative hypotheses for this test are 

>) 

Ie eg aa Oe 
H,: Not all O; areequal (7 == 1.2.3.0 « ; c) 

To test the null hypothesis of equal variances, one first calculates the absolute value of the dif- 

ference between each value and the median of the group. Then one performs a one-way ANOVA 

using these absglute differences, typically using a level of significance of a = 0.05. 

To illustrate the modified Levene test, recall the Arlingtons scenario and the Figure 11.6 

data on page 360 for the in-store location sales experiment. Table 11.4 calculates the absolute 

differences from the median of each location. 

Absolute differences from the median sales for four locations 

In-Aisle (Median = 29.96) Front (Median = 32.13) Kiosk (Median = 30.91) Expert (Median = 30.29) 

|30.06 — 29.96| = 0.10 

|29.96 — 29.96| = 0.00 

|30.19 — 29.96] = 0.23 
|29.96 — 29.96| = 0.00 
|27.74 — 29.96| = 2.22 

132.22 — 32.13] = 0.09 
|31.47 — 32.13] = 0.66 

|32.13 — 32.13| = 0.00 

[31.86 — 32.13] = 0.27 

|32.29 — 32.13] = 0.16 

130.78 — 30.91| = 0.13 
|30.91 — 30.91] = 0.00 

|30.79 — 30.91| = 0.12 

|30.95 — 30.91] = 0.04 

|31.13 — 30.91| = 0.22 

|30.33 — 30.29] = 0.04 
|30.29 — 30.29] = 0.00 

|30.25 — 30.29] = 0.04 

|30.25 — 30.29| = 0.04 

|30.55 — 30.29] = 0.26 

FIGURE 11.7 

Excel Levene test 

results for the absolute 

differences for the in-store 

location sales experiment 

Figure 11.7 presents the results of performing a one-way ANOVA using the Table 11.4 

absolute differences. From those results, observe that the F747 test statistic = 0.7849. 

Frap = 0.7849 < 3.2389 (or because the p-value = 0.5197 > 0.05), one does not reject Hp. 

One concludes that insufficient evidence of a significant difference among the four variances 

exists. One can claim that because the four in-store locations have an equal amount of variability 

in sales, the homogeneity-of-variance assumption has not been violated. 

wl See Wire athe) Se) Ss eka Blea cn ae La 
1 |ANOVA: Levene Test 

2 
3 SUMMARY 
4! Groups Count Sum Average Variance 

5 |In-aisle 5] 2.55 0.51 0.9227 

6 Front 5 118 0.236 0,06593 
7_|Kiosk 50.51 0.102 0.00732 
8 [Expert 5 0.38 0.076 _0.01088 
a 

10) | 
11 |ANOVA 
12| Source of Variation _5S df MS F P-value | F crit 

13 [BetweenGroups 0.59266. 30,1976 (0.7849, (0.5197) 3.2389 
14 | Within Groups 4.02732 16 0.2517 
151 
16 |Total 4.61998 19 
17| [Level of significance| 0.05 
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For alternative methods 

to examine multiple 

comparisons, see Hicks 

and Turner, Kutner et al., 

and Montgomery. 

_StudentTIP 
You have an a level of 

risk in the entire set of 

comparisons not just a 

single comparison. 

Multiple Comparisons: The-Tukey-Kramer Procedure 

The one-way ANOVA F test indicates if there is a difference among the c groups. For example, 

for the Arlingtons scenario, this test indicates a difference among the in-store locations. When 

a difference is discovered, the next step is to construct multiple comparisons to test the null 

hypothesis that the differences in the means of all pairs of in-store locations are equal to 0. 

Although many methods exist to examine multiple comparisons, one commonly used pro- 

cedure is the Tukey-Kramer multiple comparisons procedure for one-way ANOVA that 

determines which of the c means are significantly different. This procedure enables one to 

simultaneously make comparisons between all pairs of groups. The procedure consists of the 

four steps: 

1. Calculate the absolute mean differences, |X; — X;| (where j refers to group j, j’ refers 
to group j’, and j # j’), among all pairs of sample means [c(c — 1)/2 pairs]. 

2. Calculate the critical range for the Tukey-Kramer procedure that Equation (11.6) 

defines. If the sample sizes differ, calculate a critical range for each pairwise compar- 

ison of sample means. 
3. Compare each of the c(c — 1)/2 pairs of means against its corresponding critical range. 

Declare a specific pair significantly different if the absolute difference in the sample 

means, |X; = X; , is greater than the critical range. 

4. Interpret the results. 

CRITICAL RANGE FOR THE TUKEY-KRAMER PROCEDURE 

2 nj ny ( i ) 

where 

nj = the sample size in group j 

ny = the sample size in group j’ 

© 8 II the upper-tail critical value from a Studentized range distribution having 

c degrees of freedom in the numerator and n — c degrees of freedom in the 

denominator. (Obtain critical values for the Studentized range distribution 
from Table E.7.) 

The mobile electronics sales example compares four in-store locations. Four groups make 

4(4 — 1)/2 = 6 pairwise comparisons. To apply the Tukey-Kramer multiple comparisons pro- 

cedure, one first calculates the absolute mean differences for all six pairwise comparisons: 

|X; — X,| = |29.582 — 31.994] = 2.412 

X, — X;| = |29.582 — 30.912| = 1.330 

X, — X4| = |29.582 — 30.334] = 0.752 

X, — X3| = |31.994 — 30.912] = 1.082 

X, — X4| = |31.994 — 30.334| = 1.660 

X; — X,| = |30.912 — 30.334] = 0.578 

For this example, because the sample sizes in the four groups are equal, only one critical range 
needs to be calculated. (Had the sample sizes in some of the groups been different, one would need 
to calculate several critical ranges.) From the Figure 11.6 ANOVA summary table on page 360, 
MSW = 0.3044 and n; = nj; = 5. From Table 11.5 on page 363, a portion of Table E.7, 
for ae 0.05, c = 4,andn — c = 20 — 4 = 16, Q,, the upper-tail critical value of the test 
statistic, is 4.05, 



TABLE 11.5 

Finding the Studentized 

range, Q,,, Statistic for 

a = 0.05, with 4 and 

16 degrees of freedom 

FIGURE 11.8 

Excel Tukey-Kramer 

procedure results for the 

in-store location sales 

experiment 

11.1 One-Way ANOVA 363 

Cumulative Probabilities = 0.95 

Upper-Tail Area = 0.05 

Numerator df; 

Denominator df; 

Source: Extracted from Table E.7. 

Using Equation (11.6), 

< 0.3044 \/1 1 
Critical range = 4.05 5 5 He cab = 09993 

Figure 11.8 presents the Tukey-Kramer procedure results for the mobile electronics sales 

in-store location experiment. By using a = 0.05, all six of the comparisons can be made with 

an overall error rate of only 5%. 

skies SRDS it iee te a Orefield Gres (DAE Det ee ae RE ee ee a Me a les 
1 _|Tukey Kramer Multiple Comparisons 

| Sample Sample Absolute Std.Error Critical 

4) Group Mean Size Comparison _Difference of Difference Range Results 

5 1: In-aisle 29,582 5 Group 1to Group 2 2.412 0.2467 0.9993 Means are different 

6 | 2: Front 31.994 5 Group 1toGroup3 1.33 0.2467 0.9993 Means are different 

7 | 3: Kiosk 30,912 5 Group 1toGroup4 0.752 0.2467 0.9993 Means are not different 

8 | 4: Expert 30.334 5 Group 2to Group 3 1.082 0,2467 0.9993 Means are different 

9 Group 2 to Group 4 1.66 0.2467 0.9993 Means are different 

Group 3 to Group 4 0.578 0.2467 0.9993 Means are not different 

Because the absolute mean difference for four pairs (1 and 2, | and 3, 2 and 3, 2 and 4) is greater 

than 0.9993, one concludes that there is a significant difference between the mobile electronics 

sales means of those pairs. Because the absolute mean difference for pair 3 (in-aisle and expert 
locations) is 0.752, which is less than 0.9993, one concludes that there is no evidence of a differ- 

ence in the means of those two locations. Also, because the absolute mean difference for pair 6 
(kiosk and expert) is 0.578, which is less than 0.9993, one concludes that there is no evidence 

of a difference in the means of these two locations. 

These results enable one to estimate that the population mean sales for mobile electronics 

items will be higher at the front location than any other location and that the population mean 
sales for mobile electronics items at kiosk locations will be higher when compared to the 
in-aisle location. Arlingtons management can conclude that selling mobile electronics items 

at the special front location would increase sales the most, but that selling those items at the 

kiosk location would also improve sales. (These results also present additional evidence for 

charging a placement fee for the special front location, the subject of the Chapter 10 Using 

Statistics scenario.) 
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Example 11.1 illustrates another example.of the one-way ANOVA. 

For fast-food restaurants, the drive-through window is an important revenue source. The chain 

ANOVA of the Speed _ that offers the fastest service is likely to attract additional customers. Each year QSR Magazine, 

of Drive-Through www.qsrmagazine.com, publishes its results of a survey of drive-through service times (from 

Service at Fast- menu board to departure) at fast-food chains. In a recent year, the mean time was 226.07 seconds 

Food Chains for Wendy’s, 236.50 seconds for Taco Bell, 193.31 seconds for Burger King, 273.29 seconds for 

McDonald’s, and 218.85 seconds for Chick-fil-A. Suppose the study was based on 20 customers 

for each fast-food chain. At the 0.05 level of significance, is there evidence of a difference in the 

mean drive-through service times of the five chains? 

Table 11.6 contains the ANOVA table for this problem. 

TABLE 11.6 
ANOVA summary 

_ table of drive-through Degrees of Sum of r 
| service times at Source Freedom Squares Mean Squares p-value 

fast-food chains Among chains 4 68,028.2704 17,007.0676 130.2226 0.0000 

Within chains 95 12,407.00 130.60 

SOLUTION 

' Ho: fy = bo = M3 = bs = Ms Where 1 = Wendy’s, 2 = Taco Bell, 3 = Burger King, 

| 4 = McDonald’s, 5 = Chick-fil-A 

. A: Not all; are equal where j = 1, 2, 3, 4,5 

Decision rule: If the p-value < 0.05, reject Hp. Because the p-value is 0.0000, which is less 

than a = 0.05, reject Hp. You have sufficient evidence to conclude that the mean drive-through 

times of the five chains are not all equal. 

To determine which of the means are significantly different from one another, use the Tukey- 

Kramer procedure [Equation (11.6) on page 362] to establish the critical range: 

Critical value of Q with 5 and 95 degrees of freedom ~ 3.92 

af) -om ED) ‘ 2 nj Ny ee z 20 20 

; 

| 
| 
| = 10.02 

| 
: 

Critical range 

Any observed difference greater than 10.02 is considered significant. The mean drive-through 

service times are different between Wendy’s (mean of 226.07 seconds) and Taco Bell, Burger King, 

and McDonald’s, and also between Taco Bell (mean of 236.5) and Burger King, McDonald’s, and 

Chick-fil-A. In addition, the mean drive-through service time is different between McDonald’s 

(273.29) and Burger King and Chick-fil-A. Also, Burger King (193.31) is different from 
Chick-fil-A. Therefore, with 95% confidence, you can conclude that the service time for 
Burger King is faster than for the other four chains, that Chick-fil-A is faster than Taco Bell 
and McDonald’s, that Wendy’s is faster than Taco Bell and McDonald’s, and Taco Bell is faster 
than McDonald’s. ; 

PROBLEMS FOR SECTION 11.1 

LEARNING THE BASICS b. How many degrees of freedom are there in determining the 
11.1 An experiment has a single factor with five groups and seven within-group variation? 
values in each group. c. How many degrees of freedom are there in determining the total 
a. How many degrees of freedom are there in determining the variation? 

among-group variation? 



11.2 You are working with the same experiment as in Problem 11.1. 
a. If SSA = 60 and SST = 210, what is SSW? 
b. What is MSA? 
c. What is MSW? 

d. What is the value of F747? 

11.3 You are working with the same experiment as in Problems 11.1 
and 11.2. 

a. Construct the ANOVA summary table and fill in all values in 
the table. 

b. At the 0.05 level of significance, what is the upper-tail critical 
value from the F distribution? 

¢c. State the decision rule for testing the null hypothesis that all five 
groups have equal population means. 

d, What is your statistical decision? 

11.4 Consider an experiment with three groups, with seven values 
in each. 

a. How many degrees of freedom are there in determining the 

among-group variation? 

b. How many degrees of freedom are there in determining the 

within-group variation? 

How many degrees of freedom are there in determining the total 

variation? 

c 

11.5 Consider an experiment with four groups, with eight values in 

each. For the ANOVA summary table below, fill in all the missing results: 

Mean 

Degrees of Sumof Square 

Source Freedom Squares (Variance) F 

Among c-1=? SSA=? MSA =80 Forar =? 

groups 

Within n-—c=? SSW=560 MSW=? 

groups 

Total nA SST? 

11.6 You are working with the same experiment as in Problem 11.5. 

a. At the 0.05 level of significance, state the decision rule for testing 

the null hypothesis that all four groups have equal population means. 

b. What is your statistical decision? 

c. At the 0.05 level of significance, what is the upper-tail critical 

value from the Studentized range distribution? 

d. To perform the Tukey-Kramer procedure, what is the critical range? 

APPLYING THE CONCEPTS 

11.7 One of the steps involved in the processing of corn flakes for 

cereals involves toasting the flakes. The file contains 

the following data for corn flakes thickness (mm) for four different 

toasting times (seconds). 

20 sec 40 sec 60 sec 80 sec 

1.6 17, 2.0 1.0 

0.6 1.6 12 0.7 

0.7 0.8 0.7 0.3 

Source: Data extracted from C. Borror, “Blocking benefits,” Quality 

Progress, November 2015, pp. 60-62. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the mean thickness of the corn flakes for the different 

toasting times? 
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b. If appropriate, determine which toasting times differ in mean 

thickness. 

c. Atthe 0.05 level of significance, is there evidence of a difference 

in the variation in the mean thickness of the corn flakes? 

d. Which toasting times differ in thickness of the corn flakes? 

Explain. 

WA <8 11.8 The more costly and time-consuming it is to export 
TEST and import, the more difficult it is for local companies to 

be competitive and to reach international markets. As part of an initial 

investigation exploring foreign market entry, 10 countries were 

selected from each of four global regions. The cost associated with 

compliance of the economy’s customs regulations to import a ship- 

ment in these countries (in US$), is stored in [RPE Eee. 

Source: Data extracted from doingbusiness.org/data. 

a. At the 0.05 level of significance, is there evidence of a difference 

in the mean cost of importing across the four global regions? 

b. If appropriate, determine which global regions differ in mean 

cost of importing. 

c. At the 0.05 level of significance, is there evidence of a difference 

in the variation in cost of importing among the four global regions? 

d. Which global region(s) should you consider for foreign market 

entry? Explain. 

11.9 A hospital conducted a study of the waiting time in its emer- 

gency room. The hospital has a main campus and three affiliated 

locations. Management had a business objective of reducing wait- 

ing time for emergency room cases that did not require immediate 

attention. To study this, a random sample of 15 emergency room 

cases that did not require immediate attention at each location were 

selected on a particular day, and the waiting times (measured from 

check-in to when the patient was called into the clinic area) were 

collected and stored in (2; V7". 
a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the mean waiting times in the four locations? 

b. If appropriate, determine which locations differ in mean waiting 

time. 

c. At the 0.05 level of significance, is there evidence of a 

difference in the variation in waiting time among the four 

locations? 

11.10 A manufacturer of pens has hired an advertising agency to 

develop an advertising campaign for the upcoming holiday season. 

To prepare for this project, the research director decides to initi- 

ate a study of the effect of advertising on product perception. An 

experiment is designed to compare five different advertisements. 

Advertisement A greatly undersells the pen’s characteristics. Adver- 

tisement B slightly undersells the pen’s characteristics. Advertise- 

ment C slightly oversells the pen’s characteristics. Advertisement D 

greatly oversells the pen’s characteristics. Advertisement E attempts 

to correctly state the pen’s characteristics. A sample of 30 adult 

respondents, taken from a larger focus group, is randomly assigned 

to the five advertisements (so that there are six respondents to each 

advertisement). After reading the advertisement and developing 

a sense of “product expectation,” all respondents unknowingly 

receive the same pen to evaluate. The respondents are permitted to 

test the pen and the plausibility of the advertising copy. The respon- 

dents are then asked to rate the pen from 1 to 7 (lowest to highest) 

on the product characteristic scales of appearance, durability, and 

writing performance. The combined scores of these three ratings for 

the 30 respondents, stored in [j%J, are as follows: 
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A B C D E 
rr Ee Tee Le Fain ic ke 

18 17 7 6 19 
17 21 10 13 18 
19 16 15 i 12 
19 19 14 9 17 
20 17 14 10 14 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the mean rating of the pens following exposure to five 

advertisements? 

b. If appropriate, determine which advertisements differ in mean 

ratings. 

c. At the 0.05 level of significance, is there evidence of a 

difference in the variation in ratings among the five adver- 

tisements? 

d. Which advertisement(s) should you use, and which advertise- 

ment(s) should you avoid? Explain. 

11.11 QSR reports on the largest quick-serve and fast-casual 

brands in the United States. The file con- 
tains the segment (burger, chicken, ethnic, pizza, sandwich, 

or snack) and U.S. mean sales per unit ($thousands) for 50 

quick-service brands. 

Source: Data extracted from “The QSR 50,” bit.ly/2xN4q4v. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the mean U.S. mean sales per unit ($thousands) among 

the segments? 

b. At the 0.05 level of significance, is there a difference in the var- 

iation in U.S. average sales per unit ($thousands) among the 

segments? 

c. What effect does your result in (b) have on the validity of the 

results in (a)? 

d. If appropriate, determine which segments differ in mean sales. 

11.12 Brand valuations are critical to CEOs, financial and mar- 

keting executives, security analysts, institutional investors, and oth- 

ers who depend on well-researched, reliable information needed 

for assessments and comparisons in decision making. Millward 

Brown Optimor has developed the BrandZ Top 100 Most Valuable 

Global Brands for WPP, the world’s largest communications ser- 

vices group. Unlike other studies, the BrandZ Top 100 Most Valu- 

able Global Brands fuses consumer measures of brand equity with 

financial measures to place a financial value on brands. A research 

assistant compared brand values for three sectors in the BrandZ Top 

100 Most Valuable Global Brands for a recent yéar: the financial 

institution sector, the technology sector, and the telecom sector. The 

research assistant’s findings were as follows: 

Degrees of Sums of Mean 
Source Freedom Squares Squares F 

“Among 2 15,671,226,037.72 
groups 

Within - 50 230,181,430,044.96 
groups 

Total 52 245,852,656,082.68 

Group. n Mean 

Financial Institution 19 36,004.95 

Technology 28 73,266.91 

Telecom 1] 44,426.27 

Source: Data extracted from BrandZ Top! 00 Most Valuable Global 

Brands 2019, available at bit.ly/2JHQZZn. 

a. Complete the ANOVA summary table. 

b. At the 0.05 level of significance, is there evidence of a differ- 

ence in mean brand value among the sectors? 

c. Ifthe results in (b) indicate that it is appropriate, use the Tukey- 

Kramer procedure to determine which sectors differ in mean 

brand value. Discuss your findings. 

11.13 A pet food company has a business objective of expanding its 

product line beyond its current kidney and shrimp-based cat foods. 

The company developed two new products, one based on chicken 

liver and the other based on salmon. The company conducted an 

experiment to compare the two new products with its two existing 

ones, as well as a generic beef-based product sold at a supermarket 

chain. 

For the experiment, a sample of 50 cats from the population at a 

local animal shelter was selected. Ten cats were randomly assigned 

to each of the five products being tested. Each of the cats was then 

presented with 3 ounces of the selected food in a dish at feeding 

time. The researchers defined the variable to be measured as the 

number of ounces of food that the cat consumed within a 10-minute 

time interval that began when the filled dish was presented. The re- 

sults for this experiment are summarized in the following table and 

stored in [ela gereeg. 

Chicken 

Kidney Shrimp Liver Salmon Beef 

2.37 2.26 2.29 1.79 2.09 

2.62 2.69 223 233 1.87 

251 Py he 2.41 1.96 1.67 

2.47 2.45 2.68 2.05 ~ 1.64 

2.59 2.34 pars" 2.26 2.16 

2.62 2.37 2.17 2.24 1.75 

2.34 Doe ey 1.96 1.18 

2.47 2.56 By Ss 1.58 1.92 

2.45 2.36 2.45 2.18 1.32 

yey) 2.59 yay f 1.93 1.94 

a. At the 0.05 level of significance, is there evidence of a dif- 

ference in the mean amount of food eaten among the various 

products? : 
b. If appropriate, determine which products appear to differ signif- 

icantly in the mean amount of food eaten. 
¢c. At the 0.05 level of significance, is there evidence of a differ- 

ence in the variation in the amount of food eaten among the 
various products? 

What should the pet food company conclude? Fully de- 
scribe the pet food company’s options with respect to the 
products. 

> 



11.14 A transportation strategist wanted to compare the traf- 
fic congestion levels across four continents: Asia, Europe, North 
America, and South America. The file f= Gey Weewe! contains 
congestion level, defined as the increase (%) in overall travel time 
when compared to a free flow situation (an uncongested situation) 
for 10 cities in each continent. 

Source: Data extracted from “TomTom Traffic Index,” bit.ly/32mD3fM 

11.2 Two-Way ANOVA 

ie) 
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. At the 0.05 level of significance, is there evidence of a differ- 

ence in the mean congestion level across continents? 

. Ifthe results in (a) indicate that it is appropriate to do so, use the 

Tukey-Kramer procedure to determine which continents differ 

in congestion level. 

. What assumptions are necessary in (a)? 

. At the 0.05 level of significance, is there evidence of a difference 

in the variation of the congestion level across continents? 

Two-way ANOVA evaluates two factors simultaneously. Each factor is evaluated at two or more 

levels. For example, in the Arlingtons scenario on page 352, the company faces the business prob- 

lem of simultaneously evaluating four locations and the effectiveness of providing mobile pay- 

ment to determine which location should be used and whether mobile payment should be made 

available. Although this section uses only two factors, one can extend factorial designs to three 

or more factors (Gitlow, Melnyck, and Levine; Hicks and Turner; Levine; and Montgomery). 

To analyze data from a two-factor factorial design, you use two-way ANOVA. The 

following definitions are needed to develop the two-way ANOVA procedure: 

r = number of levels of factor A 

c = number of levels of factor B 

number of values (replicates) for each cell (combination of a particular level 

of factor A and a particular level of factor B) 

n = number of values in the entire experiment (where n = rcn’) 

X;, = value of the kth observation for level i of factor A and level j of factor B 

r G n' 

Lune spapsee. 
grand m id 

= I 

>| 
| 

Ir 
ll mean of the ith level of factor A (where i eer) 

X, = ——— = mean of the jth level of factor B (where i = 1,2,... ,c) 

Xi = a = mean of the cell ij, the combination of the ith level of factor A 

and the jth level of factor B 

Because of the complexity of these computations, one should only use computerized meth- 

ods when performing this analysis. However, to help explain the two-way ANOVA, the decom- 

position of the total variation is illustrated. In this discussion, only cases in which there are an 
equal number of values (also called replicates) (sample sizes n’) for each combination of the 

levels of factor A with those of factor B are considered. (See the Berenson, Kutner, and Mont- 

gomery references for a discussion of two-factor factorial designs with unequal sample sizes.) 

Factor and Interaction Effects 

There is an interaction between factors A and B if the effect of factor A is different for various 

levels of factor B. Thus, when dividing the total variation into different sources of variation, you 

need to account for a possible interaction effect, as well as for factor A, factor B, and random 

variation. To accomplish this, the total variation (SST) is subdivided into sum of squares due to 

factor A (or SSA), sum of squares due to factor B (or SSB), sum of squares due to the interaction 

effect of A and B (or SSAB), and sum of squares due to random variation (or SSE). Figure 11.9 

on page 368 displays this decomposition of the total variation (SST). 



368 CHAPTER 11 | Analysis of Variance 

FIGURE 11.9 

Partitioning the total 

variation in a two-factor 

factorial design 

Partitioning the Total Variation 
SST= SSA+ SSB + SSAB + SSE 

Factor A Variation (SSA) 
df=r-1 

<_ iz 
Interaction (SSAB) 

df= (r- 1\(c- 1) 

Total Variation (SST) 

df=n-1 

Random Variation (SSE) 
df = re(n' - 1) 

The sum of squares total (SST) represents the total variation among all the values around 

the grand mean. Equation (11.7) shows the computation for total variation. 

TOTAL VARIATION IN TWO-WAY ANOVA 

Cc 

SST = >) > > Xin — XP (11.7) 
=1 i=1j=1k= 

The sum of squares due to factor A (SSA) represents the differences among the various lev- 

els of factor A and the grand mean. Equation (11.8) shows the computation for factor A variation. 

FACTOR A VARIATION IN TWO-WAY ANOVA 

SSA = cn' >\(X,, — XP (11.8) 
131 

The sum of squares due to factor B (SSB) represents the differences among the various levels 

of factor B and the grand mean. Equation (11.9) shows the computation for factor B variation. 

FACTOR B VARIATION IN TWO-WAY ANOVA 

SSB = rn’ D(X; — XP (11.9) 
j=1 

The sum of squares due to interaction (SSAB) represents the interacting effect of specific com- 
binations of factor A and factor B. Equation (11.10) shows the computation for interaction variation. 

INTERACTION VARIATION IN TWO-WAY ANOVA 

SSAB = n' >) D(X). — X;, — Xj, + X (11.10) 
i=1j=1 
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Mean square is another 

term for variance. 
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The sum of squares error (SSE) represents random variation—that is, the differences 
among the values within each cell and the corresponding cell mean. Equation (11.11) shows the 
computation for random variation. 

RANDOM VARIATION IN TWO-WAY ANOVA 

Cl wht 

SSE = >) >>) Xin — Xy)? (11.11) 
i=1j7=1k=1 

Because there are r levels of factor A, there are r — | degrees of freedom associated with 

SSA. Similarly, because there are c levels of factor B, there are c — 1 degrees of freedom asso- 

ciated with SSB. Because there are n’ replicates in each of the rc cells, there are rc(n’ — 1) 

degrees of freedom associated with the SSE term. Because the method compares each value, 

X;jjx, to the grand mean, X, which is based on all n values, there are n — 1 degrees of freedom 

associated with the sum of squares total SST. Therefore, because the degrees of freedom for each 

of the sources of variation must add to the degrees of freedom for the total variation (SST), you 

can calculate the degrees of freedom for the interaction component (SSAB) by subtraction. The 

degrees of freedom for interaction are (r — 1)(c — 1). 

Dividing each sum of squares by its associated degrees of freedom calculates the four vari- 

ances or mean squares (MSA, MSB, MSAB, and MSE). Equations (11.12a—d) present the mean 

square terms needed for a two-way ANOVA table. 

MEAN SQUARES IN TWO-WAY ANOVA 

A 
MSA = ae (11.12a) 

r= 

MSB = se (11.12b) 
(oa aN | 

SSAB 
eR 11.12 MSAB fic RTE (11.12¢) 

MSE = eed (11.12d) 
acta 1B 

Testing for Factor and Interaction Effects 
There are three different tests to perform in a two-way ANOVA: 

¢ A test of the hypothesis of no difference due to factor A 

¢ A test of the hypothesis of no difference due to factor B 

e A test of the hypothesis of no interaction of factors A and B 

To test the hypothesis of no difference due to factor A, one defines the null and alternative 

hypotheses as 

Ho eS Pe 

H,: Not all yu; are equal 

and uses the F5747 test statistic in Equation (11.13) on page 370. 
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F TEST FOR FACTOR A EFFECT 

MSA 
ee eee (11.13) 

Frat MSE 

One rejects the null hypothesis at the a level of significance if 

F MSA F lon = —— > F, STAT ~ Vacr Y 

where F, is the upper-tail critical value from an F distribution with r — 1 and re(n’ — 1) degrees 

of freedom. 
To test the hypothesis of no difference due to factor B, one defines the null and alternative 

hypotheses as 

Sig: pig "gi SO ple 

H,: Not all w;, are equal 

and uses the F747 test statistic in Equation (11.14). 

PUESTEFOR FACTOR B’EFFECT: 

MSB 
F. =) 11.14 sat = Free (11.14) 

You reject the null hypothesis at the a level of significance if 

F. see ae «? | STAT ~ Vase a 

where F, is the upper-tail critical value from an F distribution with c — 1 and re(n’ — 1) 

degrees of freedom. 

To test the hypothesis of no interaction of factors A and B, one defines the null and alter- 
native hypotheses 

Ho: The interaction of A and B is equal to zero 

H;: The interaction of A and B is not equal to zero 

and uses the Fy;,7 test statistic in Equation (11.15). 

F TEST FOR INTERACTION EFFECT 

Femantubtrere 11.15 STAT = Wace ( ; ) 

One rejects the null hypothesis at the a level of significance if 
student TIP MSAB 
In each of these F tests, Fsrar = a Fa ee eee MSE 
the denominator of the er te Ferar Statistic is MSE. where F, is the upper-tail critical value from an F distribution with (r — 1)(c — 1) and 

rc(n' — 1) degrees of freedom. 
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Table 11.7 presents the entire two-way ANOVA table. 

Degrees of Sum of Mean Square 
Source Freedom Squares (Variance) F 

A 3) SSA SSA MSA 
MSA = —— Forar = = 

ap eng NeboceM SE 
B Ct SSB SSB MSB 

MSB = —— Gea, apres 
c- 1 aR MSE 

AB ul) (Gast | SSAB SSAB MSAB 
{3 ile ) MSAB = Fsrar = : 

Kero LK Caran]: MSE 

Error rou = ro(n 1) SSE MSE = SSE 

ron waa) 

Total ye 4 SST 

To illustrate two-way ANOVA, return to the Arlingtons scenario on page 352. As a mem- 

ber of the sales team, you first explored how different in-store locations might affect the sales 

of mobile electronics items using one-way ANOVA. Now, to explore the effects of permitting 

mobile payment methods to buy mobile electronics items, you design an experiment that exam- 

ines this second (B) factor as it studies the effects of in-store location (factor A) using two-way 

ANOVA. Two-way ANOVA will allow you to determine if there is a significant difference 

in mobile electronics sales among the four in-store locations and whether permitting mobile 

payment methods makes a difference. 

To test the effects of the two factors, you conduct a 60-day experiment at 40 same-sized 

stores that have similar storewide net sales. You randomly assign ten stores to use the current 

in-aisle location, ten stores to use the special front location, ten stores to use the kiosk loca- 

tion, and ten stores to use the expert counter. In five stores in each of the four groups, you 

permit mobile payment methods (for the other five in each group, mobile payment methods 

are not permitted). At the end of the experiment, you organize the mobile electronics sales 

data by group and store the data in KER SSPReey. Table 11.8 presents the data of the 

experiment. 

IN-STORE LOCATION 
MOBILE 

PAYMENTS In-Aisle Front Kiosk Expert 

No 30.06 32.22 30.78 B0:33 

No 29.96 31.47 30.91 30.29 

No 30,19 S203 30.79 BOS 

No 29.96 31.86 30.95 30.25 

No 27.74 32:29 31.13 BDO 

Yes 30.66 32.81 31.34 31.03 

Yes 29.99 32,65 31.80 B17 7 

Yes 30.73 32.81 32.00 30.97 

Yes 30.72 32.42 31.07 31.43 

Yes 30.73 SorZ 31.69 3072 
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FIGURE 11.10 

Excel two-way ANOVA 

results for the in-store 

location sales and mobile 

payment experiment 

Table E.5 does not provide the 

upper-tail critical values from the 

F distribution with 32 degrees of 

freedom in the denominator. When 

the desired degrees of freedom are 

not provided in the table, use the 

p-value computed by Excel. 

FIGURE 11.11 

Regions of rejection 

and nonrejection at the 

0.05 level of significance, 

with 3 and 32 degrees 

of freedom 
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Figure 11.10 presents the results for this.example. In the Excel worksheet, the A, B, and 

Error sources of variation in Table 11.7 on page 371 are labeled Sample, Columns, and Within, 

respectively, 

A 8 ¢ 12] E F G 

1 ANOVA: Two-Factor With Replication 

2 

3 SUMMARY In-aisle = Front Kiosk Expert Total 

4 No 

5 |Count 5 5 5 5 20 

6 Sum 147.91 159.97 154.56 151.67 614.11 

7 Average 29,582 31.994 30.912 30.334 30,7055 

8 | Variance 1.0692 0.1124 0.0203 0.0157 1.0730 

9 | 

10 Yes 

11 |Count 5 | 5 5 20 

12 [Sum 152.83 163.81 157.9 155.92 630.46 

13 |Average 30.566 32.762 31.58 31.184 31.5230 

14 | Variance 0.1045 0.0656 0.1387 0.1722 0.7773 

15, 

16 Total 

17 |Count 10 10 10 10 

18 Sum 300.74 323.78 312.46 307.59 

19 Average 30.074 32.378 31.246 30.759 

20 ' Variance 0.7906 0.2430 0.1946 0.2842 

21! 

22 

23 |ANOVA 

24 | Source of Variation SS d MS F P-value  F crit 

25 |Sample 6,6831 1 6.6831 31.4760 0.0000 4.1491 

26 \Columns 28.2274 3 9.4091 44.3154 0.0000 2.9011 

27 \Interaction 0,1339 3 0.0446 0.2103 0.8885 2.9011 

28 | Within 6.7943 320.2123 
29 
30 Total 41.8388 39 

nl] ~SOS~S*S~SCO “df sgificance]| | 

To interpret the results, one starts by testing whether there is an interaction effect between 

factor A (mobile payments) and factor B (in-store locations). If the interaction effect is signifi- 

cant, further analysis will focus on this interaction. If the interaction effect is not significant, you 

can focus on the main effects—the potential effect of permitting mobile payment (factor A) and 

the potential differences in in-store locations (factor B). 

Using the 0.05 level of significance to determine whether there is evidence of an interaction 

effect, one rejects the null hypothesis of no interaction between mobile payments and in-store 

locations if the computed F747 statistic is greater than 2.9011, the upper-tail critical value from 

the F distribution, with 3 and 32 degrees of freedom (see Figures 11.10 and 11.11).? 

0 
2.9011 EF 

Region of Region of 
Nonrejection Rejection 

Critical 

Value 

Because F747 = 0.2103 < 2.9011 or the p-value = 0.8885 > 0.05, one does not reject 
Hp. One concludes that there is insufficient evidence of an interaction effect between the two 
factors, mobile payment and in-store location. Finding insufficient evidence of an interaction 
effect between factors enables one to continue and focus on the main effects. 

Using the 0.05 level of significance and testing whether there is an effect due to mobile 
payment options (yes or no) (factor A), one rejects the null hypothesis if the computed F5747 test 
statistic is greater than 4.1491, the upper-tail critical value from the F distribution with 1 and 
32 degrees of freedom (see Figures 11.10 and 11.12). Because Fy747 = 31.4760 > 4.1491 or 
the p-value = 0.0000 < 0.05, one rejects Hp. One concludes that there is evidence of a differ- 
ence in the mean sales when mobile payment methods are permitted as compared to when they 
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Regions of rejection and 

nonrejection at the 
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with 1 and 32 degrees 

of freedom 
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are not. Because the mean sales when mobile payment methods are permitted is 31.523 and is 
30.7055 when they are not, one can conclude that permitting mobile payment methods has led 
to an increase in mean sales. 

ye 

fie 

ZL ay — 
4.1491 f fs 

Region of Region of 

Nonrejection / Rejection 

Critical 

Value 

Using the 0.05 level of significance and testing for a difference among the in-store locations 

(factor B), one rejects the null hypothesis of no difference if the computed F747 test statistic 

is greater than 2.9011, the upper-tail critical value from the F distribution with 3 degrees of 

freedom in the numerator and 32 degrees of freedom in the denominator (see Figures 11.10 and 

11.11). Because Fy747 = 44.3154 > 2.9011 or the p-value = 0.0000 < 0.05, one rejects Ho 

and concludes that there is evidence of a difference in the mean sales among the four in-store 

locations. 

Multiple Comparisons: The Tukey Procedure 
If one or both of the factor effects are significant and there is no significant interaction effect, one 

can determine the particular levels that are significantly different by using the Tukey multiple 

comparisons procedure for two-way ANOVA when there are more than two levels of a factor 

(Kutner and Montgomery). Equation (11.16) gives the critical range for factor A. 

CRITICAL RANGE FOR FACTOR A 

MSE 

cn’ 
Critical range = Q,, (11.16) 

where Q, is the upper-tail critical value from a Studentized range distribution having 

rand rc(n’ — 1) degrees of freedom. (Values for the Studentized range distribution are 

found in Table E.7.) 

Equation (11.17) gives the critical range for factor B. 

CRITICAL RANGE FOR FACTOR B 

MSE 

rn’ 
Critical range = Q, (11.17) 

where Q, is the upper-tail critical value from a Studentized range distribution having 

cand rc(n' — 1) degrees of freedom. (Values for the Studentized range distribution are 

found in Table E.7.) 

To use the Tukey procedure, return to the Table 11.8 mobile electronics sales data on 

page 371. In the ANOVA summary table in Figure 11.10 on page 372, the interaction effect 

is not significant. Because there are only two categories for mobile payment (yes and no), 

there are no multiple comparisons to be constructed. Using a = 0.05, there is evidence of 

a significant difference among the four in-store locations that comprise factor B. Thus, one 
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FIGURE 11.13 

Excel cell means plot 

for mobile electronics 

sales based on mobile 

payments permitted and 

in-store location 

can use the Tukey multiple comparisons ‘procedure to determine which of the four in-store 

locations differ. 

Because there are four in-store locations, there are 4(4 — 1)/2 = 6 pairwise comparisons. 

Using the calculations presented in Figure 11.10, the absolute mean differences are as follows: 

1./X, —X>| = |30.074 — 32.378] = 2.124 

2. |X, — X3| = |30.074 — 31.246| = 1.172 

3. |X, — X,| = |30.074 — 30.759| = 0.685 

4. |X, — X3| = |32.378 — 31.246| = 1.132 

5.|X, — X,| = |32.378 — 30.759| = 1.619 

6. |X3 — X4| = |31.246 — 30.759| = 0.487 

To determine the critical range, refer to Figure 11.10 to find MSE = 0.2123, r = 2,c = 4, 

and n' = 5, From Table E.7 [for a = 0.05, c = 4, and re(n’ — 1) = 32], Q,, the upper-tail 

critical value of the Studentized range distribution with 4 and 32 degrees of freedom is approx- 

imately 3.84. Using Equation (11.17), 

0.2123 

10 
Because five of the six comparisons are greater than the critical range of 0.5595, one con- 

cludes that the population mean sales is different for the in-store locations except for the kiosk 

and expert locations. The front location is estimated to have higher mean sales than the other 

three in-store locations. The kiosk location is estimated to have higher mean sales than the in-aisle 

location. The expert location is estimated to have higher mean sales than the in-aisle location. 

Note that by using a = 0.05, one can make all six comparisons with an overall error rate of only 

5%. Consistent with the results of the one-factor experiment, one has additional evidence that 

selling mobile electronics items at the front location will increase sales the most. In addition, one 

also has evidence that enabling mobile payment will also lead to increased sales. 

Critical range = 3.84 = 0.5595 

Visualizing Interaction Effects: The Cell Means Plot 
One can gain a better understanding of the interaction effect by plotting the cell means, the 

means of all possible factor-level combinations. Figure 11.13 presents a cell means plot that 

uses the cell means for the mobile payments permitted/in-store location combinations shown 

in Figure 11.10 on page 372. From the plot of the mean sales for each combination of mobile 

payments permitted and in-store location, observe that the two lines (representing the two levels 

of mobile payments, yes and no) are roughly parallel. This indicates that the difference between 

the mean sales for stores that permit mobile payment methods and those that do not is virtually 

the same for the four in-store locations. In other words, there is no interaction between these 
two factors, as was indicated by the F test. : 

Cell Means Plot for In-Store Location and Mobile Payments 

30.0 Ss 

ma ~*-No Mobile Payments 

8 20.0 ; ~* Mobile Payments 

In-aisle Front Kiosk Expert 

In-Store Location 

Interpreting Interaction Effects 
How does one interpret an interaction? When there is an interaction, some levels of factor A 
respond better with certain levels of factor B. For example, with respect to mobile electronics 
sales, suppose that some in-store locations were better when mobile payment methods were 
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Excel cell means plot 

of mean ACT scores 
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permitted and other in-store locations were better when mobile payment methods were not 

permitted. If this were true, the lines of Figure 11.13 would not be nearly as parallel, and the 

interaction effect might be statistically significant. In such a situation, the difference between 

whether mobile payment methods were permitted is no longer the same for all in-store locations. 

Such an outcome would also complicate the interpretation of the main effects because differences 

in one factor (whether mobile payment methods were permitted) would not be consistent across 

the other factor (the in-store locations). 

Example 11.2 illustrates a situation with a significant interaction effect. 

A nationwide company specializing in preparing students for college and graduate school 

entrance exams, such as the SAT, ACT, GRE, and LSAT, had the business objective of improv- 

ing its ACT preparatory course. Two factors of interest to the company are the length of the 

course (a condensed 10-day period or a regular 30-day period) and the type of course (traditional 

classroom or online distance learning). The company collected data by randomly assigning 

10 clients to each of the four cells that represent a combination of length of the course and type 

of course. Table 11.9 presents the results, which are stored in [ej 
What are the effects of the type of course and the length of the course on ACT scores? 

LENGTH OF COURSE 

TYPE OF COURSE 

Traditional 

Condensed Regular 

Traditional oF 24 24 21 

Traditional 25 19 85 23 

Traditional Dil 20 iil 29 

Traditional 

Online 24 21 

Online 29 32 16 19 

Online 30 20 22 19 

Online 24 28 20 24 

Online 30 29 20 25 

SOLUTION The Figure 11.14 cell means plot shows a strong interaction between the type of 

course and the length of the course. The nonparallel lines indicate that the effect of condensing 

the course depends on whether the course is taught in the traditional classroom or by online 

distance learning. The online mean score is higher when the course is condensed to a 10-day 

period, whereas the traditional mean score is higher when the course takes place over the regular 

30-day period. 

Cell Means Plot for ACT Scores 

Eee ae eel ~e-Traditional 

~®-Online 

Mean ACT Score 

= uw 

Condensed Regular 

Course Length 
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FIGURE 11.15 

Excel two-way ANOVA 

au 
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To verify the visual analysis provided by interpreting the cell means plot, one tests whether 

there is a statistically significant interaction between factor A (length of course) and factor B 

(type of course). Using a 0.05 level of significance, one rejects the null hypothesis because 

Forap = 24.2569 > 4.1132 or the p-value equals 0.0000 < 0.05 (see Figure 11.15 shown 

below). Thus, the hypothesis test confirms the interaction evident in the cell means plot. 

A 8 c 

1 ANOVA: Two-Factor With Replication 
2 

results for the ACT 3 SUMMARY Condensed Regular Total 
4 traditional 

scores 5 Count 10 10 20 

6 Sum 219 279 498 

7 Average 21.9 27.9 24.9 

8 Variance 11.2111 20,9889 24.7263 

9 

10 online 

11 Count 10 10 20 

12 Sum 270 213 483 

13 Average 27 21.3 24.15 

14 Variance 16.2222 8.0111 20.0289 
15 

16 Total 

17 ‘Count 20 20 

18 Sum 489 492 

19 Average 24.45 24.6 

20 |Variance 19.8395 25.2000 

21 

22 | 
| 23 ANOVA 

) 24 Source ofVariation _$5__df, MSF valve Frcrit 
: 25 |Sample 5.6250 1 5.6250 0.3987 0.5318 4.1132 

| 26 Columns 0.2250 1 0.2250 0.0159 0.9002 4.1132 

: 27 |Interaction 342.2250 1 342.2250 24.2569 0.0000 4.1132 

' 28 Within 507.9000 36 14,1083 
; 29 | 

30 [Total 855.9750 39 
31) Level of significance 0. 

) 
The existence of this significant interaction effect complicates the interpretation of the 

hypothesis tests concerning the two main effects. One cannot directly conclude that there 

| is no effect with respect to length of course and type of course, even though both have 

p-values > 0.05. 

| Given that the interaction is significant, one can reanalyze the data with the two factors col- 

lapsed into four groups of a single factor rather than a two-way ANOVA with two levels of each 
| of the two factors. One reorganizes the data as follows: Group | is traditional condensed, Group 2 

is traditional regular, Group 3 is online condensed, and Group 4 is online regular. Figure 11.16 

shows the results for these data, stored in PETS TAS9. 

FIGURE 11.16 

Excel one-way ANOVA and Tukey-Kramer results for the ACT scores 

hk S27 eS OLR PT a SE 4) A mae SEE Os Se By teas S YE Ss ee ee 
1 One-Way ANOVA (ANOVA: Single Factor) 1 Tukey Kramer Multiple Comparisons 
2] 2 
3 SUMMARY 3 | Sampie Sample Absolute Std. Error Critical 
¥ Count Sum Ai Variance 4) Group Mean __ Size c Difference of Difference Results 
5 Group1 10 219 29) 11,2117 5 1; Group 1 21.9 . 10 Group 1to Group 2 6 1.1878 4.5373 Means are different 
6 |Group 2 10 279 27.9 20.9889 6 | 2: Group 2 27.9 10 Group 1 to Group 3 5.1 1.1878 4.5373 Means are different 
Bul {Group 3 10 270 27 16,2222 il 3: Group 3 27 10 Group 1 to Group 4 0.6 1.1878 4.5373 Means are not different 
‘8 Group 4 10 213 21.3 8.0111 8) 4:Group4 21.3 10 Group 2 to Group 3 0.9 1.1878 4.5373 Means are not different 
ce | Group 2 to Group 4 6.6 1.1878 4.5373 Means are different 
= Group 3 to Group 4 5.7 1.1878 4.5373 Means are different 
11 ANOVA 

ie Variation $8 MS F P-value Frit 
13 |BetweenGroups 348.0750 3 116.0250 8.2239 00,0003 2.8663 

a Groups 507.9000 36 14,1083 

15 
16 |Total 855,9750__39 . 

> (continued) 
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Prom Figure 11.16, because F5747 = 8.2239 > 2.8663 or p-value = 0.0003 < 0.05, there 
is evidence of a significant difference in the four groups (traditional condensed, traditional 
regular, online condensed, and online regular). Using the Tukey-Kramer multiple comparisons 
procedure, traditional condensed is different from traditional regular and from online condensed. 
Traditional regular is also different from online regular, and online condensed is also different 

Therefore, whether condensing a course is a good idea depends on whether the course is 
offered in a traditional classroom or as an online distance learning course. To ensure the highest 
mean ACT scores, the company should use the traditional approach for courses that are given 
over a 30-day period but use the online approach for courses that are condensed into a 10-day 

LEARNING THE BASICS 

11.15 Consider a two-factor factorial design with three levels for 

factor A, three levels for factor B, and four replicates in each of the 

nine cells. 

a. How many degrees of freedom are there in determining the 

factor A variation and the factor B variation? 

b. How many degrees of freedom are there in determining the 

interaction variation? 

c. How many degrees of freedom are there in determining the 

random variation? 

d. How many degrees of freedom are there in determining the total 

variation? 

11.16 Assume that you are working with the results from 

Problem 11.15, and SSA = 120, SSB = 110, SSE = 270, and 

SST = 540. 

a. What is SSAB? 
b. What are MSA and MSB? 

c. What is MSAB? 

d. What is MSE? 

11.17 Assume that you are working with the results from 

Problems 11.15 and 11.16. 

a. What is the value of the Fz47 test statistic for the interaction 

effect? 

b. What is the value of the Fy7,47 test statistic for the factor 

A effect? 

c. What is the value of the Fyz,47 test statistic for the factor 

B effect? 

d. Form the ANOVA summary table and fill in all values in the 

body of the table. 

11.18 Given the results from Problems 11.15 through 11.17, 

a. at the 0.05 level of significance, is there an effect due to 

factor A? 

b. at the 0.05 level of significance, is there an effect due to 

factor B? ; 

c. at the 0.05 level of significance, is there an interaction effect? 

11.19 Given a two-way ANOVA with two levels for factor A, five 

levels for factor B, and four replicates in each of the 10 cells, with 

SSA = 18, SSB = 64, SSE = 60, and SST = 150, 

a. form the ANOVA summary table and fill in all values in the 

body of the table. 

b. at the 0.05 level of significance, is there an effect due to 

factor A? 

c. at the 0.05 level of significance, is there an effect due to 

factor B? 

d. at the 0.05 level of significance, is there an interaction effect? 

11.20 Given a two-factor factorial experiment and the ANOVA 

summary table that follows, fill in all the missing results: 

Degrees of Sum of Mean Square 

Source Freedom Squares (Variance) F 

A r-1=2 SSA = ? MSA = 80 For4r = ? 

B Cale SSB = 220 MSB=2 Fomr = 11.0 

AB CAE = 1) = 8 SSAB =! © MSAB=10 9 Fora = 2 

Error rc(n'-1)=30 SSE=? MSE =? 

Total (hte iho} SST =? 

11.21 Given the results from Problem 11.20, 

a. at the 0.05 level of significance, is there an effect due to factor A? 

b. at the 0.05 level of significance, is there an effect due to factor B? 

c. at the 0.05 level of significance, is there an interaction effect? 

APPLYING THE CONCEPTS 

17.22 An experiment was conducted to study the extrusion process 

of biodegradable packaging foam. Two of the factors considered for 

their effect on the unit density (mg/ml) were the die temperature 

(145°C vs. 155°C) and the die diameter (3 mm vs. 4 mm). The 

results are stored in Gsele'etellatep ael-\iiae. 

Source: Data extracted from W. Y. Koh, K. M. Eskridge, and M. A. Hanna, 

“Supersaturated Split-Plot Designs,” Journal of Quality Technology, 45, 

January 2013, pp. 61-72. 
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At the 0.05 level of significance, 

a. is there an interaction between die temperature and die diameter? 

b. is there an effect due to die temperature? 

c. is there an effect due to die diameter? 

d. Plot the mean unit density for each die temperature for each die 

diameter. 
e. What can you conclude about the effect of die temperature and 

die diameter on mean unit density? 

11.23 Referring to Problem 11.22, the effect of die temperature 

and die diameter on the foam diameter was also measured and the 

results stored in UgeleUGTelileRgeluea. 

At the 0.05 level of significance, 

a. is there an interaction between die temperature and die diameter? 

b. is there an effect due to die temperature? 

c. is there an effect due to die diameter? 

d. Plot the mean foam diameter for each die temperature and die 

diameter. 

e. What conclusions can you reach concerning the importance of 

each of these two factors on the foam diameter? 

oy SELF 11.24 A plastic injection molding process is often used 

TEST in manufacturing because of its ability to mold compli- 

cated shapes. An experiment was conducted on the manufacture of 

a television remote part, and the warpage (mm) of the part was 

measured and stored in §iPitee sd. 
Source: Data extracted from M. A. Barghash and F, A. Alkaabneh, “Shrinkage and 

Warpage Detailed Analysis and Optimization for the Injection Molding Process Using 

Multistage Experimental Design,” Quality Engineering, 26, 2014, pp. 319-334. 

Two factors were to be considered, the filling time (1, 2, or 3 sec) 

and the mold temperature (60, 72.5, or 85°C). 

At the 0.05 level of significance, 

a. is there an interaction between filling time and mold temperature? 

b. is there an effect due to filling time? 

c. is there an effect due to mold temperature? 

d. Plot the mean warpage for each filling time for each mold 

temperature. 

e. If appropriate, use the Tukey multiple comparison procedure 

to determine which of the filling times and mold temperatures 

differ. 

f. Discuss the results of (a) through (e). 

11.25 A glass manufacturing company wanted to investigate the 

effect of breakoff pressure and stopper height on the percentage 

of breaking off chips. The results, stored in F3PESEY, were as 
follows: 

STOPPER HEIGHT 

BREAK OFF PRESSURE Twenty Twenty-Five 

Two iisse 0.75 

Two 1.00 0.50 

+ mr, STOPPER HEIGHT 
_. 

BREAK OFF PRESSURE Twenty Twenty-Five 

Two 0.00 0.00 

Two | 1.00 0.25 

Three Ms, 1.50 

Three 1.50 iNeed: 

Three 0.25 0.25 

Three 0.75 0.75 

Source: K. Kumar and S. Yadav, “Breakthrough Solution,” 

Six Sigma Forum Magazine, November 2016, pp. 7-22. 

At the 0.05 level of significance, 

a. is there an interaction between the breakoff pressure and the 

stopper height? 

b. is there an effect due to the breakoff pressure? 

c. is there an effect due to the stopper height? 

d. Plot the percentage breakoff for each breakoff pressure for each 

stopper height. 

e. Discuss the results of (a) through (d). 

11.26 A glass manufacturing company wanted to investigate the 

effect of zone 1 lower temperature (630 vs. 650) and zone 3 upper 

temperature (695 vs. 715) on the roller imprint of glass. The results 

stored in were as follows: 

ZONE 3 UPPER 

ZONE 1 LOWER 695 715 
630 50 100 

630 25 0 

630 50 25 

630 125 75 

650 25 75 
650 25 25 
650 50 0 
650 20 125 

Source: K. Kumar and S. Yadav, “Breakthrough Solution,” 

Six Sigma Forum Magazine, November 2016, pp. 7-22. 

At the 0.05 level of significance, 

a. is there an interaction between zone 1 lower and zone 3 upper? 
. is there an effect due to zone 1 lower? 

. is there an effect due to zone 3 upper? 
+ Plot the roller imprint for each level of zone 1 lower for level 
of zone 3 upper. 

e. Discuss the results of (a) through (d). 

acs 
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11.3 The Randomized Block Design 
Section 10.2 discusses how to use the paired f test to evaluate the difference between the means 

of two groups when you have repeated measurements or matched samples. The randomized 

block design evaluates differences among more than two groups that contain matched samples 

or repeated measures that have been placed in blocks. The Section 11.3 online topic discusses 
this method and illustrates its use. 

11.4 Fixed Effects, Random Effects, and Mixed Effects Models 
Sections 11.1 through 11.3 do not consider the distinction between how the levels of a factor 

were selected, The equation for the F test depends on whether the levels of a factor were specifi- 

cally selected or randomly selected from a population. The Section 11.4 online topic presents the 

appropriate F tests to use when the levels of a factor are either specifically selected or randomly 

selected from a’ population of levels. 

YUSING STATISTICS 
The Means to Find Differences at Arlingtons, Revisited 

4 n the Arlingtons scenario, you sought to determine whether | ¢ The front location is esti- 
there were differences in mobile electronics sales among _ mated to have higher mean 

four in-store locations as well as determine whether permitting | _ sales than the other three locations. 

mobile payments had an effect on those sales. _ © The kiosk location is estimated to have higher mean sales 
Using the one-way ANOVA, you determined that there —_ than the current in-aisle location. 

was a difference in the mean sales for the four in-store _ © The expert location is estimated to have higher mean sales 
locations. Using the two-way ANOVA, you determined that —_ than the current in-aisle location. 
there was no interaction between in-store location and per- 

mitting mobile payment methods and that mean sales were 
higher when mobile payment methods were permitted than 
when such methods were not. In addition, you concluded 

that the population mean sales is different for the four 
in-store locations and reached these other conclusions: 

This chapter explains the statistical procedures used to _ assumptions underlying the hypothesis-testing procedures. 

analyze the effect of one or two factors of interest. The | Table 11.10 summarizes the designs and procedures that 

chapter details the assumptions required for each procedure _ this chapter discusses. 

and emphasizes the need to investigate the validity of the 

Your next step as a member of the sales team might be to 

further investigate the differences among the sales locations 
as well as examine other factors that could influence mobile 

electronics sale. 

popes 
ery Per I EI Ve cae RASS eR EN eG FPR ey STACI BNA Sea Na ca i 

TABLE 11.10 
Chapter 11 designs Design Procedure 
‘and procedures Completely randomized design One-way analysis of variance (Section 11.1) 

; Factorial design - Two-way analysis of variance (Section 11.2) 

Randomized block design Randomized block design (online Section 11.3) 
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Total Variation in One-Way ANOVA 

sst = 3 > (x) - ¥)? 
j=li=1 

Among-Group Variation in One-Way ANOVA 
c 

SSA = >in X - x)? 
j=1 

Within-Group Variation in One-Way ANOVA 

SSW = D> (x Xj — X j 
j=li=1 

Mean Squares in One-Way ANOVA 

Fist eager 
et 

MSW = SSW 

i et 2 

MST = SST 

iv 1 

One-Way ANOVA F747 Test Statistic 

_ MSA 
STAT ~ asp 

Critical Range for the Tukey-Kramer Procedure 

Critical range = Q, ens 4 +) 

2 \y% My 

Total Variation in Two-Way ANOVA 

SS = DS, > (Xin — X)? 

Factor A Variation in Two-Way ANOVA 

SSA = cn’ S\(X,, — X)? 
j=1 

Factor B Variation in Two-Way ANOVA 
(65 

SSB = rn' >) (X,, - X)? 
j=1 
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Interaction Variation in Two-Way ANOVA 

SSAB = n' >’ 3. (X°— X,, — X, + X)? 
j=1jf=1 

Random Variation in Two-Way ANOVA 

SSE = Ses — Xi) 
i=lj=1k=1 

Mean Squares in Two-Way ANOVA 

MSA = SSA 

ral 

MSB = SSB 

(| 

MSAB = oe 
tel Ne ae 9 

MSE = Peper ees 
dete = Aly 

F Test for Factor A Effect 

_ MSA 
STAT MSE E 

F Test for Factor B Effect 

_ MSB 
STAT MSE 

F Test for Interaction Effect 

F _ MSAB 
STAT ae MSE. 

Critical Range for Factor A 

MSE 
' 

Critical range = Q, 

Critical Range for Factor B 

MSE 
! 

m 
Critical range = Q, 
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among-group variation 353 levels -353 
analysis of variance (ANOVA) 353 Levene test 361 
ANOVA summary table 357 main effect 372 
cellmeans 374 mean squares 
completely randomized design 353 multiple comparisons 
critical range 362 normality 360 
F distribution 356 one-way ANOVA 
factor 353 

factorial design 353 

grand mean, X 354 

groups 353 

homogeneity of variance 

interaction 367 

replicates 367 

360 

B90, 509 

362 

353 

randomized block design 

randomness and independence 

Studentized range distribution 362 

sum of squares among groups (SSA) 

sum of squares due to factor A (SSA) 368 
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sum of squares due to factor B (SSB) 368 

sum of squares due to interaction 

(SSAB) 368 

sum of squares error (SSE) 369 

sum of squares total (SST) 353 

sum of squares within groups (SSW) 

total variation 354 

Tukey multiple comparisons procedure for 

two-way ANOVA 373 

Tukey-Kramer multiple comparisons 

procedure for one-way ANOVA 362 

two-way ANOVA 367 

within-group variation 355 

355 

Bos 

360 

SB) 

* CHECKING YOUR UNDERSTANDING 
11.27 In a one-way ANOVA, what is the difference between the 

among-groups variance MSA and the within-groups variance MSW? 

11.28 What are the distinguishing features of the completely 

randomized design and two-factor factorial designs? 

11.29 What are the assumptions of ANOVA? 

11.30 Under what conditions should you use the one-way 

ANOVA F test to examine possible differences among the means of 

c independent populations? 

11.31 When and how should you use multiple comparison pro- 
cedures for evaluating pairwise combinations of the group means? 

2G 

11.36 You are the production manager at a parachute manufactur- 

ing company. Parachutes are woven in your factory using a synthetic 

fiber purchased from one of four different suppliers. The strength 

of these fibers is an important characteristic that ensures quality 

parachutes. You need to decide whether the synthetic fibers from 

each of your four suppliers result in parachutes of equal strength. 

Furthermore, to produce parachutes your factory uses two types of 

looms, the Jetta and the Turk. You need to determine if the para- 

chutes woven on each type of loom are equally strong. You also 

want to know if any differences in the strength of the parachute can 

be attributed to the four suppliers are dependent on the type of loom 

used. You conduct an experiment in which five different parachutes 

from each supplier are manufactured on each of the two different 

looms and collect and store the data in )eiee eo ee ey. 

At the 0.05 level of significance, 

a. is there an interaction between supplier and loom? 

b. is there an effect due to loom? 

c. is there an effect due to supplier? 

d. Plot the mean strength for each supplier for each loom. 

e. If appropriate, use the Tukey procedure to determine differences 

between suppliers. 

f. Repeat the analysis, using the file with 

suppliers as the only factor. Compare your results to those of (e). 

sia LEMS 

11.32 What is the difference between the one-way ANOVA F test 

and the Levene test? 

11.33 Under what conditions should you use the two-way ANOVA 

F test to examine possible differences among the means of each 

factor in a factorial design? 

11.34 What is meant by the concept of interaction in a two-factor 

factorial design? 

11.35 How can you determine whether there is an interaction in 

the two-factor factorial design? 

11.37 Medical wires are used in the manufacture of cardiovascular 

devices. A study was conducted to determine the effect of several 

factors on the ratio of the load on a test specimen (YS) to the ultimate 

tensile strength (UTS). The file contains the study 
results, which examined factors including the machine (W95 vs. 

W96) and the reduction angle (narrow vs. wide). 

Source: Data extracted from B. Nepal, S. Mohanty, and L. Kay, “Quality Improve- 

ment of Medical Wire Manufacturing Process,” Quality Engineering 25, 2013, 

pp. 151-163. 

At the 0.05 level of significance, 

a. is there an interaction between machine type and reduction 

angle? 

b. is there an effect due to machine type? 

c. is there an effect due to reduction angle? 

d. Plot the mean ratio of the load on a test specimen (YS) to the 

ultimate tensile strength (UTS) for each machine type for each 

reduction angle. 

e. What can you conclude about the effects of machine type and 

reduction angle on the ratio of the load on a test specimen (YS) 

to the ultimate tensile strength (UTS)? Explain. 

f. Repeat the analysis, using reduction angle as the only factor the 

and file. Compare your results to those of (c) 
and (e). 

° 
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11.38 An operations manager wants to examine the effect of air-jet 

pressure (in pounds per square inch [psi]) on the breaking strength of 

yarn. Three different levels of air-jet pressure are to be considered: 

30 psi, 40 psi, and S50 psi. A random sample of 18 yarns are selected 

from the same batch, and the yarns are randomly assigned, 6 each, 

to the 3 levels of air-jet pressure, The breaking strength scores are 

stored in (21). 
a. Is there evidence of a significant difference in the variances 

of the breaking strengths for the three air-jet pressures? (Use 

a = 0.05.) 

b. At the 0.05 level of significance, is there evidence of a difference 

among mean breaking strengths for the three air-jet pressures? 

c. If appropriate, use the Tukey-Kramer procedure to determine 

which air-jet pressures significantly differ with respect to mean 

breaking strength. (Use a = 0,05.) 

d. What should the operations manager conclude? 

11.39 Suppose that, when setting up the experiment in Problem 

11.38, the operations manager is able to study the effect of side-to- 

side aspect in addition to air-jet pressure, Thus, instead of the one- 

factor completely randomized design in Problem 11.38, a two-factor 

factorial design was used, with the first factor, side-to-side aspect, 

having two levels (nozzle and opposite) and the second factor, air-jet 

pressure, having three levels (30 psi, 40 psi, and 50 psi). A sample 

of 18 yarns is randomly assigned, three to each of the six side-to- 

side aspect and pressure level combinations. The breaking-strength 

scores, stored in {Z959, are as follows: 

AIR-JET PRESSURE 

SIDE-TO-SIDE ASPECT 30 psi 40 psi = 50 psi 

Nozzle 25.5 24.8 PISS) 

Nozzle 24.9 PA 2307 

Nozzle 26.1 24.4 22h 

Opposite 24.7 23.6 22.6 

Opposite 24.2 pets! 22.8 

Opposite 23.6 21.4 24.9 

At the 0.05 level of significance, 

a. is there an interaction between side-to-side aspect and air-jet 

pressure? 

b. is there an effect due to side-to-side aspect? 

c. is there an effect due to air-jet pressure? 

d. Plot the mean yarn breaking strength for each level of side-to- 

side aspect for each level of air-jet pressure. 

e. If appropriate, use the Tukey procedure to study differences 

among the air-jet pressures. 

f. On the basis of the results of (a) through (e), what conclusions 

can you reach concerning yarn breaking strength? Discuss. 

g. Compare your results in (a) through (f) with those from the com- 

pletely randomized design in Problem 11.38. Discuss fully. 

11.40 A hotel wanted to develop a new system for delivering room 
service breakfasts. In the current system, an order form is left on the 
bed in each room. If the customer wishes to receive a room service 
breakfast, he or she places the order form on the doorknob before 
11 p.M. The current system requires customers to select a 15-minute 
interval for desired delivery time (6:30-6:45 A.M., 6:45-7:00 A.M., 
etc.). The new system is designed to allow the customer to request 
a specific delivery time. The hotel wants to measure the difference 
(in minutes) between the actual delivery time and the requested 

delivery time of room service orders for breakfast. (A negative time 

means that*the order was delivered before the requested time. A 

positive time means that the order was delivered after the requested 

time.) The factors included were the menu choice (American or 

Continental) and the desired time period in which the order was 

to be delivered (Early Time Period [6:30-8:00 a.M.] or Late Time 

Period [8:00-9:30 A.M.]). Ten orders for each combination of menu 

choice and desired time period were studied on a particular day. The 

data, stored in EXEEIR7), are as follows: 

DESIRED TIME 

Early Time Late Time 

TYPE OF BREAKFAST Period Period 

Continental L2 —2.5 

Continental pad 3.0 

Continental Bs —0,2 

Continental 4.4 ae 

Continental 3.4 1.2 

Continental : 30 0.7 

Continental Za —43 

Continental 1.0 0.2 

Continental 5.4 —0.5 

Continental 1.4 3.8 

American 4.4 6.0 

American 1.1 2.3 

American 4.8 4.2 

American 7.1 3.8 

American 6.7 32 

American 5.6 1.8 

American. : 9.5 5.1 

American 4.1 4.2 

American 7.9 4.9 

American 9.4 4.0 

At the 0.05 level of significance, 

a. is there an interaction between type of breakfast and desired 

time? 

b. is there an effect due to type of breakfast? 

. is there an effect due to desired time? 

d. Plot the mean delivery time difference for each desired time for 

each type of breakfast. 

e. On the basis of the results of (a) through (d), what conclusions 

can you reach concerning delivery time difference? Discuss. 

o 

11.41 Refer to the room service experiment in Problem 11.40. 
Now suppose that the results are as shown below and stored in 
DEES ated. Repeat (a) through (e), using these data, and 
compare the results to those of (a) through (e) of Problem 11.40. 

DESIRED TIME 

TYPE OF BREAKFAST Early Late 

Continental 1.2 —-0.5 

* Continental 2.1 5.0 

Continental 3.3 ok 

- Continental 4.4 32 
Continental 3.4 32 



DESIRED TIME 

TYPE OF BREAKFAST Early Late 

Continental ar ail 
Continental sy) 0.7 
Continental 1.0 22 
Continental 5.4 WS) 
Continental 1.4 5.8 

American 4.4 6.0 

American et 23 

American 4.8 4.2 

American Thak 3.8 

American 6.7 5.5 

American 5.6 1.8 

American 9.5 ; Bystl 

American 4.1 4.2 

American 79 4.9 

American 9.4 4.0 

11.42 A pet food company has the business objective of having the 

weight of a can of cat food come as close to the specified weight 

as possible. Realizing that the size of the pieces of meat contained 
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in a can and the can fill height could impact the weight of a can, 

a team studying the weight of canned cat food wondered whether 

the current larger chunk size produced higher can weight and more 

variability. The team decided to study the effect on weight of a 

cutting size that was finer than the current size. In addition, the 

team slightly lowered the target for the sensing mechanism that 

determines the fill height in order to determine the effect of the fill 

height on can weight. 

Twenty cans were filled for each of the four combinations of 

piece size (fine and current) and fill height (low and current). The 

contents of each can were weighed, and the amount above or below 

the label weight of 3 ounces was recorded as the variable coded 

weight. For example, a can containing 2.90 ounces was given a 

coded weight of —0.10. Results were stored in (72ers). 

Analyze these data and write a report for presentation to the 

team. Indicate the importance of the piece size and the fill height 

on the weight of the canned cat food, Be sure to include a recom- 

mendation for the level of each factor that will come closest to 

meeting the target weight and the limitations of this experiment, 

along with recommendations for future experiments that might be 

undertaken. 

CHAPTER 

Managing Ashland MultiComm Services 

PHASE 1 
The computer operations department had a business objec- 

tive of reducing the amount of time to fully update each sub- 

scriber’s set of messages in a special secured email system. 

An experiment was conducted in which 24 subscribers were 

selected and three different messaging systems were used. 

Eight subscribers were assigned to each system, and the 

update times were measured. The results, stored in [NVESEE, 

are presented in Table AMS11.1. 

TABLE AMS11.1 

Update times (in seconds) for three different systems 

System 1 System 2 System 3 

38.8 41.8 32.9 

42.1 36.4 36.1 

45.2 39.1 39.2 

34.8 28.7 29.3 

48.3 36.4 41.9 

37.8 36.1 B17 

41.1 35.8 Shay 

43.6 33.7 38.1 

1. Analyze the data in Table AMS11.1 and write a report to the 

computer operations department that indicates your findings. 

Include an appendix in which you discuss the reason you 

selected a particular statistical test to compare the three email 

interfaces. 

DO NOT CONTINUE UNTIL THE PHASE 1 EXERCISE HAS 

BEEN COMPLETED. 

PHASE 2 
After analyzing the data in Table AMS11.1, the computer oper- 

ations department team decided to also study the effect of the 

connection media used (cable or fiber). 

The team designed a study in which a total of 30 subscribers 

were chosen. The subscribers were randomly assigned to one of 

the three messaging systems so that there were five subscribers 

in each of the six combinations of the two factors—messaging 

system and media used. Measurements were taken on the 

updated time. Table AMS11.2 summarizes the results that are 
stored in FER ed, 



384 CHAPTER 11 | Analysis of Variance 

TABLE AMS11.2 

Update times (in seconds), based on messaging 

system and media used 

INTERFACE 

MEDIA _ System 1 System 2 System 3 

Cable 45.6 41.7 Chee 

49.0 42.8 Sheet, 

41.8 40.0 41.0 

35.6 39.6 28.7 

43.4 36.0 31.8 

Fiber 44.1 37.9 43.3 

40.8 41.1 40.0 

46.9 35.8 43.1 

51.8 45.3 39.6 

48.5 40.2 2312 

2. Completely analyze these data and write a report to the team 

that indicates the importance of each of the two factors and/ 

or the interaction between them on the update time. Include 

recommendations for future experiments to perform. 

Digital Case 
Apply your knowledge about ANOVA in this Digital Case, 

which continues the cereal-fill packaging dispute Digital Case 

from Chapters 7, 9, and 10. 

After reviewing CCACC’s latest document (see the Digital Case 

for Chapter 10 on page 345), Oxford Cereals has released Second 

Analysis.pdf, a press kit that Oxford Cereals has assembled to 

refute the claim that it is guilty of using selective data. Review the 

Oxford Cereals press kit and then answer the following questions. 

1. Does Oxford Cereals have a legitimate argument? Why or 

why not? 

2. Assuming that the samples Oxford Cereals has posted were 

randomly selected, perform the appropriate analysis to 

resolve the ongoing weight dispute. 

3. What conclusions can you reach from your results? If you 

were called as an expert witness, would you support the 

claims of the CCACC or the claims of Oxford Cereals? 
Explain. 

Sure Value Convenience Stores 
You work in the corporate office for a nationwide convenience 
store franchise that operates nearly 10,000 stores. The per-store 
daily customer count (the mean number of customers in a store 
in one day) has been steady, at 900, for some time. To increase 
the customer count, the chain is considering cutting prices for 
coffee beverages. The question to be determined is how much to 
cut prices to increase the daily customer count without reducing 
the gross margin on coffee sales too much. 

You decide to.carry out an experiment in a sample of 24 stores 

where customer counts have been running almost exactly at the 

national average of 900. In 6 of the stores, the price of a small 

coffee will now be $0.59, in 6 stores the price of a small coffee 

will now be $0.69, in 6 stores, the price of a small coffee will 

now be $0.79, and in 6 stores, the price of a small coffee will 

now be $0.89. After four weeks of selling the coffee at the new 

price, the daily customer counts in the stores were recorded and 

stored in ECE. 

1. Analyze the data and determine whether there is evidence of 

a difference in the daily customer count, based on the price 

of a small coffee. 

2. If appropriate, determine which mean prices differ in daily 

customer counts. 

3. What price do you recommend for a small coffee? 

CardioGood Fitness 
Return to the CardioGood Fitness case (stored in 

rr errr )) first presented on page 33. 

1. Determine whether differences exist between customers 

based on the product purchased (TM195, TM498, TM798), 

in their age in years, education in years, annual household 

income ($), mean number of times the customer plans to use 

the treadmill each week, and mean number of miles the cus- 

tomer expects to walk or run each week. 

2. Write a report to be presented to the management of Cardio- 

Good Fitness detailing your findings. 

More Descriptive Choices Follow-Up 
Follow up the Using Statistics scenario “More Descriptive 

Choices, Revisited” on page 147 by determining whether there 

is a difference between the small, mid-cap, and large market cap 

funds in the one-year return percentages, five-year return percent- 

ages, and ten-year return percentages (stored in GETS SS Sie" 8). 

Clear Mountain State Student Survey 
The Student News Service at Clear Mountain State University 

(CMSU) has decided to gather data about the undergraduate 

students who attend CMSU. They create and distribute a survey 

of 14 questions and receive responses from 111 undergraduates 
GoycreBte Student Survey )} 

1. At the 0.05 level of significance, is there evidence of a dif- 

ference based on academic major in expected starting salary, 

number of social networking sites registered for, age, spend- 

ing on textbooks and supplies, text messages sent in a week, 
and the wealth needed to feel rich? 

At the 0.05 level of significance, is there evidence of a 

difference based on graduate school intention in grade point 
. average, expected starting salary, number of social network- 
ing sites registered for, age, spending on textbooks and 
supplies, text messages sent in a week, and the wealth needed 
to feel rich? 

“ 



“EXCEL GUIDE 

EG11.1_ The COMPLETELY RANDOMIZED 
DESIGN: ONE-WAY ANOVA. 

Analyzing Variation in One-Way ANOVA 

Key Technique Use the Section EG2.5 instructions to con- 
struct scatter plots using stacked data. If necessary, change 
the levels of the factor to consecutive integers beginning with 
1, as was done for the Figure 11.3 in-store location sales 
experiment data on page 357. 

F Test for Differences Among More 
Than Two Means 

Key Technique Use the DEVSQ (cell range of data of all 

groups) function to compute SST. 

Use an expression in the form SST —- DEVSQ (group 1 

data cell range) - DEVSQ (group 2 data cell range)... - 

DEVSQ (group n data cell range) to compute SSA. 

Example Perform the Figure 11.6 one-way ANOVA for the 

in-store location sales experiment on page 360. 

PHStat Use One-Way ANOVA. 

For the example, open to the DATA worksheet of the Mobile 

Electronics workbook. Select PHStat > Multiple-Sample 

Tests > One-Way ANOVA. In the procedure’s dialog box 

(shown below): 

1. Enter 0.05 as the Level of Significance. 

2. Enter A1:D6 as the Group Data Cell Range. 

3. Check First cells contain label. 

4, Enter a Title, clear the Tukey-Kramer Procedure 

check box, and click OK. 

f ina i a =| 

| One-Way ANOVA x 
| 
| (Data — = 
| | Level of Significance: [o.05 | 

|| Group Data CellRange: [1:06 ell 
{ 

| 7 First cells contain label 

In addition to the worksheet shown in Figure 11.6, this 

procedure creates an ASFData worksheet to hold the data 

used for the test. See the following Workbook section for a 

complete description of this worksheet. 

CHAPTER 

Workbook Use the COMPUTE worksheet of the One- 

Way ANOVA workbook as a template. 

The COMPUTE worksheet uses the ASFDATA worksheet 

that already contains the data for the example. Modifying the 

COMPUTE worksheet for other problems involves multiple 

steps and is more complex than template modifications dis- 

cussed in earlier chapters. 

To modify the One-Way ANOVA workbook for other : 
problems, first paste the data for the new problem into the ASF- | 

Data worksheet, overwriting the in-store locations sales data. 

Then, in the COMPUTE worksheet (shown in Figure 11.6): 

1. Edit the SST formula = DEVSQ(ASFData!A1:D6) in | 

cell B16 to use the cell range of the new data just pasted 

into the ASFData worksheet. 

2. Edit the cell B13 SSA formula so there are as many 

DEVSQ(group column cell range) terms as there are 

groups. 

3. Change the level of significance in cell G17, if necessary. | 

4. Ifthe problem contains three groups, select row 8, right- 

click, and select Delete from the shortcut menu. 

If the problem contains more than four groups, select 

row 8, right-click, and click Insert from the shortcut 

menu. Repeat this step as many times as necessary. 

5. If you inserted new rows, enter (not copy) the formulas | 

for those rows, using the formulas in row 7 as models. 

6. Adjust table formatting as necessary. 

To see the arithmetic formulas that the COMPUTE 

worksheet uses, not shown in Figure 11.6, open to the 

COMPUTE_FORMULAS worksheet. 

Analysis ToolPak Use Anova: Single Factor. 

For the example, open to the DATA worksheet of the Mobile 

Electronics workbook and: 

1. Select Data > Data Analysis. 

2. In the Data Analysis dialog box, select Anova: Single 

Factor from the Analysis Tools list and then click OK. 

In the procedure’s dialog box (shown on page 386): 

3. Enter A1:D6 as the Input Range. 

4. Click Columns, check Labels in First Row, and 

enter 0.05 as Alpha. 

5. Click New Worksheet Ply. 

6. Click OK. 

385 
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Anova: Single Factor ? x 

| Input ra 

Input Range: |A1:D6 [Fas] 
Cancel | 

| Grouped By: 

© Rows | Help | 

Labels in First Row 

| 

| 
| 

@ Columns _—— | 
| 

| 

Alpha: | 0.05 

| 
Output options 

| 
| © Qutput Range: ‘Ries 

@ New Worksheet Ply: 

© New Workbook 

The Analysis ToolPak creates a worksheet that does not 

use formulas but is similar in layout to the Figure 11.6 

worksheet on page 360. 

Levene Test for Homogeneity of Variance 

Key Technique Use the techniques for performing a 

one-way ANOVA. 

Example Perform the Figure 11.7 Levene test for the 

in-store location sales experiment on page 361. 

PHSitat Use Levene Test. 

For the example, open to the DATA worksheet of the Mobile 

Electronics workbook. Select PHStat > Multiple-Sample 

Tests > Levene Test. In the procedure’s dialog box (shown 

below): 

1. Enter 0.05 as the Level of Significance. 

2. Enter A1:D6 as the Sample Data Cell Range. 

3. Check First cells contain label. 

4. Enter a Title and click OK. 

Data — ———_—_— ——— 

| Level of Significance: [o.05 | 

| Sample Data CelRange:  [A1:D6 Fj 

The procedure creates a worksheet that performs the 

Table 11.5 absolute differences computations (see page 363) 

as well as the Figure 11.7 worksheet. See the following 

Workbook section for a description of these worksheets. 

Workbook Use the COMPUTE worksheet of the Levene 
workbook as a template. 
The COMPUTE worksheet and the supporting AbsDiffs and 
DATA worksheets already contain the data for the example. 

For other problems in which the absolute differences 
are already known, paste the absolute differences into the 
AbsDiffs worksheet. Otherwise, paste the problem data into 
the DATA worksheet, add formulas to compute the median 
for each group, and adjust the AbsDiffs worksheet as neces- 
sary. For example, for the in-store location sales experiment, 

the followimg-steps | through 7 were done with the workbook 

open to the DATA worksheet: 

1. Enter the label Medians in cellA7, the first empty cell 

in column A. 

2. Enter the formula =MEDIAN(A2:A6) in cellA8. 

(Cell range A2:A6 contains the data for the first group, 

in-aisle.) 

3. Copy the cell A8 formula across through column D. 

4. Open to the AbsDiffs worksheet. 

In the AbsDiffs worksheet: 

5. Enter row | column headings AbsDiff1, AbsDiff2, 

AbsDiff3, and AbsDiff4 in columns A through D. 

6. Enter the formula = ABS(DATA!A2 - DATA!A8) 
in cell A2. Copy this formula down through row 6. 

7. Copy the formulas now in cell range A2:A6 across 

through column D, Absolute differences now appear 

in the cell range A2:D6. 

Analysis ToolPak Use Anova: Single Factor with absolute 

difference data to perform the Levene test. If the absolute 

differences have not already been calculated, first use the 

preceding Workbook instructions to compute those values. 

Multiple Comparisons: 
The Tukey-Kramer Procedure 

Key Technique Use arithmetic formulas to compute the 

absolute mean differences and use the IF function to com- 

pare pairs of means. 

Example Perform the Figure 11.8 Tukey-Kramer procedure 

for the in-store location sales experiment shown on page 363. 

PHStat Use One-Way ANOVA with the Tukey-Kramer 

procedure option. 

For the example, use the Section EG11.1 “F Test...’* PHStat 

instructions, checking, not clearing, the Tukey-Kramer 

Procedure check box in step 4. 

With this option, the procedure creates a second work- 

sheet that is identical to the Figure 11.8 worksheet on 

page 363, other than missing a proper Q statistic value. 

Use Table E.7 to look up and enter the missing Studentized 

range Q statistic (4.05, for the example) for the level of 

significance and the numerator and denominator degrees 

of freedom that are given in the worksheet. (The second 

worksheet that the option creates will be identical to one of 
the “TK” worksheets discussed in the following Workbook 
instructions.) 

Workbook Use the appropriate “TK” worksheet in the 
One-Way ANOVA workbook and manually look up and 
enter the appropriate Studentized range Q statistic value. 

For the example, the TK4 worksheet, shown in Figure 11.8 
on page 363, already has the appropriate Q statistic value 
(4.05) entered in cell B15. To see the arithmetic formulas that 



the TK4 worksheet uses, not shown in Figure 11.8, open to 
the TK4._ FORMULAS worksheet. 

For other problems, first modify the COMPUTE work- 
sheet using the Section EG11.1 Workbook “F Test ...” instruc- 
tions. Then, open to the appropriate “TK” worksheet: TK3 
(three groups), TK4 (four groups), TKS (five groups), TK6 
(six groups), or TK7 (seven groups). Use Table E.7 to look 
up the proper value of the Studentized range Q statistic for 
the level of significance and the numerator and denominator 
degrees of freedom for the problem. 

When using the TKS, TK6, or TK7 worksheets, you must 
also enter the name, sample mean, and sample size for the 
fifth and subsequent, if applicable, groups. 

Analysis ToolPak Modify the previous instructions to 

perform the Tukey-Kramer procedure in conjunction with 

using the Anova: Single Factor procedure. Transfer selected 

values from the Analysis ToolPak results worksheet to one 

of the TK worksheets in the One-Way ANOVA workbook. 

For the example: 

1. Use the Analysis ToolPak “F Test...” instructions on 

page 385 to create a worksheet that contains ANOVA 

results for the in-store locations experiment. 

2. Record the name, sample size (in the Count column), 

and sample mean (in the Average column) of each 

group. Also record the MSW value, found in the cell 

that is the intersection of the MS column and Within 

Groups row, and the denominator degrees of freedom, 

found in the cell that is the intersection of the df column 

and Within Groups row. 

3. Open to the TK4 worksheet of the One-Way ANOVA 

workbook. 

Tn the TK4 worksheet: 

4. Overwrite the formulas in cell range A5:C8 by entering 

the name, sample mean, and sample size of each group 

into that range. 

5. Enter 0.05 as the Level of significance in cell B11. 

6. Enter 4 as the Numerator d.f. (equal to the number 

of groups) in cell B12. 

7. Enter 16 as the Denominator d.f. in cell B13. 

8. Enter 0.3044 as the MSW in cell B14. 

9, Enter 4.05 as the Q Statistic in cell B15. (Use Table E.7 

to look up the Studentized range Q statistic.) 

EG11.2 The FACTORIAL DESIGN: 

TWO-WAY ANOVA 

Key Technique Use the DEVSQ function to compute 

SSA, SSB, SSAB, SSE, and SST. 

Example Perform the Figure 11.10 two-way AN OVA for 

the in-store location sales and mobile payment experiment 

on page 372. 

EXCEL Guide 387 

PHStat Use Two-Way ANOVA with replication. 

For the example, open to the DATA worksheet of the Mobile : ] 

Electronics 2 workbook. Select PHStat > Multiple- | 

Sample Tests > Two-Way ANOVA with replication. In the 

procedure’s dialog box (shown below): 

. Enter 0.05 as the Level of Significance. 

. Enter Al:E11 as the Sample Data Cell Range. 

. Check First cells contain label. 

. Enter a Title and click OK. > wenN = 

| Two-Way ANOVA with replication x 

|, Dat. ————— —— 
Level of Significance; [0.05 

} ele 
Sample Data Cell Range: AL:E11 x | 

| OURS CD a oA 

Title: | 

T Cell Means Plot 

This procedure requires that the labels that identify factor A 

appear stacked in column A, followed by columns for factor B. 

Workbook Use the COMPUTE worksheet of the Two-Way 

ANOVA workbook as a model. 

For the example, the COMPUTE worksheet uses the 

ATFData worksheet that already contains the data to perform 

the test for the example. 

For other problems in which r = 2 andc = 4, paste the 

data for the problem into the ATFData worksheet, overwrit- 

ing the in-store location and mobile payments data and then 

adjust the factor level headings in the COMPUTE worksheet. 

For problems with a different mix of factors and levels, 

consider using either the PHStat or Analysis ToolPak 

instructions. Modifying the COMPUTE worksheet for such 

problems requires inserting (or deleting) both rows and col- 

umns as well as editing several lengthy formulas found in the 

ANOVA table portion of the worksheet, operations that can 

be error-prone. The SHORT TAKES for Chapter 11 includes the 

instructions for these operations, should you choose to make 

such manual modifications. 
To see the arithmetic formulas that the COMPUTE 

worksheet uses, not shown in Figure 11.10, open to the 

COMPUTE_FORMULAS worksheet. 

Analysis ToolPak Use Anova: Two-Factor With 

Replication. 

For the example, open to the DATA worksheet of the Mobile 

Electronics 2 workbook and: 

1. Select Data > Data Analysis. 

2. In the Data Analysis dialog box, select Anova: 

Two-Factor With Replication from the Analysis Tools 

list and then click OK. 
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In the procedure’s dialog box (shown below): 

3. Enter Al:E11 as the Input Range. 

4. Enter 5 as the Rows per sample. 

5. Enter 0.05 as Alpha. 

6. Click New Worksheet Ply. 

7. Click OK. 

Anova: Two-Factor With Replication ? x 

Input - = | 

Input Range: JA1:E11 Pie 

Rows per sample: Is a = = | 

| Alpha: [0.0 | [ Help | | 

Output options = - 

O Qutput Range: Cc eat ea Feel 

@ New Worksheet Ply: [ (nce | | 

| ©) New Workbook 

This procedure requires that the labels that identify factor A 

appear stacked in column A, followed by columns for factor 

B. The Analysis ToolPak creates a worksheet that does not use 

formulas but is similar in layout to the Figure 11.10 worksheet. 

Visualizing Interaction Effects: 
The Cell Means Plot 

Key Technique Create a worksheet that contains the means 

for each factor B level, by factor A level. 

Example Construct the Figure 11.13 cell means plot for 

mobile electronics sales based on mobile payments permitted 

and in-store location on page 374. 

PHStat Modify the PHStat instructions for the two-way 

ANOVA. In step 4, check Cell Means Plot before clicking 
OK. 

Analysis ToolPak Use the Workbook instructions. 

Workbook Create a cell means plot from a two-way 

ANOVA COMPUTE worksheet. 

For the example, open to the COMPUTE worksheet of the 

Two-Way ANOVA workbook and: 

1. Insert a new worksheet. 

2. Copy cell range B3:E3 of the COMPUTE worksheet 

(the factor B level names) to cell B1 of the new work- 

sheet, using the Paste Special Values option. 

3. Copy the cell range B7:E7 of the COMPUTE worksheet 

(the AVERAGE row for the factor A No level) and paste 

to cell B2 of the new worksheet, using the Paste Special 

Values option. 

4. Copy the cell range B13:E13 of the COMPUTE 

worksheet (the AVERAGE row for the factor A Yes 

level) and paste to.cell B3 of a new worksheet, using 

the Paste Special Values option. 

5. Enter No in cell B3 and Yes in cell A3 of the new work- 

sheet as labels for the factor A levels. 

6. Select the cell range A1:E3. 

7. Select Insert > Line and select the Line with Markers 

gallery item. 

8. Relocate the chart to a chart sheet, add axis titles, and mod- 
ify the chart title by using the instructions in Appendix 

Section B.5. 

For other problems, insert a new worksheet and first 

copy and paste the factor B level names to row 1 of the new 

worksheet and then copy and use Paste Special to transfer 

the values in the Average rows data for each factor B level to 

the new worksheet. (See Appendix B to learn more about the 
Paste Special command.) 



YUSING STATISTICS 
Avoiding Guesswork About Resort Guests 

ou are the manager of T.C. Resort Properties, a collection of five upscale hotels located 

on two tropical islands. Guests who are satisfied with the quality of services during 
their stay are more likely to return on a future vacation and to recommend the hotel to 

friends and relatives. You have defined the business objective as improving the percentage of 
guests who choose to return to the hotels later. To assess the quality of services being provided 

by your hotels, your staff encourages guests to complete a satisfaction survey when they check 
out or via email after they check out. 

You need to analyze the data from these surveys to determine the overall satisfaction with 
the services provided, the likelihood that the guests will return to the hotel, and the reasons some 

guests indicate that they will not return. For example, on one island, T.C. Resort Properties oper- 
ates the Beachcomber and Windsurfer hotels. Is the perceived quality at the Beachcomber Hotel 

the same as at the Windsurfer Hotel? If there is a difference, how can you use this information to 

improve the overall quality of service at T.C. Resort Properties? Furthermore, if guests indicate that 
they are not planning to return, what are the most common reasons cited for this decision? Are the 
reasons cited unique to a certain hotel or common to all hotels operated by T.C. Resort Properties? 

USING STATISTICS: 

Avoiding Guesswork 

About Resort Guests 

Chi-Square Test 

for the Difference 

Between Two 

Proportions 

Chi-Square Test for 

Differences Among 

More Than 

Two Proportions 

Chi-Square Test 

of Independence 

Wilcoxon Rank Sum 

Test for Two Inde- 

pendent Populations 

Kruskal-Wallis Rank 

Test for the One-Way 

ANOVA 

McNemar Test 

for the Difference 

Between Two 

Proportions (Related 

Samples) (online) 

Chi-Square Test 

for the Variance or 

Standard Deviation 

(online) 

Wilcoxon Signed 

Ranks Test for Two 

Related Populations 

(online) 

Avoiding Guesswork..., 

Revisited 

Understand the chi-square 

test for contingency tables 

Understand application of 

the Marascuilo procedure 

Use nonparametric tests 

389 
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he preceding three chapters disctiss*hypothesis-testing procedures to analyze both 

numerical and categorical data. This chapter extends hypothesis testing to analyze dif- 

ferences between population proportions based on two or more samples and to test the 

hypothesis of independence in the joint responses to two categorical variables. The chapter 

concludes with nonparametric tests as alternatives to several Chapter 10 and 11 hypothesis tests. 

12.1 Chi-Square Test for the Difference Between 

Two Proportions 

TABLE 12.1 

Layout of a2x2 

contingency table 

Section 10.3 describes the Z test for the difference between two proportions. Differences 

between two proportions can also be examined using a different hypothesis test. This sec- 

ond test uses a test statistic whose sampling distribution is approximated by a chi-square 

(x’) distribution, a right-skewed distribution whose shape depends solely on the number 

of degrees of freedom. The results of this x* test are equivalent to those of the Z test that 

Section 10.3 describes. 
The y’ test for the difference between two proportions requires that the counts of 

categorical responses between two independent groups be organized as a contingency table. 

As Section 2.1 first explains, contingency tables summarize the data of categorical vari- 

ables. For this test, row variable categories display of the frequency of occurrence for the 

items of interest and items not of interest and column variable categories identify the two 

independent groups. Table 12.1 presents a generalized 2x2 contingency table that defines 

all the table entries. 

COLUMN VARIABLE 

ROW VARIABLE Group 1 _ Group 2 Totals 

Items of interest X; X> xX 

Items not of interest ny — X, Ny — Xp teeta. @ 

Totals ; ny; N2 n 

where 
X, = number of items of interest in group | 
X, = number of items of interest in group 2 

n, — X,; = number of items that are not of interest in group | 
ny — X, = number of items that are not of interest in group 2 

X = X, + X>, the total number of items of interest 

n — X = (n, — X,) + (nm) — X), the total number of items that are not of interest 
n, = sample size in group | 
Ny = sample size in group 2 

n =n, + ny = total sample size 

To illustrate the chi-square test for the difference between two proportions, recall the 
T.C. Resort Properties scenario. On one island, T.C. Resort Properties operates the Beachcomber 
and the Windsurfer hotels. Using the DCOVA framework, managers have defined improving 
customer satisfaction at these hotels as an important business objective. In analyzing the data 
collected from the completed customer satisfaction surveys, managers decide to focus on the 
yes-or-no answers to the question “Are you likely to choose the hotel again?” Table 12.2 sum- 
marizes these responses as a 2x2 contingency table suitable for use with the chi- -square test. 
This summary reveals that 163 of 227 Beachcomber guests and 154 of 262 Windsurfer guests 
responded yes to the question. 



| TABLE 12.2 
| 
| 2x2 contingency table 

for the hotel guest 

satisfaction survey 

student TIP 
Do not confuse this 

use of the Greek letter 

pi, 77, to represent the 

population proportion 

with the mathematical 

constant that is 

approximately 3.14159. 

Table E.4 contains the 

cumulative probabilities for 

the chi-square distribution. 
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HOTEL 

CHOOSE HOTEL AGAIN? Beachcomber Windsurfer Total 

Yes 163 154 Bi 

No 64 108 172 
Total DOF 262 489 

Managers seek to determine if evidence exists of a significant difference in guest satisfaction 

between the two hotels (as measured by the responses). An analyst suggests using the y” test for the 

difference between two proportions to test whether the population proportion of guests who would 

choose to return to the Beachcomber, 77;, is equal to the population proportion of guests who would 

choose to return to the Windsurfer, 77. The null and alternative hypotheses for this test are 

Ho: 7 = 7 (there is no difference between the two population proportions) 

A: 7, #~ (there is a difference between the two population proportions) 

The test uses the y¢747 test statistic that Equation (12.1) defines. 

x° TEST STATISTIC 

£2 

Xsrar = > SME (12.1) 
all cells Se 

where 

f, = observed frequency in a particular cell of a contingency table 

f. = expected frequency in a particular cell if the null hypothesis is true 

The y%r47 test statistic approximately follows a chi-square distribution with 1 degree of 

freedom, a right-skewed distribution the lowest value of which is 0. (This is unlike the nor- 

mal and ¢ distributions that preceding chapters describe and use.) The test statistic follows the 

chi-square distribution with (r — 1) times (c — 1) degrees of freedom, where r is the number 

of rows and c is the number of columns. For the chi-square test for the difference between two 

proportions, there is 1 degree of freedom as (2 — 1) times (2 — 1) equals one. 

If the null hypothesis is true, the proportion of items of interest from each of the two groups 

would differ only by chance. Either sample proportion would provide an estimate of the common 

population parameter, 77. However, a statistic that combines these two separate estimates into one 

estimate of the population parameter provides a better estimate than either of the two estimates 

separately could provide. This statistic, the estimated overall proportion for two groups, Pp, 

represents the total number of items of interest divided by the total sample size. The complement 
of p, 1 — p, represents the estimated overall proportion of items that are not of interest in the 

two groups. Equation (12.2) defines p. 

THE ESTIMATED OVERALL PROPORTION FOR TWO GROUPS 
Xe rede X 

12.2 
ny a Ny n ( ) 

p= 

where 

X,, Xo, Ny, Nn, X, and n are defined in Table 12.1 on page 390. 
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TABLE 12.3 

Expected frequencies 

calculations 

FIGURE 12.1 

Regions of rejection and 

nonrejection when using 

the chi-square test for the 

difference between two 

proportions, with level of 

significance a 

studentTIP 
The rejection region for 

this test is located only 

in the upper tail of the 

distribution because of 
the properties of the chi- 

square distribution that 

page 390 discusses, 

Table 12.3 shows expected frequencies calculations that use p and its complement | — p. 

Group sample sizes n, and np are multiplied by p, for the items of interest row, and 1 — p, for 

the items not of interest row. 

COLUMN VARIABLE 

ROW VARIABLE Group 1 Group 2 

Items of interest np Nop 

Items not of interest n(1 —-p) n(1 — Pp) 

~ . . . 2 : E . . Ba 

Using a level of significance a, one rejects the null hypothesis if the Y¢747 test statistic 1s 

greater than x2, the upper-tail critical value from the yx’ distribution with | degree of freedom. 

The decision rule is 

5S. Pee ae 
Reject Ho if Xsrar > Xa’ 

otherwise, do not reject Hp. 

Figure 12.1 visualizes the decision rule. 

; is 
Regionof Critical Region of 

Nonrejection Value Rejection 

If the null hypothesis is true, the 4747 test statistic should be close to zero because the squared 

difference between what is actually observed in each cell, f,, and what is theoretically expected, 

f., Should be very small. If Ho is false, then there are differences in the population proportions, 

and the y%r,47 test statistic is expected to be large. However, what is a large difference in a cell is 

relative. Because calculating the test statistic includes division by the expected frequencies, the 

same actual difference between f,, and f, from a cell with a small number of expected frequencies 

contributes more to the y¢747 test statistic than a cell with a large number of expected frequencies. 

To illustrate the use of the chi-square test for the difference between two proportions, recall 

the Table 12.2 contingency table for the T.C. Resort Properties example on page 391. The 

null hypothesis (Ho: 7, = 7) for this example states that there is no difference between the 

proportion of guests who are likely to choose either of these hotels again. For this example, p, 

the estimate of the common parameter 77, the population proportion of guests who are likely to 

choose either of these hotels again if the null hypothesis is true is 

Xt Ma IV LOR S48 Lr 
mt my 227 + 262 489 

D= 

The estimated proportion of guests who are not likely to choose these hotels again is the 
complement of p, 1 — 0.6483 = 0.3517. Multiplying these two proportions by the sample size 
for the Beachcomber Hotel group gives the number of guests expected to choose the Beach- 
comber Hotel again and the number not expected to choose this hotel again. In a similar manner, 
multiplying the two proportions by the sample size for the Windsurfer group yields the corre- 
sponding expected frequencies for that hotel. 
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EXAMPLE 12.1 See 

Computing 
the Expected 

Frequencies 

wencrwernannee. 

TABLE 12.4 

Comparing the 

observed (f,) 

and expected (f,) 

frequencies 

TABLE 12.5 

Calculating the x4747 
test statistic for the 

hotel guest satisfaction 

survey 

TABLE 12.6 
Finding the critical 

value from the 
chi-square distribution 
with 1 degree of 

freedom, using the 0.05 

level of significance 

Calculate the expected frequencies for each of the four cells of Table 12.2 on page 391. 

SOLUTION 

Yes—Beachcomber: p = 0.6483 and n, = 227, so f, = 147.16 

Yes—Windsurfer: p = 0.6483 and n) = 262, so f, = 169.84 

No —Beachcomber: | ai p= 0,3517 andn, = 227, so f, = 79.84 

No —Windsurfer: 1 — p = 0.3517 and n) = 262, so f, = 92.16 

Table 12.4 presents these expected frequencies next to the corresponding observed frequencies. 

HOTEL 

Beachcomber Windsurfer 

CHOOSE HOTEL AGAIN? Observed Expected | Observed Expected Total 

To test the null and alternative hypotheses of a test for difference in the population proportions 

Hb: The — Th 

Ay: 7 a Ub) 

calculate the y%747 test statistic using Equation (12.1) on page 391 with the Table 12.5 observed 

and expected frequencies. 

fo Se Go ~ Se) (fo ~ f" (fo — bY /fe 
163 =: 147.16 15.84 250.91 1.71 
154 169.84 —15.84 250.91 1.48 
64 79.84 —15.84 250.91 3.14 

108 92.16 15.84 250.91 292 
9.05 

From Table E.4, a portion of which Table 12.6 shows, using a = 0.05, with 1 degree of 

freedom, the critical value of x7 is 3.841 (see Figure 12.2 on page 394). One degree of freedom 

is used for a 2x2 table because degrees of freedom are equal to (number of rows — 1) times 

(number of columns — 1). 

Degrees of Freedom 5 025 Ol 0S 

3,841) 95,024 * 6.035 7.879 

2 0.010 0.020 say pe gee ARH pe ne PALO OENG YO Ra ye 9) 

3 0.072 0.115 Fi3 MSisiee 9.343 11.345. 127838 

4 O2077 20.297 aR 9.488 11.143 13.277 14.860 

5 0.412 0,554 set Li Overt? 833i to:080en 165/00 
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FIGURE 12.2 

Regions of rejection and 

nonrejection when finding 

the y* critical value with 
1 degree of freedom, 

at the 0.05 level of 

significance 

TABLE 12.7 

Chi-square test 

summary for the guest 

satisfaction survey for 

two hotels 

FIGURE 12.3 

Excel chi-square test 

worksheet results for 

the T.C. Resort Properties 

two-hotel guest 

satisfaction survey 
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3.841 

Region of Critical Region of 
Nonrejection Value Rejection 

Table 12.7 summarizes the results of the chi-square test for the guest satisfaction survey for 

the Beachcomber and Windsurfer hotels using the calculations on page 393 and the Figure 12.3 

software results. Based on the results, there is strong evidence to conclude that the two hotels 

are significantly different with respect to guest satisfaction, as measured by whether a guest is 

likely to return to the hotel again. Therefore, one concludes that a greater proportion of guests 

are likely to return to the Beachcomber than to the Windsurfer. 

Results Conclusions 

Xerar = 9.0526 is greater than 3.8415. 1. 

The p-value = 0.0026 is less thanthe 2. 
level of significance, a = 0.05. 

Reject the null hypothesis Ho. 

Conclude that evidence exists that the two 
hotels are significantly different with respect 
to guest satisfaction. 

3. The probability is 0.0026 that y%;47 > 9.0526. 

In the Worksheet Ay A | B | c j oD E gh S 

1 Chi-Square Test Se eee 

2| The worksheet uses the CHISQ.INV.RT 

function to compute the cell B24 critical 

pe fotet <M value and uses the CHISQ.DIST.RT 

function to compute the cell B26 

p-value. The results of formulas that 

compute intermediate calculations in the 

first 15 rows provide the basis for 

computing the cell B25 test statistic. 
(fo-fe)*2/fe 

1.7060 1.4781 

3.1442 2.7242 

The COMPUTE worksheet of the Excel 

Guide Chi-Square workbook is a copy 
of the Figure 12.3 worksheet. 

Number of Rows =a 
Number of Columns oi ee 

=CHISQ.INV.RT(818, B21) 
=SUM(F13:G14) 
=CHISQ. DIST.RT(B25, B21) 
=IF(B26 < B18, "Reject the null hypothesis", 

"Do not reject the null hypothesis") 

=IF(OR(B13 <5, C13 <5, B14<5, C14<5), 
" isviolated."," is met.") 
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Assumptions of the chi-square test For the y” test to give accurate results for a 
2x2 table, one must assume that each expected frequency is at least 5. If this assumption is not 
Satisfied, one can use alternative procedures, such as Fisher’s exact test (Corder, Daniel, and 

Hollander). In Section 12.2, the x’ test is extended to make comparisons and evaluate differences 

between the proportions among more than two groups. However, one cannot use the Z test if 

there are more than two groups. 

Interrelationship of the standardized normal distribution and the chi- 

square distribution In the hotel guest satisfaction survey, both the Z test for the differ- 
ence between two proportions (see Section 10.3) and the y test lead to the same conclusion. 

This result can be explained by the interrelationship between the standardized normal distribu- 

tion and a chi-square distribution with 1 degree of freedom. For such situations, the x$7,7 test 

statistic is the square of the Z,7,7 test statistic. 

For example, in the guest satisfaction study, using Equation (10.5) on page 329, the calcu- 

lated Zs747 test statistic is +3.0088, and the calculated y%747 test statistic is 9.0526. Accounting 

for rounding differences, 9.0526 is the square of +3.0088. Also, at the 0.05 level of significance, 

the critical value of the x” value with 1 degree of freedom is 3.841, the square of the Z value 

of + 1.96, Furthermore, the p-values for both tests are equal. Therefore, when testing the null 

hypothesis of equality of proportions: 

A: Uh SA) 

against the alternative that the population proportions are not equal: 

H 1: Wy a 1D) 

the Z test and the x” test are equivalent. If one seeks to determine whether there is evidence of a 

directional difference, such as 7, > 77, one must use the Z test, with the entire rejection region 

located in one tail of the standardized normal distribution. 

PROBLEMS FOR SECTION 12.1 

LEARNING THE BASICS 

12.1 Determine the critical value of y? with 1 degree of freedom 

12.4 Use the following contingency table: 

in each of the following circumstances: A B Total 

a. a = 0.01 1 20 30 50 

c. a = 0.10 
Total an me os 

42.2 Determine the critical value of y* with 1 degree of freedom 

in each of the following circumstances: 

a. a = 0.05 

b. a = 0.025 

¢c. a = 0.01 

12.3 Use the following contingency table: 

A B Total 

1 eae 30 50 
2 30 45 is 
Total 50 75 125 

a. Compute the expected frequency for each cell. 

b. Compare the observed and expected frequencies for each cell. 

c. Compute Yérur- Is it significant at a = 0.05? 

a. Compute the expected frequency for each cell. 

b. Compute y¢747- Is it significant at a = 0.05? 

APPLYING THE CONCEPTS 

12.5 An Ipsos poll asked 1,004 adults, “If purchasing a used car 

made certain upgrades or features more affordable, what would be 

your preferred luxury upgrade?” The results indicated that 9% of 

the males and 14% of the females answered window tinting. 

Source: Ipsos, “Safety Technology Tops the List of Most Desired Features Should 

They Be More Affordable When Purchasing a Used Car—Particularly Collision 

Avoidance,” available at bit.ly/2ufbS8Z. 

The poll description did not state the sample sizes of males and 

females. Suppose that both sample sizes were 502 and that 46 of 

502 males and 71 of 502 females reported window tinting as their 

preferred luxury upgrade of choice. 
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a. Is there evidence of a difference between males and females in 

the proportion who said they prefer window tinting as a luxury 

upgrade at the 0.01 level of significance? 

b. Find the p-value in (a) and interpret its meaning. 

c. What are your answers to (a) and (b) if 60 males said they prefer 

window tinting as a luxury upgrade and 442 did not? 

d. Compare the results of (a) through (c) to those of Problem 10.29 

(a), (b), and (d) on page 334. 

12.6 Does Cable Video on Demand (VOD D4+) increase ad 

effectiveness? A recent VOD study compared general TV and 

VOD D4-+ audiences after viewing a brand ad, Whether the viewer 

indicated that the ad made them want to visit the brand website was 

collected and organized in the following table. 

MADE ME WANT TO VISIT 
THE BRAND WEBSITE 

VIEWING AUDIENCE Yes No 

General TV a5 166 

VOD D4 + 147 103 

Source: Data extracted from Understanding VOD Advertising 

Effectiveness, bit.ly/1JnmMup. 

a. Set up the null and alternative hypotheses to try to determine 

whether there is a difference in ad impact between general TV 

viewing and VOD D4-+ viewing. 

b. Conduct the hypothesis test defined in (a), using the 0.05 level 

of significance. 

c. Compare the results of (a) and (b) to those of Problem 10.30 (a) 

and (b) on page 335. 

12.7 Are you an impulse shopper? A survey of 500 grocery shop- 

pers indicated that 29% of males and 40% of females make an 

impulse purchase every time they shop. 

Source: Data extracted from “Women shoppers are impulsive while men snap up 

bargains,” available at bit.ly/2sLYmVx. 

Assume that the survey consisted of 250 males and 250 females. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the proportion of males and females who make an im- 

pulse purchase every time they shop? 

b. Find the p-values and interpret its meaning. 

12.8 The Society for Human Resource Management 

MSIE (SHRM) collaborated with Globoforce on a series of 

organizational surveys with the goal of identifying challenges that 

HR leaders face and what strategies help them conquer those 

challenges. A recent survey indicates that employee retention/ 

turnover (46%) and employee engagement (36%) were cited as 
the most important organizational challenges currently faced by 
HR professionals. One strategy that may have an impact on 
employee retention, turnover, and engagement is a successful 
employee recognition program. Surveying small organizations, 
those with 500 to 2,499 employees, and large organizations, those 
with 10,000 or more employees, SHRM and Globoforce showed 

that 326 (77%) of the 423 small organizations have employee 

retention programs as compared to 167 (87%) of the 192 large 

organizations. 

Source: Data extracted from SHRM Survey Finding: Influencing Workplace Culture 

Through Employee Retention and Other Efforts, available at bit.ly/2rFVE9w. 

a. At the 0.01 level of significance, is there evidence of a sig- 

nificant differencé between organizations with S500 to 2,499 

employees and organizations with 10,000 or more employees 

with respect to the proportion that have employee recognition 

programs? 

b. Find the p-value in (a) and interpret its meaning. 

c. Compare the results of (a) and (b) to those of Problem 10.32 on 

page 335. 

12.9 What social media tools do marketers commonly use? A sur- 

vey by Social Media Examiner of B2B marketers (marketers that 

focus primarily on attracting businesses) and B2C marketers (mar- 

keters that primarily target consumers) reported that 267 (81%) of 

B2B marketers and 295 (44%) of B2C marketers commonly use 

LinkedIn as a social media*tool. The study also revealed that 149 

(45%) of B2B marketers and 308 (46%) of B2C marketers com- 

monly use YouTube as a social media tool. 

Source: Data extracted from 20/7 Social Media Marketing Industry Report, availa- 

ble at bit.ly/2rFmLzh. 

Suppose the survey was based on 330 B2B marketers and 670 B2C 

marketers. 

a. At the 0.05 level of significance, is there evidence of a difference 

between B2B marketers and B2C marketers in the proportion 

that commonly use LinkedIn as a social media tool? 

b. Find the p-value in (a) and interpret its value. 

c. At the 0.05 level of significance, is there evidence of a 

difference between B2B marketers and B2C marketers in the 

proportion that commonly use YouTube as a social media 
tool? 

d. Find the p-value in (c) and interpret its meaning. 

12.10 Does cobrowsing have positive effects on the customer 

experience? Cobrowsing refers to the ability to have a contact 

center agent and customer jointly navigate an application (e.g., 

web page, digital document, or mobile application) on a real time 

basis through the web. A study of businesses indicates that 81 of 

129 cobrowsing organizations use skills-based routing to match 

the caller with the right agent, whereas 65 of 176 noncobrowsing 

organizations use skills-based routing to match the caller with the 
right agent. 

Source: Data extracted from Cobrowsing Presents a ‘Lucrative’ Customer Service 

Opportunity, available at bit.ly/IwwALWr. 

a. Construct a 2X2 contingency table. 
b. At the.0.05 level of significance, is there evidence of a differ- 

ence between cobrowsing organizations and noncobrowsing 
organizations in the proportion that use skills-based routing to 
match the caller with the right agent? 

c. Find the p-value in (a) and interpret its meaning. 
d. Compare the results of (a) and (b) to those of Problem 10,34 on 

page 335. 
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12.2 Chi-Square Test for Differences Among 
More Than Two Proportions 

‘because for a 2Xc table, 

(r—1)(c—1) equals (c—1) 

FIGURE 12.4 

Regions of rejection and 

nonrejection when testing 

for differences among 

c proportions using the 

x’ test 

In the extended x7 test, the contingency table becomes a 2xe contingency table, in which c 

is the number of independent populations being compared. In the extended test, the null and 

alternative hypotheses are 

Ao: 7, = 7 = ++: = 7, (there are no differences among the c population proportions) 

Hi: Not all 77; are equal (not all the c population proportions are equal) 

where j = 1, 2,...,c. The chi-square test for differences among more than two proportions 

uses Equation (12.1), repeated below, with (c—1) degrees of freedom.! 

2 
2 es VE on Mi) 

STAT > 
all cells Je 

To calculate the expected frequency, f., for a cell in the first row of the contingency table, 

multiply the group sample size by p. To calculate the expected frequency, f,, for a cell in the 

second row in the contingency table, multiply the group sample size by (1 — p). 

If the null hypothesis is true and the proportions are equal across all c populations, the c sam- 

ple proportions would differ only by chance. A statistic that combines the c separate estimates 

into one overall estimate of the population proportion, 77, provides a better estimate than any one 

of the c estimates separately could provide. Equation (12.3) defines the statistic p, the estimated 

overall proportion for all c groups combined, by extending Equation (12.2) on page 391. 

THE ESTIMATED OVERALL PROPORTION FOR c GROUPS 

X a X) ar canes ap 2G Ae. X 

ny aa Ny =P OUP ap Ne n 

p= (12.3) 

Using the level of significance a, one rejects the null hypothesis if the Xeraz test statistic is 

greater than y4, the upper-tail critical value from a chi-square distribution with c — 1 degrees 

of freedom. The decision rule is 

Reject Ho if Scere = ve 

otherwise, do not reject Ho. 

Figure 12.4 illustrates this decision rule. 

Region of Critical Region of 
Nonrejection Value Rejection 

To illustrate the x’ test for differences among more than two groups, recall the T.C. Resort 

Properties scenario. On another island, T.C. Resort Properties operates the Golden Palm, Palm 

Royale, and Palm Princess hotels. Using the DCOVA framework, managers have the business 

objective of improving customer satisfaction at these hotels. In analyzing the data collected from 
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the completed customer satisfaction surveys, managers decide to focus on the yes-or-no answers to 

the same question that was the focus of a two-hotel study on another island (see pages 390-395). 

Table 12.8 summarizes these responses as a 2x3 contingency table suitable for use with the chi- 

square test, 

ee rae HOTEL 
table for guest CHOOSE HOTEL AGAIN? Golden Palm Palm Royale Palm Princess Total 
satisfaction survey Type, aay) A Te age ee fog TR ee eee 

No 88 “32 66 187 

Total 216 phys 252 700 

The null hypothesis is that there are no differences among the three hotels in the propor- 

tion of guests who would likely choose the hotel again. Using Equation (12.3) to calculate 

an estimate of 7, the population proportion of guests who would likely choose the hotel 

again is 

Xy +X +--+ +X, xX 

isnt cei 5 il 

iu 2B e199 491860 » SiS 

~ 216 + 232 + 252 ~=—- 700 
= 0.733 

The estimated overall proportion of guests who would not be likely to choose the hotel 

again is the complement, (1 — p), or 0.267. Multiplying these two proportions by the sample 

size for each hotel yields the expected number of guests who would and would not likely 

return. 

Calculate the expected frequencies for each of the six cells in Table 12.8. 

) Calculating SOLUTION 

_ the Expected 
| Frequencies Yes—Golden Palm: p = 0.733 and n, = 216,so f, = 158.30 

' Yes—Palm Royale: p = 0.733 and n) = 232,so0 f, = 170.02 

Yes—Palm Princess: p = 0.733 and n; = 252, so f, = 184.68 

No —Golden Palm: 1 — p = 0.267 and n; = 216, so f, = 57.70 

No —Palm Royale: 1 — p = 0.267 and n. = 232, so fe = 61.98 

No —Palm Princess: 1 — p = 0.267 and n; = 252, so f, = 67.32 

Table 12.9 summarizes the Example 12.2 expected frequencies. 

TABLE 12.9 
Contingency table of HOTEL 
expected frequencies 
from a guest satisfaction CHOOSE HOTEL AGAIN? GoldenPalm Palm Royale Palm Princess Total 

survey of three hotels Yes 158.30 170.02 184.68 =513 
No 57.70 61.98 67:32 9187 
Total 216.00 232.00 252.00 700 



TABLE 12.10 

Calculating the yé7a7 
test statistic for the 

three-hotel guest 

satisfaction survey 

FIGURE 12.5 

Regions of rejection and 

nonrejection when testing 

for differences in three 

proportions at the 0.05 

level of significance, with 

2 degrees of freedom 

TABLE 12.11 

Chi-square test 

summary for the guest 

satisfaction survey for 

the three hotels 
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To test the null hypothesis that the proportions are equal: 

FT oi To te TT 

against the alternative that not all three proportions are equal: 

A: Not all 7 are equal (where j = 1, 2, 3) 

use the Table 12.8 observed frequencies with software or use Table 12.8 and Table 12.9 expected 

frequencies to calculate the y¢747 test statistic by using Equation (12.1) on page 391, with 
2 degrees of freedom because (2 — 1)(3 — 1) = 2. Table 12.10 summarizes the calculations. 

fo Se (Go — Se) ty (apy 
128 158.30 —30.30 918.09 5.80 
199 170.02 28.98 839.84 4.94 
186 , 184.68 ie 1.74 0.01 
88 57.70 30.30 918.09 15.91 
33 61.98 ~28.98 839.84 13.55 
66 67.32 162 1.74 0.02 

40.23 

Use Table E.4 to find the critical value of the y’ test statistic. Using a = 0.05, the x” critical 

value with 2 degrees of freedom is 5.991 as Figure 12.5 shows. 

0 5.991 xe 

Region of Region of 
Nonrejection Rejection 

Critical 
Value 

Table 12.11 summarizes the results of the chi-square test for the guest satisfaction survey 

for the Golden Palm, Palm Royale, and Palm Princess hotels using the Table 12.10 calculations 

and the Figure 12.6 software results. Based on the results, there is strong evidence to conclude 

that the three hotels are significantly different with respect to guest satisfaction, as measured by 

whether a guest is likely to return to the hotel again. Therefore, as part of the DCOVA frame- 

work, one can conclude that the hotels are different in terms of the proportion of guests who 

are likely to return. 

Results Conclusions 

Yerar = 40.23 is greater than 5.9915. |. Reject the null hypothesis Hp. 

The p-value = 0.0000 is less than the 2. Conclude that evidence exists that the three 
level of significance, a = 0.05. hotels are significantly different with respect 

to guest satisfaction. 

3. The probability is 0.0000 that $747 > 40.23. 
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FIGURE 12.6 

Excel chi-square test 

worksheet results for 

the three-hotel quest 

satisfaction survey 

>There will always be c (c — 1) 

pairs, by application of a Chapter 4 

counting rule. 

studentTIP 
"There isan a level of risk 

_in the entire set of com- 
-Parisons, not just a single 

Golden Paim 
128] 99] 86 

a) 

z The Chi-Square2 x3 

" “Hotel worksheet of the Excel 
12 Choose Again? _| Golden Palm | Palm Royale | Palm Princess I | (fo - fe)*2/fe Guide Chi-Square 

8.2971 5.7987 4.9386 0.0094 P 

84 ve} 2 Worksheets workbook is a 

-30,2971 28.9771 1.32 

30.2971 -28.9771 -1.32 

A 8 RG D ecmpEpria H In the Worksheet 

1 Chi-Square Test SESE AST TTS 

z =>. The worksheet uses a design 

: = wae Calculations similar to the design of the 

E a COMPUTE worksheet that 
6 Figure 12.6 presents. 

. No] 57,7029 15.9077 13.5481 0.0259 

15 ~___ Total 216 ma copy of the Figure 12.6 

: worksheet. 

Level of Significance 

19 Number of Rows 

20 Number of Columns 

21 Degrees of Freedom -2| =(B19 - 1) * (B20 - 1) 

=CHISQ.INV.RT(B18, B21) 

=$UM(G13:114) 

=CHISQ, DIST.RT(B25, B21) 
i then | =IF(B26 < B18, "Reject the null hypothesis”, 

28 "Do not reject the null hypothesis”) 

29 Expected frequency assumption . 

30 is met. =IF(OR(B13 <1, C13 <1, D13 <1, B14 <1, C14<1,014<1), 

is violated."," —_ is met.") 

Assumptions of the chi-square test for the 2xc contingency table 
For the y? test to give accurate results when dealing with 2xc contingency tables, all 

expected frequencies must be large. The definition of “large” has led to research among 

statisticians. Some statisticians (Hollander) have found that the test gives accurate results 

as long as all expected frequencies are at least 0.5. Other statisticians believe that no more 

than 20% of the cells should contain expected frequencies less than 5, and no cells should 

have expected frequencies less than | (Dixon). As a reasonable compromise between these 

points of view, to ensure the validity of the test, one should make sure that each expected 

frequency is at least 1. To do this, one may need to collapse two or more low-expected- 

frequency categories into one category in the contingency table before performing the test. 

If combining categories is undesirable, one can use one of the available alternative proce- 
dures (Corder, Daniel, and Marascuilo). 

The Marascuilo Procedure 

Rejecting the null hypothesis in a y” test of equality of proportions in a 2xc table enables 

one to reach only the conclusion that not all c population proportions are equal. The multiple- 

comparisons Marascuilo procedure determines which pairs of sample proportions differ by 
comparing every pair of c sample proportions. This procedure first calculates the wi gk pro- 
portions and then calculates a critical range for each pair of sample proportions.? A specific 
pair is significantly different if the absolute difference in the sample proportions, — py |, i6 
greater than the critical range for the pair. Equation (12.4) defines the critical range for a pair 
of sample proportions. 

CRITICAL RANGE FOR THE MARASCUILO PROCEDURE 

pl — pj) n pl — py 

ny ny; 

Critical range = V y2 (12.4) 

where 

Pj = proportion of items of interest in group j 

p;' = proportion of items of interest in group j’ 

n; = sample size in group j 

— Get “y nj; = sample size in group j 
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To illustrate the Marascuilo procedure, recall the three-hotel guest satisfaction survey 
9 . . “7 ‘Cr ‘ example. For the yx“ test, there was evidence of a significant difference among the population 

proportions (see Table 12.11 on page 399). From Table 12.8 on page 398, the three sample 
proportions are 

Xx, 128 X> 199 X3 186 
Sar ee 0,592 y= —— = —— = 0.85 = = — = P| ny 316 926 Po 7 539 0.8578 P3 7 959 0.7381 

For each of the three pairs, Table 12.12 shows the calculated absolute difference and 
the critical range. Using Table E.4 and an overall level of significance of 0.05, the upper-tail 

critical value for a chi-square distribution having (c — 1) = 2 degrees of freedom is 5.991. 
Therefore, 

V2 = V5.991 = 2.4477 

Marascuilo procedure calculations for the three-hotel guest satisfaction survey 

Absolute Difference Between Pairs 

lp; — P;| 

IP: — py| = 

ier P| — 

|p2 — ps| = 

FIGURE 12.7 

Excel Marascuilo 

procedure results for 

the three-hotel guest 

satisfaction survey 

|0.5926 — 0.8578| = 0.2652 

Critical Range 

pj a Pj) i pl pe) 

ny ny! 
2.4477 

atu BEES __ 0.8578)(0.1422) 
= 0.0 

216 232 ner 

0.5926 — 0.7381} = 0.1455 0.5926)(0.4074 0.7381)(0.2619 
| | 2.4477 M = \ X ) = 0.1063 

216 oie? 

0.8578 — 0.7381] = 0.1197 0.8578)(0.1422 0.7381)(0.2619 
| | 2.4477 EUS ot BEE Nes = 0.0880 

nou 252 

If an absolute difference for a pair is greater than the critical range for a pair, the pair of 

proportions are significantly different. At the 0.05 level of significance, one concludes that 

guest satisfaction is higher at the Palm Royale (p) = 0.858) than at either the Golden Palm 

(p; = 0.593) or the Palm Princess (p; = 0.738) and that guest satisfaction is also higher at the 

Palm Princess than at the Golden Palm. These results clearly suggest that T.C. Resort Properties 

management should investigate possible reasons for these differences. In particular, they should 

try to determine why satisfaction is significantly lower at the Golden Palm than at the other two 

hotels. 
Figure 12.7 shows Excel results for this example. 

In the Worksheet ca aL Ltn? ids eis Ss ees Zi aMaNaN Bice 
1 _|Marascuilo Procedure for Guest Satisfaction Analysis 

The worksheet uses many of the 

results of the Figure 12.6 worksheet 

on page 400. 

=ChiSquare2x3!B1i8 

=SQRT(ChiSquare2x3!B24) 

care Golden Palm 

8 |2: Palm Royale 

=ChiSquare2x3!B6/ChiSquare2x3!B8 
The Marascuilo2 x3 worksheet of the 
Excel Guide Chi-Square Worksheets 

workbook is a copy of the Figure 12.7 

worksheet. 
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The Analysis of Proportions (ANOP) 

The analysis of proportions (ANOP) method provides a confidence interval approach that 

enables you to determine which, if any, of the c groups has a proportion significantly different 

from the overall mean of all the group proportions combined. The ANOP online topic discusses 

this method and illustrates its use. 

PROBLEMS FOR SECTION 12.2 

LEARNING THE BASICS 

412.11 Consider a contingency table with two rows and five 

columns. 

a. How many degrees of freedom are there in the contingency 

table? 

b. Determine the critical value for a = 0.05. 

c. Determine the critical value fora = 0.01. 

12.12 Use the following contingency table: 

A B C Total 

1 10 30 50 90 

2 ee eS ae Ce 
Total 50 {fe 100 225 

a. Compute the expected frequency for each cell. 

b. Compute y¢747. Is it significant at a = 0.05? 

12.13 Use the following contingency table: 

A B C Total 

1 20 30 20 IS 

2 s0ry > 20am easee, Panis 
Total 50 50 50 150 

a. Compute the expected frequency for each cell. 

b. Compute x%747- Is it significant at a = 0.05? 

APPLYING THE CONCEPTS 

12.14 A growing share of Americans use smartphones as their pri- 

mary means of online access at home. A survey of U.S. adults found 

that 58% of the 18- to 29-year-olds, 47% of the 30- to 49-year-olds, 

27% of the 50- to 64-year-olds, and 15% of those age 65 or older 

mostly use a smartphone to go online. 

Source: Data extracted from Mobile Technology and Home Broadband 2019, 
available at bit.ly/2S5YFlIw. 

Suppose the survey was based on 200 U.S. adults in each of the 

four age groups: 18 to 29, 30 to 49, 50 to 64, and 65 or older. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence among the age groups in the proportion of U.S. adults who 
. mostly use a smartphone to go online? 

b. Determine the p-value in (a) and interpret its meaning. 
c. If appropriate, use the Marascuilo procedure and a = 0.05 to 

determine which age groups differ. 

12.15 Even though there has been an abundance of digital and 

analytics transformations occurring across the business landscape 

in recent years, few companies report achieving successful results. 

What has been the major objectives of company digital and ana- 

lytics transformations? A McKinsey Global survey found that 42 of 

52 (81%) retail companies sampled, 22 of 48 (45%) consumer 

packages goods companies sampled, 57 of 100 (57%) healthcare 

companies sampled, 41 of 75 (55%) automotive and assembly 

companies sampled, and 77 of 132 (58%) high tech companies 

sampled report improve customer outcomes as a major objective 

of their digital and analytics transformation. 

Source: Data extracted from “Five moves to make during a digital transformation,” 

available at bit.ly/2XGkRPs. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence among the industries with respect to the proportion of 

companies that report improve customer outcomes as a main 

objective of their digital and analytics transformation? 

b. Compute the p-value and interpret its meaning. 

c. If appropriate, use the Marascuilo procedure and a = 0.05 to 

determine which industries differ. 

12.16 An Employee Value Proposition (EVP) is about 

ISSN defining the essence of a company. The EVP is the value 

an employee receives from the employer; it defines the commitment 

the company will make to develop the employee in exchange for 

the effort the employee puts in to benefit the company. But do all 

agree on what makes a unique and compelling EVP? A study 

showed that 14% of business executives, 38% of HR leaders, and 

33% of employees say that compensation (pay and rewards) makes 

for a unique and compelling EVP. 

Source: Data extracted from Global Talent Trends 2019 available at bit.ly/2sbrUzh. 

Assume that 200 individuals within each business group were surveyed. 

a. Is there evidence of a difference among business groups with re- 

spect to the proportion that say compensation (pay and rewards) 

makes for a unique and compelling EVP? 

Determine the p-value in (a) and interpret its meaning. 

c. If appropriate, use the Marascuilo procedure and a = 0.05 to 

determine which business groups differ in the proportion that 
say compensation (pay and rewards) makes for a unique and 
compelling EVP. 

a 

12.17 Repeat (a) and (b) of Problem 12.16, assuming that only 

100 individuals from each business group were surveyed. Discuss 

the implications of sample size on the x” test for differences among 
more than two populations. 



12.18 What kinds of activities do you engage in when using a 
device while viewing video content on a TV screen? An IAB and 
MARU Matchbox study captured multitasking activities of adults 
who use different devices while watching TV. The study reported 
that 320 of 444 (72%) smartphone users sampled, 194 of 347 (56%) 

of computer users sampled, and 141 of 261 (54%) of tablet users 

sampled used their device to check social media unrelated to the 
video while watching TV. 

Source: Data extracted from “The Changing TV Experience: 2017,” available at 
bit.ly/2sz4Mal. 

a. Is there evidence of a significant difference among the 

smartphone, computer, and tablet users with respect to the 

proportion who use their device to check social media unrelated 

to the video while watching TV? (Use a = 0.05.) 

b. Determine the p-value and interpret its meaning. 

c. If appropriate, use the Marascuilo procedure and a = 0.05 to 

determine which groups differ. 
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12.19 The MSCI 2018 Survey of Women on Boards showed 

that there continues to be a slow increase in the overall percent- 

age of women on boards globally. The study reported that 72 of 

72 (100%) French companies sampled, 49 of 62 (79%) German com- 

panies sampled, 14 of 24 (58.3%) Irish companies sampled, 15 of 

21 (71.4%) Spanish companies sampled, and 18 of 42 (42.9%) 

Swiss companies sampled have at least three female directors on 

their boards. 

Source: Data extracted from Women on Boards Progress Report 2018, available at 

bit.ly/2YOor6D. 

a. Is there evidence of a significant difference among the countries 

with respect to the proportion of companies that have at least 

three female directors on their boards? (Use a = 0.05.) 

b. Determine the p-value and interpret its meaning. 

c. If appropriate, use the Marascuilo procedure and a = 0.05 to 

determine which groups differ. 

12.3 Chi-Square Test of Independence 
In Sections 12.1 and 12.2, you used the x” test to evaluate potential differences among popula- 

tion proportions. For a contingency table that has r rows and c columns, you can generalize the 

y’ test as a test of independence for two categorical variables. 

For the chi-square test of independence, the null and alternative hypotheses are 

Ho: The two categorical variables are independent (there is no relationship between them) 

H;: The two categorical variables are dependent (there is a relationship between them) 

The chi-square test of independence uses Equation (12.1): 

== 2 
vee fe >» fo Te) 

all cells i; e 

with (r — 1)(c — 1) degrees of freedom. 

Using the level of significance a, one rejects the null hypothesis if the Xéraz test statistic is 

greater than x2, the upper-tail critical value from a chi-square distribution with (r — 1)(c — 1) 

degrees of freedom. The decision rule is 

Reject Hp if ea > Me 

otherwise, do not reject Hp. 

Figure 12.8 illustrates this decision rule. 

FIGURE 12.8 
Regions of rejection and 

nonrejection when testing 

for independence in an 

rxc contingency table, 

using the y? test 

Region of 
Rejection 

Critical 

Value 

Region of 
Nonrejection 
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student TIP 
Independence means 

no relationship, so you 

do not reject the null 

hypothesis. 

Dependence means 

there is a relationship, 

so you reject the null 

hypothesis. 

TABLE 12.13 

Contingency table of 

primary reason for not 

returning and hotel 

The chi-square (y”) test of independence is similar to the x’ test for equality of propor- 

tions. In this test, the null and alternative hypotheses are different, even as the test statistics and 

decision rules are the same. Because the test of independence uses different hypotheses, the 

conclusions one can reach differ as well. Also different between the two y” tests is the method 

one uses to prepare samples. 

In a test for equality of proportions, there is one factor of interest, with two or more levels. 

These levels represent samples selected from independent populations. The categorical responses 

in each group or level are classified into two categories, such as an item of interest and not an 

item of interest. The objective is to make comparisons and evaluate differences between the pro- 

portions of the items of interest among the various levels. However, in a test for independence, 

there are two factors of interest, each of which has two or more levels. One selects one sample 

and tallies the joint responses to the two categorical variables into the cells of a contingency 

table. 

The test for equality of proportions for the guest satisfaction survey (see Sections 12.1 

and 12.2) enables one to reach the conclusion that there is a significant relationship between the 

hotel and the likelihood that a guest would return. In contrast, the test of independence could be 

used to explore a possible relationship between the primary reason for not returning and the hotel 

the guest used. To illustrate the y’ test for independence, suppose that in the three-hotel guest 

satisfaction survey, respondents who stated that they were not likely to return also indicated one 

of four primary reasons for their unwillingness to return. Table 12.13 presents the contingency 

table. The table is a 4x3 table because there are the four levels of the primary reason factor and 

the three levels of the hotel factor. 

HOTEL 
PriMARYoHEASON FOR ee 

NOT RETURNING Golden Palm Palm Royale Palm Princess Total 

Amenities 23 rs 37 67 

Dining Options 13 5 ~ 13 31 

Quality of Room 39 13 8 60 

Staff/Service Issues 13 8 8 _29 

Total 88 33 66 187 

In Table 12.13, observe that of the primary reasons for not planning to return to the hotel, 
67 were due to amenities, 60 were due to quality of room, 31 were due to room dining options, 
and 29 were due to staff/service issues. In Table 12.8 on page 398, there were 88 guests at the 
Golden Palm, 33 guests at the Palm Royale, and 66 guests at the Palm Princess who were not 
planning to return. The observed frequencies in the cells of the 4x3 contingency table represent 
the joint tallies of the sampled guests with respect to primary reason for not returning and the 
hotel where they stayed. The null and alternative hypotheses are 

Ho: There is no relationship between the primary reason for not returning and the hotel. 
H,: There is a relationship between the primary reason for not returning and the hotel. 

For this test, to calculate the expected frequency, f,, for a cell, first use the multiplication 
rule for independent events that Equation (4.7) defines on page 166 to calculate a cell probability. 
For any cell, the probability is the product of the probability of a level for the first factor times the 
probability of a level for the second factor. For example, the probability of responses expected 
in the (upper-left-corner) cell that represents the primary reason amenities for the Golden Palm 
is the product of the probabilities P(Amenities) and P(Golden Palm). 



TABLE 12.14 

Contingency table of 

expected frequencies of 

primary reason for not 

returning to hotel 
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For this example, the proportion for the primary reason Amenities, P(Amenities), is 

67/187 = 0.3583, and the proportion of all Golden Palm responses, P(Golden Palm), is 

88/187 = 0.4706. If the null hypothesis is true, then the primary reason for not returning and 

the hotel are independent: 

P(Amenities and Golden Palm) = P(Amenities) * P(Golden Palm) 

= (0.3583) X (0.4706) 

= 0.1686 

The expected frequency is the product of the overall sample size, n, and this probability, 

187 X 0.1686 = 31.53. Table 12.14 presents the f, values for all table cells. 

HOTEL 
SLEW) NE gh at AD OF SU Le] 5 (Serenata memos = nS aT Tie oe PT ea ae 
NOT RETURNING Golden Palm Palm Royale Palm Princess Total 

Amenities hey) 11.82 3,05 67 

Dining Options 14.59 5.47 10.94 31 

Quality of Room 28.24 10.59 21.18 60 

Staff/Service Issues 13°69) Poe 10.24 BD 

Total 88.00 33.00 66.00 187 

Equation (12.5) defines an alternate method to calculate the expected frequency by taking 

the product of the row total and column total for a cell and dividing this product by the overall 

sample size. 

CALCULATING THE EXPECTED FREQUENCY 

om row total X column total (12.5) 

n 

where 

row total = sum of the frequencies in the row 

column total = sum of the frequencies in the column 

n = overall sample size 

This alternate method results in simpler calculations. For example, using Equation (12.5) 

for the upper-left-corner cell (primary reason amenities for the Golden Palm), 

ue row total X column total 0 (67)(88) = 31.53 
n 187 

and for the lower-right-corner cell (staff/service issues for the Palm Princess), 

p= row total < column total rs (29)(66) ee 

n 187 

Table 12.15 on page 406 summarizes the calculations for the Xera7 test statistic, using the 

Table 12.13 observed frequencies and the Table 12.14 expected frequencies. 

Using the a = 0.05 level of significance, the upper-tail critical value from the chi-square dis- 

tribution with 6 degrees of freedom is 12.592 (see Table E.4). Because Vee 2A le 1592, 

one rejects the null hypothesis of independence (see Figure 12.9 on page 406). 
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TABLE 12.15 

Calculating the yézar 
test statistic for the 

test of independence 

FIGURE 12.9 

Regions of rejection and 

nonrejection when testing 

for independence in the 

three hotel guest satisfac- 

tion survey example at the 

0.05 level of significance, 

with 6 degrees of freedom 

TABLE 12.16 

Chi-square test 

summary for the 

primary reason for 

not returning survey 

Cell Sa, 

Amenities/Golden Palm 23 

Amenities/Palm Royale i 

Amenities/Palm Princess a7 

Dining Options/Golden Palm 13 

Dining Options/Palm Royale 5 

Dining Options/Palm Princess 13 

Quality of Room/Golden Palm 39 

Quality of Room/Palm Royale 13 

Quality of Room/Palm Princess 8 

Staff/Service Issues/Golden Palm 13 

Staff/Service Issues/Palm Royale 8 

Staff/Service Issues/Palm Princess 8 

Region of 

Nonrejection 

fi. elieeh) orca 
S133 at 72.76 Pe | 

11.82 —4,82 aoe Pe i 

23.65 RBs 178.22 7.54 

14.59 71.59 Zid 0.17 

5.47 —0.47 0.22 0.04 

10.94 2.06 4.24 0.39 

28.24 10.76 115.78 4.10 

10.59 2.41 5.81 0.55 

Pll bee 173.71 8.20 

13.65 —0.65 0.42 0.03 

Dale 2.88 8.29 1.62 

10.24 —2,24 5.02 0.49 

27.41 

0.05 

12.592 | x? 

| Region of 

Critical © Rejection 
Value 

Table 12.16 summarizes the results of the chi-square test for the primary reason for not 

returning survey using the Table 12.15 calculations and the Figure 12.10 results. Based on the 

results, there is strong evidence to conclude that there is a relationship between the reason for 

not returning to the hotel again and the hotel that the guest stayed at. Therefore, T.C. Resort 

Properties managers can conclude that the hotels are different in terms of reasons guests state 

for not being likely to return. Amenities are underrepresented as a reason for not returning to 

the Golden Palm but are overrepresented at the Palm Princess. Guests are more satisfied with 

amenities at the Golden Palm than at the Palm Princess. Quality of room is overrepresented 

as a reason for not returning to the Golden Palm, but greatly underrepresented at the Palm 

Princess. Guests are much more satisfied with the quality of rooms of the Palm Princess than 
at the Golden Palm. 

Results Conclusions 

Xérar = 27.41 is greater than 12.592. 1. 

The p-value = 0.0001 is less than the Zs 

level of significance, a = 0.05. 

Reject the null hypothesis Hp. 

Conclude that there is a relationship between 
the reason for not returning to the hotel again 
and the hotel that the guest stayed at. 

. The probability is 0.0001 that y2747 > 27.41. 



FIGURE 12.10 

Excel chi-square test 

worksheet results for 

the Table 12.13 primary 

reason for not returning 
to hotel data 

LEARNING THE BASICS 

12.20 If acontingency table has three rows and four columns, how 

oR 

12.3 Chi-Square Test of Independence 

| hata! " _B j Cc ie) Pen bike reso H 

1 /Chi-Square Test of Independence 

Calculations 

g | Golden Palm|Palm Royale |Palm Princess 

ine ve la et 13,3529 

2.0588 

2.2353 

7,5401 

0.3874 

8.1987 

0.4882 

5 | Reason for Not Returni fo-fe 

6 | -8.5294 -4,8235 
7 | -1,5882 -0.4706 

8 | 10,7647 2,4118 -13.1765 
9 -0,6471, 2.8824 - 
10 | 
11 | 
12| quencies 

13 aes 
14 | Reason for Not Returning (fo - fe)*2/fe 

15 Amenities] 31.5294] _11.8235| 23,6471| __67| 2.3074. 1.9678 
16 | ining 14,5882 5.4706 0.1729 0.0405 
7 21.1765 4.1040 0.5493 
18 | 0.0307 1.6234 5.1176 10.2353| 29] 

187 

=(B23 - 1) * (B24 - 1) 

6| =CHISQ, INV.RT(B22, B25) 
7.4104| =SUM(G15:118) 
.0001| =CHISQ.DIST.RT(B29, B25) 
___} =IF(B30 < B22, "Reject the null hypothesis", 

“Do not reject the null hypothesis") 

33 Expected frequency assumption 

34 is met. =IF(OR(B15 <1, C15 <1, D15 <1, B16 <1, C16 <1, D16 <1, 

B17 <1, C17 <1, D17 <1, B18 <1, C18 <1, D18<1), 

isviolated."," is met. ") 

407 

In the Worksheet 

The worksheet uses the CHISQ. 

INV.RT function to compute the 

cell B24 critical value and uses 

the CHISQ.DIST.RT function to 

compute the cell B26 p-value. 

The results of formulas that 

compute intermediate 

calculations in the first 19 rows 

provide the basis for computing 

the cell B25 test statistic. 

The COMPUTE worksheet of 

the Excel Guide Chi-Square 

workbook is a copy of the Figure 

12.10 worksheet. 

Assumptions of the chi-square test of independence To ensure accurate 

results, all expected frequencies need to be large in order to use the y” test when dealing with 

rxc contingency tables. As in the case of 2c contingency tables in Section 12.2, all expected 

frequencies should be at least 1. For contingency tables in which one or more expected frequen- 

cies are less than 1, one can use the chi-square test after collapsing two or more low-frequency 

rows into one row (or collapsing two or more low-frequency columns into one column). Merging 

rows or columns usually results in expected frequencies sufficiently large to ensure the accuracy 

of the x test. 

PROBLEMS FOR SECTION 12.3 

many degrees of freedom are there for the x” test of independence? 

42.21 When performing a x” test of independence in a contingency 

table with r rows and c columns, determine the upper-tail critical 

value of the test statistic in each of the following circumstances: 

a. a = 0.05, r = 4 rows, c = 5 columns 

b. a = 0.01, r = 4 rows, c = 5 columns 

c. a = 0.01, r = 4 rows, c = 6 columns 

d. a = 0.01, r = 3 rows, c = 6 columns 

e. a = 0.01, r = 6 rows, c = 3 columns 

APPLYING THE CONCEPTS 

Data were collected from 630 customers on the type of entrée and 

dessert ordered and organized into the following table: 

TYPE OF ENTREE 
TYPE OF 

DESSERT Beef Poultry Fish Pasta _ Total 

Ice cream 13 8 12 14 47 

Cake 98 12 29 6 145 

Fruit 8 10 6 2 26 

None 124 _98 149 41 412 

Total 243 128 196 63 630 

At the 0.05 level of significance, is there evidence of a relationship 

42.22 The owner of a restaurant serving Continental-style entrées 

has the business objective of learning more about the patterns of 

patron demand during the Friday-to-Sunday weekend time period. 

between type of dessert and type of entrée? 
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12.23 A Gallup survey across generations of workers gathered data on engagement at work. The results for a sample of 1,000 workers 

are as follows: 

GENERATION 

LEVEL OF ENGAGEMENT Millennials Gen Xers Baby Boomers  Traditionalists Total 

Engaged 102 109 93 14 318 

Not Engaged 193 170 134 ; 12 509 

Actively Disengaged aoe Ou els 4 elas 

Total 350 340 280 30 1,000 

Source: Gallup, “What Millennials Want From Work and Live,” available at bit.ly/1T9d17p. 

At the 0.05 level of significance, is there evidence of a significant relationship between generation and level of engagement in the workplace? 

oy SELF 12.24 How much time per week are employees willing to devote to improve their overall health and well-being by pursuing 
MESS18 activities such as consistent exercise, researching healthy recipes, or engaging in wellness coaching? A study by UnitedHealthcare 

revealed the following results: 

AGE GROUP 

TIME PER WEEK 18-34 35-44 45-54 55-64 65+ Total 

Less than 1 hour 32 25 33 10 5 108 

1 to less than 3 hours 95 55 32 34 7 223 

3 to less than 6 hours 60 44 42 33 5 184 

6 to less than 8 hours oy 19 34 24 3 117 

9 hours or more _34 22 _20 _20 = | fi 

Total 261 165 161 121 21 729 

Source: Data extracted from New survey: Employees say wellness programs improve health, productivity,’ available at 

bit.ly/2XGwzK7. 

At the 0.01 level of significance, is there evidence of a significant relationship between time willing to devote to health-related activities 
and age? 

12.25 What makes sales leaders tick? Mercuri International conducted a study to explore sales strategies, processes, and support systems 
within businesses. Organizations were categorized by sales performance level (top performers vs. middle performers vs. bottom performers ) 
and extent to which the organization invests in customer satisfaction. Results were organized into the following table. 

SALES PERFORMANCE LEVEL 
LEVEL OF 

INVESTMENT Top Middle Bottom Total 

Annually a3 318 44 415 

Every 2-4 years 40 245 23 308 

Never eit 158 _34 203 
Total 104 721 101 926 

Source: “Sales Excellence Survey 2017,” available at bit.ly/2kwjjW9. 

At the 0.05 level of significance, is there evidence of a significant relationship between sales performance level and level of investment in 
customer satisfaction? 
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12.26 PwC takes a closer look at what CEOs are looking for and are finding as new sources of value in their businesses and industries. 
Based on a recent Global CEO survey, CEOs are categorized by the main activity they identified that would strengthen their company in 
order to capitalize on new opportunities as well as the geographic region in which they are located. The results are as follows: 

GEOGRAPHIC REGION 

IDENTIFIED MAIN ACTIVITY Asia Pacific | Latin America North America Western Europe Total 
Innovation italy 4] ply] 66 Pol 
Human capital 73 28 24 40 165 
Competitive advantage 68 16 14 12 110 
Digital and tech capabilities 54 19 21 60 154 
Customer experience 39 14 14 42 109 
M &A and partnerships 39 4 16 15 74 
Trust and transparency Pe) 8 9 17 59 
Funding growth 25 5 4 36 

Big data and analytics 20 4 10 12 46 

Cost containment 16 11 2 8 37 

Navigating risk and regulation 6 7 5 4 22 
Cybersecurity "26 oD » 2 12 

Total 488 156 149 282 1075 

Source: “20th Annual Global CEO Survey,” available at pwe.to/213sSXh. 

At the 0.05 level of significance, is there evidence of a significant relationship between identified main activity and geographic region? 

12.4 Wilcoxon Rank Sum Test for Two 

Independent Populations 

student TIP 
You combine the 
two groups before you 

rank the values. 

Section 10.1 uses the ¢ test for the difference between the means of two independent popula- 

tions. If sample sizes are small and you cannot assume that the data in each sample are from 

normally distributed populations, one can use the pooled-variance f test, following a normalizing 

transformation on the data (Winer), or use a nonparametric method that does not depend on the 

assumption of normality for the two populations. 

Nonparametric methods require few or no assumptions about the populations from which 

data are obtained (Hollander). The Wilcoxon rank sum test for whether there is a difference 

between two medians is one such method. One uses this method when the assumptions that the 

pooled-variance and separate-variance f tests that Section 10.1 discusses cannot be met. In such 

conditions, the Wilcoxon rank sum test is likely to have more statistical power (see Section 9.6) 

than those ¢ tests. (When assumptions can be met, the test has almost as much power as the 

t tests.) One can also use the Wilcoxon rank sum test when only ordinal data exist, as often 

happens in consumer behavior and marketing research. 
To perform the Wilcoxon rank sum test, one replaces the values in the two samples of sizes 

n, and ny with their combined ranks (unless the data contained the ranks initially). One begins 

by defining n = n, + ny as the total sample size. Next, one assigns the ranks so that rank 1 is 

given to the smallest of the n combined values, rank 2 is given to the second smallest, and so on, 

until rank n is given to the largest. If several values are tied, one assigns each value the average 

of the ranks that otherwise would have been assigned had there been no ties. 
Whenever the two sample sizes are unequal, n, represents the smaller sample and n, the 

larger sample. The Wilcoxon rank sum test statistic, 7|, is defined as the sum of the ranks 
assigned to the n, values in the smaller sample. (For equal-sized samples, either sample may 

be used for determining 7;.) For any integer value n, the sum of the first n consecutive inte- 

gers is n(n + 1)/2. Therefore, 7; plus 7;, the sum of the ranks assigned to the nj items in the 

second sample, must equal n(n + 1)/2. You can use Equation (12.6) on page 410 to check 

the accuracy of your rankings. 
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student TIP 
The group that is defined 

as group 1 when com- 

puting the test statistic 

T, must also be defined 

as group 1 in the null and 

altemative hypotheses. 

FIGURE 12.11 

Regions of rejection and 

nonrejection using the 

Wilcoxon rank sum test 

CHECKING THE RANKINGS 

(12.6) 

For the Figure 12.11 two-tail test, one rejects the null hypothesis if 7, is greater than or equal 

to the upper critical value, or if 7; is less than or equal to the lower critical value. Figure 12.11 

also illustrates the two one-tail tests. For lower-tail tests which have the alternative hypothesis 

H,; M, <M), that the median of population | (Mj) is less than the median of population 2 (M)), 

one rejects the null hypothesis if the observed value of 7; is less than or equal to the lower crit- 

ical value. For upper-tail tests which have the alternative hypothesis H;: Mj >M), one rejects 

the null hypothesis if the observed value of 7, equals or is greater than the upper critical value. 

all _— ie 

-Z 0 +Z -Z 0 0 +Z 

oh 2 ie Fe | aA a eee PI 
T, L by, qT, U T, L BT, pb T; T, U 

Two-tail test Lower-tail test Upper-tail test 

H,: M, #M, H,: M, < M, H,: M, > M, 

Region of Nonrejection 

When n, and ny are each <= 10, use Table E.6 to find the critical values of the test statistic 

T,. For large sample sizes, the test statistic 7; is approximately normally distributed, with the 

mean, /47,, equal to 

n(n + 1) 
Ne geo 

and the standard deviation, o7,, equal to 

nyny(n + 1) 
Y= 

tery vo 
~ 

Therefore, Equation (12.7) defines the standardized Z test statistic for the Wilcoxon rank sum test. 

LARGE-SAMPLE WILCOXON RANK SUM TEST 

r n(n + 1) sen 
2 

Z, = - a i STAT 5 Ce te (12.7) 

12 

where the test statistic Zs747 approximately follows a standardized normal distribution. 

Use Equation (12.7) when the sample sizes are outside the range of Table E.6. Based on a, 
the level of significance selected, you reject the null hypothesis if the Zs747 test statistic falls in 
the rejection region. 

To study an application of the Wilcoxon rank sum test, recall the Chapter 10 Arlingtons 
scenario about VLABGo player monthly sales at the special front location and at the in-aisle 
location (stored in {7#=%e"9). If one cannot assume that the populations are normally distributed, 



5 To test for differences in the median 

sales between the two locations, one 

must assume that the distributions of 

sales in both populations are identi- 

cal except for differences in central 

tendency (i.e., the medians). 

TABLE 12.17 

Forming the combined 

rankings 

12.4 Wilcoxon Rank Sum Test for Two Independent Populations 411 

the Wilcoxon rank sum test can be used to evaluate possible differences in the median sales for 

the two display locations.° 

Table 12.17 presents VLABGo sales data and the combined ranks. 

Special Front Combined In-Aisle Combined 

(ny = 10) Ranking (ny = 10) Ranking 

224 12 192 7 

189 4.5 236 13 

248 15 164 ”) 

285 19 154 | 

273 Le} 189 4.5 

190 6 220 11 

243 14 261 16 

ZS 9 186 3 

280 18 219 10 

B13 20 202 8 

Source; Data are taken from Table 10,1 on page 313. 

Because this study did not state in advance which display location is likely to have a higher 

median, one uses a two-tail test with the following null and alternative hypotheses: 

Hp: M, = Mj (the median sales are equal) 

H,: M, # M) (the median sales are not equal) 

One begins by calculating 7, the sum of the ranks assigned to the smaller sample. When 

the sample sizes are equal, as in this example, one can define either sample as the group from 

which to compute 7;. Choosing the special front location as the first group, 

Tend 2S ee St 19 er Oi LARD 18 20) ae 

As acheck on the ranking procedure, one calculates 7), 

Te oe 2 ee LO ee 0 tke SO 

and then uses Equation (12.6) on page 410 to show that the sum of the first n = 20 integers in 

the combined ranking is equal to 7, + 7): 

nn + 1) 
16 Deere 

2 

20(21) 
134.5 + 75.5 = eer = 210 

210 = 210 

Next, one uses Table E.6 to determine the lower- and upper-tail critical values for the test 

statistic T,. From Table 12.18, a portion of Table E.6, observe that for a level of significance of 

0.05, the critical values are 78 and 132. The decision rule is 

Reject Ao if 7,.= 78.0c1t Ty = 132; 

otherwise, do not reject Ho. 
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TABLE 12.18 

Finding the lower- and 

upper-tail critical values 

for the Wilcoxon rank 

sum test statistic, 7, 

where n; = 10, = 10 

and a@ = 0.05 

TABLE 12.19 
Wilcoxon test summary 
for the monthly sales at 
two different locations 

FIGURE 12.12 

(a4 | ny a
 

Sp ee ap eg ee ee 

Ny One- Two- 4 5 6 7 8 9 

tail tail (Lower, Upper) 

05 10 16,40 24,51 33,63 43,76 54,90 66,105 
9 025 OS 14,42. 22,53 31,65. 40,79 ‘51.93 62,109 

‘ 02 13,43 20,55. 28,68 37,82 47,97 SP lle 
OOS aT 11,45 18,57» 26,70. 35,84 45,99 56,115 

~ 9, 

O01 02 13,47 21,59 29,73 39,87 49,103 61,119 74,136 
005 O1 12,48 19,61 27,75 37,89 47,105 98,122 71,139 

Source: Extracted from Table E.6. 

Table 12.19 summarizes the results of the Wilcoxon.rank sum test for VLABGo player monthly sales at the special front location and at the in-aisle location using the calculations on page 411 and the Figure 12.12 results. Based on the results, there is strong evidence to conclude that the two locations are significantly different in sales. Therefore, as part of the DCOVA frame- work, one can conclude that sales will be higher at the front location than the in-aisle location. 

Results Conclusions 
T, = 134.5 is greater than 132, 1. Reject the null hypothesis A. 
The p-value = 0.0257 is less than the 2. Conclude that evidence exists that the two level of significance, a = 0.05. locations are significantly different with 

respect to sales. 

3. The probability is 0.0257 that T, > 134.5. 

Excel Wilcoxon rank sum test worksheet results for VLABGo player monthly sales for two in-store locations 
Se a ts A | 
Wilcoxon Rank Sum Test 

= 
In the Worksheet 

The worksheet uses the Equation (12.7) large-sample 
approximation in computing the p-value. That value may be inaccurate when both sample sizes are less than or equal to =COUNTIF(SortedRanks!A2:A21, "Special Front") 10 and the test statistic T, is less likely to be approximately =SUMIF(SortedRanks!A2:A21, “Special Front”, SortedRanks!C2:C21) normally distributed. 

=COUNTIF(SortedRanks!A2:A21, “In-Aisle") 
- =SUMIF(SortedRanks!A2:A21, "In-Aisle'", SortedRanks!C2:C21) Formulas in cells A26 and A27 (not shown) use the IF 

function and the expression AND(B7 <= 10, B10 <= 10) to cay eee 
display a warning message if either or both sample sizes are =IF(B7 <= B10, 88, B11) 
10 or less, =IF(B7 <= B10, B7 * (B14 +1)/2, B10 * (B14 4 1)/2) 

=SQRT(B7 * B10 * (B14 + 1)/12) The COMPUTE worksheet of the Excel Guide Wilcoxon 
| =(B15 - B16)/B17 

workbook is a copy of the Figure 12.12 worksheet, 
1600) =NORM.S.INV(B4/2) 

3 0] =NORM..S.INV(1- B4/2) 
| =2* (1- NORM.S.DIST(ABS(B12), TRUE)) 
=IF(B23 < B4, "Reject the null hypothesis", 

"Do not reject the null hypothesis") 26 Conclusion may be invalid due to sample sizes, 
27 |Use table method to evaluate test statistic, 
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Table E.6 shows the lower and upper critical values of the Wilcoxon rank sum test statistic, 
T,, but only for situations in which both n, and ny are less than or equal to 10. If either one or both 
of the sample sizes are greater than 10, one must use the large-sample Z approximation formula 
[Equation (12.7) on page 410]. To demonstrate the large-sample Z approximation formula, 
consider the VLABGo player monthly sales data. Using Equation (12.7), 

student TIP 
When the assumption 

of normality is met, use 

the pooled-variance or 

separate-variance test 

as these tests are 

more powerful. Use the 

Wilcoxon rank sum test 

only when you doubt the 

normality assumption. 

ZstaT = 

n(n + 1) 
ik = ing hus apie 

nyn(n + 1) 

12 

_ O21) 
2 

134.5 

(10)(10)(21) 

12 

_ 134.5 — 105 
Bhan 2300288 

= 2.2300 

Because Zs747 = 2.2300 > 1.96, the critical value of Z at the 0.05 level of significance (or 

p-value = 0.0257 < 0.05), you reject Hp. 

PROBLEMS FOR SECTION 12.4 

LEARNING THE BASICS 

12.27 Using Table E.6, determine the lower- and upper-tail critical 

values for the Wilcoxon rank sum test statistic, 7,, in each of the 

following two-tail tests: 

a. a = 0.10, n, = 6,m = 8 

b. a = 0.05, n; = 6, mn 8 

c. a = 0.01, n,; = 6,m = 8 

d. Given the results in (a) through (c), what do you conclude re- 

garding the width of the region of nonrejection as the selected 

level of significance, a, gets smaller? 

12.28 Using Table E.6, determine the lower-tail critical value for 

the Wilcoxon rank sum test statistic, 7,, in each of the following 

one-tail tests: 

a. a = 0.05, n, = 6,m = 8 

b. a = 0.025, n,; = 6,n, = 8 

c. a = 0.01, n,; = 6,m = 8 

d. a = 0.005, n; = 6,1 = 8 

12.29 The following information is available for two samples 

selected from independent populations: 

Sample 1: n, = 7 Assigned ranks: 4 1 8 25 10 11 

Sample 2: ny = 9 Assigned ranks: 7 16 12 9 3 14 13 6 15 

What is the value of 7; if you are testing the null hypothesis 

Ao: M, = M,? 

12.30 In Problem 12.29, what are the lower- and upper-tail critical 

values for the test statistic 7; from Table E.6 if you use a 0.05 level 

of significance and the alternative hypothesis is Hj: M; ~ M)? 

42.31 In Problems 12.29 and 12.30, what is your statistical decision? 

12.32 The following information is available for two samples 

selected from independent and similarly shaped right-skewed 

populations: 

Sample l:n,; =5 1.1 2.3 2.9 3.6 14.7 

Sample 2:7, =6 2.8 44 44 5.2 6 18.5 

a. Replace the observed values with the corresponding ranks (where 

1 = smallest value;n = n, + n> = 13 = largest value)inthe 

combined samples. 

b. What is the value of the test statistic 7,? 

. Compute the value of 75, the sum of the ranks in the larger sample. 

d. To check the accuracy of your rankings, use Equation (12.6) on 

Mar AY) 
pees 

12.33 From Problem 12.32, at the 0.05 level of significance, deter- 

mine the lower-tail critical value for the Wilcoxon rank sum test 

statistic, 7,, if you want to test the null hypothesis, Hp: M, = Mb, 

against the one-tail alternative, Hj: M, < M). 

fe) 

page 410 to demonstrate that 7, + 7) = 

12.34 In Problems 12.32 and 12.33, what is your statistical 

decision? 

APPLYING THE CONCEPTS 

12.35 A vice president for marketing recruits 20 college graduates 

for management training. Each of the 20 individuals is randomly 

assigned to one of two groups (10 in each group). A “traditional” 

method of training (7) is used in one group, and an “‘experimen- 

tal” method (£) is used in the other. After the graduates spend six 

months on the job, the vice president ranks them on the basis of 

their performance, from | (worst) to 20 (best), with the following 

results, stored in Riu hacunes- 

Le L2BS9MON2 saan 

E: 4678 11 161718 19 20 

Is there evidence of a difference in the median performance between 

the two methods? (Use a = 0.05.) 
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12.36 Wine experts Gaiter and Brecher use a six-category scale 
when rating wines: Yech, OK, Good, Very Good, Delicious, and 
Delicious! Suppose Gaiter and Brecher tested wines from a random 
sample of eight inexpensive California Cabernets and a random 
sample of eight inexpensive Washington Cabernets, where inex- 
pensive means wines with a U.S, suggested retail price of less than 
$20, and assigned the following ratings: 

California—Good, Delicious, Yech, OK, OK, Very Good, 
Yech, OK 

Washington—Very Good, OK, Delicious!, Very Good, 
Delicious, Good, Delicious, Delicious! 

The ratings were then ranked and the ratings and the rankings stored 
ny Cabernet | 
Soruce: Data extracted from D. Gaiter and J, Brecher, “A Good U.S, Cabernet Is 
Hard to Find,” The Wall Street Journal, May 19, 2006, p. W7. 

a. Are the data collected by rating wines using this scale nominal, 
ordinal, interval, or ratio? 

b. Why is the two-sample r test defined in Section 10.1 inappro- 
priate to test the mean rating of California Cabernets versus 
Washington Cabernets? 

c. Is there evidence of a significant difference in the median 
rating of California Cabernets and Washington Cabernets? (Use 
a= 0.05() 

12.37 Is there a difference in the satisfaction rating of traditional 
cellphone providers who bill for service at the end of a month often 
under a contract and prepaid cellphone service providers who bill in 
advance without a contract? The file contains 
the satisfaction rating for 10 traditional cellphone providers and 
13 prepaid cellphone service providers, 
Source: Data extracted from “Carrier Ratings: Why It Pays to Think Small,” 
Consumer Reports, February 2016, p. 51. 

a. Is there evidence of a difference in the median satisfaction 
rating for traditional and prepaid providers? (Use a = 0.05.) 

b. What assumptions must you make in (a)? 
¢. Compare the results of ( a) with those of Problem 10.9(a) on 

page 320. 

12.38 The management of a hotel has the business TEST objective of increasing the return rate for hotel guests. One 
aspect of first impressions by guests relates to the time it takes to deliver 
a guest’s luggage to the room after check-in to the hotel. A random 
sample of 20 deliveries on a particular day were selected in Wing A of 
the hotel, and a random sample of 20 deliveries were selected in Wing B. Delivery times were collected and stored in | Luggage f 
a. Is there evidence of a difference in the median delivery times in 

the two wings of the hotel? (Use a = 0.05.) 
b. Compare the results of (a) with those of Problem 10.65 on 

page 344, 

12.39 The lengths of life (in hours) of a sample of 40 6-watt light emitting diode (LED) light bulbs produced by Manufacturer A and a sample of 40 6-watt LED light bulbs produced by Manufacturer B are stored in EY. 
a. Using a 0.05 level of significance, is there evidence of a difference ~ in the median life of bulbs produced by the two manufacturers? b. What assumptions must you make in (a)? 
c. Compare the results of (a) with those of Problem 10.64 on page 344. Discuss. 

12.40 Brand valuations are critical to CEOs, financial and 
marketing executives, security analysts, institutional investors, 
and others who depend on well-researched, reliable information 
for assessments and comparisons in decision making. Kantar 
Millward Brown annually publish the BrandZ Top Global 
Brands. The BrandZ rankings combine consumer measures of 
brand equity with financial measures to establish a brand value 
for each brand. The file contains the 2019 
brand values for the technology sector and the financial insti- 
tutions sector. 

Source: Data extracted from “BrandZ Top Global Brands,” bit.ly/BZUS2019DL. 

a. Using a 0.05 level of significance, is there evidence of a differ- 
ence in the median brand value between the two sectors? 

b, What assumptions must you make in (a)? 
c. Compare the results of (a) with those of Problem 10.17 on 

page 321. Discuss. 

12.41 A bank with a branch located in a commercial district of 
a city has developed an improved process for serving customers 
during the noon-to-1 P.M. lunch period. The bank has the business 
objective of reducing the Waiting time (defined as the number of 
minutes that elapse from when the customer enters the line until 
he or she reaches the teller window) to increase customer satis- 
faction. A random sample of 15 customers is selected and waiting 
times are collected and stored in C2NAUATET. These waiting 
times (in minutes) are: 

4.21 5.55 3.02 5.13 4.77 2.34 3.54 3.20 

4.50 6.10 0.38 5.12 6.46 6.19 3.79 

Another branch, located in a residential area, is also concerned 
with the noon-to-1 p.m. lunch period. A random sample of 15 cus- 
tomers is selected and waiting times are collected and stored in 
Bank Waiting 2 Mens waiting times (in minutes) are: 

9.66 5.90 8.02 5.79 8.73 3.82 8.01 8.35 
10.49 6.68 5.64 4.08 6.17 9.91 5.47 

a. Is there evidence of a difference in the median waiting time 
between the two branches? (Use a = 0.05.) 

b. What assumptions must you make in (a)? 
¢. Compare the results (a) with those of Problem 10.12 (a) on 

page 321. Discuss. 

12.42 The Super Bowl is a big viewing event watched by close to 200 million Americans that is also a big event for advertisers, The file contains the rating of ads that ran between the opening kickoff and the final whistle. 
Source: Data extracted from www.admeter.usatoday.com/results/2019. 

a. Is there evidence of a difference in the median rating ads that ran before halftime and ads that ran at halftime or after (Use a = 0,05.) 
b. What assumptions must you make in (a)? 
c. Compare the results of (a) with those of Problem 10.11 (a) on page 320. Discuss. 
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12.5 Kruskal-Wallis Rank Test for the One-Way ANOVA 

student TIP 
Remember that groups 

are combined before 

values are ranked. 

FIGURE 12.13 
Determining the rejection 

region for the Kruskal- 

Wallis test 

If the normality assumption of the one-way ANOVA F test is violated, one can use the 

Kruskal-Wallis rank test. The Kruskal-Wallis rank test for differences among more than two 

medians is an extension of the Wilcoxon rank sum test for two independent populations that 

Section 12.4 discusses. The Kruskal-Wallis test has the same power relative to the one-way 

ANOVA F test that the Wilcoxon rank sum test has relative to the f test. 

One uses the Kruskal-Wallis rank test to test whether c independent groups have equal 

medians. The null hypothesis is 

Hp: M, — M, ge ia M.. 

and the alternative hypothesis is 

Hy: Not all M; are equal (where j = 1, 2, ..., Cc). 

To use the Kruskal-Wallis rank test, one replaces the values in the c samples with their 

combined ranks. Rank | is given to the smallest of the combined values and rank n to the largest 

of the combined: values (where n = nj + n. + ++: + n,). If any values are tied, one assigns 

each of them the mean of the ranks they would have otherwise been assigned if ties had not 

been present in the data. 

The Kruskal-Wallis test is an alternative to the one-way ANOVA F test. Instead of com- 

paring each of the c group means against the grand mean, the Kruskal-Wallis test compares the 

mean rank in each of the c groups against the overall mean rank, based on all n combined values. 

Equation (12.8) defines the Kruskal-Wallis test statistic, H. 

KRUSKAL-WALLIS RANK TEST FOR DIFFERENCES AMONG c MEDIANS 

Cc 2 

H= [Ps uf — 3(n + 1) (12.8) 
n(n + 1) 

n = total number of values over the combined samples 

n; = number of values in the jth sample 7 = 1, 2,...,¢) 

T, = sum of the ranks assigned to the jth sample 

T; = square of the sum of the ranks assigned to the jth sample 

c = number of groups 

If there is a significant difference among the c groups, the mean rank differs considerably 

from group to group. In the process of squaring these differences, the test statistic H becomes 

large. If there are no differences present, the test statistic H is small because the mean of the 

ranks assigned in each group should be very similar from group to group. 
As the sample sizes in each group get large (5 or larger), the sampling distribution of the test 

statistic, H, approximately follows the chi-square distribution with c — 1 degrees of freedom. 

Thus, one rejects the null hypothesis if the computed value of H is greater than the upper-tail 

critical value (see Figure 12.13). Therefore, the decision rule is 

Reject Hy if H > x2; 

otherwise, do not reject Hp. 

t x 
Region of | Region of 

Nonrejection / Rejection 

Critical 

Value 
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TABLE 12.20 

Mobile electronics sales 

and rank for four in-store 

locations 

To illustrate the Kruskal-Wallis rank test for differences among c medians, return to the 
Arlingtons scenario on page 352 that concerns the in-store sales location experiment. If one 
cannot assume that the mobile electronics sales are normally distributed in all c groups, one can 
use the Kruskal-Wallis rank test. 

The null hypothesis is that the median mobile electronics sales from each of the four in-store 
locations are equal. The alternative hypothesis is that at least one of these medians differs from 
the others: 

A: M, M, M, M, 

H: Not all Mj are equal (where j = 1, 2, 3, 4). 

Table 12.20 presents the data (stored in {ES ), along with the corresponding ranks 
of the in-store location sales experiment at Arlingtons. 

FRONT KIOSK EXPERT 

Sales Rank Sales Rank 

30.78 1] 

IN-AISLE 

Sales Rank Sales Rank 

29.96 had 

29.96 Zio 

30.06 4 

30.19 5 

In assigning ranks to the sales, the lowest sales. the first in-aisle sales in Table 12.20, is assigned the rank of | and the highest sales, the fifth front sales, is assigned the rank of 20. Because the second and third in-aisle sales are tied for ranks 2 and 3, each is assigned the rank 2.5. 
After all the ranks are assigned, you compute the sum of the ranks for each group: 

Rank sums: 7, = 15 7, = 90 Z=65 T= 40 
As a check on the rankings, recall from Equation (12.6) on page 410 that for any integer n, the sum of the first n consecutive integers is n(n + 1)/2. Therefore, 

+1 TiwkectP Teg eeacee a ra 
20)(2 15 +90 + 65 + 49 = OCD 

210 = 210 

To test the null hypothesis of equal population medians, one calculates the test statistic H using Equation (12.8) on page 415: 

Ipiew <ure 
= Pesala ues a 

fe E Fl eee at) soot ie 

od 12 | 15)° | (90 ~— (65)? (402 

“taoake heel Se a St: =| — 3(21) 

12 = | —— ](2,830) ~— 63 = 17. (2) 30) — 63 = 17.8571 

DCOVA framework, one can conclude that sales appear to be higher at the front location and the kiosk location. 
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Finding x2, the upper-tail critical value for the Kruskal-Wallis rank test, at the 0.05 level of significance with 3 degrees of 
freedom 

Cumul ative Area 

005 | 01 025 05 10 25 75 90 975 

Upper-Tail Area 

Degrees of Freedom 995 99 975 95 90 7525 10 025 
1 
2 

4 

5 

—- — 0.001 0.004 0.016 

O01 Ole) C2 0m OOS dn OOS sn) 2 | 

‘a a a Q 4 
VOTZ or U.2T0 oF T.JO 

0.207 0.297 0.484 0.711 “1.064 

0.412 0.554, 0.831 1.145 1.610 

Source: Extracted from Table E.4. 

TABLE 12.22 

summary for median 

mobile electronics 

OTLO ste Le sedee 2c] 00. “3.84 | 5.024 

OD (Sembee OUD OPO | 1.318 

4408-4, 9.348 
LO SO i) Oe FOO re LL LAS 

OVO. 020vr oc s0nal OF Lam 12.833 

Reject the null hypothesis Hp. 

Kruskal-Wallis rank test Results Conctusians 

Svar = 17.8571 is greater than ie 
Wey, 2. 

sales for four in-store 

locations 

FIGURE 12.14 

The p-value = 0.0005 is less than 
the level of significance, a = 0.05. 

3: 

Conclude that evidence exists that the four 
in-store locations are significantly different 
with respect to sales. (See the Daniel reference 
to simultaneously compare all four locations.) 

The probability is 0.0005 that 
Wena Hawa 

Excel Kruskal-Wallis rank test worksheet results for the differences among the median mobile electronics sales for four 

in-store locations 

iA Ae B Cc D E ; F 

1] Kruskal-Wallis Rank Test 

Se (ec Se a A I 0 s _, Inthe Worksheet 

The worksheet uses the CHISQ.INV.RT 
>| 

3 j Data Calculations ; Be E 

4 |Level of Significance | _ 0.05] Group Sample Size Sum of Ranks Mean Rank function to compute the critical value in 

5.1 In-aisle 5 

a Front 5 
Kiosk 5 

Expert 5 

74] =(12/(B8 * (B8 + 1))) * B7 - (3 * (B8-+1)) 
=CHISQ.INV.RT(B4, B9 - 1) 

,0005| =CHISQ.DIST.RT(B12, B9 - 1) 

Also 
Cell B7: =(GS * FS) + (G6 * F6) + (G7 * F7) +(G8 

Cell B8: =SUM(E5:E8) 

ae 3 cell B13 and uses the CHISQ.DIST.RT 
90 18 : ° 

65 13 function to compute the p-value in cell 

40 8) B14. 

The Kruskal Wallis4 worksheet of the 

Excel Guide Kruskal-Wallis 

Worksheets workbook is a copy of the 
i |=IF(B14< B4,"Reject the null hypothesis", Figure 12.14 worksheet. 

"Do not reject the null hypothesis") 

* F8) 
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Assumptions of the Kruskal-Wallis Rank Test 
To use the Kruskal-Wallis rank test, one makes.these assumptions: 

* The c samples are randomly and independently selected from their respective populations. 
¢ The underlying variable is continuous. 
* The data provide at least a set of ranks, both within and among the c samples. 
* The c populations have the same variability. 
* The c populations have the same shape. 

The Kruskal-Wallis procedure makes less stringent assumptions than does the F test. If one 
ignores the last two assumptions (variability and shape), one can still use the Kruskal-Wallis 
rank test to determine whether at least one of the populations differs from the other populations 
in some characteristic—such as central tendency, variation, or shape. 

To use the F test, one must assume that the c samples are from normal populations that have 
equal variances. When the more stringent assumptions of the F test hold, one should use the 
F test instead of the Kruskal-Wallis test because it has slightly more power to detect significant 
differences among groups. However, if the assumptions of the F test do not hold, one should 
use the Kruskal-Wallis test. 

PROBLEMS FOR SECTION 12.5 

LEARNING THE BASICS 
12.43 What is the upper-tail critical value from the chi-square dis- 
tribution if you use the Kruskal-Wallis rank test for comparing the 
medians in six populations at the 0.01 level of significance? 

12.44 For this problem, use the results of Problem 12.43. 
a. State the decision rule for testing the null hypothesis that all six 
groups have equal population medians. 
b. What is your statistical decision if the computed value of the 

test statistic H is 13.77? 

APPLYING THE CONCEPTS 
12.45 A pet food company has the business objective of expand- 
ing its product line beyond its current kidney- and shrimp-based 
cat foods. The company developed two new products—one based 
on chicken livers and the other based on salmon. The company 
conducted an experiment to compare the two new products with its 

_two existing ones, as well as a generic beef-based product sold at 
a supermarket chain. 

For the experiment, a sample of 5O cats from the population 
at a local animal shelter was selected. Ten cats were randomly 
assigned to each of the five products being tested. Each of the cats 
was then presented with 3 ounces of the selected food in a dish at 
feeding time. The researchers defined the variable to be measured 
as the number of ounces of food that the cat consumed within a 
10-minute time interval that began when the filled dish was pre- 
sented. The results for this experiment are summarized in the table in the next column and stored in | Cat Food | 
a. At the 0.05 level of significance, is there evidence of a significant 

. difference in the median amount of food eaten among the various 
products? 

b. Compare the results of (a) with those of Problem 11.13 (a) on 
page 366. 

c. Which test is more appropriate for these data: the Kruskal- Wallis rank test or the one-way ANOVA F test? Explain. 

Chicken 
Kidney Shrimp Liver Salmon Beef 

PAE YY 2.26 2.29 1.79 2.09 
2.62 2.69 25 2.33 1.87 
Dol 225 2.41 1.96 1.67 
2.47 2.45 2.68 2.05 1.64 
2.59 2.34 _ 225 2.26 2.16 
2.62 P87 2.17 2.24 yo 
2.34 2.22 ee | 1.96 1.18 
2.47 2.56 2.26 1.58 1.92 
2.45 2.36 2.45 2.18 1.32 
pipey 2.59 2.57 1.93 1.94 

12.46 A hospital conducted a study of the waiting time 
TEST Bins emergency room. The hospital has a main campus, 

along with three affiliated locations. Management had a business 
objective of reducing waiting time for emergency room cases that 
did not require immediate attention. To study this, a random sample 
of 15 emergency room cases at each location were selected on a 
particular day, and the waiting time (recorded from check-in to when 
the patient was called into the clinic area) was measured. The results 
are stored in , 
a. Atthe 0.05 level of significance, is there evidence of a difference 

in the median waiting times in the four locations? 
b. Compare the results of (a) with those of Problem 11.9 (a) on 

page 365. 

12.47 QSR magazine reports on the largest quick-serve and fast- casual brands in the United States. The file con- 
tains the food segment (burger, chicken, sandwich, or pizza/pasta) 
arid U.S. mean sales per unit ($thousands) for each of 50 quick- 
service brands. 

Source: Data extracted from “The QSR 50,” bit.ly/2xN4q4v. 



a. At the 0.05 level of significance, is there evidence of a differ- 
ence in the median U.S. average sales per unit ($thousands) 
among the food segments? 

b. Compare the results of (a) with those of Problem 11.11 (a) on 
page 366. 

12.48 An advertising agency has been hired by a manufacturer of 
pens to develop an advertising campaign for the upcoming holiday 
season. To prepare for this project, the research director decides to 
initiate a study of the effect of advertising on product perception. 
An experiment is designed to compare five different advertisements. 
Advertisement A greatly undersells the pen’s characteristics. Adver- 

tisement B slightly undersells the pen’s characteristics. Advertise- 
ment C slightly oversells the pen’s characteristics. Advertisement D 
greatly oversells the pen’s characteristics. Advertisement E attempts 
to correctly state the pen’s characteristics. 

A sample of 30 adult respondents, taken from a larger focus group, 

is randomly assigned to the five advertisements (so that there are six 

respondents to each). After reading the advertisement and developing 

a sense of product expectation, all respondents unknowingly receive 

the same pen to evaluate. The respondents are permitted to test the pen 

and the plausibility of the advertising copy. The respondents are then 

asked to rate the pen from | to 7 on the product characteristic scales of 

appearance, durability, and writing performance. The combined scores 

of three ratings (appearance, durability, and writing performance) for 

the 30 respondents are stored in [%;). These data are: 

A B c D E 

15 16 8 5 12 

18 ig i 6 19 

17 21 10 13 18 

19 16 15 11 te 

19 19 14 9 17 

20 ey, 14 10 14 
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a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the median ratings of the five advertisements? 

b. Compare the results of (a) with those of Problem 11.10 (a) on 

page 365. 

c. Which test is more appropriate for these data: the Kruskal- 

Wallis rank test or the one-way ANOVA F test? Explain. 

12.49 A transportation strategist wanted to compare the traffic 

congestion levels across four continents: Asia, Europe, North 

America, and South America. The file [eee eee) contains 

congestion level, defined as the increase (%) in overall travel time 

when compared to a free flow situation (an uncongested situation) 

for 10 cities in each continent. 

Source: Data extracted from ‘TomTom Traffic Index,” bit.ly/IRxyKAI. 

a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the median congestion levels across continents? 

b. Compare the results of (a) with those of Problem 11.14 (a) on 

page 367. 

12.50 The more costly and time consuming it is to export and 

import, the more difficult it is for local companies to be competitive 

and to reach international markets. As part of an initial investigation 

exploring foreign market entry, 10 countries were selected from 

each of four global regions. The cost associated with importing a 

standardized cargo of goods by sea transport in these countries (in 

$US per container) is stored in [ITGME Paes. 

Source: Data extracted from doingbusiness.org/data. 

a. At the 0.05 level of significance, is there evidence of a difference 

in the median cost across the four global regions associated with 

importing a standardized cargo of goods by sea transport? 

b. Compare the results in (a) to those in Problem 11.8 (a) on 

page 365. 

12.6 McNemar Test for the Difference Between Two 

Proportions (Related Samples) 
Tests such as chi-square test for the difference between two proportions discussed in Section 

12.1 require independent samples from each population. However, sometimes when you are test- 

ing differences between the proportion of items of interest, the data are collected from repeated 

measurements or matched samples. 
To test whether there is evidence of a difference between the proportions when the data 

have been collected from two related samples, you can use the McNemar test. The Section 12.6 

online topic discusses this test and illustrates its use. 

12.7 Chi-Square Test for the Variance or Standard Deviation 

When analyzing numerical data, sometimes you need to test a hypothesis about the pop anee 

variance or standard deviation. Assuming that the data are normally distributed, you use the x’ 

test for the variance or standard deviation to test whether the population variance or standard 

deviation is equal to a specified value. The Section 12.7 online topic discusses this test and 

illustrates its use. 
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12.8 Wilcoxon Signed Ranks Test for Two 
Related Populations 

Section 10.2 discusses using the paired f test to compare the means of two related populations. 
The paired ¢ test assumes that the data are measured on an interval or a ratio scale and are 
normally distributed. When these assumptions cannot be made, the nonparametric Wilcoxon 
signed ranks test can be used to test for the median difference. The Section 12.8 online topic 
discusses this test and illustrates its use. 

YUSING STATISTICS 
Avoiding Guesswork ... , Revisited 

n the Using Statistics scenario, you were the manager of 
; T.C. Resort Properties, a collection of five upscale hotels 
located on two tropical islands. To assess the quality of ser- 
vices being provided by your hotels, guests are encouraged to 
complete a satisfaction survey at check-out time or later, via 
email. You analyzed the data from these surveys to determine 
the overall satisfaction with the services provided, the likeli- 
hood that the guests will return to the hotel, and the reasons 
given by some guests for not wanting to return. 

On one island, T.C. Resort Properties operates the 
Beachcomber and Windsurfer hotels. You performed a 
chi-square test for the difference in two proportions and 
concluded that a greater proportion of guests are willing to 
return to the Beachcomber Hotel than to the Windsurfer. 
On the other island, T.C. Resort Properties operates the 
Golden Palm, Palm Royale, and Palm Princess hotels. To see 
if guest satisfaction was the same among the three hotels, 
you performed a chi-square test for the differences among 
more than two proportions. The test confirmed that the three 
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Figure 12.15 on page 421 presents a roadmap for this chapter, 
This chapter discusses hypothesis testing for analyzing 
categorical data from two independent samples and from 
more than two independent samples. In addition, the chap- 
ter applies the multiplication rule that Chapter 4 discusses 
to the hypothesis of independence in the joint responses to 

proportions are not 

equal, and guests 
seem to be most 

likely to return to 

the Palm Royale and 

least likely to return 

to the Golden Palm. 
In addition, you investigated whether the reasons given 

for not returning to the Golden Palm, Palm Royale, and 
Palm Princess were unique to a certain hotel or common to 
all three hotels. By performing a chi-square test of indepen- 
dence, you determined that the reasons given for wanting 
to return or not depended on the hotel where the guests 
had been staying. By examining the observed and expected 
frequencies, you concluded that guests were more satisfied 
with the amenities at the Golden Palm and were much more 
satisfied with the quality of the Palm Princess rooms. Guest 
satisfaction with dining options was not significantly differ- 
ent among the three hotels. 
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two categorical variables. The chapter also discusses two 
nonparametric tests. One uses the Wilcoxon rank sum test 
when the assumptions of the ¢ test for two independent 
samples were violated. One uses the Kruskal-Wallis test 
when the assumptions of the one-way ANOVA F test were 
violated. 
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Large-Sample Wilcoxon Rank Sum Test 
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12.51 Under what conditions should you use the x” test to 
determine whether there is a difference between the proportions of 
two independent populations? 

12.52 Under what conditions should you use the y’ test to deter- 
mine whether there is a difference among the proportions of more 
than two independent populations? 

expected frequency (f,) 

Kruskal-Wallis rank test 

Marascuilo procedure 

nonparametric methods 
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12.53 Under what conditions should you use the y* test of 
independence? 

12.54 Under what conditions should you use the Wilcoxon rank 
sum test instead of the f test for the difference between the means? 

12.55 Under what conditions should you use the Kruskal-Wallis 
rank test instead of the one-way ANOVA? 

Y CHAPTER REVIEW PROBLEMS 
SERA RS Ca ee Ry eine: PE GRRE SERGE Ry aT SE 

12.56 Undergraduate students at Miami University in Oxford, 
Ohio, were surveyed in order to evaluate the effect of gender and 
price on purchasing a pizza from Pizza Hut. Students were told to 
suppose that they were planning to have a large two-topping pizza 
delivered to their residence that evening. The students had to decide 
between ordering from Pizza Hut at a reduced price of $8.49 (the 
regular price for a large two-topping pizza from the Oxford Pizza 
Hut at the time was $11.49) and ordering a pizza from a different 
pizzeria. The following contingency table summarizes the student 
responses, 

PIZZERIA 

GENDER Pizza Hut Other Total 
Female 4 13 17 
Male 6 iP, 18 
Total 10 pis 35 

a. Using a 0.05 level of significance, is there evidence of a differ- 
ence between males and females in their pizzeria selection? 

b. What is your answer to (a) if nine of the male students selected 
Pizza Hut and nine selected another pizzeria? 

The following contingency table summarizes a second survey that 
asked about purchase decisions at other prices. 

PRICE 

PIZZERIA $8.49 $11.49 $14.49 Total 
Pizza Hut 10 5 #) Ly, 
Other 25 23 27 15” 
Total 35 28 29 92 

c. Using a 0.05 level of significance and using the data in the 
second contingency table, is there evidence of a difference in 

_ pizzeria selection based on price? 
d. Determine the p-value in (c) and interpret its meaning. 



12.57 What social media tools do marketers commonly use? The 
Social Media Examiner surveyed marketers who commonly use an 
indicated social media tool. Surveyed were both B2B marketers, SOCIAL MEDIA TOOL 
marketers that focus primarily on attracting businesses, and B2C Facebook 
marketers, marketers that primarily target consumers. Suppose the Twitter 
survey was based on 500 B2B marketers and 500 B2C marketers LinkedI 
and yielded the results in the table at right. a ae 

Pinterest 
Data extracted from 2017 Social Media Marketing Industry Report, available at 
bit.ly/2rFmLzh. 

Chapter Review Problems 423 

BUSINESS FOCUS 

B2B B2C 

89% 97% 

75% 65% 

81% 44% 

26% 32% 

For each social media tool, at the 0.05 level of significance, deter- 

mine whether there is a difference between B2B marketers and 

B2C marketers in the proportion who used each social media tool. 

12.58 Business leaders around the world are becoming aware of the huge potential of digital transformation. Fujitsu conducted a global 

survey to find out more about how business leaders are responding to the digital transformation revolution. To assess the extent of business 

embarkment on digital transformation, a sample of 745 managers and key decision makers in mid- and large-sized companies was selected and 

asked whether their organization has embarked on digital transformation specific to their industry sector. following table summarizes results. 

INDUSTRY SECTOR 

Finance, Transport Wholesale, 

EMBARKED? Insurance Healthcare Manufacturing (Logistic) Retail Trade Total 

Yes 70 a 149 26 50 346 

No 68 49 165 30 87 399 
Total 138 100 314 56 137 TAS 

Source: “Global Digit Transformation Survey Report,” available at bit.ly/2qgRXILb. 

a. At the 0.05 level of significance, is there evidence of a difference in the proportion of organizations that have embarked on digital trans- 

formation on the basis of industry sector? 

Respondents associated with organizations that have embarked on digital transformation were asked to describe the progress of the 

digital transformation. The following table summarizes results, cross-classified by industry sector. 

INDUSTRY SECTOR 

Finance, Transport Wholesale, 

PROGRESS Insurance Healthcare Manufacturing (Logistic) Retail Trade Total 

Planning il 15 is 5 10 Sy 

Testing 31 12 24 5] el 83 

Implementing 1 2 54 9 15 102 

Outcomes delivered 20 12 _56 My 14 109 

Total 70 Syl 149 26 50 346 

b. At the 0.05 level of significance, is there evidence of a relationship between digital transformation progress and industry sector? 

42.59 Do Americans trust advertisements? A survey by YouGov asked Americans who view advertisements at least once a month how 

honest the advertisements that they see, read, and hear are. The following table presents the survey results. 

GEOGRAPHIC REGION 

HONEST? Northeast Midwest South West Total 

Yes 102 118 220 115 So5) 

No 14 93 135 130 432 
Total 176 211 355, 245 987 

Source: “Truth in advertising: 50% don’t ...,” bit.ly/livIILX. 
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a. At the 0.05 level of significance, is there evidence of a differ- 

ence in the proportion of Americans who say advertisements are 

honest on the basis of geographic region? 

YouGovy also asked Americans who view advertisements at least 

once a month how much they trust the advertisements that they 

see, read, and hear. The table at right presents the results of this 

second survey. 

GEOGRAPHIC REGION 

TRUST? “Northeast Midwest South West Total 

Yes 88 108 202 93 491 

No _88 103 153 152 496 
Total 176 BM 355 245 987 

. At the 0.05 level of significance, is there evidence of a difference 
in the proportion of Americans who say they trust advertisements 
on the basis of geographic region? 

CHAPTER 

Managing Ashland MultiComm Services 
PHASE 1 
Reviewing the results of its research, the marketing department 
team concluded that a segment of Ashland households might be 
interested in a discounted trial subscription to the AMS 3-For-All 
service, The team decided to test various discounts before deter- 
mining the type of discount to offer during the trial period. It 
decided to conduct an experiment using three types of discounts 
plus a plan that offered no discount during the trial period: 

1. No discount for the 3-For-All service. Subscribers would pay 
$99.99 per month for the 3-For-All service during the trial period. 

2. Moderate discount for the 3-For-All service. Subscribers 
would pay $79.99 per month for the 3-For-All service during 
the trial period. 

3. Substantial discount for the 3-For-All service. Subscribers 
would pay $59.99 per month for the 3-For-All service during 
the trial period. 

4. Discount restaurant card. Subscribers would be given a spe- 
cial card providing a discount of 15% at selected restaurants 
in Ashland during the trial period. 

Each participant in the experiment was randomly assigned 
to a discount plan. A random sample of 100 subscribers to each 
plan during the trial period was tracked to determine how many 
would continue to subscribe to the 3-For-All service after the 
trial period. The following table summarizes the results, 

CONTINUE DISCOUNT PLANS 
SUBSCRIPT! IONS 
AFTER TRIAL No Moderate Substantial Restaurant 
PERIOD Discount Discount Discount Card Total 
Yes 24 30 38 51 143 

-No ce Nala UG eae ORL 
Total 100 100 100 100 400 

1. Analyze the results of the experiment. Write a report to the 
team that includes your recommendation for which discount 
plan to use. Be prepared to discuss the limitations and 
assumptions of the experiment. 

PHASE 2 
The marketing department team discussed the results of the 
survey presented in Chapter 8, on pages 271-272. The team 
realized that the evaluation of individual questions was provid- 
ing only limited information. In order to further understand the 
market for the 3-For-All service, the data were organized in the 
following six contingency tables. 

HAS AMS 
HAS AMS INTERNET SERVICE 

SMARTPHONE Yes No Total 
Yes 55 28 83 
No ~ 207 128 335 
Total 262 156 418 

DISCOUNT TRIAL 

TYPE OF SERVICE Yes No Total 
Basic or none 8 156 164 
Enhanced 32 2220 254 
Total 40 378 418 

WATCHES PREMIUM CONTENT nner inarteelieMchecexch che atrahotilobehahes: 5 1 
Almost Several 
Every Timesa Almost 

SERVICE Day Week Never Never Total 
Basic or none 2 5 30 127 164 
Enhanced 14 35 149 > 56-8 E O5y 
Total 16 40 179 183 418 

WATCHES PREMIUM CONTENT 

Almost Several 
; Every Timesa Almost 
DISCOUNT Day Week Never Never Total 

_ Yes 5 6 16 13 40 
No il (4) 83 190 ae Total 16 40 179 183 418 

> 

‘ 

3 



METHOD FOR CURRENT SUBSCRIPTION ee ee 
Email/ Toll-Free AMS In-Store MyTVLab 

DISCOUNT Text Number Website Signup Promo Total 

Yes 5 14 12 + 5 40 
No 65 50 224 a2 i] 378 
Total TOuame 64) 1) 5936") 4:36 ieee is 

METHOD FOR CURRENT SUBSCRIPTION 

GOLD Email/ Toll-Free AMS In-Store MyTVLab 
CARD Text Number Website Signup Promo Total 

Yes 4 12 12 4 6 38 
No 66 52 224 32 6 380 
Total 70 64 236 36 12 418 

2. Analyze the results of the contingency tables. Write a 

report for the marketing department team, discussing the 

marketing implications of the results for Ashland Multi- 
Comm Services. 

Digital Case 
Apply your knowledge of testing for the difference between two 

proportions in this Digital Case, which extends the T.C. Resort 

Properties Using Statistics scenaric of this chapter. 

As T.C. Resort Properties seeks to improve its customer ser- 

vice, the company faces new competition from SunLow Resorts. 

SunLow has recently opened resort hotels on the islands where 

T.C. Resort Properties has its five hotels. SunLow is currently 

advertising that a random survey of 300 customers revealed that 

about 60% of the customers preferred its “Concierge Class” 

travel reward program over the T.C. Resorts ““TCRewards Plus” 

program. 
Open and review ConciergeClass.pdf, an electronic 

brochure that describes the Concierge Class program and 

compares it to the T.C. Resorts program. Then answer the fol- 

lowing questions: 

1. Are the claims made by SunLow valid? 

2. What analyses of the survey data would lead to a more 

favorable impression about T.C. Resort Properties? 

3. Perform one of the analyses identified in your answer to step 2. 

4. Review the data about the T.C. Resort Properties custom- 

ers presented in this chapter. Are there any other questions 

that you might include in a future survey of travel reward 

programs? Explain. 

Sure Value Convenience Stores 

You work in the corporate office for a nationwide convenience 

store franchise that operates nearly 10,000 stores. The per-store 

daily customer count (i.e., the mean number of customers in 

a store in one day) has been steady, at 900, for some time. To 

increase the customer count, the chain is considering cutting 

425 Cases 

prices for coffee beverages. Management needs to determine 

how much prices can be cut in order to increase the daily cus- 

tomer count without reducing the gross margin on coffee sales 

too much. You decide to carry out an experiment in a sample 

of 24 stores where customer counts have been running almost 

exactly at the national average of 900. In six of the stores, a 

small coffee will be $0.59, in another six stores the price will 

be $0.69, in a third group of six stores, the price will be $0.79, 

and in a fourth group of six stores, the price will now be $0.89. 

After four weeks, the daily customer count in the stores is stored 

iy Coffee Sales f 

At the 0.05 level of significance, is there evidence of a 

difference in the median daily customer count based on the 

price of a small coffee? What price should the stores sell the 

coffee for? 

CardioGood Fitness 

Return to the CardioGood Fitness case first presented on page 33. 

The data for this case are stored in Rezige[fleveferel titre. 

1. Determine whether differences exist in the median age in 

years, education in years, annual household income ($), num- 

ber of times the customer plans to use the treadmill each 

week, and the number of miles the customer expects to walk 

or run each week based on the product purchased (TM195, 

TM498, TM798). 

2. Determine whether differences exist in the relationship status 

(single or partnered), and the self-rated fitness based on the 

product purchased (TM195, TM498, TM798). 

3. Write a report to be presented to the management of Cardio- 

Good Fitness, detailing your findings. 

More Descriptive Choices Follow-Up 
Follow up the “Using Statistics: More Descriptive Choices, 

Revisited” on page 147 by using the data that are stored in 

Retirement Funds fix 

1, Determine whether there is a difference between the 

growth and value funds in the median one-year return per- 

centages, five-year return percentages, and ten-year return 

percentages. 

2. Determine whether there is a difference between the small, 

mid-cap, and large market cap funds in the median one-year 

return percentages, five-year return percentages, and ten-year 

return percentages. 

3. Determine whether there is a difference in risk based on mar- 

ket cap, a difference in rating based on market cap, a differ- 

ence in risk based on type of fund, and a difference in rating 

based on type of fund. 

4. Write a report summarizing your findings. 

Clear Mountain State Student Survey 
The Student News Service at Clear Mountain State University 

(CMSU) has decided to gather data about the undergraduate 
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students that attend CMSU. It creates and distributes a survey of 
14 questions and receives responses from 111 undergraduates, 
which it stores in RUEES SS. 

1. Construct contingency tables using gender, major, plans to 
go to graduate school, and employment status. (You need to 
construct six tables, taking two variables at a time.) Analyze 
the data at the 0.05 level of significance to determine whether 
any significant relationships exist among these variables. 

2. At the 0.05 level of significance, is there evidence of a dif- 
ference between males and females in median grade point 

average, expected starting salary, number of social network- 
ing sites registered for, age, spending on textbooks and sup- 
plies, text messages sent in a week, and the wealth needed 
to feel rich? 

At the 0.05 level of significance, is there evidence of a dif- 
ference between students who plan to go to graduate school 
and those who do not plan to go to graduate school in median 
grade point average, expected starting salary, number of social 
networking sites registered for, age, and spending on text- 
books and supplies. 



“EXCEL GUIDE 

CHAPTER 

EG12.1 CHI-SQUARE TEST for the 
DIFFERENCE BETWEEN TWO 
PROPORTIONS 

Key Technique Use the CHISQ.INV.RT (level of 
significance, degrees of freedom) function to compute the 
critical value. 

Use the CHISQ.DIST.RT (chi-square test statistic, 
degrees of freedom) function to compute the p-value. 

Example Perform the Figure 12.3 chi-square test for the 
two-hotel guest satisfaction data on page 394. 

PHStat Use Chi-Square Test for Differences in Two 
Proportions. 

For the example, select PHStat>Two-Sample Tests 

(Summarized Data) > Chi-Square Test for Differences in 

Two Proportions. In the procedure’s dialog box, enter 0.05 

as the Level of Significance, enter a Title, and click OK. In 
the new worksheet: 

1. Read the yellow note about entering values and then 
press the Delete key to delete the note. 

2. Enter Hotel in cell B4 and Choose Again? in cell AS. 

3. Enter Beachcomber in cell B5 and Windsurfer in 

cell C5. 

4. Enter Yes in cell A6 and No in cell A7. 

5. Enter 163, 64, 154, and 108 in cells B6, B7, C6, and 

C7, respectively. 

. 

Workbook Use the COMPUTE worksheet of the 
Chi-Square workbook as a template. 
The worksheet already contains the Table 12.2 two-hotel 
guest satisfaction data. For other problems, change the 

Observed Frequencies cell counts and row and column 

labels in rows 4 through 7. 

EG12.2 CHI-SQUARE TEST for 
DIFFERENCES AMONG MORE 
THAN TWO PROPORTIONS 

Key Technique Use the CHISQ.INV.RT and CHISQ.DIST. 

RT functions to compute the critical value and the p-value, 

respectively. 

Example Perform the Figure 12.6 chi-square test for the 

three-hotel guest satisfaction data on page 400. 

PHStat Use Chi-Square Test. 

For the example, select PHStat > Multiple-Sample 

Tests > Chi-Square Test. In the procedure’s dialog box 

(shown in right column): 

. Enter 0.05 as the Level of Significance. 

. Enter 2 as the Number of Rows. 

. Enter 3 as the Number of Columns. 

. Enter a Title and click OK. awe nN = 

Chi-Square Test x 

i a 
Level of Significance: [0.02 

Number of Rows: [2 

Number of Cokanns: [3 = 

Se OUD ON eee eee 
Title: 

a6 Marascuilo Procedure 

In the new worksheet: 

5. Read the yellow note instructions about entering values 
and then press the Delete key to delete the note. 

6. Enter the Table 12.8 data (on page 398), including row 

and column labels, in rows 4 through 7. The #DIV/0! 

error messages will disappear when you finish entering 
all the table data. 

Workbook Use the ChiSquare2x3 worksheet of the 
Chi-Square Worksheets workbook as a model. 

The worksheet already contains the page 398 Table 12.8 

guest satisfaction data. For other 2 x 3 problems, change 
the Observed Frequencies cell counts and row and column 

labels in rows 4 through 7. 

For 2 x 4 problems, use the ChiSquare2x4 worksheet and 

change the Observed Frequencies cell counts and row and 

column labels in that worksheet. For 2 x 5 problems, use 
the ChiSquare2x5 worksheet and change the Observed 
Frequencies cell counts and row and column labels in that 

worksheet. 

The Marascuilo Procedure 

Key Technique Use formulas to compute the absolute 

differences and the critical range. 

Example Perform the Figure 12.7 Marascuilo procedure for 
the guest satisfaction survey on page 401. 

PHStat Modify the PHStat instructions of the previous 
section. In step 4, check Marascuilo Procedure in addition 

to entering a Title and clicking OK. 

427 
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- Workbook Use the Marascuilo2x3 of the Chi-Square 
Worksheets workbook as a template. 
The worksheet requires no entries or changes to use. For 
2 x 4 problems, use the Marascuilo2x4 worksheet and for 
2 x 5 problems, use the Marascuilo2 x5 worksheet. 

Every Marascuilo worksheet uses values from the 
observed frequencies table in the companion ChiSquare 
worksheet to compute critical range values in the Marascuilo 
table area (rows 11 through 16 in Figure 12.7). In column D, 
the worksheet uses an IF function to compare the absolute 
difference to the critical range for each pair of groups and 
then displays either “Significant” or “Not Significant.” 

EG12.3 CHI-SQUARE TEST of 
INDEPENDENCE 

Key Technique Use the CHISQ.INV.RT and CHISQ. 
DIST.RT functions to compute the critical value and the 
p-value, respectively. 

Example Perform the Figure 12.10 chi-square test for the 
primary reason for not returning to hotel data on page 407. 

PHStat Use Chi-Square Test. 

For the example, select PHStat > Multiple-Sample Tests > 
Chi-Square Test. In the procedure’s dialog box (shown below): 

1. Enter 0.05 as the Level of Significance. 
2. Enter 4 as the Number of Rows. 
3. Enter 3 as the Number of Columns. 
4, Enter a Title and click OK. 

[ Chi-Square Test ) x 

Data = 

Level of Significance: [0.05 

Number of Rows: [4 

Number of Columns: fs 

r Output Options 

Title: J 

7 Marascuile Procedure 

In the new worksheet: 

5. Read the yellow note about entering values and then 
press the Delete key to delete the note. 

6. Enter the Table 12.13 data on page 404, including row 
and column labels, in rows 4 through 9. The #DIV/0! 
error messages will disappear when you finish entering 
all of the table data. 

Workbook Use the ChiSquare4x3 worksheet of the Chi-Square Worksheets workbook as a model, 
The worksheet already contains the page 404 Table 12.13 primary reason for not returning to hotel data. For other 4 x 3 problems, change the Observed Frequencies cell counts and row and column labels in rows 4 through 9, 

For problems that use an r x c contingency table of a different 
size, use the appropriate ChiSquare worksheet. For example, 
for 3 x 4 problems, use the ChiSquare3x4 worksheet and 
for 4 x 3 problems, use the ChiSquare4 x3 worksheet. 

For each of these other worksheets, enter the contingency 
table data for the problem in the Observed Frequencies area. 

EG12.4 WILCOXON RANK SUM TEST: 
A NONPARAMETRIC METHOD for 
TWO INDEPENDENT POPULATIONS 

Key Technique Use the NORM.S.INV (level of significance) 
function to compute the upper and lower critical values and use 
NORMS.DIST (absolute value of the Z test statistic) as part 
of a formula to compute the p-value. 

For unsummarized data, use the COUNTIF and SUMIF 
functions (see Appendix Section F.2) to compute the sample 
size and the sum of ranks for each sample. 
Example Perform the Figure 12.12 Wilcoxon rank sum 
test for the VLABGo player monthly sales for two in-store 
locations. 

PHStat Use Wilcoxon Rank Sum Test. 

For the example, open to the DATA worksheet of the 
VLABGo workbook. Select PHStat >Two-Sample Tests 
(Unsummarized Data) > Wilcoxon Rank Sum Test. In the 
procedure’s dialog box (shown below): 

1. Enter 0.05 as the Level of Significance. 
» Enter A1:A11 as the Population 1 Sample Cell Range. 
- Enter B1:B11 as the Population 2 Sample Cell Range. 
- Check First cells in both ranges contain label. 
- Click Two-Tail Test. 
. Enter a Title and click OK. Nm & WH bY 

Wilcoxon Rank Sum Test 

The procedure creates a SortedRanks worksheet that contains the sorted ranks in addition to the worksheet that Figure 12.12 presents. Both of these worksheets are discussed in the fol- lowing Workbook instructions. vd 



Workbook Use the COMPUTE worksheet of the Wilcoxon 
workbook as a template. 
The worksheet already contains data and formulas to use the 
unsummarized data for the example. For other problems that 
use unsummarized data: 

1. Open to the SortedRanks worksheet. 
2. Enter the sorted values for both groups in stacked for- 

mat, entering sample names in column A and sorted 
values in column B. 

3. Assign a rank for each value and enter the ranks in 
column C, 

4. If performing a two-tail test, open to the COMPUTE 

worksheet, otherwise open to the similar COMPUTE _ 
ALL worksheet that includes the one-tail tests. 

5. Edit the cell ranges in the formulas in cells B7, B8, B10, 

and B11 to match the cell range of the new data. 

For problems with summarized data, overwrite the for- 

mulas that compute the Sample Size and Sum of Ranks in 
the cell range B7:B11, with the values for these statistics. 

EG12.5 KRUSKAL-WALLIS RANK TEST: 
A NONPARAMETRIC METHOD 
for the ONE-WAY ANOVA 

Key Technique Use the CHISQ.INV.RT(level of 

significance, number of groups: 1) function to compute the 
critical value and use the CHISQ.DIST.RT(H test statistic, 

number of groups: 1) function to compute the p-value. 
For unsummarized data, use the COUNTIF and SUMIF 

functions (see Appendix Section F.2) to compute the sample 
size and the sum of ranks for each sample. 

Example Perform the Figure 12.14 Kruskal-Wallis rank test 

for differences among the median mobile electronics sales for 
four in-store locations on page 417. 

PHStat Use Kruskal-Wallis Rank Test. 

For the example, open to the DATA worksheet of the Mobile 

Electronics workbook. Select PHStat > Multiple-Sample 

Tests > Kruskal-Wallis Rank Test. In the procedure’s dialog 

box (shown in right column): 

1. Enter 0.05 as the Level of Significance. 

2. Enter A1:D6 as the Sample Data Cell Range. 

EXCEL Guide 429 

3. Check First cells contain label. 

4. Enter a Title and click OK. 

Kruskal-Wallis Rank Test x | 

| T Data = 7 ae 2a eta, PP. Pa ae "a | 

| Level of Significance: 0.05 | 

| Sample Data CellRange: [1:06 | 
| | First cells contain label | 

[- Output Options ——————_-_—_—— | 
| Title: | 

The procedure creates a SortedRanks worksheet that contains 

sorted ranks in addition to the worksheet shown in Figure 12.14 

on page 417. Both of these worksheets are discussed in the 

following Workbook instructions. 

Workbook Use the KruskalWallis4 worksheet of the 
Kruskal-Wallis Worksheets workbook as a template. 
The worksheet already contains the data and formulas 
to use the unsummarized data for the example. For other 

problems with four groups and unsummarized data: 

1. Open to the SortedRanks worksheet. 

2. Enter the sorted values for both groups in stacked 
format, entering sample names in column A and sorted 

values in column B. 

3. Assign a rank for each value and enter the ranks in 

column C. 

4. Paste the unsummarized stacked data into this work- 
sheet starting with Column E. (The first row of this 
pasted range should contain group names.) 

5. Open to the KruskalWallis4 worksheet and edit the 
cell ranges in the formulas in columns E and F. 

For other problems with four groups and summarized 

data, open to the Kruskal Wallis4 worksheet and overwrite the 

columns D, E, and F formulas with the name, sample size, and 

sum of ranks for each group. 

For other problems with three groups, use the similar 

Kruskal Wallis3 worksheet and use the previous instruc- 
tions for either unsummarized or summarized data, as 

appropriate. 
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Y USING STATISTICS 
Knowing Customers at Sunflowers Apparel 

Sunflowers Apparel, a chain of upscale fashion stores for women, is in the midst of a companywide review that includes researching the factors that make their stores suc- cessful. Until recently, Sunflowers managers did not use data analysis to help select where to open stores, relying instead on subjective factors, such as the availability of an inexpensive lease or the perception that a particular location seemed ideal for one of their stores. As the new director of planning, you have already consulted with marketing analytics firms that specialize in identifying and classifying groups of consumers. Based on such preliminary analyses, you have tentatively discovered that the profile of Sunflowers shoppers may not only be the upper middle class long suspected of being the chain’s clientele but may also include younger, aspirational families with young. children, and, surprisingly, urban hipsters who set trends and are mostly single. 
You seek to develop a systematic approach that will lead to making better decisions during the site-selection process. As a starting point, you have asked one marketing analytics firm to collect and organize data for the number of people in the identified groups of interest who live 

i aving survived recent economic slowdowns that have diminished their competitors, 

5: 



‘Independent variables are also 

known as predictor or explanatory 
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~ he preceding four chapters focus on hypothesis testing methods. Chapter 9 discusses 

methods that allow you to make inferences about a population parameter. Chapters 10—12 

present methods that look for differences among two or more populations. Beginning 

with this chapter, and continuing through Chapter 15, the focus shifts from examining differ- 

ences among groups to predicting values of variables of interest. 

Consider the data that a business generates as a by-product of ongoing operations, such as 

the Sunflowers Apparel sales data. To examine such data, one might look for possible relation- 

ships among variables. Regression analysis techniques help uncover such relationships. 

Regression methods seek to discover how one or more X variables can predict the value of a 

Y variable. The Y variable is known as the dependent variable because its values depend on the 

variables and dependent variables are X Values in a regression model. X variables are also known as predictor variables or independent 
also known as response variables. variables, in contrast to the dependent Y variable.! 

FIGURE 13.1 

Regression methods first fit a model that describes the relationship between the X and Y vari- 

ables and then evaluates the goodness of fit, how well the model describes the relationship. Decision 

makers then evaluate whether the mathematical assumptions that a model requires are valid for the 

data being analyzed. Should the assumptions hold, the regression model can then be used to make 

predictions about the Y variable for a given range of X values. Decision makers also use regression 

methods to help define or refine other models or to estimate values to be used in a model. Models 

also help one identify unusual values that may be outliers (see Hoaglin, Hocking, and Kutner). 

Simple regression explores the relationship between one independent X variable and the 

dependent Y variable. Multiple regression, the subject of Chapters 14 and 15 explores the rela- 

tionship between two or more independent X variables and the dependent Y variable. As the least 

complicated regression method to study, simple linear regression provides a good starting point 

for exploring and understanding regression, an important statistical technique that one often uses 

to understand data better and to help explore results of business analytics models. 

Preliminary Analysis 
Using a scatter plot (also known as scatter diagram) to visualize the X and Y variables, a tech- 

nique that Section 2.5 discusses, can help suggest a starting point for regression analysis. The 

Figure 13.1 scatter plots illustrate six possible relationships between an X variable and a Y variable. 

Six types of relationships found in scatter plots 

PanelA Panel B Panel C 

Positive linear relationship Negative linear relationship No relationship between X and Y 

Panel D Panel E Panel F 
Positive curvilinear relationship U-shaped curvilinear relationship Exponential relationship 

In Panel A, values of Y are generally increasing linearly as X increases. Figure 13.3 on 

page 433 shows another positive linear relationship, between the number of profiled customers 

of the store and the store’s annual sales for the Sunflowers Apparel women’s clothing store chain. 
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Panel B illustrates a negative linear relationship. As X increases, the values of Y are generally 

decreasing. An example of this type of relationship might be the price of a particular product 

and the amount of sales. As the price charged for the product increases, the amount of sales 

may tend to decrease. 
Panel C shows a set of data in which there is very little or no relationship between X and Y. 

High and low values of Y appear at each value of X. 

Panel D illustrates a positive curvilinear relationship between X and Y. The values of 

Y increase as X increases, but this increase tapers off beyond certain values of X. An example 

of a positive curvilinear relationship might be the age and maintenance cost of an automobile. 

As an automobile gets older, the maintenance cost may rise rapidly at first but then level off 
beyond a certain number of years. 

Panel E illustrates a U-shaped relationship between X and Y. As X increases, at first Y gen- 

erally decreases, but as X continues to increase, Y then increases above its minimum value. An 

example of this type of relationship might be entrepreneurial activity and levels of economic 

development as measured by GDP per capita. Entrepreneurial activity occurs more in the least 

and most developed countries. 

Panel F illustrates an exponential relationship between X and Y. In this case, Y decreases 

very rapidly as X first increases, but then it decreases much less rapidly as X continues to 

increase. An example of an exponential relationship could be the value of an automobile and its 

age. The value drops drastically from its original price in the first year, but it decreases much 

less rapidly in subsequent years. 

13.1 Simple Linear Regression Models 

FIGURE 13.2 

Generalized positive 

linear relationship 

Simple linear regression models examine the straight line (linear) relationship between a 
dependent Y variable and a single independent X variable. Figure 13.2 presents a generalized 
positive linear relationship that has a positive slope. 

AY= “change in Y” 

AX = “change in x” 

Equation (13.1) defines the simple linear regression model that expresses the relationship 
mathematically. 

SIMPLE LINEAR REGRESSION MODEL 

¥, = By + BX; + (13.1) 
where 

Bo = Y intercept for the population 

B, = slope for the population 

€; = random error in Y for observation i 

Y,; = dependent variable for observation i 

X; = independent variable for observation i 
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The ¥; = By + B,X; portion of the simple linear regression model expressed in Equation (13.1) 

is a straight line. The slope of the line, 8,, represents the expected change in Y per unit change in X. 

It represents the mean amount that Y changes (either positively or negatively) for a one-unit change 

in X. The Yintercept, 6p, represents the mean value of Y when X equals 0. The last component of the 

model, g;, represents the random error in Y for each observation, i. In other words, ¢; is the vertical 

distance of the actual value of Y, above or below the expected value of Y; on the line. 

13.2 Determining the Simple Linear Regression Equation 

TABLE 13.1 

Number of profiled 

customers (in millions) 

and annual sales (in 

$millions) for a sample 

of 14 Sunflowers 

Apparel stores 

FIGURE 13.3 

Scatter plot for the 

Sunflowers Apparel data 

As the new director of planning in the Sunflowers Apparel scenario, you suspect that the greater 

the number of profiled customers who reside within a fixed radius of a store, the greater the store 

sales will be. You wonder if a linear relationship between the number of profiled customers, as 

the numerical independent X variable, and annual store sales, as the dependent Y variable, exists. 

To examine this relationship, you collect data from a sample of 14 stores. Table 13.1, stored in 

SISSSEEUS, presents these data. 

Profiled Profiled 
Customers Annual Sales Customers Annual Sales 

Store (millions) ($millions) Store (millions) ($millions) 

1 Si) Oe 8 Beal 4,7 

2 3.6 5.9 9 3:2 6.1 

3 2.8 6.7 10 5) 4.9 

4 5.6 9.5 iM 5.2 10.7 

5 Be) 5.4 12 4.6 7.6 

6 D2 5) 13 5.8 11.8 

t. che) G.2 14 3.0 4.1 

Figure 13.3 displays the scatter plot for the data in Table 13.1. Observe the increasing 

relationship between profiled customers (X) and annual sales (Y). As the number of profiled 

customers increases, annual sales increase approximately as a straight line. Thus, you can 

assume that a straight line provides a useful mathematical model of this relationship. Now you 

need to determine the specific straight line that is the best fit to these data. 

Scatter Plot of Profiled Customers and Annual Sales 
e > 

nN Sd 

Ee PR o 

Annual Sales ($millions) 

co 

Profiled Customers (millions) 

The Least-Squares Method 
As the Sunflowers director of planning, you have hypothesized a statistical model to represent 

the relationship between two variables—number of profiled customers and sales—in the entire 

population of Sunflowers Apparel stores. However, as Table 13.1 shows, the data are collected 

from a random sample of stores. If certain assumptions are valid (see Section 13.4), you can use 

the sample Y intercept, bo, and the sample slope, b,, as estimates of the respective population 

parameters, J and ;. Equation (13.2) uses these estimates to form the simple linear regression 

equation. This straight line is often referred to as the prediction line. 
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student TIP 
In mathematics, the 

symbol b is often used 

for the Y intercept 

instead of bp, and the 

symbol m is often used 

for the slope instead 

of by. 

student TIP 
A positive slope means 

that as X increases, Y is 

predicted to increase. A 

negative slope means 

that as X increases, Y is 

predicted to decrease. 

student TIP 
Coefficients computed 

by handheld calculators 

may differ slightly from 

coefficients computed 
by software because of 

rounding errors. 

SIMPLE LINEAR REGRESSION EQUATION: THE PREDICTION LINE 

The predicted value of Y equals the Y intercept plus the slope multiplied by the value of X. 

Y, = by + bX; (13.2) 

where 

~N = predicted value of Y for observation / 

X; = value of X for observation i 

by = sample Y intercept 

= sample slope > 

Equation (13.2) requires establishing values for two regression coefficients—by (the sample Y 

intercept) and b; (the sample slope). The most common approach to finding by and b, is 

using the least-squares method. This method minimizes the sum of the squared differences 

between the actual values (¥;) and the predicted values (Y;), using the simple linear regression 
equation [i.e., the prediction line; see Equation (13.2)]. This sum of squared differences is 
equal to 

Because Yy, = bo + b,X,, 

Because this equation has two unknowns, bo and bj, the sum of squared differences depends 
on the sample Y intercept, bo, and the sample slope, b;. The least-squares method determines 
the values of bp and b, that minimize the sum of squared differences around the prediction 
line. Any values for bp and b, other than those determined by the least-squares method result 
in a greater sum of squared differences between the actual values (Y,) and the predicted 
values (Y;). 

Figure 13.4 on page 435 presents results for the simple linear regression model for the 
Sunflowers Apparel data. Excel labels bp as Intercept and labels b,; as Profiled Customers. In 
Figure 13.4, observe that b) = —1.2088 and b, = 2.0742. Using Equation (13.2), the prediction 
line for these data is 

¥, = —1.2088 + 2.0742x, 

The slope, b,, is +2.0742. This means that for each increase of 1 unit in X, the predicted 
mean value of Y is estimated to increase by 2.0742 units. In other words, for each increase of 
1.0 million profiled customers within a fixed radius of the store, the predicted mean annual sales 
are estimated to increase by $2.0742 million. Thus, the slope represents the portion of the annual 
sales that are estimated to vary according to the number of profiled customers. 
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Excel simple linear regression model worksheet results for the Sunflowers Apparel data 

meee Ne ee Bs Cc dD. Bo. F G 
1 |Simple Linear Regression ‘ 
2 | 
3} Regression Statistics 

4 (Multiple R 0.9208 
§ |R Square 0.8479 
6 [Adjusted R Square 0.8352 
7 |Standard Error 0.9993 

8 lObservations 14 

9 | 
10 ANOVA 
11 of SS MS F Significance F 

12 |Regression 1 66,7854 66,7854 66.8792 0.0000 

13 |Residual 12 11.9832 0.9986 

14 |Total 13 78.7686 

16 | 

16 | Coefficients Standard Error _tStat__ P-value Lower 95% _ Upper 95% 

17 \Intercept -1.2088 0.9949 -1.2151 0.2477 -3.3765 0.9588 

18 | Profiled Customers 2.0742 0.2536 8.1780 0.0000 1.5216 2.6268 

K as al? | 

Intermediate Calculations 

bi, b0 Coefficients 

b1, bO Standard Error 

R Square, Standard Error 

|F, Residual df 

NOOO fF WH = 

8 Confidence level [95%] 

9 |t Critical Value 2.1788 

10 Half Width bo 2.1676 

11 |Half Width b1 0.5526 

Tableau displays similar 

information in the Describe 

Trend Model dialog box, as 

Section TG13.2 explains. 

Regression SS, Residual SS 

FIGURE 13.5 

In the Worksheet 

The Section EG13.2 Worksheet, PHStat, and 

Analysis ToolPak instructions each create a 

regression results worksheet that looks like 

this worksheet. Using the Worksheet or 

PHsStat instructions inserts formulas in 

columns L and M (shown below left) that 

use the LINEST function to compute 

regression coefficients and statistics. 

The COMPUTE worksheet of the 

Excel Guide Simple Linear Regression 

is a copy of the Figure 13.4 worksheet. 
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The Y intercept, bo, is —1.2088. The Y intercept represents the predicted value of Y when 

X equals 0. Because the number of profiled customers of the store cannot be 0, this Y intercept 

has little or no practical interpretation. Also, the Y intercept for this example is outside the range 

of the observed values of the X variable, and therefore interpretations of the value of by should 

be made cautiously. Figure 13.5 displays an Excel and Tableau scatter plot with the prediction 

line for Sunflowers Apparel data example. Note that Tableau shows the prediction line wrongly 

extending past the range of the dependent X variable, profiled customers. 

Excel and Tableau scatter plot and prediction line for Sunflowers Apparel data 

N 

Annual Sales ($millions) 

= ° 

oN FF DOD 

Scatter Plot of Profiled Customers and Annual Sales 

y = 2.0742x - 1.2088 

R? = 0.8479 

Profiled Customers (millions) 

Annual Sales ($millions) 

Scatter Plot of Profiled Customers and Annual Sales 

124 
: 

104 

B4 

*) 
4 

Annual Sales = 2,07417*Profiled Customers + -1,20884 } 

: R-Squared: 0.847869 : 
P-value: < 0.0001 

i?) — menrannepenmmemnicie 
ap 

20) 25-30 35 40.45 50 55 60 

Profiled Customers (millions) 

Example 13.1 on page 436 presents a problem in which a direct interpretation for the 

Y intercept exists. Example 13.2, that immediately follows Example 13.1, illustrates the use of 

a prediction line. 
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Interpreting the Y 

Intercept, bp, and 

the Slope, b, 

EXAMPLE 13.2 fae 

| Predicting Annual 
_ Sales Based on 
' Number of Profiled 

_ Customers 

| 

/ 
i 

Rha sl sien: 

A statistics professor wants to use the number of absences from class during the semester (X) to 

predict the final exam score (Y). A regression model is fit based on data collected from a class 

during a recent semester, with the following results: 

Y, = 85.0 — 5X, 

What is the interpretation of the Y intercept, bp, and the slope, b,? 

SOLUTION The Y intercept b) = 85.0 indicates that when the student does not have any 

absences from class during the semester, the predicted mean final exam score is 85.0. The slope 

b, = —S indicates that for each increase of one absence from class during the semester, the 

predicted change in the mean final exam score is —5.0. In other words, the final exam score is 

predicted to decrease by a mean of 5 points for each increase of one absence from class during ~ 

the semester. 

Use the prediction line for the Sunflowers Apparel data to predict the annual sales for a store 

with 4 million profiled customers. 

SOLUTION You can determine the predicted value of annual sales by substituting X = 4 
(millions of profiled customers) into the simple linear regression equation: 

A 

¥,.= —1.2088 + 2.0742x, 

¥, = —1,2088 + 2.0742(4) = 7.0879 or $7,087,900 

Thus, a store with 4 million profiled customers has predicted mean annual sales of $7,087,900. 

Predictions in Regression Analysis: 
Interpolation Versus Extrapolation 
One uses only the relevant range of the independent variable to make predictions. This relevant 
range represents all values from the smallest to the largest X used in developing the regression 
model. Hence, when predicting Y for a given value of X, one cannot extrapolate beyond this 
range of X values. 

For example, in the Sunflowers Apparel scenario the number of profiled customers to 
predict annual sales varies from 2.2 to 5.8 million (see Table 13.1 on page 438). Therefore, 
you should predict annual sales only for stores that have between 2.2 and 5.8 million profiled 
customers. Any prediction of annual sales for stores outside this range wrongly assumes that 
the observed relationship between sales and the number of profiled customers for stores that 
have between 2.2 and 5.8 million profiled customers would be the same. For example, it would 
be improper to use the prediction line to forecast the sales for a new store that has 8 million 
profiled customers. The relationship between sales and the number of profiled customers 
might, for example, have a point of diminishing returns. If that was true, the effect that the 
number of profiled customers has on sales would be less, leading to an overestimation of the 
predicted sales. 
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Calculating the Slope, b,, and the Y Intercept, bo 
For small data sets, using a handheld calculator can be a practical way of calculating the least- 
Squares simple linear regression coefficients, Equations (13.3) and (13.4) present formulas for 
the b; and bo coefficients that minimize the complexity of operations. 

COMPUTATIONAL FORMULA FOR THE SLOPE, b, 

XY 
bh, = ats (13.3) 

SSX 

n 2 

n n (Sx:) 

SSX =>) (%) =X)? = x4] 
i=1 i=1 

COMPUTATIONAL FORMULA FOR THE Y INTERCEPT, bo 

Dy el bX (13.4) 

where x 

Nf 
y ~ i=1 

n 

nh 

2X 
X * i=1 

n 

EXAMPLE 13.3 Calculate the slope, b,, and the Y intercept, bo, for the Sunflowers Apparel data. 

Calculating the 
LUTION Use Equati 13.3) and (13.4) with th le si = 14andcalculate: > X,, : Slope, b;, and the SO se Equations ( ) and ( ) wi e sample size n n a ze ; 

Y Intercept, bp n ik 
the sum of the Profiled Customers X values; >, Y,, the sum of the Annual Sales Y values; Dai 

1 f= 
n 

the sum of the squared X values; and SD XY, the sum of the product of X and Y. Table 13.2 on 
ja 

page 438 presents calculations necessary to determine these four quantities for the Sunflowers 
n 

Apparel example. The table also includes 5 ¥?, the sum of the squared Y values that Section 
i=1 

> (continued) 13.3 uses to calculate SST. 
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| 

TABLE 13.2 

Calculations for the 

Sunflowers Apparel 

data 

student TIP 
Although examples in 

this chapter show the 

manual evaluation of 

formulas to provide 

insight, best practice 

is to use software for 

all regression-related 

calculations. 
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Store x 4 Dt i xy 

1 3.7 5.7 13.69 32.49 21.09 
2 3.6 5.9 12.96 34.81 21.24 
3 2.8 6.7 7.84 44.89 18.76 
4 5.6 9.5 31.36 90.25 53.20 
5 4:3 5.4 10.89 29.16 17.82 
6 2.2 3.5 4.84 12.25 7.70 

3.3 6.2 10.89 38.44 20.46 
8 3.1 4.7 9.61 22.09 14.57 
9 3.2 6.1 10.24 37.21 19.52 

10 3.5 4.9 12.25 24.01 17.15 
1 5.2 10.7 27.04 114.49 55.64 
12 4.6 7.6 21.16 57.76 34.96 
13 5.8 11.8 33.64 139.24 68.44 
14 3.0 4.1 9.00 16.81 12.30 

Totals 52.9 92.8 215.41 693.90 382.85 

Using Equations (13.3) and (13.4), calculate bp and b;: 

(52.9) (92.8) 
= 382.85 — “4 = 382.85 — 350.65142 

32.19858 

SSX = >) (X; - X)* = 3x - 

(52.9) 

14 
215.41 — = 215.41 — 199.88642 

15.52358 II 

With these values, calculate b,: 

Biiied es de Neato te I try aes 
a WA SSX snenl S29 Shon teal 

and: 
n 

jy 
»> dene’ PA 

<I II II II n ON 1S) oo nr x 

><! I 
1 | II ss N =~ co n x 

calculate bo: 

bo = Y — bX = 6.62857 — 2.07417( 3.77857) = —1.2088265 
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VISUAL [3,40 8) -7-Waloy ES 

Exploring Simple Linear Regression Coefficients 
Open the VE-Simple Linear Regression add-in 
workbook to explore the coefficients. (For Excel technical 
requirements, see Appendix D.) When this workbook 
opens properly, it adds a Simple Linear Regression 
menu in either the Add-ins tab (Microsoft Windows) or the 
Apple menu bar (OS X). 

To explore the effects of changing the regression 
coefficients, select Simple Linear Regression > Explore 
Coefficients. In the Explore Coefficients floating control 
panel (inset below), click the spinner buttons for by slope 

Exploring Simple Linear Regression Coefficients 

(the slope of the prediction line) and bo intercept (the Y 

intercept of the prediction line) to change the prediction 

line. Using the visual feedback of the chart, try to create a 

prediction line that is as close as possible to the predic- 

tion line defined by the least-squares estimates. In other 

words, try to make the Difference from Target SSE value 

as small as possible. (Section 13.3 defines SSE.) 

At any time, click Reset to reset the b; and bg values or 

Solution to reveal the prediction line defined by the least- 

squares method. Click Finish when you are finished with 

this exercise. 

Using Your Own Regression Data 

Open to the worksheet that contains your data and uses row 

1 for variable names. Select Simple Linear Regression 

using your worksheet data from the Simple Linear 

Regression menu. In the procedure’s dialog box, enter the 

cell range of your Y variable as the Y Variable Cell Range 

and the cell range of your X variable as the X Variable Cell 

Range. Click First cells in both ranges contain a label, 

enter a Title, and click OK. After the scatter plot appears, 

continue with the Explore Coefficients floating control panel. 

PROBLEMS FOR SECTION 13.2 

LEARNING THE BASICS 

13.1 Fitting a straight line to a set of data yields the following 

prediction line: 

Yi= 2 + 5X, 

a. Interpret the meaning of the Y intercept, Do. 

b. Interpret the meaning of the slope, Dy. 

c. Predict the value of Y for X = 3. 

13.2 If the values of X in Problem 13.1 range from 2 to 25, should 

you use this model to predict the mean value of Y when X equals 

mes D237 C0? d. 24? 

13.3 Fitting a straight line to a set of data yields the following 

prediction line: 

¥, = 16 — 0.5X; 

a. Interpret the meaning of the Y intercept, Do. 

b. Interpret the meaning of the slope, by. 

c. Predict the value of Y for X = 6. 

APPLYING THE CONCEPTS 

13.4 The production of wine is a multibillion-dollar 

USB worldwide industry. In an attempt to develop a model of 

wine quality as judged by wine experts, data were collected from 

red wine variants of Portuguese “Vinho Verde’’ wine. 

Source: Data extracted from Cortez, P., Cerdeira, A., Almeida, F,, Matos, T., 

and Reis, J., “Modeling Wine Preferences by Data Mining from Physiochemical 

Properties,” Decision Support Systems, 47, 2009, pp. 547-553 and bit.ly/9xKlKa. 

A sample of 50 wines is stored in S7ENIEE). Develop a simple 
linear regression model to predict wine quality, measured on a scale 

from 0 (very bad) to 10 (excellent), based on alcohol content (%). 

a. Construct a scatter plot. 

For these data, bb = —0.3529 and b; = 0.5624. 

b. Interpret the meaning of the slope, b,, in this problem. 

c. Predict the mean wine quality for wines with a 10% alcohol 

content. 

d. What conclusion can you reach based on the results of (a)—-(c)? 

13.5 Zagat’s publishes restaurant ratings for various locations in 

the United States. The file contains the Zagat rating 
for food, décor, service, and the cost per person for a sample of 100 

restaurants located in the center of New York City and in an outlying 

area of New York City. Develop a regression model to predict the 

cost per person, based on a variable that represents the sum of the 

ratings for food, décor, and service. 

Source: Extracted from Zagat Survey 2016, New York City 



440 CHAPTER 13 | Simple Linear Regression 

a. Construct a scatter plot. 

b. Assuming a linear relationship, use the least-squares method to 

compute the regression coefficients bp and by. 

c. Interpret the meaning of the Y intercept, bo, and the slope, },, in 

this problem. 

d. Predict the mean cost per person for a restaurant with a sum- 

mated rating of 50. 

e. What should you tell the owner of a group of restaurants in this 

geographical area about the relationship between the summated 

rating and the cost of a meal? 

13.6 Is an MBA a golden ticket? Pursuing an MBA is a major 

personal investment. Tuition and expenses associated with business 

school programs are costly, but the high costs come with hopes of 

career advancement and high salaries. A prospective MBA student 

would like to examine the factors that impact starting salary upon 

graduation and decides to develop a model that uses program per- 

year tuition as a predictor of starting salary. Data were collected for 

37 full-time MBA programs offered at private universities. The data 

are stored in [§PETY. 

Source: Data extracted from “U.S. News Business School Compass,” available at 

premium.usnews.convbest-graduate-schools/top-business-schools/mba-rankings. 

a. Construct a scatter plot. 

b. Assuming a linear relationship, use the least-squares method to 

determine the regression coefficients bg and by. 

c. Interpret the meaning of the slope, b;, in this problem. 
d. Predict the mean starting salary upon graduation for a program 

that has a per-year tuition cost of $50,450, 
e. What insights do you gain about the relationship between pro- 

gram per-year tuition and starting salary upon graduation? 

13.7 Starbucks Coffee Co. uses a data-based approach to improve 
the quality and customer satisfaction of its products. When survey 
data indicated that Starbucks needed to improve its package-sealing 
process, an experiment was conducted to determine the factors in 
the bag-sealing equipment that might be affecting the ease of open- 
ing the bag without tearing the inner liner of the bag. 
Source: Data extracted from L. Johnson and S. Burrows, “For Starbucks; It’s in the 
Bag,” Quality Progress, March 2011, pp. 17-23. 

One factor that could affect the rating of the ability of the bag to 
resist tears was the plate gap on the bag-sealing equipment. Data 
were collected on 19 bags in which the plate gap was varied. The 
results are stored in SREY. 
a. Construct a scatter plot. 

b. Assuming a linear relationship, use the least-squares method to 
determine the regression coefficients bo and b,. 

c. Interpret the meaning of the slope, ,, in this problem. 
d. Predict the mean tear rating when the plate gap is equal to 0. 
e. What should you tell management of Starbucks about the rela- 

tionship between the plate gap and the tear ratin g? 

13.8 The value of a sports franchise is directly related to 
the amount of revenue that a franchise can generate, The file 

represents the current value in a recent year (in 
$millions) and the annual revenue (in $millions) for the 30 MLB 
baseball teams. 

Source: Data extracted from www.forbes.com/mlb-valuations/list. 

Suppose you want to develop a simple linear regression model to 

predict currept value based on annual revenue generated. 

a. Construct a scatter plot. 

b. Use the least-squares method to determine the regression 

coefficients bp and hy. 

c. Interpret the meaning of bo and b, in this problem. 

d. Predict the mean current value of a baseball team that generates 

$250 million of annual revenue. 

e. What would you tell a group considering an investment in a 

MLB baseball team about the relationship between revenue and 

the current value of a team? 

13.9 An agent for a residential real estate company in a suburb 

located outside of Washington, DC, has the business objective of 

developing more accurate estimates of the monthly rental cost 

for apartments. Toward that goal, the agent would like to use the 

size of an apartment, as defined by square footage to predict the 

monthly rental cost. The agent selects a sample of 57 one-bedroom 

apartments and collects and stores the data in SISTINE. 
a. Construct a scatter plot. 

b. Use the least-squares method to determine the regression 
coefficients bg and hy. 

c. Interpret the meaning of bp and 5, in this problem. 

d. Predict the mean monthly rent for an apartment that has 
800 square feet. 

e. Why would it not be appropriate to use the model to predict the 

monthly rent for apartments that have 1,500 square feet? 

f. Your friends Jim and Jennifer are considering Signing a lease 
for a one-bedroom apartment in this residential neighborhood. 
They are trying to decide between two apartments, one with 
800 square feet for a monthly rent of $1,130 and the other 
with 830 square feet for a monthly rent of $1,410. Based on 
(a) through (d), which apartment do you think is a better deal? 

13.10 A box office analyst seeks to predict opening weekend box 
office gross for movies. Toward this goal, the analyst plans to use 
YouTube trailer views as a predictor. For each of 66 movies, the 
YouTube trailer view count, the number of YouTube trailer views 
from the release of the trailer through the Saturday before a movie 
opens, and the opening weekend box office gross (in $millions) are 
collected and stored in (YESPY. 
Source: Data extracted from “Box Office Report,” available at bit.ly/2srM34F. 

For these data, 

a. Construct a scatter plot. 
b. Assuming a linear relationship, use the least-squares method to 

determine the regression coefficients ho and by. 
¢. Interpret the meaning of the slope, ),, in this problem. 
d. Predict the mean weekend box office gross for a movie that had 

20 million YouTube trailer views. 
e. What conclusions can you reach about predicting weekend box 

office gross from YouTube trailer views? 
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13.3 Measures of Variation 

FIGURE 13.6 

Measures of variation 

When using the least-squares method to determine the regression coefficients one needs to 

compute three measures of variation. The first measure, the total sum of squares (SST), is a 

measure of variation of the Y, values around their mean, Y. The total variation, or total sum 

of squares, is subdivided into explained variation and unexplained variation. The explained 
variation, or regression sum of squares (SSR), represents variation that is explained by the 

relationship between X and Y, and the unexplained variation, or error sum of squares (SSE), 

represents variation due to factors other than the relationship between X and Y. Figure 13.6 

shows the different measures of variation for a single Y, value. 

Contribution to 

y Ry Pies a3 CAD pen etal error sum of squares 

; ae Y¥; = by + bX) 

Contribution to total 

sum of squares Contribution to 

regression sum of 

squares 

Computing the Sum of Squares 
The regression sum of squares (SSR) is based on the difference between Y, (the predicted value 

of Y from the prediction line) and Y (the mean value of Y). The error sum of squares (SSE) 

represents the part of the variation in ¥ that is not explained by the regression. It is based on the 

difference between Y, and Y,. The total sum of squares (SST) is equal to the regression sum of 

squares (SSR) plus the error sum of squares (SSE). Equations (13.5), (13.6), (13.7), and (13.8) 

define these measures of variation and the total sum of squares (SST). 

MEASURES OF VARIATION IN REGRESSION 

The total sum of squares (SST) is equal to the regression sum of squares (SSR) plus the 

error sum of squares (SSE). 

So? = SSK + SSE (13.5) 

TOTAL SUM OF SQUARES (SST) 
The total sum of squares (SST) is equal to the sum of the squared differences between 

each observed value of Y and the mean value of Y. 

SST = Total sum of squares 

= Ur 1)? (13.6) 
i=1 l 



442 CHAPTER 13 | Simple Linear Regression 

REGRESSION SUM OF SQUARES (SSR) 
The regression sum of squares (SSR) is equal to the sum of the squared differences 

between each predicted value of Y and the mean value of Y. 

SSR = Explained variation or regression sum of squares 

ae (Y, = ¥)4 
(13.7) 

ERROR SUM OF SQUARES (SSE) 

The error sum of squares (SSE) is equal to the sum of the squared differences between 
each observed value of Y and the predicted value of Y. 

SSE = Unexplained variation or error sum of squares 

= S(¥- %) (13.8) 
i=1 

Figure 13.7 shows the sum of squares portion of the Figure 13.4 results for the Sunflowers 
Apparel data. The total variation, SST, is equal to 78.7686. This amount is subdivided into the 
sum of squares explained by the regression (SSR), equal to 66.7854, and the sum of squares 
unexplained by the regression (SSE), equal to 11.9832. From Equation (13.5) on page 441: 

SST = SSR + SSE 

78.7686 = 66.7854 + 11.9832 

FIGURE 13.7 4 Re Seo bre phe ert] eS senabes BY See 
Sum of squares portion of eens . ’ 

11 SS MS F Significance F the Figure 13.4 Excel results 12 Regression 1 66.7854 66.7854 66.8792 0.0000 
Ba Residual 12 11.9832 0.9986 

14 |Total 13 78.7686 

15 

16 Coefficients Standard Error _tStat P-value Lower 95% Upper 95% 
17 Intercept -1.2088 0.9949 -1.2151 0.2477 -3.3765 0.9588 
18 | Profiled Customers 2.0742 0.2536 8.1780 0.0000 1.5216 2.6268 

Equations (13.9) through (13.11) present computational formulas for calculating SST, SSR 
and SSE, 

COMPUTATIONAL FORMULAS FOR SST, SSR, AND SSE 

=! 

13. 2 2 : aa (13.9) 

Sn re 0) SSR = Dh — YP = bh Dh + by SKY — as (13.10) 
i= i=1 i=l 

n : n n n F 1 SSE = Pwr hy = hy Se ee (13.11) i= i=1 i=1 i=1 
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r? must be a value 
between 0 and 1 

inclusive. It cannot be 
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FIGURE 13.8 

Regression statistics 

portion of the Figure 13.4 

Excel results 

EXAMPLE 13.4 

_ Calculating the 
Coefficient of 

Determination 

> (continued) 
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The Coefficient of Determination 

By themselves, SSR, SSE, and SST provide little information. However, the ratio of the regression 

sum of squares (SSR) to the total sum of squares (SST) measures the proportion of variation in 

Y that is explained by the linear relationship of the independent variable X with the dependent 

variable Y in the regression model. This ratio, called the coefficient of determination, r7, is 

defined in Equation (13.12). 

COEFFICIENT OF DETERMINATION 

The coefficient of determination is equal to the regression sum of squares (i.e., explained 

variation) divided by the total sum of squares (i.e., total variation). 

Regression sum of squares SSR 2 = = 13.12 
; Total sum of squares SST ( ) 

The coefficient of determination measures the proportion of variation in Y that is explained 

by the variation in the independent variable X in the regression model. The range of r? is from 

O to 1, and the greater the value, the more the variation in Y in the regression model can be 

explained by the variation in X. 

For the Sunflowers Apparel data, with SSR = 66.7854, SSE = 11.9832, and 

SST = 78.7686, 

> _ 66.7854 

Loni IFSWTORO 

Therefore, the variability in the number of profiled customers explains 84.79% of the variation 

in annual sales. This large r? indicates a strong linear relationship between these two variables 

because the regression model has explained 84.79% of the variability in predicting annual sales. 

(Only 15.21% of the sample variability in annual sales is due to factors not considered by the 

regression model.) 

Figure 13.8 presents the regression statistics table portion of the Figure 13.4 results for the 

Sunflowers Apparel data. This table contains the coefficient of determination. 

= 0.8479 

4 ead Ta ccesreaald eels hebaes 
3 Regression Statistics 

4 |Multiple R 0.9208 

5 |R Square 0.8479 

6 |Adjusted R Square 0.8352 

7_|Standard Error 0.9993 

8 | Observations 

Calculate the coefficient of determination, r’, for the Sunflowers Apparel data. 

SOLUTION The computational formulas that Equations 13.9 through 13.11 define can calculate 

the SST, SSR, and SSE. 

These formulas can be used with the summary values in Table 13.2 on page 438 to calculate 

SST, SSR, and SSE. 

n 

ae eg!) ae ie ea 
i=1 i=l n 

= (92.8)" 
= 693.9 i 

= 78.7686 
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Using ways other than 

Excel to calculate these 

coefficients may result 

in slightly different 

results. Such results will 

be consistent with the 

conclusion that there is a 

strong linear relationship 

between the two variables. 

n 2 

“ (> ‘) 
n i arte n 

SSR.= 2 — Y= b> Y¥ +b SX - . 
i=1 i=1 

(92.8) 
= (—1.2088265)(92.8) + (2.07417)(382.85) — 

= 66.7854 
n n n n 

SSE = S(%- YP = DY - DY - bs DAY, 
i=] i=1 i=] i=1 

= 693.9 — (—1.2088265)(92.8) — (2.07417)(382.85) 

= 11.9832 

Therefore, 

785 

78.7686 

Standard Error of the Estimate 
Although the least-squares method produces the line that fits the data with the minimum amount 
of prediction error, unless all the observed data points fall on a straight line, the prediction line 
is not a perfect predictor. Just as all data values cannot be expected to be exactly equal to their 
mean, neither can all the values in a regression analysis be expected to be located exactly on the 
prediction line. Figure 13.5 on page 435 illustrates the variability around the prediction line for 
the Sunflowers Apparel data. In the Figure 13.5 scatter plot, many of the observed values of Y 
fall near the prediction line, but none of the values are exactly on the line. 

The standard error of the estimate measures the variability of the observed Y values 
from the predicted Y values in the same way that the standard deviation in Chapter 3 measures 
the variability of each value around the sample mean. In other words, the standard error of the 
estimate is the standard deviation around the prediction line, whereas the standard deviation 
in Chapter 3 is the standard deviation around the sample mean. Equation (13.13) defines the 
standard error of the estimate, represented by the symbol S$ yx 

STANDARD ERROR OF THE ESTIMATE 

(13.13) 

where 

¥; = observed value of Y for a given X, 

iY = predicted value of Y for a given X, 

SSE = error sum of squares 

From Equation (13.8) and Figure 13.4 on page 435 or Figure 13.7 on page 442, SSE = 11.9832. Thus, 
11.9832 Syx = 4| = 0. eS xf ete = 00993 

This standard error of the estimate, equal to 0.9993 millions of dollars (i.e., $999,300), is labeled Standard Error in the Figure 13.8 Excel results. The standard error of the estimate represents a measure of the variation around the prediction line. It is measured in the same units as the 
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dependent variable Y. The interpretation of the standard error of the estimate is similar to that of 
the standard deviation. Just as the standard deviation measures variability around the mean, the 
standard error of the estimate measures variability around the prediction line. For Sunflowers 
Apparel, the typical difference between actual annual sales at a store and the predicted annual 

sales using the regression equation is approximately $999,300. 

PROBLEMS FOR SECTION 13.3 

LEARNING THE BASICS 

13.11 How do you interpret a coefficient of determination, 72, 
equal to 0.80? 

13.12 If SSR = 36 and SSE = 4, determine SST and then com- 
pute the coefficient of determination, r?, and interpret its meaning. 

13.13 If SSR = 66 and SST = 88, compute the coefficient of 
determination, r*, and interpret its meaning. 

13.14 If SSE = 10 and SSR = 30, compute the coefficient of 

determination, r?, and interpret its meaning. 

13.15 If SSR = 120, why is it impossible for SST to equal 110? 

APPLYING THE CONCEPTS 

13.16 In Problem 13.4 on page 439, the percentage of 

ISSUE alcohol was used to predict wine quality (stored in 

(EEREET). For those data, SSR = 21.8677 and SST = 64.0000. 
a. Determine the coefficient of determination, r”, and interpret its 

meaning. 

b. Determine the standard error of the estimate. 

c. How useful do you think this regression model is for predicting 

sales? 

13.17 In Problem 13.5 on page 439, you used the summated rating 

to predict the cost of a restaurant meal (stored in GSW). 
a. Determine the coefficient of determination, r?, and interpret its 

meaning. 

b. Determine the standard error of the estimate. 

c. How useful do you think this regression model is for predicting 

the cost of a restaurant meal? 

13.18 In Problem 13.6 on page 440, a prospective MBA student 
wanted to predict starting salary upon graduation, based on pro- 

gram per-year tuition (stored in [@pV/27.N). Using the results of that 

problem, 

a. determine the coefficient of determination, r*, and interpret its 

meaning. 

b. determine the standard error of the estimate. 

c. How useful do you think this regression model is for predicting 

starting salary? 

13.19 In Problem 13.7 on page 440, you used the plate gap on the 

bag-sealing equipment to predict the tear rating of a bag of coffee 

(stored in EXPY ER). Using the results of that problem, 
a. determine the coefficient of determination, r?, and interpret its 

meaning. 

b. determine the standard error of the estimate. 

c. How useful do you think this regression model is for predict- 

ing the tear rating based on the plate gap in the bag-sealing 

equipment? 

13.20 In Problem 13.8 on page 440, you used annual revenues to 

predict the current value of a MLB baseball team, using the data 

stored in [/"=S)7(E8). Using the results of that problem, 
a. determine the coefficient of determination, r’, and interpret its 

meaning. 

b. determine the standard error of the estimate. 

c. How useful do you think this regression model is for predicting 

the value of a MLB baseball team? 

13.21 In Problem 13.9 on page 440, an agent for a real estate 

company wanted to predict the monthly rent for one-bedroom 

apartments, based on the size of the apartment (stored in 

EES faces). Using the results of that problem, 
a. determine the coefficient of determination, r7, and interpret its 

meaning. 

b. determine the standard error of the estimate. 

c. How useful do you think this regression model is for predicting 

the monthly rent? 

d. Can you think of other variables that might explain the variation 

in monthly rent? 

13.22 In Problem 13.10 on page 440, you used YouTube trailer 

views to predict movie weekend box office gross (stored in 

(YEN). Using the results of that problem, 
a. determine the coefficient of determination, r’, and interpret its 

meaning. 

b. determine the standard error of the estimate. 

c. How useful do you think this regression model is for predicting 

movie weekend box office gross? 

d. Can you think of other variables that might explain the variation 

in movie weekend box office gross? 

13.4 Assumptions of Regression 

Chapters 9 through 12 emphasize the importance of the assumptions to the validity of any 

conclusions based on hypothesis testing or analysis of variance results. The assumptions 

necessary for regression are similar to those of the analysis of variance because both are part of 

the general category of linear models (Kutner). 
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The four assumptions of regression (known by the acronym LINE) are: 

¢ Linearity 

* Independence of errors 

¢ Normality of error 

¢ Equal variance 

The first assumption, linearity, states that the relationship between variables is linear. The 

Kutner reference discusses relationships between variables that are not linear. 

The second assumption, independence of errors, requires that the errors (¢;) be indepen- 

dent of one another. This assumption is particularly important when data are collected over a 

period of time. In such situations, the errors in a specific time period are sometimes correlated 

with those of the previous time period. 

The third assumption, normality, requires that the errors (€;) be normally distributed at 

each value of X. Like the f test and the ANOVA F test, regression analysis is fairly robust against 
departures from the normality assumption. As long as the distribution of the errors at each level 
of X is not extremely different from a normal distribution, inferences about By and B, are not 
seriously affected. 

The fourth assumption, equal variance, or homoscedasticity, requires that the variance 
of the errors (¢;) be constant for all values of X. In other words, the variability of Y values 
is the same when X is a low value as when X is a high value. The equal-variance assumption 
is important when making inferences about Bp and ,. If there are serious departures from 
this assumption, one can use either data transformations or weighted least-squares methods 
(Kutner). 

13.5 Residual Analysis 

student TIP 
_When there is no 
apparent pattern in the 

residual plot, the plot of 

the residuals will look like 
_arandom scattering of 
points. 

Sections 13.2 and 13.3 develop a regression model using the least-squares method for the 
Sunflowers Apparel data. Is this the correct model for these data? Are the assumptions 
Section 13.4 discusses valid? Residual analysis visually evaluates the assumptions and helps 
one determine whether the regression model that has been selected is appropriate. 

The residual, or estimated error value, e;, is the difference between the observed (Y;) and 
predicted (¥;) values of the dependent variable for a given value of X;. A residual appears on 
a scatter plot as the vertical distance between an observed value of Y and the prediction line. 
Equation (13.14) defines the residual. 

RESIDUAL 

The residual is equal to the difference between the observed value of Y and the predicted 
value of Y. 

eo yy (13.14) 

Evaluating the Assumptions 
Recall from Section 13.4 that the four LINE assumptions of regression are linearity, indepen- 
dence, normality, and equal variance. 

Linea rity To evaluate linearity, plot the residuals on the vertical axis against the correspond- 
ing X; values of the independent variable on the horizontal axis. If the linear model is appropriate for the data, there will not be any apparent pattern in the residual plot. However, if the linear model is not appropriate, in the residual plot, there will be a relationship between the X; values 
and the residuals, e;. 



FIGURE 13.9 

Studying the appropriate- 

ness of the simple linear 

regression model 

FIGURE 13.10 

Table of residuals for the 

Sunflowers Apparel data 

FIGURE 13.11 
Excel plot of the residuals 

versus the profiled cus- 

tomers of a store for the 

Sunflowers Apparel data 
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Figure 13.9 shows such a pattern in the residuals. Panel A shows a situation in which, 
although there is an increasing trend in Y as X increases, the relationship seems curvilinear 
because the upward trend decreases for increasing values of X. This effect is even more apparent 

in Panel B, where there is a clear relationship between X; and e;. By removing the linear trend 

of X with Y, the residual plot has exposed the lack of fit in the simple linear model more clearly 

than the scatter plot in Panel A. For these data, a curvilinear model such as a quadratic model is 

a better fit and should be used instead of the simple linear model (Kutner et al.). 

x 
Panel A, Scatter Plot Panel B, Residual Plot 

To determine whether the simple linear regression model for the Sunflowers Apparel data is 

appropriate, one calculates the residuals. Figure 13.10 displays the predicted annual sales values 

and residuals for the Sunflowers Apparel data. 

aA Se ceo I ee) In the Worksheet 
| Profiled Predicted Annual 

1 |Observation Customers Annual Sales Sales Residuals Column C formulas compute the predicted Y values 

2) 1 3.7 6.4656 5.7 -0.7656 ae P P 
3 | 2 3.6 6.2582 5.9 -0.3582 by multiplying the column B X values by the b, 

al - = — pe 2 coefficient (Figure 13.4 worksheet cell B18) and then 
é | E gal eases pal” 0.0560 adding the bp coefficient (Figure 13.4 worksheet cell 
7) 6 2.2 3.3543 3.5 0.1457 B17). Column E formulas compute residuals by 
8 | 7 3.3 5.6359 6.2 0.5641 ’ p 
9 | . an rela Cae NTT subtracting the predicted Y values from the column D 
10) 9 3.2 5.4285 6.1 0.6715 Y values. 
11) 10 3.5 6.0508 4.9 -1,1508 

2 = oto eee ree The RESIDUALS worksheet of the Excel Guide 
14 13 5.8 10.8214 11.8 0.9786 Simple Linear Regression is similar to the 
15 | 14 3 5.0137 41 -0.9137 Figure 13.10 worksheet. 

To assess linearity, one creates the residual plot of the residuals versus the independent 

variable (number of profiled customers) that Figure 13.11 presents. Although there is widespread 

scatter in the residual plot, there is no clear pattern or relationship between the residuals and X;. 

The residuals appear to be evenly spread above and below O for different values of X. One can 

conclude that the linear model is appropriate for the Sunflowers Apparel data. 

Profiled Customers Residual Plot 

° 

Residuals 

e., 6 ° vu PF wo Ww 

Profiled Customers (millions) 
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TABLE 13.3 

Frequency distribution 

of 14 residual values 

for the Sunflowers 

Apparel data 

FIGURE 13.12 

Excel.normal probability 

plot of the residuals for the 

Sunflowers Apparel data 

Independence One can evaluate the assumption of independence of the errors by plotting 

the residuals in the order or sequence in which the data were collected. If the values of Y are part 

of a time series (see Section 2.5), a residual may sometimes be related to the residual that pre- 

cedes it. If this relationship exists between consecutive residuals (which violates the assumption 

of independence), the plot of the residuals versus the time variable will often show a cyclical 

pattern. If it does, one would then use the alternative approaches that Kutner et al. discusses. 

(Because the Sunflowers Apparel data are not time-series data, one does not need to evaluate 

the independence assumption in the Sunflowers Apparel example.) 

Normality One can evaluate the assumption of normality in the errors by constructing a 

histogram (see Section 2.4), using a stem-and-leaf display (see Section 2.4), a boxplot (see 

Section 3.3), or a normal probability plot (see Section 6.3). To evaluate the normality assumption 

for the Sunflowers Apparel data, Table 13.3 organizes the residuals into a frequency distribution — 

and Figure 13.12 is a normal probability plot. 

Residuals Frequency 

—1.25 but less than —0.75 

—0.75 but less than —0.25 

—0.25 but less than +0.25 

+0.25 but less than +0.75 

+0.75 but less than +1.25 

+1.25 but less than +1.75 

+1.75 but less than +2.25 

® | mhi—e OO NM NN W AB 

Although the small sample size makes it difficult to evaluate normality, from the normal 
probability plot of the residuals in Figure 13.12, the data do not appear to depart substantially 
from a normal distribution. The robustness of regression analysis with modest departures from 
normality enables one to conclude that one should not be overly concerned about departures 
from this normality assumption in the Sunflowers Apparel data. 

Normal Probability Plot of the Residuals 



FIGURE 13.13 

Violation of equal variance 

LEARNING THE BASICS 
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Equal Variance One can evaluate the assumption of equal variance from a plot of the 

residuals with X;. One examines the plot to see if there is approximately the same amount of 

variation in the residuals at each value of X. For the Sunflowers Apparel data of Figure 13.11 on 

page 447, there do not appear to be major differences in the variability of the residuals for dif- 
ferent X; values. One can conclude that there is no apparent violation in the assumption of equal 

variance at each level of X. 

To examine a case in which the equal-variance assumption is violated, observe 
Figure 13.13, which is a plot of the residuals with X; for a hypothetical set of data. This plot 

is fan shaped because the variability of the residuals increases dramatically as X increases. 

Because this plot shows unequal variances of the residuals at different levels of X, the 

equal-variance assumption is invalid, and one would need to use the alternative approaches 

that the Kutner reference discusses. 

Residuals 

13.24 The following results show the X values, residuals, and a 

13.23 The following results provide the X values, residuals, and a residual plot from a regression analysis: 

residual plot from a regression analysis: Taga e tg 

as 10.70 Residual Plot 
X__ Residuals 2 1.58 

1 Residual Plot 3 1.03 
2 4 0.33 

3 5 0.39 

4 6 0.67 
5 7 0.56 

6 8 = --0.65) 
7 9 1.15] 3 
8 3 10 0.84) "B 
9 od 11 0.29 x 

10 3 12 1.28 

11 a 13 0,21 

12 14 0.37 

eae 15 0.22 
14 16-016 
as) 17 0.82 

16 
17 
-. 18 

- is, 

= Is there any evidence of a pattern in the residuals? Explain. 

Is there any evidence of a pattern in the residuals? Explain. 
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APPLYING THE CONCEPTS 

13.25 In Problem 13.5 on page 439, you used the summated rating 

to predict the cost of a restaurant meal. Perform a residual analy- 

sis for these data (stored in [GP 77). Evaluate whether the 
assumptions of regression have been seriously violated. 

13.26 In Problem 13.4 on page 439, you used the per- 
TEST centage of alcohol to predict wine quality. Perform a 

(stored in [9 g'J-)-9). Based on these results, evaluate whether the 

assumptions of regression have been seriously violated. 

13.29 In Problem 13.9 on page 440, an agent for a real estate 

company wanted to predict the monthly rent for one-bedroom 

apartments, based on the size of the apartments. Perform a residual 

analysis for these data (stored in ES PSS GPF). Based on 
these results, evaluate whether the assumptions of regression have 

been seriously violated. residual analysis for these data (stored in {TER TETY). Evaluate 
whether the assumptions of regression have been seriously 

violated. 
13.30 In Problem 13.8 on page 440, you used annual revenues 

to predict the current value of a MLB baseball team. Perform a 

residual analysis for these data (stored in EYW=S"E§). Based 
on these results, evaluate whether the assumptions of regression 

have been seriously violated. 

13.27 In Problem 13.7 on page 440, you used the plate gap on the 

bag-sealing equipment to predict the tear rating of a bag of coffee. 

Perform a residual analysis for these data (stored in FSR YET). 
Based on these results, evaluate whether the assumptions of regres- 

: ; 13.31 In Problem 13.10 on page 440, you used YouTube trailer sion have been seriously violated. 
views to predict movie weekend box office gross. Perform a resid- 

ual analysis for these data (stored in [JE{¥FJ). Based on these results, 
evaluate whether the assumptions of regression have been seriously 
violated. 

13.28 In Problem 13.6 on page 440, a prospective MBA student 
wanted to predict starting salary upon graduation, based on pro- 

gram per-year tuition. Perform a residual analysis for these data 

13.6 Measuring Autocorrelation: The Durbin-Watson Statistic 
One of the basic assumptions of the regression model is the independence of the errors. This 
assumption is sometimes violated when data are collected over sequential time periods because 
a residual at any one time period sometimes is similar to residuals at adjacent time periods. This 
pattern in the residuals is called autocorrelation. When a set of data has substantial autocor- 
relation, the validity of a regression model is in serious doubt. 

Residual Plots to Detect Autocorrelation 
As mentioned in Section 13.5, one way to detect autocorrelation is to plot the residuals in time 
order. If a positive autocorrelation effect exists, there will be clusters of residuals with the same 
sign, and one will readily detect an apparent pattern. If negative autocorrelation exists, resid- 
uals will tend to jump back and forth from positive to negative to positive, and so on. Because 
negative autocorrelation is very rarely seen in regression analysis, the example in this section 
illustrates positive autocorrelation. 

To illustrate positive autocorrelation, consider the case of a package delivery store manager 
who wants to be able to predict weekly sales. In approaching this problem, the manager has 
decided to develop a regression model to use the number of customers making purchases as an 
independent variable. She collects data for a period of.15 weeks and then organizes and stores 
these data in [PENG Table 13.4 presents these data. 

TABLE 13.4 
Customers and sales Week Customers Sales ($thousands) | Week Customers _ Sales ($thousands) 
for a period of 1 794 9.33 
15 consecutive weeks 2 799 8.26 

3 837 7.48 

4 855 9.08 

a 845 9.83 

6 844 10.09 

i 863 11.01 

8 875 11.49 



FIGURE 13.14 

Excel regression 

worksheet results for 

the Table 13.4 package 

delivery store data 

FIGURE 13.15 

Excel residual plot for 

the Table 13.4 package 

delivery store data 
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Because the data are collected over a period of 15 consecutive weeks at the same store, the 

manager needs to determine whether there is autocorrelation. First, she can develop the simple 

linear regression model she can use to predict sales based on the number of customers assuming 

there is no autocorrelation in the residuals. Figure 13.14 presents results for these data. 

i} EAWARS Bae ae) = F (le In the Worksheet 
1 |Simple Linear Regression Analysis 

F This worksheet shares its 
Regression Statistics i Ps 

4 |Multiple R 0,8108 design with the Figure 13.4 

zh Sausre 0.6574 worksheet on page 435. 
|Adjusted R Square 0.6311 

7 |Standard Error 0.9360 

8 Observations 15 

9 

10 |ANOVA 

11} df SS MS F Significance F 

12 |Regression af 21.8604 21.8604 24.9501 0,0002 

13 |Residual 13 11.3901 0.8762 

14 | Total 14 33.2506 

15 | 

, Coefficients Standard Error tStat P-value lower95% Upper 95% 

17 |Intercept -16,0322 5.3102 -3.0192 0.0099 -27,5041 -4,5603 
18 |Customers 0.0308 0.0062 4.9950 0.0002 0.0175 0.0441 

From Figure 13.14, observe that r? is 0.6574, indicating that 65.74% of the variation in 

sales is explained by variation in the number of customers. In addition, the Y intercept, bo, is 

— 16.0322 and the slope, b;, is 0.0308. However, before using this model for prediction, one must 

perform a residual analysis. Because the data have been collected over a consecutive period of 

15 weeks, in addition to checking the linearity, normality, and equal-variance assumptions, one 

must investigate the independence-of-errors assumption. One plots the residuals versus time 

in Figure 13.15 in order to examine whether a pattern in the residuals exists. In Figure 13.15, 

one can see that the residuals tend to fluctuate up and down in a cyclical pattern. This cyclical 

pattern provides strong cause for concern about the existence of autocorrelation in the residuals 

and, therefore, a violation of the independence-of-errors assumption. 

Package Delivery Store Sales Analysis Residual Plot 

Residuals 

8 
Week 

The Durbin-Watson Statistic 
The Durbin-Watson statistic is used to measure autocorrelation. This statistic measures the 

correlation between each residual and the residual for the previous time period. Equation (13.15) 

defines the Durbin- Watson statistic. 

DURBIN-WATSON STATISTIC 

- 2 
> keaei—4) 

ae eget ace D= (13.15) 
n 

=f 

where 

e; = residual at the time period i 
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FIGURE 13.16 

n 

In Equation (13.15), the numerator, > (é —e,;_,)*, represents the squared differ- 
i= 2 

ence between two successive residuals, summed from the second value to the nth value and 
n 

the denominator, >, e?, represents the sum of the squared residuals. This means that the value of 
i=] 

the Durbin-Watson statistic, D, will approach 0 if successive residuals are positively autocorrelated. 

If the residuals are not correlated, the value of D will be close to 2. (If the residuals are negatively 

autocorrelated, D will be greater than 2 and could even approach its maximum value of 4.) 

From Figure 13.16, the Durbin-Watson statistic, D, is 0.8830 for the package delivery store data. 

Excel Durbin-Watson statistic results for the package delivery store data 

ie. A 

Durbin-Watson Statistic 
1 

2 

3 Sum of Squared Difference of Residuals 

4 Sum of Squared Residuals 

5 

6 

TABLE 13.5 

Finding critical values 

of the Durbin-Watson 

statistic 

‘ 

B In the Worksheet 

10.0575 =SUMXMY2(RESIDUALSIE3:E15, RESIDUALS!E2:£14) The SUMXMY2 function in cell BS eooreuee the value of the 
11,3901 =SUMSQ(RESIDUALSIE2:E15) Equation (13.15) numerator. The SUMSQ function in cell B4 

computes the value of the Equation (13.15) denominator. These 

functions use the residuals data that are in column E of the 

RESIDUALS worksheet. 

The DURBIN_WATSON worksheet of the Excel Guide 

Simple Linear Regression is similar to the Figure 13.16 
worksheet. 

One needs to determine when the autocorrelation is large enough to conclude that there 
is significant positive autocorrelation. To do so, one compares D to the critical values of the 
Durbin- Watson statistic found in Table E.8, a portion of which Table 13.5 shows. The critical 
values depend on a, the significance level chosen, n, the sample size, and k, the number of 
independent variables in the model (in simple linear regression, k = 1). 

a = 0.05 

1.54 bef 1.97 , pe | 
16 ey Os Pe 98 1.54 .86 1.73 74 1.93 62 ais 
i, 18 SO SS er LO 2seg ll 54. 90 1.71 78 1.90 67 2.10 
18 Li Ge Pe 1T29 a5 53 a 1.69 82 1.87 {i 2.06 

In Table 13.5, two values are shown for each combination of @ (level of significance), 
n (sample size), and k (number of independent variables in the model). The first value, d,, 
represents the lower critical value. If D is below d,, one concludes that there is evidence of 
positive autocorrelation among the residuals. If this occurs, the least-squares method used in 
this chapter is inappropriate, and one should use alternative methods that the Kutner reference 
discusses. The second value, dy, represents the upper critical value of D, above which one 
would conclude that there is no evidence of positive autocorrelation among the residuals. If D is between d, and dy, one is unable to arrive at a definite conclusion. 

For the package delivery store data, with one independent variable (k = 1) and 15 values (n = 15), d, = 1.08 and dy = 1.36, Because D = 0.8830 < 1.08, one concludes that there is positive autocorrelation among the residuals. The least-squares regression analysis of the data that Figure 13.14 on page 451 presents is inappropriate because of the presence of signif- icant positive autocorrelation among the residuals. In other words, the independence-of-errors assumption is invalid, and an alternative approach must be used. 
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LEARNING THE BASICS 

13.32 The residuals for 10 consecutive time periods are as follows: 

Time Period Residual | Time Period Residual 

1 = 

2 —4 

3 =3 

4 —2, 

5 —] 

a. Plot the residuals over time. What conclusion can you reach 
about the pattern of the residuals over time? 

b. Based on (a), what conclusion can you reach about the autocor- 
relation of the residuals? 

13.33 The residuals for 15 consecutive time periods are as follows: 

Time Period Residual Residual Time Period 

9 

2 SE 10 5 

3 =I 11 sto 

- =5) 12 se) 

5 +2 13 0 

6 = 14 —4 

ai =2 Us) aif 

8 sel 

a. Plot the residuals over time. What conclusion can you reach 

about the pattern of the residuals over time? 

b. Compute the Durbin-Watson statistic. At the 0.05 level of 

significance, is there evidence of positive autocorrelation 

among the residuals? 

c. Based on (a) and (b), what conclusion can you reach about the 

autocorrelation of the residuals? 

APPLYING THE CONCEPTS 

13.34 In Problem 13.7 on page 440 concerning the bag-sealing equip- 

ment at Starbucks, you used the plate gap to predict the tear rating. 

a. Is it necessary to compute the Durbin-Watson statistic in this 

case? Explain. 

b. Under what circumstances is it necessary to compute the 

Durbin-Watson statistic before proceeding with the least- 

squares method of regression analysis? 

13.35 What is the relationship between the price of crude oil and 

the price you pay at the pump for gasoline? The file 

contains the price ($) for a barrel of crude oil (Cushing, Oklahoma, 

spot price) and a gallon of gasoline (U.S. average conventional spot 

price) for 236 weeks ending July 5, 2019. 

Source: Data extracted from www.eia.gov. 

a. Construct a scatter plot with the price of oil on the horizontal 

axis and the price of gasoline on the vertical axis. 

b. Use the least-squares method to develop a simple linear 

regression equation to predict the price of a gallon of gasoline 

using the price of a barrel of crude oil as the independent 

variable. 

. Interpret the meaning of the slope, b;, in this problem. 

. Plot the residuals versus the time period. 

. Compute the Durbin-Watson statistic, 

At the 0,05 level of significance, is there evidence of positive 

autocorrelation among the residuals? 

g. Based on the results of (d) through (f), is there reason to ques- 

tion the validity of the model? 

h. What conclusions can you reach concerning the relationship 

between the price of a barrel of crude oil and the price of a 

gallon of gasoline? 

13.36 A mail-order catalog business that sells personal 

computer supplies, software, and hardware maintains a 

centralized warehouse for the distribution of products ordered. 

Management is currently examining the process of distribution from 

the warehouse and has the business objective of determining the 

factors that affect warehouse distribution costs. Currently, a han- 

dling fee is added to the order, regardless of the amount of the order. 

Data that indicate the warehouse distribution costs and the number 

of orders received have been collected over the past 24 months and 

Pivamiioccebre Warehouse Costs | 
a. Assuming a linear relationship, use the least-squares method to 

find the regression coefficients bg and by. 

b. Predict the monthly warehouse distribution costs when the 

number of orders is 4,500. 

c. Plot the residuals versus the time period. 

d. Compute the Durbin- Watson statistic. At the 0.05 level of sig- 

nificance, is there evidence of positive autocorrelation among 

the residuals? 

e. Based on the results of (c) and (d), is there reason to question 

the validity of the model? 

f. What conclusions can you reach concerning the factors that 

affect distribution costs? 

—=—oean 

13.37 A freshly brewed shot of espresso has three distinct compo- 

nents: the heart, body, and crema. The separation of these three com- 

ponents typically lasts only 10 to 20 seconds. To use the espresso 

shot in making a latte, a cappuccino, or another drink, the shot must 

be poured into the beverage during the separation of the heart, body, 

and crema. If the shot is used after the separation occurs, the drink 

becomes excessively bitter and acidic, ruining the final drink. Thus, a 

longer separation time allows the drink-maker more time to pour the 

shot and ensure that the beverage will meet expectations. An employee 

at a coffee shop hypothesized that the harder the espresso grounds 

were tamped down into the portafilter before brewing, the longer the 

separation time would be. An experiment using 24 observations was 

conducted to test this relationship. The independent variable Tamp 

measures the distance, in inches, between the espresso grounds and the 

top of the portafilter (i.e., the harder the tamp, the greater the distance). 

The dependent variable Time is the number of seconds the heart, body, 

and crema are separated (i.e., the amount of time after the shot is 

poured before it must be used for the customer’s beverage). The data 
are stored in EYP Ee). 
a. Use the least-squares method to develop a simple regression 

equation with Time as the dependent variable and Tamp as the 

independent variable. 
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b. Predict the separation time for a tamp distance of 0.50 inch. 

c. Plot the residuals versus the time order of experimentation. Are 

there any noticeable patterns? 

d. Compute the Durbin-Watson statistic. At the 0.05 level of sig- 

nificance, is there evidence of positive autocorrelation among 

the residuals? 

e. Based on the results of (c) and (d), is there reason to question 
the validity of the model? 

f. What conclusions can you reach concerning the effect of tamp- 

ing on the time of separation? 

13.38 The owners of a chain of ice cream stores have the business 

objective of improving the forecast of daily sales so that staffing 

shortages can be minimized during the summer season. As a start- 

ing point, the owners decide to develop a simple linear regression 

model to predict daily sales based on atmospheric temperature. 

They select a sample of 21 consecutive days and store the results 

in [°VSeeE¥. (Hint: Determine which are the independent and 
dependent variables.) 

a. 

b. 
C. 

- Compute the Durbin-Watson statistic. At the 0.05 level of sig- 

Assuming a linear relationship, use the least-squares method to 

compute the regression coefficients bg and ),. 

Predict the sales for a day in which the temperature is 83°F. 

Plot the residuals versus the time period. 

nificance, is there evidence of positive autocorrelation among 
the residuals? 

. Based on the results of (c) and (d), is there reason to question 

the validity of the model? 

What conclusions can you reach concerning the relationship 

between sales and atmospheric temperature? 

13.7 Inferences About the Slope and Correlation Coefficient 
Sections 13.1 through 13.3 use regression solely for descriptive purposes. These sections discuss 
how to determine the regression coefficients using the least-squares method and how to predict 
Y for a given value of X. In addition, these sections discuss how to calculate and interpret the 
standard error of the estimate and the coefficient of determination. 

When the residual analysis that Section 13.5 discusses indicates that the assumptions of 
a least-squares regression model are not seriously violated and that the straight-line model is 
appropriate, one can make inferences about the linear relationship between the variables in the 
population. 

t Test for the Slope 
To determine the existence of a significant linear relationship between the X and Y variables, 
one tests whether ; (the population slope) is equal to 0. The null and alternative hypotheses 
are as follows: 

Ho: B, = O [ There is no linear relationship (the slope is zero) 
H;: B, ~ O [There is a linear relationship (the slope is not zero). ] 

i 

4 

If one rejects the null hypothesis, one concludes that there is evidence of a linear relationship. 
Equation (13.16) defines the test statistic for the slope, which is based on the sampling 
distribution of the slope. 

t TEST STATISTIC FOR 
TESTING A HYPOTHESIS FOR A POPULATION SLOPE, B, 
The tsr4r test statistic equals the difference between the sample slope and hypothesized 
value of the population slope divided by S;,, the standard error of the slope. 

where 

b i 

tstaT = “1 (13.16) 
bd, 

S 
Sp, as es 

SSX 
n 

Same > (ea 
i=1 

The tsr47 test statistic follows a t distribution with n — 2 degrees of freedom. 



13.7 Inferences About the Slope and Correlation Coefficient 455 

Figure 13.17 presents the f test results for the Sunflowers Apparel scenario at the level of 

significance a = 0.05, 

FIGURE 13.17 ese 17 Se a eS RR a a 
Excel t test for the slope 7 Coefficients Standard Error tStat P-value Lower95% Upper 95% 

17 |Intercept -1,2088 0.9949 -1.2151 0,2477 -3,3765 0,9588 

results for the Sunflowers 18 | Profiled Customers 2.0742 0.2536 8.1780 _ 0.0000 1.5216 2.6268 

Apparel data 

From Figure 13.4 or Figure 13.17, 

Biv 2.0742 on = 145, = 0.2536 

and 

Dias wen, 07142, = 0 
tar = = 8.178 
die So, 0.2536 

Using the 0.05 level of significance, the critical value of t withn — 2 = 12 degrees of freedom 

is 2.1788. Because tsr47 = 8.178 > 2.1788 or because the p-value is 0.0000, which is less than 

a = 0.05, one rejects Hp (see Figure 13.18). One concludes that there is a significant linear 

relationship between mean annual sales and the number of profiled customers. 

FIGURE 13.18 

Testing a hypothesis about 

the population slope at the 

0.05 level of significance, 

with 12 degrees of freedom 

l 
I 
\ 

l 
\ 
| 
I 
l 
| 

0 -2.1788 we +2.1788 t 

Region of Region of Region of 
Rejection Nonrejection Rejection 

Critical Critical 
Value Value 

F Test for the Slope 
As an alternative to the ¢ test, in simple linear regression, one can use an F test to determine 

whether the slope is statistically significant. In previous chapters, Section 10.4 uses the F dis- 

tribution to test the ratio of two variances and Section 11.1 uses the F distribution as part of the 
analysis of variance. Equation (13.17) defines the F test for the slope as the ratio of the variance 

that is due to the regression (MSR) divided by the error variance (MSE = S}y). 

F TEST STATISTIC FOR 
TESTING A HYPOTHESIS FOR A POPULATION SLOPE, B, 

The For47 test statistic is equal to the regression mean square (MSR) divided by the mean 

square error (MSE). 

MSR 
= 13.17 STAT = Wace ( ) 

where 

MSR = = = SSR 

E 
MSE = — 

The F747 test statistic follows an F distribution with | andn — 2 degrees of freedom. 
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TABLE 13.6 

ANOVA table for testing 

the significance of a 

regression coefficient 

FIGURE 13.19 

Excel, F test results for the 

Sunflowers Apparel data 

FIGURE 13.20 
Regions of rejection and 
nonrejection when testing 
for the significance of the 
slope at the 0.05 level of 
significance, with 1 and 
12 degrees of freedom 
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Using a level of significance a, the decision rule is 

Reject Apaf Fsrar > Fo; 

otherwise, do not reject Hp. 

Table 13.6 organizes the complete set of results into an analysis of variance (ANOVA) table. 

Source 

Regression 

Error 

Total 

df Sum of Squares Mean Square (variance) F 

SSR MSR 
Ay = —_— = F. ———_ | SSR MSR 5 SSR STAT = ce 

SSE 
n= 2 SSE MSE = —— 
—" or n-2 

n.— | SST 

Figure 13.19, the completed ANOVA table for the Sunflowers Apparel sales data (and part 
of Figure 13.4), shows that the computed F577 test statistic is 66.8792 and the p-value is 0.0000 
(or less than 0.0001), 

lee Ae «ale By ole Gi eat Dye F i .< Pay 10 ANOVA 
11 dj SS MS F Significance F 
12 |Regression 1 66.7854 66.7854 66.8792 0.0000 
13 |Residual 12 11.9832 0.9986 

14 Total 13 78.7636 ————$ $n 
16 

16 Coefficients Standard Error tStat P-value Lower95% Upper 95% 
17 |Intercept 

18 | Profiled Customers 2.0742 0.2536 8.1780 0.0000 1.5216 2.6268 

-1.2088 0.9949 -1.2151 0.2477 -3,.3765 0.9588 

Using a level of significance of 0.05, from Table E.5, the critical value of the F distribution, 
with | and 12 degrees of freedom, is 4.75 (see Figure 13.20). Because Fs747 = 66.8792 > 4.75 
or because the p-value = 0.0000 < 0.05, one rejects Hy and concludes that there is a significant 
linear relationship between the number of profiled customers and annual sales. Because the 
F test in Equation (13.17) on page 455 is equivalent to the ¢ test in Equation (13.16) on page 454, 
one reaches the same conclusion using that other test, 

Region of 
Nonrejection 

Critical Region of 
Value Rejection 
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Confidence Interval Estimate for the Slope 

In addition to testing for the existence of a linear relationship between the variables, one can 

construct a confidence interval estimate of B, using Equation (13.18). Construct the confidence 

interval estimate for the population slope by taking the sample slope, b,, and adding and sub- 

tracting the critical t value multiplied by the standard error of the slope. 

CONFIDENCE INTERVAL ESTIMATE OF THE SLOPE, p;, 

b au ty/2Sb, 

by — tarp, = By = Oy + basrSp, (13.18) 

where 

ty/2 = critical value corresponding to an upper-tail probability of a/2 from the 

t distribution with n — 2 degrees of freedom (i.e., a cumulative area of 1 — a/2) 

From the Figure 13.17 results on page 455, 

Dp 2 fa 20 = 14) 35,3 0.2536 

To construct a 95% confidence interval estimate, a/2 = 0.025, and from Table E.3, 
ty/2 = 2.1788. Thus, 

by; + typSy, = 2.0742 + (2.1788) (0.2536) 

= 2,0742 + 0.5526 

1.5216 < B, < 2.6268 

Therefore, one has 95% confidence that the population slope is between 1.5216 and 2.6268. The 

confidence interval indicates that for each increase of | million profiled customers, predicted 

annual sales are estimated to increase by at least $1,521,600 but no more than $2,626,800. 

Because both of these values are above 0, one has evidence of a significant linear relationship 

between annual sales and the number of profiled customers. Had the interval included 0, one 

would have concluded that there is no evidence of a significant linear relationship between the 

variables. 

t Test for the Correlation Coefficient 

Section 3.5 notes that the strength of the relationship between two numerical variables can be 

measured using the correlation coefficient, r. The values of the coefficient of correlation range 
from —1 for a perfect negative correlation to +1 for a perfect positive correlation. One uses the 

correlation coefficient to determine whether there is a statistically significant linear relationship 
between X and Y. To do so, one hypothesizes that the population correlation coefficient, p, is 0. 

Thus, the null and alternative hypotheses are 

Ho: p = 0 (no correlation ) 

H,: p # O (correlation ) 

Equation (13.19a) defines the test statistic for determining the existence of a significant 

correlation. 
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PROBLEMS FOR SECTION 13.7 

TESTING FOR THE EXISTENCE OF CORRELATION 

pe ae sl (13.19a) 

where g 

r=+VPr if b>0 

r=-VPr if b <0 
The fg747 test statistic follows a ¢ distribution with n — 2 degrees of freedom. 
Equation (3.17) on page 138 calculates r as 

ne MED) (13.19b) SxSy 
where 

In the Figure 13.4 Sunflowers Apparel results on page 435, r? = 0.8479 and b; = +2.0742. 
Because b, > 0, the correlation coefficient for annual sales and profiled customers is the pos- 
itive square root of r>—that is, r = +\V0.8479 = +0,9208. Using Equation (13.19a) to test 
the null hypothesis that there is no correlation between these two variables results in 

r—0. -« ..0,9208. —0 
sar = = = 

. 1-r 1 — (0.9208) 

n-2 14=2 

Using the 0.05 level of significance, because tsrary = 8.178 > 2.1788, one rejects the null 
hypothesis. One concludes that there is a significant correlation between annual sales and the 
number of profiled customers. This fy747 test statistic is the same value as the fs747 test statistic 
calculated when testing whether the population slope, B;, is equal to zero. 

= 6.178 

~ 

LEARNING THE BASICS 13.40 You are testing the null hypothesis that there is no linear 13.39 You are testing the null hypothesis that there is no linear __ elationship between two variables, X and Y. From your sample of relationship between two variables, X and Y. From your sample of” = 18, you determine that b, = +4.5 and S, = 1.5. n = 10, you determine that r = 0.80, 

a. 
b. 

» Based on your answers to (a) and (b), what statistical decision 

a. What is the value of fe747? 
What is the value of the t test statistic fone b. Atthe a = 0.05 level of significance, what are the critical values? At the a = 0.05 level of Significance, what are the critical ¢c. Based on your answers to (a) and (b), what statistical decision values? should you make? 

. Construct a 95% confidence interval estimate of the ‘population should you make? slope, B;. 

Qa 



13.41 You are testing the null hypothesis that there is no linear 
relationship between two variables, X and Y. From your sample of 
n = 20, you determine that SSR = 60 and SSE = 40. 
a. What is the value of F747? 

b. At the a = 0,05 level of significance, what is the critical value? 
¢c. Based on your answers to (a) and (b), what statistical decision 

should you make? 

d. Compute the correlation coefficient by first computing r? and 
assuming that b, is negative. 

e. At the 0.05 level of significance, is there a significant correla- 
tion between X and Y? 

APPLYING THE CONCEPTS 

13.42 In Problem 13.4 on page 439, you used the per- 
TEST centage of alcohol to predict wine quality. The data are 

stored in [EMEA From the results of that problem, 
b, = 0.5624 and S,, = 0.1127. ; 

a. At the 0.05 level of significance, is there evidence of a linear 

relationship between the percentage of alcohol and wine 

quality? 

b. Construct a 95% confidence interval estimate of the population 

slope, ;. 

13.43 In Problem 13.5 on page 439, you used the summated rating 

of a restaurant to predict the cost of a meal. The data are stored in 

Restaurants | 
a. At the 0.05 level of significance, is there evidence of a linear 

relationship between the summated rating of a restaurant and 

the cost of a meal? 

b. Construct a 95% confidence interval estimate of the population 

slope, B;. 

13.44 In Problem 13.6 on page 440, a prospective MBA student 

wanted to predict starting salary upon graduation, based on program 

per-year tuition. The data are stored in [§UVEVN. Use the results of 
that problem. 

a. At the 0.05 level of significance, is there evidence of a linear 

relationship between the starting salary upon graduation and 

program per-year tuition? 

b. Construct a 95% confidence interval estimate of the population 

slope, B;. 

13.45 In Problem 13.7 on page 440, you used the plate gap in the 

bag-sealing equipment to predict the tear rating of a bag of coffee. 

The data are stored in SEW WELSY. Use the results of that problem. 
a. At the 0.05 level of significance, is there evidence of a linear 

relationship between the plate gap of the bag-sealing machine 

and the tear rating of a bag of coffee? 

b. Construct a 95% confidence interval estimate of the population 

slope, B;. 

13.46 In Problem 13.8 on page 440, you used annual revenues to pre- 

dict the current value of a MLB baseball team, using the data stored in 

(YENZAES. Use the results of that problem. 

a. At the 0.05 level of significance, is there evidence of a linear 

relationship between annual revenue and franchise value? 

b. Construct a 95% confidence interval estimate of the population 

slope, By. 

13.47 In Problem 13.9 on page 440, an agent for a real estate 

company wanted to predict the monthly rent for one-bedroom 
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apartments, based on the size of the apartment. The data are stored in 

elds wile acai. Use the results of that problem. 
a. At the 0.05 level of significance, is there evidence of a linear rela- 

tionship between the size of the apartment and the monthly rent? 

b. Construct a 95% confidence interval estimate of the population 

slope, B;. 

13.48 In Problem 13.10 on page 440, you used YouTube trailer 

views to predict movie weekend box office gross from data stored 

in EVE). Use the results of that problem. 
a. At the 0.05 level of significance, is there evidence of a linear 

relationship between YouTube trailer views and movie weekend 

box office gross? 

b. Construct a 95% confidence interval estimate of the population 

slope, . 

13.49 The volatility of a stock is often measured by its beta value. 
You can estimate the beta value of a stock by developing a sim- 

ple linear regression model, using the percentage weekly change 

in the stock as the dependent variable and the percentage weekly 

change in a market index as the independent variable. The S&P 

500 Index is a common index to use. For example, if you wanted 

to estimate the beta value for Disney, you could use the following 

model, which is sometimes referred to as a market model: 

% weekly change in Disney = Bp 

+ B,( percent weekly change in S&P 500 index) + e 

The least-squares regression estimate of the slope b is the estimate 

of the beta value for Disney. A stock with a beta value of 1.0 tends 

to move the same as the overall market. A stock with a beta value 

of 1.5 tends to move 50% more than the overall market, and a stock 

with a beta value of 0.6 tends to move only 60% as much as the 

overall market. Stocks with negative beta values tend to move in the 

opposite direction of the overall market. The following table gives 

some beta values for some widely held stocks as of April 23, 2018. 

Company Ticker Symbol Beta 

Apple AAPL 1.09 

Disney DIS 0.70 

American Eagle Mines AEM —0.26 

Marriott MAR 125 

Microsoft MSFT 1.02 

Procter & Gamble PG 0.34 

Source: Data extracted from finance.yahoo.com, July 16, 2019. 

a. For each of the six companies, interpret the beta value. 

b. How can investors use the beta value as a guide for investing? 

13.50 Index funds are mutual funds that try to mimic the move- 
ment of leading indexes, such as the S&P 500 or the Russell 2000. 

The beta values (as described in Problem 13.49) for these funds are 

therefore approximately 1.0, and the estimated market models for 

these funds are approximately 

% weekly change in index fund = 0.0 

+ 1.0(% weekly change in the index) 

Leveraged index funds are designed to magnify the movement of 

major indexes. Direxion Funds is a leading provider of leveraged 

index and other alternative-class mutual fund products for investment 
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advisors and sophisticated investors. Two of the company’s funds are 

shown in the following table: 

Name Ticker Symbol Description 

Daily Small Cap TNA 300% of the Russell 

Bull 3x Fund 2000 Index 

Daily S&P 500 SPUU 200% of the S&P 

Bull 2x Fund 500 Index 

Source: Data extracted from www.direxionfunds.com. 

The estimated market models for these funds are approximately 

% daily change in TNA = 0.0 

+ 3.0(% daily change in the Russell 2000) 

% daily change in SPUU = 0.0 

+ 2.0(% daily change in the S&P 500 Index) 

Thus, if the Russell 2000 Index gains 10% over a period of time, 
the leveraged mutual fund TNA gains approximately 30%. On 
the downside, if the same index loses 20%, TNA loses approxi- 
mately 60%. 

a. The objective of the Direxion Funds Bull 2x Fund, SPUU, is 
200% of the performance of the S&P 500 Index. What is its 
approximate market model? 

b. If the S&P 500 Index gains 10% in a year, what return do you 
expect SPUU to have? 

c. If the S&P 500 Index loses 20% in a year, what return do you 
expect SPUU to have? 

d. What type of investors should be attracted to leveraged index 
funds? What type of investors should stay away from these 
funds? 

13.51 The file contains the calories and sugar, in grams, 
in one serving of seven breakfast cereals: 

Cereal Calories Sugar 

Kellogg’s All Bran S50 eno 
Kellogg’s Corn Flakes 100 2 
Wheaties 100 4 
Nature’s Path Organic Multigrain Flakes 110 4 
Kellogg’s Rice Krispies 130 4 
Post Shredded Wheat Vanilla Almond 190 11 
Kellogg’s Mini Wheats 200 10 

a. Compute and interpret the coefficient of correlation, r. 
b. At the 0.05 level of significance, is there a significant linear 

relationship between calories and sugar? 

13.52 Movie companies need to predict the gross receipts of an 

individual movie once the movie has debuted. The following results 

(stored in FEXTYRTENEN|) are the first weekend gross, the U.S. 
gross, and the worldwide gross (in $millions) of the eight Harry 

Potter movies that debuted from 2001 to 2011: 

First US. Worldwide 

Title ; Weekend — Gross Gross 

Sorcerer's Stone D0 2953 Ly.558 976.458 

Chamber of Secrets 88.357 261.988 878.988 

Prisoner of Azkaban 93.687 249.539 795.539 

Goblet of Fire 102.335 290.013 896.013 

Order of the Phoenix 77.108 292.005 938.469 

Half-Blood Prince 77.836 301.460 934.601 

Deathly Hallows Part 1 125.017 295.001 955.417 

Deathly Hallows Part I] 169.189 381.001 1,328.11 

Source: Data extracted from www.the-numbers.com/interactive/comp- 
Harry-Potter.php. 

a. Compute the coefficient of correlation between first weekend 
gross and U.S. gross, first weekend gross and worldwide gross, 
and U.S. gross and worldwide gross. 

b. At the 0.05 level of significance, is there a significant linear 
relationship between first weekend gross and U.S. gross, 
first weekend gross and worldwide gross, and U.S. gross and 
worldwide gross? 

13.53 The file contains the overall download and 
upload speeds in Mbps for eight carriers in the United States. 
Source: Data extracted from “Tom’s Guide, “Fastest Wireless Network 2019: It’s 
Not Even Close,” bit.ly/2PeGiQE. 

a. Compute and interpret the coefficient of correlation, r. 
b. At the 0.05 level of significance, is there a significant linear 

relationship between download and upload speed? 

13.54 A survey by the Pew Research Center found that social 
networking is popular in many nations around the world, The file 

contains the level of social media networking 
(measured as the percent of individuals polled who use social net- 
working sites) and the GDP per capita based on purchasing power 
parity (PPP) for each of 28 emerging and developing countries. 
Source: Data extracted from “2. Online Activities in Emerging and Developing 
Nations,” pewrsr.ch/IRX3Iqq. 

a. Compute and interpret the coefficient of correlation, r. 
b. At the 0.05 level of significance, is there a significant linear 

relationship between GDP and social media usage? 
¢. What conclusions can you reach about the relationship between 

GDP and social media usage? 

13.8 Estimation of Mean Values 
and Prediction of Individual Values 

Section 13.2 discusses how a prediction line can be used to predict the mean value of Y fora given X. The Example 13.2 solution on page 436 uses this method to predict that the mean annual sales for stores that had 4 million profiled customers within a fixed radius is $7,087,900. This prediction is an example of a point estimate of the population mean. Chapter 8 introduces and explains confidence interval estimates, intervals around a point estimate. This section continues 
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that discussion by presenting methods to develop a confidence interval estimate for the mean 

response for a given X and methods to develop a prediction interval for an individual response, 

Y, for a given value of X, a related concept. 

The Confidence Interval Estimate 

for the Mean Response 
Equation (13.20) defines the confidence interval estimate for the mean response for a given X. 

CONFIDENCE INTERVAL ESTIMATE FOR THE MEAN OF Y 

Y, rh aS 

ee ta2Svx WA = My\x=x, = ree tarSvx Vi (13.20) 

where 

il X,-X 2 

eee SSX * 
Y, = predicted value of Y; Y, = by + bX; 

Syy = standard error of the estimate 

n = sample size 

X; = given value of X 

My|x=x, = mean value of Y when X = X; 
n 

SSX = S)(X; — XY 
i=] 

f4/2 = critical value corresponding to an upper-tail probability of 

a/2 from the t distribution with n — 2 degrees of freedom 

(a cumulative area of 1 — a/2) 

The width of the confidence interval in Equation (13.20) depends on several factors. 

Increased variation around the prediction line, as measured by the standard error of the esti- 

mate, results in a wider interval. As one would expect, increased sample size reduces the width 

of the interval. In addition, the width of the interval varies at different values of X. When one 

predicts Y for values of X close to X, the interval is narrower than for predictions for X values 

farther away from X. 

In the Sunflowers Apparel example, suppose you want to construct a 95% confidence inter- 

val estimate of the mean annual sales (in $millions) for the entire population of stores that have 

4 million profiled customers (X = 4). Using the simple linear regression equation 

¥, = —1.2088 + 2.0742X; 

= —1.2088 + 2.0742(4) = 7.0879 

Y, a ara ie 

and given these 

n 

Xe 137860 | Spx = 00.9993 aSSX = > (X, =X)? = 15,5236 
v= 

and, from Table E.3, fy. = 2.1788, the confidence interval estimate is 

A - pied xy) 
Yau ba 2SvxV Oi = Y¥, = tySyx er SSX 
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er (4 — 3.7786)? 

14 15.5236 
= 7.0879 + (2.1788)(0.9993) 

7.0879 + 0.5946 II 

Therefore, the confidence interval estimate is 

6.4932 = My|\x=4 = 7.6825 

Therefore, the 95% confidence interval estimate is that the population mean annual sales are 
between $6,493,200 and $7,682,500 for all stores with 4 million profiled customers. 

The Prediction Interval for an Individual Response 
In addition to constructing a confidence interval for the mean value of Y, one can also construct 
a prediction interval for an individual value of Y. Although the form of this interval is similar to 
that of the confidence interval estimate of Equation (13.20), the prediction interval is predicting 
an individual value, not estimating a mean. Equation (13.21) defines the prediction interval 
for an individual response, Y, at a given value, X,, denoted by Yy=y. 

PREDICTION INTERVAL FOR AN INDIVIDUAL RESPONSE, y 

y, a ta /2S yx V l =F h; 

¥—topSyx V1 + hy S Yynx = ¥ + ba/2Syx V1 + hj (13.21) 
where 

Yy= x, = future value of Ywhen X = X; 

[4/2 = critical value corresponding to an upper-tail probability of a/2 from 
the ¢ distribution with n — 2 degrees of freedom (a cumulative 
area of 1 — a/2) 

hi, ¥, Syx, n, and X; as defined in Equation ( 13.20) on page 461. 

To construct a 95% prediction interval of the annual sales for an individual store that has 
4 million profiled customers (X = 4), first compute ¥;. Using the prediction line 

¥, = —1.2088 + 2.0742x, 
— 1.2088 + 2.0742(4) 

7.0879 

and given these 
Rat 

n 

X = 3.7786 Syy = 0.9993 SSX = 5\(X; — X)? = 15.5236 
i=1 

and, from Table E.3, fy/2 = 2.1788, the prediction interval is 

| oor 
F ty/aSyxy] 1 + a z. Lay any 

Pads nv SAE 
= 2 = 7.0879 + (2.1788)(0,9993), /1 + 1. + (4 — 3.7786)" 

14 15.5236 
= 10879 93° 2.2570 

Therefore, the prediction interval is 

—<> 

4.8308 < Yy_, < 9.3449 
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With 95% confidence, one predicts that the annual sales for an individual store with 4 million 
profiled customers is between $4,830,800 and $9,344,900. 

The width of the prediction interval for annual sales at an individual store is much wider 
than the confidence interval estimate for the population mean annual sales. There is always much 

more variation in predicting an individual value than in estimating a mean value. Figure 13.21 

presents the Excel results for the confidence interval estimate and the prediction interval for the 

Sunflowers Apparel data. 

FIGURE 13.21 
Excel worksheet results for the confidence interval estimate and prediction interval for the Sunflowers Apparel data 

1 SaaS, penal 8 
1 |Confidence Interval Estimate and Prediction interval 

2 “i 

3| Data 
4 XValue [Cae 
5 (Confidence Level | 95% 

intermediate Calculations 

8 Sample Size 

9 |Degrees of Freedom 

10 |t Value 

11 Sample Mean 
12 Sum of Squared Difference 

13 | Standard Error of the Estimate 

14 jh Statistic 

15 | Predicted Y (YHat 

14] =COUNT(SLRData!A:A) 

=B8 - 2 

=1/B8 + (B4 - B11)42/B12 

PROBLEMS FOR SECTION 13.8 

=TREND(SLRData!B2:B15, SLRData!A2:A15, B4) 

In the Worksheet 

The T.INV.2T function in cell B10 computes 

the ¢ critical value. The TREND function in 

cell B15 computes the predicted Y value 

from the regression data and the specified X 

value in cell B4. 

AVERAGE, DEVSQ, which computes 

the SSX, and TREND all use data from a 

SLRData worksheet that contains the data 

for the independent X variable in column 

A and the data for the dependent Y vari- 

able in column B. 

The CIlEandPI worksheet of the Excel 
Guide Simple Linear Regression is a 

copy of the Figure 13.21 worksheet. 

LEARNING THE BASICS 

13.55 Based on a sample of n = 20, the least-squares method 
was used to develop the following prediction line: ¥, = 5 + 3Xj. 

In addition, 

n 

Sw = 10 X=2 SK) - X= 20 
=a 

a. Construct a 95% confidence interval estimate of the population 

mean response for X = 2. 

b. Construct a 95% prediction interval of an individual response 

for X = 2. 

13.56 Based on a sample of n = 20, the least-squares method 

was used to develop the following prediction line: ¥; = 5 + 3X;. 

In addition, 

n — 

Sera OMe=2i as > OP X20 
=o 

a. Construct a 95% confidence interval estimate of the population 

mean response for X = 4. 

b. Construct a 95% prediction interval of an individual response 

for X = 4. 

c. Compare the results of (a) and (b) with those of Problem 13.55 

(a) and (b). Which intervals are wider? Why? 

APPLYING THE CONCEPTS 

13.57 In Problem 13.5 on page 439, you used the summated rating 

of a restaurant to predict the cost of a meal. The data are stored in: 

Restaurants | 
a. Construct a 95% confidence interval estimate of the mean cost 

of a meal for restaurants that have a summated rating of 50. 

b. Construct a 95% prediction interval of the cost of a meal for an 

individual restaurant that has a summated rating of 50. 

c. Explain the difference in the results in (a) and (b). 

13.58 In Problem 13.4 on page 439, you used the 
JEST percentage of alcohol to predict wine quality. The data 

are stored in QYiniemficee. For these data, Syy = 0.9369 and 
h, = 0.024934 when X = 10. 

a. Construct a 95% confidence interval estimate of the mean wine 

quality rating for all wines that have 10% alcohol. 

b. Construct a 95% prediction interval of the wine quality rating of 

an individual wine that has 10% alcohol. 

c. Explain the difference in the results in (a) and (b). 



464 CHAPTER 13 | Simple Linear Regression 

13.59 In Problem 13.7 on page 440, you used the plate gap on the 

bag-sealing equipment to predict the tear rating of a bag of coffee. 

The data are stored in SEY. 
a. Construct a 95% confidence interval estimate of the mean tear 

rating for all bags of coffee when the plate gap is 0. 

b. Construct a 95% prediction interval of the tear rating for an 

individual bag of coffee when the plate gap is 0. 

c. Why is the interval in (a) narrower than the interval in (b)? 

13.60 In Problem 13.6 on page 440, a prospective MBA student 

wanted to predict starting salary upon graduation, based on program 

per-year tuition. The data are stored in [9/V:7-. 
a. Construct a 95% confidence interval estimate of the mean start- 

ing salary upon graduation of an individual program with per- 

year tuition cost of $50,450. 

b. Construct a 95% prediction interval of the starting salary upon 

graduation of an individual program with per-year tuition cost 

of $50,450. 

c. Why is the interval in (a) narrower than the interval in (b)? 

13.61 In Problem 13.9 on page 440, an agent for a real estate com- 

pany wanted to predict the monthly rent for one-bedroom apart- 

ments, based on the size of an apartment. The data are stored in 

Silver Spring Rentals | 
a. Construct a 95% confidence interval estimate of the mean 

monthly rental for all one-bedroom apartments that are 
800 square feet in size. 

b. Construct a 95% prediction interval of the monthly rental for 

an individual one-bedroom apartment that is 800 square feet 

in size. ~ 

c. Explain the difference in the results in (a) and (b). 

13.62 In Problem 13.8 on page 440, you used annual revenue to 

predict the value of a MLB baseball team, using the data stored in 

MLB Values } 
a. Construct a 95% confidence interval estimate of the mean value 

of all baseball franchises that generate $250 million of annual 

revenue. 

b. Construct a 95% prediction interval of the value of an individ- 

ual baseball franchise that generates $250 million of annual 

revenue. 

c. Explain the difference in the results in (a) and (b). 

13.63 In Problem 13.10 on page 440, you used YouTube trailer 

views to predict movie weekend box office gross from data stored 

in (YEN). A movie, about to be released, has 50 million YouTube 
trailer views. 

a. What is the predicted weekend box office gross? 

b. Which interval is more useful here, the confidence interval 

estimate of the mean or the prediction interval for an individual 
response? Explain. 

c. Construct and interpret the interval you selected in (b). 

13.9 Potential Pitfalls in Regression 
Using regression analysis has several different types of potential pitfalls. Regression analy- 
sis requires knowledge of the subject matter, which, in turn, requires proper definition of the 
problem being solved or the goal being sought, the first task of the DCOVA framework (see 
the First Things First chapter). Without knowledge of the subject matter, important variables 
may be omitted from the regression model or nonsensical relationships among variables wrongly 
explored. ; 

Many potential pitfalls arise from overlooking the issues that this chapter discusses. Being 
unaware of the assumptions of least-squares regression, not knowing how to evaluate the assump- 
tions of least-squares regression, or extrapolating outside the relevant range are all common errors. 
Overlooking the alternatives that exist to least-squares regression if an assumption is violated or 
thinking that every relationship must be linear are errors seen in uninformed or incomplete analysis. 
In addition, not considering logical casuality, a basic principle of statistics (see page 6), can also 
occur when one gets too focused on the mechanics of performing a regression analysis. 
ae 13.1 lists the seven steps that helps one avoid the potential pitfalls of regression 

analysis. 

EXHIBIT BE 
Fan tpg es ae oe | 

Steps for Avoi bad - ha Re 
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Four sets of artificial data 

13.9 Potential Pitfalls in Regression 465 

b. Construct a histogram, stem-and-leaf display, boxplot, or normal probability plot 

of the residuals to check for normality. 

c. Plot the residuals versus time to check for independence. (This step is necessary 

only if the data are collected over time.) 

4. If there are violations of the assumptions, use alternative methods to least-squares 

regression or alternative least-squares models (Kutner). 

5. If there are no violations of the assumptions, carry out tests for the significance 

of the regression coefficients and develop confidence and prediction intervals. 

6. Refrain from making predictions and forecasts outside the relevant range of the 
independent variable. 

7. Remember that the relationships identified in observational studies may or 
may not be due to cause-and-effect relationships. (While causation implies 

correlation, correlation does not imply causation.) 

Someone not familiar with the assumptions of regression or how to evaluate those 

assumptions may reach wrong conclusions about the data being analyzed. For example, 

Table 13.7, stored in [VES ), presents the Anscombe data set that illustrates the impor- 

tance of using scatter plots and residual analysis to complement the calculation of the 

Y intercept, the slope, and r’. 

Data Set A Data Set B Data Set C Data Set D 

X; Y; Y; Yj Y; 

10 8.04 10 9.14 10 7.46 8 6.58 

14 9.96 14 8.10 14 8.84 8 SKE 

5 5.68 5 4.74 5 a 8 Hetil 

6.95 8 8.14 8 6.77 8 8.84 

8.81 9 8.77 9 dete 8 8.47 

12 10.84 12 9.13 12 8.15 8 7.04 

4 4.26 4 3.10 4 5.39 8 325) 

4 4.82 i 7.26 ql 6.42 19 12.50 

11 8.33 11 9.26 11 7.81 8 5.56 

13 7.58 13 8.74 Is) 12.74 8 7.91 

6 7.24 6 6.13 6 6.08 8 6.89 

Source: Data extracted from F, J. Anscombe, “Graphs in Statistical Analysis,” The American Statistician, 

27 (1973), pp. 17-21. 

Anscombe showed that all four data sets in Table 13.7 have the following identical results: 

Vie ese SX) ues oo7 SOS 7 0,007 

SSR = 27.51 SSE = 12.76 SST = 41.27 

Stopping the regression analysis of these data sets at this point would fail to observe the import- 

ant differences among the sets. On page 466, the Figure 13.22 scatter plots and residual plots 

show how different the four data sets are! 
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FIGURE 13.22 

Scatter plots and residual plots for the data sets A, B, C, and D 
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Each data set has a different relationship between X and Y. The only data set that seems to 
approximately follow a straight line is data set A. The data set A residual plot does not show 
any obvious patterns or outlying residuals. This is not true for the residual plots for data sets 
B, C, and D. The data set B scatter plot shows that a curvilinear regression model is the more 
appropriate model and the data set B residual plot reinforces that conclusion. 

The scatter plot and the residual plot for data set C clearly show an outlying observation. 
For this case, one can remove the outlier and reestimate the regression model (see Kutner). The 
scatter plot for data set D reveals a regression model that is heavily dependent on the outcome 
of a single data point (Xj = 19 and ¥z = 12.50). Any regression model with this characteristic 
should be used with caution. 

"USING STATISTICS 
Knowing Customers ..., Revisited 

: n the Knowing Customers at Sunflowers Apparel scenario, that about 84.8% 
you were the director of planning for a chain of upscale _ of the variation in 

clothing stores for women. Until now, Sunflowers managers _ sales was explained 
selected sites based on factors such as the availability of a _ by the number of 
good lease or a subjective opinion that a location seemed _ profiled customers 
like a good place for a store. To make more objective deci- who live within a fixed radius of a Sunflowers store. Fur- sions, you asked a marketing firm to identify and classify thermore, for each increase of | million profiled customers, groups of consumers. After this first definitional step, the mean annual sales were estimated to increase by $2.0742 DCOVA framework was to develop a regression model to million. With the LINE assumptions verified for this model, analyze the relationship between the number of profiled Sunflowers management can use the model to help make customers who live within a fixed radius of a Sunflowers better decisions when selecting new sites for stores or to store and the annual sales of the store. The model indicates forecast sales for existing stores. 
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This chapter develops the simple linear regression model 
and discusses the assumptions the model uses and how to 
evaluate them. Once assumptions are verified, the model can 

be used to predict values by using the prediction line and 

FIGURE 13.23 

Roadmap for simple linear 

regression 
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467 Summary 

test for the significance of the slope. Figure 13.23 provides 

a roadmap for navigating through the process of applying a 

simple linear regresssion model to a set of data. 
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YKEY EQUATIONS 

Simple Linear Regression Model 

Y, == Bo at BX; ote €j 

Simple Linear Regression Equation: The Prediction Line 

(13.1) 

Y, = bo a5 bX; (132) 

Computational Formula for the Slope, b, 

SSXY 
Ro (13.3) 

SSX 

Computational Formula for the Y Intercept, by 

by = Y — bX (13.4) 

Measures of Variation in Regression 

SST = SSR + SSE (13:5) 

Total Sum of Squares (SST) 

n 

SST = Total sum of squares = S)(¥, — Y)? (13.6) 
j=1 

Regression Sum of Squares (SSR) 

SSR = Explained variation or regression sum of squares 

Sey — 1) (13.7) 
i=1 

Error Sum of Squares (SSE) 

SSE = Unexplained variation or error sum of squares 
n 

SDE Geng (13.8) 
i=1 

Computational Formula for SST 

n 2 

. (2) pete UY) = Sye a (13.9) 
i=1 i=1 

Computational Formula for SSR 

ssr = Se - 7) 
i=1 

n 

=bD>¥ +b 
=H 

(13.10) 

| 

—_ . mene,” | ~ 

Kutner, M. H., C. J. Nachtsheim, J. Neter, and W. Li. Applied 

Linear Statistical Models, 5th ed. New York: McGraw-Hill/ 

Irwin, 2005. 

Montgomery, D. C., E. A. Peck, and G. G. Vining. /ntroduction to 

Linear Regression Analysis, 5th ed. New York, Wiley, 2012. 

ae art 

Computational Formula for SSE 

SSE = D0 - = >¥- by > ¥; — b; > XY, 
i=1 i=1 

(13.11) 

Coefficient of Determination 

; Regression sum of squares SSR ee sks ts rnc SM (13.12) 
Total sum of squares SST 

Standard Error of the Estimate 

ase. | 3 i ry 5 at 13.13 vx st \ ee on (13.13) 

Residual 

g=¥-y, (13.14) 

Durbin-Watson Statistic 

> (e; — @j-1 )? 

D=— - (13.15) 

ae 
i=] 

t Test Statistic for Testing a Hypothesis 

for a Population Slope, B; 

b, — B, 
V8 ier icra rs (13.16) 

Sp, 

F Test Statistic for Testing a Hypothesis 

for a Population Slope, B; 

_ MSR 
STAT MSE (13.17) 

Confidence Interval Estimate of the Slope, B; 

b, ie ty/2Sp, 

by — ta/2Sp, = By S by + ta/2Sp, (13.18) 



Testing for the Existence of Correlation 

pap 
IsTaT = : (13.19a) 

1—rT- 

f=? 

mercov(X,, Y) 
r SySy (13.19b) 

Confidence Interval Estimate for the Mean of Y 

y, + ta f2Sex W hy 

et to(2SvxV hi = My\x=x, = ¥ + toyaSvxV hi (13.20) 

YKEY TERMS 
Eee 

assumptions of regression 446 

autocorrelation 450 

coefficient of determination 443 _ 

confidence interval estimate for the mean 

response 461 

correlation coefficient 457 

dependent variable 431 

Durbin-Watson statistic 451 

equal variance 446 

error sum of squares (SSE) 441 

explained variation 441 

explanatory variable 431 

homoscedasticity 446 

independence of errors 

linearity 446 

model 431 

normality 446 

prediction line 433 

regression analysis 

relevant range 436 

446 

independent variable 431 residual 

least-squares method 434 

positive linear relationship 432 

prediction interval for an individual 

response, Y 462 

regression coefficient 

regression sum of squares (SSR) 441 

Checking Your Understanding 469 

Prediction Interval for an Individual Response, Y 

Y, a/2Syx V 1 + h; 

Y, = ty /2S yx V1 =r hj = Vy, = = Y, a ty/2Syx V bles h; 

(13.21) 

446 

residual analysis 446 

response variable 431 

scatter diagram 431 

scatter plot 431 

simple linear regression 431 

simple linear regression equation 433 

slope 433 

standard error of the estimate 444 

431 total sum of squares (SST) 441 

434 total variation 441 

unexplained variation 441 

Yintercept 433 

* CHECKING YOUR UNDERSTANDING 

13.64 What is the interpretation of the Y intercept and the slope in 

the simple linear regression equation? 

13.65 What is the interpretation of the coefficient of determination? 

13.66 When is the unexplained variation (i.e., error sum of 

squares) equal to 0? 

13.67 When is the explained variation (i.e., regression sum of 

squares) equal to 0? 

13.68 Why should you always carry out a residual analysis as part 

of a regression model? 

13.69 What are the assumptions of regression analysis? 

13.70 How do you evaluate the assumptions of regression analysis? 

13.71 When and how do you use the Durbin-Watson statistic? 

13.72 What is the difference between a confidence interval estimate 

of the mean response, y|y= x, and a prediction interval of Yy—x,? 
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Y CHAPTER REVIEW PROBLEMS . 

13.73 Can you use movie critics’ opinions to forecast box office 

receipts on the opening weekend? The following data, stored in 

GEESE, indicate the Tomatometer rating, the percentage 
of professional critic reviews that are positive, and the receipts 

per theater ($thousands) on the weekend a movie opened for 

10 movies: 

Movie Tomatometer Rating Receipts 

The Mummy 16 7.8 

Zookeeper’s Wife 61 6.1 

Beatriz at Dinner 80 28.4 

The Hero 76 Lae. 

Wonder Woman 93 24.8 

Baby Boss 52 133 

The Circle 15 2.9 

Dean 61 4.0 

Baywatch 20 rl 

Churchill 38 1.9 

Source: “Top Box Office Movies — Rotten Tomatoes.” and “The Numbers — 

Weekend Box Office Chart for May 26th 2017,” bit.ly/2t0tqS6. 

a. Use the least-squares method to compute the regression coeffi- 
cients bo and by. 

b. Interpret the meaning of by and b, in this problem. 
c. Predict the mean receipts for a movie that has a Tomatometer 

rating of 55%. 

d. Should you use the model to predict the receipts for a movie that 
has a Tomatometer rating of 5%? Why or why not? 

e. Determine the coefficient of determination, r*, and explain its 
meaning in this problem. 

f. Perform a residual analysis. Is there any evidence of a pattern in 
the residuals? Explain. 

g. At the 0.05 level of significance, is there evidence of a linear 
relationship between Tomatometer rating and receipts? 

h. Construct a 95% confidence interval estimate of the mean 
receipts for a movie that has a Tomatometer rating of 55% and 
a 95% prediction interval of the receipts for a single movie that 
has a Tomatometer rating of 55%. 

i. Based on the results of (a)—(h), do you think that Tomatometer 
rating is a useful predictor of receipts on the first weekend a 
movie opens? What issues about these data might make you 
hesitant to use Tomatometer rating to predict receipts? 

13.74 Management of a soft-drink bottling company has the busi- 
ness objective of developing a method for allocating delivery costs 
to customers. Although one cost clearly relates to travel time within 
a particular route, another variable cost reflects the time required 
to unload the cases of soft drink at the delivery point. To begin, 
management decided to develop a regression model to predict 
delivery time based on the number of cases delivered. A sample of 
20 deliveries within a territory was selected. The delivery times and 
the number of cases delivered were organized in the following table 
and stored in BETES. 

a ; TTI Ee 

Delivery Delivery 

Number Time Number Time 

(minutes) | Customer of Cases (minutes) Customer of Cases 

| 52% B2hl 11 161 43.0 

2 64 34.8 LZ 184 49.4 

3 73 36.2 13 202 aM! 

4 85 D1. 14 218 56.8 

5 95 37.8 15 243 60.6 

6 LOS 7997 16 254 61.2 

i) 116 38.5 17 267 58.2 

121 41.9 18 275 63.1 

143 44,2 19 287 65.6 

10 LD 47.1 20 298 67.3 

a. Use the least-squares method to compute the regression coeffi- 

cients by and b,. 

b. Interpret the meaning of bp and b, in this problem. 
c. Predict the mean delivery time for 150 cases of soft drink. 
d. Should you use the model to predict the delivery time for a cus- 

tomer who is receiving 500 cases of soft drink? Why or why not? 
e. Determine the coefficient of determination, r*, and explain its 

meaning in this problem. 
f. Perform a residual analysis. Is there any evidence of a pattern in 

the residuals? Explain. 

g. At the 0.05 level of significance, is there evidence of a linear 
relationship between delivery time and the number of cases 
delivered? 

h. Construct a 95% confidence interval estimate of the mean deliv- 
ery time for 150 cases of soft drink and a 95% prediction interval 
of the delivery time for a single delivery of 150 cases of soft 
drink. 

i. What conclusions can you reach from (a) through (h) about the 
relationship between the number of cases and delivery time? 

13.75 Measuring the height of a California redwood tree is very dif- 
ficult because these trees grow to heights of more than 300 feet. Peo- 
ple familiar with these trees understand that the height of a California 
redwood tree is related to other characteristics of the tree, including 
the diameter of the tree at the breast height of a person. The data in 

represent the height (in feet) and diameter (in inches) at the 
breast height of a person for a sample of 21 California redwood trees. 
a. Assuming a linear relationship, use the least-squares method to 

compute the regression coefficients bo and ;. State the regres- 
sion equation that predicts the height of a tree based on the tree’s 
diameter at breast height of a person. 
Interpret the meaning of the slope in this equation, 

¢. Predict the mean height for a tree that has a breast height diam- 
eter of 25 inches. 

d. Interpret the meaning of the coefficient of determination in this 
problem. 

e. Perform a residual analysis on the results and determine the ade- 
quacy of the model. 



f. Determine whether there is a significant relationship between 
the height of redwood trees and the breast height diameter at the 
0.05 level of significance. 

g. Construct a 95% confidence interval estimate of the population 
slope between the height of the redwood trees and breast hei ght 
diameter. 

h. What conclusions can you reach about the relationship of the 
diameter of the tree and its height? 

13.76 You want to develop a model to predict the asking price of 
homes based on their size. A sample of 61 single-family houses 
listed for sale in Silver Spring, Maryland, a suburb of Washing- 
ton, DC, is selected to study the relationship between asking price 
(in $thousands) and living space (in square feet), and the data are 
collected and stored in SPSS SSE. (Hint: First determine 
which are the independent and dependent variables.) 

a. Construct a scatter plot and, assuming a linear relationship, use 

the least-squares method to compute the regression coefficients 
bo and by. 

Interpret the meaning of the Y intercept, bo, and the slope, by, in 
this problem. 

Use the prediction line developed in (a) to predict the mean ask- 

ing price for a house whose living space is 2,000 square feet. 

d. Determine the coefficient of determination, r*, and interpret its 

meaning in this problem. 

e. Perform a residual analysis on your results and evaluate the 

regression assumptions. 

f. At the 0.05 level of significance, is there evidence of a linear 

relationship between asking price and living space? 

g. Construct a 95% confidence interval estimate of the population 

slope. 

h. What conclusions can you reach about the relationship between 

the living space and asking price? 

rif 
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13.77 You want to develop a model to predict the taxes of houses, 

based on asking price. A sample of 61 single-family houses listed 

for sale in Silver Spring, Maryland, a suburb of Washington, DC, 

is selected. The taxes (in $) and the asking price of the houses (in 

$thousands) are recorded and stored in SESS. (Hint: 
First determine which are the independent and dependent variables.) 

a. Construct a scatter plot and, assuming a linear relationship, use 

the least-squares method to compute the regression coefficients 

bo and by. 

Interpret the meaning of the Y intercept, bo, and the slope, b,, in 

this problem. 

Use the prediction line developed in (a) to predict the mean taxes 

for a house whose asking price is $400,000. 

d. Determine the coefficient of determination, r*, and interpret its 

meaning in this problem. 

e. Perform a residual analysis on your results and evaluate the 

regression assumptions. 

f. At the 0.05 level of significance, is there evidence of a linear 

relationship between taxes and asking price? 

g. What conclusions can you reach concerning the relationship 

between taxes and asking price? 

= 

2 

13.78 An analyst has the objective of predicting the return on 

average tangible common equity (ROATCE) of banks. The analyst 

begins by using efficiency ratio, a measure of a bank’s ability to turn 

resources into revenue. A sample of 100 American banks is selected 

and stored in [XESS MELIL- 
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Source: Data extracted from K. Badenhausen, “America’s Best Banks 2017,” 

available at bit.ly/2tpwlEr. 

a. Construct a scatter plot and, assuming a linear relationship, use 

the least-squares method to compute the regression coefficients 

bo and by. 

b. Interpret the meaning of the Y intercept, bo, and the slope, b,, in 

this problem. 

c. Use the prediction line developed in (a) to predict the mean 

ROATCE for a bank with an efficiency ratio of 60%. 

d. Determine the coefficient of determination, r”, and interpret its 

meaning in this problem. 

e. Perform a residual analysis on your results and evaluate the 

regression assumptions. 

f. At the 0.05 level of significance, is there evidence of a linear 

relationship between efficiency ratio and ROATCE? 

g. Construct a 95% confidence interval estimate of the mean 

ROATCE of banks with an efficiency ratio of 60% and a 95% 

prediction interval of the ROATCE for a particular bank with an 

efficiency ratio of 60%. 

h. Construct a 95% confidence interval estimate of the population 

slope. 

i. What conclusions can you reach concerning the relationship 

between efficiency ratio and ROATCE? 

13.79 An accountant for a large department store has the business 

objective of developing a model to predict the amount of time it 

takes to process invoices. Data are collected from the past 32 work- 

ing days, and the number of invoices processed and completion time 

(in hours) are stored in [[EN@5R@3. (Hint: First determine which are 
the independent and dependent variables.) 

a. Assuming a linear relationship, use the least-squares method to 

compute the regression coefficients bp and by. 

b. Interpret the meaning of the Y intercept, bo, and the slope, b,, in 

this problem. 

c. Use the prediction line developed in (a) to predict the mean 

amount of time it would take to process 150 invoices. 

d. Determine the coefficient of determination, r”, and interpret its 

meaning. 

e. Plot the residuals against the number of invoices processed and 

also against time. 

f. Based on the plots in (e), does the model seem appropriate? 

g. Based on the results in (e) and (f), what conclusions can you 

reach about the validity of the prediction made in (c)? 

h. What conclusions can you reach about the relationship between 

the number of invoices and the completion time? 

13.80 On January 28, 1986, the space shuttle Challenger exploded, 

and seven astronauts lost their lives. Engineers for the manufacturer 

of the rocket motor prepared charts to make the case that the launch 

should not take place due to the cold weather that day. These argu- 

ments were rejected, and the launch tragically took place. Upon 

investigation after the tragedy, experts agreed that the disaster 

occurred because of leaky rubber O-rings that did not seal properly 

due to the cold temperature. Data indicating the atmospheric tem- 

perature at the time of 23 previous launches and the O-ring damage 

index are stored in [@S3{i). (Data from flight 4 are omitted due to 
unknown O-ring condition.) 

Sources: Data extracted from Report of the Presidential Commission on the Space 

Shuttle Challenger Accident, Washington, DC, 1986, Vol. Il (H1—H3) and Vol. IV 

(664); and Post-Challenger Evaluation of Space Shuttle Risk Assessment and 

Management, Washington, DC, 1988, pp. 135-136. 
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a. Construct a scatter plot for the seven flights in which there was 

O-ring damage (O-ring damage index # 0). What conclusions, 

if any, can you reach about the relationship between atmospheric 

temperature and O-ring damage? 

b. Construct a scatter plot for all 23 flights, 

c. Explain any differences in the interpretation of the relationship 

between atmospheric temperature and O-ring damage in (a) 

and (b). 

d. Based on the scatter plot in (b), provide reasons why a prediction 

should not be made for an atmospheric temperature of 31°F, the 

temperature on the morning of the launch of the Challenger. 

e. Although the assumption of a linear relationship may not be 

valid for the set of 23 flights, fit a simple linear regression model 

to predict O-ring damage, based on atmospheric temperature. 

f. Include the prediction line found in (e) on the scatter plot devel- 
oped in (b). 

g. Based on the results in (f), do you think a linear model is appro- 

priate for these data? Explain. 

h. Perform a residual analysis. What conclusions do you reach? 

13.81 A baseball analyst would like to study various team statistics 
for a recent season to determine which variables might be useful in 
predicting the number of wins achieved by teams during the season. 

He begins by using a team’s earned run average (ERA), a measure 
of pitching performance, to predict the number of wins. He collects 
the team ERA and team wins for each of the 30 MLB baseball 
teams and stores these data in [EPECP YJ. (Hint: First determine 
which are the independent and dependent variables.) 
a. Assuming a linear relationship, use the least-squares method to 

compute the regression coefficients bp and ),. 
b. Interpret the meaning of the Y intercept, bp, and the slope, b;, in 

this problem. 

Use the prediction line developed in (a) to predict the mean 
number of wins for a team with an ERA of 4.50. 

d. Compute the coefficient of determination, r?, and interpret its 
meaning. 

e. Perform a residual analysis on your results and determine the 
adequacy of the fit of the model. 

f. At the 0.05 level of significance, is there evidence of a linear 
relationship between the number of wins and the ERA? 

g. Construct a 95% confidence interval estimate of the mean 
number of wins expected for teams with an ERA of 4.50, 

h. Construct a 95% prediction interval of the number of wins for 
an individual team that has an ERA of 4.50, 

i. Construct a 95% confidence interval estimate of the population 
slope. 

j. The 30 teams constitute a population. In order to use statistical 
inference, as in (f) through (i), the data must be assumed to 
represent a random sample. What “population” would this sam- 
ple be drawing conclusions about? 

k. What other independent variables might you consider for inclu- 
sion in the model? 
What conclusions can you reach concerning the relationship 
between ERA and wins? 

Cc 
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13.82 Can you use the annual revenues generated by NBA teams 
to predict current values? Figure 2.17 on page 66 shows a scat- 
ter plot of team revenue and current value, and Figure 3.12 on 
page 138, shows the correlation coefficient. Now, you want to 
develop a simple linear regression model to predict current values 
based on revenues. (Team current values and revenues are stored 
ty NBA Financial 9) 

a. Assuming a linear relationship, use the least-squares method to 

compute the regression coefficients bp and b,. 

b. Interpret the meaning of the Y intercept, bo, and the slope, b,, in 

this problem. 

c. Predict the mean current value of an NBA team that generates 

$150 million of annual revenue. 

d. Compute the coefficient of determination, r?, and interpret its 

meaning. 

e. Perform a residual analysis on your results and evaluate the 

regression assumptions. 

f. At the 0.05 level of significance, is there evidence of a linear 

relationship between the annual revenues generated and the cur- 

rent value of an NBA team? 

g. Construct a 95% confidence interval estimate of the mean value 

of all NBA teams that generate $150 million of annual revenue. 

h. Construct a 95% prediction interval of the value of an individual 

NBA team that generates $150 million of annual revenue. 

i. Compare the results of (a) through (h) to those of baseball teams 

in Problems 13.8, 13.20, 13.30, 13.46, and 13.62 and European 

soccer teams in Problem 13.83. 

13.83 In Problem 13.82 you used annual revenue to develop a 
model to predict the current value of NBA teams. Can you also 
use the annual revenues generated by European soccer teams to 
predict their current values? (European soccer team current values 
and revenues are stored in EEEEEYA NE.) 
a. Repeat Problem 13.82 (a) through (h) for the European soccer teams. 
b. Compare the results of (a) to those of baseball teams in Prob- 

lems 13.8, 13.20, 13.30, 13.46, and 13.62 and NBA teams in 
Problem 13.82. 

13.84 During the fall harvest season in the United States, pump- 
kins are sold in large quantities at farm stands. Often, instead of 
weighing the pumpkins prior to sale, the farm stand operator will 
just place the pumpkin in the appropriate circular cutout on the 
counter. When asked why this was done, one farmer replied, “I can 
tell the weight of the pumpkin from its circumference.” To deter- 
mine whether this was really true, the circumference and weight of 
each pumpkin from a sample of 23 pumpkins were determined and 
the results stored in 
a. Assuming a linear relationship, use the least-squares method to 

compute the regression coefficients bp and by. 
b. Interpret the meaning of the slope, b,, in this problem. 
¢. Predict the mean weight for a pumpkin that is 60 centimeters in 

circumference. 
d. Do you think it is a’ good idea for the farmer to sell pumpkins by 

circumference instead of weight? Explain. 
e. Determine the coefficient of determination, 2, and interpret its 

meaning. 
f. Perform a residual analysis for these data and evaluate the 

regression assumptions. 
g. At the0.05 level of significance, is there evidence of a linear rela- 

tionship between the circumference and weight of a pumpkin? 
h. Construct a 95% confidence interval estimate of the population 

slope, B;. 

REPORT WRITING EXERCISE 
13.85 In Problems 13.8, 13.20, 13.30, 13.46, 13.62, 13.82, and 
13.83, you developed regression models to predict current value of 
MLB baseball, NBA basketball, and European soccer teams. Now, 
write a report based on the models you developed. Append to your 
report all appropriate charts and statistical information. 



Managing Ashland MultiComm Services 
To ensure that as many trial subscriptions to the 3-For-All 
service as possible are converted to regular subscriptions, the 
marketing department works closely with the customer support 
department to accomplish a smooth initial process for the trial 
subscription customers. To assist in this effort, the marketing 
department needs to accurately forecast the monthly total of new 
regular subscriptions. 

A team consisting of managers from the naarketing and 
customer support departments was convened to develop a bet- 

ter method of forecasting new subscriptions. Previously, after 

examining new subscription data for the prior three months, a 

group of three managers would develop a subjective forecast 

of the number of new subscriptions. Livia Salvador, who was 

recently hired by the company to provide expertise in quantita- 

tive forecasting methods, suggested that the department look for 

factors that might help in predicting new subscriptions. 

Members of the team found that the forecasts in the past 

year had been particularly inaccurate because in some months, 

much more time was spent on telemarketing than in other 

months. Livia collected data (stored in [XYE¥E)) for the number 

of new subscriptions and hours spent on telemarketing for each 

month for the past two years. 

1. What criticism can you make concerning the method of 

forecasting that involved taking the new subscriptions data 

for the prior three months as the basis for future projections? 

2. What factors other than number of telemarketing hours spent 

might be useful in predicting the number of new subscrip- 

tions? Explain. 

3. a. Analyze the data and develop a regression model to pre- 

dict the number of new subscriptions for a month, based 

on the number of hours spent on telemarketing for new 

subscriptions. 

b. If you expect to spend 1,200 hours on telemarketing per 

month, estimate the number of new subscriptions for the 

month. Indicate the assumptions on which this prediction is 

based. Do you think these assumptions are valid? Explain. 

c. What would be the danger of predicting the number of 

new subscriptions for a month in which 2,000 hours were 

spent on telemarketing? 

Digital Case 
Apply your knowledge of simple linear regression in this Digital 

Case, which extends the Sunflowers Apparel Using Statistics 

scenario from this chapter. 

Leasing agents from the Triangle Mall Management Corporation 

have suggested that Sunflowers consider several locations in 

some of Triangle’s newly renovated lifestyle malls that cater to 
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shoppers with higher-than-mean disposable income. Although 

the locations are smaller than the typical Sunflowers location, 

the leasing agents argue that higher-than-mean disposable 

income in the surrounding community is a better predictor of 

higher sales than profiled customers. The leasing agents main- 

tain that sample data from 14 Sunflowers stores prove that this 

is true. 

Open Triangle_Sunflower.pdf and review the leasing 

agents’ proposal and supporting documents. Then answer the 

following questions: 

1. Should mean disposable income be used to predict sales 

based on the sample of 14 Sunflowers stores? 

2. Should the management of Sunflowers accept the claims of 

Triangle’s leasing agents? Why or why not? 

3. Is it possible that the mean disposable income of the sur- 

rounding area is not an important factor in leasing new loca- 

tions? Explain. 

4. Are there any other factors not mentioned by the leasing 

agents that might be relevant to the store leasing decision? 

Brynne Packaging 
Brynne Packaging is a large packaging company, offering its 

customers the highest standards in innovative packaging solu- 

tions and reliable service. About 25% of the employees at 

Brynne Packaging are machine operators. The human resources 

department has suggested that the company consider using the 

Wesman Personnel Classification Test (WPCT), a measure of 

reasoning ability, to screen applicants for the machine opera- 

tor job. In order to assess the WPCT as a predictor of future 

job performance, 25 recent applicants were tested using the 

WPCT; all were hired, regardless of their WPCT score. At a 

later time, supervisors were asked to rate the quality of the job 

performance of these 25 employees, using a 1-to-10 rating scale 

(where | = very low and 10 = very high). Factors considered. 

in the ratings included the employee’s output, defect rate, ability 

to implement continuous quality procedures, and contributions 

to team problem-solving efforts. The file con- 
tains the WPCT scores (WPCT) and job performance ratings 

(Ratings) for the 25 employees. 

1. Assess the significance and importance of WPCT score as a 

predictor of job performance. Defend your answer. 

2. Predict the mean job performance rating for all employees 

with a WPCT score of 6. Give a point prediction as well as a 

95% confidence interval. Do you have any concerns using the 

regression model for predicting mean job performance rating 

given the WPCT score of 6? 

Evaluate whether the assumptions of regression have been 

seriously violated. 
Se 
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"EXCEL GUIDE 
-EG13.2 DETERMINING the SIMPLE 

__ LINEAR REGRESSION EQUATION 
Key Technique Use the LINEST (cell range of Y variable, 

cell range of X variable, True, True) array function to com- 

pute the b, and bp coefficients, the b; and bp standard errors, 

r? and the standard error of the estimate, the F test statistic 

and error df, and SSR and SSE. 

Use the expression T.INV.2T(1 — confidence level, Error 

degrees of freedom) to compute the critical value for the 
t test. 

Example Perform the Figure 13.4 analysis of the Sunflow- 

ers Apparel data on page 435. 

PHStat Use Simple Linear Regression. 

For the example, open to the DATA worksheet of the Site 

Selection workbook. Select PHStat > Regression > Simple 

Linear Regression. In the procedure’s dialog box (shown 
below): 

1, Enter C1:C15 as the Y Variable Cell Range. 

2. Enter B1:B15 as the X Variable Cell Range. 

3. Check First cells in both ranges contain label. 

4, Enter 95 as the Confidence level for regression 
coefficients. 

5. Check Regression Statistics Table and ANOVA and 
Coefficients Table. 

6. Enter a Title and click OK. 

Simple Linear Regression x 

meee athe PSS OH 

R Y Variable Cell Range: fencis al 

XVariableCelRange: feiss SSC 
1 First cells in both ranges contain label 

Confidence level for regression coefficients: 95 

Regression Tool Output Options 
I Regression Statistics Table 

I¥ ANOVA and Coefficients Table 

Title: 

I Durbin-Watson Statistic 

T™ Confidence Int, Est. & Prediction Int, for X = | 
Confidence level for intervals: | % 

The procedure creates a worksheet that contains a copy 
of your data as well as the worksheet shown in Figure 13.4. 
For more information about these worksheets, read the fol- 
lowing Workbook section. 
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To create a scatter plot that contains a prediction line 

and regression equation similar to Figure 13.5 on page 435, 

modify step 6 by checking Scatter Plot before clicking OK. 

Workbook Use the COMPUTE worksheet of the Simple 
Linear Regression workbook as a template. 

For the example, the worksheet uses the regression data 

already in the SLRData worksheet to perform the regression — 

analysis. Worksheet columns A through I mimic the design 

of the Analysis ToolPak regression results even as the work- 

sheet computes most values in columns L and M, unlike the 

ToolPak results, which do not include any cell formulas. 

To perform simple linear regression for other data, paste 

the regression data into the SLRData worksheet, using col- 

umn A for the X variable data and column B for the Y variable 

data. Then, open to the COMPUTE worksheet and: 

1, Enter the confidence level in cell L8. 

2. Select the gray-tinted cell range L2:M6 (shown below). 

3. In the formula bar, edit the column A and B cell ranges 
in the formula to reflect the range of the new regression 
data. 

4. When finished editing, while holding down the Control 
and Shift keys (or Command on a Mac), press Enter. 

Because the edited formula is an array formula (see Appendix 
Section B.2), the simple pressing of the Enter key without 
any other key being held down will not work as it would for 
entering simple formulas. 

4 ‘ K & M 

1 Intermediate Calculations 

2 OL bO Coefficients 

3 |bL, b0 Standard Error 

4 R Square, Standard Error 

§ if Residual df 

6 Regression SS, Residual SS 
7 ’ 

8 Confidence level [35%] 

9 |¢ Critical Value 2.1788 
10 Half Width bo 2.1676 

11 [Half Width 61 0.5526 ——— 

The gray-tinted cell range L2:M6 uses the LINEST 
function to compute the following statistics: the b; and by 
coefficients in cells L2 and M2, the b; and bo standard errors 
in cells L3 and M3, r? and the standard error of the estimate 
in cells L4 and M4, the F test statistic and error df in cells LS 
and M5, and SSR and SSE in cells L6 and M6. 

Cell L9 uses the expression T.INV.2T(1 — confidence 
level, Error degrees of freedom) to compute the critical value 
for the t test. To see all of the formulas that the COMPUTE 
worksheet uses, open to the COMPUTE_FORMULAS _ 
worksheet. 



Scatter Plot To create a scatter plot that contains both a 
prediction line and regression equation (similar to Figure 13.5 
on page 435), first use the Section EG2.5 Workbook scatter 
piot instructions with the Table 13.1 Sunflowers Apparel data 
to create a scatter plot. Then select the chart and: 

1. Select Design (or Chart Design) > Add Chart 
Element Trendline> More Trendline Options. 

2. Check the Display Equation on chart and Display 
R-squared value on chart check boxes near the bottom 
of the pane (shown below). 

\_yperintercept ww 

|v) Display Equation on chart 

\v} Display R-squared value on chart 

If the X axis of the scatter plot does not appear at the bot- 

tom of the plot, use the “Correcting the Display of the X Axis” 

instructions in Appendix Section B.5 to relocate the X axis to 
the bottom. 

Analysis ToolPak Use Regression. 

For the example, open to the DATA worksheet of the 

SiteSelection workbook and: 

1. Select Data Data Analysis. 

2. In the Data Analysis dialog box, select Regression from 

the Analysis Tools list and then click OK. 

In the Regression dialog box (shown below): 

3. Enter C1:C15 as the Input Y Range and enter B1:B15 

as the Input X Range. 

4. Check Labels and check Confidence Level and enter 

95 in its box. 

5. Click New Worksheet Ply and then click OK. 
,] 

Regression ? x 

Input 5 eae PETS Ss 

Input ¥ Range: (scstiscsis [Be 
Input x Range: [sesi:sesis [Fi 
M1 Labels O | Constant Is Zero 

Confidence Level: [95 |% 
| 

Output options z EE 

© Output Range: ae 
© New Worksheet Ply: ih: Ses Sasa 
© New Workbook 

Residuals 

(2 Residuals (Residual Plots 

(CO Standardized Residuals (] Line Fit Plots 

_ Normal Probability 
(2 Normal Probability Plots 

EG13.3 MEASURES of VARIATION 

The measures of variation appear as part of the regression 

results worksheet that the Section EG13.2 instructions create. 
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If you use either Section EG13.2 PHStat or Workbook 

instructions, COMPUTE worksheet formulas compute these 

measures. The formulas in cells B5, B7, B13, C12, C13, D12, 

and E12 copy values computed by the array formula in cell 

range L2:M6. 

EG13.5 RESIDUALANALYSIS —_—© 

Key Technique Use arithmetic formulas to compute the 

residuals. To evaluate assumptions, use the Section EG2.5 

scatter plot instructions for constructing residual plots and 

the Section EG6.3 instructions for constructing normal prob- 

ability plots. 

Example Compute the Figure 13.10 residuals for the 

Table 13.1 Sunflowers Apparel on page 447. 

PHStat Use the Section EG13.2 PHStat instructions to com- 

pute the residuals. Use the Section EG6.3 PHStat instructions 

to construct a normal probability plot. 

For the example, modify step 5 of the EG13.2 PHStat instruc- 

tions by checking Residuals Table and Residual Plot in 

addition to checking the two other check boxes. PHStat cre- 

ates a residual plot and a worksheet containing the residuals 

in addition to the COMPUTE worksheet described earlier. 

To construct a normal probability plot, open to the resid- 

uals worksheet and modify the EG6.3 PHStat instructions 

by using the cell range of the residuals as the Variable Cell 

Range in step 1. 

Workbook Use the RESIDUALS worksheet of the Simple 

Linear Regression workbook as a template. 

The worksheet already computes the residuals for the exam- 

ple. For other problems, modify this worksheet by pasting the 

X values into column B and the Y values into column D. Then, 

for sample sizes smaller than 14, delete the extra rows. For 

sample sizes greater than 14, copy the column C and E for- 

mulas down through the row containing the last pair of X and 

Y values and add the new observation numbers in column A. 

To construct a residual plot similar to Figure 13.11 on 

page 447, use the original X variable and the residuals 

(plotted as the Y variable) as the chart data and follow the 

Section EG2.5 scatter plot instructions. To construct a normal 
probability plot, follow the Section EG6.3 normal probability 

plot instructions, using the cell range of the residuals as the 

Variable Cell Range. 

Analysis ToolPak Use the Section EG13.2 Analysis 

ToolPak instructions. 
Modify step 5 by checking Residuals and Residual 

Plots before clicking New Worksheet Ply and then OK. To 
construct a residual plot or normal probability plot, use the 

Workbook instructions. 
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EG13.6 MEASURING AUTOCORRELATION: 
the DURBIN-WATSON STATISTIC 

Key Technique Use the SUMXMY2(cell range of the 

second through last residual, cell range of the first through 

the second-to-last residual) function to compute the sum of 
squared difference of the residuals. 

Use the SUMSQ(cell range of the residuals) function to 

compute the sum of squared residuals. 

Example Compute the Durbin-Watson statistic for the pack- 

age delivery data shown in the Figure 13.16 on page 452. 

PHStat Use the PHStat instructions at the beginning of 
Section EG13.2. Modify step 6 by checking the Durbin- 
Watson Statistic output option before clicking OK. 

Workbook Use the DURBIN_WATSON worksheet of the 
Simple Linear Regression workbook as a template. 

The DURBIN_WATSON worksheet of the Package Delivery 
workbook already contains the proper cell formulas to 
compute the statistic for the example. (This workbook also 
uses the COMPUTE and RESIDUALS worksheet templates 
from the Simple Linear Regression workbook.) 

To compute the Durbin-Watson statistic for other prob- 
lems, first create the simple linear regression model and the 
residuals for the problem, using the Sections EG13.2 and 
EG13.5 Workbook instructions. Then open the DURBIN_ 
WATSON worksheet and edit the formulas in cell B3 and B4 
to point to the proper cell ranges of the new residuals. 

EG13.7 INFERENCES ABOUT the SLOPE 
and CORRELATION COEFFICIENT 

The f test for the slope, the F test for the slope, and the con- 
fidence interval estimate for the slope all appear in the work- 
sheet created by using the Section EG13.2 instructions. The t 
test for the slope appears in cell D18, the F test for the slope 
appears in cell E18, and the confidence interval estimate for 
the slope appears in the cell range F18:G18 (and repeated in 
cell range H18:118). 

For the PHStat and Workbook worksheets (identical), cell 
D18 contains a formula that divides the cell B18 contents by 
cell C18 content. Cell E12 copies a value that the LINEST array 
function computes in cell L5. Cell F12 uses the EDIST.RT 

function to compute the p-value for the F test for the slope. 

The cell range F18:G18 contains an arithmetic formula that 

uses the half-width of the b, that cell L11 computes. 

EG13.8 ESTIMATION of MEAN VALUES 
and PREDICTION of INDIVIDUAL 
VALUES 

Key Technique Use the TREND(Y variable cell range, 
X variable cell range, X value) function to compute the 
predicted Y value for the X value. 

Use the DEVSQ(X variable cell range) function to compute 
the SSX value. | 

Example Compute the Figure 13.21 confidence interval 
estimate and prediction interval for the Sunflowers Apparel 
data that is shown on page 463. 

PHStat Modify the Section EG13.2 PHStat instructions by 
replacing step 6 with these steps 6 and 7: 

6. Check Confidence Int. Est. & Prediction Int. for X= 
and enter 4 in its box. Enter 95 as the percentage for 
Confidence level for intervals. 

7. Enter a Title and click OK. 

The additional worksheet created is discussed in the follow- 
ing Workbook instructions. 

Workbook Use the CIEandPI worksheet of the Simple 
Linear Regression workbook, as a template. 
The worksheet already contains the data and formulas for 
the example. To compute a confidence interval estimate and 
prediction interval for other problems: 

1. Paste the regression data into the SLRData worksheet. 
Use column A for the X variable data and column B for 
the Y variable data. 

2. Open to the CIEandPI worksheet. 

In the CIEandPI worksheet: 

3. Change values for the X Value and Confidence Level, 
as is necessary. 

4. Edit the cell ranges used in the cell B15 formula that 
uses the TREND function to refer to the new cell ranges 
for the Y and X variables. 



“TABLEAU GUIDE 

TG13.2 DETERMINING the SIMPLE 
LINEAR REGRESSION EQUATION 

Use scatter plots. 

For example, to perform a regression analysis equivalent to 
the Figure 13.4 analysis of the Sunflowers Apparel data on 
page 435, in a new Tableau workbook, click Connect to 

Data and open the Site Selection Excel workbook. In a new 
Tableau worksheet: 

1. Drag Profiled Customers and drop it in the Columns 
shelf. ‘ 

2. Drag Annual Sales and drop it in the Rows shelf. 

3. Drag Store and drop it over the Details icon in the 

Marks card area. 

4. Select Analysis and clear the Aggregate Measures 

checkmark. 

5. Select Analysis Trend Lines and check Show Trend 

Lines. 

6. Right-click the scatter plot and select Trend Lines 

Describe Trend Model. 

7. In the Describe Trend Model dialog box click Copy to 

copy the summary results of the model. 

CHAPTER 

8. Open to a new Microsoft Word document and press 

Ctrl+V (Command+V in macOS) to paste the — 

summary results. 

9, Optionally, delete the Row, Column, Line p-value, and 

DF columns in the table that appears at the end of the | 

summary results. 

10. Back in Tableau, click Close to close the Describe Trend ae 

Model dialog box. 

Enter a worksheet title, turn off gridlines, and, optionally, 5 

adjust font and type characteristics using the Appendix | 

Section B.5T instructions. To make the Figure 13.5 summary | 

information box appear in the chart, move the mouse pointer 

over the prediction line. The summary information appears 

in a popup window that disappears when the mouse pointer 

is moved away from the prediction line. 

'7TG13.3_ MEASURES of VARIATION 
Some of the measures of variation appear as part of the 

regression summary results that Section TG13.2 instructions 

create. 
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YUSING STATISTICS 
The Multiple Effects of OmniPower Bars 

ou are a marketing manager for OmniFoods, with oversight for nutrition bars and 
similar snack items. You seek to revive the sales of OmniPower, the company’s 
primary product in this category. Originally marketed as a high-energy bar to 

runners, mountain climbers, and other athletes, OmniPower reached its greatest sales during 
an earlier time when high-energy bars were one of the most popular snack items with 
consumers. Now, you seek to reposition the product as a nutrition bar to benefit from the 
booming market for such bars. 

Because the marketplace already contains several successful nutrition bars, you need to 
develop an effective marketing strategy. In particular, you need to determine the effect that price 
and in-store promotional expenses (special in-store coupons, signs, and displays as well as the 
cost of free samples) will have on sales of OmniPower. Before marketing the bar nationwide, 
you plan to conduct a test-market study of OmniPower sales, using a sample of 34 stores in a 
supermarket chain. 

How can you extend the linear regression methods discussed in Chapter 13 to incorporate 
the effects of price and promotion into the same model? How can you use this model to 
improve the success of the nationwide introduction of OmniPower? 

reste fae a Rad ene Sn Rn Fort 



» Use categorical 

independent variables 

» Understand logistic 

regression 

14.1 Developing a Multiple Regression Model 479 

hapter 13 discusses simple linear regression models that use one numerical independent 

variable, X, to predict the value of a numerical dependent variable, Y. Often you can 

make better predictions by using more than one independent variable. This chapter 

introduces you to multiple regression models that use two or more independent variables to 
predict the value of a dependent variable. 

14.1 Developing a Multiple Regression Model 

TABLE 14.1 

Monthly OmniPower 

sales, price, and 

promotional expenditures 

In the OmniPower Bars scenario, your business objective, to determine the effect that price 

and in-store promotional expenses will have on sales, calls for examining a multiple regression 

model in which the price of an OmniPower bar in cents (X,) and the monthly budget for in-store 

promotional expenses in dollars (X,) are the independent variables and the number of OmniPower 

bars sold in a month (Y) is the dependent variable. 

To develop this model, you collect data from a sample of 34 stores in a supermarket chain 

selected for the test-market study of OmniPower. You choose stores in a way to ensure that they 

all have approximately the same monthly sales volume. You organize and store the data collected 

in (eiitineed. Table 14.1 presents these data. 

Store Sales Price Promotion | Store Sales Price Promotion 

1 4,141 59 200 18 2,130 79 400 

$) 3,842 59 200 19 2,618 79 400 

3 3,056 59 200 20 4,421 79 400 

4 3,019 59 200 21 4,113 79 600 

5 4,226 59 400 22. 3,746 79 600 

6 4,630 59 400 23 Sie 79 600 

i”, 3,507 59 400 24 3,825 79 600 

8 3,754 59 400 2 1,096 99 200 

9 5,000 39 600 26 761 99 200 

10 5,120 59 600 20 2,088 99 200 

11 4,011 59 600 28 820 99 200 

12 6,015 59 600 29 2,114 99 400 

is (eis q9 200 30 1,882 99 400 

14 675 79 200 31 2,159 99 400 

15 3,636 a9 200 32 1,602 99 400 

16 3,224 79 200 33 3,354 99 600 

it 2,29) 79 400 34 2,927 99 600 

Interpreting the Regression Coefficients 

When there are several independent variables, one can extend the simple linear regression model 

of Equation (13.1) on page 432 by assuming a linear relationship between each independent 

variable and the dependent variable. Equation (14.1) defines the general case of a multiple 

regression model with k independent variables. Equation (14.2) defines the specific case of the 

multiple regression model with two independent variables, the simplest case. 
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student TIP 
Use software to calculate 

multiple regression 

results due to the 

complexitity of the 

calculations. 

student TIP 
Multiple regression 

coefficients are 

conditional on holding 
constant the effect of 

the other independent 

variables. The slope b, 
holds constant the effect 
of variable X,. The slope 
bz holds constant the 
effect of variable X,. 

CHAPTER 14 | Introduction to Multiple Regression 

MULTIPLE REGRESSION MODEL WITH k INDEPENDENT VARIABLES 

Yi = Bo + BiXy; + BoXo; F B:X3ji +... + BX + 8; (14.1) 
where 

Y,; = dependent variable for observation i 

Bo = Y intercept 

B, = slope of Y with variable X,, holding variables X>, X3, ..., X; constant 

By = slope of Y with variable X, holding variables X,, X3, . . ., X, constant 

B, = slope of Y with variable X, holding variables X,, X>, X3, . .., X,—, constant 

€; = random error in Y for observation i 

MULTIPLE REGRESSION MODEL WITH TWO INDEPENDENT VARIABLES 

¥; = Bo + BiX1; + BX; + &; (14.2) 

Equation (14.2) has three net regression coefficients: Po, B;, and B5. As in simple linear 
regression, By represents the Y intercept, the value of Y when X = 0. The other two terms are 
slopes defined as follows: 

* 8: the change in Y per unit change in X\, taking into account the effect of X>. 
* >: the change in ¥ per unit change in X), taking into account the effect of X}. 

Each independent X variable always has its own B term. Therefore, a multiple regression model 
that has j X variables will always have j+1 B terms, P; through B; plus the Y intercept, By. 

The least-squares method that Section 13.1 introduces can also be used to calculate the 
sample regression coefficients bo, b;, and by as estimates of the population parameters Bp, B;, 
and £5. Equation (14.3) defines the regression equation for a multiple regression model with 
two independent variables. 

MULTIPLE REGRESSION EQUATION WITH TWO INDEPENDENT VARIABLES 

he bo + bX; + bX); (14.3) 

Figure 14.1 on page 481 shows Excel results for the OmniPower sales data multiple regres- 
sion model. In these results, the bp coefficient is labeled Intercept by Excel. From Figure 14.1, 
the computed values of the net regression coefficients are 

bo. = 5,837,5208 5; = ~53.2173 by = 3.6131 
Therefore, the multiple regression equation is 

¥; = 5,837.5208 — 53.2173X,, + 3.6131X;, 
where 

¥ = predicted monthly sales of OmniPower bars for store i 
X; = price of OmniPower bar (in cents) for store i 
X>; = monthly in-store promotional expenses (in $) for store i 

The sample Y intercept, bo, estimates the number of OmniPower bars sold in a month if the price was Zero cents and the total amount spent on promotional expenses was $0.00. Because the price and promotion values are outside the, range of price and promotion used in the test-market study, and because they make no logical sense for this problem, the value of by has no useful interpretation. Using the net regression coefficients b, and bp, the effects of adding one cent to the price of OmniPower bars (X,) or adding $1 to monthly promotion expenditures (X,) can be summarized 
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FIGURE 14.1 
Excel worksheet results for the OmniPower sales multiple regression model 

ccnp ATES I I DA » ll AM Ha | | is b 
1 |Regression Analysis 1 | Intermediate Calculations —__ 
A 2 |b2,b1, bd intercepts | 3.6131 ~53,2173 5837,5208 
3 Regression Statistics 3 |b2, b1, bO Standard Error 0.6852 6.8522] 628.1502 
4 |Multiple R 0.8705 4 |R Square, Standard Error 0.7577| 638,0653| #N/A 
§ |R Square 0.7577 5 |F, Residual df 48.4771| 31] #N/A 
6 |Adjusted R Square 0.7421 6 |Regression SS, Residual SS 39472730.77| 12620946.67} N/A 
T |standard Error 638.0653 7 | | 
8 |Observations 34 8 |Confidence level if 95%6| 

9 9 |t Critical Value 2.0395 
10 |ANOVA 10 |Half Width bo 1281,1208 

1 df Ss MS F Significance F 11 |Half Width b2 13,9752 

12 |Regression 2 39472730.7730 19736365.3865 48.4771 0.0000 12 |Half Width b2 1.3975 
13 |Residual 31 12620946.6682 407127.3119 

14 Total 33 $2093677.4412 

aS ES a a a es ee In the Worksheet 
16 Coefficients Standard Error t Stat P-value Lower 95% Upper 95% ; 
7 Intercept 5837.5208 628.1502 9.2932 0.0000 4556.3999 7118.6416 j rks o 1 48 [Price er 3 = ea SE ees The Section EG14.1 Worksheet, PHStat, and Analysis 
19 [Promotional Expenses __3.6131 0.6852 5.2728 0.0000 2.2155 __5.0106 ToolPak instructions each create a regression results 

worksheets that look like this worksheet. Using the 

Worksheet or PHStat instructions inserts formulas that start 

in column I (shown above) that use the LINEST function 

to compute regression coefficients and statistics. 

The COMPUTE worksheet of the Excel Guide Multiple 

Regression is a copy of the Figure 14.1 worksheet. 

for management in Table 14.2, which explains the effect of changing one independent variable 

while holding the value of the all other independent variables constant. 

TABLE 14.2 4 
Net effects table for the Independent Variable Change Net Effect 

OmniPower sales multiple A price increase of one cent Predict mean OmniPower monthly sales to 
regression model decrease by 53.2173 bars, holding constant the 

promotional expenditures. 

An increase of $1 in monthly Predict mean OmniPower monthly sales to increase 

promotional expenditures by 3.6131 bars, holding constant the price. 

The Table 14.2 estimates will allow OmniFoods decision makers to better understand how pric- 

ing and promotional expenditures decisions are predicted to affect OmniPower sales. Using the 

tables, managers could predict that a 10-cent decrease in price would result in the mean monthly sales 

increasing by about 532 bars, holding promotional costs constant, or that a $100 increase in promo- 

tional expenditures would increase mean monthly sales by about 361 bars, holding price constant. 

Because net regression coefficients always estimate the predicted mean change in Y per unit 

change in a specific X, holding constant the effect of the other X variables, net effects tables 

are always a good way to summarize multiple regression results for decision-making purposes. 

Predicting the Dependent Variable Y 
Use the multiple regression equation to predict values of the dependent variable. For example, 

what are the predicted mean sales for a store charging 79 cents during a month in which promo- 

tional expenses are $400? Using the multiple regression equation, 

Y, O5,03 1.0208 = 35.2173X77 + 3.0131 X35; 

with Xi = 79 and Xj oy 400, 
studentTIP 
eS oe only predict Y, = 5,837.5208 — 53.2173(79) + 3.6131(400) 

= 3,078.57 

Se ae _ Thus, you predict that stores charging 79 cents and spending $400 in promotional expenses will 

sell a mean of 3,078.57 OmniPower bars per month. 
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After developing the regression equation, doing a residual analysis (see Section 14.3), and 

determining the significance of the overall fitted model (see Section 14.2), one can construct a 

confidence interval estimate of the mean value and a prediction interval for an individual value. 

Figure 14.2 presents the Excel confidence interval estimates and prediction interval worksheet 

results for the OmniPower sales data. 

FIGURE 14.2 A 7 ae a. In the Worksheet 
E | onfidence interval 1 Confidence Interval Estimate and Prediction interval 

ote ‘ae a This worksheet uses the MMULT i 3.1 Data 
‘ : ee ate era 4 Confidence Level : — function in rows 9 through 11 and 

interval worksheet results : 17-46 perform intennediats 
fren : [7e) : for the OmniPower ; Breegeenvele ——_{ i = voue T aoo] matrix calculations and uses the 

sales data J TRANSPOSE function to change 
t 3200 P . 

i Be = —— — a matrix column of data into a 

1) 13200 1018800 6000000 matrix row. Rows 13 through 
12 ; J i 43 |Inverse of x'x 0.9692 -0.0094 -0,0005 15 use the MINVERSE function 
14) -0,0094 0,0001 0.0000 to compute the inverse of a matrix. 
* BOS _0:0000) 6.0000 Cell B21 contains an array 
17 |X'G times inverse of x'x 0.0121 0,001 0,000 formula that also uses the MMULT 

8 function to compute the predicted 
19 |[X'G times Inverse of X'X] times XG =MMULT(B17:017, 85:87) 

=T.INV.21(1 - B4, COMPUTE!B13) Y value. (Appendix F discusses the 
8.57| {=MMULT(TRANSPOSE(BS:87), COMPUTE!B17:819)} MMULT, TR. ANSPOSE, and 

MINVERSE functions.) 

The CIEandPI worksheet of the 

Excel Guide Multiple Regression 

is a copy of the Figure 14.2 

worksheet. 

03.08] =821 + B24 

10.57] =B20 * SQRT(1 + 819) * COMPUTE!B7 

The 95% confidence interval estimate of the mean OmniPower sales for all stores charging 
79 cents and spending $400 in promotional expenses is 2,854.07 to 3,303.08 bars. The prediction 
interval for an individual store is 1,758.01 to 4,399.14 bars. 

PROBLEMS FOR SECTION 14.1 

LEARNING THE BASICS remaining after fundraising expenses as a measure of nonprofit fund- 
raising efficiency Xj. The dependent variable Y is Commitment, a 
measurement of the percent of total expenses that are allocated directly 
to charitable services. Data are collected from a random sample of 98 
nonprofit organizations, with the following results: 

14.1 For this problem, use the following multiple regression 
equation: 

FiO H-ISX 4 BXy 

a. Interpret the meaning of the slopes. 
b. Interpret the meaning of the Y intercept. Standard sy iyitee fe : rag hve Variable —_ Coefficients Error T Statistic p-Value ie 1s problem, use the following multiple regression Intercept 1.002079 7.127101 1.54 0.1260 

- Revenue 0.6683647 0.320077 2.09 0.0395 ¥, = 50 — 2X; + 7X; Efficiency 0.8317339 (0.077736 10.70 0.0001 
a. Interpret the meaning of the slopes. 
b. Interpret the meaning of the Y intercept. a. State the multiple regression equation. ; b. Interpret the meaning of the slopes, b, and b,, in this problem. APPLYING THE CONCEPTS ¢. What conclusions can you reach concerning nonprofit charita- 
14.3 A nonprofit analyst seeks to determine which variables should ble commitment? 
be used to predict nonprofit charitable commitment, a nonprofit 14.4 Profitability remains a challenge for banks and thrifts organization commitment to its charitable purpose. Two indepen- MSE with less than $2 billion of assets. The business problem dent variables under consideration are Revenue, a measurement of facing a bank analyst relates to the factors that affect return on average total revenue, in billions of dollars, as a measure of nonprofit size assets (ROAA), an indicator of how profitable a company is relative to X, and Efficiency, a measurement of the percent of private donations its total assets. Data collected on a sample of 199 community banks 



and stored in (eu EFIUS) include the ROAA (%), the efficiency 
ratio (70) as a measure of bank productivity, and total risk-based capital 
(7) as a measure of capital adequacy. 

Source: Data extracted from “All about scale: The Top 200 Publicly Traded Com- 
munity Banks,” bit.ly/2tKX9in. 

a. State the multiple regression equation. 
b. Interpret the meaning of the slopes, b; and 5, in this problem. 
c. Predict the mean ROAA when the efficiency ratio is 60% and 

the total risk-based capital is 15%. 

d. Construct a 95% confidence interval estimate for the mean 
ROAA when the efficiency ratio is 60% and the total risk-based 
capital is 15%. 

e. Construct a 95% prediction interval for the ROAA for a particu- 

lar community bank when the efficiency ratio is 60% and the 

total risk-based capital is 15%. 

f. Explain why the interval in (d) is narrower than the interval in (e). 

g. What conclusions can you reach concerning ROAA? 

14.5 The production of wine is a multibillion-dollar worldwide 

industry. In an attempt to develop a model of wine quality as judged by 

wine experts, data were collected from red wine variants of Portuguese 

“Vinho Verde” wine. A sample of 50 wines is stored in [JE AEEY. 
Source: Data extracted from P. Cortez, Cerdeira, A., Almeida, F., Matos, T., and 

Reis, J., “Modeling Wine Preferences by Data Mining from Physiochemical Proper- 

ties,” Decision Support Systems, 47, 2009, pp. 547-553 and bit.ly/9xKlEa. 

Develop a multiple linear regression model to predict wine quality, 

measured on a scale from 0 (very bad) to 10 (excellent) based on 

alcohol content (%) and the amount of chlorides. 

a. State the multiple regression equation. 

b. Interpret the meaning of the slopes, b; and b,, in this problem. 

c. Explain why the regression coefficient, bp, has no practical 

meaning in the context of this problem. 

d. Predict the mean wine quality rating for wines that have 10% 

alcohol and chlorides of 0.08. 

e. Construct a 95% confidence interval estimate for the mean wine 

quality rating for wines that have 10% alcohol and chlorides of 

0.08. 

f. Construct a 95% prediction interval for the wine quality rating for 

an individual wine that has 10% alcohol and chlorides of 0.08. 

g. What conclusions can you reach concerning this regression model? 

14.6 Human resource managers face the business problem of 

assessing the impact of factors on full-time job growth. A human 

resource manager is interested in the impact of full-time voluntary 

turnover and total worldwide revenues on the number of full-time 

job openings at the beginning of a new year. Data are collected from 

a sample of 63 “best companies to work for.’ The total number of 

full-time job openings as of February 2017, the full-time voluntary 

turnover in the past year (in %), and the total worldwide revenue (in 

$billions) are recorded and stored in EPS Sea e nies. 

Source: Data extracted from 100 Best Companies to Work For, 2017, fortune.com/ 

best-companies. 
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. State the multiple regression equation. 

. Interpret the meaning of the slopes, b; and by, in this problem. 

. Interpret the meaning of the regression coefficient, hp. 

. Which factor has the greatest effect on the number of full-time 

jobs added in the last year? Explain. 

SF) Cm ee 

14.7 The business problem facing the director of broadcasting 

operations for a television station was the issue of standby hours 

(i.e., hours in which employees at the station are paid but are not 

actually involved in any activity) and what factors were related to 

standby hours. The study included the following variables: 

Standby hours (Y)—Total number of standby hours in a week 

Weekly staff count (X,)—Weekly total of person-days 

Remote engineering hours (X> )—Total number of engineering 

hours worked by employees at locations away from the central plant 

Data were collected for 26 weeks; these data are organized and 

Soci Nickels 26Weeks | 
a. State the multiple regression equation. 

b. Interpret the meaning of the slopes, b; and hy, in this problem. 

c. Explain why the regression coefficient, bo, has no practical 

meaning in the context of this problem. 

d. Predict the mean standby hours for a week in which the week- 

ly staff count was 310 person-days and the remote engineering 

hours total was 400. 

e. Construct a 95% confidence interval estimate for the mean 

standby hours for weeks in which the weekly staff count was 

310 person-days and remote engineering hours total was 400. 

f. Construct a 95% prediction interval for the standby hours for a 

single week in which the weekly staff count was 310 person-days 

and the engineering remote hours total was 400. 

g. What conclusions can you reach concerning standby hours? 

14.8 Nassau County is located approximately 25 miles east of New 

York City. The data organized and stored in include the 
fair market value (in $thousands), land area of the property in acres, 

and age, in years, for a sample of 30 single-family homes located in 

Glen Cove, a small city in Nassau County. Develop a multiple linear 

regression model to predict the fair market value based on land area 

of the property in acres and age in years. 

a. State the multiple regression equation. 

b. Interpret the meaning of the slopes, b, and 55, in this problem. 

c. Explain why the regression coefficient, bo, has no practical 

meaning in the context of this problem. 

d. Predict the mean fair market value for a house that has a land 

area of 0.25 acre and is 55 years old. 

Construct a 95% confidence interval estimate for the mean fair 

market value for houses that have a land area of 0.25 acre and 

are 55 years old. 

f. Construct a 95% prediction interval estimate for the fair market 

value for an individual house that has a land area of 0.25 acre 

and is 55 years old. 

e 

14.2 Evaluating Multiple Regression Models 

Section 14.1 discusses developing a multiple regression model. Having developed a model, 

one proceeds to evaluating the entire model. Three ways of evaluating a multiple regression are 

using the coefficient of multiple determination, r; using the adjusted r?; and performing the 

overall F test. 
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Coefficient of Multiple Determination, r 
Section 13.3 explains that the coefficient of determination, r?, measures the proportion of the 

variation in Y that is explained by the variability in the independent variable X in the simple 

linear regression model. In multiple regression, the coefficient of multiple determination 

represents the proportion of the variation in the dependent variable Y that is explained by all 

the variability in the independent X variables that the model includes. Equation (14.4) defines 

the coefficient of multiple determination for a multiple regression model with two or more 

independent variables. 

COEFFICIENT OF MULTIPLE DETERMINATION 

The coefficient of multiple determination is equal to the regression sum of squares (SSR) 
divided by the total sum of squares (S$S7). 

a Regression sum of squares _ oe. (14.4) 

Total sum of squares SST 

In the OmniPower example, from Figure 14.1 on page 481, SSR = 39,472,730.77 and 
SST = 52,093,677.44. Thus, 

> _ SSR _ 39,472,730.77 
t= = = 0.7577 

SST 52,093,677.44 

The coefficient of multiple determination, r? = 0.7577, indicates that 75.77% of the variation in 
sales is explained by the variation in the price and in the promotional expenses. In Figure 14.1, 
Excel labels the coefficient of multiple determination as R Square. 

Adjusted r? 
When considering multiple regression models, some statisticians su ggest using the adjusted r? 
to take into account both the number of independent variables in the model and the sample size. 
Because a model that has additional independent variables will always have the same or higher 
regression sum of squares and r?, using the adjusted r? provides a more appropriate interpreta- 
tion when comparing models. Equation (14.5) defines the adjusted r?, 

ADJUSTED r? 

— ee 
ei ei c ~ yet (14.5) 

where 

k is the number of independent variables in the regression equation. 

For the OmniPower sales data, because r?2 = 0.7577, n = 34, andk = 2, 

34.0624 3 raqj = 1 - la = 04527) ees =1- (02423) 3 | 

= 1 = 0/2579 

0.7421 II 

Therefore, 74.21% of the variation in sales is explained by the multiple regression model— adjusted for the number of independent variables and sample size. In Figure 14.1 on page 481, Excel labels the adjusted r? as Adjusted R Square. 



TABLE 14.3 

ANOVA summary table for 

the overall F test 
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F Test for the Significance of the Overall Multiple 
Regression Model 
One uses the overall F test to determine whether there is a significant relationship between the 
dependent variable and the entire set of independent variables, the overall multiple regression 
model. The null and alternative hypotheses: 

Hy: By = By = +++ = By = 0 (There is no linear relationship between the 

dependent variable and the independent variables.) 

H;: At least one B; ~ 0, where j = 1, 2,+++, k (There is a linear relationship between the 

dependent variable and at least one independent variable.) 

This test determines whether at least one independent variable has a linear relationship 

with the dependent variable. If one rejects Hp, one is not concluding that all the independent 

variables have a linear relationship with the dependent variable, only that at least one indepen- 

dent variable does. Equation (14.6) defines the overall F test statistic. Table 14.3 presents the 
ANOVA summary table. 

OVERALL F TEST STATISTIC 

The F747 test statistic is equal to the regression mean square (MSR) divided by the mean 

Square error (MSE). 

MSR 
F. = —— 14.6 STAT = ase (14.6) 

The F747 test statistic follows an F distribution with k andn — k — 1 degrees of 

freedom, where k is the number of independent variables in the regression model. 

Degrees of Sum of Mean Squares 
Source Freedom Squares (Variance) F 

: SSR MSR 
Regression k SSR MSR = Ero Frat = MSE 

SSE 
Error Die kg 1 SSE MSE = 

Ty ae a — ope 

Total ae aaa SST 

The decision rule is 

Reject Ho at the a level of significance if Fs747 > Fy; 

otherwise, do not reject Hp. 

If one fails to reject the null hypothesis, one concludes that the model fit is not appropriate. 

If one rejects the null hypothesis, one proceeds with the model and uses methods that 

Sections 14.4 and 14.5 discuss to determine which independent variables should be included in 

the final regression model. 
For the OmniPower sales study, using the 0.05 level of significance, a, and Table E.5, the 

critical value of the F distribution with 2 and 31 degrees of freedom is approximately 3.32. 

Figure 14.3 visualizes the regions of nonrejection and rejection using this critical value. 
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FIGURE 14.3 
Testing for the significance 

of a set of regression coef- 

ficients at the 0.05 level of 

significance, with 2 and 

31 degrees of freedom 

TABLE 14.4 

Overall F test results and 

conclusions 

student TIP 
Using tables to 

summarize regression 

results and conclusions 

is a good way to 

communicate results to 

others. 
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Oo 

0.0 

3.32 Ie 

Region of Region of 

Nonrejection Rejection 

Critical 

Value 

Figure 14.1 multiple regression results on page 481 includes the Fyy47 test statistic in the 
ANOVA tables. Table 14.4 summarizes the results of the test for the set of regression coeffi- 
cients. Based on the results, one concludes that either price or promotional expenses or both 
variables can be used to help predict mean monthly sales. 

Result 

Fsrar = 48.4771 is greater than 

the F critical value, 3.32 

p-value = 0.0000 is less than the 

level of significance, a = 0.05 

PROBLEMS FOR SECTION 14.2 

Conclusions 

1. Reject the null hypothesis Hp. 

2. Conclude that evidence exists for claiming 

that at least one of the independent X 
variables (price or promotional expenses) is 
related to the dependent Y variable, sales. 

3. The probability is 0.0000 that 
Fsrar > 48.4771. 

LEARNING THE BASICS 

14.9 The following ANOVA summary table is for a multiple 

14.10 The following ANOVA summary table is for a multiple 

regression model with two independent variables: 

Degrees of Sum of Mean 
Source Freedom Squares Squares F 
Regression 2 60 
Error 18 120 
Total 20 180 

a 
a. Determine the regression mean square (MSR) and the mean 

square error (MSE). b 
b. Compute the overall Fy747 test statistic. % 
c. Determine whether there is a significant relationship between 

Y and the two independent variables at the 0.05 level of sig- 
nificance. 

d 
d. Compute the coefficient of multiple determination, r?, and in- 

terpret its meaning. 
e. Compute the adjusted r?, 

regression model with two independent variables: 

Degrees of Sum of Mean 
Source Freedom Squares Squares F 
Regression 2 30 
Error 10 120 
Total 12 150 

- Determine the regression mean square (MSR) and the mean 
square error (MSE). 

» Compute the overall F747 test statistic. 
Determine whether there is a significant relationship between 
Y and the two independent variables at the 0.05 level of 
significance, 

- Compute the coefficient of multiple determination, r?, and in- 
terpret its meaning. 

. Compute the adjusted r. 



APPLYING THE CONCEPTS 

14.1 1 A financial analyst engaged in business valuation obtained 
financial data on 60 drug companies (Industry Group SIC 3 code: 
283). The file EWETEESn cltciias! contains the following variables: 

Company—Drug Company name 

PB fye—Price-to-book-value ratio (fiscal year ending g) 
ROE—Return on equity 

SGrowth—Growth (GS5) 

a. Develop a regression model to predict price-to-book-value ratio 
based on return on equity. 

b. Develop a regression model to predict price-to-book-value ratio 
based on growth. 

c. Develop a regression model to predict price-to-book-value ratio 
based on return on equity and growth. 

d. Compute and interpret the adjusted r? for each of the three models. 

e. Which of these three models do you think is the best predictor 
of price-to-book-value ratio? 

14.12 In Problem 14.3 on page 482, you predicted non- 

profit charitable commitment, based on nonprofit reve- 

nue and fundraising efficiency. The regression analysis resulted in 

this ANOVA table: 

Degrees of Sum of Mean 

Source Freedom Squares Squares F p-Value 

Regression 2 3529.0718 1764.54 57.9410 <.0001 

Error 95 2893.1323 30.45 

Total 97 6422.2041 

Determine whether there is a significant relationship between 

commitment and the two independent variables at the 0.05 level 

of significance. 

14.13 In Problem 14.5 on page 483, you used the percentage of 

alcohol and chlorides to predict wine quality (stored in ERE). 
Use the results from that problem to do the following: 

a. Determine whether there is a significant relationship between 

Wine quality and the two independent variables (percentage of 

alcohol and chlorides) at the 0.05 level of significance. 

b. Interpret the meaning of the p-value. 

c. Compute the coefficient of multiple determination, r°, and 

interpret its meaning. 

d. Compute the adjusted r*. 
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14.14 In Problem 14.4 on page 482, you used efficiency ratio 

and total risk- teed ouues to predict ROAA at a community bank 

(stored in [ee munity Ban! ~). Using the results from that problem, 

a, determine eaathes there is a significant relationship between 

ROAA and the two independent variables (efficiency ratio and 

total risk-based capital) at the 0.05 level of significance. 

b. interpret the meaning of the p-value. 

¢. compute the coefficient of multiple determination, r’, 

pret its meaning. 

d. compute the adjusted r. 

and inter- 

14.15 In Problem 14.7 on page 483, you used the weekly staff 

count and remote engineering hours to predict standby hours (stored 

in yee aie). Using the results from that problem, 

a. determine whether there is a significant relationship between 

standby hours and the two independent variables (total staff pres- 

ent and remote engineering hours) at the 0.05 level of significance. 

b. interpret the meaning of the p-value. 

¢. compute the coefficient of multiple determination, r?, and 

interpret its meaning. 

d. compute the adjusted r?. 

14.16 In Problem 14.6 on page 483, you used full-time voluntary 

turnover (%) and total worldwide revenue ($billions) to predict 

number of full-time jobs added (stored in =" ee s-1-—)). Using 

the results from that problem, 

a. determine whether there is a significant relationship between 

number of full-time jobs added and the two independent varia- 

bles (full-time voluntary turnover and total worldwide revenue) 

at the 0.05 level of significance. 

b. interpret the meaning of the p-value. 

¢. compute the coefficient of multiple determination, r’, and inter- 

pret its meaning. 

d. compute the adjusted r?. 

14.17 In Problem 14.8 on page 483, you used the land area of 

a property and the age of a house to predict the fair market value 

(stored in [e]EuVeENE!). Using the results from that problem, 
a. determine whether there is a significant relationship between 

fair market value and the two independent variables (land area 

of a property and age of a house) at the 0.05 level of significance. 

b. interpret the meaning of the p-value. 

c. compute the coefficient of multiple determination, r*, and inter- 

pret its meaning. 

d. compute the adjusted r. 

14.3 Multiple Regression Residual Analysis 

As with simple linear regression, an analysis of the residuals, differences between the actual and 

predicted Y values, determines whether a fitted model is the most appropriate model and can 

also assist in determining whether the assumptions of regression have been violated. Residual 

studentTIP 
A residual plot that does 

not contain any apparent 

patterns will look like 
arandom scattering 2) 

: points. three types of residual plots. 

analyses for all multiple regression models require these residual plots: 

* residuals versus the predicted value of Y 

¢ for each independent X variable, residuals versus the independent variable 

Models that contain data that have been collected in time order also require a residual plot of 

the residuals versus time. Table 14.5 summarizes the significance of discovering a pattern in the 
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eae unre Residual Plot plenifcance of Discovered Pattern 

regression residual plots Residuals versus the predicted Evidence of a possible curvilinear effect in at least 
value of Y one independent variable, a possible violation of 

the assumption of equal variance, or the need to 

transform the Y variable 

Residuals versus an independent X Suggests evidence of a curvilinear effect and, 

variable therefore, indicates the need to add a curvilinear 

independent variable to the multiple regression 

model (Cook) 

Residuals versus data collected in Evidence that the independence of errors 

time order assumption has been violated. Associated with 

this residual plot, as in Section 13.6, you can 

compute the Durbin- Watson statistic to deter- 

mine the existence of positive autocorrelation 

among the residuals. 

Figure 14.4 presents the residual plots for the OmniPower sales example. There is very little 

or no pattern in the relationship between the residuals and the predicted value of Y, the value of 

X}, price, or the value of X>, promotional expenses. One concludes that the multiple regression 
model is appropriate for predicting sales. There is no need to plot the residuals versus time 
because the data were not collected in time order. 

FIGURE 14.4 
Residual plots for the OmniPower sales data: residuals versus predicted Y, residuals versus price, and residuals versus 
promotional expenses 

Residuals versus Predicted Y Residuals versus Price Residuals versus Promotional Expenses 
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PROBLEMS FOR SECTION 14.3 

APPLYING THE CONCEPTS 14.19 In Problem 14.5 on page 485, you used the percentage of 
14.18 In Problem 14.4 on page 482, you used efficiency ratio leohol and chlorides to predict wine quality (stored in {GTENEET). and total risk-based capital to predict ROAA at a community bank 4 Plot the residuals versus 
(stored in | Community Banks )y b. Plot the residuals versus Xj;. 
a. Plot the residuals versus fy, c. Plot the residuals versus Xj. 
b. Plot the residuals versus X;,. d. In the residual plots created in (a) through (c), is there any ev- 
c. Plot the residuals versus oe idence of a violation of the regression assumptions? Explain. 
d. In the residual plots created in (a) through (c), is there any e. Should you compute the Durbin- Watson statistic for these data? 

evidence of a violation of the regression assumptions? Explain. eas 



14.20 In Problem 14.6 on page 483, you used full-time voluntary 
turnover (%), and total worldwide revenue ($billions) to predict 
number of full-time jobs added (stored in ERE YEE). 
a. Perform a residual analysis on your results, 
b. If appropriate, perform the Durbin-Watson test, using a = 0.05. 
c. Are the regression assumptions valid for these data? 

14.21 In Problem 14.7 on page 483, you used the weekly staff 
count and remote engineering hours to predict standby hours (stored 
ny Nickels 26Weeks )R 
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a. Perform a residual analysis on your results. 

b. If appropriate, perform the Durbin- Watson test, using a = 0.05. 

c. Are the regression assumptions valid for these data? 

14.22 In Problem 14.8 on page 483, you used the land area of 

a property and the age of a house to predict the fair market value 

2n Cove If 
a. Perform a residual analysis on your results. 

b. If appropriate, perform the Durbin- Watson test, using a = 0.05. 

c. Are the regression assumptions valid for these data? 

(stored in |) 

14.4 Inferences About the Population 
Regression Coefficients 

Section 13.7 explains how the f test for the slope in a simple linear regression model can deter- 

mine the significance of the relationship between the X and Y variables. That section also 

constructed a confidence interval estimate of the population slope. This section extends those 

procedures to multiple regression. 

Tests of Hypothesis 
In a simple linear regression model, to test a hypothesis concerning the population slope, B;, 

you used Equation (13.16) on page 454: 

a ite b; — B 
ky 00 

Sp, 

Equation (14.7) generalizes this equation for multiple regression. 

TESTING FOR THE SLOPE IN MULTIPLE REGRESSION 

lsraT = deal (14.7) 
Sp, 

where 

b; = slope of variable j with Y, holding constant the effects of all other 

independent variables 

S), = standard error of the regression coefficient b; 

k = number of independent variables in the regression equation 

B; = hypothesized value of the population slope for variable j, holding 

constant the effects of all other independent variables 

tsrar = test statistic for at distribution with n — k — 1 degrees of freedom 

To determine whether variable X, (amount of promotional expenses) has a significant effect 

on sales, after taking into account the effect of the price of OmniPower bars, the null and alter- 

native hypotheses are 

Hp: Bo = 0 

H,: B #0 

From Equation (14.7) and Figure 14.1 on page 481, 

DS 1S) 
SIND POT ET 

Sp 2 

pee ols te 0) 

bed 0:6852 
= 5.2728 
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FIGURE 14.5 

Testing for significance of 

a regression coefficient 

at the 0.05 level of 

significance, with 

31 degrees of freedom 

TABLE 14.6 

t test for the slope results 

and conclusions 

| Testing for the 
| Significance of the 
: Slope of Sales with 

Price 

If one selects the 0.05 level of significance, the critical values of t for 31 degrees of freedom 

from Table E.3 are —2.0395 and +2.0395 as Figure 14.5 illustrates. 

f -2.0395 0 +2.0395 ft 
Region of Region of Region of 

Rejection Nonrejection Rejection 

Critical Critical 
Value Value 

Table 14.6 summarizes the results of the test for the regression coefficient for promotional 
expenses (b,) that appears as part of the Figure 14.1 OmniPower sales multiple regression 
results on page 481. Based on these conclusions, one concludes that promotional expenses has 
a significant effect on mean monthly sales. 

Result Conclusions 

tsrar = 5.2728 is greater 1. Reject the null hypothesis Hp. 

than 2.0395 2. Conclude that strong evidence exists for claiming 
p-value = 0.0000 is that promotional expenses is related to the depend- 
less than the level of ent ¥ variable, sales, taking into account the price. 
significance, a = 0.05 3. The probability is 0.0000 that to747 < —5.2728 or 

fer iS 2228, 

Example 14.1 presents the test for the significance of B;, the slope of sales with price. 

At the 0.05 level of significance, is there evidence that the slope of sales with price is different 
from zero? 

SOLUTION Figure 14.1 on page 481, results show tsrar = —7.7664 < —2.0395, the critical 
value fora = 0.05 and that the p-value = 0.0000 < 0.05. One concludes that there is a signif- 
icant relationship between price, X), and sales, taking into account the promotional expenses, X). 

As shown with these two independent variables, the test of significance for a specific regres- 
sion coefficient in multiple regression is a test for the significance of adding that variable into 
a regression model, given that the other variable is included. In other words, the r test for the 
regression coefficient is actually a test for the contribution of each independent variable. 

Confidence Interval Estimation 
Instead of testing the significance of a population slope, one might estimate the value of a pop- 
ulation slope. Equation (14.8) defines the confidence interval estimate for a population slope in 
multiple regression. 

CONFIDENCE INTERVAL ESTIMATE FOR THE SLOPE 

b + ie /2Sp, (14.8) 
where 

tq/2 = the critical value corresponding to an upper-tail probability of a/2 
(a cumulative area of 1 — a/2) from the t distribution with n — k — | 
degrees of freedom 

k = the number of independent variables 
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For the OmniPower bars example, one can construct a 95% confidence interval estimate of 
the population slope, B;, the effect of price, X;, on sales, Y, holding constant the effect of pro- 
motional expenses, X>. From Table E.3, the critical value of ¢ at the 95% confidence level with 
31 degrees of freedom is 2.0395. Using Equation (14.8) and Figure 14.1 results on page 481 

b, si by/2Sb, 

Odie ioetan 0390.) Oissee,) 

Dane a en 88 og 

—67.1925 = B; = —39,2421 

Taking into account the effect of promotional expenses, the estimated effect of a 1 cent 

Increase in price is to reduce mean sales by approximately 39.2 to 67.2 bars. One has 95% con- 

fidence that this interval correctly estimates the relationship between these variables. From a 

hypothesis-testing viewpoint, because this confidence interval does not include 0, you conclude 

that the regression coefficient, for price, has a significant effect. 

Example 14.2 constructs and interprets a confidence interval estimate for the slope of sales 

with promotional expenses. 

TE Construct a 95% confidence interval estimate of the population slope of sales with promotional 
Constructing a expenses. 

| Confidence Interval SOLUTION From Table E.3, the critical value of t at the 95% confidence level, with 31 degrees 
Estimate for the of freedom, is 2.0395. Using Equation (14.8) and Figure 14.1 on page 481, 
Slope of Sales 
with Promotional by £ tarp, 
Expenses 3.6131 + (2.0395) (0.6852) 

3,6131-+43975 
2.2156 <= B < 5.0106 

Thus, taking into account the effect of price, the estimated effect of each additional dollar of 

promotional expenses is to increase mean sales by approximately 2.22 to 5.01 bars. One has 

95% confidence that this interval correctly estimates the relationship between these variables. 

From a hypothesis-testing viewpoint, because this confidence interval does not include 0, you 

can conclude that the regression coefficient, 8, has a significant effect. 

PROBLEMS FOR SECTION 14.4 

LEARNING THE BASICS c. At the 0.05 level of significance, determine whether each 

independent variable makes a significant contribution to the 

regression model. On the basis of these results, indicate the in- 

dependent variables to include in this model. 

14.23 Use the following information from a multiple regression 

analysis: 

n=25 b)=5 &=10 S& =2 Sy =8 

a. Which variable has the largest slope, in units of a ¢ statistic? 

b. Construct a 95% confidence interval estimate of the population APPLYING THE CONCEPTS 

slope, }. 14.25 In Problem 14.3 on page 482, you predicted nonprofit char- 

c. At the 0.05 level of significance, determine whether each inde- itable commitment, based on nonprofit revenue (Revenue) and 

pendent variable makes a significant contribution to the regres- fundraising efficiency (Efficiency) for a sample of 98 nonprofit 

sion model. On the basis of these results, indicate the independ- organizations. Use the following results: 

ent variables to include in this model. 

14,24 Use the following information from a multiple regression Stantiard 

analysis: Variable Coefficients Error t Statistic p-Value 

n=20 ) =4 bh =3 Sp, = 12° S, = 0.8 Intercept 11.002079 7.127101 1.54 0.1260 

a. Which variable has the largest slope, in units of a f statistic? Revenue 0.6683647 0.320077 2.09 0.0395 

b. Construct a 95% confidence interval estimate of the population Efficiency 0.8317339 0.077736 10.70 0.0001 

slope, J}. 
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a. Construct 95% confidence interval estimates of the population 

slope between commitment and revenue and between commit- 

ment and efficiency. 

b. At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a significant contribution to the regression 

model. On the basis of these results, indicate the independent vari- 

ables to include in this model. 

oy SELF 14.26 In Problem 14.4 on page 482, you used efficiency 

MISSAB ratio and total risk-based capital to predict ROAA at a 

community bank (stored in [SS EPEL)). Using the results 
from that problem, 

a. construct a 95% confidence interval estimate of the population 

slope between ROAA and efficiency ratio. 

b. at the 0.05 level of significance, determine whether each 

independent variable makes a significant contribution to the 

regression model. On the basis of these results, indicate the in- 

dependent variables to include in this model. 

14.27 In Problem 14.5 on page 483, you used the percentage of 

alcohol and chlorides to predict wine quality (stored in SSE"). 

Using the results from that problem, 

a. construct a 95% confidence interval estimate of the population 

slope between wine quality and the percentage of alcohol. 

b. at the 0.05 level of significance, determine whether each 

independent variable makes a significant contribution to the 

regression model. On the basis of these results, indicate the in- 

dependent variables to include in this model. 

14.28 In Problem 14.6 on page 483, you used full-time voluntary 
turnover (%) and total worldwide revenue ($billions) to predict the 

number of full-time job openings (stored in EPS 8S FES). 
Using the results from that problem, 

a. construct “a 95% confidence interval estimate of the popula- 

tion slope between number of full-time job openings and total 

worldwide revenue. 

b. at the 0.05 level of significance, determine whether each in- 

dependent variable makes a significant contribution to the 

regression model, On the basis of these results, indicate the in- 

dependent variables to include in this model. 

14.29 In Problem 14.7 on page 483, you used the weekly staff 

present and remote engineering hours to predict standby hours 

(stored in {JETS SESTPeTF)). Using the results from that problem, 
a. construct a 95% confidence interval estimate of the population 

slope between standby hours and weekly staff present. 

b. at the 0.05 level of significance, determine whether each in- 

dependent variable makes a significant contribution to the 

regression model. On the basis of these results, indicate the in- 

dependent variables to include in this model. 

14.30 In Problem 14.8 on page 483, you used land area of a prop- 

erty and age of a house to predict the fair market value (stored 

in [PEVS)). Using the results from that problem, 
a. construct a 95% confidence interval estimate of the population 

slope between fair market value and land area of a property. 
b. at the 0.05 level of significance, determine whether each in- 

dependent variable makes a significant contribution to the 
regression model. On the basis of these results, indicate the in- 
dependent variables to include in this model. 

14.5 Testing Portions of the Multiple Regression Model 
In developing a multiple regression model, one wants to use only those independent variables 
that significantly reduce the error in predicting the value of a dependent variable. If an inde- 
pendent variable does not improve the prediction, one can delete it from the multiple regression 
model and use a model with fewer independent variables. 

The partial F test is an alternative to the f test that Section 14.4 discusses for determining 
the contribution of an independent variable. The partial F test determines the contribution to 
the regression sum of squares made by each independent variable after all the other indepen- 
dent variables have been included in the model. An independent variable is included only if it 
significantly improves the model. 

To conduct partial F tests for the OmniPower sales example, one evaluates the contribution of 
promotional expenses (X>) after price (X;) has been included in the model and also evaluates the 
contribution of price (X;) after promotional expenses (X3) has been included in the model. 

In general, if there are several independent variables, one determines the contribution of 
each independent variable by taking into account the regression sum of squares of a model that 
includes all independent variables except the one of interest, j. This regression sum of squares is 
denoted SSR (all Xs except j). Equation (14.9) determines the contribution of variable j, assuming 
that all other variables are already included. 

DETERMINING THE CONTRIBUTION OF AN INDEPENDENT VARIABLE TO 
THE REGRESSION MODEL 

SSR(X;| All Xs except) = SSR(All Xs) — SSR(All Xs except /) (14.9) 

If there are two independent variables, Equations (14.10a) and (14.10b) are used to deter- 
mine the contribution of each variable. 
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CONTRIBUTION OF VARIABLE X;, GIVEN THAT X. HAS BEEN INCLUDED 

SSR(X,| X>) = SSR(X, and X,) — SSR(X,) (14.10a) 

CONTRIBUTION OF VARIABLE X>, GIVEN THAT X, HAS BEEN INCLUDED 

SSR(X>|X,) = SSR(X; and X>) — SSR(X,) (14.10b) 

The term SSR(X>) represents the sum of squares due to regression for a model that includes 

only the independent variable Xj (promotional expenses). Similarly, SSR(X,) represents the sum 

of squares due to regression for a model that includes only the independent variable X;, (price). 

Figures 14.6 and 14.7 present results for these two models. 

FIGURE 14.6 Saas See ee eee «=—sIn the Worksheet 
Excel worksheet results ; |Sales and Promotional Expenses Analysis ——————— 

for the simple linear ce eachcwatenn statatiecorcal This worksheet uses the same 

regression model of a fous a template as the Figure 13.4 

sales with promotional 6 |Adjusted R Square 0.2640 worksheet. 

expenses, SSR(X>) 7_|Standard Error 107.8721 
8 |Observations 34 

3 | 
10 |ANOVA 
11) d SS MS F__Significance F 

12 |Regression 1 14915814.1025 14915814.1025 12.8384 0.0011 
13 Residual 32 37177863.3387 1161808.2293 
44 |Total 33 52093677.4412 
| ee ES Ma ec es Adee 2 et Ss Se | 

16) Coefficients Standard Error t Stat P-value Lower95% Upper 95% 

17 Intercept 1496.0161 483.9789 3.0911 0.0041 510.1843 2481.8480 
48 [Promotional Expenses 4.1281 1.1521 3.5831 0.0011 1.7813 6.4748 

FIGURE 14.7 Ye aa A EEE ES c ae Selves heal Baas dak. ees RRL Be In the Worksheet 

Excel worksheet results pet sales and Price Analysts 
: | This worksheet uses the same 

for the simple linear 3 Regression Statistics 
4 |Multipie R 0.7351 template as the Figure 13.4 

regression model of sales Pins 
: : ae oere os worksheet. 

with price, SSR(X;) 6 |Adjusted R Square 0.5261 
7_|Standard Error 864.9457 
8 | Observations 34 

9 | 
10 |ANOVA 
11, dj SS M. ___F __ Significance F 

12 [Regression 1 28153486.1482 28153486.1482 37.6318 0.0000 
13 |Residual 32 23940191.2930 748130.9779 
14 | Total 33 52093677.4412 

15 

16 Coefficients Standard Error t Stat P-value Lower 95% __ Upper 95% 

17 jIntercept 7512.3480 734.6189 10.2262 0,0000  6015.9796 9008.7164 
18 | Price -56.7138 9.2451 -6.1345 0.0000 -75.5455  -37.8822 

From Figure 14.6, SSR(X,) = 14,915,814.10 and from Figure 14.1 on page 481 

SSR(X, and Xz) = 39,472,730.77. Then, using Equation (14.10a), 

SSR(X,|X5) = SSR(X, and Xp) — SSR(X)) 

= 39,472,730.77 — 14,915,814.10 

= 24,556,916.67 

To determine whether X, significantly improves the model after X, has been included, divide 

the regression sum of squares into two component parts, as shown in Table 14.7. 
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TABLE 14.7 

ANOVA table dividing 

the regression sum of 

squares into components 

to determine the 

contribution of variable xX; 

FIGURE 14.8 

Testing for the contribution 

of a regression coefficient 

to a multiple regression 

model at the 0.05 level of 

significance, with 1 and 

31 degrees of freedom 
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Degrees of Sum of Mean Square 

Source Freedom ~ Squares (Variance) F 

Regression 2 39,472,730.77 19,736,365.39 

X> l 14,915,814.10 

im oY { l eee a 24,556,916.67 60.32 

Error 3] 12,620,946.67 407,127.31 

Total 33 52,093,677.44 

The null and alternative hypotheses to test for the contribution of X, to the model are: 

Hp: Variable X; does not significantly improve the model after variable X, has been included. 
H: Variable X, significantly improves the model after variable X, has been included. 

Equation (14.11) defines the partial F test statistic for testing the contribution of an 
independent variable. 

PARTIAL F TEST STATISTIC 

SSR(X;| All Xs except j) 

MSE 

The partial F test statistic follows an F distribution with 1 andn — k — 1 degrees of 
freedom. 

war (14.11) 

From Table 14.7, 

24,556,916.67 
= 60.32 

407,127.31 
STAT — 

The partial Fyr47 test statistic has 1 andn — k — 1 = 34 —-2 —-1 = 3] degrees of freedom. 
Using a level of significance of 0.05, the critical value from Table E.5 is approximately 4.17 as 
Figure 14.8 illustrates. 

4.17 F 

Region of Region of 
Nonrejection Rejection 

Critical 
Value 

Because the computed partial F577 test statistic (60.32) is greater than the critical F value, 
4.17, you reject Hp. You conclude that the addition of variable Y 1, Price, significantly improves 
a regression model that already contains variable X, promotional expenses. 

To evaluate the contribution of variable X, promotional expenses, to a model in which 
variable X,, price, has been included, use Equation (14.10b). First, from Figure 14.7 on 
page 493, observe that SSR(X,) = 28,153,486.15. Second, from Table 14.7, observe that 
SSR(X, and X,) = 39,472,730.77. Then, using Equation (14.10b) on page 493, 

SSR(X2|X1) = 39,472,730.77 — 28,153,486.15 

= 11,319,244.62 



TABLE 14.8 

ANOVA table dividing 

the regression sum of 

squares into components 

to determine the 

contribution of variable X> 

'This relationship holds only when 

the Fsz,4r statistic has 1 degree of 

freedom in the numerator. 
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To determine whether X, significantly improves a model after X, has been included, you can 

divide the regression sum of squares into two component parts, as shown in Table 14.8. 

Degrees of Sum of Mean Square 
Source Freedom Squares (Variance) F 

Regression 2 39,472,730.77 19,736,365.39 

X; 1 28,153,486.15 

eet { } 1 Sasa 11,319,244.62 27.80 

Error ohh 12,620,946.67 407,127.31 

Total 33 52,093,677.44 

The null and alternative hypotheses to test for the contribution of X, to the model are: 

Hp: Variable X, does not significantly improve the model after variable X, has been included. 

A;: Variable X, significantly improves the model after variable X, has been included. 

Using Equation (14.11) and Table 14.8, 

11,319,244.62 

SSTAT = 407,107.31. 

Again, using a 0.05 level of significance, the critical value of F, with 1 and 31 degrees of 

freedom, is approximately 4.17. Because the computed partial F5747 test statistic (27.80) is 

greater than this critical value (4.17), you reject Hp. You conclude that the addition of variable 

X>, promotional expenses, significantly improves the multiple regression model already con- 

taining X1, price. 

By testing for the contribution of each independent variable after the other independent vari- 

able has been included in the model, you determine that each of the two independent variables 

significantly improves the model. Therefore, the multiple regression model should include both 

X,, price, and X>, promotional expenses. 

The partial F test statistic that this section discusses and the f test statistic of Equation (14.7) 

on page 489 are both used to determine the contribution of an independent variable to a multi- 

ple regression model. The hypothesis tests associated with these two statistics always result in 

the same decision (i.e., the p-values are identical). The ts747 test statistics for the OmniPower 

regression model are —7.7664 and +5.2728, and the corresponding F747 test statistics are 60.32 

and 27.80. Equation (14.12) states this relationship between f and F.' 

RELATIONSHIP BETWEEN A t STATISTIC AND AN F STATISTIC 

tsrar = Fsrar (14.12) 

Coefficients of Partial Determination 

Section 14.2 explains that the coefficient of multiple determination, r?, measures the pro- 
portion of the variation in Y that is explained by variation in the independent variables. 
The coefficients of partial determination (rj, and rj,,;) measure the proportion of the 
variation in the dependent Y variable that is explained by each independent X variable while 
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controlling for, or holding constant, the other independent variable. These coefficients are 

different from the coefficient of multiple determination that measures the proportion of the 

variation in the dependent variable explained by the entire set of independent variables 

included in the model. . 

Equation (14,13) defines the coefficients of partial determination for a multiple regression 

model with two independent variables. 

COEFFICIENTS OF PARTIAL DETERMINATION FOR A MULTIPLE 

REGRESSION MODEL CONTAINING TWO INDEPENDENT VARIABLES 

aes SSR SY One x 
SST — SSR(X; and X) + SSR(X;|X>) 

(14.13a) 
ee 
We es 

Sone (14.13b) 

where 

SSR(X,|X>) = sum of squares of the contribution of variable X, to the regression 
model, given that variable X, has been included in the model 

SST = total sum of squares for Y 
SSR(X, and X;) = regression sum of squares when variables X, and X, are both included 

in the multiple regression model 
SSR(X,|X,) = sum of squares of the contribution of variable X> to the regression 

model, given that variable X, has been included in the model 

For the OmniPower sales example, the coefficient of partial determination, r}, >, of 
variable Y with X, while holding X, constant is 0.6605. Fora given (constant) amount of pro- 
motional expenses, 66.05% of the variation in OmniPower sales is explained by the variation 
in the price. 

“epg 24,556,916.67 

"M12 “ 52,093,677.44 — 39,472,730.77 + 24,556,916.67 
= 0.6605 

For the OmniPower sales example, the coefficient of partial determination, rj ,, of variable Y 
with X, while holding X, constant is 0.4728. Fora given (constant) price, 47.28% of the variation 
in OmniPower sales is explained by variation in the amount of promotional expenses. 

a 11,319,244.62 
52,093,677.44 — 39,472,730.77 + 11,319,244.62 

Lop Ne gees 

0.4728 

Equation (14.14) defines the coefficient of partial determination for the jth variable in a 
multiple regression model containing several (k) independent variables. 

COEFFICIENT OF PARTIAL DETERMINATION FOR A MULTIPLE 
REGRESSION MODEL CONTAINING k INDEPENDENT VARIABLES 

2 eles SSR(X;| All Xs except j) 
Laie 3 = af : 
Yi (All variables except j) SST — SSR(All Xs) + SSR(X;| All Xs except j) (14.14) 
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LEARNING THE BASICS 

14.31 The following is the ANOVA summary table for a multiple 
regression model with two independent variables: 

Degrees of Sum of Mean 
Source Freedom Squares Squares F 

Regression 2 60 

Error 18 120 

Total 20 180 

If SSR(X,) = 45 and SSR(X;) = 25, 

a. determine whether there is a significant relationship between Y 

and each independent variable at the 0.05 level of significance. 
b. compute the coefficients of partial determination, rj,» and r}- 1, 

and interpret their meaning. 

14.32 The following is the ANOVA summary table for a multiple 

regression model with two independent variables: 

Sum of Degrees of Mean 

Source Freedom Squares Squares F 

Regression 2 30 

Error 10 120 

Total 12 150 

If SSR(X,) = 20 and SSR(X2) = 15, 

a. determine whether there is a significant relationship between Y 

and each independent variable at the 0.05 level of significance. 

b. compute the coefficients of partial determination, r}, > and rj», 

and interpret their meaning. 

APPLYING THE CONCEPTS 

14.33 In Problem 14.5 on page 483, you used alcohol percentage 
and chlorides to predict wine quality (stored in SENAEE ). Using 
the results from that problem, 

a. at the 0.05 level of significance, determine whether each 

independent variable makes a significant contribution to the 

regression model. On the basis of these results, indicate the 

most appropriate regression model for this set of data, 

b. compute the coefficients of partial determination, Fes andres i, 

and interpret their meaning. 

/ SELF 14.34 In Problem 14.4 on page 482, you used efficiency 

MISSIN ratio and total risk-based capital to predict ROAA at a 

community bank (stored in [ee iVEr yy). Using the results 

from that problem, 

a. at the 0.05 level of significance, determine whether each in- 

dependent variable makes a significant contribution to the re- 

gression model. On the basis of these results, indicate the most 

appropriate regression model for this set of data. 

b. compute the coefficients of partial determination, r}, 5 and rj 1, 
and interpret their meaning. 

14.35 In Problem 14.7 on page 483, you used the weekly staff count 

and remote engineering hours to predict standby hours (stored in 

(VERSE aIEESS). Using the results from that problem, 
a. at the 0,05 level of significance, determine whether each in- 

dependent variable makes a significant contribution to the re- 

gression model. On the basis of these results, indicate the most 

appropriate regression model for this set of data. 

b. compute the coefficients of partial determination, 7,» and rj, 

and interpret their meaning. 

14.36 In Problem 14.6 on page 483, you used full-time voluntary 

turnover (%), and total worldwide revenue ($billions) to predict 

the number of full-time job openings (stored in EPSRENES). 
Using the results from that problem, 

a. at the 0.05 level of significance, determine whether each in- 

dependent variable makes a significant contribution to the re- 

gression model. On the basis of these results, indicate the most 

appropriate regression model for this set of data. 

b. compute the coefficients of partial determination, r?, 5 and rj, 

and interpret their meaning. 

14.37 In Problem 14.8 on page 483, you used land area of a prop- 

erty and age of a house to predict the fair market value (stored in 

(ESN). Using the results from that problem, 
a. at the 0.05 level of significance, determine whether each in- 

dependent variable makes a significant contribution to the re- 

gression model. On the basis of these results, indicate the most 

appropriate regression model for this set of data. 

b. compute the coefficients of partial determination, r}, > and rj, 

and interpret their meaning. 

14.6 Using Dummy Variables and Interaction Terms 
The multiple regression models that Sections 14.1 through 14.5 discuss assumed that each 
independent variable is a numerical variable. For example, in Section 14.1, you used price 

and promotional expenses, two numerical independent variables, to predict the monthly sales 

of OmniPower nutrition bars. However, for some models, one needs to examine the effect of 

a categorical independent variable. In such cases, one uses a dummy variable to include a 

categorical independent variable in a regression model. 
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student TIP 
The software guides 

for this chapter 

explain how to create 

dummy variables from 

categorical variables not 

already coded with the 

values 0 and 1. 

FIGURE 14.9 

Excel worksheet results 

for the regression model 

that includes Living Space 
and Fireplace 
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Dummy variables use the numeric values 0 and | to recode two categories of a categorical 

independent variable in a regression model. In general, the number of dummy variables one 

needs to define equals the number of categories —1. If a categorical independent variable has 

only two categories, one dummy variable, X,, gets defined, and the values 0 and 1 represent the 

two categories. When the two categories represent the presence or absence of a characteristic, 

use 0 to represent the absence and | to represent the presence of the characteristic. 

For example, to predict the monthly sales of the OmniPower bars, one might include the 

categorical variable location in the model to explore the possible effect on sales caused by 

displaying the OmniPower bars in the two different sales locations, a special front location and 

in the snack aisle, analogous to the locations used in the Chapter 10 Arlingtons scenario to sell 

streaming media players. In this case for the categorical variable location, the dummy variable, 
X ; would have these values: 

Xa 

Xa = 

To illustrate using dummy variables in regression, consider the case of a realtor who seeks 
to develop a model for predicting the asking price of houses listed for sale ($thousands) in Silver 
Spring, Maryland, using living space in the house (square feet) and whether the house has a 
fireplace as the independent variables. To include the categorical variable for the presence of a 
fireplace, the dummy variable X, is defined as . 

6 

Il 0 if the value is the first category (special front location ) 

| if the value is the second category (in-aisle location ) 

X, = Oif the house does not have a fireplace 

X) Z II 1 if the house has a fireplace 

Assuming that the slope of asking price with living space is the same for houses that have 
and do not have a fireplace, the multiple regression model is 

Y¥; = Bo + BiXy; + BX; + &; 

Y; = asking price, in thousands of dollars, for house i 
Bo = Y intercept . 
X,; = living space, in thousands of square feet, for house i 
B, = slope of asking price with living space, holding constant the presence or absence 

of a fireplace 
X>; = dummy variable that represents the absence or presence of a fireplace for house i 
f> = net effect of the presence of a fireplace on asking price, holding constant the living space 
€; = random error in Y for house i 

Figure 14.9 presents the regression results for this model, using a sample of 61 Silver Spring 
houses listed for sale that was extracted from trulia.com and stored in | Silver Spring Homes Bin 
these results, the dummy variable X, is labeled as Fireplace. 

| SES, FT el ibe ed, me a D E F 6 i haan | po jE | UF UL Ss In the Worksheet 
2 
; [Repression Satis oO iy This worksheet uses the same 
4 [Multiple R 0.6842 template as the Figure 14.1 5 _|R Square 0.4681 
6 |Adjusted R Square 0.4497 

worksheet. 
7 |standard Error 66.8687 

cm Observations 61 

9 
10 |ANOVA 
11 of SS MS F Significance F 
12 |Regression 2 228210.1161 114105.0581 25.5187 0.0000 

58 259342.5606 4471.4235 

60 _487552.6767 

16 Coefficients Standard Error _tStat _ P-value Lower95%  U, 
17 |Intercept 302.2518 26.5548 11.3822 0.0000 249.0965 355.4071 
18 | Living Space 0.0765 0.0129 5.9179 0.0000 0.0507 0.1024 19 |Fireplace 52.9674 19.1421 2.7671 0.0076 14.6504 91.2844 
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t test for the slope Results 

and conclusions for the 

Silver Spring houses 

multiple regression model 

student TIP 
Remember that an 

independent variable 

does not always make a 

significant contribution to 
a regression model. 

TABLE 14.10 
Net Effects Table for the 

Silver Spring Houses 

Multiple Regression Model 
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From Figure 14.9, the regression equation is 

Y, = 302.2018 + 0.0765X,; + 52.9674X,, 

For houses without a fireplace, one sets X, = 0: 

¥= 302.2518 c+ 0.0765X, + 52,9674X>, 

= 302.2518 + 0.0765X,, + 52.9674(0) 

302.2518 + 0.0765X;,; 

For houses with a fireplace, one sets X, = 1: 

¥, = 302.2 518 + 0.0765X;; + 52.9674X,, 

302.2518 + 0.0765X,; + 52.9674(1) 

= 355.2192 + 0.0765X; 

Table 14.9 summarizes the results of the test for the regression coefficient for living space 

(b,) and the regression coefficient for presence or absence of a fireplace (b,) that appears as 

part of Figure 14.9, the Silver Spring houses multiple regression results on page 498. Based on 

these results, one can conclude that living space has a significant effect on mean asking price 

and the presence of a fireplace also has a significant effect. 

Result 

tsrar = 5.9179 is greater than 

2.0017 

p-value = 0.0000 is less than the 

level of significance, a = 0.05 

tsrar = 2.7671 is greater than 

2.0017 

p-value = 0.0076 is less than the 

level of significance, a = 0.05 

7 = 0.4681 

Conclusions 

1. Reject the null hypothesis Hp. 

2. Conclude that strong evidence exists for claim- 
ing that living space is related to the dependent 
Y variable, asking price, taking into account the 
presence or absence of a fireplace. 

3. The probability is 0.0000 that ts747 < —5.9179 
or tsraT Se AY 

1. Reject the null hypothesis Hp. 

2. Conclude that strong evidence exists for claim- 

ing that presence of a fireplace is related to the 

dependent Y variable, asking price, taking into 
account the living space. 

3. The probability is 0.0076 that ts747 < —2.7671 
or tsar = Path ot Ls 

46.81% of the variation in the asking price can 

be explained by variation in living space and 

whether the house has a fireplace. 

Using the net regression coefficients b, and b, the Table 14.10 net effects table summarizes 

the effects of adding one square foot of living space (X,) or the presence of a fireplace (X). 

Independent Variable Change Net Effect 

An increase of one square foot 

in living space 

Presence of a fireplace 

Predict mean asking price to increase by 0.0765 

($000) or $76.50 holding presence of a fireplace 
constant. 

Predict mean asking price to increase by 

$52.9674 ($000) or $52,967.40 for a house with 

a fireplace holding living space constant. 
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In some situations, the categorical independent variable has more than two categories. When 

this occurs, two or more dummy variables are needed. Example 14.3 illustrates such situations. 

EXAMPLE 14.3 Define a multiple regression model to predict the asking price of houses as the dependent var- 

Modeling a Three- iable, as was done in the previous example for the Silver Spring houses, and use living space 

Level Categorical and house type as independent variables. House type is a three-level categorical variable with 
- Variable the values colonial, ranch, and other. . 

SOLUTION To model the three-level categorical variable house type, two dummy variables, 
X, and X>, are needed: 

X,; = 1 if the house type is colonial for house i; 0 otherwise 

X>; = | if the house type is ranch for house i; 0 otherwise 

Thus, if house i is a colonial then X,; = 1 and X>; = 0; if house i is a ranch, then X,; = 0 and 
X>; = 1; and if house 7 is other (neither colonial nor ranch), then X;; = X>; = 0. Thus, house 
type other becomes the baseline category to which the effect of being a colonial or ranch house 
type is compared. A third independent variable is used for living space: 

| X3; = living space for observation i 

Thus, the regression model for this example is 

Yi = Bo + BiXy; + BoXoj + B3X3j + e; 

where 

Y, = asking price for house i 

| : 
| Bi 

| 

Y intercept 

difference between the predicted asking price of house type colonial and the 
predicted asking price of house type other holding living space constant 

B, = difference between the predicted asking price of house type ranch and the predicted 
asking price of house type other holding living space constant 

B3 = slope of asking price with living space, holding the house type constant 

= random error in y for observation i 

Regression models can have several numerical independent variables along with a dummy 
variable. Example 14.4 illustrates a regression model-in which there are two numerical inde- 
pendent variables and a categorical independent variable. 

eS 
EXAMPLE 14.4 A builder of suburban homes faces the business problem of seeking to predict heating oil con- Studying a Regres- _ sumption in single-family houses. The independent variables considered are atmospheric temper- 
sion Model That ature (°F), X;, insulation, the amount of attic insulation, inches, X>, and ranch-style, whether the 
Contains aDummy _house is ranch-style, X;. Data are collected from a sample of 15 single-family houses and stored in 
Variable and Two GEEMGETAM. Develop and analyze an appropriate regression model, using these three independent 
Numerical variables X,, X>, and X3. 
Independent 
Variables SOLUTION Define X3, ranch-style, a dummy variable for ranch-style house, as follows: 

X3 = O if not a ranch-style house 

> (continued) X3 = 1 if aranch-style house 
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Assuming that the slope between heating oil consumption and temperature, X,, and between 
heating oil consumption and insulation, X>, is the same for both styles of houses, the regres- 
sion model is 

¥; = Bo + ByXyy + BoXo; + B3X3; + 6; 

where 

Y; = monthly heating oil consumption, in gallons, for house i 

Bo = Y intercept 

2, = slope of heating oil consumption with temperature, holding constant the effect of 

insulation and ranch-style 

B> = slope of heating oil consumption with insulation holding constant the effect of 

temperature and ranch-style 

23 = incremental effect of the presence of a ranch-style house on heating oil consumption 

holding constant the effect of temperature and insulation 

€; = random error in y for house i 

Figure 14.10 presents results for this regression model. 

FIGURE 14.10 FAS es eee ea ewchS ee RCSD 
Excel worksheet results Be eset Ol Coneumeson Analysis 

for the regression model 3. Regression Statistics 
* 4 |Multiple R 0.9942 that includes temperature, fk Saure ey, 

insulation, and ranch- 6 [Adjusted R Square 0.9853 
. : 7 |Standard Error 15.7489 style for the heating oil > eeneres = 

data Se cashuiet oy. 
10 ANOVA 

1 1 df SS Ms F Significance F 

12 Regression 3 233406.9094 77802.3031 313.6822 0.0000 

13 |Residual 11 2728.3200 248.0291 

14 |Total 14 236135.2293 

ene al Lia a ene wl bee st ao coe ere ae eee 
16 Coefficients Standard Error __t Stat P-value Lower 95% __ Upper 95% 

17 Intercept 592.5401 14.3370 41.3295 0.0000 560.9846 624.0956 

18 |Temperature -5.5251 0.2044 -27.0267 0.0000 -5.9751 ~5.0752 

19 |Insulation -21.3761 1.4480 -14.7623 0.0000 -24.5632 -18.1891 

20 |Ranch-style -38.9727 8.3584  -4,6627 0.0007 -57.3695 _-20.5759 

From the results in Figure 14.10, the regression equation is 

" = 592.5401 — 5.5251X,; — 21.3761X>; — 38.9727X3; 

For houses that are not ranch style, because X3 = 0, the regression equation reduces to 

aA 

¥, = 592.5401 — 5.5251X, — 21.3761X, 

For houses that are ranch style, because X3 = 1, the regression equation reduces to 

A 

¥, = 553.5674 — 5,5251X, — 21.3761X), 

Table 14.11 on page 502 summarizes the results of the tests for the regression coefficient for 

temperature (b,), insulation (b,), and the regression coefficient for ranch-style, the presence or 

absence of a ranch-style house (b3) that appears as part of Figure 14.10. Based on these results, 

the developer can conclude that temperature, insulation, and ranch-style each has a significant 

> (continued) effect on mean monthly heating oil consumption. 
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TABLE 14.11 
t test for the slope results Result 
and conclusions for the terar = —27.0267 is less 

Example 14.4 multiple than —2.2010 

regression model p-value = 0.0000 is 

less than the level of 

significance, a = 0.05 

Conclusions 

Reject the null hypothesis Hp. 

. Conclude that strong evidence exists for claiming 
that temperature is related to the dependent Y varia- 

ble, heating oil consumption, holding insulation and 
ranch-style constant. 

. The probability is 0.0000 that ts747 < —27.0267 or 
torar > 27,0267 

torar = —14,7623 is less 

than —2.2010 

p-value = 0.0000 is 

less than the level of 

significance, a = 0.05 

. Reject the null hypothesis Ap. 

. Conclude that strong evidence exists for claiming 
that insulation is related to the dependent Y variable, 

heating oil consumption, holding temperature and 
ranch-style constant. 

. The probability is 0.0000 that ter47 < —14.7623 or 

lsrar = —4,6627 is less 

than —2.2010 

p-value = 0.0007 is 

less than the level of 

significance, a = 0.05 

. Reject the null hypothesis Hp. 

. Conclude that strong evidence exists for claiming 

that whether the house is a ranch-style is related to 

the dependent Y variable, heating oil consumption, 
holding temperature and insulation constant. 

. The probability is 0.0007 that ts-47 < —4.6627 or 
tsrar > 4.6627 

r? = 0.9884 98.84% of the variation in the heating oil consumption 
can be explained by variation in temperature, insulation, 
and whether the house is a ranch-style. 

Ne TABLE 14.12 

Net effects table for the 

Example 14.4 multiple 

regression model temperature (°F) 

An increase of one inch in attic 

insulation 

Presence of a ranch-style house 

Independent Variable Change 

An increase of one degree in 

Using the net regression coefficients b,, b>, and b3, the Table 14.12 net effect column summa- 
rizes the effects of an increase one degree of temperature (X |), adding one inch to the insulation 
amount (X3), and whether the house is a ranch-style (X;). If the cost of adding one inch in attic 
insulation was equivalent to about 21 gallons of heating oil, the builder could predict that the new 
insulation would “pay for itself” by lowering heating oil consumption in about one month. 

Net Effect 

Predict mean monthly heating oil consumption to 
decrease by 5.5251 gallons holding insulation and 
ranch-style constant. 

Predict mean monthly heating oil consumption to 
decrease by 21.3761 gallons for each additional 
inch of attic insulation holding temperature and 
ranch-style constant. 

Predict mean monthly heating oil consumption to 
decrease by 38.9727 gallons for a ranch-style house 
holding temperature and insulation constant. 

Before anyone could use the model in Example 14.4 for decision making, one may want to deter- | mine whether the independent variables interact with each other. 



FIGURE 14.11 

Excel worksheet results 

for the regression model 

that includes living space, 

fireplace, and interaction 

of living space and 

fireplace 

studentTIP 
Itis possible that the 
interaction between two 

_ independent variables 
will be significant even 
though one of the — 

- independent variables — 
_is not significant. 
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Interactions 

In the regression models discussed so far, the effect an independent variable has on the depen- 
dent variable has been assumed to be independent of the other independent variables in the 
model. An interaction occurs if the effect of an independent variable on the dependent variable 
changes according to the value of a second independent variable. For example, it is possible that 
advertising will have a large effect on the sales of a product when the price of a product is low. 
However, if the price of the product is too high, increases in advertising will not dramatically 
change sales. In this case, price and advertising are said to interact. In other words, one cannot 
make general statements about the effect of advertising on sales. The effect that advertising has 
on sales is dependent on the price. One uses an interaction term, also called a cross-product 
term, to model an interaction effect in a multiple regression model. 

To illustrate the concept of interaction and use of an interaction term, recall the Section 14.6 

asking price of homes example, the multiple regression results for which Figure 14.9 on page 498 

presents. In the regression model, the realtor has assumed that the effect that living space has 

on the asking price is independent of whether the house has a fireplace. Stated in statistical 

language, the realtor has assumed that the slope of asking price with living space is the same 

for all houses, regardless of whether the house contains a fireplace. However, this assumption 

may not be true. If an interaction exists between living space and the presence or absence of a 

fireplace, the two slopes will be different. 

To evaluate whether an interaction exists, one first defines an interaction term that is the 

product of the independent variable X, (living space) and the dummy variable X, (fireplace). 

Then, one tests whether this interaction variable makes a significant contribution to the regres- 

sion model. If the interaction is significant, one cannot use the original model for prediction. 

For these data, one defines 

X3 = X, X Xz 

Figure 14.11 presents regression results for the model that includes the living space, X,, the 

presence of a fireplace, X>, and the interaction of X,; and Xz, which has been defined as X3 and 

labeled Living Space*Fireplace. 

In the Worksheet 4 A i B | c RN nae a ol eee ibe se 
1_\Asking Price Analysis 

eee i at Sad bee | This worksheet uses the 
3 | Regression Statistics 1 h 

4 [Multiple R 0.6849 same template as the 

6 JR Square aces Figure 14.1 worksheet. 
6 |Adjusted R Square 0.4411 

7 |Standard Error 67.3907 event eR 8 

8 Observations 61 LivingSpace Fireplace 

9 | refers to the column that 

wt Anos arm holds the cross-product 
1 d SS MS F Significance F 

42 [Regression 3 228686.7174 76228.9058 16.7849 0.0000 term that models the 
13 |Residual 57 258865.9593 4541,5081 interaction between the 

14 |Total 60 487552.6767 rae’ 
Uae ee ee ee 6 living space and fireplace 

16 Coefficients Standard Error _tStat P-value Lower 95% __ Upper 95% variables. 

17 [intercept 316.2350 50.7878 6.2266 0.0000 214.5341 417.9359 
48 |Living Space 0,0681 0.0292 2.3319 (0.0233 0.0096 0.1265 
19 | Fireplace 34,8926 59.0359 0.5910 0.5568 -83.3248 153.1101 
20 | Living Space*Fireplace 0,0106 0.0326 0.3239 0.7472 -0.0548 0.0759 

The null and alternate hypotheses to test for the existence of an interaction are 

Ap: B3 = 0 

H;: By Fx 0. 

Table 14.13 summarizes the results of the test for the interaction for living space (b,) and 

presence of a fireplace (b, ) that appears as part of Figure 14.11. Based on these conclusions, one 

concludes that interaction of living space (b, ) and presence of a fireplace (b) is not significant. 

The interaction term should not be included in the regression model to predict asking price. 
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TABLE 14.13 

t test for the Interaction for 

living space and presence 

of a fireplace results and 

conclusions 

Evaluating a 

Regression Model 

with Several 

Interactions 

FIGURE 14.12 

Result Conclusions 

tsrar = 0.3239 is less than 1.~Bo not reject the null hypothesis Hp. 

2.0025 2. Conclude that there is insufficient evidence 
p-value = 0.7472 is greater of an interaction of living space (b,) and 

than the level of significance, presence of a fireplace (bp). 

a = 0.05 3. The probability is 0.7472 that 
lorar <= —0,3239 or lspar a 0.3239. 

In Example 14.5, three interaction terms are added to the model. 

For the Example 14.4 data, determine whether adding interaction terms makes a significant 
contribution to the regression model. 

SOLUTION To evaluate possible interactions between the independent variables, three interac- 
tion terms are constructed as follows: X; = X, X Xo, X5 = X, X X3, and X5 = Xz X X3. The 
regression model is now 

Yi = Bo + BiX\; + BoXo; + ByX3; + ByX4; + B-X5; + BoXoi + &; 
where X; is temperature, X, is insulation, X, is the dummy variable ranch-style, X, is the inter- 
action between temperature and insulation, X; is the interaction between temperature and ranch- 
style, and X¢ is the interaction between insulation and ranch-style. Figure 14.12 presents the 
results for this regression model. 

Excel worksheet results for the regression model that includes temperature, X;; insulation, X>; the dummy variable ranch- style, X3; the interaction of temperature and insulation, X,4; the interaction of temperature and ranch-style, X;; and the __ interaction of insulation and ranch-style, Xz 

| student TIP 
For problems with more 
than a few independent 
variables, consider using 
either the PHStat or 

Analysis ToolPak add-ins. 

> (continued) 

aa A) BS OS a ee eee “ 1_|Heating Oi] Consumption Analysis 
2 

3. Regression Statistics 

4 |Multiple R 0.9966 

5 B Square 0.9931 

6 |Adjusted R Square 0.9880 

7 |Standard Error 14.2506 

8 lObservations 15 

9 

10 ANOVA 

1 d SS Ms F Significance F 
12 |Regression 6 234510.5818 39085.0970 192.4607 0.0000 
13 Residual 8 1624.6475 203.0809 
14 [Total 236135,2293 

22 |Temperature*Ranch-style 

23 | Insulation*Ranch- 

To test whether the three interactions significantly improve the regression model, one uses the partial F test. The null and alternative hypotheses are 

Ho:By = Bs = Bs = 0 (There are no interactions among Xj, X>, and X3.) 
A:B, ~ O and/or Bs * 0 and/or Bs ~ 0(X, interacts with X,, 

and/or X, interacts with X3, and/or X interacts with X3.) 

From Figure 14.12, 

SSR(X}, X2, X3, X4, Xs, Xe) = 234,510,5818 with 6 degrees of freedom 
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and from Figure 14.10 on page 501, SSR (X,, X>, X;) = 233,406.9094 with 3 degrees of free- 
dom. Thus, 

SSR(X1, Xo, X3, X4, Xs, X6) — SSR(X1, X>, X3) = 234,510.5818 — 233,406.9094 = 1,103.6724 

| 
i 
i 

The difference in degrees of freedom is 6 — 3 = 3. 
To use the partial F test for the simultaneous contribution of three variables to a model, one 

uses an extension of Equation (14.11) on page 494. The partial F747 test statistic is 
j 

| 
; 

[SSR(X, X2, X3, X4, Xs, Xe) — SSR(X, Xo, X3)]/3 _ 1,103.6724/3 

MISECX, , XEUK GEN Xe Xe) 203.0809 

One compares the computed F577 test statistic to the critical F value for 3 and 8 degrees of 

freedom. Using a level of significance of 0.05, the critical F value from Table E.5 is 4.07. Because 

Fsrar = 1.8115 < 4.07, one concludes that the interactions do not make a significant contribution 

to the model, given that the model already includes temperature, X,; insulation, X; and whether 

the house is ranch style, X3. One can further conclude that the multiple regression model using 

Xj, Xp, and X3 without any interaction terms is the better model. Had results indicated to reject the 

| null hypothesis, one would then have needed to test the contribution of each interaction separately 
q in order to determine which interaction terms to include in the model. 

Fsrar = = 1.8115 

In general, if a model has several independent variables and one wants to test whether addi- 

tional independent variables contribute to the model, the numerator of the F test is the SSR for 

all independent variables minus the SSR for the initial set of variables, divided by the number 

of independent variables whose contribution is being tested. 

PROBLEMS FOR SECTION 14.6 

LEARNING THE BASICS 

14.38 Suppose X;, is a numerical variable and X, is a dummy vari- 

able with two categories and the regression equation for a sample 

of n = 20is 

Y, = 6 + 4X,; + 2X); 
a. Interpret the regression coefficient associated with variable X. 

b. Interpret the regression coefficient associated with variable X). 

c. Suppose that the ts7,47 test statistic for testing the contribution of var- 

iable X> is 3.27. At the 0.05 level of significance, is there evidence 

that variable X, makes a significant contribution to the model? 

APPLYING THE CONCEPTS 

14.39 The chair of the accounting department plans to develop 

a regression model to predict the grade point average in account- 

ing for those students who are graduating and have completed the 

accounting major, based on a student’s SAT score and whether the 

student received a grade of B or higher in the introductory statistics 

course (0 = no and | = yes). 

a. Explain the steps involved in developing a regression model for 

these data. Be sure to indicate the particular models you need to 

evaluate and compare. 

b. Suppose the regression coefficient for the variable whether the 

student received a grade of B or higher in the introductory sta- 

tistics course is + 0.30. How do you interpret this result? 

14.40 A real estate association in a suburban community would 

like to study the relationship between the size of a single-family 

house (as measured by the number of rooms) and the selling price 

of the house (in $thousands). Two different neighborhoods are 

included in the study, one on the east side of the community (=0) 

and the other on the west side (=1). A random sample of 20 houses 

was selected, with the results stored in [JE]E9. For (a) through 
(k), do not include an interaction term. 

a. State the multiple regression equation that predicts the selling 

price, based on the number of rooms and the neighborhood. 

Interpret the regression coefficients in (a). 

Predict the mean selling price for a house with nine rooms that 

is located in an east-side neighborhood. Construct a 95% confi- 

dence interval estimate and a 95% prediction interval. 

d. Perform a residual analysis on the model and determine whether 

the regression assumptions are valid. 

Is there a significant relationship between selling price and the 

two independent variables (rooms and neighborhood) at the 

0.05 level of significance? 

f. At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a contribution to the regression model. 

Indicate the most appropriate regression model for this set of data. 

g. Construct and interpret a 95% confidence interval estimate of 

the population slope for the relationship between selling price 

and number of rooms. 

h. Construct and interpret a 95% confidence interval estimate of 

the population slope for the relationship between selling price 

and neighborhood. 

i. Compute and interpret the adjusted r. 

j. Compute the coefficients of partial determination and interpret 

their meaning. 

k. What assumption do you need to make about the slope of selling 

price with number of rooms? 

b. 

c 

- 

e 
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I]. Add an interaction term to the model and, at the 0.05 level of 

significance, determine whether it makes a significant contribu- 

tion to the model. 

m. On the basis of the results of (f) and (1), which model is most 

appropriate? Explain. 

n. What conclusions can the real estate association reach about the 

effect of the number of rooms and neighborhood on the selling 

price of homes? 

14.41 In Problem 14.5 on page 483, you developed a multiple 

regression model to predict wine quality for red wines. Now, you wish 

to determine whether there is an effect on wine quality due to whether 

the wine is white (0) or red (1). These data are organized and stored in 
Red and White § 

Develop a multiple regression model to predict wine quality based on 
the percentage of alcohol and the type of wine. For (a) through (m), 
do not include an interaction term. 

a. State the multiple regression equation that predicts wine quality 
based on the percentage of alcohol and the type of wine. 

b. Interpret the regression coefficients in (a). 
c. Predict the mean quality for a red wine that has 10% alcohol. 

Construct a 95% confidence interval estimate and a 95% pre- 
diction interval. 

d. Perform a residual analysis on the model and determine whether 
the regression assumptions are valid. 

e. Is there a significant relationship between wine quality and the 
two independent variables (percentage of alcohol and the type 
of wine) at the 0.05 level of significance? 

f. At the 0.05 level of significance, determine whether each inde- 
pendent variable makes a contribution to the regression model. 
Indicate the most appropriate regression model for this set of data. 

g- Construct and interpret 95% confidence interval estimates of the 
population slope for the relationship between wine quality and the 
percentage of alcohol and between wine quality and the type of wine. 

h. Compare the slope in (b) with the slope for the simple linear 
regression model of Problem 13.4 on page 439. Explain the 
difference in the results. 

i. Compute and interpret the meaning of the coefficient of multi- 
ple determination, r?. 
Compute and interpret the adjusted r?. 

. Compare r? with the r? value computed in Problem 13.16 (a) 
on page 445. 

I. Compute the coefficients of partial determination and interpret 
their meaning. 

m. What assumption about the slope of type of wine with wine 
quality do you need to make in this problem? 
Add an interaction term to the model and, at the 0.05 level of 
significance, determine whether it makes a significant contribu- 
tion to the model. 

0. On the basis of the results of (f) and (n), which model is most 
appropriate? Explain. 

p. What conclusions can you reach concerning the effect of alcohol 
percentage and type of wine on wine quality? 

ar ie 

n 

14.42 In mining engineering, holes are often drilled through rock, 
using drill bits. As a drill hole gets deeper, additional rods are added 
to the drill bit to enable additional drilling to take place. It is expected 
that drilling time increases with depth. This increased drilling time 
could be caused by several factors, including the mass of the drill 
rods that are strung together. The business problem relates to whether 
drilling is faster using dry drilling holes or wet drilling holes. Using 

dry drilling holes involves forcing compressed air down the drill rods 

to flush the cuttings and drive the hammer. Using wet drilling holes 

involves foreing water rather than air down the hole. Data have been 

collected from a sample of 50 drill holes that contains measurements 

of the time to drill each additional 5 feet (in minutes), the depth (in 

feet), and whether the hole was a dry drilling hole or a wet drilling 

hole. The data are organized and stored in [YV). 

Source: Data extracted from R. Penner and D. G, Watts, “Mining Information,” The 

American Statistician, 45, 1991, pp. 4-9. 

Develop a model to predict additional drilling time, based on depth 

and type of drilling hole (dry or wet). For (a) through (k) do not 

include an interaction term. 

a. State the multiple regression equation. 

b. Interpret the regression coefficients in (a). 

¢c. Predict the mean additional drilling time for a dry drilling hole 
at a depth of 100 feet. Construct a 95% confidence interval 
estimate and a 95% prediction interval. 

d. Perform a residual analysis on the model and determine whether 
the regression assumptions are valid. 

e. Is there a significant relationship between additional drilling 
time and the two independent variables (depth and type of 
drilling hole) at the 0.05 level of significance? 

f. At the 0.05 level of significance, determine whether each inde- 
pendent variable makes a contribution to the regression model. 
Indicate the most appropriate regression model for this set of data. 

g. Construct a 95% confidence interval estimate of the population 
slope for the relationship between additional drilling time and depth. 

h. Construct a 95% confidence interval estimate of the population 
slope for the relationship between additional drilling time and 
the type of hole drilled. 

i, Compute and interpret the adjusted 7°. 
j. Compute the coefficients of partial determination and interpret 

their meaning. 
k. What assumption do you need to make about the slope of addi- 

tional drilling time with depth? 
I. Add an interaction term to the model and, at the 0.05 level of 

significance, determine whether it makes a significant contribu- 
tion to the model. 

m. On the basis of the results of (f) and (1), which model is most 
appropriate? Explain. 

n, What conclusions can you reach concerning the effect of depth 
and type of drilling hole on drilling time? 

14.43 The owner of a moving company typically has his most expe- 
rienced manager predict the total number of labor hours that will be 
required to complete an upcoming move. This approach has proved 
useful in the past, but the owner has the business objective of develop- 
ing a more accurate method of predicting labor hours. In a preliminary 
effort to provide a more accurate method, the owner has decided to use 
the number of cubic feet moved and whether there is an elevator in the 
apartment building as the independent variables and has collected data 
for 36 moves in which the origin and destination were within the bor- 
ough of Manhattan in New York City and the travel time was an insig- 
nificant portion of the hours worked. The data are organized and stored 
in (YENET). For (a) through (k), do not include an interaction term. 
a. State the multiple regression equation for predicting labor hours, us- 

ing the number of cubic feet moved and whether there is an elevator. 
b, Interpret the regression coefficients in (a). : 
¢. Predict the mean labor hours for moving 500 cubic feet in an 

apartment building that has an elevator and construct a 95% 
confidence interval estimate and a 95% prediction interval. 



= Perform a residual analysis on the model and determine whether 
the regression assumptions are valid, 

e. Is there a significant relationship between labor hours and the 
two independent variables (cubic feet moved and whether there 
is an elevator in the apartment building) at the 0.05 level of 
significance? 

f. At the 0.05 level of significance, determine whether each 
independent variable makes a contribution to the regression 
model. Indicate the most appropriate regression model for this 
set of data. 

Construct a 95% confidence interval estimate of the population 
slope for the relationship between labor hours and cubic feet 
moved. 

h. Construct a 95% confidence interval estimate for the relation- 
ship between labor hours and the presence of an elevator. 

i. Compute and interpret the adjusted r?. 
j. Compute the coefficients of partial determination and interpret 

their meaning. , 

k. What assumption do you need to make about the slope of labor 

hours with cubic feet moved? 

1. Add an interaction term to the model, and at the 0.05 level of 

significance, determine whether it makes a significant contribu- 

tion to the model. 

m. On the basis of the results of (f) and (1), which model is most 

appropriate? Explain. 

n. What conclusions can you reach concerning the effect of the number 

of cubic feet moved and whether there is an elevator on labor hours? 

14.44 In Problem 14.4 on page 482, you used efficiency 

ISSUE ratio and total risk-based capital to predict ROAA at a 

community bank (stored in [SS SWSVEras). Develop a regres- 
sion model to predict ROAA that includes efficiency ratio, total 

risk-based capital, and the interaction of efficiency ratio and total 

risk-based capital. 

a. At the 0.05 level of significance, is there evidence that the in- 

teraction term makes a significant contribution to the model? 

b. Which regression model is more appropriate, the one used in (a) 

or the one used in Problem 14.4? Explain. 

a 

14.45 Zagat’s publishes restaurant ratings for various locations in 

the United States. The file contains the Zagat rat- 
ing for food, décor, service, and cost per person for a sample of 

50 center city restaurants and 50 metro area restaurants. 

Source: Data extracted from Zagat Survey 2016, New York City Restaurants. 

Develop a regression model to predict the cost per person, based on 

a variable that represents the sum of the ratings for food, décor, and 

service and a dummy variable concerning location (center city versus 

metro area). For (a) through (m), do not include an interaction term. 

a. State the multiple regression equation. 

b. Interpret the regression coefficients in (a). 

c. Predict the mean cost for a center city restaurant with a summated 

rating of 60 and construct a 95% confidence interval estimate and 

a 95% prediction interval. 

d. Perform a residual analysis on the model and determine whether 

the regression assumptions are satisfied. 

e. Is there a significant relationship between price and the two 

independent variables (summated rating and location) at the 

0.05 level of significance? 

f. At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a contribution to the regression model. 

Indicate the most appropriate regression model for this set of data. 
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g. Construct a 95% confidence interval estimate of the population 

slope for the relationship between cost and summated rating. 

h. Compare the slope in (b) with the slope for the simple linear 

regression model of Problem 13.5 on page 439. Explain the dif- 

ference in the results. 

i. Compute and interpret the meaning of the coefficient of multiple 

determination. 

j. Compute and interpret the adjusted r?. 

k. Compare r? with the r? value computed in Problem 13.17 (b) 

on page 445, 

1. Compute the coefficients of partial determination and interpret 

their meaning. 

m. What assumption about the slope of cost with summated rating 

do you need to make in this problem? 

n. Add an interaction term to the model and, at the 0,05 level of 

significance, determine whether it makes a significant contribu- 

tion to the model. 

0. On the basis of the results of (f) and (n), which model is most 

appropriate? Explain. 

p. What conclusions can you reach about the effect of the summat- 

ed rating and the location of the restaurant on the cost of a meal? 

14.46 In Problem 14.6 on page 483, you used full-time voluntary 

turnover (%), and total worldwide revenue ($billions) to predict 

number of full-time job openings (stored in EPR Wee). 
Develop a regression model to predict the number of full-time job 

openings that includes full-time voluntary turnover, total worldwide 

revenue, and the interaction of full-time voluntary turnover and total 

worldwide revenue. 

a. At the 0.05 level of significance, is there evidence that the in- 

teraction term makes a significant contribution to the model? 

b. Which regression model is more appropriate, the one used in 

this problem or the one used in Problem 14.6? Explain. 

14.47 In Problem 14.5 on page 483, the percentage of alcohol and 

chlorides were used to predict the quality of red wines (stored in 

[YVETESAEEY). Develop a regression model that includes the per- 
centage of alcohol, the chlorides, and the interaction of the percent- 

age of alcohol and the chlorides to predict wine quality. 

a. At the 0.05 level of significance, is there evidence that the in- 

teraction term makes a significant contribution to the model? 

b. Which regression model is more appropriate, the one used in 

this problem or the one used in Problem 14.5? Explain. 

14.48 In Problem 14.7 on page 483, you used weekly staff 
count and remote hours to predict standby hours (stored in 

(TREE aIEELS)). Develop a regression model to predict standby 
hours that includes total staff present, remote hours, and the inter- 

action of total staff present and remote hours. 

a. At the 0.05 level of significance, is there evidence that the in- 

teraction term makes a significant contribution to the model? 

b. Which regression model is more appropriate, the one used in 

this problem or the one used in Problem 14.7? Explain. 

14.49 The director of a training program for a large insurance 

company has the business objective of determining which train- 

ing method is best for training underwriters. The three methods 

to be evaluated are classroom, online, and courseware app. The 

30 trainees are divided into three randomly assigned groups of 10. 

Before the start of the training, each trainee is given a proficiency 

exam that measures mathematics and computer skills. At the end of 

the training, all students take the same end-of-training exam. The 

results are organized and stored in (WIPES Vian). 
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Develop a multiple regression model to predict the score on the 

end-of-training exam, based on the score on the proficiency exam 

and the method of training used. For (a) through (k), do not include 

an interaction term. 

a. State the multiple regression equation. 

b. Interpret the regression coefficients in (a). 

c. Predict the mean end-of-training exam score for a student with a pro- 

ficiency exam score of 100 who had courseware app-based training. 

d. Perform a residual analysis on the model and determine whether 

the regression assumptions are valid. 

e. Is there a significant relationship between the end-of-training 

exam score and the independent variables (proficiency score 

and training method) at the 0.05 level of significance? 

f. At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a contribution to the regression model, 

Indicate the most appropriate regression model for this set of data. 

g. Construct and interpret a 95% confidence interval estimate of 

the population slope for the relationship between the end-of- 

training exam score and the proficiency exam score. 

h. Construct and interpret 95% confidence interval estimates of 

the population slope for the relationship between the end-of- 

training exam score and type of training method. 

i. Compute and interpret the adjusted 7’. 

j. Compute the coefficients of partial determination and interpret 

their meaning. 

k. What assumption about the slope of proficiency score with end- 

of-training exam score do you need to make in this problem? 

I. Add interaction terms to the model and, at the 0.05 level of 

significance, determine whether any interaction terms make a 

significant contribution to the model. 

m,. On the basis of the results of (f) and (1), which model is most 

appropriate? Explain. 

CON SLIDES 15) UE EAS USERS 2 SR 
What Is Not Normal? (Using a categorical dependent variable) 
In Sections 14.1 through 14.6, every example of multi- 

ple regression uses a numerical dependent variable. For 

example, Section 14.1 considers estimating the value of 

the dependent numerical variable sales (of OmniPower 

bars), while Section 14.6 explores estimating the value 

of the dependent numerical variable asking price, based 

on several independent variables. Even the Sunflowers 

Apparel examples that Chapter 13 uses to discuss simple 
linear regression have a dependent numerical variable. Is 
using a dependent numerical variable the normal practice 
for regression? Yes, it is normal practice if one is using the 
least-squares method that Section 13.2 first explains. 

Section 14.6 discusses a dummy variable to recode 
two categories of a categorical independent variable. Could 
a binary (two-category) categorical variable be similarly 
recoded as 0 and 1 to represent the two categories? Yes. 
Could that recoded variable be used as the dependent vari- 
able in a least-squares regression? No! Hmm, something is 
not normal here! 

What is not normal is that using such a variable will 
cause the assumption of the normality of errors to be vio- 
lated. Recall that the least-squares method comes includes 
assumptions about the data that Section 13.4 explains and 
that Section 14.3 extends to multiple regression. In order to 
have a usable regression model, these assumptions must not 
be violated. Therefore, the least-squares method cannot be 
used with a recoded categorical variable. Mistakenly using 
that method can also cause predicted values that are beyond 
the range of the values 0 and 1, and that, too, is not normal! 

Using a (recoded) categorial variable requires a different 
regression approach that uses the concept of likelihood. 
For this context, likelihood asks the question, “What is the 
probability of obtaining the values of the regression data, 
given a specific set of regression coefficients?” 

j 

One can use the Figure 5.2 binomial worksheet on 

page 184 to understand analogously how likelihood works. 

In that worksheet, one enters the sample size in cell B4 and 
the probability of an event of interest in cell B5 (4 and 0.1, 
respectively, in Figure 5.2). Using those values, the work- 
sheet computes the P(X) for the five possible X events, 0 
through 4, in the Binomial Probabilities Table worksheet area. 

What if someone uses this worksheet and enters a new 
value for the probability of an event of interest in cell B5? 
The worksheet would update results, including the prob- 
abilities in the Binomial Probabilities Table. If that person 
somehow hid the value entered in cell B5, could others 
estimate that cell BS value without unhiding the value? 
Yes! Others could make a copy of the worksheet and 
enter values in cell B5 until the probabilities in the second 
Binomial Probabilities Table matched the probabilities 
in the worksheet with the hidden cell B5. By doing that, 
others would have found the /ikeliest value for the proba- 
bility of an event of interest and would have inverted the 
workings of the Figure 5.2 binomial worksheet. Likelihood 
inverts the calculation of probabilities that earlier chapters 
discuss and, not surprisingly, likelihood was once called 
inverse probability. 

Logistic regression uses maximum likelihood 
estimation (MLE) to determine regression coefficients. 
MLE finds the regression coefficients that are associated 
with the highest probability of obtaining the regression 
data. (This is analogous to finding that likeliest value in 
the preceding example.) Note that MLE determines prob- 
abilities, not values. That means the dependent variable 
in logistic regression will always be a probability, a value 
between 0 and 1 inclusive, and that proves useful mathe- 
matically for reasons that interested readers can explore 
on their own. 
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14.7 Logistic Regression 
Logistic regression, enables one to use regression models to predict the probability of a category 

of a dependent categorical variable for a given set of independent variables. The logistic regres- 

sion model uses the odds ratio, which represents the probability of an event of interest compared 

With the probability of not having an event of interest. Equation (14.15) defines the odds ratio. 

ODDS RATIO 

probability of an event of interest 
Odds ratio = (14.15) 

| — probability of an event of interest 

Using Equation (14.15), if the probability of an event of interest is 0.50, the odds ratio is 

; 0.50 
Oddsiiratioe == —"" 10 -or lito | 

1=— 0.50 

If the probability of an event of interest is 0.75, the odds ratio is 

: 0.75 
Odds ratio = ————— = 3.0, or 3 to 1 

07/5 

The logistic regression model is based on the natural logarithm of the odds ratio, In(odds ratio). 

Equation (14.16) defines the logistic regression model for k independent variables. 

student TIP 
In is the symbol used for 
Returallogarithms, also LOGISTIC REGRESSION MODEL 

known as base e loga- In(Odds ratio) = Bo sr BX; fe BX); chebetes™ cir BX ki ate €; (14.16) 

rithms. In(x) is the loga- 

rithm of x having base e, ' : : 
where e = 2.718282. k = number of independent variables in the model 

€; = random error in observation 7 

where 

Sections 13.2 and 14.1 use the method of least squares to develop a regression equation. 

In logistic regression, a mathematical method called maximum likelihood estimation is typi- 

cally used to develop a regression equation to predict the natural logarithm of this odds ratio. 

Equation (14.17) defines the logistic regression equation. 

LOGISTIC REGRESSION EQUATION 

In(Estimated odds ratio) = bo a bX); ats bX; i ee caw DX kj (14.17) 

Using Equation (14.18), one can compute the estimated odds ratio. 

ESTIMATED ODDS RATIO 

Estimated odds ratio = ¢ !n(Estimated odds ratio) (14.18) 

With an estimated odds ratio computed, one can compute the estimated probability of an 

event of interest using Equation (14.19). 

ESTIMATED PROBABILITY OF AN EVENT OF INTEREST 
estimated odds ratio 

ili i a re ee ern (La Estimated probability of an event of interest fa done asi edar Take (14.19) 



510 CHAPTER 14 | Introduction to Multiple Regression 

FIGURE 14.13 

Excel logistic regression 

worksheet results for the 

cardholder pilot study data 

TABLE 14.14 

Net effects table for the 

cardholder pilot study 

multiple regression model 

To illustrate the use of logistic regression, consider the following case of the sales and mar- 

keting manager for the credit card division of a major financial company. The manager seeks to 

conduct a campaign to persuade existing holders of the bank’s standard credit card to upgrade, 

for a nominal annual fee, to the bank’s platinum card. The manager wonders, “Which of the 

existing standard credit cardholders should we target for this campaign?” 

The manager has access to the results from a sample of 30 cardholders who were targeted 

during a pilot campaign last year. These results have been organized as three variables and 

stored in (CEM Ie—. The three variables are upgraded, whether a cardholder upgraded 
to a premium card, Y (0 = no, | = yes); and two independent variables, purchases, the prior 
year’s credit card purchases (in $thousands), X,; and extra cards, whether the cardholder 
ordered additional credit cards for other authorized users, X, (0 = no, 1 = yes). Figure 14.13 
presents the Excel results for the logistic regression model for this pilot study. 

A 8 EU In the Worksheet 
1_ Cardholder Study Logistic Regression 

——__________________________mm.§ This worksheet uses the NORM.S.DIST function in 3 | Predictor Coefficients SECoef Z p-Value i 4 |intercept ~6.9304| 2.9471 -2.3547 ooias Column E to compute p-values. Columns G through N 
5 [Purchases  0.139458333 0.0681 2.049 0.0405 (not shown) contain intermediate calculations and 
6 Extra Cards:1 2.7743271 1.1927 2.3261 0.0200 . P 7 | columns L and M use the IF function in ways much more 
8 [Deviance _20.07690146 complex than other worksheets that this book features. 

The COMPUTE worksheet of the Excel Guide Logistic 

Regression Example workbook is a copy of the 

Figure 14.13 worksheet. 

Using the net regression coefficients b, and b5, the Table 14.14 net effects table summarizes 
the effects of the regression constant, purchases (Xj) and extra cards (X,) for management. 

Net Effect Interpretation 

The regression con- __ The estimated natural logarithm of the odds ratio of purchasing the 
stant —6,.9394 premium card is —6,9394 for a credit cardholder who did not charge 

any purchases last year and who does not have additional cards. 
Each additional The estimated natural logarithm of the odds ratio of purchasing the 
$1,000 in credit premium card increases by 0.1395 for each increase of $1,000 in 
card purchases last —_ annual credit card spending using the company’s card, holding con- 
year stant the effect of whether the credit cardholder has additional cards 

for other authorized users. 

Whether addi- The estimated natural logarithm of the odds ratio of purchasing the 
tional credit cards premium card increases by 2.7743 for a credit cardholder who has 
are ordered for additional cards for other authorized users compared with one who 
a member of the does not have additional cards, holding constant the annual credit 
household card spending. 

The Table 14.14 estimates will enable decision makers to better understand how spending 
and additional credit card ordering decisions are predicted to affect whether the cardholder will 
upgrade to a premium card. Managers can conclude that cardholders who charged more last 
year and possess additional cards for other authorized users are much more likely to upgrade to” 
a premium credit card. 



In(estimated odds of purchasing versus not purchasing) 

studentTIP 
Unlike other hypothesis 
tests, rejecting the null 
hypothesis for this test 
means that the model is 
not a good fit. 
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As is the case with least-squares regression models, a main purpose of performing logistic 
regression analysis is to provide predictions of a dependent variable. For example, consider a 
cardholder who charged $36,000 last year and possesses additional cards for members of the 
household. What is the probability the cardholder will upgrade to the premium card during the mar- 
keting campaign? Using X, = 36, X, = 1, Equation (14.17) on page 509, and the Figure 14.13 
results on page 510, 

I —6,9394 + (0.1395)(36) + (2.7743)(1) 

0.8569 

Then, using Equation (14.18) on page 509, 

estimated odds ratio = e° 8° = 2.3558 

Therefore, the odds are 2.3558 to 1 that a credit cardholder who spent $36,000 last year and has 

additional cards will purchase the premium card during the campaign. Using Equation (14.19) 

on page 510, one can convert this odds ratio to a probability: 

A098 

Ligke2e3558 

0.702 

| estimated probability of purchasing premium card = 

Thus, the estimated probability is 0.702 that a credit cardholder who spent $36,000 last year and 

has additional cards will purchase the premium card during the campaign. In other words, one 

predicts 70.2% of such individuals will purchase the premium card. 

In order to make such predictions for decision making, one must determine whether or 

not the model is a good-fitting model. The deviance statistic is frequently used to determine 

whether the current model provides a good fit to the data. This statistic measures the fit of the 

current model compared with a model that has as many parameters as there are data points 

(what is called a saturated model). The deviance statistic follows a chi-square distribution with 

n — k — 1 degrees of freedom, where n is the sample size and k is the number of independent 

variables. The null and alternative hypotheses are 

Hp: The model is a good-fitting model. 

H;,: The model is not a good-fitting model. 

When using the deviance statistic for logistic regression, the null hypothesis represents a 

good-fitting model, which is the opposite of the null hypothesis when using the overall F test 

for the multiple regression model (see Section 14.2). Using the @ level of significance, the 

decision rule is 

Reject Hp if deviance > x2; 

otherwise, do not reject H,. 

The critical value for a x7 statistic with n — k — 1 = 30 — 2 — 1 = 27 degrees of free- 

dom is 40.113 (see Table E.4). From Figure 14.13 on page 510, the deviance 20.0769 < 40.113. 

Thus, one does not reject Hj and concludes that there is insufficient evidence that the model is 

not a good-fitting one. 
With evidence that the model is a good-fitting one, you need to evaluate whether each 

of the independent variables makes a significant contribution to the model in the presence of 
others. Do that evaluation by examining either the Z test statistic (called the Wald statistic in 

this context). 
Table 14.15 summarizes the results of the test for the regression coefficients for purchases 

(b,) and extra cards (b) that appears as part of Figure 14.13. Based on these results, one can 
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conclude that both the amount of purchases and whether the cardholder has additional cards for 

members of the household have a significant effect on whether the cardholder will upgrade to 

a premium card. 

TABLE 14.15 

Evaluating whether Result 
each of the independent Z = 2.049 is greater than 
variables makes a 1.96 

significant contribution p-value = 0.0405 is less 

than the level of significance, 

a = 0,05 

Z = 2.3261 is greater than 

1.9 

p-value = 0.02 is less than 

the level of significance, 

a = 0.05 

ON 

PROBLEMS FOR SECTION 14.7 

~ 

Conclusions 

1. Reject the null hypothesis Hp. 

2. Conclude that.evidence exists for claiming that 

the amount of purchases is related to whether the 

cardholder will upgrade to a premium card holding 
constant whether the cardholder has additional cards 
for members of the household. 

3. The probability is 0.0405 that Z < —2.049 or 
Z > 2.049. 

1. Reject the null hypothesis Hp. 

2. Conclude that evidence exists for claiming that 
whether the cardholder will upgrade to a premium 

card is related to whether the cardholder has addi- 
tional cards for members of the household holding 
constant the amount of purchases. 

3. The probability is 0.02 that Z < —2.3261 or 
ep PA 0) 

LEARNING THE BASICS 

14.50 Interpret the meaning of a slope coefficient equal to 2.2 in 
logistic regression. 

14.51 Given an estimated odds ratio of 2.5, compute the estimated 
probability of an event of interest. 

14.52 Given an estimated odds ratio of 0.75, compute the esti- 
mated probability of an event of interest. 

14.53 Consider the following logistic regression equation: 

-In(Estimated odds ratio) = 0.1 + 0.5X,; + 0.2X>; 

a. Interpret the meaning of the logistic regression coefficients. 
b. If X; = 2 and X, = 1.5, compute the estimated odds ratio and 

interpret its meaning. 
c. On the basis of the results of (b), compute the estimated proba- 

bility of an event of interest. 

APPLYING THE CONCEPTS 
oy SELF 14.54 Refer to Figure 14.13 on page 510. 

USSIE a. Predict the probability that a cardholder who charged 
$36,000 last year and does not have any additional credit cards 

_ for other authorized users will purchase the platinum card dur- 
ing the marketing campaign. 

b. Compare the results in (a) with those fora person with additional 
credit cards. 

c. Predict the probability that a cardholder who charged $18,000 and 
does not have any additional credit cards for other authorized users 
will purchase the platinum card during the marketing campaign. 

d. Compare the results of (a) and (c) and indicate what implica- 
tions these results might have for the strategy for the marketing 
campaign. 

14.55 A study was conducted to determine the factors involved in the 
rate of participation of discharged cardiac patients in a rehabilitation 
program. Data were collected from 516 treated patients. 
Source: Data extracted from F. Van Der Meulen, T. Vermaat, and 
P. Williams, “Case Study: An Application of Logistic Regression 
in a Six Sigma Project in Health Care,” Quality Engineering, 2011, 
pp. 113-124. 

Among the variables used to predict participation (0 = no, 1 = yes) 
were the distance traveled to rehabilitation in kilometers, whether 
the person had a car (0 = no, 1 = yes), and the age of the person 
in years. The summarized data are: 

Standard 
Estimate Error Z Value p-value 

Intercept 5.7765 0.8619 6.702 0.0000 
Distance —0.0675 0.0111 Ol 0.0000 
Car 1.9369 0.2720 TENPH| 0.0000 
Age —0.0599 0.0119 = JA0S7, 0.0000 



a. State the logistic regression model. 
b. Using the model in (a), predict the probability that a patient will 

participate in rehabilitation if he or she travels 20 km to rehabil- 
itation, has a car, and is 65 years old. 
Using the model in (a), predict the probability that a patient will 
participate in rehabilitation if he or she travels 20 km to rehabil- 
itation, does not have a car, and is 65 years old. 

d. Compare the results of (b) and (c). 
e. At the 0.05 level of significance, is there evidence that the 

distance traveled, whether the patient has a car, and the age of 
the patient each make a significant contribution to the model? 

f. What conclusions can you reach about the likelihood of a patient 
participating in the rehabilitation program? 

Cc 

14.56 Referring to Problem 14.41 on page 506, you have decided 
to analyze whether there are differences in fixed acidity, chlorides, 
and pH between white wines and red wines (0 = white 1 = red). 

Using the data stored in FUERTE RTS, 
a. Develop a logistic regression model to predict whether the wine 

is red based on the fixed acidity, chlorides, and pH. 

b. Explain the meaning of the regression coefficients in the model 

developed in (a). 

c. Predict the probability that a wine is red if it has a fixed acidity 

of 7.0, chlorides of 0.04, and pH of 3.5. 

d. At the 0.05 level of significance, is there evidence that the logis- 

tic regression model developed in (a) is a good-fitting model? 

e. At the 0.05 level of significance, is there evidence that fixed acidity, 

chlorides, and pH each make a significant contribution to the model? 

f. What conclusions concerning the probability of a wine selected 

being red can you reach? 

14.57 Undergraduate students at Miami University in Oxford, 
Ohio, were surveyed in order to evaluate the effect of price on the 

purchase of a pizza from Pizza Hut. Students were first asked to 

imagine a situation in which they were planning to call and order for 

delivery a large two-topping pizza. Then they were asked to select 

from either Pizza Hut or another pizzeria of their choice. The price 

they would have to pay to get a Pizza Hut pizza differed from survey 

to survey. For example, some surveys used the price $11.49. Other 

prices investigated were $8.49, $9.49, $10.49, $12.49, $13.49, and 
$14.49. The dependent variable for this study is whether or not a 

student will select Pizza Hut. Possible independent variables are 

the price of a Pizza Hut pizza and the gender of the student. The 

file contains responses from 220 students and includes 
these three variables: 

Gender: 1 = male, 0 = female 

Price: 8.49, 9.49, 10.49, 11.49, 12.49, 13.49, or 14.49 

Purchase: 1 = the student selected Pizza Hut, 0 = the 

student selected another pizzeria 

a. Develop a logistic regression model to predict the probability 

that a student selects Pizza Hut based on the price of the pizza. 

Is price an important indicator of purchase selection? 

b. Develop a logistic regression model to predict the probability that 

a student selects Pizza Hut based on the price of the pizza and the 

gender of the student. Is price an important indicator of purchase 

selection? Is gender an important indicator of purchase selection? 

c. Compare the results from (a) and (b). Which model would you 

choose? Discuss. 
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d. Using the model selected in (c), predict the probability that a 

student will select Pizza Hut if the price is $8.99. 

e. Using the model selected in (c), predict the probability that a 

student will select Pizza Hut if the price is $11.49. 

f. Using the model selected in (c), predict the probability that a 

student will select Pizza Hut if the price is $13.99. 

14.58 An automotive insurance company wants to predict which 

filed stolen vehicle claims are fraudulent, based on the mean num- 

ber of claims submitted per year by the policy holder and whether 

the policy is a new policy, that is, is one year old or less (coded as 

= yes, 0 = no), Data from a random sample of 98 automotive 

insurance claims, organized and stored in [TV 2 E72), show 
that 49 are fraudulent (coded as 1) and 49 are not (coded as 0). 

Source: Data extracted from A, Gepp et al., “A Comparative Analysis of Decision 

Trees vis-a-vis Other Computational Data Mining Techniques in Automotive 

Insurance Fraud Detection,” Journal of Data Science, 10 (2012), pp. 537-561. 

a. Develop a logistic regression model to predict the probability 

of a fraudulent claim, based on the number of claims submitted 

per year by the policy holder and whether the policy is new. 

b. Explain the meaning of the regression coefficients in the model 

in (a). 

c. Predict the probability of a fraudulent claim given that the 

policy holder has submitted a mean of one claim per year and 

holds a new policy. 

d. At the 0.05 level of significance, is there evidence that a logistic 

regression model that uses the mean number of claims submitted 

per year by the policy holder and whether the policy is new to pre- 

dict the probability of a fraudulent claim is a good-fitting model? 

e. At the 0.05 level of significance, is there evidence that the mean 

number of claims submitted per year by the policy holder and 

whether the policy is new each makes a significant contribution 

to the logistic model? 

f. Develop a logistic regression model that includes only the 

number of claims submitted per year by the policy holder to 

predict the probability of a fraudulent claim. 

g. Develop a logistic regression model that includes only whether 

the policy is new to predict a fraudulent claim. 

h. Compare the models in (a), (f), and (g). Evaluate the differences 

among the models. 

14.59 A marketing manager wants to predict customers with the risk 
of churning (switching their service contracts to another company) 

based on the number of calls the customer makes to the company call 

center and the number of visits the customer makes to the local ser- 

vice center. Data from a random sample of 30 customers, organized 

and stored in show that 15 have churned (coded as 1) and 
15 have not (coded as 0). 

a. Develop a logistic regression model to predict the probability 

of churn, based on the number of calls the customer makes to 

the company call center and the number of visits the customer 

makes to the local service center. 

b. Explain the meaning of the regression coefficients in the model 

in (a). 

Predict the probability of churn for a customer who called the 

company call center 10 times and visited the local service center 

once, 
d. At the 0.05 level of significance, is there evidence that a logistic 

regression model that uses the number of calls the customer makes 

Cc 
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to the company call center and the number of visits the customer 

makes to the local service center is a good-fitting model? 

e. Atthe 0.05 level of significance, is there evidence that the number 

of calls the customer makes to the company call center and the 

number of visits the customer makes to the local service center 

each make a significant contribution to the logistic model? 

f. Develop a logistic regression model that includes only the 

number of calls the customer makes to the company call center 

to predict the probability of churn. 

g. Develop a logistic regression model that includes only the 

number of visits the customer makes to the local service center 

. Develop a logistic regression model to predict the probability 

that a customer purchases the organic products, based on age 

and whether the customer subscribes to the supermarket chain’s 

health/wellness e-newsletters. 

. Explain the meaning of the regression coefficients in the model 

in (a). 

. Predict the probability of purchasing the organic products for 

a 35-year-old customer who subscribes to the supermarket 

chain’s health/wellness e-newsletters. 

. At the 0.05 level of significance, is there evidence that a logis- 

tic regression model that uses customer age and whether the 
to predict churn. 

h. Compare the models in (a), (f), and (g). Evaluate the differences 

among the models. 

14.60 A local supermarket manager wants to use two indepen- 

dent variables, customer age (in years) and whether the customer 

subscribes to the supermarket chain’s health/wellness e-newsletters 

(coded as 1 = yes and 0 = no) to predict which customers are f 
likely to purchase a new line of organic products. Data from a ran- : 
dom sample of 100 loyalty program customers, organized and stored 

customer subscribes to the supermarket chain’s health/well- 

ness e-newsletters to predict the probability of purchasing the 

organic products is a good-fitting model? 

e. At the 0.05 level of significance, is there evidence that customer 

age and whether the customer subscribes to the supermarket 

chain’s health/wellness e-newsletters each make a significant 

contribution to the logistic model? 

What conclusions can you reach about which variables are 

affecting purchase of organic foods? 

in (ENE). show that 65 have purchased the organic products 
(coded as 1) and 35 have not (coded as 0), 

14.8 Cross-Validation 

Noting the qualities of the 

holdout method, some 

sources classify this 

method as something 

other than a proper type of 

cross- validation. 

Overfitting describes any model that too-well describes a data set. Overfitting is not a prob- 
lem if a model is being used for explanatory purposes. However, a model that too perfectly 
reflects all the variation, including quirks and random variation in the data, will be overfit 
and will most likely not be the best model when predicting future data, data that either does 
not exist as of today (but will exist “in the future”) or data that was not used to construct 
the model. 

A number of techniques guard against overfitting and help create a better prediction model. 
One commonly encountered technique, and one adaptable to any amount of data, is cross- 
validation. Cross-validation processes seek to create better-performing models for prediction. 
All these techniques split data in some way that is partially dependent on the needs of a decision 
maker as well as the sample size of the data being analyzed. 

The simplest technique splits the data into two parts, the training and test sets. The training 
set is the data part used to create a model. The training set is always the larger part and typi- 
cally 70% to 80% of the data being analyzed. The test set is the data part used to evaluate the 
predictive power of the model that the training sets helps create. Sometimes, the non-training 
set data is divided into a validation set and a test set. When so divided, the validation set is used 
to see if the error in the model increases when this second set is used, which suggests that the model is overfit. 

This simplest technique is sometimes called the holdout method because the test set is held 
out of the initial analysis. That name can be misleading, though, because all cross-validation techniques “hold out” data in some way. This simplest technique is computationally the simplest, and therefore the one often used with very large sets of data out of necessity. The technique can also be used for convenience for smaller data sets, subject to having two parts of sufficient sample size for statistical purposes. However, because only one test set is used, this technique will have higher variance in its results compared to techniques that use more than one test set, such as k-fold cross-validation. 
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The k-fold cross-validation technique splits the data into k equal parts, or folds, and runs k 
regression analyses in which a different part (fold) held out every time. Figure 14.14 illustrates 
k-fold cross-validation for an analysis in which k = 4. 

FIGURE 14.14 

k-fold cross-validation for Regression 1 

4 Fold 1 left out 
Fold 2 included 

Fold 3 included 

Fold 4 included 

Regression 2 Regression 3 Regression 4 

included included included 

left out included included 

included left out included 

included included left out 

No single “best” value of k can be determined, but experience suggests a value of 10 is a 

very good choice for larger data sets, assuming computational time is not a factor, although many 

use the value of 5 when considering the trade-off in computational time. Using the k-fold tech- 

niques enables a business analytics user to calculate the mean accuracy and standard deviation 

providing a better understanding of the variability in the data. 

For small data sets, a special case of k-fold cross-validation called leave one out cross- 

validation (LOOCV) is used. LOOCV divides the data in the number of parts that equals the 

sample size, n. Each part consists of a single row of data left out, and each part is unique. 

LOOCYV would be the cross-validation technique best used in the cardholder pilot study example 

that Section 14.7 discusses because the study only considers the data of 30 cardholders. 

YUSING STATISTICS 
The Multiple Effects..., Revisited 

é n the Using Statistics scenario, you were a marketing man- 

ager for OmniFoods, responsible for nutrition bars and simi- 

lar snack items. 

At the end of the one-month test-market study, you 

performed a multiple regression analysis on the data. Two inde- 
pendent variables were considered: the price of an OmniPower 
bar and the monthly budget for in-store promotional expenses. 
The dependent variable was the number of OmniPower bars sold 
in a month. The coefficient of determination indicated that 75.8% 
of the variation in sales was explained by knowing the price 
charged and the amount spent on in-store promotions. The model 

indicated that the predicted sales of OmniPower are estimated to 
decrease by 532 bars per month for each 10-cent increase in the 

price, and the predicted sales are estimated to increase by 361 
bars for each additional $100 spent on promotions. 

After studying the relative effects of price and promo- 

tion, OmniFoods needs to set price and promotion standards 

This chapter explains how to develop and fit multiple regres- 

sion models that use two or more independent variables to 

predict the value of a dependent variable. The chapter also 

discusses how to include categorical independent variables 

for a nationwide intro- 
duction (obviously, 
lower prices and higher 
promotion budgets lead 
to more sales, but they 
do so at a lower profit 
margin). You determined 
that if stores spend $400 a month for in-store promotions 

and charge 79 cents, the 95% confidence interval estimate of 
the mean monthly sales is 2,854 to 3,303 bars. OmniFoods 

can multiply the lower and upper bounds of this confidence 
interval by the number of stores included in the nationwide . 

introduction to estimate total monthly sales. For example, 
if 1,000 stores are in the nationwide introduction, then total 

monthly sales should be between 2.854 million and 3.308 
million bars. 

and interaction terms in regression models and the logis- 

tic regression model that is used to predict a categorical 

dependent variable. Figure 14.15 summarizes how to apply 

a multiple regression model to a set of data. 
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FIGURE 14.15 

Roadmap for multiple 

regression 

Multiple 
‘Regression : 

y Yes 

Fit the 
Selected Model 

No 

Residual 
Analysis 

Test Overall 
_ Model Significance © 
Ho: By = B=" =B,=0 

Yes 

Logistic 
> Regression 

Determine Whether 
Interaction Term(s) 
Are Significant 



Y REFERENCES 

Andrews, D. F., and D. Pregibon. “Finding the Outliers that Matter.” 
Journal of the Royal Statistical Society 40 (Ser. B., 1978): 85-93. 

Atkinson, A. C. “Robust and Diagnostic Regression Analysis.” 
Communications in Statistics 11 (1982): 2559-2572. 

Belsley, D. A., E. Kuh, and R. Welsch. Regression Diagnostics: 
Identifying Influential Data and Sources of Collinearity. New 
York: Wiley, 1980. 

Cook, R. D., and S. Weisberg. Residuals and Influence in Regres- 

sion. New York: Chapman and Hall, 1982. 

¥ KEY EQUATIONS 
Multiple Regression Model with k Independent Variables 

B= Po + BX; + ByXo + PsXai +... + BXy + 2; 
(14.1) 

Multiple Regression Model with Two Independent 

Variables 

¥; = Bo + BiXy; + BoX2; + &; (14.2) 

Multiple Regression Equation with Two Independent 

Variables 
A 

¥; = by + DXi; + Xp; (14.3) 

Coefficient of Multiple Determination 

2 Regression sum of squares i SSR (14.4) 

Total sum of squares SST } 

Adjusted r? 

eh RS ee hear (14.5) 

Overall F Test 

MSR 
F ape (14.6) STAT ~ VaSE 

Testing for the Slope in Multiple Regression 

be B: 

terar = ~ Bi (14.7) 
Sp, 

Confidence Interval Estimate for the Slope 

Diet vty /2Sb, (14.8) 

Determining the Contribution of an Independent 

Variable to the Regression Model 

SSR(X;| All Xs except j) = SSR(AI Xs) — 

SSR(AIl Xs except /) (14.9) 

Key Equations Sif, 
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Statistical Models, 5th ed. New York: McGraw-Hill/Irwin, 
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Montgomery, D. C., E. A. Peck, and G. G. Vining. /ntroduction to 

Linear Regression Analysis, 5th ed. New York: Wiley, 2012. 

Contribution of Variable X,, Given That X, Has Been 

Included 

SSR(X;|X_) = SSR(X, and X,) — SSR(Xp) (14.10a) 

Contribution of Variable X,, Given That X, Has Been 

Included 

SSR(X>|X,) = SSR(X; and X,) — SSR(X,) (14.10b) 

Partial F Test Statistic 

SSR(X;| All Xs except j) 
= 14.11 STAT MSE ( ) 

Relationship Between a ¢ Statistic and an F Statistic 

terar = Ferar (14.12) 

Coefficients of Partial Determination for a Multiple 

Regression Model Containing Two Independent Variables 

SSR(X, | Xp) 
Oe (14.13a) 

“ SST — SSR(X, and Xy) + SSR(X,|X>) 

and 

SSROGLX 
hn = CALS) (14.13b) 

SST — SSR(X, and Xy) + SSR(Xp|X;) 

Coefficient of Partial Determination for a Multiple 

Regression Model Containing k Independent Variables 

2 me SSR(X;| All Xs except j) 

Yj(All variables exceptj) — §ST — SSR(AIl Xs) + SSR(X;| All Xs except J) 

(14.14) 

Odds Ratio 

probability of an event of interest 
Odds ratio = 

dca es probability of an event of interest 

(14.15) 
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Logistic Regression Model 

In(Odds ratio) a Bo or BX; =e BX); eae mets BX kj Si €; 

(14.16) 

Logistic Regression Equation 

In(Estimated odds ratio) = by + bX; + b2Xo; +++ + DX y 

(14.17) 

¥KEY TERMS 
adjusted r? 484 

coefficient of multiple determination 484 

coefficient of partial determination 495 

cross-product term 503 

cross-validation 514 

deviance statistic 511 

dummy variable 497 

future data 514 

interaction 503 

likelihood 508 

logistic regression 

(MLE) 509 

interaction term 503 

maximum likelihood estimation 

multiple regression model 479 

net regression coefficient 480 

Estimated Odds Ratio 

Estimated odds ratio = ¢ !"Pstimated odds ratio) (14.18) 

Estimated Probability of an Event of Interest 

Estimated probability of an event of interest 
al ¢ S re tl im estimated odds ratio (14.19) 

| + estimated odds ratio 

eens are Se || 

odds ratio 509 

overall F test 485 

overfitting 514 

509 partial F test 492 

test set 514 

training set 514 

Wald statistic 511 

Y CHECKING YOUR UNDERSTANDING 
SSeS STS SOS SS 

14.61 What is the difference between r? and adjusted r?? 

14.62 How does the interpretation of the regression coefficients 
differ in multiple regression and simple linear regression? 

14.63 How does testing the significance of the entire multiple 
regression model differ from testing the contribution of each inde- 
pendent variable? 

14.64 How do the coefficients of partial determination differ from 
the coefficient of multiple determination? 

14.65 Why and how do you use dummy variables? 

14.66 How can you evaluate whether the slope of the dependent 
variable with an independent variable is the same for each level of 
the dummy variable? 

CER SS let bo EGE ae PS 

14.67 Under what circumstances do you include an interaction 
term in a regression model? 

14.68 When a dummy variable is included in a regression model 
that has one numerical independent variable, what assumption do 
you need to make concerning the slope between the dependent vari- 
able, Y, and the numerical independent variable, X? 

14.69 When do you use logistic regression? 

14.70 What is the difference between least squares regression and 
logistic regression? 

Y CHAPTER REVIEW PROBLEMS 

14.71 Increasing customer satisfaction typically results in increased 
purchase behavior. For many products, there is more than one 
measure of customer satisfaction. In many, purchase behavior can 
increase dramatically with an increase in just one of the customer 
satisfaction measures. Gunst and Barry (“One Way to Moderate Ceil- 
ing Effects,” Quality Progress, October 2003, pp. 83-85) consider a 
product with two satisfaction measures, X ; and X3, that range from 
the lowest level of satisfaction, 1, to the highest level of satisfaction, 
7. The dependent variable, Y, is a measure of purchase behavior, with 
the highest value generating the most sales. Consider the regression 
equation: 

Y; = —3.888 + 1.449X,, + 1.462X,, — 0.190X;,X5, 

Suppose that X, is the perceived quality of the product and X, 
is the perceived value of the product. (Note: If the customer thinks 
the product is overpriced, he or she perceives it to be of low value 
and vice versa.) 
a. What is the predicted purchase behavior when X, = 2 and 

X> = 2? 

b. What is the predicted purchase behavior when X, = 2 and 
X, = 7? 

c. What is the predicted purchase behavior when X,; = 7 and 
7 X, = 2? 

s " 
d. What is the predicted purchase behavior when X, = 7 and 

X, = 7? 



e What is the regression equation when X, = 2? What is the slope 
for X; now? 

f. What is the regression equation when X, = 7? What is the slope 
for X; now? 

g. What is the regression equation when X; = 2? What is the slope 
for X, now? 

h. What is the regression equation when X; = 7? What is the slope 
for X, now? 

i, Discuss the implications of (a) through (h) in the context of increas- 
ing sales for this product with two customer satisfaction measures, 

14.72 The owner of a moving company typically has his most 
experienced manager predict the total number of labor hours that 
will be required to complete an upcoming move. This approach has 
proved useful in the past, but the owner has the business objective 
of developing a more accurate method of predicting labor hours. In 
a preliminary effort to provide a more accurate method, the owner 
has decided to use the number of cubic feet moved and the number 
of pieces of large furniture as the independent variables and has 

collected data for 36 moves in which the origin and destination were 

within the borough of Manhattan in New York City and the travel 

time was an insignificant portion of the hours worked. The data are 

organized and stored in [JENSS). 
a. State the multiple regression equation. 

b. Interpret the meaning of the slopes in this equation. 

c. Predict the mean labor hours for moving 500 cubic feet with two 

large pieces of furniture. 

Perform a residual analysis on your model and determine 

whether the regression assumptions are valid. 

Determine whether there is a significant relationship between 

labor hours and the two independent variables (the number of 

cubic feet moved and the number of pieces of large furniture) at 

the 0.05 level of significance. 

f. Determine the p-value in (e) and interpret its meaning. 

Interpret the meaning of the coefficient of multiple determina- 

tion in this problem. 

Determine the adjusted r. 

i. At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a significant contribution to the regres- 

sion model. Indicate the most appropriate regression model for 

this set of data. 
j. Determine the p-values in (i) and interpret their meaning. 

k. Construct a 95% confidence interval estimate of the population 

slope between labor hours and the number of cubic feet moved. 

1. Compute and interpret the coefficients of partial determination. 

m. What conclusions can you reach concerning labor hours? 

d 

€ 

. 

yer 

14.73 Professional basketball has truly become a sport that 

generates interest among fans around the world. More and more 

players come from outside the United States to play in the National 

Basketball Association (NBA). You want to develop a regression 

model to predict the number of wins achieved by each NBA team, 

based on field goal (shots made) percentage and three-point field 

goal percentage for a recent season. The data are stored in | NBA f 

a. State the multiple regression equation. 

b. Interpret the meaning of the slopes in this equation. 

c. Predict the mean number of wins for a team that has a field 

goal percentage of 45% and a three-point field goal percentage 

of 35%. 

d. Perform a residual analysis on your model and determine 

whether the regression assumptions are valid. 
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e. Is there a significant relationship between the number of wins and 

the two independent variables (field goal percentage and three- 

point field goal percentage) at the 0.05 level of significance? 

f. Determine the p-value in (e) and interpret its meaning. 

g. Interpret the meaning of the coefficient of multiple determina- 

tion in this problem. 

h. Determine the adjusted 7’. 

i, At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a significant contribution to the regres- 

sion model, Indicate the most appropriate regression model for 

this set of data. 

Determine the p-values in (i) and interpret their meaning. 

k. Compute and interpret the coefficients of partial determination. 

I. What conclusions can you reach concerning field goal percentage 

and three-point field goal percentage in predicting the number of 

wins? 

—s 

14.74 A sample of 61 houses recently listed for sale in Silver Spring, 

Maryland, was selected with the objective of developing a model to 

predict the asking price (in $thousands), using the living space of the 

house (in square feet) and age (in years). The results are stored in 

Silver Spring Homes } 
a. Fit a multiple regression model. 

b. Interpret the meaning of the slopes in this model. 

c. Predict the mean asking price for a house that has 2,000 square 

feet and is 55 years old. 

d. Perform a residual analysis on your model and determine 

whether the regression assumptions are valid. 

e. Determine whether there is a significant relationship between 

asking price and the two independent variables (house size and 

age) at the 0.05 level of significance. 

f. Determine the p-value in (e) and interpret its meaning. 

g. Interpret the meaning of the coefficient of multiple determina- 

tion in this problem. 

Determine the adjusted r’. 

i, At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a significant contribution to the regres- 

sion model. Indicate the most appropriate regression model for 

this set of data. 

Determine the p-values in (i) and interpret their meaning. 

Construct a 95% confidence interval estimate of the population 

slope between asking price and the living space of the house. 

How does the interpretation of the slope here differ from that in 

Problem 13.76 on page 471? 

1, Compute and interpret the coefficients of partial determination. 

m. What conclusions can you reach about the asking price? 

os 

mo 

14.75 Measuring the height of a California redwood tree is very diffi- 

cult because these trees grow to heights over 300 feet. People familiar 

with these trees understand that the height of a California redwood tree 

is related to other characteristics of the tree, including the diameter of 

the tree at the breast height of a person (in inches) and the thickness 

of the bark of the tree (in inches). The file contains the 
height, diameter at breast height of a person, and bark thickness for a 

sarople of 21 California redwood trees. 

a. State the multiple regression equation that predicts the height 

of a tree, based on the tree’s diameter at breast height and the 

thickness of the bark. 

b. Interpret the meaning of the slopes in this equation. 

c. Predict the mean height for a tree that has a breast height diam- 

eter of 25 inches and a bark thickness of 2 inches. 
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. Interpret the meaning of the coefficient of multiple determina- 

tion in this problem. 

. Perform a residual analysis on the model and determine whether 

the regression assumptions are valid. 

Determine whether there is a significant relationship between 

the height of redwood trees and the two independent variables 

(breast-height diameter and bark thickness) at the 0.05 level of 

significance. 

» Construct a 95% confidence interval estimate of the population 

slope between the height of redwood trees and breast-height diam- 

eter and between the height of redwood trees and the bark thickness. 

At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a significant contribution to the regression 
model. Indicate the independent variables to include in this model. 
Construct a 95% confidence interval estimate of the mean height 
for trees that have a breast-height diameter of 25 inches and a 
bark thickness of 2 inches, along with a prediction interval for 
an individual tree. 

Compute and interpret the coefficients of partial determination. 
. What conclusions can you reach concerning the effect of the diame- 

ter of the tree and the thickness of the bark on the height of the tree? 

14.76 A sample of 61 houses recently listed for sale in Silver 
Spring, Maryland, was selected with the objective of developing 
a model to predict the taxes (in $) based on the asking price of 
houses (in $thousands) and the age of the houses (in years) (stored 
Wy Silver Spring Homes )F 

a. 

b. 

bee 

d. 

e. 

bac) 

itis) 

h. 

uF 
k. 

1. 
m. 

State the multiple regression equation. 

Interpret the meaning of the slopes in this equation. 
Predict the mean taxes for a house that has an asking price of 
$400,000 and is 50 years old. 
Perform a residual analysis on the model and determine whether 
the regression assumptions are valid. 
Determine whether there is a significant relationship between 
taxes and the two independent variables (asking price and age) 
at the 0.05 level of significance. 
Determine the p-value in (e) and interpret its meaning. 
Interpret the meaning of the coefficient of multiple determina- 
tion in this problem. 

Determine the adjusted r?. 
At the 0.05 level of significance, determine whether each inde- 
pendent variable makes a significant contribution to the regres- 
sion model. Indicate the most appropriate regression model for 
this set of data. 
Determine the p-values in (i) and interpret their meaning. 
Construct a 95% confidence interval estimate of the population 
slope between taxes and asking price. How does the interpretation 
of the slope here differ from that of Problem 13.77 on page 471? 
Compute and interpret the coefficients of partial determination. 
The real estate assessor’s office has been publicly quoted as say- 
ing that the age of a house has no bearing on its taxes. Based 
on your answers to (a) through (1), do you agree with this state- 
ment? Explain. 

14.77 A baseball analytics specialist wants to determine which 
variables are important in predicting a team’s wins in a given 
season. He has collected data related to wins, earned run average 
(ERA), and runs scored per game for a recent season (stored in 
[EFEENETI). Develop a model to predict the number of wins based 
on ERA and runs scored per game. 
a. State the multiple regression equation. 
b. Interpret the meaning of the slopes in this equation. 

. Predict the mean number of wins for a team that has an ERA of 

4.50 and has scored 4.6 runs per game. 

. Perform aresidual analysis on the model and determine whether 

the regression assumptions are valid. 

. Is there a significant relationship between the number of wins 

and the two independent variables (ERA and runs scored per 

game) at the 0.05 level of significance? 

Determine the p-value in (e) and interpret its meaning. 

. Interpret the meaning of the coefficient of multiple determina- 

tion in this problem. 
. . a 

. Determine the adjusted r-. 

At the 0.05 level of significance, determine whether each inde- 

pendent variable makes a significant contribution to the regres- 
sion model. Indicate the most appropriate regression model for 
this set of data, 

Determine the p-values in (i) and interpret their meaning. 
- Construct a 95% confidence interval estimate of the population 
slope between wins and ERA. 

Compute and interpret the coefficients of partial determination. 
Which is more important in predicting wins—pitching, as measured 
by ERA, or offense, as measured by runs scored per game? Explain. 

14.78 Referring to Problem 14.77, suppose that in addition to using 
ERA to predict the number of wins, the analytics specialist wants 
to include the league (0 = American, 1 = National) as an inde- 
pendent variable. Develop a model to predict wins based on ERA 
and league. For (a) through (k), do not include an interaction term. 
a. 

b. 

Cc. 

d. 

State the multiple regression equation. 
Interpret the slopes in (a). 

Predict the mean number of wins for a team with an ERA of 4.50 
in the American League. 
Perform a residual analysis on the model and determine whether 
the regression assumptions are valid. 

. Is there a significant relationship between wins and the two indepen- 
dent variables (ERA and league) at the 0.05 level of significance? 
At the 0.05 level of significance, determine whether each inde- 
pendent variable makes a contribution to the regression model. 
Indicate the most appropriate regression model for this set of data. 

- Construct a 95% confidence interval estimate of the population 
Slope for the relationship between wins and ERA. 

. Construct a 95% confidence interval estimate of the population 
slope for the relationship between wins and league. 
Compute and interpret the adjusted r?. 
Compute and interpret the coefficients of partial determination. 

- What assumption do you have to make about the slope of wins 
with ERA? 

Add an interaction term to the model and, at the 0.05 level of 
significance, determine whether it makes a significant contribu- 
tion to the model. 

m. On the basis of the results of (f) and (1), which model is most 
appropriate? Explain. 

14.79 You are a real estate broker who wants to compare property val- 
ues in Glen Cove and Roslyn (which are located approximately 8 miles 
apart). In order to do so, you will analyze the data in | GC and Roslyn} 
a file that includes samples of houses from Glen Cove and Roslyn. 
Making sure to include the dummy variable for location (Glen Cove 
or Roslyn), develop a regression model to predict fair market value, 
based on the land area of a property, the age of a house, and loca- 
tion. Be sure to determine whether any interaction terms need to be 
included in the model. 



14.80 HR practitioners are increasing performing gender pay 
audits to understand whether a gender gap exists at their company. 
Practitioners examine payroll data for evidence of a gender pay 
gap. An HR practitioner collects data on base pay ($), gender 
(0 = female and 1 = male), and age (years) for 405 employees at 
his company and stores these data in [[iJJ. 
Source: Data extracted from Chamberlain, A., How to Anal yze Your 
Gender Pay Gap: An Employer’s Guide, available at bit.ly/2td7h33. 

Develop a multiple regression model that uses gender and age to 
predict employee base pay. Be sure to perform a thorough residual 
analysis. The HR practitioner suspected that there was a significant 
interaction between gender and age. Is there evidence to support the 
HR practitioner’s suspicion? 

14.81 Starbucks Coffee Co. uses a data-based approach to improv- 
ing the quality and customer satisfaction of its products. When sur- 
vey data indicated that Starbucks needed to improve its package 
sealing process, an experiment was conducted tq determine the 

factors in the bag-sealing equipment that might be affecting the 

ease of opening the bag without tearing the inner liner of the bag. 

Source; Data extracted from L. Johnson and S. Burrows, “For Starbucks, 

It’s in the Bag,” Quality Progress, March 2011, pp. 17-23. 

Among the factors that could affect the rating of the ability of the 

bag to resist tears were the viscosity, pressure, and plate gap on the 

bag-sealing equipment. 

Data were collected on 19 bags in which the plate gap was var- 

ied and stored in EYE. Develop a multiple regression model 
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that uses the viscosity, pressure, and plate gap on the bag-sealing 

equipment to predict the tear rating of the bag. Be sure to perform 

a thorough residual analysis. Do you think that you need to use all 

three independent variables in the model? Explain. 

14.82 An experiment was conducted to study the extrusion process 

of biodegradable packaging foam. 

Source: Data extracted from W. Y. Koh, K. M. Eskridge, and M. A. 

Hanna, “Supersaturated Split-Plot Designs,” Journal of Quality 

Technology, 45, January 2013, pp. 61-72. 

Among the factors considered for their effect on the unit density 

(mg/ml) were the die temperature (145°C versus 155°C) and the 

die diameter (3 mm versus 4 mm). The results were stored in 

Welluremmtertuuec!. Develop a multiple regression model that 

uses die temperature and die diameter to predict the foam density 

(mg/ml). Be sure to perform a thorough residual analysis. Do 

you think that you need to use both independent variables in the 

model? Explain. 

14.83 Referring to Problem 14.82, instead of predicting the unit 

density, you now wish to predict the foam diameter from results 

stored in |se eile we. Develop a multiple regression model 

that uses die temperature and die diameter to predict the foam diam- 

eter (mg/ml). Be sure to perform a thorough residual analysis. Do 

you think that you need to use both independent variables in the 

model? Explain. 

CHAPTER 

Managing Ashland MultiComm Services 
In its continuing study of the 3-For-All subscription solicitation 

process, a marketing department team wants to test the effects of 

two types of structured sales presentations (personal formal and 

personal informal) and the number of hours spent on telemarket- 

ing on the number of new subscriptions. The staff has recorded 

these data for the past 24 weeks in FXYER?). 
Analyze these data and develop a multiple regression model 

to predict the number of new subscriptions for a week, based on 

the number of hours spent on telemarketing and the sales presen- 

tation type. Write a report, giving detailed findings concerning 

the regression model used. 

Digital Case 
Apply your knowledge of multiple regression models in this 

Digital Case, which extends the OmniFoods Using Statistics 

scenario from this chapter. . 

To ensure a successful test marketing of its OmniPower energy 

bars, the OmniFoods marketing department has contracted with 

In-Store Placements Group (ISPG), a merchandising consulting 

firm. ISPG will work with the grocery store chain that is con- 

ducting the test-market study. Using the same 34-store sample 

used in the test-market study, ISPG claims that the choice of 
shelf location and the presence of in-store OmniPower coupon 

dispensers both increase sales of the energy bars. 

Open Omni_ISPGMemo.pdf to review the ISPG claims 

and supporting data. Then answer the following questions: 

1. Are the supporting data consistent with ISPG’s claims? 

Perform an appropriate statistical analysis to confirm (or 

discredit) the stated relationship between sales and the two 

independent variables of product shelf location and the pres- 

ence of in-store OmniPower coupon dispensers. 

2. If you were advising OmniFoods, would you recommend 

using a specific shelf location and in-store coupon dispensers 

to sell OmniPower bars? 

3. What additional data would you advise collecting in order to 

determine the effectiveness of the sales promotion techniques 

used by ISPG? 



"EXCEL GUIDE 

Chapter 

_ Key Technique Use the LINEST(cell range of Y variable, 

_ cell range of X variables, True, True) function to compute 

the regression coefficients and related values. 

Example Develop the Figure 14.1 multiple regression 

model for the OmniPower sales data on page 481. 

PHStat Use Multiple Regression. 

For the example, open to the DATA worksheet of the 
OmniPower workbook. Select PHStat > Regression > 
Multiple Regression, and in the procedure’s dialog box 
(shown below): 

1. Enter A1:A35 as the Y Variable Cell Range. 

2. Enter B1:C35 as the X Variables Cell Range. 
3. Check First cells in both ranges contain label. 
4. Enter 95 as the Confidence level for regression 

coefficients. 

5. Check Regression Statistics Table and ANOVA and 
Coefficients Table. 

6. Enter a Title and click OK. 

| Multiple Regression vr x | 
| = 
| Y Variable CelRange: [A1:035 =] 
| X Variables Cell Range: fecss t—C~*~‘~*~CsS*YS 

I First cells in both ranges contain label 
|| Confidence level for regression coefficients: 95 % 

le Regression Tool Output Options —————_——___ | 
| I Regression Statistics Table 

IV ANOVA and Coeffidents Table 

| J” Residuals Table 

|| I Residual Plots IF 

| > Output Options ———$————____________ | ST 
| 7 Durbin-Watson Statistic || 

I Coefficients of Partial Determination 

[™ Variance Inflationary Factor (VIF) | 
T™ Confidence Interval Estimate & Prediction Interval 

Confidence level for intervals: 
ST 

The procedure creates a worksheet that contains a copy of the 
data in addition to the Figure 14.1 worksheet. 

Workbook Use the COMPUTE worksheet of the Multiple 
Regression workbook as a template. 

For the example, the COMPUTE worksheet already uses the 
OmniPower sales data in the MRData worksheet to perform 
the regression analysis, 
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To perform multiple regression analyses for other data 

with two independent variables: 

I. Paste the new regression data into the MRData 

worksheet, using column A for the Y variable data and 

subsequent columns, starting with B, for the X variable 
data. 

Open to the COMPUTE worksheet. 

Enter the confidence level in cell L8. 

Edit the array formula in the cell range L2:N6 to reflect 
the cell ranges of the data for the new Y and the new 

X variables. 

Ss 

_ 

These new cell ranges should start with row 2 so as to exclude 
the row | variable names, an exception to the usual practice 
in this book. 

For problems with more than two independent variables, 
select, in step 4, a range wider than L2:N6, adding a column 
for each independent variable in excess of two. For example, 
with three independent variables, select the cell range L2:06. 
Then continue with these steps 5 through 8: 

5. Edit the labels in cells K2 and K3. 
6. Edit the ANOVA table formulas in columns B and C. 
7. Select cell range D18:118, right-click and select Insert. 

Repeat for as many times as necessary. 

8. Select cell range D17:117 and copy down through all 
the rows of the ANOVA table (blank and nonblank). 

The SHort Takes for Chapter 14 explain more about this 
Intermediate Calculations area. Steps 5 through 8 may be 
difficult for Excel novices to complete. If you are an Excel 
novice, consider using the PHStat or Analysis ToolPak 
instructions when your problem includes more than two inde- 
pendent X variables. 

Analysis ToolPak Use Regression. 

For the example, open to the DATA worksheet of the 
OmniPower workbook and: 

1. Select Data> Data Analysis. 
2. In the Data Analysis dialog box, select Regression from 

the Analysis Tools list and then click OK. 

In the Regression dialog box (shown on page 523): 

3. Enter A1:A35 as the Input Y Range and enter B1:C35 
as the Input X Range. 

4. Check Labels and check Confidence Level and enter 
95 in its box. 

5. Click New Worksheet Ply. 
6. Click OK. 
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Predicting the Dependent Variable Y 

Key Technique Use the MMULT array function and the 
T.INV.2T function to help compute intermediate values that 
determine the confidence interval estimate and prediction 
interval. 

Example Compute the Figure 14.2 confidence interval esti- 

mate and prediction interval for the OmniPower sales data 

on page 482. . 

PHStat Use the PHStat “Interpreting the Regression Coef- 

ficients” instructions but replace step 6 with the following 

steps 6 through 8: 

7. Check Confidence Interval Estimate & Prediction 

Interval and enter 95 as the percentage for Confidence 

level for intervals. 

8. Enter a Title and click OK. 

9, In the new worksheet, enter 79 in cell B6 and enter 400 

in cell B7. 

These steps create a new worksheet that is similar to the CIEandPI 

worksheet that the following Workbook instructions discuss. 

Workbook Use the CIEandPI worksheet of the Multiple 

Regression workbook as a template. 

The worksheet already contains the data and formulas for the 

example. For other problems with two independent variables: 

1. Paste the regression data for the independent variables 

into columns B and C of the MRArray worksheet. 

2. Adjust the number of entries in column A, all of which 

are 1, to match the number of rows of the new data. 

3. Use the “Interpreting the Regression Coefficients” 

Worksheet instructions to edit the COMPUTE work- 

sheet to reflect the new data. 

4. Open to the CIEandPI worksheet and edit the array 

formula in cell range B9:D11 and the labels in cells 

A6 and A7 to reflect the new data. 

Cell ranges in the array formula should start with row 2 so as 

to exclude the row 1 variable names, an exception to the usual 

practice in this book. 
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To learn more about the formulas that the CIEandPI B 

worksheet uses, read the SHORT TAKES for Chapter 14. 

EG14.2 EVALUATING MULTIPLE = 
REGRESSION MODELS | 

The coefficient of multiple determination, r’, the adjusted 

r’, and the overall F test appear as part of the multiple 

regression results that the Section EG14.1 instructions 

create. 

PHStat and the Workbook instructions use formulas to 

compute these results in the COMPUTE worksheet. For- 

Inulasin.cclls BS, B7,-B13,Cl2-Ci3, Di2, and B12 copy 

values computed by the array formula in cell range L2:N6. 

In cell F12, the expression FX DIST.RT(F test statistic, 1, 

error degrees of freedom) computes the p-value for the 

overall F test. 

EG14.3 MULTIPLE REGRESSION 
RESIDUAL ANALYSIS 

Key Technique Use arithmetic formulas and some results 

from the multiple regression COMPUTE worksheet to 

compute residuals. 

Example Perform the residual analysis for the OmniPower 

sales data shown in Figure 14.4, starting on page 488. 

PHStat Use the Section EG14.1 “Interpreting the Regres- 

sion Coefficients” PHStat instructions. Modify step 5 by 

checking Residuals Table and Residual Plots in addition 

to checking Regression Statistics Table and ANOVA and 

Coefficients Table. 

Workbook Use the RESIDUALS worksheet of the Mul- 
tiple Regression workbook as a template. Then construct 

residual plots for the residuals and the predicted value of Y 

and for the residuals and each of the independent variables. 

For the example, the RESIDUALS worksheet uses the Omni- 

Power sales data already in the MRData worksheet to compute 

the residuals. To compute residuals for other data, first use the 

EG14.1 “Interpreting the Regression Coefficients” Workbook 

instructions to modify the MRData and COMPUTE worksheets. 

Then, open to the RESIDUALS worksheet and: 

1. If the number of independent variables is greater than 

2, select column D, right-click, and click Insert from 

the shortcut menu. Repeat this step as many times as 

necessary to create the additional columns to hold all 

the X variables. 

2. Paste the data for the X variables into columns, starting 

with column B and paste the Y values into the second- 

to-last column (column E if there are two X variables). 

3. For sample sizes smaller than 34, delete the extra rows. 

For sample sizes greater than 34, copy the predicted Y 

and residuals formulas down through the row containing 

the last pair of X and Y values. Also, add the new obser- 

vation numbers in column A. 
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To construct the residual plots, open to the RESIDUALS 

worksheet and select pairs of columns and then use the EG2.5 

“The Scatter Plot” Workbook instructions. For example, to 

construct the residual plot for the residuals and the predicted 

value of Y, select columns D and F, (See Appendix B for help 
about selecting a noncontiguous cell range.) 

To learn more about the formulas that the RESIDUAL 
worksheet uses, read the SHORT TAKES for Chapter 14. 

Analysis ToolPak Use the Section EG14.1 Analysis 

ToolPak instructions. Modify step 5 by checking Residuals 

and Residual Plots before clicking New Worksheet Ply and 
then OK. The Residuals Plots option constructs residual 
plots only for each independent variable. 

To construct a plot of the residuals and the predicted 
value of Y, select the predicted and residuals cells (in the 
RESIDUAL OUTPUT area of the regression results work- 
sheet) and then apply the Section EG2.5 Worksheet “The 
Scatter Plot” instructions. 

INFERENCES ABOUT the 
POPULATION REGRESSION 

EG14.4 

COEFFICIENTS 

The regression results worksheets that the Section EG14.1 
instructions create include the information needed to make 
the inferences that Section 14.4 discusses. 

EG14.5 TESTING PORTIONS of the 
MULTIPLE REGRESSION MODEL 

Key Technique Adapt the Section EG14.1 “Interpreting 
the Regression Coefficients” instructions. 

Example Test portions of the multiple regression model 
for the OmniPower sales data as discussed in Section 14.5, 
starting on page 492. 

PHStat Use the Section EG14.1 PHStat “Interpreting the 
Regression Coefficients” instructions but modify step 6 by 
checking Coefficients of Partial Determination before you 
click OK. 

Workbook Use one of the CPD worksheets of the Multiple 
Regression workbook as a template. 

For the example, the CPD_2 worksheet already contains the 
data to compute the coefficients of partial determination. For 
other problems, first use the EG14, “Interpreting the Regres- 
sion Coefficients” and EG13.2 Worksheet instructions to cre- 
ate all possible regression results worksheets. 

For example, if you have two independent variables, you 
perform three regression analyses: Y with X, and X>, Y with 
X, and Y with X>, to create three regression results work- 
sheets. Then, open to the CPD worksheet for the number 
of independent variables and follow the instructions in the 
worksheet to transfer values from the regression results work- 
sheets you just created. 

EG14.6 USING DUMMY VARIABLES 
and INTERACTION TERMS 

Dummy Variables 

Key Technique Use Find and Replace to create a dummy 

variable from a two-level categorical variable. 

Example From the two-level categorical variable has 

fireplace, create the dummy variable fireplace that the 

Figure 14.9 regression model on page 498 uses. 

Workbook For the example, open to the OriginalData 

worksheet of the SilverSpringUncoded workbook and: 

1. Copy and paste the Has Fireplace values in column M 

to column N (the first empty column). 

2. Enter Fireplace in cell N1 and then select column N. 
3. Press Ctrl+H (the keyboard shortcut for Find and 

Replace). 

In the Find and Replace dialog box: 

4, Enter Yes in the Find what box and enter 1 in the 
Replace with box. 

5. Click Replace All. If a message box to confirm the 
replacement appears, click OK to continue. 

6. Enter No in the Find what box and enter 0 in the 
Replace with box. 

7. Click Replace All. If a message box to confirm the 
replacement appears, click OK to continue. 

8. Click Close. 

Categorical variables that have more than two levels require 
the use of formulas in multiple columns. For example, to cre- 
ate the Example 14.3 dummy variables for Example 14.3 on 
page 500, two columns are needed. Assume that the three-level 
house type variable in the example is in Column D. A first 
new column that contains formulas in the form =IF(column D 
cell=first level, 1, 0) and a second new column that contains 
formulas in the form =IF(column D cell=secondlevel, 1, 0) 
would properly create the two dummy variables that the exam- 
ple requires. 

Interactions 

To create an interaction term, add a column of formulas that 
multiply one independent variable by another. For example, 
if the first independent variable appeared in column B and 
the second independent variable appeared in column C, en- 
ter the formula =B2*C2 in the row 2 cell of an empty new 
column and then copy the formula down through all rows of 
data to create the interaction. 

EG14.7_ LOGISTIC REGRESSION 
Key Technique Use an automated process that incor- 
porates the use of the Solver add-in to develop a logistic 
regression analysis model. 

Example Develop the Figure 14.13 logistic regression 
model for the credit card pilot study data on page 510. 



PHStat Use Logistic Regression. 

For the example, open to the DATA worksheet of the 
CardStudy workbook. Select PHStat > Regression > 
Logistic Regression, and in the procedure’s dialog box: 

1. Enter A1:A31 as the Y Variable Cell Range. 
2. Enter B1:C31 as the X Variables Cell Range. 

3. Check First cells in both ranges contain label. 

4. Enter a Title and click OK. 

| Logistic Regression x 

If the Solver add-in is not installed (see Appendix D), 

PHStat will display an error message instead of the Logistic 

Regression dialog box. 
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Workbook Use the Logistic Regression add-in workbook. 

The Excel Solver add-in must be installed before using this 

add-in workbook (see Appendix D). 

For the example, the COMPUTE worksheet of the Logistic 

Model workbook already contains the logistic regression 

model. For other problems: 

1. Open to the worksheet that contains the data for the 

problem. The worksheet must be part of a workbook | 

saved in the current .xlsx format (not the older .xls 

format). 

2. Open the Logistic Regression add-in workbook (as you 

would open any other Excel file). 

If the add-in workbook opens properly, it adds a Logistic Add-in | 

menu to the Add-ins tab in Microsoft Windows Excel or to the 

Apple menu bar in Excel for Mac. 

3. Select Logistic Add-in > Logistic Regression. 

In the Logistic Regression dialog box, (identical to the PHStat 

dialog box): 

4, Use steps | through 4 of the PHSzat instructions to com- 

plete the entries in the dialog box. 
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YUSING STATISTICS 
Valuing Parsimony at WSTA-TV 

ickels Broadcasting looks to minimize costs at its WSTA-TV News 37 broadcast center 
and has identified cutting standby hours, hours for which employees are scheduled but 
end up not being assigned any work, as a possible way to minimize costs. Nickels has 

already received an offer to move its broadcast center to Argleton, a locality that permits on-call 
shifts, a form of just-in-time scheduling. Using on-call shifts could eliminate many standby 
hours. However, relocating would create new costs and raise other concerns including the loca- 
tion of the proposed site, so management has deferred action on that offer. 

Instead, Nickels management wonders if the numbers of staff hired each week and the 
number of weekly hours that the staff works in three job categories affects the weekly standby hours. Nickels hires you as an analyst and presents you with a 26-week sample of weekly standby hours as well as weekly staff count, remote engineering hours, graphics hours, and editorial production hours. You quickly establish that no single variable from the set of four independent variables can predict standby hours. How then do you build a multiple regression model that uses some or all of the four variables? How can you determine a “best” regression model without examining all possible models? 
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he simple and multiple regression models that Chapters 13 and 14 discuss assume a 
linear relationship between the dependent Y variable and each independent X variable. 

This chapter extends the discussion of multiple regression to consider both nonlinear 
regression models as well as the methods that help efficiently develop the best model for any 
set of data, including those that have many independent X variables. Such methods can provide 
the means of identifying the “best” model for the WSTA-TV 26-week data. 

15.1 The Quadratic Regression Model 

FIGURE 15.1 

Two curvilinear relationships 

studentTIP 
A quadratic regression 
model has an X term 
and an X squared term. - 

- Other curvilinear models 

can have additional X 

terms such as X cubed, 

‘X raised to the fourth 

_ power, and so on. 

One of the most common nonlinear relationships between variables is curvilinear. In the 

curvilinear relationship, the value of the dependent variable Y increases or decreases at a 

changing rate as the value of X changes. Figure 15.1 presents two scatter plots that illustrate two 

examples of curvilinear relationships. 

Positive curvilinear relationship U-shaped curvilinear relationship 

The simplest curvilinear relationship is a quadratic relationship in which there is a term in 

the regression model that is the square of the independent variable. Equation (15.1) defines this 

relationship as the quadratic regression model. 

QUADRATIC REGRESSION MODEL 

Y; = Bo + BiX1; + BoXi; + &; (15.1) 
where 

Bo = Y intercept 

B, = coefficient of the linear effect on Y 

B, = coefficient of the quadratic effect on Y 

€; = random error in Y for observation i 

I 

The quadratic regression model is similar to the multiple regression model with two inde- 

pendent variables that Equation (14.2) on page 480 defines. However, in a quadratic model, the 

square of the first independent variable that serves as the second independent variable is called 
the quadratic term. As with a multiple regression model, you use the least-squares method to 

compute sample regression coefficients (bp, b,, and b>) as estimates of the population parameters 

(Bo; 8), and By). Equation (15.2) defines the regression equation for the quadratic model with an 

independent variable (X,) and a dependent variable (Y). 

QUADRATIC REGRESSION EQUATION 

¥, = by + B,Xy; + bX}; (15.2) 

In Equation (15.2), the first regression coefficient, bo, represents the Y intercept; the second 

regression coefficient, b,, represents the linear effect; and the third regression coefficient, bp, 

represents the quadratic effect. 
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TABLE 15.1 

Fly ash percentage and 

strength of 18 batches 

of 28-day-old concrete 

FIGURE 15.2 

Scatter plot of fly ash 

percentage (X) and 

strength (Y) 

Finding the Regression Coefficients and Predicting Y 
To illustrate the quadratic regression model, consider a study that examined the business problem 

facing a concrete supplier of how adding fly ash affects the strength of concrete. (Fly ash is an 

inexpensive industrial waste by-product that can be used as a substitute for Portland cement, a 

more expensive ingredient of concrete.) Batches of concrete were prepared in which the per- 

centage of fly ash ranged from 0% to 60%. Data were collected from a sample of 18 batches 

and organized and stored in [(J/Y"9). Table 15.1 summarizes the results. 

Strength (psi) Fly Ash% Strength (psi) Fly Ash% 

0 4,779 40 5,995 
0 4,706 40 5,628 
0 4,350 40 5,897 

20 5,189 50 5,746 
20 5,140 50 5,719 
20 4,976 50 5,782 
30 5,110 60 4,895 
30 5,685 60 5,030 
30 5,618 60 4,648 

Creating the scatter plot in Figure 15.2 to visualize the relationship between the Fly Ash% 
and Strength variables enables one to better select the proper model for expressing the relation- 
ship between fly ash percentage and strength. 

Scatter Plot of Fly Ash % and Strength 
7000 + 

Seen 

g 5 

3 Strength (psi) 

es ee 
Fly Ash % 

Figure 15.2 indicates an initial increase in the strength of the concrete as the percentage 
of fly ash increases. The strength appears to level off and then drop after achieving maximum 
strength at about 40% fly ash. Strength for 50% fly ash is slightly below strength at 40%, but 
strength at 60% fly ash is substantially below strength at 50%. Therefore, one should fit a qua- 
dratic model, not a linear model, to estimate strength based on fly ash percentage. 

From Figure 15.3, which shows the Excel worksheet results for these data, the regression 
coefficients are . 

by = 4,486.3611 b, = 63.0052 b, = —0.8765 

Therefore, the quadratic regression equation is 

¥, = 4,486.3611 + 63.0052X,, — 0.8765X?, 
where 

Y, = predicted strength for sample i 

X\; = percentage of fly ash for sample i 



FIGURE 15.3 

Excel multiple regression 

quadratic model 

worksheet results for the 

concrete strength data 

FIGURE 15.4 

Scatter plot showing the 
quadratic relationship 

between fly ash percent- 

age and strength for the 

concrete data 
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dle pe We Aree Bs AB The letiey Cua) PD iEig F Gc _| Inthe Worksheet 
1 [Concrete Strength Analysis 

2 A 
. Pr are meee This worksheet uses the same 

4 Multiple R 0.8053 template as the Figure 14.1 
5 |R Square 0.6485 
6 jAdjusted R Square 0.6016 M rksheet The Ay crabeaaaee i 
7a Staridard Error B43. 1109 coefficients for this model are in 
; eseerens 18 cells B17, B18, and B19. 

10 |ANOVA fave Afnla sie 20 SEE et eS UR ce een Leet 
11| il SS MS F__ Significance F 
12 |Regression 2 2695473.4897 1347736.745 13.8351 0.0004 
13 |Residual 15 1461217.0103 97414.4674 
14 |Total 17 4156690.5000 
15 
a 

16 | Coefficients Standard Error _t Stat P-value Lower95% Upper 95% 

17 |intercept 4486.3611 174.7531 25.6726 0.0000  4113.8834 4858.8389 
18 | FlyAsh% 63,0052 12,3725 5.0923 0.0001 36.6338 89.3767 
19 |FlyAsh% 42 -0.8765 0.1966 -4.4578 0.0005 “1.2955 _-0.4574 

Figure 15.4 is a scatter plot of this quadratic regression equation that shows the fit of the 

quadratic regression model to the original data. 

Scatter Plot of Fly Ash % and Strength 
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From the quadratic regression equation and Figure 15.4, the Y intercept (4,486.3611) is 

the predicted strength when the percentage of fly ash is 0. To interpret the coefficients b, and 

by, observe that after an initial increase, strength decreases as fly ash percentage increases. This 

nonlinear relationship is further demonstrated by predicting the strength for fly ash percentages 

of 20, 40, and 60. Using the quadratic regression equation, 

Y, = 4,486.3611 + 63.0052X;; — 0.8765Xj; 

for Xj — 20, 

= 4,486.3611 + 63.0052(20) — 0.8765(20)? = 5,395.865 ==> 

for X,; = 40, 

¥, = 4,486.3611 + 63.0052(40) — 0.8765(40)* = 5,604.169 

and for X;; = 60, 

Y, = 4,486.3611 + 63.0052(60) — 0.8765(60)? = 5,111.273 

Thus, the predicted concrete strength for 40% fly ash is 208.304 psi above the predicted 

strength for 20% fly ash, but the predicted strength for 60% fly ash is 492.896 psi below the 

predicted strength for 40% fly ash. The concrete supplier should consider using a fly ash per- 

centage of 40% and not using fly ash percentages of 20% or 60% because those percentages 

lead to reduced concrete strength. 
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student TIP 
If you reject Ho, you 

are not concluding that 

all the independent 

variables have a 

relationship with the 

dependent variable, 

only that at /Jeast one 

independent variable 

does. 

FIGURE 15.5 
Testing for the existence 

of the overall relationship 

at the 0.05 level of 

significance, with 2 and 

15 degrees of freedom 

TABLE 15.2 

F test results for the 

significance of the 

quadratic model 

and conclusions 

Testing for the Significance of the Quadratic Model 
After you calculate the quadratic regression equation, you can test whether there is a significant 

overall relationship between strength, Y, and fly ash percentage, X,. The null and alternative 
hypotheses are as follows: 

Hp: B,; = B, = 0 (There is no overall relationship between X, and Y.) 

H: B, and/or B, * O (There is an overall relationship between X, and Y.) 

Equation (14.6) on page 485 defines the overall F747 test statistic used for this test: 

MSR 
Forar = MSE 

From the Figure 15.3 results on page 529, 

MSR _ 1,347,736.745 ‘sar = ——— = = 13.8351 | MSE —-97,414.4674 

Using a level of significance of 0.05 and Table E.5, the critical value of the F distribution, with 
2 and 15 (18 — 2 — 1) degrees of freedom, is 3.68 (see Figure 15.5). 

0 3.68 F 

Region of Critical Region of 
Nonrejection Value Rejection 

Table 15.2 summarizes the results of the test for the significance of the Figure 15.3 quadratic 
model on page 529. Based on the conclusions, there is strong evidence to conclude that strength 
is related to fly ash percentage. Therefore, one can state that fly ash percentage is useful in 
helping to determine the strength of the concrete. 

Result Conclusions 

Fsrar = 13.8351 is greater than 3.68 

p-value = 0.0004 is less than the 
level of significance, a = 0.05 

1. Reject the null hypothesis Hp. 

2. Conclude that evidence exists for claiming that 
fly ash percentage is related to the dependent 
Y variable, strength. 

3. The probability is 0.0004 that 
Fsrar > 13.8351, given the null hypothesis is 
true. 

Testing the Quadratic Effect 
When using regression analysis to examine a relationship between two variables, the goal is to 
find the most accurate, as well as the simplest, model that expresses the relationship. Therefore, 
one must examine whether there is a significant difference between the quadratic model: 

¥; = Bo + B,X1; + B.X3; + ; 
and the linear model: 

¥,; = Bo + BiXi; +8; 
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Section 14.4 discusses the f test to determine whether each independent variable makes a 
Significant contribution to the regression model. To test the significance of the contribution of 
the quadratic effect, one uses the following null and alternative hypotheses: 

A: Including the quadratic effect does not significantly improve the model (8, = 0). 

A: Including the quadratic effect significantly improves the model (8B, # 0). 

Equation (14.7) on page 489 defines the ts747 test statistic for this test. The standard error of 
each regression coefficient and its corresponding fy747 test statistic that this test needs appear in 
the regression results that Excel produces. For the fly ash example, using the values that appear 
in Figure 15.3: 

israT = 
Sp 

=0,8765 — 0 _ 
0.1966 

If one selects the 0.05 level of significance from Table E.3, the critical values for the 

t distribution with 15 degrees of freedom are —2.1315 and +2.1315 (see Figure 15.6). 

4.4578 

FIGURE 15.6 

Testing for the contribution 

of the quadratic effect to 

a regression model at the 

0.05 level of significance, 

with 15 degrees of freedom 

=2.1315 +2,.1315 

Region of Critical Region of Critical Region of 
Rejection Value Nonrejection Value Rejection 

Table 15.3 summarizes the results of the test for the significance of the quadratic effect. Based 

on these conclusions, there is strong evidence to conclude that there is a quadratic effect of fly 

ash percentage and strength. Therefore, as part of the DCOVA framework, one can say that the 

quadratic effect of fly ash percentage can be used to help determine the strength of the concrete. 

TABLE 15.3 
t test results for the Result Conclusions 
significance of the tsrar = —4.4578 is less than 1. Reject the null hypothesis Hp. 

quadratic model and —2.1315 2. Conclude that evidence exists for claiming that 
conclusions p-value = 0.0005 is less than the there is a quadratic effect of fly ash percentage 

level of significance, a = 0.05 with the dependent Y variable, strength. 

3. The probability is 0.0005 that 
tsrar = < —4.4578 or > 4.4578, given the 
null hypothesis is true. 

Example 15.1 provides an additional illustration of a possible quadratic effect. 

[cannon nna eineenenmmntnemndnemtantenmeneennemnenemennesessemnensmes semeenenieemennssemmentetensiineasemennenseensntentaammnesennenieimmnnemneneenne=anemeienemmnenennmenntammmneninemmmmmemnanny 

A home builder studying the business problem of estimating the consumption of heating oil 
by single-family houses has decided to examine the effect of atmospheric temperature and the 
amount of attic insulation on heating oil consumption. Data are collected from a random sample 

of 15 single-family houses and stored in [RECEP eiy. 
Figure 15.7 shows the regression results for a multiple regression model using the two 

independent variables: atmospheric temperature and attic insulation. 

Studying the 
Quadratic Effect 
in a Multiple 
Regression Model 

> (continued) 
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FIGURE 15.7 janice Pre! Bg ed oh G2 I Spe a ars | a ad 
P ; 1 Heating Oil Consumption Analysis 

Excel multiple regression 5 | 

linear model worksheet 3 Regression Statistics i 
arn 4 |Multiple R 0.9827 

results for predicting 5 |R Square Sani 
monthly consumption 6 Adjusted R Square 0.9599 
f heati i| 7 |Standard Error 26.0138 

ofr hea ING Ol 8 | Observations 15 

9 | 
10 ANOVA 

11| d, SS MS F Significance F 

12 |Regression 2 228014,6263 114007.3132 168.4712 0.0000 

13 |Residual 12 8120.6030 676.7169 
14 |Total 14 _236135.2293 
15 
16. Coefficients Standard Error t Stat P-value Lower95% Upper 95% 

17 |Intercept 562.1510 21.0931 26.6509 0.0000 516.1931 608.1089 

18 Temperature 5.4366 0.3362 -16,1699 0.0000 -6.1691 ~4.7040 

19 |Insulation -20.0123 2.3425 -8.5431 0.0000 -25.1162 -14.9084 

The residual plot for attic insulation (not shown) contains some evidence of a quadratic 

effect. Therefore, the home builder reanalyzed the data by adding a quadratic term for attic 

insulation to the multiple regression model. At the 0.05 level of significance, is there evidence 

of a significant quadratic effect for attic insulation? 

SOLUTION Figure 15.8 shows the results for this regression model. 

FIGURE 15.8 Pee.’ OL Ses AL, RS Ses OM 0 RO aed 
Excel worksheet results | Quadratic Effect for Insulation Variable? i 

= 
2 : . a 

for the multiple regression 3 | __ Regression Statistics 

model with a quadratic mie eee 
6 

7 

8 

R Square 0.9725 

| term for attic insulation | |Adjusted RSquare 0.9650 
| | _|Standard Error 24.2938 
| Observations 15 
' 9 

10 |ANOVA 
11) of SS MSs F ‘Signif icance F 

| 12 |Regression 3 229643.1645 76547.7215 129.7006 0.0000 
13 |Residual 11 ——-6492.0649 590.1877 
14 |Total 14 _236135.2293 

i 15 
16 Coefficients Standard Error _t Stat P-value Lower95% Upper 95% 

/ 17 |Intercept 624.5864 42.4352 14.7186 0.0000 531.1872 717.9856 
18 |Temperature -5.3626 0.3171 -16.9099 0.0000 6.0606 4.6646 

| 19 |Insulation -44.5868 14,9547 -2.9815 0.0125 -77.5019 -11.6717 
20 | Insulation *2 1.8667 1.1238 1.6611 0.1249 -0.6067 4.3401 

The multiple regression equation is 

Y, =624,5864— 5.3626X); — 44.5868X>; + 1.8667X3; 

To test for the significance of the quadratic effect: 

A: Including the quadratic effect of insulation does not significantly improve the model 
(B; = 0). 

H,: Including the quadratic effect of insulation significantly improves the model 
(B; ~ 0). 

From Figure 15.8 and Table E.3 with 11 (15 — 3-1) degrees of freedom, 
—2.2010 < tsr47 = 1.6611 < 2.2010 (or the p-value = 0.1249 > 0.05). Therefore, the home 
builder does not reject the null hypothesis. The home builder concludes that there is insufficient 
evidence that the quadratic effect for attic insulation is different from zero. In the interest of 
keeping the model as simple as possible, the home builder should use the Figure 15.7 multiple 
regression equation: 

¥, = 562.1510 — 5.4366X,; — 20.0123X;, 



student TIP 
For the case of quadratic 

regression, r? represents 
the proportion of 

the variation in the 

dependent variable Y 

that is explained by 

the linear term and the 

quadratic term. 
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The Coefficient of Multiple Determination 
In the multiple regression model, the coefficient of multiple determination, r*, which 
Section 14.2 explains, represents the proportion of variation in Y that is explained by variation 
in the independent variables. One computes r? by using Equation (14.4) on page 484: 

2 _ SSR 
SST 

Consider the quadratic regression model that predicts the strength of concrete using fly ash 
and fly ash squared. From Figure 15.3 on page 529, 

SSR = 2,695,473.4897 SST = 4,156,690.5 

r 

Thus, 

nhs SSR _ 2,695,473.4897 
= 0.6485 

4,156,690.5 SST 

This coefficient of multiple determination indicates that 64.85% of the variation in strength 

is explained by the quadratic relationship between strength and the percentage of fly ash. One 

should also compute adj to account for the number of independent variables and the sample 

size. In the quadratic regression model, k = 2 because there are two independent variables, X, 

and Xj. Thus, using Equation (14.5) on page 484, 

pees eet (ie | ul eae eet la | p72) ee Bae aay retos he ap: a eal (1 ~ 0.6485)-— 

= 1 — 0.3984 

= 0.6016 

PROBLEMS FOR SECTION 15.1 

LEARNING THE BASICS 

15.1 The following is the quadratic regression equation for a sam- 

ple of n = 25: 

¥ = 5 4 3X,, + 1.5X4, 
. Predict Y for X, = 2. 

. Suppose that the computed f5747 test statistic for the quadratic 

regression coefficient is 2.35. At the 0.05 level of significance, 

is there evidence that the quadratic model is better than the lin- 

ear model? 
c. Suppose that the computed ts747 test statistic for the quadratic re- 

gression coefficient is 1.17. At the 0.05 level of significance, is there 

evidence that the quadratic model is better than the linear model? 

d. Suppose the regression coefficient for the linear effect is —3.0. 

Predict Y for X; = 2. 

ao} 

APPLYING THE CONCEPTS 

15.2 Businesses actively recruit business students with well- 

developed higher-order cognitive skills (HOCS) such as problem 

identification, analytical reasoning, and content integration skills. 

Researchers conducted a study to see if improvement in students’ 

HOCS was related to the students’ GPA. 

Source: Data extracted from R. V. Bradley, C. S. Sankar, H. R. Clayton, 

V. W. Mbarika, and P. K. Raju, “A Study on the Impact of GPA on Perceived 

Improvement of Higher-Order Cognitive Skills,” Decision Sciences Journal of 

Innovative Education, January 2007, 5(1), pp. 151-168. 

The researchers conducted a study in which business students were 

taught using the case study method. Using data collected from 

300 business students, the following quadratic regression equation 

was derived: 

HOCS = —3.48 + 4.53(GPA) — 0.68(GPA)? 

where the dependent variable HOCS measured the improvement in 

higher-order cognitive skills, with 1 being the lowest improvement 

in HOCS and 5 being the highest improvement in HOCS. 

a. Construct a table of predicted HOCS, using GPA equal to 2.0, 

Qe 229. PAO! 

b. Plot the values in the table constructed in (a), with GPA on the 

horizontal axis and predicted HOCS on the vertical axis. 

c. Discuss the curvilinear relationship between students’ GPA and 

their predicted improvement in HOCS. 

d. The researchers reported that the model had an r* of 0.07 and 

an adjusted r? of 0.06. What does this tell you about the scatter 

of individual HOCS scores around the curvilinear relationship 

plotted in (b) and discussed in (c)? 

15.3 The file [23/8 contains the data for a study that explored 
if automobile engine torque could be predicted from engine speed 

(in RPM, revolutions per minute). 

Source: Data extracted from Y. Chen et al., “Cluster-Based Profile Analysis in 

Phase I,” Journal of Quality Technology, 47, January 2015, 

a. Construct a scatter plot for RPM and torque. 

b. Fit a quadratic regression model and state the quadratic 

regression equation. 

c. Predict the mean torque for an RPM of 3,000. 

d. Perform a residual analysis on the results and determine whether 

the regression assumptions are valid. 
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e. At the 0.05 level of significance, is there a significant quadratic 

relationship between torque and RPM? 

f. At the 0.05 level of significance, determine whether the 

quadratic model is a better fit than the linear model. 

g. Interpret the meaning of the coefficient of multiple determination. 

h. Compute the adjusted r’, 

i. What conclusions can you reach concerning the relationship 

between RPM and torque? 

15.4 Is the number of calories in a beer related to the number of 

carbohydrates or the percentage of alcohol in the beer? Data con- 

cerning 157 of the best selling domestic beers in the United States 

are stored in [2S /SE STEP". The values for three variables are 
included: the number of calories per 12 ounces, the alcohol per- 

centage, and the number of carbohydrates (in grams) per 12 ounces. 

Source: Data extracted from www.beer100.conV/beercalories.htm, April 3, 2019. 

a. Perform a multiple linear regression analysis, using calories as 

the dependent variable and percentage alcohol and number of 

carbohydrates as the independent variables. 

b. Add quadratic terms for alcohol percentage and the number of 

carbohydrates. 

c. Which model is better, the one in (a) or (b)? 

d. What conclusions can you reach concerning the relationship be- 
tween the number of calories in a beer and the alcohol percent- 
age and number of carbohydrates? 

15.5 In the production of printed circuit boards, errors in the 
alignment of electrical connections are a source of scrap. The file 

contains the registration error and the tem- 
perature used in the production of circuit boards in an experiment 
in which higher cost material was used. 

Source: Data extracted from C. Nachtsheim and B. Jones, “A Powerful Analytical 
Tool,” Six Sigma Forum Magazine, August 2003, pp. 30-33. 

a. Construct a scatter plot for temperature and registration error. 
b. Fit a quadratic regression model to predict registration error and 

state the quadratic regression equation. 
c. Performa residual analysis on the results and determine whether 

the regression model is valid. j; 
d. At the 0.05 level of significance, is there a significant quadratic 

relationship between temperature and registration error? 
e. At the 0.05 level of significance, determine whether the 

quadratic model is a better fit than the linear model. 
f. Interpret the meaning of the coefficient of multiple determination. 
g. Compute the adjusted r’. 
h. What conclusions can you reach concerning the relationship 

between registration error and temperature? 

y: 383 15.6 An automotive sales manager wishes to examine 
TEST ie relationship between age (years) and sales price ($) 

for used Honda automobiles. The file contains data 

Ro 

for a sample of Honda Civic LXs that were listed for sale at a car 

shopping website. 

Source; Data extracted from cargurus.com. 

a. Construct a scatter plot for age and price. 

b. Fit a quadratic regression model to predict price and state the 

quadratic regression equation, 

¢. Predict the mean price of a Honda Civic LX that is five years old. 

d. Perform a residual analysis on the results and determine whether 

the regression model is valid. 

e. At the 0.05 level of significance, is there a significant quadratic 

relationship between age and price? 

f. What is the p-value in (e)? Interpret its meaning. 

g. At the 0.05 level of significance, determine whether the 

quadratic model is a better fit than the linear model. 

What is the p-value in (g)? Interpret its meaning. 

Interpret the meaning of the coefficient of multiple determination. 

Compute the adjusted r?. 

What conclusions can you reach concerning the relationship be- 

tween age and price? 

15.7 Researchers wanted to investigate the relationship between 
employment and accommodation capacity in the European travel 
and tourism industry. The file contains a sample 
of 28 European countries. Variables included are the number of jobs 
generated in the travel and tourism industry in 2018 and the number 
of establishments that provide overnight accommodation for tourists. 
Source: Data extracted from “Database Eurostat,” bit.ly/2cyv0Vs. 

a. Construct a scatter plot of the number of jobs generated in the travel 
and tourism industry in 2018 (Y) and the number of establishments 
that provide overnight accommodation for tourists (X). 

b. Fit a quadratic regression model to predict the number of jobs 
generated and state the quadratic regression equation. 

c. Predict the mean number of jobs generated in the travel and 
tourism industry in.2018 for a country with 3,000 establish- 
ments that provide overnight accommodation for tourists. 

d. Perform a residual analysis on the results and determine wheth- 
er the regression model is valid. 

e. At the 0.05 level of significance, is there a significant quadratic 
relationship between the number of jobs generated in the travel 
and tourism industry in 2018 and the number of establishments 
that provide overnight accommodation for tourists? 

f. What is the p-value in (e)? Interpret its meaning. 
g. At the 0.05 level of significance, determine whether the 

quadratic model is a better fit than the linear model. 
h. Interpret the meaning of the coefficient of multiple determination. 
i. Compute the adjusted r?. 
j. What conclusions can you reach concerning the relationship 

between the number of jobs generated in the travel and tourism 
industry in 2018 and the number of establishments that provide 
overnight accommodation for tourists? 

15.2 Using Transformations in Regression Models 
learnMORE 
To learn more about 

logarithms, see Appendix 

Section A.3. 

Transformations are mathematical alterations of data values made to either overcome violations 
of the assumptions of regression or to make a model whose form is not linear into a linear model. 
Transformations can be applied to the values of an independent X variable or the dependent 
Y variable or both. Among the many transformations available (see Kutner, Montgomery, and Peck), the square-root transformation and transformations involving the common logarithm (base 10) and the natural logarithm (base e) are the most commonly used. 



EXAMPLE 15.2 

Using the Square- 
Root Transformation 

of the Dependent 

Y Variable 
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The Square-Root Transformation 
The square-root transformation often overcomes violations of the normality and equal-variance 
assumptions as well as transforms a model whose form is not linear into a linear model. When the 

error term is normally distributed and the errors are equal for all values of X, one uses a square-root 

transformation of X to make the linear model appropriate. When the errors are not equal for all 

values of X or when the errors are not normally distributed, one uses a square-root transformation 
of Y (see Kutner). 

Equation (15.3) shows a regression model that uses a square-root transformation of the 
dependent variable. 

REGRESSION MODEL WITH A SQUARE-ROOT TRANSFORMATION 

VY, = Po + BiXi; + 2; (15.3) 

Example 15.2 illustrates the use of a square-root transformation of the Y variable. 

Sales managers for Sure Value Convenience small-format stores have been mandated by senior 

management to increase revenues. One way to increase revenues is to conduct an experiment 
that will price the popular SVC CoffeePak of 10 coffee pods at various prices. 

As a pilot experiment, the sales managers select 10 stores with similar CoffeePak 

sales. They select five different prices for the item, $3.99, $4.49, $4.99, $5.49, and $5.99, 

assigning unique groups of two stores to each price. The experiment runs for one month, and 

the sales data collected are stored in (@jC FEM. The managers perform a regression 
analysis to estimate sales based on price and construct the scatter plot and residual plot that 

Figure 15.9 presents. 

Scatter plot and residual plot for the CoffeePak study price and unit sales 

| 
| 
| 

| 
| 
| FIGURE 15.9 

| 
/ 
| 

> (continued) 

Scatter Plot of Price and Unit Sales Residual Plot of Price and Unit Sales Model 

y =-29.1x + 243.21 
R? = 0.7497 

Price Price 

SOLUTION The regression model produced shows a linear relationship between price and sales 

of the CoffeePaks. For this model, b) = 243.21, b} = —29.10, and r? = 0.7497. 

However, the residual plot shows much more variation in the residuals when the Cof- 

feePaks are sold for $3.99 or $4.49. To overcome this lack of homogeneity of variance in 
the residuals, the sales managers transform the dependent Y variable unit sales by taking its 
square root. Figure 15.10 displays the scatter plot of price and the square root of unit sales 

and the residual plot for the simple linear regression model to estimate the square root of 

units sold. 
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FIGURE 15.10 

Scatter plot and residual plot for CoffeePak study price and the square root of unit sales 

Scatter Plot of Price and the Square Root of Unit Sales Residual Plot for Model Using the Square Root of Unit Sales 
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For this second model, by) = 17.3251 and b; = —1.5032, and r? = 0.7579. The managers 
note that Figure 15,10 residual plot shows much less variation in the residuals for different 
values of price, even though the r? values of the two models are not very different. Because the 
residuals differ much less than the linear model to predict units sold, the sales managers should 
use the model that predicts the square root of units sold as the basis for their decision making. 

studentTIP The Log Transformation 
The log (log) ofanumber — The logarithmic transformation often overcomes violations of the normality and equal- 
is the power to which variance assumptions. One can also use the logarithmic transformation to change a nonlinear 
10 needs to be raised to model into a linear model. Equation (15.4) shows a multiplicative model. 
equal that number. 

_ The natural log (/n) of a 

number is the power to ORIGINAL MULTIPLICATIVE MODEL 
which e, Euler’s number, 8 needs to be raised to Yi = BoXt)XS7e; (15.4) 
equal that number. 

By taking base 10 logarithms of both the dependent and independent variables, one trans- 
forms Equation (15.4) in to the model that Equation (15.5) defines. 

TRANSFORMED MULTIPLICATIVE MODEL 

log ¥; = log(ByX)X#e;) 
= log By + log(X#}) + log(X#) + log e; 

= log Bo + B, log Xi; + Blog X>; + log &; (15.5) 

The transformed model that Equation (15.5) defines is a linear model. Equations (15.6) 
and (15.7) illustrate that a similar transformation can be done for an exponential model using the natural logarithm of both sides of the equation. (The transformed exponential model that Equation 15.7 defines is a linear model.) 

ORIGINAL EXPONENTIAL MODEL 

y= ePot BiX1:+ BoXp; E; (15.6) 

(continued ) 
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TRANSFORMED EXPONENTIAL MODEL 

In Y; = In(e80+ Pixut Boxe &;) 

= In(e8ot Bixut BrXaiy + In E; 

= Bo i BX); ae BX; “tr In €; (15.7) 

Example 15.3 illustrates the use of a natural log transformation. 

EXAMPLE 15. Te r peroclitnle dierent atten ak 
Social media comments about the popular Sure Value Convenience mini store in Oxford Glen 

Using the Natural complain about the long wait time to checkout with the store’s single cashier. The Oxford Glen 

Log Transformation store manager wants to analyze this problem before the reputation of the store is affected by 

these comments. For each of 12 randomly selected customers, the manager records the waiting 

time (in seconds) of the customer and the number of people in line ahead of the customer and 

stores these data in SUP ir aire). The manager performs a regression analysis to estimate 

waiting time based on persons in line ahead and constructs the Figure 15.11 plots. 

FIGURE 15.11 

Scatter plot and residual plot for the regression model for the store waiting time study 

st Scatter Plot of Persons in Line Ahead and Waiting Time i Residual Plot of Persons in Line Ahead and Waiting Time 
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SOLUTION The regression model produced shows a linear relationship between the number of 

people in line ahead and waiting time. For this model, b) = —32.233, b, = 44.4, andr? = 0.9714. 

However, the residual plot shows a curvilinear relationship of the residuals with the number of people 

waiting. To eliminate this relationship in the residuals, the store manager transforms the dependent Y 

variable, waiting time, by taking its natural logarithm. Figure 15.12 displays the scatter plot of number 

of people in line ahead and the natural logarithm of waiting time and the residual plot for the simple 

linear regression model to estimate the natural logarithm of waiting time. 

For this second model, bp value = 2.9482, b, = 0.4781, and r- = 0.979, similar to the 

value for the original model. Figure 15.12 residual plot does not show a pattern for different 

values of people in line ahead. Because of that fact, the store manager should use the second 

model for decision making. 

FIGURE 15.12 

Scatter plot and residual plot for the regression model of number of people in line ahead and the natural logarithm of 
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PROBLEMS FOR SECTION 15.2 

LEARNING THE BASICS 

15.8 Consider the following regression equation: 

log ¥, = log 3.07 + 0.9 log Xj; + 1.41 log X5, 

a. Predict the value of Y when X; = 8.5 and X, = 5.2. 

b. Interpret the meaning of the regression coefficients bo, by, 

and bo. 

15.9 Consider the following regression equation: 

In ¥, = 4.62 + 0.5X,, + 0.7X,, 

a. Predict the value of Y when X; = 8.5 and X, = 5.2. 

b. Interpret the meaning of the regression coefficients bo, b;, and by. 

APPLYING THE CONCEPTS 

15.10 Using the data of Problem 15.4 on page 534, 
MESH stored in EESESEL. perform either a square-root 

transformation on the dependent variable (calories) or a square-root 
transformation on each of the independent variables (percentage 
alcohol and number of carbohydrates) depending on whether the 
residuals are normally distributed or vary across X values. 

a. State the regression equation. 
b, At the 0.05 level of significance, is there a significant relation- 

ship between calories and the percentage of alcohol and the 
number of carbohydrates? 

c. Interpret the meaning of the coefficient of determination, r, in 
this problem. 

d. Compute the adjusted r°. 
e. Compare your results with those in Problem 15.4. Which model 

is better? Why? 

15.11 Using the data of Problem 15.4 on page 534, stored in 
(ERESTSESSG. perform a natural logarithmic transformation of 
the dependent variable (calories). Using the transformed dependent 
variable and the percentage of alcohol and the number of carbohy- 
drates as the independent variables, perform a multiple regression 
analysis. 

a. State the regression equation. 
b. Perform a residual analysis of the results and determine whether 

regression assumptions are valid. 

15.3 Collinearity 

¢c. Atthe 0.05 level of significance, is there a significant relationship 

between the natural logarithm of calories and the percentage of 

alcohol and the number of carbohydrates? 

d. Interpret the meaning of the coefficient of determination, r’, in 

this problem. 

e. Compute the adjusted 77. 

f. Compare your results with those in Problems 15.4 and 15.10. 

Which model is best? Why? 

15.12 Using the data of Problem 15.6 on page 534, stored in 

CEE, perform a natural logarithm transformation of the 
dependent variable (price). Using the transformed dependent vari- 

able and the age as the independent variable, perform a regression 
analysis. 

a. State the regression equation. 

b. Predict the mean price for a five-year-old Honda Civic LX. 
c. Performa residual analysis of the results and determine whether 

the regression assumptions are valid. 
d. At the 0.05 level of significance, is there a significant relation- 

ship between the natural logarithm of price and age? 
e. Interpret the meaning of the coefficient of determination, r?, in 

this problem. 

f. Compute the adjusted r?. 
g. Compare your results with those in Problem 15.6. Which model 

is better? Why? 

15.13 Using the data of Problem 15.6 on page 534 stored in 
CEES. perform a square-root transformation of the depen- 
dent variable (price). Using the square root of price as the dependent 
variable, perform a regression analysis. 

a. State the regression equation. 
b. Predict the mean price for a five-year-old Honda Civic LX, 
¢c. Perform a residual analysis of the results and determine whether 

the regression model is valid. 
d. At the 0.05 level of significance, is there a significant relation- 

ship between the square root of price and age? 
e. Interpret the meaning of the coefficient of determination, r2, in 

this problem. 

f. Compute the adjusted r?, 
g- Compare your results with those of Problems 15.6 and 15.12. 

Which model is best? Why? 

Collinearity of the independent variables exists when two or more of the independent variables 
are highly correlated with each other. When this occurs, collinear variables do not provide unique information, and it becomes difficult to separate the effects of such variables on the dependent variable. Collinearity may cause the values of the regression coefficients for the correlated variables to fluctuate drastically, 
model. 

depending on which independent variables are included in the 

One method of measuring collinearity is to determine the variance inflationary factor (VIF) for each independent variable. Equation (15.8) defines VIF,, the variance inflationary factor for variable j. The R is the coefficient of multiple determination for a regression model, using variable X; as the dependent variable and all other X variables as independent variables. 
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VARIANCE INFLATIONARY FACTOR 

VIF, = 5 15.8 1-® ask 

If there are only two independent variables, Rj is the coefficient of determination between 

X, and X). It is identical to R5, which is the coefficient of determination between X, and X). If 

there are three independent variables, then Rj is the coefficient of multiple determination of X, 

with X> and _X;; R3 is the coefficient of multiple determination of X, with X; and X3; and R} is 

the coefficient of multiple determination of X; with X, and X). 

If a set of independent variables is uncorrelated, each VIF, is equal to 1. If the set is highly 

correlated, then a V/F; might even exceed 10, Snee recommends using alternatives to least- 

Squares regression if the maximum V/F; exceeds 5, 

Multiple regression models that have one or more large V/F values should be used with 

extreme caution. And because the independent variables contain overlapping information, you 

should always avoid interpreting the regression coefficient estimates separately because you 

cannot accurately estimate the individual effects of the independent variables. One approach in 

this situation is to delete the variable with the largest VIF value. The reduced model (the model 

with the independent variable with the largest VIF value deleted) is often free of collinearity 

problems. Keep eliminating and rerunning the regression analysis until no variables have a 

VIF > 5. If one determines that all the independent variables are needed in the model, one can 

use methods discussed in the Kutner reference. 

In the OmniPower sales data (see Section 14.1), the correlation between the two indepen- 

dent variables, price and promotional expenditure, is —0.0968. Because this model has only two 

independent variables, from Equation (15.8): 

1 

1 — (—0.0968)" 
Mig EN 

= 1,009 

Thus, one can conclude that collinearity is not a concern when using the OmniPower sales data. 

In models containing quadratic and interaction terms, collinearity is usually present. The 

linear and quadratic terms of an independent variable are usually highly correlated with each 

other, and an interaction term is often correlated with one or both of the independent variables 

making up the interaction. Thus, one cannot interpret individual regression coefficients sepa- 

rately. One needs to interpret the linear and quadratic regression coefficients together in order to 

understand the nonlinear relationship. Likewise, one needs to interpret an interaction regression 

coefficient in conjunction with the two regression coefficients associated with the variables 

comprising the interaction. 
Finally, discovering large V/Fs in quadratic or interaction models do not automatically dis- 

qualify those models for use. Large V/Fs do mean that one must be careful when interpreting 

the regression coefficients. 

PROBLEMS FOR SECTION 15.3 

LEARNING THE BASICS APPLYING THE CONCEPTS 

45.14 If the coefficient of determination between two independent 15.16 Refer to Problem 14.4 on page 482. Perform 

variables is 0.20, what is the V/F? USSI8 a multiple regression analysis using the data in 

oy iisasiule) and determine the V/F for each independent 

15.15 If the coefficient of determination between two independent _ variable in the model. Is there reason to suspect the existence of 

variables is 0.50, what is the V/F'? collinearity? 
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15.17 Refer to Problem 14.5 on page 483. Perform a multiple 

regression analysis using the data in {EY and determine 
the V/F for each independent variable in the model. Is there reason 

to suspect the existence of collinearity? 

15.18 Refer to Problem 14.6 on page 483. Perform a multiple 

regression analysis using the data in and deter- 
mine the V/F for each independent variable in the model. Is there 

reason to suspect the existence of collinearity? 

15.4 Model Building 

15.19 Refer to Problem 14.7 on page 483. Perform a multiple 

regression analysis using the data in } a2) and deter- 

mine the V/F-for each independent variable in the model. Is there 

reason to suspect the existence of collinearity? 

15.20 Refer to Problem 14.8 on page 483. Perform a multiple 

regression analysis using the data in and determine the 
VIF for each independent variable in the model. Is there reason to 

suspect the existence.of collinearity? 

The techniques that Chapter 14 and this chapter discuss can be combined into a series of steps 
to identify the most appropriate regression model for a set of data. 

Exhibit 15.1 lists these steps for successful model building. 

EXHIBIT Hie 

Successful Model Building 

1. Use the DCOVA framework to identify the business problem or goal to be examined, 
define variables, and collect data. Identify the variables that will serve as candidate 
independent X variables for the multiple regression model. 

2. Develop a regression model that includes all candidate independent X variables. 
3. Compute the VIF for each of the X variables. Apply the decision-making process 

that Section 15.3 discusses until no X variable has a VIF > S. 
4, Perform a best subsets analysis with the remaining independent variables and 

compute the C, statistic or the adjusted r* for each subset regression model as this 
section discusses later, 

5. Choose a best model from the models that have G close to or less than k + 1 and/or 
a high adjusted r?. 

6. Perform a complete analysis of that best model chosen, including a residual analysis. 
7. Review the results of the residual analysis. If necessary, add quadratic or interaction 

terms or transform variables. Repeat steps 3 through 6. 
8. Use the selected model for inference and prediction. 

As this section later 

explains, performing a - 

stepwise regression can be 

an alternate to steps 4 and 

5, although at the cost of 

not examining all possible 

regression models, 

These steps ensure that an appropriate model will be selected, That model may not be the optimal 
model, but the model will be one that decision-makers can use for prediction and inference. The 
principle of parsimony should cause you to choose the model with the fewest independent X 
variables that can predict the dependent Y variable adequately, should several different models 
in step 5 have a C, statistic close to or less than k + 1 and/or a high adjusted r*. Regression 
models with fewer independent variables are easier to interpret, particularly because they are 
less likely to be affected by the collinearity problems that Section 15.3 discusses. 

To illustrate the model-building process, return to the Nickels Broadcasting scenario in which you were asked to build a regression model. Table 15.4 provides a 26-week sample that includes the weekly staff count (Staff), remote engineering hours (RemoteEng), graphics hours (Graphics), and editorial production hours (Production) as independent X variables to predict the dependent Y variable standby hours (Standby). 
To begin analyzing the Table 15.4 26-week sample, stored in 

variance inflationary factors (see Section 15,3) to measure the a 

yield, calculate the 
mount of collinearity among the independent variables. The four V/Fs for the four independent variables appear in Figure 15.13 along with the results for the regression model that uses those v ariables. Observe that all the VIF_ 



TABLE 15.4 

Predicting standby hours 

based on staff, remote 

engineering hours, 

graphics hours, and 

production hours 

FIGURE 15.13 

Excel multiple regression 

linear model worksheet 

results for predicting 

standby hours based on 

four independent vari- 

ables (worksheets for 

Durbin-Watson statistic 

and VIF, inset) 
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values are relatively small, ranging from a high of 1.9993 for Production to a low of 1.2333 for 
RemoteEng. Using criteria developed by Snee that all V/F values should be less than 5.0, there 
is little evidence of collinearity among the set of independent variables. 

Week Standby(Y) Staff (X¥,) RemoteEng (X,) Graphics (¥;) _ Production (X4) 

1 245 338 414 323 2001 

2 177 333 598 340 2030 

3 271 358 656 340 2226 

4 211 372 631 352 2154 

oS 196 339 528 380 2078 

6 135 289 409 339 2080 

7 195 334 382 331 2073 

8 118 293 399 311 1758 

9 116 325 343 328 1624 

10 147 311 338 353 1889 

11 154 304 353 518 1988 

12 146 312 289 440 2049 

13 115 283 388 276 1796 

14 161 307 402 207 1720 

15 274 322 151 287 2056 

16 245 335 228 290 1890 

17 201 350 271 355 2187 

’ 18 183 339 440 300 2032 

19 237 327 475 284 1856 

20 175 328 347 337 2068 

21 152 319 449 279 1813 

22 188 325 336 244 1808 

23 188 322 267 253 1834 

24 197 317 235 272 1973 

25 261 315 164 223 1839 

26 232 331 270 272 1935 

ie SE al EO oat RR i nar 
1__Nickels Broadcasting Standby Hours Analysis F A B 

2 a! 1 |‘ Durbin-Watson Calculations 
3 Regression Statistics 9 | 

4 \Multiple R 0.7894 3-|Sum of Squared Difference of Residuals 47241.6126 
5 |R Square 0,6231 4 |sum of Squared Residuals 21282.8217 
6 Adjusted R Square 0.5513 5 
7 Standard Error 31.8350 

8 |Observations 26 

9 aL east) ee Oe ees lee wees 
40 ANOVA 11 v Variance Inflationary Factors (VIF s) 

111 d 55 MS ‘Significance F 2) 
12 Regression 4 35181.7937 8795.4484 8.6786 0.0003 
43 Residual 21 21282.8217 1013,4677 mor other X|and all amet all he X all other X 

14 |Total 25° 56464,6154 |__ 0.4143] 
—_ ose Eta le i qucmmeraale: 4 ie , wal 45 

ie ~ a -* de be = a. el ce pr Eh - 2 ate ieee: Sass 

Coefficients [Coefficients Standard Error tStot P-value Lower 95% Upper 95% tStot P-value Lower95% Upper 95% 

17 Intercept -330,8318 110.8954 -2.9833 0.0071 -561.4514 -100.2123 

18 ‘staff 1.2456 0.4121 3.0229 0.0065 0.3887 2.1026 

19 RemoteEng -0,1184 0.0543 -2.1798 0.0408 -0,2314 -0,0054 

20 Graphics -0,2971 0.1179 = -2.5189 0.0199 -0,5423 -0,0518 

21 Production 0.1305 0.0593 2.2004 0.0391 0.0072 0.2539 

The Stepwise Regression Approach to Model Building 
Whether a subset of all independent variables yields an adequate and appropriate model is the 

next step in model building. Stepwise regression is a model selection process that attempts to 

find the “best” regression model without examining all possible models. 

The first step of stepwise regression is to find the best model that uses one independent 

variable. The next step is to find the best of the remaining independent variables to add to 

the model selected in the first step. An important feature of the stepwise approach is that 

an independent variable that has entered into the model at an early stage may subsequently 
be removed after other independent variables are considered. Therefore, in stepwise regres- 
sion, variables are either added to or deleted from the regression model at each step of the 

model-building process. The f test for the slope (see Section 14.4) or the partial Fy747 test 

statistic (see Section 14.5) determines whether variables are added or deleted. The stepwise 

procedure terminates when no additional variables can be added to or deleted from the last 
model evaluated. 
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FIGURE 15.14 

Excel (PHStat) stepwise 

regression worksheet 

results for the Nickels 

Broadcasting data 

Figure 15.14 presents the stepwise regression results for the Nickels Broadcasting data. 

‘A,B c D E a dV knee | In the Worksheet 
1 |stepwise Analysis for Nickels Broadcasting Standby Hours Analysis 

2 |Table of Results for General Stepwise 

3 | 
4 |Staff entered, 

This worksheet has no cell formulas, 

unlike most of the worksheets that this 

book features. This worksheet was 
6 | of 5S MS F _ Significance F om 
7 | Regression 1 20667.3980 20667.3980 13,8563 0.0011 created by the PHStat Stepwise 
8 Residual 24 35797.2174 1491.5507 Regression methods and contains pasted 

2} rotel sien 154 results transferred from other regression 
results worksheets that PHStat created 

and examined, 

ee ee 
11 Coefficients Standard Error__t Stat P-value Lower 95% Upper 95% 

Intercept ~272.3816 124.2402 -2,1924 0,0383 -528.8008  -15.9625 

Staff 1.4241 0.3826 3.7224 0.0011 0.6345 2.2136 

15 | 

17 

“Al dj SS MS F __ Significance F 

19 | Regression 2 27662,5429 13831.2714 11.0450 0.0004 

20| Residual 23 © 28802.0725 1252.2640 
21) Total 25 56464.6154 
22 

23 | Coefficients Standard Error _tStat P-value Lower 95% Upper 95% 

24) Intercept -330.6748 116.4802 -2.8389 0,0093 -571.6322 -89.7175 

25 | Staff 1,7649 0.3790 4.6562 0.0001 0.9808 2.5490 

26 | RemoteEng -0.1390 0.0588 -2.3635 0.0269 -0.2606 -0.0173 

28 | 
29 |No other variables could be entered into the model. Stepwise ends. 

For this example, a significance level of 0.05 is used to enter a variable into the model 
or to delete a variable from the model. The first variable entered into the model is Staff, 
the variable that correlates most highly with the dependent variable Standby. Because the 
p-value = 0.0011 < 0.05, Staff is included in the regression model. 

The next step involves selecting a second independent variable for the model. The second 
variable chosen is one that makes the largest contribution to the model, given that the first vari- 
able has been selected. For this model, the second variable is RemoteEng. Because the p-value 
for RemoteEng = 0.0269 < 0.05, RemoteEng is included in the regression model. 

After RemoteEng has been entered into the model, the stepwise procedure determines 
whether Staff is still an important contributing variable or whether that variable can be 
eliminated from the model. Because the p-value of 0.0001 for Staff is less than 0.05, Staff 
remains in the regression model. 

The next step involves selecting a third independent variable for the model. Because 
none of the other variables meets the 0.05 criterion for entry into the model, the stepwise 
procedure terminates with a model that includes the weekly staff count and the remote 
engineering hours. 

This stepwise regression approach to model building was originally developed more than 
five decades ago, when regression computations were time-consuming and costly. Although 
stepwise regression limited the evaluation of alternative models, the method was deemed a good 
trade-off between evaluation and cost. 

Given the ability of today’s computers to perform regression computations at very low cost 
and high speed, stepwise regression has been superseded to some extent by the best subsets 
approach, which evaluates a larger set of alternative models. Stepwise regression is not obsolete, 
however. Today, stepwise regression can play an important role in helping to analyze big data 
when used with certain predictive analytics methods. 

The Best Subsets Approach to Model Building 
The best subsets approach evaluates all possible regression models for a given set of indepen- dent variables. Figure 15.15 presents best subsets regression results of all possible regression models for the Nickels Broadcasting data. 



FIGURE 15.15 

Excel best subsets 

regression worksheet 

results for the Nickels 

Broadcasting data 
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Ee AME ie BRGY &p ETE Siar 
1 Best Subsets Analysis for Standby Hours Analysis 
2 

| Inthe Worksheet 

This worksheet contains formulas that copy values 
3 | intermediate Calculations ’ 

from other regression results worksheets. Using the 

; okay PHStat Best Subset procedure simplifies the 

7 | preparation of this worksheet. 
8 
9 | 
10 | Model Cp__k+1_RSquare Adj. RSquare Std. Error 

11 |x1 13.3215 2 0.3660 0.3396 38.6206 

12 xv 8.4193 3 0.4899 0.4456 35.3873 

13 |X1X2Xx3 7.8418 4 0.5362 0.4729 34.5029 

14 |xax2x3x4 5.0000 5 0.6231 0.5513 31.8350 

15 |X1X2X4 9.3449 4 0,5092 0.4423 35.4921 

16 jxax3 10.6486 3 0.4499 0.4021 36.7490 

17 |X1X3x4 7.7517 4 0.5378 0.4748 34.4426 

18 xixa 14.7982 3 0.3754 0.3211 39,1579 

19 |x2 33.2078 2 0.0091 -0,0322 48.2836 

20 |X2X3 32.3067 3 0.0612 -0.0205 48.0087 

21 |X2X3Xx4 12.1381 4 0.4591 0.3853 37.2608 

22 |\x2x4 23.2481 3 0.2238 0.1563 43.6540 

23 \X3 30.3884 2 0.0597 0.0205 47.0345 

24 |X3x4 11.8231 3 0.4288 0.3791 37.4466 

25 |x4 24.1846 2 0.1710 0.1365 44.1619 

A criterion often used in model building is the adjusted r?, which adjusts the r? of each 

model to account for the number of independent variables in the model as well as for the sample 

size (see Section 14.2). Because model building requires you to compare models with different 

numbers of independent variables, the adjusted r? is more appropriate than r”. In Figure 15.15, 

the adjusted r? reaches a maximum value of 0.5513 when all four independent variables plus the 

intercept term (for a total of five estimated parameters) are included in the model. 

A second criterion often used in the evaluation of competing models is the G, statistic 

developed by Mallows (see Kutner). The C, statistic, defined in Equation (15.9), measures the 

differences between a fitted regression model and a true model, along with random error. 

Cp STATISTIC 

CAEN aE S 
f 1 — RF 

[n — 2(k + 1] (15.9) 

where 

k = number of independent variables included in a regression model 
T = total number of parameters (including the intercept) to be estimated in the 

full regression model 
Ri = coefficient of multiple determination for a regression model that has 

k independent variables 
Rj; = coefficient of multiple determination for a full regression model that contains 

all T estimated parameters 

Using Equation (15.9) to compute C, for the model containing Staff and RemoteEng, 

Hee a a Se Re = 0. 48098 ahs (0,623.1 

so that 

fr 0.4899) 20) an 

4 150:6231 

= 8.42 

26 OC »| 

When a regression model with k independent variables contains only random differences 

from a true model, the mean value of C, is k + 1, the number of parameters. Thus, in evaluating 

many alternative regression models, the goal is to find models whose C, is close to or less than 

k + 1. Figure 15.15 shows that only the model that includes all four independent variables has a 

G, value close to or below k + 1. Therefore, using the C, criterion, one would choose that model. 
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FIGURE 15.16 

With many data sets, the C, statistic often provides several alternative models for you to 

evaluate in greater depth. Moreover, the best model or models using the C, criterion might 

differ from the model selected using the adjusted r? and/or the model selected using the 

stepwise procedure. For example, the Nickels Broadcasting model that stepwise regression 

selects has a C, value of 8.4193, which is substantially above the suggested criterion of 

k + | = 3 for that model. Remember that there may be several equally appropriate models 

and no one uniquely best model. Final model selection often involves using subjective 

criteria, such as parsimony, interpretability, and departure from model assumptions, as 

evaluated by residual analysis. 

When one has finished selecting the independent variables to include in the model, one 

needs to perform a residual analysis to evaluate the regression assumptions. For data collected 

in time order, one also needs to calculate the Durbin-Watson statistic to determine whether 

there is autocorrelation in the residuals (see Section 13.6). For the Nickels Broadcasting 

data (collected in time order), the Durbin- Watson statistic, D, is 2.2197 (see Figure 15.13 on 

page 541). Because D is greater than 2.0, there is no indication of positive correlation in the 
residuals, 

The Figure 15.16 residual plots for the Nickels Broadcasting data reveal no apparent 

patterns. The Figure 15.17 plot of the residuals versus the predicted values of Y does not show 
evidence of unequal variance. Therefore, using the Figure 15.13 regression model results, one 
states the regression equation as 

¥, = —330.8318 + 1.2456X; — 0.1184X>, — 0.2971X3, + 0.1305X,, 

Residual plots for the Nickels Broadcasting data 

. _ Residuals aeeoesns 

Residuals 

S28 G5 6.8 

Staff Residual Plot RemoteEng Residual Plot 

Residuals 

0 100 200 300 400 500 600 700 

RemoteEng 

Production Residual Plot 

Residuals 

S$éBbaoueses 
te) 500 1000 1500 2000 2500 

FIGURE 15.17 

Scatter plot of the 

residuals versus the 

predicted values of Y 

Predicted Y 
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Example 15.4 presents a situation in which the C,, statistic is close to or less than k + 1 in 
more than one alternative model 

Table 15.5 shows results from a best subsets regression analysis of a regression model with 
seven independent variables. Determine which regression model you would choose as the 
best model. 

Number of Variables r? 

Oe 

0.093 

0.083 

0.214 

0.191 

0.181 

0.285 

0.268 

0.240 

0.308 

0.304 

0.296 

O17, 

07315 

0.313 

0.323 

OS 19 

O17, 

0.324 

LO 

IO GneON CHOW Cy mers Ess 5G 1 

Adjusted r? 

0.119 

0.090 

0.080 

0.210 

0.186 

0.177 

0.280 

0.263 

0.234 

0.301 

0:297, 

0.289 

0.308 

0.306 

0.304 

3 13 

0,309 

0.306 

Ooie 

C 
ele) 

130.4 

136;2 

62.1 

75.6 

81.0 

22.6 

32.4 

49.0 

1133 

14.0 

18.3 

8.2 

9.6 

10.7 

6.8 

9.0 

10.4 

8.0 

Variables Included 

X4 
X; 

X3 
X3, X4 

Xj, X3 

X1, X4 

Xi, X3, X4 

X3, X4, X5 

Xp, X3, X4 

Xi, Xp, Xa, X4 

X 1, X3, X4, X6 

X, X3, X4, X5 

X1, Xp, X3, X4, X5 

X1, Xp, X3, X4, Xe 

Xi, X3, X4, Xs, X6 

X1, Xp, X3, X4, Xs, Xe 

2G, Xp, X3, X4, Xs, X; 

X1, Xp, X3, X4, Xe, X7 
Xi, M, Xa My Xe, Ke 

SOLUTION From Table 15.5, you need to determine which models have C, values that are 

less than or close tok + 1. Two models meet this criterion. The model with six independent 

variables (X,, X>, X3, X4, X5, X¢) has a C, value of 6.8, which is less thank + 1 =6 + 1 = 7, 

and the full model with seven independent variables (X,, Xp, X3, X4, X5, X¢, X7) has a C, value 

of 8.0. 

One way you can choose between the two models is to select the model with the largest 
adjusted r?, which is the model with six independent variables. Another way to select a final 

model is to determine whether the models contain a subset of variables that are common. 

Then you test whether the contribution of the additional variables is significant. In this case, 
because the models differ only by the inclusion of variable X7 in the full model, you test 

whether variable X; makes a significant contribution to the regression model, given that 

the variables X,, X, X3, X4, Xs, and X¢ are already included in the model. If the contribution 

is statistically significant, then you should include variable X7 in the regression model. If 

variable X7 does not make a statistically significant contribution, you should not include it 

in the model. 
see stn IRE PENI NESS A SNES SP OAS SNES SAEED 
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Figure 15.18 summarizes the model-building process. 

FIGURE 15.18 

The model-building process 

PROBLEMS FOR SECTION 15.4 

LEARNING THE BASICS 

15.21 You are considering four independent variables for inclusion 
in a regression model. You select a sample of n = 30, with the 
following results: 

1. The model that includes independent variables A and B has a 
C, value equal to 4.6. 

2. The model that includes independent variables A and C has a 
C, value equal to 2.4. 

3. The model that includes independent variables A, B, and C has 
a C, value equal to 2.7. 
a. Which models meet the criterion for further consideration? 

Explain. 
b. How would you compare the model that contains independent 

variables A, B, and C to the model that contains independent 
variables A and B? Explain. 

15.22 You are considering six independent variables for inclusion 
in a regression model. You select a sample of n = 40, with the 
following results: 

k=2 T=6+1=7 RR=0.274 RA = 0.653 

a. Compute the C, value for this two-independent-variable model. 
b. Based on your answer to (a), does this model meet the criterion 

for further consideration as the best model? Explain. 

APPLYING THE CONCEPTS 

15.23 The file [97VEFY contains data from a sample of full-time 
MBA programs offered by private universities. The variables col- 
lected for this sample are average starting salary upon graduation 
($), the percentage of applicants to the full-time program who were 
accepted, the average GMAT test score of students entering the 
program, program per-year tuition ($), and percent of students with 
job offers at time of graduation. 

Source: Data extracted from U.S. News & World Report Education, “Best Graduate 
Schools,” bit.ly/LE8MBep. 

Develop the most appropriate multiple regression model to predict 
the mean starting salary upon graduation. Be sure to include a thor- 
ough residual analysis. In addition, provide a detailed explanation of 
the results, including a comparison of the most appropriate multiple 
regression model to the best simple linear regression model. 

15.24 You need to develop a model to predict the asking 
MSSUE price of houses listed for sale in Silver Spring, Maryland, 

based on the living space of the house, the lot size, and the age, whether 
it has a fireplace, the number of bedrooms, and the number of bath- 
rooms. A sample of 61 houses is selected and the results are stored in 
SIS. Develop the most appropriate multiple regression 
model to predict asking price. Be sure to perform a thorough residual 
analysis. In addition, provide a detailed explanation of the results. 



15.25 Accounting Today identified top public accounting firms 
in 10 geographic regions across the United States. The file 

contains data for public account- 
ing firms in the Southeast, Gulf Coast, and Capital Regions. The 
variables are revenue ($millions), number of partners in the firm, 
number of offices in the firm, proportion of business dedicated 
to management advisory services (MAS%), whether the firm is 
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located in the Southeast Region (0 = no, 1 = yes), and whether 
the firm is located in the Gulf Coast Region (0 = no, 1 = yes). 

Source: Data extracted from “The 2019 Top 100 Firms and Regional Leaders,” 
bit.ly/2O0jXtDo. 

Develop the most appropriate multiple regression model 

to predict firm revenue. Be sure to perform a thorough residual 

analysis. In addition, provide a detailed explanation of the results. 

15.5 Pitfalls in Multiple Regression and Ethical Issues 
Pitfalls in Multiple Regression 

Model building is an art as well as a science. Different individuals may not always agree on 

the best multiple regression model. To develop a good regression model, use the process that 

Exhibit 15.1 and Figure 15.18 on pages 540 and 546 summarize. As you follow that process, 

you must avoid certain pitfalls that can interfere with the development of a useful model. 

Section 13.9 discussed pitfalls in simple linear regression and strategies for avoiding them. Multiple 

regression models require the following additional precautions to avoid common pitfalls: 

* Interpret the regression coefficient for a particular independent variable from a perspective 

in which the values of all other independent variables are held constant. 

¢ Evaluate residual plots for each independent variable. 

¢ Evaluate interaction and quadratic terms. 

* Compute the V/F for each independent variable before determining which independent 

variables to include in the model. 

¢ Examine several alternative models, using best subsets regression. 

* Use logistic regression instead of least squares regression when the dependent variable 

is categorical. 

* Use cross-validation to improve accuracy of models for predicting future data. 

Ethical Issues 

Ethical issues arise when a user who wants to make predictions manipulates the development 

process of the multiple regression model. The key here is intent. In addition to the situations that 

Section 13.9 discusses, unethical behavior occurs when someone uses multiple regression analy- 

sis and willfully fails to remove from consideration independent variables that exhibit a high col- 

linearity with other independent variables or willfully fails to use methods other than least-squares 

regression when the assumptions necessary for least-squares regression are seriously violated. 

Y USING STATISTICS 
Valuing Parsimony..., Revisited 

n the Using Statistics scenario, you were hired by Nickels 

' Broadcasting to determine which variables have an effect on 

WSTA-TV standby hours. You were given a 26-week sample 

that contained the weekly standby hours, staff count, remote 

engineering hours, graphics hours, and production hours. 

You performed a multiple regression analysis on the data. 

The coefficient of multiple determination indicated that 62.31% 

of the variation in standby hours can be explained by variation 

in the weekly staff count and the number of remote engineering, 

graphics, and editorial production hours. The model indicated 

that standby hours are estimated to increase by 1.2456 hours for 

each additional weekly staff member present, holding constant 

the other independent variables; to decrease by 0.1184 hour for 

each additional remote engineering hour, holding constant the 

ae: 
lth of 

. Pie 

other independent variables; 

to decrease by 0.2971 hour 
for each additional graphics 
hour, holding constant the 

other independent variables; 

and to increase by 0.1305 hour for each additional editorial pro- 

duction hour, holding constant the other independent variables. 
Each of the four independent variables had a significant effect 

on Standby, holding constant the other independent variables. This 
regression model enables you to predict standby hours based on 
the weekly staff count, remote engineering hours, graphics hours, 
and editorial production hours. Any predictions developed by the 
model can then be carefully monitored, new data can be collected, 

and other variables may possibly be considered. 
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Figure 15.19 summarizes the several topics associated : 
Multiple Regression 

with multiple regression model building. Techniques 

FIGURE 15.19 | 
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mKEY EQUATIONS _ 
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Quadratic Regression Model Original Exponential Model 

Y, = Bo + BX; + PoX7; + «; (15.1) | ¥; = ePot BiXu+ BX g. (15.6) 

Bua cratic Regression Equation Transformed Exponential Model 
Y; = bo ae bX; te b.Xj; ; (15.2) In Y= In( e807 Bix BoXoy E;) 

Regression Model with a Square-Root Transformation = In(ePot Pikut Pox + In g; 

ae Bo + BiXi; + &; (15.3) = Bo + PiXy + BX; + Ine; (15.7) 

Original prlg ones oe Model Variance Inflationary Factor 
= BoXP)XFre; 15.4 1 

} a2) VIF; = : (15.8) 
Transformed Multiplicative Model | 1- Rj 

log ¥; = log ( BoX)XSe; ) CG, Statistic 
= lo + log( X#)) + log(X#) + log e; 1 — RO(n - g By + log (Xf!) + log(x$) + log ee ee ae AS 
= log By + B, log Xi; + Blog X,, + loge; (15.5) | rales) 

best subsets approach 542 logarithmic transformation 536 Square-root transformation 535 
C, statistic 543 principle of parsimony 540 stepwise regression 541 

collinearity 538 quadratic regression model 527 transformations 534 

curvilinear relationship 527 quadratic term 527 variance inflationary factor (V/F) 538 

15.26 How can you evaluate whether collinearity exists in a 15.28 How do you choose among models according to the C, 

multiple regression model? statistic in best subsets regression? 

15.27 What is the difference between stepwise regression and 

best subsets regression? 

¥ CHAPTER PROB EE MiSs rere io a 
15.29 A specialist in baseball analytics has expanded his analysis, Develop the most appropriate multiple regression model to 

presented in Problem 14.77 on page 520, of which variables are —_ predict a team’s wins. Be sure to include a thorough residual analy- 

important in predicting a team’s wins in a given baseball season. sis. In addition, provide a detailed explanation of the results. 

He has collected data in related to wins, ERA, saves, runs 

scored per game, batting average, home runs, and batting average 15.30 In the production of printed circuit boards, errors in the 

against for a recent season. alignment of electrical connections are a source of scrap. The file 
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Beitr ie sce @ee- Wey) Contains the registration error, the 

temperature, the pressure, and the circuit board cost (low or high) 

used in the production of circuit boards. 

Source: Data extracted from C, Nachtsheim and B. Jones, “A Powerful Analytical 

Tool,” Six Sigma Forum Magazine, August 2003, pp. 30-33, 

Develop the most appropriate multiple regression model to predict 

registration error. 

15.31 Hemlock Farms is a community located in the Pocono 

Mountains area of eastern Pennsylvania. The file |) = "72959 con- 

tains information on homes that were recently for sale. The variables 

included were 

List Price—Asking price of the house 

Hot Tub—Whether the house has a hot tub, with 0 = No and 

1 = Yes 

Lake View—Whether the house has a lake view, with 0 = No 

and 1 = Yes 

Bathrooms—Number of bathrooms 

Bedrooms—Number of bedrooms 

Loft/Den—Whether the house has a loft or den, with 0 = No 

and 1 = Yes 

Finished basement—Whether the house has a finished base- 

ment, with O = Noand1 = Yes 

Acres—Number of acres for the property 

Develop the most appropriate multiple regression model to predict 
the asking price. Be sure to perform a thorough residual analysis. In 
addition, provide a detailed explanation of your results. 

15.32 Nassau County is located approximately 25 miles east of 
New York City. The file contains a sample of 30 single- 
family homes located in Glen Cove. Variables included are the fair 
market value, land area of the property (acres), interior size of the 
house (square feet), age (years), number of rooms, number of bath- 
rooms, and number of cars that can be parked in the garage. 
a. Develop the most appropriate multiple regression model to pre- 

dict fair market value. 
b. Compare the results in (a) with those of Problems 15.33 (a) and 

15.34 (a). 

15.33 Data similar to those in Problem 15.32 are available for 
homes located in Roslyn (approximately 8 miles from Glen Cove) 
and are stored in EEE). 
a. Perform an analysis similar to that of Problem 15.32. 
b. Compare the results in (a) with those of Problems 15.32 (a) and 

15.34 (a). 

15.34 Data similar to Problem 15.32 are available for homes 
located in Freeport (located approximately 20 miles from Roslyn) 
and are stored in [2@e°Sri. 
a. Perform an analysis similar to that of Problem 15.32, 
b. Compare the results in (a) with those of Problems 15.32 (a) and 

15.33.(a), 

15.35 You are a real estate broker who wants to compare property 
values in Glen Cove and Roslyn (which are located approximately 8 
miles apart). Use the data in [SSE EE IRE). Make sure to include the 
dummy variable for location (Glen Cove or Roslyn) in the regression 
model. 
a. Develop the most appropriate multiple regression model to 

predict fair market value. 
b. What conclusions can you reach concerning the differences in 

fair market value between Glen Cove and Roslyn? 

15.36 You are a real estate broker who wants to compare prop- 

erty values in Glen Cove, Freeport, and Roslyn. Use the data in 

|GC Freepori Roslyn | 
a. Develop the most appropriate multiple regression model to pre- 

dict fair market value. 

b. What conclusions can you reach concerning the differences in 

fair market value between Glen Cove, Freeport, and Roslyn? 

15.37 Financial analysts engage in business valuation to deter- 

mine a company’s value. A standard approach uses the multiple 

of earnings method: You multiply a company’s profits by a certain 

value (average or median) to arrive at a final value. More recently, 

regression analysis has been demonstrated to consistently deliver 

more accurate predictions. A valuator has been given the assign- 

ment of valuing a drug company. She obtained financial data on 
60 drug companies (Industry Group Standard Industrial Classifi- 
cation [SIC] 3 code 283), which included pharmaceutical prepa- 
ration firms (SIC 4 code 2834), in vitro and in vivo diagnostic 
substances firms (SIC 4 code 2835), and biological products 
firms (SIC 4 2836). The file EFS SES 299 FP) contains these 
variables: 

COMPANY—Drug company name 

TS—tTicker symbol 

SIC 3—Standard Industrial Classification 3 code (industry 
group identifier) 

SIC 4—Standard Industrial Classification 4 code (industry 
identifier) 

PB fye—Price-to-book value ratio (fiscal year ending) 
PE fye—Price-to-earnings ratio (fiscal year ending) 
NL Assets—Natural log of assets (as a measure of size) 
ROE—Return on equity 

SGROWTH—Growth (GS5) 
DEBT/EBITDA—Ratio of debt to earnings before interest, 

taxes, depreciation, and amortization 
D2834—Dummy variable indicator of SIC 4 code 2834 (1 if 

2834, 0 if not) 
D2835—Dummy variable indicator of SIC 4 code 2835 eis 

2835, 0 if not) 

Develop the most appropriate multiple regression model to predict 
the price-to-book value ratio. Perform a thorough residual analysis 
and provide a detailed explanation of your results. 

15.38 The J. Conklin article, “It’s a Marathon, Not a Sprint,” Qual- 
ity Progress, June 2009, pp. 46-49, discussed a metal deposition 
process in which a piece of metal is placed in an acid bath and 
an alloy is layered on top of it. The key quality characteristic is 
the thickness of the alloy layer. The file contains the 
following variables: 

Thickness—Thickness of the alloy layer 
Catalyst—Catalyst concentration in the acid bath 
PH—pH level of the acid bath 
Pressure—Pressure in the tank holding the acid bath 
Temp—Temperature in the tank holding the acid bath 
Voltage—Voltage applied to the tank holding the acid bath 

Develop the most appropriate multiple regression model to pre- 
dict the thickness of the alloy layer. Be sure to perform.a thorough 
residual analysis. The article Suggests that there is a significant — 
interaction between the pressure and the temperature in the tank. 
Do you agree? 



15.39 A molding machine that contains different cavities is used 
in producing plastic parts. The product characteristics of inter- 
est are the product length (in.) and weight (g). The mold cavities 
were filled with raw material powder and then vibrated during the 
experiment. The factors that were varied were the vibration time 
(seconds), the vibration pressure (psi), the vibration amplitude (%), 
the raw material density (g/mL), and the quantity of raw material 
(scoops). The experiment was conducted in two different cavities on 
the molding machine. The data are stored in [YSETET. 
Source: Data extracted from M. Lopez and M. McShane-Vaughn, “Maximizing 
Product, Minimizing Costs,” Six Sigma Forum Magazine, February 2008, pp. 18-23. 

a. Develop the most appropriate multiple regression model to pre- 
dict the product length in cavity 1. Be sure to perform a thorough 
residual analysis. In addition, provide a detailed explanation of 
your results. 

Repeat (a) for cavity 2. 

. Compare the results for length in the two cavities. 

d. Develop the most appropriate multiple regression model to predict 

the product weight in cavity 1. Be sure to perform a thorough 

residual analysis. In addition, provide a detailed explanation of 
your results. 

e. Repeat (d) for cavity 2. 

f. Compare the results for weight in the two cavities. 

ae oe 

15.40 The file contains a sample of 25 cities in the United 
States. Variables included are city average annual salary ($), unem- 

ployment rate (%), median home value ($thousands), number of 

The Mountain States Potato Company 
Mountain States Potato Company sells a by-product of its 

potato-processing operation, called a filter cake, to area feedlots 

as cattle feed. The business problem faced by the feedlot owners 

is that the cattle are not gaining weight as quickly as they once 

were. The feedlot owners believe that the root cause of the prob- 

lem is that the percentage of solids in the filter cake is too low. 

Historically, the percentage of solids in the filter cakes ran 

slightly above 12%. Lately, however, the solids are running in 

the 11% range. What is actually affecting the solids is a mystery, 

but something has to be done quickly. Individuals involved in 

the process were asked to identify variables that might affect the 

percentage of solids. This review turned up the six variables (in 

addition to the percentage of solids) listed in the right column. 

Data collected by monitoring the process several times daily for 

20 days are stored in [U2V@). 

1. Thoroughly analyze the data and develop a regression model 

to predict the percentage of solids. 

2. Write an executive summary concerning your findings to the 

president of the Mountain States Potato Company. Include 

specific recommendations on how to get the percentage of 

solids back above 12%. 
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violent crimes per 100,000 residents, average commuter travel 

time (minutes), and livability score, a rating on a scale of 

0 to 100 that rates the overall livability of the city. 

Source; Data extracted from “125 Best Places to Live in the USA,” available at 

bit.ly/2jYvtFz and “AARP Livability Index,” available at bit.ly/1Qbd6o0j. 

Develop the most appropriate multiple regression model to 

predict average annual salary ($). Be sure to perform a thorough 

residual analysis and provide a detailed explanation of the results 

as part of your answer. 

15.41 A sports statistician seeks to evaluate NBA team statistics 

for a recent year. The statistician collects data for wins and points 

scored, field goal percentage, opponent field goal percentage, 

three point field goal percentage, free throw percentage, rebounds 

per game, assists per game, and turnovers per game, and stores 

these data in I{EVWeles. 
Develop the most appropriate multiple regression model to 

predict the number of wins for an NBA team. Be sure to perform 

a thorough residual analysis and provide a detailed explanation 

of the results as part of your answer. 

REPORT WRITING EXERCISE 

15.42 In Problems 15.32-15.36 you developed multiple 

regression models to predict the fair market value of houses in 

Glen Cove, Roslyn, and Freeport. Now write a report based on 

the models you developed. Append all appropriate charts and sta- 

tistical information to your report. 

CHAPTER 

Variable Comments 

SOLIDS Percentage of solids in the filter cake. 

PH Acidity. This measure of acidity indicates 

bacterial action in the clarifier and is controlled 

by the amount of downtime in the system. As 

bacterial action progresses, organic acids are 

produced that can be measured using pH. 

LOWER Pressure of the vacuum line below the fluid line 

on the rotating drum. 

UPPER Pressure of the vacuum line above the fluid line 

on the rotating drum. 

THICK Filter cake thickness, measured on the drum. 

VARIDRIV _ Setting used to control the drum speed. May 

differ from DRUMSPD due to mechanical 

inefficiencies. 

DRUMSPD _ Speed at which the drum is rotating when 

collecting the filter cake. Measured with a 

stopwatch. 
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Sure Value Convenience Stores 

You work in the corporate office for a nationwide convenience 

store franchise that operates nearly 10,000 stores. The per- 

store daily customer count (i.e., the mean number of customers 

in a store in one day) has been steady at 900 for some time. 

To increase the customer count, the chain is considering cut- 

ting prices for coffee beverages. The question to be answered 

is how much prices should be cut to increase the daily cus- 

tomer count without reducing the gross margin on coffee sales 

too much. You decide to carry out an experiment in a sample 

of 24 stores where customer counts have been running almost 

exactly at the national average of 900. In six of the stores, 

the price of a small coffee will now be $0.59, in six stores the 

price of a small coffee will now be $0.69, in six stores, the price of 

a small coffee will now be $0.79, and in six stores, the price of a 
small coffee will now be $0.89. After four weeks at the new 
prices, the daily customer count in the stores is determined and 
is stored in feierese need. 

a. Construct a scatter plot for price and sales, 

b. Fit a quadratic regression model and state the quadratic 
regression equation. 

¢. Predict the mean weekly sales for a small coffee priced at 
79 cents. 

d. Perform a residual analysis on the results and determine 
whether the regression model is valid. 

€. At the 0.05 level of significance, is there a significant qua- 
dratic relationship between weekly sales and price? 

f. At the 0.05 level of significance, determine whether the qua- 
dratic model is a better fit than the linear model. 

g. Interpret the meaning of the coefficient of multiple 
determination. 

h. Compute the adjusted r?. 

i, What price do you recommend the small coffee should be 
sold for? 

Digital Case 
Apply your knowledge of multiple regression model building in 
this Digital Case, which extends the Chapter 14 OmniPower 
Bars Using Statistics scenario. 

Still concerned about ensuring a successful test marketing of 
its OmniPower bars, the marketing department of OmniFoods 
has contacted Connect2Coupons (C2C), another merchandis- 
ing consultancy. C2C suggests that earlier analysis done by 
In-Store Placements Group (ISPG) was faulty because it did not 
use the correct type of data. C2C claims that its Internet-based 
viral marketing will have an even greater effect on OmniPower 
energy bar sales, as new data from the same 34-store sample 
will show. In response, ISPG says its earlier claims are valid and 
has reported to the OmniFoods marketing department that it can 
discern no simple relationship between C2C’s viral marketing 
and increased OmniPower sales. 

Open OmniPowerForum15.pdf to review all the claims 

made in a private online forum and chat hosted on the Omni- 

Foods corporate website. Then answer the following: 

1. Which of the claims are true? False? True but misleading? 

Support your answer by performing an appropriate statistical 

analysis. 

2. If the grocery store chain allowed OmniFoods to use an 

unlimited number of sales techniques, which techniques 

should it use? Explain. 

3. If the grocery store chain allowed OmniFoods to use 

only one sales technique, which technique should it use? 
Explain. 

The Craybill Instrumentation 
Company Case 
The Craybill Instrumentation Company produces highly tech- 
nical industrial instrumentation devices. The human resources 
(HR) director has the business objective of improving recruit- 
ing decisions concerning sales managers. The company has 
45 sales regions, each headed by a sales manager. Many of the 
sales managers have degrees in electrical engineering, and due 
to the technical nature of the product line, several company 
officials believe that only applicants with degrees in electrical 
engineering should be considered. 

At the time of their application, candidates are asked to take 
the Strong-Campbell Interest Inventory Test and the Wonderlic 
Personnel Test. Due to the time and money involved with the 
testing, some discussion has taken place about dropping one 
or both of the tests. To start, the HR director gathered informa- 
tion on each of the 45 current sales managers, including years 
of selling experience, electrical engineering background, and 
the scores from both the Wonderlic and Strong-Campbell tests. 
The HR director has decided to use regression modeling to pre- 
dict a dependent variable of “sales index” score, which is the 
ratio of the regions’ actual sales divided by the target sales. The 
target values are constructed each year by upper management, 
in consultation with the sales managers, and are based on past 
performance and market potential within each region. The file 

contains information on the 45 current sales manag- 
ers, The following variables are included: 

Sales—Ratio of yearly sales divided by the target sales value 
for that region; the target values were mutually agreed- 
upon “realistic expectations” 

Wonder—Score from the Wonderlic Personnel Test; the 
higher the score, the higher the applicant’s perceived 
ability to manage 

SC—Score on the Strong-Campbell Interest Inventory Test; 
the higher the score, the higher the applicant’s perceived 
interest in sales 

Experience—Number of years of selling experience prior to 
becoming a sales manager 

Engineer—Dummy variable that equals 1 if the sales manager 
has a degree in electrical engineering and 0 otherwise 



a. Develop the most appropriate regression model to predict 
sales. 

b. Do you think that the company should continue administer- 

ing both the Wonderlic and Strong-Campbell tests? Explain. 

c. Do the data support the argument that electrical engineers 

outperform the other sales managers? Would you support the 

idea to hire only electrical engineers? Explain. 

d. How important is prior selling experience in this case? Explain. 

e. Discuss in detail how the HR director should incorporate the 

regression model you developed into the recruiting process. 

Cases 553 

More Descriptive Choices Follow-Up 
Follow-up the Using Statistics scenario, “More Descrip- 

tive Choices, Revisited” on page 147, by developing regres- 

sion models to predict the one-year return, the three-year 

return, the five-year return, and the ten-year return based on 

the assets, turnover ratio, expense ratio, beta, standard devi- 

ation, type of fund (growth versus value), and risk (stored in 

CEEWEEE). (For this analysis, combine low and average 

risk into the new category “not high.”) Be sure to perform a thor- 

ough residual analysis. Provide a summary report that explains 

your results in detail. 



"EXCEL GUIDE 

CHAPTER 

EG15.1_ The QUADRATIC 
REGRESSION MODEL 

Key Technique Use the exponential operator (4) in a col- 

umn of formulas to create the quadratic term. 

Example Create the quadratic term for the Section 15.1 con- 

crete strength analysis. 

PHStat, Workbook, and Analysis ToolPak For the exam- 
ple, open to the DATA worksheet of the Fly Ash workbook, 
which contains the independent X variable flyash% in 
column A and the dependent Y variable strength in column 
B and: 

1. Select column B, right-click, and click Insert from the 
shortcut menu. This creates a new, blank column B, and 
changes strength to column C, 

2. Enter the label FlyAsh% “2 in cell B1 and then enter 
the formula =A2%2 in cell B2. 

3. Copy this formula down column B through all the data 
rows (through row 19). 

(Best practice places the quadratic term in a column that 
is contiguous to the columns of the other independent 
X variables.) 

Adapt the Section EG14.1 instructions to perform a 
regression analysis using the quadratic term. For PHStat, 
use C1:C19 as the Y Variable Cell Range and A1:B19 as 
the X Variables Cell Range. For Worksheet, use C2:C19 
and A2:B19 in step 4 as the new cell ranges. For Analysis 
ToolPak, use C1:C19 as the Input Y Range and A1:B19 as 
the Input X Range. 

To create a scatter plot, adapt the EG2.5 “The Scatter 
Plot” instructions. For PHStat, use C1:C19 as the Y Vari- 
able Cell Range and A1:B19 as the X Variable Cell Range. 
For Worksheet, select the noncontiguous cell range A1:A19, 
C1:C19 in step | and skip step 3. (Appendix B explains how 
to select a noncontiguous cell range.) Select the scatter chart 
and then: 

1. Select Design (or Chart Design) > Add Chart 
Element > Trendline > More Trendline Options. 

In the Format Trendline pane (parts shown below), 

2. Click Polynomial (shown at top of right column), 
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Format Trendline aaa 
Trendline Options ¥ 

Oo 7 ill 

4 Trendline Options 

lw Exponential 

|_# Linear 

Logarithmic 

ly 9 * Polynomial Order 2 

Dimssome 

3. Check Display Equation on chart (shown below). 

LJ Qecimercepe ww 

7) Display Equation on chart 

__| Display R-squared value on chart 

In older Excels, select Layout > Trendline > More 
Trendline Options in step 1 and in the Format Trendline 
dialog box, click Trendline Options in the left pane. In 
the Trendline Options right pane, click Polynomial, check 
Display Equation on chart, and click OK. 

EG15.2 USING TRANSFORMATIONS 
in REGRESSION MODELS 

The Square-Root Transformation 

To the worksheet that contains your regression data, add a 
new column of formulas that computes the square root of the 
variable for which you want to create a square-root transfor- 
mation. For example, to create a square-root transformation 
in a blank column D for a variable in a column C, enter the 
formula =SQRT(C2) in cell D2 of that worksheet and copy 
the formula down through all data rows. 

If the column to the immediate right of the variable to 
be transformed is not empty, first select that column, right- 
click, and click Insert from the shortcut menu. Then place 
the transformation in the newly inserted blank column. 

The Log Transformation 

To the worksheet that contains your regression data, add a 
new column of formulas that computes the common (base 
10) logarithm or natural logarithm (base e) of the dependent 
variable to create a log transformation. For example, to create 
a common logarithm transformation in a blank column D for 
a variable in column C, enter the formula =LOG(C2) in cell 
D2 of that worksheet and copy the formula down through 
all data rows. To create a natural logarithm transformation 



in a blank column D for a variable in column C, enter the 
formula =LN(C2) in cell D2 of that worksheet and copy the 
formula down through all data rows. 

If the dependent variable appears in a column to the 
immediate right of the independent variable being trans- 
formed, first select the dependent variable column, right- 
click, and click Insert from the shortcut menu and then place 
the transformation of the independent variable in that new 
column. 

EG15.3 COLLINEARITY : 
PHStat To compute the variance inflationary factor (VIF), 
use the EG14.1 “Interpreting the Regression Coefficients” 
PHStat instructions on page 522, but modify step 6 by 

checking Variance Inflationary Factor (V/F) before you 
click OK. The V/F will appear in cell B9 of the regression 

results worksheet, immediately following the Regression 
Statistics area. 

Workbook To compute the variance inflationary factor, first 

use the EG14.1 “Interpreting the Regression Coefficients” 

Workbook instructions on page 522 to create regression 

results worksheets for every combination of independent 

variables in which one serves as the dependent variable. 

Then, in each of the regression results worksheets, enter the 

label VIF in cell A9 and enter the formula =1/(1 — B5) in 

cell B9 to compute the VIF. 

EG15.4 MODEL BUILDING 

The Stepwise Regression Approach 

to Model Building 

Key Technique Use PHStat to perform a stepwise analysis. 

Example Perform the Figure 15.14 stepwise analysis for the 

Nickels Broadcasting data on page 542. 

PHStat Use Stepwise Regression. 

For the example, open to the DATA worksheet of the Nickels 

26Weeks workbook and select PHStat > Regression > 

Stepwise Regression. In the procedure’s dialog box (shown 

at the top of the right column): 

1. Enter A1:A27 as the Y Variable Cell Range. 

2. Enter B1:E27 as the X Variables Cell Range. 

3. Check First cells in both ranges contain label. 

4, Enter 95 as the Confidence level for regression 

coefficients. 

5. Click p values as the Stepwise Criteria. 

6. Click General Stepwise and keep the pair of .05 values 

as the p value to enter and the p value to remove. 

7, Enter a Title and click OK. 
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Stepwise Regression x | 
| | 
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;~ Stepwise Options 
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Pp value to remove: [05 || 
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| 

p Value to enter: [i 

© Backward Elimination 

p value to remove: 

~ Output Options ——-—----— i 

| | j 

This procedure may take more than a few seconds to con- 

struct its results. The procedure finishes when the statement 

“Stepwise ends” is added to the stepwise regression results 

worksheet (in row 29 in Figure 15.14 on page 542). 

The Best Subsets Approach 
to Model Building 

Key Technique Use PHStat to perform a best subsets 

analysis. 

Example Perform the Figure 15.15 best subsets analysis for 

the Nickels Broadcasting data on page 543. 

PHStat Use Best Subsets. 

For the example, open to the DATA worksheet of the 

Nickels 26Weeks workbook. Select PHStat > Regres- 

sion Best Subsets. In the procedure’s dialog box (shown 

below): 

1. Enter A1:A27 as the Y Variable Cell Range. 

2. Enter B1:E27 as the X Variables Cell Range. 

3. Check First cells in each range contains label. 

4. Enter 95 as the Confidence level for regression 

coefficients. 

5. Enter a Title and click OK. 

Best Subsets x 

Ne 
Y Variable Cell Range: fauia2z7 | 

X Variables Cell Range: jp1:£27 2 | 

|¥ First cells in each range contains label 

Confidence level for regression coefficients: 95 % 
= wee = otis 

[- Output Options 
Tite: j | 

Because this procedure examines many different regression 

models, there may be a noticeable delay between when OK 

is clicked and results appear onscreen. 
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’USING STATISTICS 
Is the ByYourDoor Service Trending? 

Construct different 

time-series forecasting 

models for annual and S enior managers at By YourDoor, an online food delivery service, have asked you to.ana- Seasonal data lyze sales data. These managers would like to know if sales data can be used to estimate Choose the most future sales. They already know that their business is thriving, but sales seem to be _ appropriate time-series subject to periodic dips that make it hard to accurately estimate short-term physical and labor forecasting model resources requirements for the company. 
One manager wondered if a regression technique might be useful, but another manager recalls that simple and multiple regression models can only predict inside the range of the X values used to create the model. Looking forward would require going beyond the values in such a range. Is it even possible to make a useful estimation about a future value of a dependent Y variable? 556 



16.1 Time-Series Component Factors ate y/ 

Forecasting estimates future business conditions by monitoring changes that occur over 
time. Managers must be able to develop forecasts to anticipate likely changes their businesses 
will face. For example, retail marketing executives might forecast product demand, sales rev- 
enues, consumer preferences, and inventory, among other things, to make decisions regarding 

product promotions and strategic planning. Time-series forecasting, the focus of this chapter, 

uses a time series, a set of numerical data collected over time at regular intervals, as the basis 

for the estimation. Both government and business activities generate time series data. Some 

government examples include economic indicators such as a consumer price index or the quar- 

terly gross domestic product (GDP) as well as measurements of real-world phenomena such 

as the mean monthly level of lakes, the levels of carbon dioxide in the air, or the daily high 

temperature for a locality. Businesses generate many types of time series and typically include 

annual measurements of sales revenues, net profits, and other accounting data in annual reports 

or similar documents. 

Time-series forecasting is not the only type of forecasting that uses numerical data. Causal 

forecasting methods help determine the factors that relate to the variable being estimated. These 
methods include multiple regression analysis with lagged variables, econometric modeling, 

leading indicator analysis, and other economic barometers that are beyond the scope of this text, 

but which the Box, Hanke, and Montgomery references discuss. 

Although time-series forecasting shares the goal of prediction with the regression methods 

that previous chapters discuss, time-series forecasting seeks to estimate a future value, a goal 

very different than from the goals of the regression methods that Chapters 13, 14, and 15 discuss. 

For ByTheDoor, an initial complication would be to establish the time interval that most makes 

sense for estimating future sales. The time interval can affect both the perception of the data 

as well as the statistical methods used to analyze the time series. Because the company buys 

supplies monthly and because customers use the service once a month, on average, collecting 

monthly data might make best sense, but other time intervals might also be appropriate depend- 

ing on the goal of the senior managers at the firm. 

16.1 Time-Series Component Factors 
As Section 2.5 notes, a time-series plot, in which the X axis represents units of time and the 

Y axis represents the values of a numerical variable, can help visualize trends in data that occur 

over time. A trend, an overall long-term upward or downward movement, that exists in a time 

series, is one possible pattern, or component of a time series. Establishing whether a trend exists 

in a time series is an important early step in time-series analysis. Time-series plots can suggest 

whether a trend component exists in the time series. If a time series shows no trend, then the 

techniques of moving averages and exponential smoothing that Section 16.2 discusses can be 

used to analyze the time series. If a time series shows a trend, the various methods that Sections 

16.3 through 16.5 discuss can be used if the time series represents annual data. Figure 16.1 Panel 

A shows a time series with a strong upward trend. 
Time-series data may also show a combination of cyclical and irregular components. A 

cyclical component is up-and-down movement in the time series of medium duration, typically 
from two to ten years in length. Figure 16.1 Panel B shows a time series with four cycles of 

differing durations. These cycles often correlate with “business cycles” that are associated with 

certain types of economic activities. 
Figure 16.1 Panel C visualizes a time series that has a strong irregular component. An 

irregular component reflects one-time changes to a time series that cannot be explained by 

the trend or cyclical components. For business decision makers, discovering an irregularity may 

signal an inflection point in which a significant business or economic change has occurred. 

If a time series is collected at intervals of less than year, such as monthly or quarterly, the 

time series may also have a seasonal component. Figure 16.1 Panel D visualizes a seasonal 

component in which time series data values show the pattern of being very high during the 

summer months and very low during the winter months. 
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FIGURE 16.1 

Trend, cyclical, irregular, and seasonal components of a time series 
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Figure 16.2 shows the time series of houses sold in the United States from June 1987 
through June 2019. This time series contains two types of components. The irregular down- 
ward component centered on 2008 reflects the collapse of the U.S. housing market that led to 
the “Great Depression” of 2007-2009. Several monthly upward spikes can be seen, including 
one that occurs every March (red points). This seasonal effect persists through the irregular 
component centered on 2008, in which March 2007 and March 2008 sales represent tempo- 
rary upswings. An analyst trying to predict future housing sales and not accounting for that 
seasonal effect might have been misled by these March changes during the 2007-2009 reces- 
sionary period. An analyst who understood that such spikes were seasonal would not expect 
these spikes to continue and therefore would have been less likely to overestimate the future 
housing sales. 

FIGURE 16.2 

Monthly sales of houses 

in the United States, 

June 1987 through June 

2019 (red plots represent 

March sales) 

Houses Sold By Month, June 1987 - June 2019 

Jun 1987 Jun 1991 Jun 1995 Jun 1999 Jun 2003 Jun 2007 Jun 2011 Jun 2015 Jun 2019 
Month 
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16.2 Smoothing an Annual Time Series 

TABLE 16.1 

Annual movie attendance 

(in billions) from 2001 

through 2018 

FIGURE 16.3 

Time-series plot of movie 

attendance from 2001 

through 2018 

studentTIP 
"Remember that you 

_ cannot calculate 

_ moving averages at the 

_ beginning and at the end 
“of the series. 

Smoothing a time series, transforming the time series to show small-scale fluctuations, can help 
determine if a time series contains a trend because the smoothing minimizes the effects of the 
other time-series components. For example, Table 16.1 presents the annual U.S. and Canada 
movie attendance (in billions) from 2001 through 2018, as ref lected by number of tickets sold. 
Figure 16.3 visualizes these data, stored in ECE. 

Attendance é Attendance Year Attendance 

2012 1.36 

2013 1.34 

2014 Li2a 

2015 Loe 

2016 32 

2017 dee 

2018 poh | 

Source: Data extracted from boxofficemojo.com/yearly. 

Movie Attendance from 2001 through 2018 

2000 2005 2010 2015 2020 

Year 

Figure 16.3 seems to show a slight downward trend in movie attendance for the time period 
plotted. However, the variation that exists from one time period to another can sometimes 

obscure a long-term trend, which can make an existing trend hard to identify. Using moving 

averages or exponential smoothing can smooth the data and better visualize a long-term trend 

that may be present. 

Moving Averages 
The moving averages method calculates means for sequences of consecutive time-series values 

for a time duration L. The sequences each differ by one time-series value, as the moving average 
method “moves” through the time-series. For example, for a three-year moving average for an 
annual time series of 11 years, the first calculated mean would be the mean of the time-series 

values for years 1 through 3, the second calculated mean would be the mean for years 2 through 

4, and the ninth calculated mean would be the mean for years 9 through 11. 

The moving averages method always reduces the number of values because moving aver- 
ages cannot be calculated for the first (L — 1)/2 years and the last (L — 1)/2 years of the time 

series. For the example, in which L = 3, a moving average cannot be calculated for either the 
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— Calculating 

_ Five-Year Moving 
_ Averages 

first or last (eleventh) year. Although L could be any whole number, making L an odd number 

permits centering each moving average on a time value, which simplifies preparing tabular and 

visual summaries of a moving average. For example, if L = 3, the first moving average for an 

annual time series of 11 years would be centered on year 2. If L = 5, the first moving average 

would be centered on year 3. However, if L = 4, the moving average would be centered on year 

“2.5,” a time value that is not part of the original time series. 

For annual time-series data that do not contain an obvious cyclical component, using 3, 5, 

or 7 as the value of L are reasonable choices. If a cyclical component exists in a time series, the 

value of L should be a number that corresponds to or is a multiple of the estimated length of a 

cycle. Example 16.1 illustrates calculating moving averages for L = 5. 

The following data represent revenue (in $millions) for a casual dining restaurant over the 
11-year period 2008 to 2018. 

4.0 5.0 7.0 6.0 8.0 9.0 5.0 7.0 7.5 5.5 6.5 

Compute the five-year moving averages for this annual time series. 

SOLUTION Five-year moving averages take the mean of five consecutive time-series values. 
The first of the five-year moving averages is 

Yt+hH+w+H+% 40+5.0+70+60+80 300 MA(S) = = = 6.0 ©) =) 5 5 

The second of the five-year moving averages is: 

Ys aye Yes ¥, + ¥, 5.0+70+60+80+9.0 35.0 MA(5) = 24 “5 " “6 _ = oie Re 5 5 J 

The third, fourth, fifth, sixth, and seventh moving averages are: 

RtYy+tYy+Yy+ ¥ 70+ 6.0+80+9.0+5.0 35.0 MA(5) == 3 2 5 6 7 a ee eee Ss Sees Tet ics eet ee TT, 
5 5 5 

Vy chi Yet iYeo Yo +23 60+ 80+90+50+7.0 35.0 MA(5) = +8 ~ 7 * "8 _ =——=70 5 be s 

Ys ei Yori Ye st Yok ly, 8.0 + 9.0 + 5.0 + 7.0 + 7.5 . MA(5) = = 6 ] 8 BA arr ne nee ee 
5 5 5 

Ye ey te Yea Yo -bov 90+50+70+75 +5. . MA(5) = ——7 8 9 10 = ee fe 5S MO eg 
©: 5 5 

Y+y+hy+ Vo +Y, 5.0 °7.0 “75+ 5, ‘ UNG a te as NS a gual Shag oF Oo eee 
5 5 5 

Figure 16.4 (left) visualizes the three-year and five-year moving averages for the movie attendance data stored in [ENEWS EE. The moving average plots show a downward 
trend but, unlike the Figure 16.3 time-series plot, reveal that the trend has greatly slowed after 
2004. Figure 16.4 (right), a redone plot that discards the time-series values for the early years 2001 through 2004, reveals a time series with a much weaker trend. That pattern suggests that — | using the shorter time series may lead to a more accurate short-term forecast of future movie attendance. 
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FIGURE 16.4 
Time-series plots for the three- and five-year moving averages for the movie attendance for two time series, 2001 through 
2018 and 2005 through 2018 
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While discardin g data is almost never allowed in the inferential methods that earlier chapters 

discuss, discarding consecutive time series is an example of the partially subjective nature of 

time-series forecasting. Determining the proper length of a time series to be used for forecasting 

can be a mix of business experience and awareness of external or one-time, irregular factors. 

For the U.S. and Canadian movie attendance time series, further investigation reveals that the 

year 2002 was unusual in being the only year in which the popular Star Wars, Harry Potter, 

Later movie attendance and the Lord of the Rings movie series all had releases. (And those three films were only the 

examples in this chapter second, third, and fourth most popular movies that year, as 2002 also saw the release of the first 

use the shorter 2005 modern-day Spider-Man movie.) 

through 2018 time series Because the shorter movie attendance time series shows no trend, the moving averages 

for the reasons this passage __ based on the shorter time series could be used for short-term forecasting. However, a second 

discusses. technique, exponential smoothing, typically offers better short-term forecasting. 

Exponential Smoothing 
Exponential smoothing consists of a series of exponentially weighted moving averages. The 

weights assigned to the values change so that the most recent (the last) value receives the highest 

weight, the previous value receives the second-highest weight, and so on, with the first value 

receiving the lowest weight. Therefore, the more recent a time-series value is, the more influence 

the value has on the smoothing function. 

Exponential smoothing uses all previous values in contrast to the moving averages method, 

which uses only a subset of the time series to calculate individual moving averages. Exponential 

smoothing enables one to calculate short-term forecasts one period into the future, even when 

the presence and type of long-term trend in a time series is difficult to determine. Equation 

(16.1) defines an exponentially smoothed value for time period i. Note the special case that the 

smoothed value for time period | is the time period 1| value. 

AN EXPONENTIALLY SMOOTHED VALUE FOR TIME PERIOD i 

1a 6) 

Ey = WY WE (16.1) 

{= 12, 35a ee 
E; = exponentially smoothed series value for time period i 

E;_; = exponentially smoothed series calculated for time periodi — 1 

Y, = time series value for period i 
= subjectively assigned weight or smoothing coefficient, where 0 < W < 1 
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FIGURE 16.5 

Exponentially smoothed 

series (WV = 0.50 and 

W = 0.25) worksheet 

and plot for the movie 

attendance data 

Choosing the weight or smoothing coefficient, W, that one assigns to the time series is both 

critical to the smoothing and somewhat subjective. One should select a small value for W, close 

to zero, if the goal is to smooth a series by eliniinating unwanted cyclical and irregular variations 

in order to see the overall long-term tendency of the series. One should select a large value for 

W, close to 0.5, if the goal is forecasting future short-term directions. 

Figure 16.5 presents the exponentially smoothed values (with smoothing coefficients 

W = 0.50 and W = 0.25), the movie attendance data from 2005 to 2018, and a plot of the orig- 

inal data and the two exponentially smoothed time series. Observe that exponential smoothing 

has smoothed some of the variation in the movie attendance. 

A B c D Exponentially Smoothed Annual Movie Attendance 

1 _ Year Attendance €5(W=0.50) _ES(W=0.25) 200 
2, 2005 1.38 1.3800 1.3800 1.40 
3 2006 1.41 1.3950 1.3875 i ee 
4 2007 1.40 1.3975 1.3906 1.20 

5 2008 1.34 1.3688 1.3780 an 
6 2009 1.41 1.3894 1.3860 : 

7| 2010 1.34 1.3647 1.3745 § 0.80 ~*-Aittendance 
8 2011 1.28 1,3223 1.3509 F 3 ~*-ES(W=0.50) 
9| 2012 1.36 1.3412 1.3531 0.60 *-ES(W=0.25) 
10) 2013 1.34 1.3406 1.3499 
11-2014 1.27 1.3053 1.3299 
12) 2015 1,32 1.3126 1.3274 
13-2016 1,32 1.3163 1.3256 
142017 1.23 1.2732 1.3017 
en car cae os 2004 2006 2008 2010 2012 2014 2016 2018 

Year 

To illustrate these exponential smoothing calculations for a smoothing coefficient of 
W = 0.25, begin with the initial value Yyo995 = 1.38 as the first smoothed value (E5995 = 1.38). 
Then, using the value of the time series for 2006 (¥299g = 1.41), smooth the series for 2006 
as follows: 

E2006 = WYro06 + (1 — W)E2005 

= (0.25)(1.41) + (0.75)(1.38) = 1.3875 

To smooth the series for 2007: 

Ex907 = WYr007 + (1 — W)E 2006 

(0.25)(1.40) + (0.75)(1.3875) = 1.3906 

This smoothing would continue for each of the remaining years in the time series. (Figure 16.5 
also contains results of this smoothing operation.) 

Exponential smoothing is a weighted average of all previous time periods. Therefore, when 
using exponential smoothing for forecasting, one uses the smoothed value in the current time 
period as the forecast of the value in the following period ( ae + 

FORECASTING TIME PERIOD ij + 1 

View UE, (16.2) 

To forecast the movie attendance in 2019, using a smoothing coefficient of W = 0.25, one 
uses the smoothed value for 2018 as its estimate. 

Yoois+1 = Enoig 

Yooio = E018 

Sa = 1.3038 

The exponentially smoothed forecast for 2019 is 1.3038 billion. 
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PROBLEMS FOR SECTION 16.2 

LEARNING THE BASICS 

16.1 If you are using exponential smoothing for forecasting an 
annual time series of revenues, what is your forecast for next year 
if the smoothed value for this year is $32.4 million? 

16.2 Consider a nine-year moving average used to smooth a time 
series that was first recorded in 1984. 

a. Which year serves as the first centered value in the smoothed series? 
b. How many years of values in the series are lost when computing 

all the nine-year moving averages? 

16.3 You are using exponential smoothing on an annual time 

series concerning total revenues (in $millions). You decide to 

use a smoothing coefficient of W = 0.20, and the exponentially 

smoothed value for 2019 is Er9;9 = (0.20)(12.1) +: (0.80)(9.4). 

a. What is the smoothed value of this series in 2019? 

b. What is the smoothed value of this series in 2020 if the value of 

the series in that year is $11.5 million? 

APPLYING THE CONCEPTS 

16.4 The data below, stored in KeSnVicmrerry, 
TEST represent the hours per day spent by American desktop 

and laptop users from 2008 to 2017. 

Year Hours per Day Hours per Day 

2008 exe) 

2009 ZS 

2010 2.4 

2011 2.6 

2012 2:5 

Source: Data extracted from R. Marvin, “Tech Addiction by the 

Numbers...,” bit.ly/2KECJAZ. 

a. Plot the time series. 
b. Fit a three-year moving average to the data and plot the results. 

c. Using a smoothing coefficient of W = 0.50, exponentially 

smooth the series and plot the results. 

d. What is your exponentially smoothed forecast for 2018? 

e. Repeat (c) and (d), using W = 0.25. 

f. Compare the results of (d) and (e). 

g. What conclusions can you reach about desktop/laptop use by 

American users? 

16.5 The following data, stored in (EQTVTIEEEEY, list the num- 

ber of shipments of core major household appliances in the United 

States from 2000 to 2017 (in millions). 

Shipments Shipments 

2000 38.4 2009 36.5 
2001 38.2 2010 38.2 
2002 40.8 2011 36.0 
2003 42.5. 2012 35.8 
2004 46.1 2013 39.2 
2005 47.0 2014 41.5 
2006 46.7 2015 42.9 
2007 44.1 #52016 44.7 

2008 39.8 2017 46.4 
Source: Data extracted from www.statista.com. 

a. Plot the time series. 

b. Fit a three-year moving average to the data and plot the 

results. 

c. Using a smoothing coefficient of W = 0.50, exponentially 

smooth the series and plot the results. 

. What is your exponentially smoothed forecast for 2018? 

Repeat (c) and (d), using W = 0.25. 

Compare the results of (d) and (e). 

- What conclusions can you reach concerning the total number 

of shipments of core major household appliances in the United 

States from 2000 to 2017 (in millions)? 

mo 2 

ge 

16.6 How have stocks performed in the past? The following table 

presents the data stored in SUR nee, which show the per- 
formance of a broad measure of stock performance (by percentage) 

for each decade from the 1830s through the 2010s: 

Decade Performance(%) | Decade Performance (%) 

1830s 2.8 1920s 13.3 

1840s 12.8 1930s =p) 

1850s 6.6 1940s 9.6 

1860s 25) 1950s 18.2 

1870s Tes) 1960s 8.3 

1880s 6.0 1970s 6.6 

1890s StS 1980s 16.6 

1900s 10.9 1990s 17.6 

1910s PI) 2000s AED, 

2010s* 11EO 

* Through December 31, 2018. 

Source: T. Lauricella, “Investors Hope the ’10s Beat the ’00s,” The Wall 

Street Journal, December 21, 2009, pp. C1, C2 and Moneychimp. com, 

“CAGR of the Stock Market,” bit.ly/Laiqtil. 

a. Plot the time series. 

b. Fit a three-period moving average to the data and plot the 

results. 

c. Using a smoothing coefficient of W = 0.50, exponentially 

smooth the series and plot the results. 

d. What is your exponentially smoothed forecast for the 2020s? 

e. Repeat (c) and (d), using W = 0.25. 

f. Compare the results of (d) and (e). 

g. What conclusions can you reach concerning how stocks have 

performed in the past? 

16.7 The file contains the coffee exports (in thou- 
sands of 60 kg bags) by Costa Rica from 2004 to 2018. 

a. Plot the data. 

b. Fit a three-year moving average to the data and plot the 

results. 

c. Using a smoothing coefficient of W = 0.50, exponentially 

smooth the series and plot the results. 

. What is your exponentially smoothed forecast for 2019? 

. Repeat (c) and (d), using a smoothing coefficient of W = 0.25. 

Compare the results of (d) and (e). 

. What conclusions can you reach about the exports of coffee in 

Costa Rica? 

moe 

ge 
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16.8 The file Jef) contains the number of initial public offerings c. Using a smoothing coefficient of W = 0.50, exponentially 

(IPOs) issued from 2001 through 2018. smooth the series and plot the results. 

Source: Data extracted from Statista, “Number of IPOS in the United States from 

1999 to 2018,” bit.ly/2uctnU4, 

a. Plot the data. 

. What is your exponentially smoothed forecast for 2019? 

Repeat (c) and (d), using a smoothing coefficient of W = 0.25. 

f. Compare the results of (d) and (e). 

o 2 

b. Fit a three-year moving average to the data and plot the results. 

16.3 Least-Squares Trend Fitting and Forecasting 

TABLE 16.2 

Annual revenues for 

Alphabet Inc. 2011-2018 

Alphabet Inc. was formed 

in 2005 and is the holding 

company that owns 

Google. 

To make intermediate and long-range forecasts requires identifying the trend component in a 

time series, Identifying the trend means being able to develop the most appropriate model that 

fits the trend. As with regression models that previous chapters discuss, time series data might 

fit a linear trend model (see Section 13.2), a quadratic trend model (see Section 15.1), or, if the 

time-series data increase at a rate such that the percentage difference from value to value is 

constant, an exponential trend model. 

The Linear Trend Model 

The linear trend model: 

Y; = Bo + BX; + 2; 

is the simplest forecasting model. Equation (16.3) defines the linear trend forecasting equation. 

LINEAR TREND FORECASTING EQUATION 

Vy, = by + bX, (16.3) 

Recall that in linear regression analysis, one uses the method of least squares to compute the 
sample slope, b,, and the sample Y intercept, bp. The values for X are then substituted into 
Equation (16.3) to predict Y. 

When using the least-squares method for fitting trends in a time series, one can simplify the 
interpretation of the coefficients by assigning coded values to the X (time) variable, One assigns 
consecutively numbered integers, starting with 0, as the coded values for the time periods. For 
example, in time-series data that have been recorded annually for 8 years, one assigns the coded 
value 0 to the first year, the coded value 1 to the second year, the coded value 2 to the third year, 
and so on, concluding by assigning 7 to the eighth. 

To illustrate model fitting, consider the Table 16.2 time series, stored in ESSE, that lists 
Alphabet Inc.’s annual revenue (in $billions) from 2011 to 2018. 

Year Revenue ($billions) 

2011 37.905 

2012 46.039 

2013 ; 55.519 

2014 66.001 

2015 74.989 

2016 90.272 

2017 110.855 

2018 .. 136.819 

Source: Data extracted from J. Clement, “ Annual revenue 
of Alphabet from 2011 to 2018,” bit.ly/21I7QJBq. 



FIGURE 16.6 

Excel regression work- 

sheet results for the linear 

trend model to forecast 

revenue (in $billions) for 
Alphabet Inc. 

FIGURE 16.7 
Plot of the linear trend 

forecasting equation for 

Alphabet Inc. annual 

revenue 
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Figure 16.6 presents the regression results for the simple linear regression model that uses 

the consecutive coded values 0 through 7 as the X (coded year) variable. These results produce 

the linear trend forecasting equation: 

; = 30.2280 + 13.4491X; 

A B Cc D (= F G 

1 | Linear Trend Model for Alphabet Inc, Annual Revenue 

2 

3 Regression Statistics 

4 Multiple R 0.9761 

§ |R Square 0.9528 

6 |Adjusted R Square 0.9449 

7 |Standard Error 7.9211 

8 (Observations 8 

9 | 

10 ANOVA 

11 dj SS MS F Significance F 

12 |Regression 1 7596.8963 7596,.8963 121.0783 0.0000 

* 43 |Residual 6 376.4621 62.7437 
44 |Total 7 7973.3584 
16 

Coefficients StandardError tStat P-value lower95% Upper 95% 

17 |Intercept 30.2280 5.1130 5.9119 0.0010 17.7168 42.7392 

18 Coded Year 13.4491 1.2223 11.0036 0.0000 10.4584 16.4398 

For this regression model, X; = O represents the year 2011, and the regression coefficients 

are interpreted as follows: 

¢ The Y intercept, b) = 30.2280, is the predicted mean revenue (in $billions) at Alphabet 

Inc. during the origin, or base, year, 2011. 

¢ The slope, b; = 13.4491, indicates that the mean revenue is predicted to increase by 

$13.4491 billion per year. 

To project the trend in the revenue at Alphabet Inc. to 2019, one substitutes Xy) = 8, the 

code for 19 into the linear trend forecasting equation: 

A 

Y, = 30.2280 + 13.4491(8) = 137.8208 billions of dollars 

Figure 16.7 presents the linear trendline plotted with the time-series values. There is a 

strong upward linear trend, and r? is 0.9528, indicating that more than 95% of the variation 

in revenue is explained by the linear trend of the time series. However, observe that the early 

years are slightly above the trend line, but the middle years are below the trend line, and many 

of the later years are also above the trend line, but the last two years are above the trend line. To 

investigate whether a different trend model might provide a better fit, a quadratic trend model 

and an exponential trend model can be fitted. 

Linear Trend Plot for Alphabet Inc. Annual Revenue 

y = 13,449x + 30.228 

R? = 0,9528 

Revenue ($billions) 

0 1 2 3 4 5 6 7 8 

Coded Year 



566 CHAPTER 16 | Time-Series Forecasting 

The Quadratic Trend Model 

The quadratic trend model, 

Y¥; = By + BX; + BX} + @; 

is anonlinear model that contains a linear term and a curvilinear term in addition to a Y intercept. 

Using the least-squares method for a quadratic model that Section 15.1 describes, Equation (16.4) 

defines a quadratic trend forecasting equation. 

FIGURE 16.8 

Excel regression worksheet 

results for the quadratic trend 

model to forecast annual 

revenue (in $billions) for 
Alphabet Inc. 

QUADRATIC TREND FORECASTING EQUATION 

Y, = by + bX, + bX? (16.4) 

where 

bo = estimated Y intercept 

b, = estimated linear effect on Y 

by = estimated quadratic effect on Y 

Figure 16.8 presents the regression results for the quadratic trend model to forecast annual 
revenue at Alphabet Inc. Using Equation (16.4) and the results from Figure 16.8, 

¥; = 40.1296 + 3.5475X, + 1.4145X? 

where the year coded 0 is 2011. 

Cc D 

Annual Revenue 

A Lie: B 

1 | Quadratic Trend Model for Alphabet inc. 

2 | 
a 

3 | Regression Statistics 

4 |Multiple R 0.9975 

5 R Square 0.9949 

6 |Adjusted R Square 0.9929 
7 |Standard Error 2.8396 

8 |Observations 8 

9 | 

10 ANOVA 
11) dj SS Ms F Significance F 
12 |Regression 2 7933.0409 3966.5204 491.9104 0.0000 
13 |Residual 5 40.3175 8.0635 
44 |Total 7 7973.3584 . 
15) Sc yeereemeeeeereeeeee eee 
16 | Coefficients Standard Error tStat P-vawe Lower 95% Upper 95% 
17 intercept 40.1296 2.3899 16,7913 0.0000 33.9862 46.2731 

3.5475 1.5949 2.2242 0.0767 ~0.5524 7.6474 
18 \Coded Year 
19 Coded Year Squared 1.4145 0.2191 6.4566 0.0013 0.8513 1.9777 

To compute a forecast using the quadratic trend equation, substitute the appropriate coded 
X value into this equation. For example, to forecast the trend in revenues for 2019 (i.e., X = 8), 

¥, = 40.1296 + 3.5475(8) + 1.4145(8)2 = 159.0376 

Figure 16.9 plots the quadratic trend forecasting equation with the time-series data, From 
Figure 16.8, the ts747 test statistic for the contribution of the quadratic term to the model is 
6.4566 (p-value = 0.0013). Having an adjusted r? = 0.9929, this quadratic trend model pro- 
vides a fit that is superior to the fit of the linear trend model. 



FIGURE 16.9 

Plot of the quadratic trend 

forecasting equation for 

Alphabet Inc. annual 

revenue 

‘Alternatively, you can use base e 

logarithms. For more information 

on logarithms, see Section A.3 in 

Appendix A. 

student TIP 
Log is the symbol used 

for base 10 logarithms. 

The log of a number is 

the power that 10 needs 

to be raised to equal that 

number. 
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Quadratic Trend Plot for Alphabet Inc. Annual Revenue 

y = 1.4145x? + 3,5475x + 40,13 

Revenue (Sbillions) 

Coded Year 

The Exponential Trend Model 
When a time series increases at a rate such that the percentage difference from value to value is 

constant, an exponential trend is present. Equation (16.5) defines the exponential trend model. 

EXPONENTIAL TREND MODEL 

¥, = BoBt'e; (16.5) 
where 

| Bo = Y intercept 

(6; — 1) X 100% = annual compound growth rate (%) 

The model in Equation (16.5) is not in the form of a linear regression model. To trans- 

form this nonlinear model to a linear model, one uses a base 10 logarithm transformation.! 

Taking the logarithm of each side of Equation (16.5) results in the transformed model that 

Equation (16.6) defines. 

TRANSFORMED EXPONENTIAL TREND MODEL 

log(¥;) = log(BoBi"e;) 

= log(Bp) + log (Bf') + log(e;) 

log(Bo) + Xjlog (B;) + log(e;) (16.6) 

Using the transformed model and the least-squares method, with log(Y;) as the dependent 

variable and X; as the independent variable produces the Equation (16.7a) forecasting equation. 

EXPONENTIAL TREND FORECASTING EQUATION 

log(¥) = by + bX; (16.7a) 

where 
? 

by = estimate of log(®) and thus 1070 = Bo 

b, = estimate of log(,) and thus 10”! = Bi 

therefore, 

Y;, = BoBt' (16.7b) 

where 

(B; — 1) X 100% is the estimated annual compound growth rate (%) 
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FIGURE 16.10 

Excel regression worksheet 

results for the exponential 

trend model to forecast 

annual revenue (in $billions) 

for Alphabet Inc. 

FIGURE 16.11 
Plot of the exponential 

trend forecasting equation 

for Alphabet Inc. annual 
revenue 

Figure 16.10 shows the regression results for an exponential trend model to forecast annual 

revenue at Alphabet Inc. Using Equation (16.7a) and the results from Figure 16.10, 

log(¥,) = 1.5814 + 0.0774X, 

where the year coded 0 is 2011. 

A 8 Cc Ja E F G 

1 Exponential Trend Model for Alphabet inc. Revenue 

2 

3 __Regression Statistics 

4 Multiple R 0.9986 

§ RSquare 0.9971 
6 Adjusted R Square 0.9967 

7 Standard Error 0.0109 

8 | Observations 8 

9 

10 ANOVA 

11 of 5S MS F Significance F 
12 Regression 1 0.2514 0.2514 2098.1125 0.0000 

13 Residual 6 0.0007 0.0001 

14 Total 7 0.2521 

16 

16 Coefficients Standard Error tStot P-value _Lower95% Upper 95% 

17 intercept 1.5814 0.0071 223.7972 0.0000 1.5641 1.5987 

18 Coded Year 0.0774 0.0017 45,8052 0.0000 0.0732 0.0815 

One calculates the values for Bo and Bi by taking the antilog of the regression coefficients 
bo and b;: 

Bo = antilog(by) = antilog(1.5814) = 10'58!4 = 38.1417 

B; = antilog(b;) = antilog(0.0774) = 10°°774 = 1.195] 

Thus, using Equation (16.7b), the exponential trend forecasting equation is 

Y, = (38.1417)(1.1951)* 

where the year coded 0 is 2011. 

The Y intercept, Bo = 38.1417 billions of dollars, isthe revenue forecast for the base year 

2011. The value (B: — 1) X 100%, = 19.51%, is the annual compound growth rate in reve- 

nues at Alphabet Inc. 

For forecasting purposes, one substitutes the appropriate coded X values into either 
Equation (16.7a) or Equation (16.7b). For example, to forecast revenues for 2019 (X = 8) using 
Equation (16.7a), 

log(¥,) = 1.5814 + 0.0774(8) = 2.2006 

¥; = antilog(2.2006) = 10720 = 158.708 billion of dollars 

Figure 16.11 plots the exponential trend forecasting equation, along with the time-series 
data. The adjusted r? for the exponential trend model (0.9967) is greater than the adjusted r* for 
the linear trend model (0.9449) and similar to the quadratic model (0.9929). 

: Exponential Trend Plot for Alphabet Inc. Annual Revenue 2. 
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Model Selection Using First, Second, 
and Percentage Differences 
Exhibit 16.1 summarizes how the first, second, and percentage differences in a time series helps 

determine which type of model is most appropriate for the time series. Although most time-series 

data will not perfectly fit any of the models, consider the first differences, second differences, 

and percentage differences as guides in choosing an appropriate model. Examples 16.2, 16.3, 

and 16.4 illustrate linear, quadratic, and exponential trend models that have perfect (or nearly 

perfect) fits to their respective data sets. 

EXHIBIT Biya 

Model Selection Using First, Second, and Percentage Differences 

¢ Ifa linear trend model provides a perfect fit to a time series, then the first differences 

will be constant: 

(yas) a: (Veer is) sae enema) ee PY) 

¢ Ifa quadratic trend model provides a perfect fit to a time series, then the second differences 

will be constant: 

[Ma hy) AG a ha aa) eae iG ea Ye aes | CY reg a poe 3)| 

¢ If an exponential trend model provides a perfect fit to a time series, then the percentage 

differences between consecutive values will be constant: 

v1, yoeay Vay = 
= Y (00% = = x 100%, = = 00 

Y, Y, Nf as 

The following time series represents the number of customers per year (in thousands) at a branch 

of a fast-food chain: 

Year 

2010 2011 2012 2013 2014 #2015 #2016 #2017 «2018 2019 

Customers Y 200 205 210 215) 220 225 230 235 240 245 

Using first differences, show that the linear trend model provides a perfect fit to these data. 

SOLUTION The following table shows the solution: 

Year 

2010 2011 2012 2013 2014 +2015 2016 ##.2017 «92018 #2019 

Customers Y 200 205 210 DNS) 220 225 230 235 240 245 

First differences 5.0 510 5.0 5.0 5.0 5.0 5.0 5.0 5.0 

The differences between consecutive values in the series are the same throughout. Thus, the 

number of customers at the branch of the fast-food chain shows a linear growth pattern. 

SE RA RR EEE ERNE SOE PSE IA IE A MIA SST OOO ST DOSE ELLE IS A LE PINTS om 
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| EXAMPLE 16.3 | The following time series represents the number of customers per year (in thousands) at another 

A Quadratic Trend branch of a fast-food chain: 

Model With a 

Perfect Fit Year 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Customers Y 200 201 POE Hs ee 0 ts i es 2205 = eee Loo 250 263 

Using second differences, show that the quadratic trend model provides a perfect fit to these data. 

SOLUTION The following table shows the solution: 

Year 

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Customers Y 200 Zl 20s o° e278 ole 210 22835 238.5 250 263 

First differences 1.0 on 4.0 Dat 7.0 8.5 10.0 (Be: 13.0 

Second differences (Be LES 1.5 ee lem is La jhe 

The second differences between consecutive pairs of values in the series are the same throughout. 
Thus, the number of customers at the branch of the fast-food chain shows a quadratic growth 
pattern. Its rate of growth is accelerating over time. 

The following time series represents the number of customers per year (in thousands) for another 
| An Exponential branch of the fast-food chain: 

| Trend Model With an 
_ Almost Perfect Fit Year 

2010 = 2011 2012 2013 2014 2015 2016 2017 2018 2019 
Customers Y 200 206 9212.18 218.55 225.11 231.86 238.82 245.98 253.36 260.96 

Using percentage differences, show that the exponential trend model provides almost a perfect 
fit to these data. 

SOLUTION The following table shows the solution: 

Year 

2010 =2011 =2012) =2013) «2014S 2015) 2016 ~=—.2017 2018 2019 
Customers Y 200 206 212.18 218,55 225.11 231.86 238.82 245.98 253.36 260.96 
Percentage 3,003.0 3.0 3.0 3.0 3.0 3.0 3.0 3.0 

differences 

| 

' 

| 
| 

The percentage differences between consecutive values in the series are approximately the same 
throughout. Thus, this branch of the fast-food chain shows an exponential growth pattern. Its 
rate of growth is approximately 3% per year. 

Figure 16.12 shows a worksheet that compares the first, second, and percentage differ- 
ences for Alphabet Inc revenue. Neither the first, second, or percentage differences are con- 
stant across the series, although the percentage differences are fairly consistent, save for one 
value. Therefore, other models, including the models that Section 16.5 discusses, may be more 
appropriate. 
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FIGURE 16.12 LA ei etolh Vike Kaia)10 E 
Excel worksheet tem- First Second Percentage 

plate that computes first, 1 | Year Revenue Difference Difference Difference 

second, and percentage 22011 37.905 #N/A — #N/A #N/A 
E s ; 3 2012 46.039 8.134 #N/A 21.459 

differences in revenue (in 4 2013 55.519 9.480 1.346 20.591 
$billions) for Alphabet Inc. 5 2014 66.001 10.482 1.002 18.880 

6 2015 74.989 8.988 -1,494 13.618 
7 2016 90.272 15.283 6.295 20,380 
8 | 2017 110.855 20.583 5.300 22.801 
9 2018 136,819 25.964 5.381 23.422 

PROBLEMS FOR SECTION 16.3 

LEARNING THE BASICS 

16.9 If you are using the method of least squares for fitting trends 
in an annual time series containing 25 consecutive yearly values, 
a. what coded value do you assign to X for the first year in the 

series? 

b. what coded value do you assign to X for the fifth year in the 
series? 

what coded value do you assign to X for the most recent recorded 

year in the series? : 

d. what coded value do you assign to X if you want to project the trend 

and make a forecast five years beyond the last observed value? 

c 

16.10 The linear trend forecasting equation for an annual time 

series containing 22 values (from 1998 to 2019) on total revenues 

(in $millions) is 

Y= 4.0 + 1.5x, 

a. Interpret the Y intercept, bo. 

b. Interpret the slope, 5. 

c. What is the fitted trend value for the fifth year? 

d. What is the fitted trend value for the most recent year? 

e. What is the projected trend forecast three years after the last value? 

16.11 The linear trend forecasting equation for an annual time 
series containing 42 values (from 1998 to 2019) on net sales (in 

$billions) is 

¥, = 1.2 + 0.5X; 

a. Interpret the Y intercept, bo. 

b. Interpret the slope, ),. 

¢c. What is the fitted trend value for the tenth year? 

d. What is the fitted trend value for the most recent year? 

e. What is the projected trend forecast two years after the last value? 

APPLYING THE CONCEPTS 

16.12 There has been much publicity about bonuses 

UISS18 paid to workers on Wall Street. Just how large are these 

bonuses? The file contains the bonuses paid (in $000) 

from 2000 to 2018. 

Source: Data extracted from J. Spector, “Wall Street bonuses rise 1% to average 

$138,210,” USA Today, March 15, 2017, and N. Chiwaya, “Wall Street bonuses 

declined 17 percent in 2018...,’ NBC News, March 26, 2019, available at nbcnews 

.to/2Tch1Z9. 

a. Plot the data. 

b. Compute a linear trend forecasting equation and plot the results. 

c. Compute a quadratic trend forecasting equation and plot the 

results. 

d. Compute an exponential trend forecasting equation and plot the 

results. 

e. Using the forecasting equations in (b) through (d), what are 

your annual forecasts of the bonuses for 2019 and 2020? 

f. How can you explain the differences in the three forecasts in 

(e)? What forecast do you think you should use? Why? 

16.13 Gross domestic product (GDP) is a major indicator of a 

nation’s overall economic activity. It consists of personal consump- 

tion expenditures, gross domestic investment, net exports of goods 

and services, and government consumption expenditures. The file 

{e=]2 contains the GDP (in billions of current dollars) for the United 
States from 1980 to 2018. 

Source: Data extracted from Bureau of Economic Analysis, U.S. Department of 

Commerce, www.bea.gov. 

a. Plot the data, 

b. Compute a linear trend forecasting equation and plot the trend 

line. 

c. What are your forecasts for 2019 and 2020? 

d. What conclusions can you reach concerning the trend in GDP? 

16.14 The data in represent federal receipts from 
1978 through 2018 in billions of current dollars, from individual 

and corporate income tax, social insurance, excise tax, estate and 

gift tax, customs duties, and federal reserve deposits. 

Source: Data extracted from “Historical Federal Receipt and Outlay Summary,” Tax 

Policy Center, tpce.io/1JMFKpo. 

a. Plot the series of data. 

b. Compute a linear trend forecasting equation and plot the trend 

line. 

c. What are your forecasts of the federal receipts for 2019 and 2020? 

d. What conclusions can you reach concerning the trend in federal 
receipts? 

16.15 The file contains the number of new, single-family 
houses sold in the United States from 1992 through 2018. 

a. Plot the data. 

b. Compute a linear trend forecasting equation and plot the trend 

line. 

c. Compute a quadratic trend forecasting equation and plot the 

results. 

d. Compute an exponential trend forecasting equation and plot the 

results. 

e. Which model is the most appropriate? 

f. Using the most appropriate model, forecast the number of new, 

single-family houses sold in the United States in 2019. 
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16.16 The data shown in the following table and stored in 

S-\F 2-3 represent the yearly amount of solar power generated 

by utilities (in millions of kWh) in the United States from 2002 

through 2018: 

Solar Power Solar Power 

Generated yenerated 

Year (millions of kWh) Year (millions of kWh) 

2002 Reb) 2010 ied) 

2003 534 2011 1,818 

2004 Wie 2012 4,327 

2005 551 2013 9,253 

2006 508 2014 18,321 

2007 612 2015 26,473 

2008 864 2016 36,754 

2009 892 2017 52,958 

2018 66,604 

Source: Data extracted from en.wikipedia.org/wiki/Solar_power_in__the_ 

United_States. 

a. Plot the data. 

b. Compute a linear trend forecasting equation and plot the trend line. 

¢. Compute a quadratic trend forecasting equation and plot the 
results, 

d. Compute an exponential trend forecasting equation and plot the 
results. 

e. Using the models in (b) through (d), what are your annual trend 
forecasts of the yearly amount of solar power generated by utili- 
ties (in millions of kWh) in the United States in 2019 and 2020? 

16.17 The file contains the number of automobiles 
assembled in the United States (in thousands) from 1999 to 2018. 
Source: Data extracted from FRED, “Domestic Auto Production.” bit.ly/2KHKCpz. 

a. Plot the data. 

b. Compute a linear trend forecasting equation and plot the trend line. 
¢c. Compute a quadratic trend forecasting equation and plot the 

results. 

d. Compute an exponential trend forecasting equation and plot the 
results. 

e. Which model is the most appropriate? 
f. Using the most appropriate model, forecast the U.S. automo- 

biles assembled for 2019. 

16.18 The average salary of Major League Baseball players on 
opening day from 2000 to 2019 is stored in and in 
the following table. 

Year _ Salary ($millions) | Year _ Salary ($millions) 
2000 1,99 

2001 2.29 

2002 . 2.38 

2003 2.58 

2004 2.49 

2005 2.63 

2006 2.83 

2007 2.92 

2008 313 

2009 3,26 
Source: Data extracted from “Baseball Salaries,” USA Today, April 6, 2009, 
p. 6C; mlb.com, USA Today, April 2, 2017, and “MLB Salaries - MLB Base- 
ball - USA TODAY,” bit.ly/Ikj4E4N. 

a. Plot the data. 

b. Compute a linear trend forecasting equation and plot the trend 

line. 

c. Compute a quadratic trend forecasting equation and plot the 

results, 

d. Compute an exponential trend forecasting equation and plot 

the results. 

e. Which model is the most appropriate? 

f. Using the most appropriate model, forecast the average salary 

for 2020. 

16.19 The file FS" contains the following prices in London 
for an ounce of silver (in US$) on the last day of the year from 

1999 to 2018: 

Price (US$/ounce) Year —_— Price (US$/ounce) 

1999 5.330 

2000 4,570 

2001 4,520 

2002 4.670 

2003 5.965 : 

2004 6.815 

2005 8.830 

2006 12.900 

2007 14.760 

2008 10.790 

Source: Data extracted from JM Bullion, “Silver Spot Price & Charts,” 
bit.ly/2w4YPYI. 

a. Plot the data. 

b. Compute a linear trend forecasting equation and plot the trend line. 
¢. Compute a quadratic trend forecasting equation and plot the 

results, 
d. Compute an exponential trend forecasting equation and plot 

the results. 
e. Which model is the most appropriate? 
f. Using the most appropriate model, forecast the price of silver 

at the end of 2019. 

16.20 The data in [SJB reflect the annual values of the consumer 
price index for all urban consumers (CPI-U) in the United States 
over the 54-year period 1965 through 2018, using 1982 through 
1986 as the base period. This index measures the average change 
in prices over time in a fixed “market basket” of goods and ser- 
vices purchased by all urban consumers, including urban clerical, 
professional, managerial, and technical workers; self-employed 
individuals; short-term workers; unemployed individuals; and 
retirees, 

Source: Data extracted from Bureau of Labor Statistics, U.S. Department of Labor, 
www.bls.gov. 

a. Plot the data. 
b. Describe the movement in this time series over the 54-year period. 
¢, Compute a linear trend forecasting equation and plot the trend 

line. 
d, Compute a quadratic trend forecasting equation and plot the 

results, 

Compute an exponential trend forecasting equation and plot 
the results. 

f. Which model is the most appropriate? 
g. Using the most appropriate model, forecast the CPI for 2019 

and 2020. 

a 
. 
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16.21 Although you should not expect a perfectly fitting model 
for any time-series data, you can consider the first differences, sec- 
ond differences, and percentage differences for a given series as 
guides in choosing an appropriate model, For this problem, use 
each of the time series presented in the following table and stored 

16.22 A time-series plot often helps you determine the appropriate 

model to use. For this problem, use each of ihe time series presented 

in the following table and stored in S71 B| 

a ‘Time Series A} Year Series I Series II 

2007 100.0 100.0 

Year Series Series Il Series III a 7 ae we 
2007 10.0 30.0 60.0 2010 144.9 150.8 
2008 Sal eye 67.9 2011 160.0 174.1 
2009 24.0 36.4 76.1 9012 175.0 200.0 
2010 36.7 39.9 84.0 2013 189.8 230.8 
2011 53.8 43.9 92.2 2014 204.9 266.1 
2012 74.8 48.2 100.0 2015 219.8 305.5 
2013 100.0 Dae 108.0 2016 235.0 351.8 
2014 129.2 58.2 115.8 2017 949.8 403.0 
2015 162.4 64.5 124.1 2018 264.9 469.2 
2016 199.0 70.7 132.0 

ou ce a ee a. Plot the observed data Y over time X and plot the logarithm of 

the observed data (log Y) over time X to determine whether a 

linear trend model or an exponential trend model is more appro- 

priate. (Hint: If the plot of log Y versus X appears to be linear, an 

exponential trend model provides an appropriate fit.) 

b. Compute the appropriate forecasting equations. 

c. Forecast the values for 2019. 

a. Determine the most appropriate model. 

b. Compute the forecasting equation. 

¢. Forecast the value for 2019. 

16.4 Autoregressive Modeling for Trend Fitting 
and Forecasting 

Frequently, the values of a time series at particular points in time are highly correlated with the 

values that precede and succeed them. This type of correlation is called autocorrelation. When 

the autocorrelation exists between values that are in consecutive periods in a time series, the time 

series displays first-order autocorrelation. When the autocorrelation exists between values that 

are two periods apart, the time series displays second-order autocorrelation. For the general 

case in which the autocorrelation exists between values that are p periods apart, the time series 

learnMORE 
The exponential 

smoothing model that 

Section 16.3 describes 

and the autoregressive 

models that Section 16.4 

describes are special 

cases of autoregressive 

integrated moving av- 

erage (ARIMA) models 

developed by Box and 

Jenkins. To learn more 

about such models, see 

Bisgaard and Kulahci; 

Box, Jenkins, Reinsel 

and Leung; and Pecar. 

displays pth-order autocorrelation. 

Autoregressive modeling uses a set of lagged predictor variables to overcome the prob- 

lems that autocorrelation causes with other models. A lagged predictor variable takes its value 

from the value of a predictor variable for a previous time period. To analyze pth-order auto- 

correlation, you create a set of p lagged predictor variables. The first lagged predictor variable 

takes its value from the value of a predictor variable that is one time period away, the lag; the 

second lagged predictor variable takes its value from the value of a predictor variable that is two 

time periods away; and so on until the pth lagged predictor variable that takes its value from 

the value of a predictor variable that is p time periods away. Note that each subsequent lagged 

predictor variable contains one less time-series value. In the general case, a p lagged variable 

will contain p less values. 

Equation (16.8) defines the pth-order autoregressive model. In the equation, Ao, Aj, ..., A, 

represent the parameters and do, a, ..., a, represent the corresponding regression coeffi- 

cients. This is similar to the multiple regression model, Equation (14.1) on page 480, in which 

Bo. Bi, - » +» By represent the regression parameters and bp, bj, . . ., by represent the correspond- 

ing regression coefficients. 
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student TIP 
6 is the Greek letter delta. 

EXAMPLE 16.5 

Comparison 

Schema for a 
First-Order 

-Autoregressive 
Model 

> (continued) 

pTH-ORDER AUTOREGRESSIVE MODELS 

Y; = Ao + Ai ¥j-1 + As¥incg To" t Aplj—p ie 6; (16.8) 

where 

Y, = observed value of the series at time i 

Y;_, = observed value of the series at time i — | 

Y;.. = observed value of the series.at time i — 2 

Y;_, = observed value of the series at time i — p 

p = number of autoregression parameters (not including a Y intercept) 

to be estimated from least-squares regression analysis 

Ao, Aj, Az, ..., A, = autoregression parameters to be estimated from least-squares 

regression analysis 

6; = a nonautocorrelated random error component (with mean = 0 
and constant variance) 

Il 

Equations (16.9) and (16.10) define two specific autoregressive models. Equation (16.9) 
defines the first-order autoregressive model and is similar in form to the simple linear 
regression model, Equation (13.1) on page 432. Equation (16.10) defines the second-order 
autoregressive model and is similar to the multiple regression model with two independent 
variables, Equation (14.2) on page 480. 

FIRST-ORDER AUTOREGRESSIVE MODEL 

¥, = Ay + Ay ¥j-; + 6; (16.9) 

SECOND-ORDER AUTOREGRESSIVE MODEL. 

Y,; = Ao sir A,Y;-| ai AxY;=2 cir 6; (16.10) 

Selecting an Appropriate Autoregressive Model 
Selecting an appropriate autoregressive model can be complicated. One must weigh the advantages 
of using a simpler model against the concern of using a model that does not take into account 
important autocorrelation in the data. On the other hand, selectin g a higher-order model that requires 
estimates of numerous parameters may contain some unnecessary parameters, especially if the time 
series is short (n is small). Recall that when computing an estimate of A.,, p out of the n time series 
values are lost due to the lagging of values. Examples 16.5 and 16.6 illustrate this loss. 

Consider the following series of n = 7 consecutive annual values: 

Year 

i ee 
N eries 31 34 37 35 36 43 40 

Show the comparisons needed for a first-order autoregressive model. 
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| SOLUTION 

Year i First-Order Autoregressive Model (Lag1: Y; versus Y;_ ,) 

ey 
2 34 <> 3] 

) 3 37 <> 34 
4 35 <> 37 

| 5 36 <> 35 
6 43 <— 36 

7 40 <— 43 

i 

Because ¥, is the first value and there is no value prior to it, Y, is not used in the regression 
i : 5 . . ‘ : 
i analysis. Therefore, the first-order autoregressive model would be based on six pairs of values. 

EXAMPLE 16.6 Consider the following series of n = 7 consecutive annual values: 

| Comparison 
| Schema fora Year . 
| Second-Order ; 1 y) 3 4 5 6 7 

| Autoregressive Series 31 34 37 35 36 43 40 
| Model 

| Show the comparisons needed for a second-order autoregressive model. 

SOLUTION 

/ Year i Second-Order Autoregressive Model Lag2: Y, vs. Y,;_; and Y; vs. Y;_ 2 

1 ee end ae 
2 34.<> 31 and34—... 

) 3 37 <> 34 and 37 > 31 
4 35 <— 37 and 35 <> 34 

=) 36 <> 35 and 36 <> 37 

6 43 <— 36 and 43 < 35 

di 40 <> 43 and 40 <> 36 

Because no value is recorded prior to Y,, the first two comparisons, each of which requires a 

value prior to Y,, cannot be used when performing regression analysis. Therefore, the second- 

order autoregressive model would be based on five pairs of values. 

Determining the Appropriateness of a Selected Model 
After selecting a model and using the least-squares method to compute the regression coefficients, 

one must determine the appropriateness of the model. One either selects a particular pth-order 

autoregressive model based on previous experiences with similar data or starts with a model that 

contains several autoregressive parameters and then eliminates the higher-order parameters that 
do not significantly contribute to the model. In this latter approach, one uses a f test for the signif- 

icance of A,,, the highest-order autoregressive parameter in the current model under consideration. 

The null and alternative hypotheses are 

Ap: A, = 0 

Hy: A, A 0 
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FIGURE 16.13 

Rejection regions for a two- 

tail test for the significance 

of the highest-order 

autoregressive parameter A,, 

Equation (16.11) defines the test statistic. 

t TEST FOR SIGNIFICANCE OF THE HIGHEST-ORDER AUTOREGRESSIVE 

PARAMETER, A, 

ian = (16.11) 
Sa, 

where 

A, = hypothesized value of the highest-order parameter, A,,, in the autoregressive 

model 

dy) = regression coefficient that estimates the highest-order parameter, A, in the 
autoregressive model 

S,, = standard deviation of a, 
p 

The fs7,7 test statistic follows a ft distribution with n — 2p — 1 degrees of freedom. 

In addition to the degrees of freedom lost for each of the p population parameters 
being estimated, an additional p degrees of freedom are lost because there are p fewer 
comparisons to be made from the original n values in the time series. 

For a given level of significance, a, you reject the null hypothesis if the tc747 test statistic is 
greater than the upper-tail critical value from the f distribution or if the f747 test statistic is less 
than the lower-tail critical value from the f distribution. Thus, the decision rule is 

Reject Hp if trap < —ty/2 or if tepar > ty/23 

otherwise, do not reject Hp. 

Figure 16.13 illustrates the decision rule and regions of rejection and nonrejection. 

a/2 

| —ty2 . iad +tye2 t 

Region of Region of Region of 
Rejection Nonrejection Rejection 

Critical Ap=0 Critical 
Value Value 

If one does not reject the null hypothesis that A, = 0, one concludes that the selected 
model contains too many estimated autoregressive parameters. One discards the highest-order 
term and develops an autoregressive model of order p — 1, using the least-squares method. 
Then, one repeats the test of the hypothesis that the new highest-order parameter is 0. This 
cycle of testing and modeling continues until one rejects Hp. When this occurs, one can 
conclude that the remaining highest-order parameter is significant and that the model is 
acceptable for forecasting purposes. 
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Equation (16.12) defines the fitted pth-order autoregressive equation. 

FITTED pTH-ORDER AUTOREGRESSIVE EQUATION 

Y, Soyer pen eagdjag hh dak}, (16.12) 

where 

Y, = fitted values of the series at time i 

Y,_, = observed value of the series at time i — 1 

Y;_. = observed value of the series at time i — 2 

Y;_» = observed value of the series at time i — p 

p = number of autoregression parameters (not including a Y intercept) to 

be estimated from least-squares regression analysis 

Oj 119 oye Ap = regression coefficients 

One uses Equation (16.13) to forecast j years into the future from the current nth 

time period. 

pTH-ORDER AUTOREGRESSIVE FORECASTING EQUATION 

Vege = ao a Of) jk Se Q2¥,+j-2 am Oot Ge OpYn+j—p (16.13) 

where 

Cou; Upsme -ae1,, ce regression coefficients that estimate the parameters 

p = number of autoregression parameters (not including a Y intercept) 

to be estimated from least-squares regression analysis 

j = number of years into the future 

Y,+j-p = forecast of ¥,,;-, from the current year for j — p > 0 

Y,+j;-p — Observed value for ¥,,,;_, for j — p = 0 

Thus, to make forecasts j years into the future, using a third-order autoregressive model, 

one needs only the most recent p = 3 values (Y,, Y,-,, and ¥,,_) and the regression estimates 

Ao, Aj, Az, and a3. 

To forecast one year ahead, Equation (16.13) becomes 

Y41 = do + a1¥, + ay%,-1 + a3%,—2 

To forecast two years ahead, Equation (16.13) becomes 

aA A 

Yit2 = 40 + 1¥,41 + ao¥, + a3¥,-1 

To forecast three years ahead, Equation (16.13) becomes 

A A A 

Y,+3 = Qo + a1¥,42 + A2¥n41 + a3¥, 

and so on. 
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student TIP 
Remember that in an 

autoregressive model, 

the independent 

variable(s) are equal to 

the dependent variable 

lagged by a certain 

number of time periods. 

FIGURE 16.14 

Excel worksheet template 

for computing lagged 

predictor variables for 

the first-order, second- 

order, and third-order 

autoregressive models 

for the Coca-Cola Com- 

pany annual revenue, 

2000-2018 

CHAPTER 16 | Time-Series Forecasting 

Autoregressive modeling is a powerful forecasting technique for time series that have auto- 

correlation. Exhibit 16.2 summarizes the steps to construct an autoregressive model. 

EXHIBIT Bier 

Autoregressive Modeling Steps 

1. Choose a value for p, the highest-order parameter in the autoregressive model 

to be evaluated, remembering that the f test for significance is based onn — 2p — 1 
degrees of freedom. 

2. Create a set of p lagged predictor variables. (See Figure 16.14 for an example.) 

3. Perform a least-squares analysis of the multiple regression model containing all 
p lagged predictor variables. 

4. Test for the significance of A,, the highest-order autoregressive parameter in the 
model. 

5. If one does not reject the null hypothesis, discard the pth variable and repeat steps 
3 and 4 with a revised degrees of freedom that correspond to the revised number of 
predictors. 

If one rejects the null hypothesis, select the autoregressive model with all p predictors 
for fitting [see Equation (16.12)] and forecasting [see Equation (16.13)]. 

To demonstrate the autoregressive modeling approach, consider the Coca-Cola Company 
annual revenue for the years 2000 through 2018 (see Figure 16.14). Figure 16.14 presents a 
worksheet template that computes three lagged predictor variables, Lag1, Lag2, and Lag3, that 
can be used for the first-order, second-order, and third-order autoregressive models, using the 
Coca-Cola Company annual revenue data. 

> EE Oa a LS ee d= 
ar Revenues Lagi lag2 lag3 < i) 

; 

2) 2000 «20.5 BN/A BN/A_-BN/A 
3 2001 = 20.1 20.5 SN/A N/A 
4 20022 196 20.1 20.5 aN/A 
5 2003 21.0 196 ~ 201 205 
6 2a 19 2.0 196 241 
7 2005 31 219 210 196 
8| 2006 802410231 Ss. 
9 | 2007 239 21 86231 8©= 21.9 
10 2008 3.9 289 241 231 
11 2009 3.03190 28.9 
12, 201035403039 

To fit the third-order autoregressive model, all three lagged predictor variables are used. To 
fit the second-order autoregressive model, only the Lag! and Lag? variables are used. To fit the 
first-order autoregressive model, only the Lag! variable is used. 

Selecting the autoregressive model that best fits an annual time series begins with the high- 
est order autoregressive model to be evaluated, Choosing which model will be the highest order 
model to be evaluated can be based on prior experience using a time series. When no past experi- ence or insights exists, one often chooses to use a third-order model as the starting point, thereby 
making p = 3. Because the Coca-Cola Company revenue time series is being evaluated without prior experience, the highest-order model to evaluate is the third-order autoregressive model. 

From Figure 16.15, the fitted third-order autoregressive equation is 

¥, = 5.1923 + 1.4023¥;_, — 0.6557¥_, + OW1OR Yas 

where the first year in the series is 2003. 



FIGURE 16.15 

Excel regression work- 

sheet results for a 

third-order autoregressive 

model for the Coca-Cola 

Company annual revenue 

FIGURE 16.16 
Excel regression worksheet 

results for the second-order 

autoregressive model for the 

Coca-Cola Company annual 

revenue 
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: A | is} c D E F | G 

1 |Third-Order Autoregressive Model for The Coca Cola Company Annual Revenue 

2) 

3 | Regression Statistics 

4 \Multiple R 0.9441 

5 |R Square 0.8913 
6 |Adjusted R Square 0.8641 
7 |Standard Error 3.5505 

8 Observations 16 

9 | 
10 |ANOVA 
11) af SS MS F Significance F 

12 Regression 3 1240.0478 413.3493 32,7899 0.0000 

13 |Residual 12 151.2722 12.6060 

14 | Total 15 1391.3200 
15 | 

16 | Coefficients Standard Error tStat P-value Lower95% Upper 95% 

17 |intercept 5.1923 3.1945 1.6254 0.1300 -1.7673 12.1524 

18 |Lagi 1.4023 0.2816 4.9795 0.0003 0.7887 2.0159 

19 |Lag2 -0.6557 0.4782 -1.3714 0.1954 -1.6976 0.3861 

20 lag3 0.1128 0.3096 0.3645 0.7219 -0.5618 0.7875 

One evaluates this model by testing for the significance of A3, the highest-order parameter. 

The null and alternative hypotheses are 

Ho: A; = 0 

Hy: A; ~ 0 

The highest-order regression coefficient, a3, for the fitted third-order autoregressive model is 

0.1128, with a standard error of 0.3096. Using Equation (16.11) on page 576 and the worksheet 

results given in Figure 16.15, 

Cog Ase, 1128 a0 
t — 

coh Ss 0.3096 
= 0.3645 

Using a 0.05 level of significance, the two-tail t test with 12 degrees of freedom has crit- 

ical values of +2.1788. Because —2.1788 < tez47 = 0.3645 < 2.1788 or because the 

p-value = 0.7219 > 0.05, one does not reject Hp. One concludes that the third-order parameter 

of the autoregressive model is not significant and should not remain in the model. Therefore, 

one continues by fitting the Figure 16.16 second-order autoregressive model. 

The fitted second-order autoregressive equation is 

| 

A 

Y= 45737 1 3856Y_,)— 05156, ¥_5 

where the first year of the series is 2002. 

Bie SA NS Be | eC ele De pati pb Fea Be 4 
1 Second-Order Autoregressive Model for The Coca Cola Company Annual Revenue 

2 | 
3 | Regression Statistics 

4 |Multiple R 0.9494 
5 IR Square 0.9013 
6 Adjusted R Square 0.8872 

7 |Standard Error 3.3697 
8 | Observations 17 

9 
0 ANOVA 
11 dj S MS F Significance F | 
12 Regression 2 1451.2332 725.6166 63.9032 0.0000 

43 Residual 14 158.9691 11.3549 
14 Total 16___1610.2024 
15 | 

16, Coefficients StandardError tStat_ P-value  Lower95% Upper 95% 

17) intercept 4.5737 2.7725 1.6497 0.1213 ~1.3727 10.5200 

18 |Lagi 1.3856 0.2329 5.9502 0.0000 0.8861 1.8850 

19 jLag2 ~0.5158 0.2240 -2.3032 00,0371 ~0.9962 0.0355 
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One evaluates this model by testing for the significance of the A, parameter. The null and 

alternative hypotheses are: 

Hy: Ay = 0 
Hy: A, ¥ 0 

From Figure 16.15, the highest-order parameter estimate is ay = —0.5158, with a standard error 

of 0.2240. Using Equation (16.11) on page 576, 

a = A, . 0.5158 —.0 
Be ee enhance ote Ee, Bet) 
aA ry 0.2240 

Using the 0.05 level of significance, the two-tail ft test with 14 degrees of freedom 

has critical values of +2.1448. Because to747 = —2.3032 < —2.1488 or because the 

p-value = 0.0371 < 0.05, one rejects Hp. One concludes that the second-order parameter of 

the autoregressive model is significant and should be included in the model. 

The model-building approach has led to the selection of the second-order autoregressive 

model as the most appropriate for these data. Using the estimates dg = 4.5737, and a,; = 1.3856, 
as well as the most recent data value Y;9 = 31.9, the forecasts of revenue at the Coca-Cola 
Company for 2019 from Equation (16.13) on page 577 are © 

‘4 
n +; = 4.5737 + 1.3856Y,4;-; + —0.5158Y, 4), 

Therefore, 

2019: | year ahead, Vi = 4.5737 + 1.3856( 31.9) — 0.5158(35.4) = 30.525 billions of dollars 

Figure 16.17 displays the actual and predicted Y values from the second-order autoregressive 
model. 

FIGURE 16.17 Actual and Predicted Annual Revenue from a 
Plot of actual and predicted Second-Order Autoregressive Model for The Coca-Cola Company 

60 

revenue from a second-order 

autoregressive model at * 
the Coca-Cola Company Fao 

3 so 
$ 

: 20 Predicted 

~> Actual 

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 
Year 

In Section 16.3, linear, quadratic, and exponential models were fitted to Alphabet Inc. annual Fitting a First-Order revenue from 2011 to 2018. Fit an autoregressive model to these data. 
‘Autoregressive 
Model for Alphabet 

Inc. Annual Revenue 

SOLUTION Because the sample size consists of only eight years, only a first-order autoregres- 
sive model should be considered. Figure 16.18 presents that model. 

> (continued) 
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A kee c po AweE F G 
Excel regression work- i rst: Onder Autoregressive Model for Alphabet inc. Annual Revenue 

sheet results for the 3 | Regression Statistics 

first-order autoregres- : paceipie® 0273 
z |R Square 0.9957 

sive model for Alphabet 6 |Adjusted R Square 0.9948 
Inc. annual revenue 7 |Standard Error 2.3203 

8 |Observations 7 

3] 
10 |ANOVA 

11 qd S$ MSs F Significance F 

jRegression 1 6172.7764 6172.7764 1146.5968 0.0000 

/Residual 5 26.9178 5.3836 

Total 6 6199,6942 

Coefficients Standard Error _ t Stat P-value Lower 95% Upper 95% 

|Intercept -3,3511 2.6947 ~1.2436 0.2688 -10,.2781 3.5758 

Lagi 1.2541 0.0370 33.8614 0.0000 1.1589 1.3493 

The fitted regression model is 

Predicted Y¥, = —3.3511 + 1.2541¥,_, 

One evaluates this model by testing for the significance of the A, parameter. The null and alter- 
native hypotheses are 

A: Ay =0 

A: Ay ~ 0 

Using Equation (16.11) on page 576 and the 0.05 level of significance, the two-tail t 

test with 5 degrees of freedom has critical values of —2.5706 and +2.5706. Because 

tsrar = 33.8614 > 2.5706 or because the p-value = 0.0000 < 0.05, one concludes that the 

first-order parameter of the autoregressive model is significant and should remain in the model. 

One also notes that r? = 0.9957, which indicates the 99.57% of the variation in revenue is 

explained by the model. 

PROBLEMS FOR SECTION 16.4 

LEARNING THE BASICS 

16.23 You are given an annual time series with 40 consecutive 
values and asked to fit a fifth-order autoregressive model. 

. How many comparisons are lost in developing the autoregres- 

sive model? 
. How many parameters do you need to estimate? 

Which of the original 40 values do you need for forecasting? 

. State the fifth-order autoregressive model. 

Write an equation to indicate how you would forecast j years 

into the future. 

16.24 A third-order autoregressive model is fitted to an annual 

time series with 17 values and has the following estimated param- 

eters and standard errors: 

do. 4.50 Ch = eho) Gh = 0.80 (OLN 0.24 

Sq, = 0.50 Sq, = 0.30 Sq, = 0.10 

At the 0.05 level of significance, test the appropriateness of the 

fitted model. 

16.25 Refer to Problem 16.24. The three most recent values are 

Yi5 = 23 Yi6 = 28 Y\7 = 34 

Forecast the values for the next year and the following year. 

16.26 Refer to Problem 16.24. Suppose, when testing for the 

appropriateness of the fitted model, the standard errors are 

VES AYR iees Ay raking 

a. What conclusions can you reach? 

b. Discuss how to proceed if forecasting is still your main objective. 
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APPLYING THE CONCEPTS 

16.27 Using the data for Problem 16.15 on page 571 that represent 

the number of new, single-family houses sold in the United States 

from 1992 through 2018 (stored in EWES FS), 

a. fit a third-order autoregressive model to the new single-family 

homes sold and test for the significance of the third-order 

autoregressive parameter. (Use a = 0,05.) 

b. if necessary, fit a second-order autoregressive model to the new 

single-family homes sold and test for the significance of the 

second-order autoregressive parameter. (Use a = 0.05.) 

c. if necessary, fit a first-order autoregressive model to the new 

single-family homes sold and test for the significance of the 

first-order autoregressive parameter. (Use a = 0.05.) 

d. if appropriate, forecast the new single-family homes sold in 

2019. 

oy SELF 16.28 Using the data for Problem 16.12 on page 57] 
TEST concerning the bonuses paid to workers on Wall Street 

from 2000 to 2018 (stored in ERSTE’), 
a. fit a third-order autoregressive model to the bonuses paid and test 

for the significance of the third-order autoregressive parameter. 

(Use a = 0.05.) 

b. if necessary, fit a second-order autoregressive model to the 

bonuses paid and test for the significance of the second-order 

autoregressive parameter. (Use a = 0.05.) 

c. if necessary, fit a first-order autoregressive model to the bonuses 

paid and test for the significance of the first-order autoregres- 

sive parameter. (Use a = 0.05.) 

d. if appropriate, forecast the bonuses paid in 2019. 

16.29 Using the data for Problem 16.17 on page 572 concerning 

the number of automobiles assembled in the United States from 

1999 to 2018 (stored in ESIIEENE TY), 
a. fit a third-order autoregressive model to the number of automo- 

biles assembled in the United States and test for the significance 
of the third-order autoregressive parameter. (Use a = 0.05.) 

b. if necessary, fit a second-order autoregressive model to the 

number of automobiles assembled in the United States and test 

for the significance of the second-order autoregressive parame- 

ter. (Use a = 0.05.) 

c. if necessary, fit a first-order autoregressive model to the number of 

automobiles assembled in the United States and test for the signifi- 

cance of the first-order autoregressive parameter. (Use a = 0.05.) 

d. forecast the number of automobiles assembled in the United 

States for 2019. 

16.30 Using the average baseball salary from 2000 through 2019 

data for Problem 16.18 on page 572 (stored in [7 ESr"9), 
a. fit a third-order autoregressive model to the average baseball 

salary and test for the significance of the third-order autoregres- 

sive parameter. (Use a = 0.05.) 

b. if necessary, fit a second-order autoregressive model to the 

average baseball salary and test for the significance of the 

second-order autoregressive parameter. (Use a = 0.05.) 

c. if necessary, fit a first-order autoregressive model to the average 

baseball salary and test for the significance of the first-order 

autoregressive parameter. (Use a = 0.05.) 

d. forecast the average baseball salary for 2020. 

16.31 Using the yearly amount of solar power generated by utilities 

(in millions of kWh) in the United States from 2002 through 2018 

data for Problem 16.16 on page 572 (stored in EXPOS), 
a. fit a third-order autoregressive model to the amount of solar 

power installed and test for the significance of the third-order 

autoregressive parameter. (Use a = 0.05.) 

b. if necessary, fit a second-order autoregressive model to the 

amount of solar power installed and test for the significance of 

the second-order autoregressive parameter. (Use a = 0.05.) 
c. if necessary, fit a first-order autoregressive model to the amount 

of solar power installed and test for the significance of the 
first-order autoregressive parameter. (Use a = 0.05.) 

d. forecast the yearly amount of solar power generated by utilities 
(in millions of kWh) in the United States in 2019. 

16.5 Choosing an Appropriate Forecasting Model 
The previous two sections discuss six time-series methods for forecasting: the linear trend 
model, the quadratic trend model, and the exponential trend model (Section 16.3) and 
the first-order, second-order, and pth-order autoregressive models (Section 16.4). To 
choose which one of the six models should be used for forecasting, one should consider 
these four criteria: 

* The results from a residual analysis. 
* The magnitude of the residuals through squared differences. 
* The magnitude of the residuals through absolute differences, 
* The principle of parsimony. 

Residual Analysis 
Sections 13.5 and 14.3 define residuals as the differences between observed and predicted 
values. After fitting a particular model to a time series, one plots the residuals over the n 
time periods. As shown in Figure 16.19 Panel A, if the particular model fits adequately, the 
residuals represent the irregular component of the time series. Therefore, they should be 
randomly distributed throughout the series. However, as illustrated in the three remaining 
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Residual analysis for 

studying patterns of errors 

in regression models 
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panels of Figure 16.19, if the particular model does not fit adequately, the residuals may show 

a systematic pattern, such as a failure to account for trend (Panel B), a failure to account 

for cyclical variation (Panel C), or, with monthly or quarterly data, a failure to account for 

seasonal variation (Panel D). 

The Magnitude of the Residuals Through Squared 
or Absolute Differences 
If, after performing a residual analysis, you still believe that two or more models appear to fit 

the data adequately, one can use additional methods for model selection. Numerous measures 

based on the residuals are available (see Bowerman, O’Connell, and Koehler; Box et al.). 

In regression analysis (see Section 13.3), you have already used the standard error of the 

estimate Syy as a measure of variation around the predicted values. For a particular model, this 

measure is based on the sum of squared differences between the actual and predicted values in a 

time series. If a model fits the time-series data perfectly, then the standard error of the estimate 

is zero. If a model fits the time-series data poorly, then Syy is large. Thus, when comparing the 

adequacy of two or more forecasting models, you can select the model with the smallest Syy as 

most appropriate. 

However, a major drawback to using Syy when comparing forecasting models is that when- 

ever there is a large difference between even a single Y; and i the value of Syy becomes overly 

inflated because the differences between Y, and Y; are squared. For this reason, many statisticians 

prefer the mean absolute deviation (MAD), Equation (16.14) defines the MAD as the mean of 

the absolute differences between the actual and predicted values in a time series. 

MEAN ABSOLUTE DEVIATION 

MAD = —— (16.14) 

If a model fits the time-series data perfectly, the MAD is zero. If a model fits the time-series 

data poorly, the MAD is large. When comparing two or more forecasting models, one can select 

the model with the smallest MAD as the most appropriate. 
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FIGURE 16.20 
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The Principle of Parsimony 

If, after performing a residual analysis and comparing the Syy and MAD measures, one still 

believes that two or more models appear to adequately fit the data, one can use the principle of 

parsimony for model selection, As Section 15.4 first explains, parsimony guides one to select the 

regression model with the fewest independent variables that can predict the dependent variable 

adequately. In general, the principle of parsimony guides one to select the least complex regres- 
sion model. Among the six forecasting models studied in this chapter, most statisticians consider 
the least-squares linear and quadratic models and the first-order autoregressive model as simpler 
than the second and pth-order autoregressive models and the least-squares exponential model. 

A Comparison of Four Forecasting Methods 
To illustrate the model selection process, one can compare four of the forecasting models that 
Sections 16.3 and 16.4 discuss: the linear model, the quadratic model, the exponential model, 
and the first-order autoregressive model. Figure 16.20 presents the residual plots for the four 
models for a time series being analyzed. In reaching conclusions from these residual plots, you 
must use caution because there are only 19 values for the linear model, the quadratic model, and 
the exponential model and only 18 values for the first-order autoregressive model. 

In Figure 16,20, observe that the residuals in the linear model, quadratic model, and expo- 
nential model are positive for the early years, negative for the intermediate years, and positive 
again for the later years, and negative again for the latest years. For the first-order autoregressive 
models the residuals do not exhibit any clear systematic pattern although one residual is highly 
positive. 

Residual plots for four forecasting models 
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To summarize, on the basis of the residual analysis of all four forecasting models, it appears that the first-order autoregressive model is the most appropriate, and the linear, quadratic, and exponential models are not appropriate. my 
For further verification, one can compare the magnitude of the residuals in the four models. Figure 16.21 shows the actual values (¥) along with the predicted values y, the 
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residuals (e;), the error sum of squares (SSE), the standard error of the estimate (Syy), and 
the mean absolute deviation (MAD) for each of the four models. 

For the Alphabet Inc. annual revenue time series, the first-order autoregressive model 
provides the smallest SSE, followed by the exponential, quadratic, and the linear model. The 
first-order autoregressive model also contains the smallest Syy. The MAD for the first-order 
autoregressive model is also less than the MAD for the other three models. Therefore, based on 
these results and the residual plots (not shown), one would select the first-order autoregressive 
model. 

FIGURE 16.21 Linear Quadratic Exponential First-Order AR 

Comparison of four fore- | Year Revenue |Predicted Residual |Predicted Residual |Predicted Residual |Predicted Residual 

: : 2011 37.9050} 30.2280 7.6770) 40.1296 -2.2246] 38.1385 -0.2335| #N/A  #N/A 
casting models using SSE, 2012 46.0390] 43.6771 2.3619] 45.0916 0.9474] 45.5757 0.4633] 44.1857 1.8533 
Syy, and MAD 2013 55.5190] 57.1262 -1.6072| 52.8827 2.6363} 54.4632 1.0558) 54.3866 1.1324 

2014 66.0010 

2015 74.9890 

2016 90.2720 

2017 110.8550 

70.5753 -4.5743 

84.0244 -9,0354 

97.4735 -7.2015 

110.9226 -0.0676 

124.3718 

63.5027 2.4983 

76.9518 -1.9628 

93.2300 -2.9580 

112.3872 -1,4822 

134.2734 

66.2755 -0.2745 

79.4211 -4.4321 

90.6930 -0.4210 

109.8594 0.9956 

135.6727 

65.0839 0.9171 

77.7756 

92.9423 

111.0666 -0,2116 

132.7252 

Syx 7.9211 

MAD 5.6215 

2.8396 

2.1569 

Syx 
MAD 

After one selects a particular forecasting model, one continually monitors and updates the 

model. Once new data become available, one can use these data points to refine and improve 

the model. 

Forecasting methods that this chapter discuss assume that patterns in the data seen in his- 

torical data will continue for future data. If large errors between forecasted and actual values 

occur, the underlying structure of the time series may have changed and the assumption may 

no longer be valid. 

PROBLEMS FOR SECTION 16.5 

LEARNING THE BASICS ¢. compute the MAD. 

16.32 The following residuals are from a linear trend model used 4+ On the basis of (a) through (c), and the principle of parsimony, 
Pe rarecast sales: which forecasting model would you select? Discuss. 

16.35 Using the new, single-family house sales data for 

ee LoD OUND 30 18 a 200.010 Problem 16. 15 on page 571 and Problem 16.27 on page 582 See 

a, Compute Syy and interpret your findings. iil House Sales } 
a. perform a residual analysis for each model. 

b. compute the standard error of the estimate (Syy) for each 

16.33 Refer to Problem 16.32. Suppose the first residual is 12.0 model. 

(instead of 2.0) and the last residual is —11.0 (instead of —1.0). c. compute the MAD for each model. 

d. On the basis of (a) through (c) and the principle of parsimony, 

which forecasting model would you select? Discuss. 

b. Compute the MAD and interpret your findings. 

Compute Syy and interpret your findings Compute the MAD and 

interpret your findings. 
V (383 16.36 Using the bonuses paid to workers on Wall Street 

ISSIN data for Problem 16.12 on page 571 and Problem 16.28 

APPLYING THE CONCEPTS on page 582 (stored in [ERRTEES), 

16.34 Using the yearly amount of solar power generated a. perform a residual analysis for each model. 

by utilities (in millions of kWh) in the United States data for b. compute the standard error of the estimate (Syy) for each 

Problem 16.16 on page 572 and Problem 16.31 on page 582 model. 

(stored in BEtawarie)» c. compute the MAD for each model. 

a. perform a residual analysis. d. On the basis of (a) through (c) and the principle of parsimony, 

b. compute the standard error of the estimate (Syy). which forecasting model would you select? Discuss. 
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16.37 Using the data for the number of automobiles assembled in c. compute the MAD for each model. . 
the United States for Problem 16.17 on page 572 and Problem 16,29 d. On the basis of (a) through (c) and the principle of parsimony, 
on page 582 (stored in LTRS ETTEEhy), which forecasting model would you select? Discuss. 

gy portonn # cesidusl analysis for cach model, 16.39 Referring to the results for Problem 16.13 on page 571 that standard error of stimate (Sy) for each model. 3 . compute the standard error of the estimate (Syy) e used the file [eDI, b 

c. compute the MAD for each model. 

d. On the basis of (a) through (c) and the principle of parsimony, 

which forecasting model would you select? Discuss. 

a. perform a residual analysis. 

b, compute the standard error of the estimate (Syy). 

c. compute the MAD, 
16.38 Using the average baseball salary data for Problem 16.18 on d. On the basis of (a) through (c), are you satisfied with your linear 
page 572 and Problem 16,30 on page 582 (stored in [==SSEETT)), trend forecasts in Problem 16.13? Discuss. 
a. perform a residual analysis for each model. 

b. compute the standard error of the estimate (Syy) for each model. 

16.6 Time-Series Forecasting of Seasonal Data 

TABLE 16.3 

Quarterly revenue 

(in $billions) for 
Amazon.com, Inc., 

2013-2018 

FIGURE 16.22 

Time-series plot of 

quarterly revenue for 

Amazon.com, Inc., 

2013-2018 

As Section 16.1 first mentions, time-series data that are collected in intervals more frequently 
than annually, such as quarterly, monthly, weekly, or daily time series, may contain a seasonal 
component. To illustrate forecasting with seasonal data, consider the Table 16.3 time series that 
presents six years’ worth of quarterly revenues for Amazon.com Inc., the global technology 
company based in Seattle. Figure 16.22 visualizes this time series that is stored in | Amazon § 

Year a a 

Quarter 2013 2014 2015 2016 2017 2018 
1 16.070 19.741 22.717 25.128 35.714 51.042 
2 15.704 19.340 23.185 30.404 37.955 52.888 
3 17.092 20.579 25.358- “32.714 43.744 55.576 
4 25.586 29.328 35.746 ‘43.741 60.453 72.383 
Source: Data extracted from ycharts.com/companies/AMZN/revenues. 

Amazon.com, Inc., Quarterly Revenue 

Coded Quarter 

Least-Squares Forecasting with Monthly 
or Quarterly Data 
To develop a least-squares regression model that includes a seasonal component, the least- Squares exponential trend fitting method used in Section 16.3 is combined with dummy variables to represent the quarters (see Section 14.6) to model the seasonal component. 



One could also choose to use base 

e logarithms. For more informa- 

tion on logarithms, see Appendix 

Section A.3. 
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Equation (16.15) defines the exponential trend model for quarterly data. 

EXPONENTIAL MODEL WITH QUARTERLY DATA 

Yi = ByBi'BY BP BPE; (16.15) 
where 

X; = coded quarterly value, i = 0, 1,2, . 

Q, = 1 if first quarter, O if not first quarter 

Q>) = | if second quarter, 0 if not second quarter 

Q; = 1 if third quarter, 0 if not third quarter 

Bo = Y intercept 

(B, — 1) X 100% = quarterly compound growth rate (in %) 

{> = multiplier for first quarter relative to fourth quarter 

83; = multiplier for second quarter relative to fourth quarter 

{4 = multiplier for third quarter relative to fourth quarter 

€; = value of the irregular component for time period 7 

The model in Equation (16.15) is not in the form of a linear regression model. To transform 

this nonlinear model to a linear model, one uses a base 10 logarithmic transformation.” Taking 

the logarithm of each side of Equation (16.15) results in Equation (16.16). 

TRANSFORMED EXPONENTIAL MODEL WITH QUARTERLY DATA 

I log ( ByB*B9 BB Me, ) (16.16) 

= log(By) + log(B*)) + log(B¥') + log(B%) + log(B") + log(e;) 

= log(Bo) + X; log(B,) + Q; log(B,) + Q2 log(B3) + Q3 log(By) + log(e;) 

log(¥)) 

One uses the Equation (16.16) linear model for least-squares regression estimation. 

Performing the regression analysis using log(Y;) as the dependent variable and X;, Q;, Q2, and 

Q; as the independent variables results in Equation (16.17). 

EXPONENTIAL GROWTH WITH QUARTERLY DATA FORECASTING EQUATION 

log(Y) = bo + BX) +520, + 530, + b40; (16.17) 

where 

by = estimate of log(o) and thus 107= Bo 

b; = estimate of log(B,) and thus 10210; 

b, = estimate of log(B,) and thus 10” = 8, 

b, = estimate of log(;) and thus 10°) = Bs 

b, = estimate of log(®,) and thus 10% = Ba 
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One uses Equation (16.18) for monthly data. 

EXPONENTIAL MODEL WITH MONTHLY DATA 

Yi = BoBi'By'' By" By BS! Bo By" By" Bo" Bio Bi1"BiS (16.18) 
where 

X; = coded monthly value, i = 0,1,2,... 

M, = | if January, 0 if not January 

M, = | if February, 0 if not February 

M, = 1 if March, 0 if not March 

Mi, = 1 if November, 0 if not November 

Bo = Y intercept 

(8B, — 1) X 100% = monthly compound growth rate (in %) 

>) = multiplier for January relative to December 

3 = multiplier for February relative to December 

{£4 = multiplier for March relative to December 

2,2 = multiplier for November relative to December 

&; = value of the irregular component for time period i 

The model in Equation (16.18) is not in the form of a linear regression model. To transform 
this nonlinear model into a linear model, one can use a base 10 logarithm transformation. Taking 
the logarithm of each side of Equation (16.18) results in Equation (16.19). 

TRANSFORMED EXPONENTIAL MODEL WITH MONTHLY DATA 

log(¥) = log(BoBt'By" BBY BY BY By oBY By BM BM opie.) (16.19) 
= log(Bo) + X; log(B,) + M, log(B,) + M; log(By) 

+ M3 log(By) + My log(Bs) + Ms log(Bs) + Mg log(B,) 
+ M; log(Bs) + Mg log(Bo) + Mg log(Bio) + Myo log(B; 1) 
+ Mj, log(B,2) + log(e;) 

One can use the Equation (16.19) linear model for least-squares estimation. Performing the 
regression analysis using log(Y;) as the dependent variable and X;, M, Mp, ..., and Mj, as the 
independent variables results in Equation (16.20). 

EXPONENTIAL GROWTH WITH MONTHLY DATA FORECASTING EQUATION 
log(Y;) = by + biX; + byM, + byMy + byMy + bsM, + beMs + byMg 

a bgsM, a boMg fa bioMg “ bi ;Mio am bi»M), (16.20) 

where 

A 

by = estimate of log(@o) and thus 10% = Bo 

b, = estimate of log(B,) and thus 10°: = B: 

b, = estimate of log(,) and thus 10 = B 
estimate of log(8;) and thus 10°) = Bs > 

w 
I 

estimate of log(8,7) and thus 10°2 = Bio soe nN 
ll 



FIGURE 16.23 

Excel regression work- 

sheet results for the 

quarterly revenue data for 

Amazon.com, Inc. 
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Q;, Qo, and Q, are the three dummy variables needed to represent the four quarter 

periods in a quarterly time series. M,, M>, M3, ..., M,, are the 11 dummy variables needed to 

represent the 12 months in a monthly time series. In building the model, one uses log(Y;) instead 

of Y; values and then finds the regression coefficients by taking the antilog of the regression 

coefficients developed from Equations (16.17) and (16.20). 

Although at first glance these regression models look imposing, when fitting or forecasting 

for any one time period, the values of all or all but one of the dummy variables in the model are 

equal to zero, and the equations simplify dramatically. In establishing the dummy variables for 

quarterly time-series data, the fourth quarter is the base period and has a coded value of zero 

for each dummy variable. With a quarterly time series, Equation (16.17) reduces as follows: 

For any first quarter: log(Y,) = by + bX; + bo 

For any second quarter: log(Y,) = by + bX; + by 

For any third quarter: log(Y,) = bo + DX; + by 

For any fourth quarter: log(Y) = by + bX; 

When establishing the dummy variables for each month, December serves as the base period 

and has a coded value of 0 for each dummy variable. For example, with a monthly time series, 

Equation (16.20) reduces as follows: 

For any January: log(Y,) = bo + bX; + bo 

For any February: log(¥,) = by + DX; + b3 

For any November: log(¥,) = bo + DX; + by2 

For any December: log(¥,) = bo + bX; 

To demonstrate the process of model building and least-squares forecasting with a quarterly 

time series, recall the Amazon.com, Inc., revenue data (in billions of dollars) which Table 16.3 

on page 586 presents. The data are from the first quarter of 2013 through the last quarter of 2018. 

Figure 16.23 presents the regression results for the quarterly exponential trend model. 

if ey valde ase Reseed PS Spee, sy Srey Pew ae NS Sia roo ice ad fee Le, 
1 Quarterly Exponential Trend Model for Amazon.com, Inc., Revenue 

“RS eee ad ee 

3 | Regression Statistics 
4 |Multipte R 0.9912 

5 |R Square 0.9826 

6 ladjusted R Square 0.9789 

7 |Standard Error 0.0279 

8 | Observations 24 

9 q 

10 ANOVA 

11] df SS MS F Significance F 

12 |Regression 4 0.8355 0.2089 267.7254 0.0000 

13 | Residual 19 0.0148 0.0008 

14 |Total 23 0.8503 

15) 

16) Coefficients Standard Error tStat P-value Lower 95% Upper 95% 

17 |intercept 1.2957 0.0157 82.3179 0.0000 1.2628 1,3287 

18 |Coded Quarter 0.0248 0.0008 29.7404 0.0000 0,0231 0.0266 

49 |a1 ~0,1242 0.0163 -7.6083 0.0000 -0.1583 -0,0900 

20 02 -0.1299 0.0162 -8.0118 0.0000 -0.1638 -0.0960 

2103 -0.1184 0.0161 -7.3347 0.0000 -0.1522,_-0.0846 

From Figure 16.23, the model fits the data very well. The coefficient of determination 

r2 = 0.9826, the adjusted r? = 0.9789, and the overall F test results in an Fyr4z test statistic 

of 267.7254 (p-value = 0.000). At the 0.05 level of significance, each regression coefficient is 

highly statistically significant and contributes to the model. Table 16.4 lists the antilogs of all 

the regression coefficients. 
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TABLE 16.4 

Antilogs of the regres- 

sion coefficients for the 

Figure 16.23 regression 

results 

Regression Coefficient b; = log B; - B,=antilog (b) = 10” 

bo: Y intercept 1.2957 19,7560 

b,: coded quarter 0.0248 1.0588 

by: first quarter —0.1242 0.7513 

b3: second quarter —0.1299 0.7415 

by: third quarter —0.1184 0.6943 

The interpretations for Bo, B;, B>, B;, and B, are as follows: 

The Y intercept, Bo = 19.7560 (in $billions), is the unadjusted forecast for quarterly rev- 
enues in the first quarter of 2013, the initial quarter in the time series. Unadjusted means 
that the seasonal component is not incorporated in the forecast. 
The value (B, — 1) X 100%, = 0.0588, or 5.88%, is the estimated quarterly compound 
growth rate in revenues, after adjusting for the seasonal component. 
Bo = 0.7513 is the seasonal multiplier for the first quarter relative to the fourth quarter; 
it indicates that there is 1 — 0.7513 = 24.87% less revenue for the first quarter than for 
the fourth quarter. . 
2; = 0.7415 is the seasonal multiplier for the second quarter relative to the fourth quarter; 
it indicates that there is 1 — 0.7415 = 25.85% less revenue for the second quarter than 
for the fourth quarter. 
B, = 0.6943 is the seasonal multiplier for the third quarter relative to the fourth quarter; 
it indicates that there is 1 — 0.6943 = 30.57% less revenue for the third quarter than for 
the fourth quarter. Thus, the fourth quarter, which includes the holiday shopping season, 
has the strongest sales. 

Using the regression coefficients bp, b;, by, b3, and b,, and Equation (16.17) on page 587, 
you can make forecasts for selected quarters. As an example, to predict revenues for the fourth 
quarter of 2018 (X; = 23), 

Thus, 

log(¥;) = by + bX; 

= 1.2957 + (0.0248)(23) 

1.8661 

log(¥;) = 10!-8658 — 73.4176 

The predicted revenue for the fourth quarter of fiscal 2018 is $73.4176 billion. To make a fore- 
cast for a future time period, such as the first quarter of fiscal 2019 (X; = 24, 0, = 1), 

Thus, 

log(¥;) = by + bX; + b,0, 
1.2957 + (0.0248)(24) + (—0.1242)(1) 

1.7667 II 

¥, = 10'-767 — 58 4396 

The predicted revenue for the first quarter of fiscal 2019 is 58.4386 billion. 
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PROBLEMS FOR SECTION 16.6 

LEARNING THE BASICS 

16.40 In forecasting a monthly time series over a five-year period 
from January 2014 to December 2018, the exponential trend 
forecasting equation for January is 

log ¥; = 2.0 + 0.01X; + 0.10 Wanuary) 

Take the antilog of the appropriate coefficient from this equation 
and interpret the 

a. Y intercept, bo. 

b. monthly compound growth rate. 

c. January multiplier. 

16.41 In forecasting daily time-series data, how many dummy 
variables are needed to account for the seasonal component day 
of the week? 

16.42 In forecasting a quarterly time series over the five-year 

period from the first quarter of 2014 through the fourth quarter of 

2018, the exponential trend forecasting equation is given by 

log ¥; = 3.0 + 0.10X; — 0.250, + 0.200, + 0.15Q, 

where quarter zero is the first quarter of 2014. Take the antilog of 

the appropriate coefficient from this equation and interpret the 

a. Y intercept, bys 

b. quarterly compound growth rate. 

¢. second-quarter multiplier. 

16.43 Refer to the exponential model given in Problem 16.42. 

a. What is the fitted value of the series in the fourth quarter of 

2018? 

b. What is the fitted value of the series in the first quarter of 2018? 

c. What is the forecast in the fourth quarter of 2019? 

d. What is the forecast in the first quarter of 2019? 

APPLYING THE CONCEPTS 

16.44 The data in are quarterly revenues (in 
M18 $millions) for Target from 2000-Q1 through 2019-Q1. 

Source: Data extracted from ycharts.com/companies/TGT/revenues. 

a. Do you think that the revenues for Target are subject to seasonal 

variation? Explain. 

b. Plot the data. Does this chart support your answer in (a)? 

c. Develop an exponential trend forecasting equation with quar- 

terly components. 

d. Interpret the quarterly compound growth rate. 

e. Interpret the quarterly multipliers. 

f. What are the forecasts for 2019-Q2, 2019-Q3, 2019-Q4, and all 

four quarters of 2020? 

16.45 Are gasoline prices higher during the height of the summer 

vacation season than at other times? The file contains 

the mean monthly prices (in $/gallon) for unleaded gasoline in the 

United States from January 2006 to July 2019. 

Source: Data extracted from U.S. Energy Information Administration, “Monthly 

Energy Review,” bit.ly/2wYUEtV. 

a. Construct a time-series plot. 

b. Develop an exponential trend forecasting equation with monthly 

components. 

c. Interpret the monthly compound growth rate. 

d. Interpret the monthly multipliers. 

e. Write a short summary of your findings. 

16.46 The file contains the volume (in barrels) of Cana- 
dian crude oil exports by rail from January 2012 to May 2019. 

Source: Data extracted from National Energy Board, “Canadian Crude Oil Exports 

by Rail - Monthly Data,” bit.ly/IRJTx6c. 

a. Plot the time-series data. 

b. Develop an exponential trend forecasting equation with month- 

ly components. 

. What is the fitted value in May 2019? 

. What are the forecasts for the last four months of 2019? 

. Interpret the monthly compound growth rate. 

Interpret the July multiplier. 

16.47 The file contains the monthly call volume for 
an existing product. 

—=— oan 

Source: Data extracted from S. Madadevan and J. Overstreet, “Use of Warranty 

and Reliability Data to Inform Call Center Staffing,” Quality Engineering 

24 (2012): 386-399. 

a. Construct the time-series plot. 

b. Describe the monthly pattern in the data. 

c. In general, would you say that the overall call volume is 

increasing or decreasing? Explain. 

d. Develop an exponential trend forecasting equation with monthly 

components. 

. Interpret the monthly compound growth rate. 

Interpret the January multiplier. 

. What is the predicted call volume for month 60? 

. What is the predicted call volume for month 61? 

How can this type of time-series forecasting benefit the call 

center? 

16.48 The file [S24] contains the price in London for an ounce 
of silver (in US$) at the end of each quarter from 2004 through 

2018. 

Source: Data extracted from USAGold, “Daily Silver Price History,” bit.ly/2O0Bo VuB. 

a. Plot the data. 

b. Develop an exponential trend forecasting equation with 

quarterly components. 

Interpret the quarterly compound growth rate. 

. Interpret the first quarter multiplier. 

. What is the fitted value for the last quarter of 2018? 

What are the forecasts for all four quarters of 2019? 

. Are the forecasts in (f) accurate? Explain. 

— Ss 7Q Ss 0 

vTamoan 

16.49 The file [e{F) contains the price in London for an ounce of 
gold (in US$) at the end of each quarter from 2004 through 2018. 

Source: Data extracted from USAGold, “Daily Gold Price History,” bit.ly/2w8iBSI. 

a. Plot the data. 

b. Develop an exponential trend forecasting equation with 

quarterly components. 

c. Interpret the quarterly compound growth rate. 

d. Interpret the first quarter multiplier. 

e. What is the fitted value for the last quarter of 2018? 

f. What are the forecasts for all four quarters of 2019? 

g. Are the forecasts in (f) accurate? Explain. 
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16.7 Index Numbers 

An index number measures the value of an item (or group of items) at a particular point in 

time as a percentage of the value of an item (or group of items) at another point in time. The 

Section 16.7 online topic discusses this concept and illustrates its application. 

cow) | 25S SS a an 
Let the Model User Beware 

When using a model, one must always review the assump- 

tions built into the model and think about how novel or 

changing circumstances may render the model less useful. 

Implicit in the time-series models developed in this 

chapter is that past data can be used to help predict the 

future. While using past data in this way is a legitimate 

application of time-series models, every so often, a crisis in 

financial markets illustrates that using models that rely on 

the past to predict the future is not without risk. 

For example, during August 2007, many hedge funds suf- 

fered unprecedented losses. Apparently, many hedge fund 

managers used models that based their investment strategy 

on trading patterns over long time periods. These models 

did not—and could not—reflect trading patterns contrary 

to historical patterns (G. Morgenson, “A Week When Risk 

Came Home to Roost,” The New York Times, August 12, 

2007, pp. B1, B7). When fund managers in early August 2007 

needed to sell stocks due to losses in their fixed income 

portfolios, stocks that were previously stronger became 

weaker, and weaker ones became stronger—the reverse of 

what the models expected. Making matters worse, many 

fund managers were using similar models and rigidly made 

investment decisions solely based on what those models 

said. These similar actions multiplied the effect of the selling 

pressure, an effect that the models had not considered and 

that therefore could not be seen in the models’ results. 

This example illustrates that using models does not 

absolve you of the responsibility of being a thoughtful deci- 

sion maker. Go ahead and use models—when appropriately 

used, they will enhance your decision making. But always 

remember that no model can completely remove the risk 

involved in making a business decision. 

SATE SEA TEESE LETTE TN RN INE TPE LIE TI RORY RS, 

Y USING STATISTICS 
Is the ByYourDoor Service Trending? Revisited 

4 n the ByYourDoor scenario, you were asked to analyze 
time-series sales data for the online food delivery service. 

You researched time-series forecasting methods and learned 
how to make short-term estimates of future time-series values. 

You learned when to use moving averages and exponential 
smoothing methods to develop forecasts. You predicted that 
the movie attendance in 2019 would be 1.3038 billion. 

For Alphabet Inc., you used least-squares linear, qua- 
dratic, and exponential models and a first-order autoregres- 
sive model to develop revenue forecasts. You evaluated these 
alternative models and determined that the first-order auto- 
regressive model gave the best forecast, according to several 

This chapter discusses smoothing techniques, least-squares 
trend fitting, autoregressive models, and forecasting of 
seasonal data. Figure 16.24 summarizes the time-series 
methods discussed in this chapter. 

criteria. You predicted that 

the revenue of Alphabet Inc. 

would be $137.8208 billion 
in 2019. 

You realized that the 
By YourDoor time series 
has a seasonal component and helped managers decide that 
you should be analyzing monthly data. You practiced for your 
task by using a least-squares regression model with a seasonal 
component to forecast revenues for Amazon.com, Inc. You 
predicted that Amazon would have revenue of $58.4386 billion 
in the first quarter of fiscal 2019. 

_ When using time-series forecasting, plot the time series 
and answer the following question: Is there a trend in the data? 
If there is a trend, then you can use the autoregressive model 
or the linear, quadratic, or exponential trend models. If there 



_ is no obvious trend in the time-series plot, then you should use 
moving averages or exponential smoothing to smooth out the 
effect of random effects and possible cyclical effects. After 
smoothing the data, if a trend is still not present, then you can 

FIGURE 16.24 

Summary chart of time-series 
forecasting methods 

Forecasting 
Models 

Key Equations 593 

use exponential smoothing to forecast short-term future val- 

ues. If smoothing the data reveals a trend, then you can use the 

autoregressive model, or the linear, quadratic, or exponential 

trend models. 

Time-Series 
Forecasting 

Yes Trend No- 

H ? : 

| 
. ae APA 

| 

| 

Exponential Moving 
5 Smoothing Averages 

Annual No 
Data? aid 

j 
Ww 
7 

Least-Squares Forecasting with 
Transformed Exponential Model 

ail A Pe? 
Linear 

Trend 
Quadratic 

Trend 
Exponential 

Trend 
Autoregressive 

Models 
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Bisgaard, S., and M. Kulahci. Time Series Analysis and Forecasting 

by Example. Hoboken, NJ: John Wiley and Sons, 2011. 

Bowerman, B. L., R. T. O’Connell, and A. Koehler. Forecasting, 

Time Series, and Regression, 4th ed. Belmont, CA: Duxbury 

Press, 2005. 

Box, G. E. P., G. M. Jenkins, G. C. Reinsel, and G. M. Leung. Time 

Series Analysis: Forecasting and Control, 4th ed. Hoboken, NJ: 

John Wiley and Sons, 2015. 

An Exponentially Smoothed Value for 

Time Period i 

B= a4 

E; = WY, + (1 — W)E,-, fori = 2, 3,4,... (16.1) 

Model 
Selection 

Rea he 

Hanke, J. E., D. W. Wichern, and A. G. Reitsch. Business Forecast- 

ing, 7th ed. Upper Saddle River, NJ: Prentice Hall, 2001. 

Montgomery, D. C., C. L. Jenning, and M. Kulahci. Introduction to 

Time Series Analysis and Forecasting, 2nd ed. Hoboken, NJ: John 

Wiley and Sons, 2016. 

Pecar, B. Box-Jenkins ARIMA Modelling in Excel. Seattle, WA: 

Amazon Digital Services, 2017. 

Forecasting Time Periodi + 1 
A 

Yesetee Ey (16.2) 

Linear Trend Forecasting Equation 

Y, = bo + bX; (16.3) 
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Quadratic Trend Forecasting Equation 

¥, = by + bX; + byX? (16.4) 

Exponential Trend Model 

¥, = Pobre; (16.5) 

Transformed Exponential Trend Model 

log(¥) = log(BoBi‘e;) 
= log(Bo) + log(By") + log(e;) 
= log(Bo) + Xlog(B;) + log(e;) (16.6) 

Exponential Trend Forecasting Equation 

log(¥) = by + bX, (16.7a) 

Y= BBX (16.7b) 

pth-Order Autoregressive Models 

¥, = Ap + A,¥;-; + AoY;_» sip al sp tl pli-p > 6; (16.8) 

First-Order Autoregressive Model 

Hy Ag F Alyy + 6; (16.9) 

Second-Order Autoregressive Model 

BS Ap ch Ay Yet AgVing + 8; (16.10) 

t Test for Significance of the Highest-Order 

Autoregressive Parameter, Ay 

dy — A, 
tsraT — (16.11) 

Sa, 

Fitted pth-Order Autoregressive Equation 

¥, = ay + QYj—1 + Yj. +++: + 4,¥,_, (16.12) 

pth-Order Autoregressive porecesting Equation 

Lay = a) + ee fit: ay, n+j—2 ae test: alti. a 

(16.13) 

YKEY TERMS 

Mean Absolute Deviation 

Sy 
MAD = =++—__— (16.14) 

n 

Exponential Model With Quarterly Data 

= BoBV BP BY Bee, (16.15) 

Transformed Exponential Model With Quarterly Data 

log(Y) = log(ByBYBY BY Be, 

= log(B)) + log(B*) + ee + log(BY) 

+ log(BY") + log(e,) 

= log(Bo) + Xjlog(B,) + Q, log(Bs) 

+ Q> log(P;) + Q; log(B,) + log(e;) (16.16) 

Exponential Growth With Quarterly Data 

Forecasting Equation 

log(Y¥;) = by + bX; + 6:0, + b3Q, + biQy (16.17) 

Exponential Model With Monthly Data 

Yi = BoB Be BBY Be Be pM Be By BB Mop Me, (16.18) 

Transformed santana Model With Monthly Data 

log(¥;) = log(BoB iT B3"Bx"BY py 
= log(Bp) + X; log(B,) + M; log(B,) + Mz log(Bs) 
+ M3 log(By) + My log(Bs) + Ms log(B,) + Mg log(B) 

+ M; log(By) + Mg tog(By) + Mo log(Byo) + Myo log(B;1) 

+ Mj, log(Bi2) + log(e;) (16.19) 

Exponential Growth With Monthly Data 

Forecasting Equation 

log(¥;) = by + b,X; + byM, + byMy + byMy + bgM, + beMs 
+ b)Mg + bgMy + boMg + bipMy + by My + byMiy 

(16.20) 

M; aM. aM> aM. MsaQMiaM 

6 B7 Bs Bo BidBi)°B ize) 

Ss 

autoregressive modeling 573 irregular component 557 quadratic trend model 566 causal forecasting methods 557 lagged predictor variable 573 seasonal component 557 cyclical component 557 linear trend model 564 second-order autocorrelation 573 exponential smoothing 561 mean absolute deviation (MAD) 583 second-order autoregressive model 574 exponential trend model 567 moving averages 559 time series 557 first-order autocorrelation 573 parsimony 584 time-series forecasting methods 557 first-order autoregressive model 574 pth-order autocorrelation 573 trend 557 ; forecasting 557 pth-order autoregressive model 573 
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Y CHECKING YOUR UNDERSTANDING 
Rea ea 

16.50 What is a time series? 

16.51 What are the different components of a time-series model? 

16.52 What is the difference between moving averages and 
exponential smoothing? 

16.53 Under what circumstances is the exponential trend model 
most appropriate? 

16.54 How does the least-squares linear trend forecasting model 
developed in this chapter differ from the least-squares linear 
regression model considered in Chapter 13? 

16.55 How does autoregressive modeling differ from the other 

approaches to forecasting? 

16.56 What are the different approaches to choosing an appropri- 

ate forecasting model? 

16.57 What is the major difference between using Syy and MAD 

for evaluating how well a particular model fits the data? 

16.58 How does forecasting for monthly or quarterly data differ 

from forecasting for annual data? 

¥ CHAPTER REVIEW PROBLEMS 
16.59 The data in the following table, stored in [Q8"J, represent 
the annual incidence rates (per 100,000 persons) of reported acute 

poliomyelitis recorded over five-year periods from 1915 to 1955: 

Year 1915 1920 1925 1930 1935 1940 1945 1950 1955 

Rete ee OOS eo 68.9 8 74 10.3 22.10" 17.6 

Source: Data extracted from B. Wattenberg, Ed., The Statistical History of the 

United States: From Colonial Times to the Present, ser. B303. 

a. Plot the data. 

b. Compute the linear trend forecasting equation and plot the trend 

line. 

c. What are your forecasts for 1960, 1965, and 1970? 

d. Using a library or the Internet, find the actually reported inci- 

dence rates of acute poliomyelitis for 1960, 1965, and 1970. 

Record your results. 

e. Why are the forecasts you made in (c) not useful? Discuss. 

16.60 The U.S. Department of Labor gathers and publishes sta- 

tistics concerning the labor market. The file contains 
the size of the U.S. civilian noninstitutional population of people 

16 years and over (in thousands) and the U.S. civilian noninstitu- 

tional workforce of people 16 years and over (in thousands) for 

1984-2018. The workforce variable reports the number of people 

in the population who have a job or are actively looking for a job. 

Source: Data extracted from Bureau of Labor Statistics, U.S. Department of Labor, 

www.bls.gov. 

a. Plot the time series for the U.S. civilian noninstitutional popula- 

tion of people 16 years and older. 

b. Compute the linear trend forecasting equation. 

c. Forecast the U.S. civilian noninstitutional population of people 

16 years and older for 2019 and 2020. 

d. Repeat (a) through (c) for the U.S. civilian noninstitutional 

workforce of people 16 years and older. 

16.61 The monthly commercial and residential prices for natural 

gas (dollars per thousand cubic feet) in the United States from Jan- 

uary 2008 through May 2019 are stored in {EVP eEN. 

Source: Data extracted from Energy Information Administration, U.S. Department 

of Energy, www.eia.gov, Natural Gas Monthly, July 31, 2019. 

For the commercial price and the residential price, 

a. do you think the price for natural gas has a seasonal component? 

b. plot the time series. Does this chart support your answer in (a)? 

c. compute an exponential trend forecasting equation for monthly 
data. 

d. interpret the monthly compound growth rate. 

e. interpret the monthly multipliers. Do the multipliers support 

your answers in (a) and (b)? 

f. compare the results for the commercial prices and the residential 

prices. 

16.62 The file contains the gross revenues (in billions 
of current dollars) of McDonald’s Corporation from 1975 through 

2018: 

. Plot the data. 

. Compute the linear trend forecasting equation. 

. Compute the quadratic trend forecasting equation. 

. Compute the exponential trend forecasting equation. 

. Determine the best-fitting autoregressive model, using a = 0.05. 

Perform a residual analysis for each of the models in (b) through 

(e) 

g. Compute the standard error of the estimate (Syy) and the MAD 

for each corresponding model in (f). 

h. On the basis of your results in (f) and (g), along with a consid- 

eration of the principle of parsimony, which model would you 

select for purposes of forecasting? Discuss. 

i. Using the selected model in (h), forecast gross revenues for 

2019; 

monaanwxp 
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16.63 Teachers’ Retirement System of the City of New York offers 

several types of investments for its members. Among the choices are 

investments with fixed and variable rates of return. There are several 

categories of variable-return investments. The Diversified Equity 

Fund consists of investments that are primarily made in stocks, and 

the Balanced Fund consists of investments in corporate bonds and 

other types of lower risk instruments. The data in repre- 
sent the value of a unit of each type of variable-return investment 

at the beginning of each year from 1984 to 2019, 

Source: Data extracted from ‘Total investments Value,” bit.ly/2y VE6Wt. 

For each of the two time series, 

. plot the data. 

. compute the linear trend forecasting equation. 

. compute the quadratic trend forecasting equation, 

. compute the exponential trend forecasting equation, 

. determine the best-fitting autoregressive model, using a = 0,05, 

Perform a residual analysis for each of the models in (b) through 

(e). 

g. Compute the standard error of the estimate (Sy) and the MAD 

for each corresponding model in (f). 

moon & pf 

Managing Ashland MultiComm Services 
As part of the continuing strategic initiative to increase subscrib- 

ers to the 3-For-All cable/phone/Internet services, the market- 

ing department is closely monitoring the number of subscribers. 
To help do so, forecasts are to be developed for the number of 
subscribers in the future. To accomplish this task, the number 
of subscribers for the most recent 24-month period has been 
determined and is stored in FYE. 

1. Analyze these data and develop a model to forecast the 
number of subscribers. Present your findings in a report 
that includes the assumptions of the model and its limita- 
tions. Forecast the number of subscribers for the next four 
months. 

2. Would you be willing to use the model developed to forecast 
the number of subscribers one year into the future? Explain. 

3. Compare the trend in the number of subscribers to the num- 
ber of new subscribers per month stored in [VE¥EJ. What 
explanation can you provide for any differences? 

Digital Case 
Apply your knowledge about time-series forecasting in this 
Digital Case. 

h. On the basis of your results in (f) and (g), along with a consid- 

eration of the principle of parsimony, which model would you 

select for purposes of forecasting? Discuss. 

i. Using the selected model in (h), forecast the unit values for 2020. 

j. Based on the results of (a) through (1), what investment strategy 

would you recommend for a member of the Teachers’ Retire- 

ment System of the City of New York? Explain. 

REPORT WRITING EXERCISE 

16.64 As aconsultant to an investment company trading in various 

currencies, you have been assigned the task of studying long-term 

trends in the exchange rates of the Canadian dollar, the Japanese 

yen, and the English pound. Data from 1980 to 2018 are stored in 

(eT, where the Canadian dollar, the Japanese yen, and the 
English pound are expressed in units per U.S. dollar. 

Develop a forecasting model for the exchange rate of each of 

these three currencies and provide forecasts for 2019 and 2020 for each 

currency. Write an executive summary for a presentation to be given 

to the investment company. Append to this executive summary a dis- 

cussion regarding possible limitations that may exist in these models. 

CHAPTER 

The Ashland Herald competes for readers in the Tri-Cities 
area with the newer Oxford Glen Journal (OGJ). Recently, the 
circulation staff at the OGJ claimed that their newspaper’s cir- 
culation and subscription base is growing faster than that of 
the Herald and that local advertisers would do better if they 
transferred their advertisements from the Herald to the OGJ. 
The circulation department of the Herald has complained to the 
Ashland Chamber of Commerce about OGJ’s claims and has 
asked the chamber to investigate, a request that was welcomed 
by OGJ’s circulation staff. 

Open ACC_Mediation216.pdf to review the circulation 
dispute information collected by the Ashland Chamber of Com- 
merce. Then answer the following: 

1, Which newspaper would you say has the right to claim the 
fastest growing circulation and subscription base? Support 
your answer by performing and summarizing an appropriate 
statistical analysis. 

2. What is the single most positive fact about the Herald’s 
circulation and subscription base? What is the single most 
positive fact about the OGJ’s circulation and subscription 
base? Explain your answers. 

3. What additional data would be helpful in investigating the 
_ circulation claims made by the staffs of each newspaper? 
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EG16.2 SMOOTHING an ANI 

TIME SERIES — 
Moving Averages 

Key Technique Use the AVERAGE(cell range of L 
consecutive values) function to compute a moving average. 
Use the special value #N/A (not available) for time periods 
in which no moving average can be computed. 

Example Calculate the Figure 16.3 three- and five-year 
moving averages for the movie attendance data on page 559. 

Workbook Use the COMPUTE worksheet of the Moving 
Averages workbook as a template. 

The worksheet already contains the data and formulas for the 

example. For other problems, paste the time-series data into 

columns A and B and: 

1. For data that contain more than 12 time periods, copy 

the formulas in cell range C13:D13 down through the 

new table rows; otherwise, delete rows as necessary. 

2. Enter the special value #N/A in columns C and D for the 

first and last time periods. 

3. Enter #N/A in the second and second-to-last time peri- 

ods in column D. 

To construct a moving average plot for other problems, 

open to the adjusted COMPUTE worksheet and: 

1. Select the cell range of the time-series and the moving 

averages (A1:D13 for the example). 

2. Select Insert > Scatter (X, Y) or Bubble Chart and 

select the Scatter gallery item. 

Select Insert X Y (Scatter) and select the Scatter gallery 

item. 

3. Relocate the chart to a chart sheet, turn off the gridlines, 

add axis titles, and modify the chart title by using the 

instructions in Appendix Section B.5. 

Exponential Smoothing 

Key Technique Use arithmetic formulas to compute expo- 

nentially smoothed values. 

Example Calculate the Figure 16.5 exponentially smoothed 

series (W = 0.50 and W = 0.25) for the movie attendance 

data on page 562. 

Workbook Use the COMPUTE worksheet of the 

Exponential Smoothing workbook, as a template. 

The worksheet already contains the data and formulas 

for the example. In this worksheet, cells C2 and D2 con- 

tain the formula =B2 that copies the initial value of the time 

series. The exponential smoothing begins in row 3, with 

cell C3 formula = 0.5 * B3 + 0.75 * C2, and cell D3 formula 

= 0.25 * B3 + 0.75 * D2. Note that these formulas simplify the 

Equation (16.1) expression | — W as the values 0.5 and 0.75. 

For other problems, paste the time-series datainto columns ~~ 

A and B and adjust the entries in columns C and D. For prob- 

lems with fewer than 12 time periods, delete the excess rows. ~~ : 

For problems with more than 12 time periods, select cell range | 

C13:D13 and copy down through the new table rows. 

To construct a plot of exponentially smoothed values ~ 

for other problems, open to the adjusted COMPUTE work- | 

sheet and: 

1. Select the cell range of the time-series data and the expo- 

nentially smoothed values (A1:D13 for the example). 

2. Select Insert > Scatter (X, Y) or Bubble Chart (or 

Scatter) and select the Scatter gallery item. 

Select Insert X Y (Scatter) and select the Scatter gallery 

item. 

3. Relocate the chart to a chart sheet, turn off the gridlines, 

add axis titles, and modify the chart title by using the 

instructions in Appendix Section B.5. 

Analysis ToolPak Use Exponential Smoothing. 

For the example, open to the DATA worksheet of the Movie 

Attendance workbook and: 

1. Select Data > Data Analysis. 

2. In the Data Analysis dialog box, select Exponential 

Smoothing from the Analysis Tools list and then 

click OK. 

In the Exponential Smoothing dialog box (shown below): 

Exponential Smoothing ? x 

Input 

| Input Range; 

Damping factor: 

| Labels 

Output options 

Output Range: 

New Worksheet Ply: 

New Workbook 

CJ chart Output 

3. Enter B1:B13 as the Input Range. 

4. Enter 0.5 as the Damping factor. (The damping factor 

is equal to 1 — W.) 

5. Check Labels, enter C1 as the Output Range, and 

click OK. 

597 
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In the new column C: 

6. Copy the last formula in cell C12 to cell C13. 

7. Enter the column heading ES(W=.50) in cell Cl, 

replacing the #N/A value. 

To create the exponentially smoothed values that use a 

smoothing coefficient of W = 0.25, repeat steps | through 7 

but enter 0.75 as the Damping factor in step 4, enter D1 as the 

Output Range in step 5, and enter ES(W=.25) as the column 

heading in step 7. 

EG16.3 LEAST-SQUARES TREND 
FITTING and FORECASTING 

The Linear Trend Model 

Key Technique Modify the Section EG13.2 instructions on 

page 474. 

Use the cell range of the coded variable as the X variable 

cell range (called the X Variable Cell Range in the PHStat 

instructions, called the cell range of X variable in the Workbook 

instructions, and called the Input X Range in the Analysis 

ToolPak instructions). 

To enter many coded values, use Home> Fill (in the 

Editing group) Series and in the Series dialog box, click 

Columns and Linear, and select appropriate values for Step 
value and Stop value. 

The Quadratic Trend Model 

Key Technique Modify the Section EG15.1 instructions on 
page 554. 

Use the cell range of the coded variable and the squared 

coded variable as the X variables cell range, called the 

X Variables Cell Range in the PHStat instructions and the 

Input X Range in the Analysis ToolPak instructions. 

The Exponential Trend Model 

Key Technique Modify the Section EG15.2 instructions on 
page 554 and the EG13.5 instructions on page 475. 

Use the POWER(10, predicted log(Y )) function to com- 
pute the predicted Y values from the predicted log(Y) results. 

To create an exponential trend model, first convert the 
values of the dependent variable Y to log(Y) values using the 
Section EG15.2 instructions. Then perform a simple linear 
regression analysis with residual analysis using the log(Y) 
values. Modify the Section EG13.5 instructions using the cell 
range of the log(Y) values as the Y variable cell range and the 
cell range of the coded variable as the X variable cell range. 

If you use the PHStat or Workbook instructions, resid- 
uals will appear in a residuals worksheet. If you use the 
Analysis ToolPak instructions, residuals will appear in the 
RESIDUAL OUTPUT area of the regression results work- 
sheet. Because you use log(Y) values for the regression, the 
predicted Y and residuals listed are log values that need to 
be converted. [The Analysis ToolPak incorrectly labels the 
new column for the logs of the residuals Residuals, and not 
LOG(Residuals).] 

In an empty column in the residuals worksheet (PHStat 

or Workbook) or an empty column range to the right of 

RESIDUALS OUTPUT area (Analysis ToolPak): 

1. Add acolumn of formulas that use the POWER function 

to compute the predicted Y values. 

2. Copy the original Y values to the next empty column. 

3. In the next empty (third new) column, enter formulas 

in the form =Y value cell-predicted Y cell to compute 

the residuals. 

Use columns G through I of the RESIDUALS worksheet 

of the Exponential Trend workbook as a model for these 

three columns. The worksheet already contains the values ~ 

and formulas needed to create the Figure 16.11 plot that fits 

an exponential trend forecasting equation for Alphabet Inc. 

annual revenue, 

To construct an exponential trend plot, first select the cell 
range of the time-series data and then use the Section EG2.5 

instructions to construct a scatter plot. (For Alphabet Inc. 

revenue example, use the cell range is B1:C9 in the Data 

worksheet of the Alphabet workbook.) Select the chart and: 

1, Select Design (or Chart Design) > Add Chart 

Element Trendline > More Trendline Options. 

2. In the Format Trendline pane, click Exponential. 

Model Selection Using First, Second, 
and Percentage Differences 

Key Technique Use the COMPUTE worksheet of the 
Differences workbook (see Figure 16.12 page 571), as a 
model for developing a differences worksheet. 

Use arithmetic formulas to compute the first, second, and 
percentage differences. Use division formulas to compute 
the percentage differences and use subtraction formulas 
to compute the first and second differences. Open to the 
COMPUTE_FORMULAS worksheet to review the for- 
mulas the COMPUTE worksheet uses. 

EG16.4 AUTOREGRESSIVE MODELING 
for TREND FITTING and 
FORECASTING 

Creating Lagged Predictor Variables 
Key Technique Use the COMPUTE worksheet of the 
Lagged Predictors workbook as a model for developing 
lagged predictor variables for the first-order, second-order, 
and third-order autoregressive models. 

Create lagged predictor variables by creating a column 
of formulas that refer to a previous row’s (previous time 
period’s) Y value. Enter the special worksheet value #N/A 
(not available) for the cells in the column to which lagged 
values do not apply. 

When specifying cell ranges for a lagged predictor variable, — 
you include only rows that contain lagged values. Contrary to 
the usual practice in this book, you do not include rows that 
contain #N/A, nor do you include the row 1 column heading. 



Open to the COMPUTE_FORMULAS worksheet 
to review the formulas that the worksheet template in 
Figure 16.14 on page 578 uses. 

Autoregressive Modeling 

Key Technique To create a third-order or second-order 
autoregressive model, modify the Section EG14.1 instruc- 
tions on page 552. Use the cell range of the first-order, 
second-order, and third-order lagged predictor variables as 
the X variables cell range for the third-order model. Use the 
cell range of the first-order and second-order lagged predictor 
variables as the X variables cell range for the second-order 
model. 

If you use the PHSrat instructions, modify step 3 to clear, 
not check, First cells in both ranges contain label. If using 
the Workbook instructions, use the COMPUTE3 worksheet 
in lieu of the COMPUTE worksheet for the third-order 
model. If using the Analysis ToolPak instructions, do not 

check Labels in step 4. 

To create a first-order autoregressive model, modify the 

Section EG13.2 instructions on page 474. Use the cell range 

of the first-order lagged predictor variable as the X variable 

cell range (called the X Variable Cell Range in the PHStat 

instructions, the cell range of X variable in the Workbook 

instructions, and the Input X Range in the Analysis ToolPak 

instructions). If using the PHStat instructions, modify step 

3 to clear, not check, First cells in both ranges contain 

label. If using the Analysis ToolPak instructions, do not check 

Labels in step 4. 

EG16.5 CHOOSING an APPROPRIATE 
FORECASTING MODEL : 

Performing a Residual Analysis 

To create residual plots for the linear trend model or the 

first-order autoregressive model, use the Section EG13.5 

instructions on page 475. 
To create residual plots for the quadratic trend model or 

second-order autoregressive model, use the Section EG14.3 

instructions on page 523. 

To create residual plots for the exponential trend model, 

use the instructions Section EG16.4 on page 523. 

To create residual plots for the third-order autoregressive 

model, modify the Section EG14.3 instructions to use the 

RESIDUALS3 worksheet instead of the RESIDUALS work- 

sheet if you use the Workbook instructions. 

Measuring the Magnitude of the Residuals 

Through Squared or Absolute Differences 

Key Technique Use the functions SUMPRODUCT and 

COUNT to compute the mean absolute deviation (MAD). 

To compute the mean absolute deviation (MAD), first 

perform a residual analysis. Then, in an empty cell, add the 

formula =SUMPRODUCT(ABS(residuals cell range)) / 

COUNT(residuals cell range). When entering the residuals 
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cell range, do not include the column heading in the cell 

range. (See Appendix Section F.2 to learn more about the 

application of SUMPRODUCT function in this formula.) © 

Cell 110 of the RESIDUALS_FORMULAS worksheet 
of the Exponential Trend workbook contains the MAD - 
formula for the Alphabet Inc. annual revenue example. 

A Comparison of Four Forecasting Methods 

Key Technique Use the COMPARE worksheet of the : 

Forecasting Comparison workbook as a model. 

Construct a model comparison worksheet similar to the | 

Figure 16.21 worksheet on page 585 by using Paste Special 

values (see Appendix Section B.5) to transfer results from the 

regression results worksheets. 

For the SSE values (row 22 in Figure 16.21), copy the : 

regression results worksheet cell C13, the SS value for Residual | 

in the ANOVA table. For the Syy values (row), copy the regres- 

sion results worksheet cell B7, labeled Standard Error, for all but 

the exponential trend model. For the MAD values, add formulas 

as discussed in the previous section. 

For the Syy value for the exponential trend model, 

enter a formula in the form =SQRT(exponential SSE cell 

/ (COUNT (cell range of exponential residuals) - 2)). In 

the COMPARE worksheet, this formula is =SQRT(H22/ 

(COUNT(H3: H21) - 2)). 

Open to the COMPARE_FORMULAS worksheet to 

discover how the COMPARE worksheet uses the SUMSQ 

function as an alternate way of displaying the SSE values. 

EG16.6 TIME-SERIES FORECASTING 
of SEASONAL DATA 

Least-Squares Forecasting With Monthly 

or Quarterly Data 

To develop a least-squares regression model for monthly 

or quarterly data, add columns of formulas that use the IF 

function (see Appendix Section F.2) to create dummy varia- 

bles for the quarterly or monthly data. Enter all formulas in 

the form =IF (comparison,1, 0). 

Shown at right are the first five rows of columns F through 

K of a data worksheet that contains dummy variables. In the 

first illustration, columns F, G, and H contain the quarterly » 

dummy variables Q1, Q2, and Q3 that are based on column 

B coded quarter values (not shown). In the second illustration, 

columns J and K contain the two monthly variables M1 and 

M6 that are based on column C month values (also not shown). 

A| F ee G ay H | 

iL Qi Q2 Q3 
2 =IF(B2=2,1,0) =IF(B2=3, 1, 0) 

3 |=1F(B3=1,1,0) =IF(B3=2,1,0) =IF(B3 = 3, 1, 0) 
‘4 |=IF(B4=1,1,0) =IF(B4=2,1,0) =1F(B4=3, 1,0) 
5 |=1F(BS=1,1,0) =IF(BS=2,1,0) _=1F(BS =3, 1, 0) 

=IF(C2 ="January", 1, 0) =IF(C2="June", 1, 0) 

3_)=IF(C3 ="January",1, 0) =IF(C3="June", 1, 0) 

4 (=1F(C4="January",1, 0) =IF(C4="June", 1, 0) 

‘6 |=IF(CS ="January", 1, 0) =IF(C5="June", 1, 0) 
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YUSING STATISTICS 
Back to Arlingtons for the Future 

hrough sales experiments that the Using Statistics scenarios in Chapter 10 describe, 
Arlingtons discovered how the location of items in a store can affect the in-store sales. 
While making store placement decisions and charging varying store placement fees 

based on those experiments did increase revenues, long-term retailing trends toward online 
commerce continued to hurt the overall financial health of Arlingtons. When a private equity 
firm made an unsolicited bid for Arlingtons, senior management and the board of directors at 
Arlingtons reluctantly agreed to a buyout. 

The new owners believe that with advanced data analysis, they can grow the business, espe- 
cially in the online marketplace where Arlingtons has been a weak competitor. Just as multiple 
regression allows consideration of several independent variables, they believe that other methods 
associated with business analytics will allow them to analyze many more relevant variables. For 
example, the new owners look to track customer buying habits and to be able to answer ques- 
tions such as “Who were those customers that were most likely to buy the VLABGo players 
from the special front of store sales location?” and “What else could one expect those customers 
to buy at Arlingtons?” The new owners also believe that they will be able to start getting answers 
to more fundamental questions such as “Should we even be selling mobile electronics?” and 
“Should we invest more in online sales and less in brick-and-mortar (physical) stores?” 

To introduce business analytics to existing store managers, the new owners have hired you 
to prepare notes for a management seminar that would introduce business analytics to these 
managers, each of whom already have a knowledge of introductory business statistics. What do 
you say to such a group? 
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17.1 Business Analytics Overview 

TABLE 17.1 

Management questions 

that define business 

analytics categories 

Business statistics first gained widespread usage in an age of manual filing systems and lim- 
ited computerization. The first wave of business computers made practical the calculations of 
advanced inferential methods that previous chapters discuss, but data handling and storage 

was often limited or clumsy or both. As information technology and management matured, the 

application of business statistics grew within organizations and was applied to larger and larger 

sets of data. In today’s world, where even mobile devices surpass the functionality of supercom- 

puters that existed 30 years ago, much more can be done to support fact-based decision making. 

This “much more” is the practical realization of techniques long imagined but that could 

not be implemented due to the limitations of information technology in the past. This much 

more combines statistics, information systems, and management science. This much more often 

uses well-known methods but extends those methods into more functional areas or provides 

the means to analyze large voluines of data. This much more is business analytics that 

Section FTF.2 on page 4 first defines. 

Section FTF,2 describes business analytics as “the changing face of statistics,’ but these 

sets of techniques could also be called “the changing face of business.” Just as business students 

today typically take at least one course in business statistics, business students of tomorrow (and 

some even today) will be taking at least one course in business analytics. This chapter serves as 

an introduction and bridge to that future. 

Business Analytics Categories 
Business analytics methods help management decision makers answer what has happened or 

has been happening in the business, what could happen in the business, or what should happen 

based on a recommended course of action. These three kinds of management questions define 

the three main categories of business analytics (see Table 17.1). 

Question Business analytics category 

What has happened or has been happening? Descriptive analytics 

What could happen? Predictive analytics 

What should happen? Prescriptive analytics 

Descriptive analytics answer “What has happened or has been happening?” questions. 
Descriptive analytics methods summarize historical data to identify patterns to the data that 

might be worthy of investigation or provide decision makers with new insights about business 

operations. Many methods contain the ability for decision makers to drill down, or reveal, the 

details of data that were summarized and most are related to or extensions of methods that 

Chapter 2 discusses. 
Predictive analytics answer “What could happen?” questions. Several subtypes of this 

category exist. Prediction methods use historical data to explain relationships among vari- 

ables or to estimate (“predict”) values of a dependent Y variable. Multiple regression, which 

Chapter 14 discusses, is an example of such a method. Classification methods assign items 

in a collection to target categories or classes. Logistic regression, which Chapter 14 discusses, 

assigns items to one of two target categories. Clustering methods find groupings in data being 

analyzed. Association methods find items that tend to occur together or specify the rules that 

explain such co-occurrences. 
Prescriptive analytics answer “What should happen?” questions. Prescriptive methods 

seek to optimize the performance of a business and offer decision-making recommendations 

for how to respond to and manage business circumstances in the future. These methods often 

evaluate models that predictive analytics methods build to determine new ways to operate a 

business while balancing constraints and considering business objectives. Prescriptive methods 

“can take processes that were once expensive, arduous, and difficult, and complete them in a 

cost-effective and effortless manner” (Morgan). 
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Business Analytics Vocabulary 
Using business analytics, one discovers that a vocabulary has been partially invented from sup- 

pliers of computer services or derived from fields other than statistics, such as artificial intelli- 

gence. Although this new vocabulary can make business analytics sound difficult to learn, many 

terms relate directly to the key terms of earlier chapters or have direct parallels to concepts that 

earlier chapters discuss. Therefore, a foundation based on statistical learning serves one well 
when facing business analytics. 

Perhaps the most commonly encountered term is data mining. Thinking about natural 

resources mining, Where valuable minerals are extracted from the earth, a marketer saw an 

analogy to “mining data” to extract valuable information from corporate data stores and coined 

the term. Because the term was invented by thinking about corporate data, data mining usually 

implies processing large volumes of data or even big data that might combine corporate data 

(a primary source) with external, secondary sources of data. However, smaller sets of data can 

be data mined, including certain sets that other chapters use to demonstrate concepts. 

While “data mining” varies depending on the software and information system used, data 

mining typically combines what Section 14.5 calls model building with the application of one 

or more descriptive or predictive analytics methods. This means one element of data mining 

can be understood as similar to stepwise or best subsets regression that Section 14.5 discusses. 
A conversation about business analytics today often includes the terms artificial intelligence 

(AD) and machine learning. While “AI” suggests to some a future of talking cyborgs, dysfunc- 
tional computers, or the like, artificial intelligence is a branch of computer science more than 
60 years old and seeks to use software to mimic human expertise, reasoning, or knowledge. 
Machine learning are the AI methods that help automate model building. Using Excel to per- 
form regression analysis illustrates a simple case of machine learning: Excel computes the 

Note that anyone who has coefficients that could be otherwise be manually calculated by a human with knowledge of the 
acquired language using defining equations found in Chapters 13 and 14. 
an illustrated vocabulary Classifying a business analytics method as either supervised or unsupervised is also bor- 
book, which labels pictures —_ rowed from artificial intelligence. Supervised methods use explicit facts, called labeled data, 
with vocabulary words, has to better “learn” relationships among variables and build models. All regression data are labeled 
learned language using because the data includes not only values of the independent X variables, but values for the 
labeled data, too. dependent Y variable. Therefore, all regression methods are examples of supervised methods. 

In contrast, unsupervised methods uncover relationships among variables with unlabeled 
data. Models produced by unsupervised methods can sometimes be hard for business analyst 
users or decision makers to understand because the model can be based on abstract mathematical 
properties of the data. 

CONSIDER [ELIT Si iseas ies ies Teme ii i iin yA etn ae aa 
What’s My Major If | Want to Be a Data Miner? 
To be most effective as a data miner, you need a broad If you are, or plan to be, a graduate student, consider 
base of business skills, as one would get majoring in any _ aconcentration in business analytics that more closely 
business subject. Most critically, you need to know how to ~—s examines the application of data mining to a functional 
define problems and requirements using a problem-solving area. Whatever choices you make, the points made in 
framework such as the DCOVA model and have an aware- _ Section FTF.1 about using a framework and understanding 
ness for basic concepts of statistics, goals of this book. _ that analytical skills are more important than arithmetic (and You might supplement your knowledge with a course that other mathematical) skills will always hold. Ironically, as fully introduces business analytics and gives you additional data mining/business analytics software gets more capable practice in the data preparation tasks that Chapter 1 sum- and gains the ability to analyze more and more data in ever marizes. But you do not need to major in data mining to be increasing sophisticated ways, the points that Section FTF.1 a data miner, just as you do not need to major in statistics to emphasizes will become increasingly important. 
apply statistical methods to fact-based decision making. 

ee 
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Inferential Statistics and Predictive Analytics 

Inferential statistics form an important foundation for predictive analytics, and one can consider 
inferential methods such as multiple regression as examples of predictive analytics, too. There- 

fore, anyone who has studied multiple regression has already begun studying business analytics! 

Chapter 13 explains that “regression methods seek to discover how one or more indepen- 

dent X variables can predict the value of a dependent Y variable.” Most regression examples 

that Chapters 13 through 15 consider uncover and explain the relationship among the variables 

being analyzed. Regression methods for those cases produce explanatory models that help 

better explain the relationship among variables. For example, in the Chapter 14 OmniPower 

scenario, the resulting explanatory model helps one better estimate the value of the dependent 

sales variable, given specific values of the price and promotional expenses variables. The value 

of the dependent sales variable is the predicted mean sales, that is, an average of what will be 

expected over time given the explanatory model. 

One could say that the model predicts the predicted mean sales, instead of estimates. In 

fact, people—and this book—sometimes use the verbs estimate and predict interchangeably 

when discussing how one uses a regression model. That usage is not wrong, but it does obscure 

the important distinction: One uses predictive analytics methods to produce prediction models, 

models that predict individual cases, not estimate the general case. A method can produce a 

model that, in one context, is an explanatory model and, in another context, is a prediction 

model. Logistic regression, which Section 14.7 discusses, best illustrates this. 

Section 14.7 uses a cardholder study and logistic regression to develop a regression equation 

that enables one to estimate the probability that a cardholder will upgrade to a premium card 

based on specific values for purchases made last year and whether the cardholder possesses 

additional cards. In the specific worked-out example, the result was a probability of 0.702, which 

is equivalent to saying that, in the general case, one expects 70.2% of all individuals with those 

specific values of purchases and additional cards to upgrade to a premium card. 

Section 14.7 uses the results of logistic regression as an explanatory model. While a per- 

fectly appropriate use, logistic regression becomes a predictive analytics method when the logis- 

tic regression model is used as (part of) a prediction model. After all, logistic regression uses a 

binary categorical variable, so each cardholder upgraded or did not upgrade to a premium card. 

No cardholder upgraded “70.2% of a premium card” nor did “70.2% of a cardholder” upgrade 

to a premium card. 

Recall that the data in PEIRTMEMISVEM, analyzed to create the logistic model, uses the val- 
ues of | and O for the upgraded variable to represent the two categories, or classes, “upgraded 

to a premium card” and “did not upgrade to a premium card.” Could the logistic regression 

model be used as a prediction model to predict individual values for the upgraded variable? 

Yes, if one uses a decision criterion, a value set using business experience or insight or by 

experimentation. 

One establishes a decision rule that compares the criterion to the estimated probability to 

decide whether to predict the value | or O for the upgraded variable. Figure 17.1 diagrams how 

applying a decision rule turns logistic regression into a method of classification. 

Decision Rule: Yes Predict 1 (upgraded) 

Is 

estimated probability p 

> 
oar ree 

decision criterion: Predict 0 (did not upgrade) 

Note that stepwise regression and best subset regression require using decision rules, too, 

even as the phrase never appears in Chapter 15. In Exhibit 15.1 “Successful Model Building” on 
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page 540, step 5 specifies to choose the best model based the values of adjusted 7’ or the C, sta- 

tistic, thereby stating a decision rule. When a regression method includes the automated selection 

of a model based on a decision rule, the method becomes a true example of predictive analytics. 

Microsoft Excel and Business Analytics 

Microsoft Excel plays mostly a supporting role when using business analytics. Many use Excel 

as a convenient means to select and organize data or to perform various data preparation tasks 

to ready data for later analysis by business analytics applications. Reflecting that choice, many 

analytics programs, including Tableau and Microsoft Power BI Desktop, include the ability to 
import Excel workbook files for analysis. 

Excel can be used to perform statistical analyses that help better explain, support, or explore 

business analytics results. One can also modify Excel, adding Microsoft-supplied or third-party 

add-ins that give Excel new analytics-oriented functionality. Add-ins that perform basic 

descriptive analytics or implement predictive analytics methods such as tree induction (see 

Section 17.3) are available on either a free-to-use, free-to-try, or for-sale basis. 

Remainder of This Chapter 
Because Excel is most likely to be used in conjunction with descriptive analytics, Section 17.2 
discusses descriptive analytics and presents an example that uses the Microsoft Power BI Desk- 
top, an application that complements and works with Microsoft Excel. Section 17.3 features 
regression and classification trees, a predictive analytics method implemented in a variety of 
free-to-try and for-sale add-ins. (As Section 17.3 discusses, trees are also related to the regres- 
sion methods that Chapters 13 through 15 discuss.) 

Section 17.4 provides examples of clustering, and Section 17.5 presents an example of 
association analysis, two other types of predictive analytics. Section 17.6 introduces readers to 
text analytics, a much-discussed application of business analytics, and Section 17.7 provides 
readers with an introduction to prescriptive analytics. 

17.2 Descriptive Analytics 
Chapters 2 and 3 discuss descriptive methods that organize and visualize previously collected 
data, What if current data could be organized and visualized as it gets collected? That would 
change descriptive methods from being summaries of the status of a business at some point in the 
past into a tool that could be used for day-to-day, if not minute-by-minute, business monitoring. 
Giving decision makers this ability is one of the goals of descriptive analytics. 

Descriptive analytics provide the means to monitor business activities in near real time, very 
quickly after a transaction or other business event has occurred. Being able to do this monitoring 
can be useful for a business that handles perishable inventory. As the First Things First Chapter 
Using Statistics scenario notes, empty seats on an airplane or in a concert hall or theater cannot 
be sold after a certain time. Descriptive analytics allows for a continuously updated display 
of the inventory, informing late-to-buy customers of the current availability of seats as well as 
visualizing patterns of sold and unsold seats for managers. 

Descriptive analytics can help manage sets of interrelated flows of people or objects as 
those flows occur. For example, managers of large sports complexes use descriptive analytics 
to monitor the flow of cars in parking facilities, the flow of arriving patrons into the stadium, 
as well as the flow of patrons inside the stadium. Summaries generated by descriptive methods 
can highlight trends as they occur, such as points of growing congestion. By being provided with 
such information in a timely manner, stadium managers can redirect personnel to trouble spots 
in the complex and redirect patrons to entrances or facilities that are underused. 
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Dashboards 

Dashboards are comprehensive summary displays that enable decision makers to monitor a 

business or business activity. Dashboards present the most important pieces of information, 

typically, in a visual format that allows decision makers to quickly perceive the overall status of 

an activity. Dashboards present these key indicators in a way that provides drill-down abilities 

that can reveal progressive levels of detail interactively. 

Dashboards can be of any size, from a single desktop computer display, to wall-mounted 

displays or even larger, such as the nearly 800-square-foot NASDAQ MarketSite Video Wall 

at Times Square, which can be configured as a NASDAQ stock market dashboard that pro- 

vides current stock market trends for passersby and viewers of financial programming (see 

Paczkowski). 

Figure 17.2 presents a Microsoft Power BI dashboard that the new managers at Arlingtons 

might use to monitor national sales. The dashboard uses word tiles and clickable tabular sum- 

maries to present sales summaries at different levels of detail: by store category and then by the 

subcategories of the hardlines department that include mobile electronics sales, the subject of 

Chapter 10 sales experiments. In Figure 17.2, managers have decided to focus on mobile elec- 

tronics sales and are currently viewing mobile electronics sales from one of the four national 

sales regions, while monitoring total mobile electronics sales nationwide (6544). By viewing a 

dashboard, the new owners of Arlingtons have a clearer and more immediate picture of current 

sales throughout the Arlingtons chain. That may help them better react to changes as they seek 

to manage the retailer to better success. 

Figure 17.2 illustrates that dashboards can visually present drilled down data and act 

as complements to the data exploration techniques that organize and visualize a mix of 

variables that Sections 2.6 and 2.7 summarize. While Figure 17.2 contains simple data 

visualizations, the more complex visualizations that Section 2.7 describe, such as treemaps 

and colored scatter plots, can also appear in dashboards. For dashboards designed for indi- 

vidual users, multidimensional contingency tables that permit drill-down (see Sections 2.6) 

are also found. 

National sales dashboard for the Arlingtons retail chain 

ARLINGTONS NATIONAL SALES DASHBOARD 

Sales by Category 
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Data Dimensionality and Descriptive Analytics 
Descriptive analytics also help visualize data that have a higher data dimensionality, the num- 

ber of variables that comprise a data item, by using color, size, or motion to represent additional 

dimensions. This higher dimensionality overcomes the limits of standard business display tech- 

nologies, such as screens and paper, that are two-dimensional surfaces. 

A bubble chart uses filled-in circles, called bubbles, the color and size (diameter) of which 

add additional data dimensions. Typically, color represents a categorical variable and size rep- 

resents a numerical variable, but either of these attributes can be used in the other way. Dynamic 

bubble charts, also known as motion charts, extend bubble charts by using motion to represent 

one additional data dimension, typically time. These charts take the form of animations in which 

bubbles change over time. The changing position of bubbles over time often reveal complex 

trends and interactions better than an equivalent time-series plot of the data. 

Figure 17.3 shows a time-lapse image from a Tableau dynamic bubble chart animation that 

visualizes domestic movie revenues, by the MPAA ratings G, PG, PG-13, and R, for the years 

2002 through 2018. The time-lapse image shows only the animation for the even years in this 

time series. The animation reveals that as revenues of G-rated movies increase in a year, those 

revenues tend to depress the revenues of PG-rated movies, suggesting some relationship. The 

animation also shows how revenues for G-rated movies shrink over time and revenues for PG-13 
movies increase over time. 

Movie Revenues by Rating and Year, Sized by Revenues 
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For the new owners of Arlingtons, a dynamic bubble chart might reveal how store, region, 
merchandise department, or merchandise category sales have changed over time. Such a chart 
might be used as part of an executive summary that introduces changes in merchandising or 
geographical focus that the new owners may decide to undertake as well as serve as the starting 
point for deciding to make such changes. 

17.3 Decision Trees 

Decision trees provide an alternate to regression for prediction models that use labeled data, val- 
ues for both a dependent Y variable and independent X variables. Decision trees provide insight 
into the relative importance of variables, can be used as a basis for recoding categorical X vari- 
ables into fewer categories, and can handle data that contain missing values. Like stepwise and 
best subset regression methods, decision trees can also be used for selecting variables for a model. 
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Tree induction methods treat all of the data as the root node and iteratively use a deci- 

sion criterion to split the data, most commonly into two parts, forming a binary tree. In a 

binary tree, each split made corresponds to a child node that links to tree branches that rep- 

resent the two parts of the split. Typically, methods apply the greedy algorithm to split nodes 

and seek to make the best split of the data. In seeking the best split for the node, that process 

does not consider the effect of the split on other parts of the tree. After each split, the split 

must be evaluated to decide whether to continue the tree building by permitting the method 

to make another split. 

When using a decision tree method, one typically permits the method to make as many 

splits as possible. Because decision tree methods use labeled data to form prediction models, an 

overfitted tree model is always possible. Using a decision criterion or subjective judgment, one 

prunes the tree, eliminating branches and nodes to avoid overfitting. One can also uses cross- 

validation methods (see Section 14.8) in the same way as one uses cross-validation to improve 

a logistic regression prediction model. 

While Excel does not contain a decision tree chart type, many free-to-try Excel add-ins do. 

Power BI Premium, a superset of the Power BI desktop that works with Excel and that Section 

SG17.2 discusses, also includes the ability to create decision trees. 

Regression Trees 
Regression trees are decision trees that model a numerical dependent Y variable. Regression 

trees analyze the data that least-squares multiple regression uses. One evaluates a split using 

a decision criterion such as the logworth statistic. The logworth statistic is equal to —1 times 

base 10 log of a special p-value that is used to evaluate a split. Recall that examples in this book 

use a p-value of 0.05 as a decision criterion, making the analogous logworth statistic 1.3013, —1 times 

log (0.05). For more stringent p-value criterion of 0,01, the analogous logworth statistic is 2. One 

compares the value of the logworth statistic computed for a split with a predetermined decision 

value, perhaps 1.3013 or 2, to decide if a split is a good split. 

Figure 17.4 presents the regression tree for the Chapter 14 OmniPower regression example 

that uses price and promotion expenses to estimate sales of OmniPower bars. The split of the root 

node has a logworth statistic of 4.2667, making the split a good split. The second of the node 

“price less than 99 cents” has a logworth statistic of 2.1843, making for another good split. 

[DPartition forSales 
r 

0.541 838.84706 34 

4.266717 1726.03 ; n  3098.6765 
1256.422 
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FIGURE 17.5 

Regression tree induction 

results for the Chapter 15 

Nickels Broadcasting anal- 

ysis (before the results of 

the second split, circled in 

red, are pruned) 

After this second split, the tree method could not find any other split to make and therefore 

stopped. Using either 1.3013 or 2 as the logworth decision value, this tree does not need to be 

pruned because both splits are good splits and the-tree is ready for use. The tree reveals that price 

is more important than promotional expenses in determining sales and that promotional expenses 

is never used as the basis of a split, suggesting its relative unimportance to sales. 

Recalling that the price in the data is always 99, 79, or 59 cents, the tree can be interpreted 

by price. Selling bars at 99 cents generates mean sales about one-half that of the sales of bars 

sold at 79 and 59 cents ($1,880 versus $3,606). Likewise, selling bars at 59 cents generates about 

one-third more mean sales than selling bars at 79 cents ($4,152 versus $3,061). An OmniPower 

marketer looking at this tree might conclude to conduct sales experiments with additional pricing 

options to further explore this observed effect. 

Figure 17.5 presents the regression tree for the Chapter 15 Nickels Broadcasting standby 

hours analysis. Before stopping, the tree method created two splits, with the second split having 

a logworth value of 1.1603, a low value that indicates a poor split. One would prune this tree 

of the second pair of branches (circled in red in Figure 17.5) before using the tree for insights 

and decision making. The revised tree suggests that when staffing hours are 315 or more, the 

mean standby hours needed will be about 50% more than when staffing hours are less than 315 

(207.6 hours versus 139.4 hours). 

(=) Partition for Standby 
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Std Dey 40.13407 || Std Dev 34.44077 

Classification Trees 
Classification trees are decision trees that model a categorical Y variable. Classification trees 
analyze the data that logistic regression uses. Classification tree methods split nodes using vari- 
ous techniques that compute probabilities. Some methods seek to minimize the Gini impurity, 
G’, which estimates the probability of a misclassification of a randomly selected occurrence 
selected from the data that a node represents. By definition, a Gini impurity cannot be less than 
zero, with zero representing the case in which each data occurrence has the same classification 
(such data are sometimes called homogenous). Although measures such as the Gini impurity 
determine splits, one evaluates splits using other decision criteria, such as the logworth statistic. 

Figure 17.6 presents the classification for the Section 14.7 cardholder study analysis. That 
analysis examines the effect that a cardholder’s credit card purchases and decision to request 
extra cards has on whether the cardholder will upgrade to a premium version of the credit card. 
In the classification tree, the red bars represent the count of cardholders who did not upgrade, 
and the blue bars represent the count of cardholders who did upgrade. 

The classification tree method stops after making three splits and finding two groups with 
a Gini impurity of 0, one all “blue” and the other all “red.” However, while all splits lowered 
the Gini impurity, not all splits are good splits. The splits that divide the ordered-extra-cards 
(value 1) and did-not-order-extra-cards (value Q) are poor splits with very low values. The four 
bottom branches (circled in red in Figure 17.6) should be pruned before the tree can be used as 
a prediction model. 
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However, knowing that cardholders who ordered extra cards and had credit card purchases 

of greater than $49,738.80 has a valid explanatory purpose and suggests that those who charge 

the most are likeliest to upgrade. Using this tree as an explanatory model might led one not to 

prune the four branches. 

Subjectivity and Interpretation 
Note that using decision trees requires a degree of subjectivity and interpretation greater than 

that required to use the results of inferential statistics method this book discusses. For example, 

there is no one “correct” criterion value for the logworth statistic, and one may decide to prune, 

or not to prune, branches based on one’s use of a model. 

Supplying subjectivity and interpretation and understanding the difference between using 

a model for explanatory or predictive (in the sense that Section 14.8 uses) purposes, is a pre- 

requisite for using business analytics. For brevity’s sake, examples that follow do not explicitly 

consider this issue, which is always present when one uses predictive analytics. 

17.4 Clustering 
Clustering groups items into sets that have similar items. Values for each variable in an item are 

compared to other items’ values, and a calculated distance determines similarity of items. For 
two-dimensional data, one distance calculation, the Euclidean distance, calculates the square 

root of the sum of the squared differences among corresponding pairs of values in each item. 

Clustering methods vary based on how they compute and apply distance when forming 

clusters, sets of similar items. Some methods, such as k-means clustering, work best with purely 
numerical variables, while others, such as hierarchical clustering, work equally with a mix of 
numerical and categorical variables. When analyzing items with many data dimensions, the basis 

for clustering may not be obvious to a business analytics user because the basis may be based 

on abstract mathematical relationships that do not have direct analogues to business processes. 

Although typically used for data with many dimensions, clustering can be demonstrated 

using data that have two data dimensions. Figure 17.7 visualizes a k-means clustering as a 
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FIGURE 17.7 
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FIGURE 17.8 

colored scatter plot that represents the upload and download speeds of eight cellphone provid- 

ers, using the data in {YEE SESEI. The k-means clustering uses a decision rule that identifies 

two clusters as the preferred clustering for these.data: The orange color cluster consists of the 

Cricket, Boost (Mobile), and Sprint providers, and the blue color cluster consists of the five 

other providers in the sample. 
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Clustering such simple data may not provide any more insight into the data than a sim- 
ple scatter plot, but consider the more complex sample of 306 growth funds, stored in 

that Chapter 2 introduces and contains the 10 numerical variables (10 data dimen- 
sions): 1YrReturn, 3YrReturn, SYrReturn, 10YrReturn, Assets, Beta, Expense Ratio, SD, Sharpe 
Ratio, and Turnover Ratio. Figure 17.8 left displays a (partial) visualization of the k-means 
clustering for k = 3 for these data. Figure 17.8 right displays a scatter plot of 10YrReturn and 
Expense Ratio variables, colored by cluster. The scatter plot suggests that lower expense ratios 
and higher ten-year rates of return are similarities found in cluster 3 (red color). 

Left: Partial bar chart visualization of the k-means clustering for k = 3 for the growth funds sample 
Right: Scatter plot of 10YrReturn and Expense Ratio variables, colored by cluster 
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17.5 Association Analysis 
In contrast to clustering that looks for similarity across items in a sample being analyzed, 
association analysis looks for similarity within the set of values that comprise one item. Asso- 
ciation methods support many of the most-discussed applications of business analytics, such 
as market-basket analysis, a technique that can identify buying patterns and habits of different 
categories of consumers, and recommendation services that recommend additional products or 
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Services based on a consumer’s past behavior. (Online retailers or streaming services such as 
Amazon and Netflix use recommendation services to offer customers additional choices.) 

As with other types of predictive analytics methods, some association methods analyze 
numerical variables, while others, such as multiple correspondence analysis (MCA) analyze 
categorical variables. MCA examines similarity of items, as reflected in underlying contingency 

tables of items, to discover associations among categories of multiple categorical variables. Man- 

agers in the T.C. Resort Properties scenario (Chapter 12) might use MCA to provide additional 

insights into guest satisfaction. 

Table 12.13 on page 404 summarizes guest satisfaction survey responses, by hotel, for rea- 

sons for not returning to a hotel. Not shown in Table 12.13 are responses to additional questions 

that asked guests their booking source (the T.C. Resorts website, an agent or third-party site, or 

walk-in) and their relationship status (single, couple, or family). 

Figure 17.9 presents a biplot that summarizes these variables as well as the primary reason 

for not returning variable and reveals a number of associations. Those who gave the quali- 

ty-of-room reason for not returning were associated with those who booked a room on the 

company’s website. Using a third-party travel site or agent to book a room is associated with 

guests who stayéd at the Palm Princess. Couples are more closely associated than either families 

or single people with the dining options reason for not returning. 
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Biplots are graphs that plot the relationships among the rows and columns of a contingency 

table. Distances between points in biplots are not linear. In Figure 17.9, saying that because the 

Palm Princess Resort (PP) is at twice the distance to the quality-of-room reason than the Palm 

Royale Resort (PR), the Palm Princess is only “half as associated” with this reason as the 

Palm Royale would be incorrect. Likewise, assigning meanings to the two dimensions is 

pointless because they are mathematical abstractions. 

These associations could raise new questions for the managers to explore, such as what 

attributes of the Palm Princess cause this hotel to be associated with the use of third-party agents. 

The associations might result in business changes, such as revising room descriptions on the 

company’s website to see if complaints about the room quality decrease over time. 

17.6 Text Analytics 

The First Things First Chapter defines unstructured data as data that are not comprehensible 

without additional interpretation. In the past, the interpretation of such data was done manually, 

limiting the effectiveness and timeliness of such data. Today, business analytics (and related 

techniques) can automate as well as analyze such data. While fictional portrayals of applications 
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TABLE 17.2 

Three reviews of a product 

Because of the complexity 

of text analytics, a practi- 

cal demonstration of the 

concepts in this section 

is beyond the scope of 

this book. 

such as facial or voice processing systems sometimes exaggerate the capabilities of current 

technology, every day many customer response centers use voice-related statistical and analytics 

techniques to recognize and respond to language*spoken by customers calling a help line—without 

the need for human intervention. 

Techniques that use unstructured text are among the methods most evolved for business use 

today. The first business information systems used structured text, which can be translated in 

a row and column entries. Entries in standard business forms are structured text because each 

form can be represented easily as a row of data with column values corresponding to a filled-in 

response. Unstructured text are words, phrases, passages, or any type of writing that cannot 

be made to fit a template easily. Sending a text message, posting a comment to a social media 

website, or writing answers to an essay test are examples of unstructured text. Collections of 

big data typically contain unstructured text that results from trying to combine data in different 

forms from different sources. 

While unstructured text has always existed, the growing use of big data and the growing 

influence of social media has made being able to interpret and analyze this form of unstructured 

data increasingly important. Text analytics is the blend of descriptive and prescriptive analytics 

that automates that interpretation and makes analysis possible. Text analytics takes many forms, 

including some techniques related to the application of Bayes’ theorem that the Consider This 

feature in Chapter 4 explores. 

As an example, consider an online retailer that allows customers to post reviews of products 

bought. Table 17.2 contains three such reviews about an unspecified product. 

Customer Comment 

Jill from Wynnewood Great—I love this product and highly recommend it. 

Bill from Woodwynn Great—if you love a product that breaks after its first use! 

Bryn from Billwood Seller shipped fast. Five Stars! 

With manual interpretation, most would recognize that Jill is positive about the product 
and Bill is not, while most would suspect that Bryn reviewed the seller of the product and not 
the product itself. Using methods known as sentiment analysis, frequencies of words that an 
analyst has classified as being positive words could be tallied and comments that have many 
positive terms separated and classified. Newer techniques called semantic analysis use cluster- 
ing methods that operate on word associations. Semantic analysis combines predictive analytics 
with computer science natural language processing methods and does not rely on an analyst’s 
classification of words as being positive, negative, or neutral. 

One current focus of managers and researchers alike is latent semantic analysis. Latent 
semantic analysis creates clusters based on the “latent,” dimensions of similarity in the unstruc- 
tured text that exist implicitly. Note that latent semantic analysis (LSA) discovers clusters—not 
meanings of words. LSA calculations are complex and only fairly recently practical in business 
computing. As with clustering in general, using LSA does not guarantee creating clusters that 
have practical use for a decision maker. 

17.7 Prescriptive Analytics 
Prescriptive analytics seek to optimize the performance of a business and offer decision-making 
recommendations for how to respond to and manage business circumstances in the future. Pre- 
scriptive analytics often builds on the results of predictive analytics methods, which themselves 
are built on inferential statistics and combines those results with management science techniques 
while using data handling and processing capabilities of current information systems to access 
large data sets or run multiple analyses. To fully understand prescriptive analytics requites expo- 
sure to management science, which is beyond the scope of this book. Generally, prescriptive 
methods are based on one of two approaches: optimization or simulation. 
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artificial intelligence 602 

association methods 601 

binary tree 607 

biplot 611 
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classification methods 601 
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dynamic bubble charts 606 

Euclidean distance 609 
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Gini impurity, G? 608 
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decision criterion 603 optimization 613 

decision rule 603 prediction methods 

17.1 What are the major categories of business analytics? 

17.2 What prevented the widespread adoption of business analytics 
in the past? 

17.3 What is data mining? 

17.4 What is artificial intelligence, and what is its relationship to 
machine learning? 

17.5 Explain the difference between explanatory and prediction 
models. 

17.6 How are decision criteria used in decision rules? 

latent semantic analysis 

logworth statistic 607 

machine learning 602 

multiple correspondence analysis 

612 supervised methods 602 

text analytics 612 

tree induction methods 607 

unstructured text 612 

unsupervised methods 602 
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y. CHECKING YOUR UNDERSTANDING 
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17.7 How do dashboards enable business analytics users to explore 
data? 

17.8 What is meant by “data dimensionality?” 

17.9 How do regression trees differ from classification trees? 

17.10 How does clustering differ from association analysis? 

17.11 What is text analytics relationship to clustering and associ- 
ation methods? 

17.12 What are the two main approaches in prescriptive analytics? 



“ SOFTWARE GUIDE 

INTRODUCTION —s 
This software guide combines Excel and Tableau instruc- 
tions into one guide. 

SG17.2__ DESCRIPTIVE ANALYTICS 
Dashboards 

Excel Use copy-and-paste commands or the PowerBI Desk- 
top program. 

Selecting Excel visualizations, copying them, and then past- 
ing them into Word documents, PowerPoint slides, or other 
compatible formats can create results that mimic a dash- 
board. For a more professional result that includes the ability 
to interact with results use Power BI Desktop, a Microsoft 

business analytics program that can be downloaded at 

powerbi.microsoft.com/desktop. 
With the Power BI Desktop installed and opened, open 

the Arlingtons National Sales Power BI file (.pbix) that 

contains the Figure 17.2 dashboard. The Power BI Desk- 

top display includes a panel in which visualizations can be 

selected, formatted, and assigned data, as well as a Fields 

panel, which lists the tables that provide the source data for 

the visualizations in the dashboard (shown below). 

Visualizations > Fields > 

SWehhe | 2 Search 

be km lat Uae) Hal ee aoe: 
Mk: 2 & Fl @ ~ & Categories 

e Fah Fl Fal Vv EB Hardlines Table 

Ey i a R Py eS Vv EB Highest Sales 

Sat = _v EB MobileElectronicsR... 

eed <r |v EB MobileElectronicsSt... 
a 

Values vv EB Top5MobileElectron.... 

For the Arlingtons dashboard, the tables correspond to 

worksheets in the Arlingtons Dashboard Data workbook 

that were imported to Power BI Desktop. Some tables are 

linked. For example, clicking the Alpha sector in the “Mobile 

Electronics by Region” doughnut chart, selects only those 

stores that are in the Alpha region, which changes the “Top 

5 Mobile Electronics” list. Such interactions can also drill 

down data, although the dashboard does not illustrate that 

feature. 

To create a new dashboard, select File New. To import 

Excel data, select Home > Get Data and in the Get Data dia- 

log box, select All from the left list, Excel from the right list, 

and click Connect. In the standard Open dialog box, select 

the Excel workbook to import and click Open. Power BI 

Desktop displays a Navigator dialog box that lists the names 

of the worksheets in the selected workbook. Check the 

CHAPTE 

worksheets to be imported and then click Load. Power BI 

Desktop imports the worksheets as additional tables and lists 

them in the Fields panel. 

Click the icon for a visualization to insert that visual- 

ization. Visualizations can be resized and repositioned in the 

dashboard report. Visualizations can be associated with data by 

dragging fields from the Fields pane into various field boxes 

that appear in the Visualization pane. Clicking the paint roller 

icon allows custom formatting of a selected visualization. 

Power BI Desktop is one part of the Power BI family that 

includes online service and mobile components. The Power | 

BI website (powerbi.microsoft.com/desktop) provides a 

complete summary as well as complete documentation for 

using Power BI and several worked-out business analyt- 

ics examples. Note that Power BI considers Power BI files 

as reports and reserves the term dashboard for descriptive 

reports that can be shared by many users. In spite of that 

distinction, a Power BI file fully demonstrates the concept 

of a descriptive analytics dashboard. 

Tableau Use New Dashboard. 

To create a dashboard, first create the tabular and visual sum- 

maries that comprise the dashboard as separate worksheets 

in the same Tableau workbook. With the workbook open, 

select Dashboard New Dashboard. Tableau inserts a new 

dashboard into the workbook and displays the Dashboard tab 

in place of the Data tab. In the Dashboard tab (shown below 

in two parts): 

1. Click the Size pull-down to reveal more settings. Click 

the Range pull-down menu and select Automatic 

(shown below left). 

2. Click anywhere in the white space of the window to hide 

the revealed size settings and to be able to see the Sheets 

and Objects lists unobscured, an example of which is 

shown below right. 

3. At the bottom of the Dashboard tab, check Show 

dashboard title. 
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Tableau displays the current dashboard name in the dashboard 

area. 

4. Double-click the dashboard title and in the Edit Title 

dialog box (not shown), change the title to a more 

descriptive name and then click OK. 

5. For each worksheet to appear in the dashboard, drag the 

worksheet name from the Sheets list and drop it in the 

dashboard area. 

To adjust the appearance of individual worksheet elements, 

click the drop-down icon on the right edge of the worksheet 

frame and select the appropriate choice from the drop-down 

menu. For example, to suppress the display of an unneces- 

sary chart legend, select Legends and clear Color (or Size) 

Legend. 

If dashboard worksheet elements are poorly fitted into 

the dashboard, each worksheet frame can be adjusted for a 

better fit. To adjust a worksheet frame, click the drop-down 

icon on the edge of the worksheet frame and select Fit > Fit 

Width from the pull-down menu to fit the width of the work- 

sheet in the dashboard or select Fit> Entire View to display 
the entire worksheet in the frame. 

Dynamic Bubble Charts 

Example Create a dynamic bubble chart for domestic movie 
revenues by MPPA rating, for the years 2002 through 2018, 
that is the basis of the Figure 17.3 time-lapse illustration on 
page 606. 

Tableau Use circle views with the Pages feature. 

Open a new Tableau workbook. Click Connect to Data 
and open the Movie Revenues by MPAA Rating Excel 
workbook to establish the data source. In a new Tableau 
worksheet: 

1, Drag Rating and drop it in the Rows shelf. 
2. Drag Revenues and drop it in the Columns shelf, 

Tableau creates a bar chart that displays the total revenues for 
the period for the years 2002 through 2018, by four MPAA 
ratings. To create a dynamic bubble chart, first change visu- 
alization to a circle views chart. 

3. If necessary, click the Show Me tab to make the con- 
tents of the tab visible. 

4. Select the circle views icon in the Show Me gallery 
(shown below). 

The visualization changes from the default bar chart to a cir- 

cle views chart. Note that in the Marks card area Rating has 

been associated with the Color attribute of the circle views 

chart. 

5. Drag Revenues and drop it over the Size icon in the 

Marks card area. Tableau associates the SUM(Reve- 

nues) with the Size attribute of the circle views chart. 

6. Drag Year and drop it in the Pages shelf. 

7. Drag Year a second time and drop it in the Columns 
shelf. 

8. Click the Size icon and slide the Size Slider to its 
midpoint. 

9. Click the Shape icon. From the Shape gallery, select the 

filled-in circle icon. 

10. Edit the worksheet title. 

11. If necessary, click the Show Me tab to hide the tab and 

to reveal the legends for color and size (shown below 

left) and the playback controls (shown below right). 

Rating 
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Press the play button icon to play the time-series animation. 
The playback controls also include a set of three playback 
speed icons for slow, normal, or fast playback. (Normal is 
selected in the illustration above.) 

SG17.5 PREDICTIVE ANALYTICS 
for CLUSTERING 

Example Perform the Figure 17.8 k-means clustering for 
k = 3 for the sample of growth funds on page 610. 

Tableau Use the Cluster model in the Analytics tab. 

For the example, to perform a clustering similar to the Figure 17.8 
k-means clustering k = 3 for the growth funds on page 610 
open a new Tableau workbook. Click Connect to Data and 
open the Growth Funds Excel workbook to establish the 
data source. In a new Tableau worksheet: 

1, Drag Fund Number and drop it in the Rows shelf. 
2. Select the ten field measures (10YrReturn, 1 YrReturn, 

3YRReturn, SYrReturn, Assets, Beta, Expense Ratio, © 
SD, Sharpe Ratio, and Turnover Ratio) and drop them 
in the Columns shelf. 



Tableau creates bar charts for each measure by fund number. 
To cluster the data, open to the worksheet that contains the 
bar charts and: 

1. Select the Analytics tab (shown below). 
2. Drag the Cluster model from the tab and drop it over 

the bar chats. 

T 

Data Analytics ° 

Summarize 

#! Constant Line 

#! Average Line 

Median with Quartiles 

2 Box Plot 

Q Totals 

Model 

GS Average with 95% Cl 

SS Median with 95% Cl 

Trend Line 

& Forecast 

Cluster 

3. In the Cluster dialog box (shown below), enter 3 as the 

Number of Clusters in the columns list and then close 

the dialog box. 

Clusters x 

Variables 

cERNRD 

Number of Clusters 
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Tableau associates Clusters with the Color attribute in the 

Marks card area (shown below left) and adds a Clusters leg- 

end to the worksheet and colors of the bars of each fund 

number by its cluster membership (shown below right). 
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To see summary measures of the clusters, click the Clus- 

ters pill in the Marks Card area and select Describe clusters 

from the menu. Tableau opens a new dialog box (not shown) 

that contains summary measures about the clusters. 

To view the complete cluster analysis, use the Section 

SG17.2 Tableau instructions to insert a new dashboard. Drag 

the cluster analysis worksheet into the dashboard area and 

adjust the frame to display the entire worksheet. 

When examining the complete cluster analysis, the 

sparkline-like bars begin to reveal some patterns in the three 

clusters. One cluster, primarily comprising funds and presented 

near the bottom of the display seems to be characterized by 

high turnover ratios and very poor one-year returns. 

To discover information about specific retirement funds, 

mouse over the bars to pop up a window containing the data 

for the fund and its cluster membership. Shown below is the 

pop-up window for retirement fund RFOOS8. 

Growth Funds Cluster Analysis 
Fund N.. _ 

| Clusters: Cluster 3 

Fund Number: RFOOS 

| 10YrReturn: 13.00 

| 1¥rReturn: 3.68 
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YUSING STATISTICS 
Mounting Future Analyses 

and executing a mountain climbing expedition. Initially, what might seem intimidating, 
or even overwhelming, can be conquered by applying methods and techniques using a 

framework that identifies and guides you through a series of tasks. In Section FTF.1, you first 
learned how the DCOVA framework can help apply statistical methods to business problems. 
After learning methods in early chapters to Define, Collect, and Organize data, you have spent 
most of your time studying ways to Visualize and Analyze data. 

Determining which methods to use to organize, visualize, and analyze your data may have 
seemed straightforward when you worked out examples or problems from a particular chapter 
in which the data had already been defined and collected (and perhaps even organized) for you. 
The defined and possibly organized data gave clues about which methods to choose, as did the 
chapter itself. For example, while studying the descriptive statistics chapter, you could deduce 
properly that applying the inferential methods of other chapters would not be part of any exam- 
ple or problem. 

But what should you do when you find yourself in new situations such as needing to ana- 
lyze data for another course or to help solve a problem in a real business setting? You will not 
be studying a chapter of this book, so the methods to choose and apply will not necessarily be 
as obvious to you as they may have been when working out a specific problem from a specific 
chapter. How then can you guide yourself to choosing appropriate statistical methods as you 
seek to mount future analyses? 

' earning and applying business statistics methodology has some similarities with planning 
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electing the appropriate methods to use with data turns out to be the single most diffi- 

cult thing you do when you apply business statistics to real situations. This is also the 

single most important task you face. Recall that when using the DCOVA approach, you 

first define the variables that you want to study in order to solve a business problem or meet 

a business objective. To do this, you identify the type of business problem, such as trying to 

describe a group or trying to make inferences about a group, and then determine the type of 

variable—numerical or categorical—you will be analyzing. 

That act of defining a variable provides the starting point for selecting appropriate statistical 

methods to use. Once you know the type of variable, you can ask yourself a series of questions 

about what you seek to do with that variable. The questions can guide you to the appropriate 

methods to select as surely as a mountain guide can help you to the summit of a mountain. 

Therefore, the answer to the question “How can you guide yourself to choosing appropriate 

statistical methods as you seek to mount future analyses?” is “Ask more questions.” 

In the following two sections, this chapter presents two sets of questions, one for numerical 

variables and the other for categorical variables, that you can ask yourself once you have defined 

your variable. Unlike other chapters, this chapter introduces a Using Statistics scenario to raise 

a completely different type of question. 

18.1 Analyzing Numerical Variables 
To analyze a numerical variable, choose the appropriate Exhibit 18.1 question and then read the 

answer to the question in this section. 

EXHIBIT BEF 

Questions to Ask When Analyzing Numerical Variables 

Do you want to 

* describe the characteristics of the variable (possibly broken down into several 

groups)? 

¢ reach conclusions about the mean or the standard deviation of the variable 

in a population? 
* determine whether the mean and/or standard deviation of the variable differs 

depending on the group? 
¢ determine which factors affect the value of a variable? 

¢ predict the value of the variable based on the values of other variables? 

* classify items into groups or look for patterns of association among items? 

¢ determine whether the values of the variable are stable over time? 

Describe the Characteristics of a Numerical Variable? 

You develop tables and charts and compute descriptive statistics to describe characteristics 

such as central tendency, variation, and shape. Specifically, you can create a stem-and-leaf dis- 

play, percentage distribution, histogram, polygon, boxplot, normal probability plot, and treemap 

(see Sections 2.2, 2.4, 2.7, 3.3, and 6.3), and you can compute statistics such as the mean, 

median, mode, quartiles, range, interquartile range, standard deviation, variance, coefficient of 

variation, skewness, and kurtosis (see Sections 3.1, 3.2, and 3.3). 

Reach Conclusions About the Population Mean 
or the Standard Deviation? 
You have several different choices, and you can use any combination of these choices. To esti- 

mate the mean value of the variable in a population, you construct a confidence interval estimate 

of the mean (see Section 8.2). To determine whether the population mean is equal to a specific 
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value, you conduct a f test of hypothesis for the mean (see Section 9.2). To determine whether 

the population standard deviation or variance is equal to a specific value, you conduct a ¥” test 

of hypothesis for the standard deviation or variance (see online Section 12.7). 

Determine Whether the Mean and/or Standard 
Deviation Differs Depending on the Group? 
When examining differences between groups, you first need to establish which categorical 

variable to use to divide your data into groups. You then need to know whether this grouping 

variable divides your data into two groups (such as male and female groups for a gender variable) 

or whether the variable divides your data into more than two groups (such as the four in-store 

locations for mobile electronics discussed in Section 11.1). Finally, you must ask whether your 

data set contains independent groups or matched or repeated measurements. 

If the Grouping Variable Defines Two Independent Groups and You Are 

Interested in Central Tendency Which hypothesis tests you use depends on the 
assumptions you make about your data. 

If you assume that your numerical variable is normally distributed and that the variances 
are equal, you conduct a pooled ¢ test for the difference between the means (see Section 10.1). 
If you cannot assume that the variances are equal, you conduct a separate-variance f test for 
the difference between the means (see Section 10.1). In either case, if you believe that your 
numerical variables are not normally distributed, you can perform a Wilcoxon rank sum test 
(see Section 12.4) and compare the results of this test to those of the f test. 

To evaluate the assumption of normality that the pooled f test and separate-variance f test 
include, you can construct boxplots and normal probability plots for each group (see Sections 3.3 
and 6.3). 

If the Grouping Variable Defines Two Groups of Matched Samples 
or Repeated Measurements and You Are Interested in Central Tendency If 
you can assume that the paired differences are normally distributed, you conduct a paired f test 
(see Section 10.2). 

If the Grouping Variable Defines Two Independent Groups and You Are 
Interested in Variability If you can assume that your numerical variable is normally 
distributed, you conduct an F test for the difference between two variances (see Section 10.4). 

If the Grouping Variable Defines More Than Two Independent Groups 
and You Are Interested in Central Tendency If you can assume that the values 
of the numerical variable are normally distributed, you conduct a one-way analysis of variance 
(see Section 11.1); otherwise, you conduct a Kruskal-Wallis rank test (see Section 12.5). You 
can use the Levene test (see Section 11.1) to test for the homogeneity of variance between 
the groups. ‘ 

If the Grouping Variable Defines More Than Two Groups of Matched 
Samples or Repeated Measurements and You Are Interested in Central 
Tendency Suppose that you have a design where the rows represent the blocks and the 
columns represent the levels of a factor. If you can assume that the values of the numerical 
variable are normally distributed, you conduct a randomized block design F test (see online 
Section 11.3). 

Determine Which Factors Affect the Value of a Variable? 
If two factors are to be examined to determine their effect on the values of a variable, you 
develop a two-factor factorial design (see Section 11.2), 
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Predict the Value of a Variable Based on the Values 
of Other Variables? 

When predicting the values of a numerical dependent variable, you conduct least-squares 

regression analysis. The least-squares regression model you develop depends on the number of 

independent variables in your model. If only one independent variable is being used to predict 

the numerical dependent variable of interest, you develop a simple linear regression model (see 

Chapter 13); otherwise, you develop a multiple regression model (see Chapters 14 and 15) ora 

regression tree (see Chapter 17). 

If you have values over a period of time and you want to forecast the variable for future 

time periods, you can use moving averages, exponential smoothing, least-squares forecasting, 

and autoregressive modeling (see Chapter 16). If you want to visualize many variables simulta- 

neously, you can use sparklines (see Section 2.7). 

Classify or Associate Items? 
You use an apprepriate predictive analytics classification or association method (see Chapter 17). 

Determine Whether the Values of a Variable Are Stable 
Over Time? 
If you are studying a process and have collected data on the values of a numerical variable over 

a time period, you construct R and X charts (see online Section 19.5). If you have collected data 

in which the values are counts of the number of nonconformities, you construct a c chart (see 

online Section 19.4). 

18.2 Analyzing Categorical Variables 
To analyze a categorical variable, choose the appropriate Exhibit 18.2 question and then read 

the answer to the question in this section. 

>4aliziim@ 18.2 

Questions to Ask When Analyzing Categorical Variables 

Do you want to 

* describe the proportion of items of interest in each category (possibly broken down 

into several groups)? 
¢ reach conclusions about the proportion of items of interest in a population? 

¢ determine whether the proportion of items of interest differs depending on the 

group? 
* predict the proportion of items of interest based on the values of other variables? 

¢ cluster items into groups or look for patterns of association among items? 
¢ determine whether the proportion of items of interest is stable over time? 

Describe the Proportion of Items of Interest 
in Each Category? 

You create summary tables and use these charts: bar chart, pie chart, doughnut chart, Pareto 

chart, or side-by-side bar chart (see Sections 2.1 and 2.3). 
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Reach Conclusions About the Proportion of Items 
of Interest? 
You have two different choices. You can estimate the proportion of items of interest in a 

population by constructing a confidence interval estimate of the proportion (see Section 8.3). Or 

you can determine whether the population proportion is equal to a specific value by conducting 

a Z test of hypothesis for the proportion (see Section 9.4), 

Determine Whether the Proportion of Items 
of Interest Differs Depending on the Group? 
When examining this difference, you first need to establish the number of categories associated 

with your categorical variable and the number of groups in your analysis. If your data contain two 

groups, you must also ask if your data contain independent groups or if your data contain 

matched samples or repeated measurements. 

For Two Categories and Two Independent Groups You conduct either the Z test 
for the difference between two proportions (see Section 10.3) or the ¥* test for the difference 
between two proportions (see Section 12.1), 

For Two Categories and Two Groups of Matched or Repeated Measure- 
ments You conduct the McNemar test (see online Section 12.6). 

For Two Categories and More Than Two Independent Groups You conduct 
a ¥ test for the difference among several proportions (see Section 12.2). 

For More Than Two Categories and More Than Two Groups § You develop 
contingency tables, use multidimensional contingency tables to drill down to examine relation- 
ships among two or more categorical variables, and map the categories of several categorical 
variables (Sections 2.1, 2.6, and Chapter 17). When you have two categorical variables, you 
conduct a y” test of independence (see Section 12.3), 

Predict the Proportion of Items of Interest Based 
on the Values of Other Variables? 
You develop a logistic regression model (see Section 14.7) or a classification tree (see 
Chapter 17). 

Cluster or Associate Items? 
You use an appropriate predictive analytics clustering or association method (see 
Chapter 17). 

Determine Whether the Proportion of Items of Interest 
Is Stable Over Time? 
If you are studying a process and have collected data over a time period, you can create the 
appropriate control chart. If you have collected the proportion of items of interest over a time 
period, you develop a p chart (see online Section 19.2). 



“USING STATISTICS 
The Future to Be Visited 

his chapter summarizes the statistical methods that the 
book discusses in previous chapters as exhibits that list 

questions that help you determine the appropriate meth- 
ods with which to analyze your data. As the First Things 
First Chapter notes, business statistics is an important part 
of your business education. Consider the topics and con- 
cepts that this book discusses as only the beginning of your 
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business statistics and data analysis 

education. In the future, pay attention 

to new developments such as business 

analytics becoming the changing face of statistics. Consider 
taking follow-up courses in business analytics or advanced 

business statistics as one way of better anticipating that 

future. 

tt Re ene VIEW ePROBEEMS EH twit Mi slaniey a ek ONS ie ee Ce 
Seer ye se PRES 

18.1 In many manufacturing processes, the term work-in-process 
(often abbreviated WIP) is used. At the LSS Publishing book man- 

ufacturing plants, WIP represents the time it takes for sheets from 

a press to be folded, gathered, sewn, tipped on end sheets, bound 

together to form a book, and the book placed in a packing carton. 

The operational definition of the variable of interest, processing 

time, is the number of days (measured in hundredths) from when 

the sheets come off the press to when the book is placed in a pack- 

ing carton. The company has the business objective of determining 

whether there are differences in the WIP between plants. Data have 

been collected from samples of 20 books at each of two production 

plants. The data, stored in [{{JJ, are as follows: 

Plant A 

5.62 5.29 16.25 10.92 11.46 21.62 845 858 5.41 11.42 

OZ m hoon 50 97. 90504-47,10:50 7-598, 29.29, 7.545 8.92 

Plant B 

9.54 11.46 16.62 12.62 25.75 15.41 14.29 13.13 13.71 10.04 

pmmeno. 9 tA1521) 6.00" :2.33014,25" 5.37 66.25: 99.71 

Completely analyze the data. 

18.2 The file contains 2018 travel and tour- 
ism industry data for a sample of 28 European countries. Variables 

included are travel and tourism jobs (in thousands), nights spent by 

European residents at tourism establishments (in millions), euros 

spent by European residents at tourism establishments (in thou- 

sands), and the number of tourism establishments that provide over- 

night accommodations. 

Source: Data extracted from Eurostat, bit.ly/2cyv0Vs. 

Using this data, you seek to predict the number of jobs the travel 

and tourism industry generates. Completely analyze the data. 

18.3 The file contains a sample of 25 neighborhoods in Phil- 

adelphia. Variables included are neighborhood population, median 

sales price of homes in the second quarter of 2017, mean number 

of days homes were on the market in the second quarter of a recent 

year, number of homes sold in the second quarter of a recent year, 

median neighborhood household income, percentage of residents in 

the neighborhood with a bachelor’s degree or higher, and whether 

the neighborhood is considered “hot” (coded as 1 = yes, 0 = no). 

Data extracted from bit.ly/33wKukl, bit.ly/2smOy Vu, bit.ly/2v4mqZd, and 

bit.ly/2n0RNPW. 

Using this data, you seek to predict median sales price of homes. 

Completely analyze the data. 

18.4 Many factors affect attendance at Major League Baseball 

(MLB) games. Among the factors are those relating to the capac- 

ity of the stadium, how the team performed during the season, and 

characteristics about the team itself. For each MLB team in a recent 

year, the file includes the number of wins, 
season attendance, mean attendance per game, stadium capacity, 

mean percentage of capacity, mean batter age, mean pitcher age, 

number of all-star players on team, and team payroll ($millions). 

You want to predict attendance and determine the factors that influ- 

ence attendance. Completely analyze the data. 

18.5 The file contains attributes of cars that are currently 
part of an inventory of a used car dealership. The variables included 

are car, year, age, price ($), mileage, and fuel mileage (mpg). 

Source: Data extracted from www.truecar.com/used-cars-for-sale/. 

You want to describe each of these variables, and you would like to 

predict the price of the used cars. Analyze the data. 

18.6 A study was conducted to determine whether any gender bias 

existed in an academic science environment. Faculty from several 

universities were asked to rate candidates for the position of under- 

graduate laboratory manager based on the candidate’s application. 

The gender of the applicant was given in the applicant’s materials. 

The raters were from either biology, chemistry, or physics depart- 

ments. Each rater was to give a competence rating to the applicant’s 

materials on a 7-point scale, with 1 being the lowest and 7 being the 

highest. In addition, the rater supplied a starting salary that should 

be offered to the applicant. These data (which have been altered 

from an actual study to preserve the anonymity of the respondents) 

Eicemceynembee Candidate Assessment f 

Analyze the data. Do you think that there is any gender bias in the 

evaluations? Support your point of view with specific references to 

your data analysis. 
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18.7 The file contains restaurant ratings for 
food, décor, service, cost per person, and popularity index (popular- 

ity points the restaurant received divided by the number of people 

who voted for that restaurant) for various types of restaurants in a 

large city. 

You want to study differences in the cost of a meal for the different 

types of cuisines and also want to be able to predict the cost of a 

meal. Completely analyze the data. 

18.8 Churn occurs when customers stop doing business with a 

company or stop subscribing to a service. The file 
contains data from a churn study conducted by an international 

bank. 

Source: Data extracted from S, Dixit, “Building your own Artificial Neural Network...” 

bit.ly/2HhnwFh. 

For each bank customer in the sample, the study includes ID num- 

ber, credit score, domicile, gender, age, tenure (number of years that 

the customer has been a client of the bank), bank balance, number 

of bank products the customer has purchased through the bank, 

whether the customer has a credit card (0 = no, 1 = yes), whether 

the customer is an active member (0 = no, | = yes), salary, and 

whether the customer left the bank (0 = no, 1 = yes). 

Analyze the data and assess the likelihood that the customer will 
leave the bank. 

18.9 A mining company operates a large heap-leach gold mine in 
the western United States. The gold mined at this location consists 
of ore that is very low grade, having about 0.0032 ounce of gold 
in 1 ton of ore. The process of heap-leaching involves the mining, 
crushing, stacking, and leaching of millions of tons of gold ore per 
year. In the process, ore is placed in a large heap on an imperme- 
able pad. A weak chemical solution is sprinkled over the heap and 
is collected at the bottom after percolating through the ore. As the 
solution percolates through the ore, the gold is dissolved and is later 
recovered from the solution. This technology, which has been used 
for more than 30 years, has made the operation profitable. Due to 
the large amount of ore that is handled, the company is continually 
exploring ways to improve the process. 

As part of an expansion several years ago, the stacking process was 

automated with the construction of a computer-controlled stacker. 

This stacker was designed to load 35,000 tons of ore per day at a 

cost that was less than the previous process that used manually 

operated trucks and bulldozers. However, since its installation, 

the stacker has not been able to achieve these results consistently. 

Data for a recent 35-day period that indicate the amount stacked 

(tons) and the downtime (minutes) are stored in the file [SSP 
Other data that indicate the causes for the downtime are stored in 

Mining Downtime Causes } 

Analyze the data, making sure to present conclusions about the 

daily amount stacked and the causes of the downtime. In addition, 

be sure to develop a model to predict the amount stacked based on 
downtime. 

18.10 Wally’s Discount Stores sell basic essentials for food, home, 

health, apparel, and home. Wally’s produces and sells private- 

label goods under its ShowGo label in addition to select nationally 

advertised brands. The file contains a sample of 410 Wally’s 
shoppers who purchased ShowGo products during a recent month. 
For each customer in the sample, the file contains an ID number, 

the amount of ShowGo products purchased ($), and whether the 
customer has a Wally’s credit card (No or Yes), as well as the fol- 
lowing demographic data: weekly household income ($), gender, 
age (years), customer self-rated healthy eating habits (1-to-10 scale, 
in which 1 is poor and 10 is excellent), and customer self-rated 
active lifestyle (1-to-10 scale, in which 1 is sedentary and 10 is 
very active). 

Analyze these data and prepare a report describing your conclusions. 

18.11 The file contains the number of domestic 
and imported hybrid vehicles sold in the United States from 1999 
to 2018. 

Source: Data extracted from “Gasoline Hybrid and Electric Vehicle Sales,” bit.ly/ 
2nLkvXf, and “Advanced Technology Vehicle Sales Dashboard.” bit.ly/32gnNAK. 

You want to be able to predict the number of domestic and imported 
hybrid vehicles sold in the United States in 2019 and 2020. 
Completely analyze the data. 
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Basic Math Concepts and Symbols 

® A.1 Operators 
Operators express a calculation or a logical comparison. Operators are building blocks for the 

equations that define statistical concepts and for formulas, statements that process data in Excel 
and Minitab worksheets and JMP data tables. 

+ add = equal to 

— subtract *~ not equal to 

x multiply eu 

+ divide 

A.2 Rules for Arithmetic Operations 

Rule 

lat+b=candb+a=c 

2a+(b+c)=(a+b)+ec 

3.a-b=cbitb-aFc 

4. (a)(b) = (b)(a) 
5. (a)(b + c) = ab + ac 

6a7+bFb+a 

pink Haga 

c 

a 

ae 

~ 

— = 
o/s 

— ‘a 
SO ae eS 

approximately equal to 

> greater than 

= greater than or equal to 

< less than 

= less than or equal to 

Example 

2+1=3and1+2=3 
5+(7+4)=(5+7)+4= 16 
9-—7=2but7 —9 4 2 

(7)(6) = (6)(7) = 42 

(2)(3 + 5) = (2)(3) + (2)(5) = 
Totes ey es 
Lab ic 

2 A digee 

3 3: wast 
445° oe 
dig dneais teed Bs 
ERRRC WE Tc om 

Biba 3/\7 in 

REA ie (O22) - 35 
8 7 ae 24 

A.3 Rules for Algebra: Exponents and Square Roots 

Rule 

1 (XR) = yatb 

DK aie 

3. (XX?) = x2-6 

BE 

4, xe > ee 

5. VxY = VxVY 

6 rE: avs 
io et 5 
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Example 

(4°\(4°) = 4° 
(273 = 26 

ar 
34 

ri 

V(25)(4) = V25V/4 = 10 

16 16 
Te eee = 0 A0 
100 100 
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A.4 Rules for Logarithms 

EXAMPLE 7 
i 

Base 10 

Log is the symbol used for base-10 logarithms: 

Rule Example 

1. log(10") = a log(100) = log(10”) = 2 

2. If log(a) = b, thena = 10° If log(a) = 2, thena = 107 = 100 

3. log(ab) = log(a) + log(b) log(100) = log[(10)(10)] = log(10) + log(10) 

=1+1=2 

4. log(a’) = (b) log(a) log(1,000) = log(10%) = (3) log(10) = (3)(1) = 3 

5. log(a/b) = log(a) — log(b) log(100) = log(1,000/10) = log(1,000) — log(10) 

te Mah RL 

Take the base-10 logarithm of each side for the equation: Y = ByBte 

SOLUTION Apply rules 3 and 4: 

log(Y) = log(PoBie) 
= log(By) + log(Bt) + log(e) 
= log(Po) + Xlog(B,) + log(e) 

Base e 

In is the symbol used for base e logarithms, commonly referred to as natural logarithms. e is 

Euler’s number, and e = 2.718282: 

Rule Example 

1. Infe") = a In(7.389056) = In(e”) = 2 

2. If In(a) = b, thena = e? If In(a) = 2, thena = e* = 7.389056 

3. In(ab) = In(a) + In(d) In(100) = In[(10)(10)] 

= In(10) + In(10) 

= 2.302585 + 2.302585 = 4.605170 

4. In(a”) = (b) In(a) In(1,000) = 1n(10*) = 3 In(10) 

= 3(2.302585) = 6.907755 

5. In(a/b) = In(a) — In(b) In(100) = In(1,000/10) = In(1,000) — In(10) 

= 6.907755 — 2.302585 = 4.605170 

eee ene ennnnTe Te errnmnnienmmnnenenmnenmntaneanenenennenenmmnesnenanmmenmnenteeanemetemnennesieneeniemmemeeeneieeeeneememeeneeniememmeneatmemeamammemant) 

Take the base e logarithm of each side for the equation: Y = ByBie 

SOLUTION Apply rules 3 and 4: 

In(Y) = In(AoBi‘e) 
= In(Bp) + In(Bf) + In(e) 

= In(Bp) + X In(B,) + In(e) 

ae ee een nnETTnSTonnenTn nee nT ere eoienemanmmanemememnemnemnmmeinemeenteneeneesntemndecneeesneemenemnnemennneanenanaem nen ammmmamnaammnnenneneuanemaanmmnnamnenmemmnaamnaaes 
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A.5 Summation Notation 
The symbol &, the Greek capital letter sigma, represents “taking the sum of.” Consider a set of 

n 

n values for variable X. The expression a means to take the sum of the X; values from X, 
= 

through X,,: : 

n 

SX =X, +X + Xt +X, 
fon 

To illustrate the use of the symbol &, consider five values of a variable X: X; = 2, X, = 0, 

X, = —1,X, = 5, and X, = 7. Thus: 

5 

i=1 

In statistics, the squared values of a variable are often summed. Thus: 

n 

SX? = XP 4+ X¥+ XP4+--- 4+ xX 
i=1 

and, in the example above: 

5 

DX? = XP + X$ + XH + XE + XB 
i=] 

= 27 +0? + (-1? + 5+7=44+0+14+25+49=79 

n n 2 

ky, the summation of the squares, is not the same as (Sx) , the square of the sum: 
i=1 i=1 

n n 2 

DX} # ( x) 
i=1 i=1 

In the example given above, the summation of squares is-equal to 79. This is not equal to the 
square of the sum, which is 137 = 169, 

Another frequently used operation involves the summation of the product. Consider two 
variables, X and Y, each having n values. Then: 

n 

SX, = XY, “i X55 at X3Y3 a a a XnXn 

i=1 

Continuing with the previous example, suppose there is a second variable, Y, whose five 
values are ¥, = 1, Y, = 3, ¥; = —2, ¥, = 4, and Y; = 3. Then, 

, | 
DAK = XY, + Xv + XaYy + XY, + Ss i=1 

= (2)C1) + (0)(3) + (—1)(—2) + (5)(4) + (79) 
=2+0+2+ 20+ 21 

= 45 
n 

In calculating DX, the first value of X is multiplied by the first value of Y, the second value i=1 
of X is multiplied by the second value of Y, and so on. These products are then summed in order 
to compute the desired result. However, the summation of products is not equal to the product 
of the individual sums: 

Sam « (38)(31) i=] i=1 
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In this example, 
5 

X; = 13 

i=] 

and 

5 

SYH1+34+(-274+44+3=9 
al 

so that 

3) 5 

(S«)( 32) = (13)(9)= 117 
i=] i=] 

However, 
5 

DXi = 45 
i=1 

The following table summarizes these results. 

Value X; Y; X,Y; 

l 2 1 2 
2 0 0 
3 —1 —2 2 
4 5 4 20 

5 ai 3 21 
5 5 5 

dX = 13 Sy =9 DXY, = 45 
i=1 i=1 i=1 

629 

Rule 1 The summation of the values of two variables is equal to the sum of the values of each 

summed variable: 

n IN A 

DY~a+H = YX + DY 
i=1 i=1 i=1 

Thus, 

5 

YX +¥) =2+)+ 0+ 3) + (-1 + (-2) + 5 +4) + (7 + 3) 
i=1 

=3+3+(-3)+9+10 
=? 

5 5 

De 
i=1 i=1 

13. 4--9-='22 

Rule 2 The summation of a difference between the values of two variables is equal to the 

difference between the summed values of the variables: 

nh n n 

2 = Wr Ki DM 
i=1 

Thus, 

5) 

Se Ce) 0 Sil = (ee ie 
i=1 

=1+(-3)+1+1+4 

=4 
5 5 

SI er 
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Rule 3 The sum of a constant times a variable is equal to that constant times the sum of the 
values of the variable: 

n . n 

DY cX = DX; 
i=1 i=] 

where c is aconstant. Thus, if c = 2, 

5 

>) 2X; 
i=] 

=4+0+(-2)+ 10+ 14 

5 

Sick; 

i=] 

I II (2)(2) + (2)(0) + (2)(-1) + (2)(5) + (2)(7) 

bi 

2%; 
i=] 

Rule 4 A constant summed n times will be equal to n times the value of the constant. 

(2)(13) = 26 M as T 

n 

De = 710. 

i=1 

where c is a constant. Thus, if the constant c = 2 is summed S times. 

DoH2+24+24+24+2=10 

= (5)(2) = 10 

| EXAMPLE 7 there are six values for the variables X and Y, such that X, = 2, X, = 1,X3 = §, 
Xq = —3,Xs5 = 1,X%s = —2 and ¥ = 4,4 =0,% = -1,% = 2,¥% = 7, and Y, = —3. 
Compute each of the following: 

6 
a> b. 

i=1 

= s | 

Me pe Il pan 

6 6 

hE diac s 
=a : rel 
6 6 

> Cy) i. ++ a1 i=] 
6 6 

g S(X%, - ¥) h. >) (X, — 3¥, + 2X?) 
i=1 i a 

. 

6 
i, Dd (cX), where c = —] (X; — 3¥, + c), where c = +3 

i=1 i} pas 
Me 

Answers 

a4 b. 9) ¢44\ d.79 e. 10 f. (13) g-5 h.65 1-4 j, —5 
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A.6 Greek Alphabet 

Name 
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Greek Letter Greek Letter 

A a 

Bune 
Li ey 
A fe) 

E oe 

2a 

Hy 
OF 86 

I L 

KV ik 

T aEN. 

Mp 

alpha 

beta 

gamma 

delta 

epsilon 

zeta 

eta 

theta 

iota 

kappa 

lambda 

*mu 

N Vv 

Bone 
O fe) 

Terr 

am He 
v3 o 

ye T 

vie U 

Dig Se 
a nx 
Bagh 2 
OF 0 

Name 

nu 

Xl 

omicron 

pi 

rho 

sigma 

tau 

upsilon 

phi 

chi 

psi 

omega 
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B.1 Identifying the Software 
Version 

Using an outdated version of Microsoft Excel with this 

book can make learning about business statistics harder 

and confound a reader following Guide instructions. Pro- 

grams change over time in both their functionality and 

user interfaces, so using an out-of-date version of one of the 

programs that the book discusses could result in frustration 

or failure to complete tasks. When using Microsoft Excel, 

differences arise based on how Excel was distributed (disk 

or subscription download) or whether periodic updates have 
been applied to Excel. Use this section to determine the ver- 
sion number of the software being used. Having a properly 
updated and current version of Excel is the best way to pro- 
ceed with this book. 

Excel 

Excel Guide instructions in this book work best with an 
up-to-date Excel 365 for Microsoft Windows or Excel 365 
for Mac. Instructions are also compatible with Microsoft 
Windows Excel 2019 and 2016, and Excel for Mac 2019 and 
2016, the versions of Excel that Microsoft fully supported at 
the time of publication. Users of disk-based Excels, Excel 
2016, or the deprecated Excel 2013 will be able to do all 
but some of the newer charts that the Chapter 2 Excel Guide 
describes. 

When slight variations among versions occur, the vari- 
ations appear in parentheses or explanatory sentences that 
identify those variations. For example, a number of charting 
instructions begin Design (or Chart Design) > Add Chart 
Element because the Design tab is called Chart Design in 
Excel for Mac. When Excel for Mac differs greatly from its 
Windows counterpart, Excel for Mac instructions appear in this 
color. 

Identify the build number Excel has both a version num- 
ber and a build number which identifies the extent to which 
the Excel copy has been updated. Knowing both can identify 
if an Excel copy is up-to-date and can also be helpful if tech- 
nical support is needed. To identify the build number, open 
Excel and follow the appropriate instructions, 

In Microsoft Windows Excel, select File > Account and, 
in the Account pane that appears, click the About Excel icon. 
In the dialog box that appears, note the build number that 
appears in parentheses, after the words Microsoft Excel. The 
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Account pane may contain an Update Options pull-down 

list from which Update Now can be selected to have Excel 

check for updates. 

In Excel for Mac, select Excel > About Excel and in the 

dialog box that appears, note the build number. Check for 

updates by selecting Help Check for Updates. 

Tableau (Public version) 

To identify the current version, open Tableau and select 
Help>About Tableau Public. Tableau automatically 
checks for updates and will prompt users to download 
updates as they become available. 

B.2 Formulas 
Formulas are programming-like instructions that process data 
found in worksheets and data tables. Formulas can compute 
intermediate calculations, generate new data or statistics, 
retrieve data from other cells, or use a logical comparison to 
make a decision, among other things. In Excel, each work- 
sheet cell can have its own formula. Cells that contain for- 
mulas show the result of their formulas and not the formulas 
themselves. 

In Excel, the keyboard shortcut Ctrl+* (grave accent) 
acts as a toggle to turn on and off the display of formulas. 

Formulas make possible reusable templates such as the 
Figure 6.16 normal probabilities template on page 209. Users 
of the Excel Guide workbooks will discover that most work- 
books contain one or more worksheets that present the for- 
mulas that the workbook uses to calculate results, 

Entering a Formula 
Guide instructions discuss the specifics of entering a formula 
as the need arises. For the general case in Excel, typing an 
equals sign (=) followed by the combination of arithmetic 
operators and cell references and pressing the Enter key, 
enters a formula for a specific cell. 

Functions simplify arithmetic Operations or provide 
access to advanced processing or statistical calculations, Func- 
tions can simplify formulas. In Excel, formulas often contain 
cell ranges, a shorthand way to refer to a group of cells. For 
example, in Excel, the formula =A1+A2+A3+A4+A5+4A64A7 
that sums the first seven cells in column A can be simplified 
using the SUM function =SUM(A1:A7) that uses the cell 
range Al:A7. (Section B.3 further explains cell ranges.) 



Entering an Array Formula (Excel) 
In Excel, an array formula defines a formula for a rectan- 
gular group of cells (the “array” of cells). To enter an array 
formula, first select the cell range and then type the formula, 
and then, while holding down the Ctrl and Shift keys, press 
Enter to enter the array formula into all of the cells of the 
cell range. (In Excel for Mac, pressing Command+Enter 
also enters an array formula.) 

To edit an array formula, first select the cells that contain 
the array formula, then edit the formula and then press Enter 
while holding down Ctrl+Shift (or press Command+Enter). 
When selecting a cell that contains an array formula, Excel 
adds a pair of curly braces {} to the display of the formula 
in the formula bar to indicate that the formula is an array 

formula. These curly braces disappear when the formula is 

being edited. (Never type the curly braces when entering an 
array formula.) 

Pasting with Paste Special (Excel) 

While the keyboard shortcuts Ctrl+C and Ctrl+V to copy 

and paste cell contents will often suffice, pasting data from 

one worksheet to another can sometimes cause unexpected 

side effects when the source worksheet contains formulas. 

When the two worksheets are in different workbooks, a sim- 

ple paste creates an external link to the original workbook 

that can lead to possible errors at a later time. Even pasting 

between worksheets in the same workbook can lead to prob- 

lems if what is being pasted is a cell range of formulas. Use 

Paste Special to avoid these complications. 
To use this command, copy the source cell range using 

Ctrl+C and then right-click the cell (or cell range) that is 

the target of the paste and click Paste Special from the short- 

cut menu. 
In the Paste Special dialog box (shown below), click 

Values and then click OK. Paste Special Values pastes 

the current values of the cells in the first workbook 

and not formulas that use cell references to the first 

workbook. 

Paste Special ? x 

Paste 

| Oall © All using Source theme 

© Formulas O All except borders 

@ Values © Column widths 

OC Formats CO Formulas and number formats 

© Comments O Values and number formats 

O Validation C) All merging conditional formats 

Operation 

@ None © Multiply 
O Aaa O Divide 
© Subtract 

C skip blanks (transpose 
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Paste Special can paste other types of information, 

including cell formatting information. In some copying con- 

texts, placing the mouse pointer over Paste Special in the 

shortcut menu will reveal a gallery of shortcuts to the choices 

presented in the Paste Special dialog box. 

To use PHStat with data in the form of formulas, first 

copy your data and then use Paste Special to paste columns of 

equivalent values. (Click Values in the Paste Special dialog 

box to create the values.) PHStat will not function properly if 

the data for a procedure are in the form of formulas. 

Verifying Formulas 

After entering all formulas or before using a worksheet or 

data table template that contains formulas, best practice 

suggests verifying the formulas for accuracy. In JMP and 

Minitab, the verification can be as simple as temporarily 

adding new data rows that contain simple numbers to verify 

that all formulas compute the correct results. 

In Excel, additionally, relationships among cells can be 

examined visually. Selecting Formulas > Trace Precedents 

reveals relationships between a formula and its precedents, 

the cells that a formula references. Selecting Formulas > 

Trace Dependents reveals the relationship between a cell 

and its dependents cells that contain formulas that reference 

that cell. 

B.3 Excel Cell References 

Every Excel worksheet cell has its own cell reference, an 

address that identifies the cell based on the lettered column 

and numbered row of the cell. For example, the cell Al is the 

cell in the first column and first row, A3 is the cell in the first 

column and third row, and C1 is the cell in the third column 

and first row. 
Cell references can be a cell range that refers to a rect- 

angular group of cells. A cell range names the upper-left cell 

and the lower-right cell of the group, using the form Upper- 

LeftCell:LowerRightCell. For example, the cell range C1:C12 

refers to the first 12 cells in column C while the cell range 

A1:D3 refers to all the cells in columns A through D in rows 

1 through 3. Cell ranges can also name one or more columns 

or rows such as A:A, all the cells in column A, and 4:6, all 

the cells in rows 4 through 6. 
In workbooks that contain more than one worksheet, 

appending a worksheet name in the form WorksheetName! 

as a prefix to a cell reference uniquely identifies a cell or 

cell range. For example, the cell reference COMPUTE!B8 

uniquely identifies cell B8 of the COMPUTE worksheet, and 

the cell reference DATA!A:A uniquely identifies all the cells in 

column A of the DATA worksheet. If the name of a worksheet 
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contains spaces or special characters, such as CITY DATA_1, 

you must enclose the worksheet name in a pair of single 

quotes as part of the prefix, such as 'CITY DATA_1'!A2. 

When Excel encounters a cell reference without a work- 

sheet prefix, Exce! assumes that the reference identifies cells 

that are in the same worksheet as the formula being entered, 

a data entry shortcut that Excel Guide instructions use. Occa- 

sionally, an Excel feature requires that one use a worksheet 

prefix and instructions note such exceptions as necessary. 

Although this book does not use them, cell references 

can include a workbook prefix in the form /WorkbookName ] 

WorksheetName! If you discover workbook prefixes in the 

formulas you create using the instructions in this book, you 

may have committed an inadvertent error when transferring 

data from one workbook to another. Review your work and 

make sure you intended to include a workbook name prefix 
in your formula. 

Absolute and Relative Cell References 

To avoid the drudgery of typing many similar formulas, a 
formula can be entered once and then copied to other cells. 
For example, to copy a formula that has been entered in cell 
C2 down the column through row 12: 

1. Right-click cell C2 and press Ctrl+C to copy the for- 
mula. A movie marquee-like highlight appears around 
et Ged 

- Select the cell range C3:C12. 
3. With the cell range highlighted, press Ctrl+V to paste 

the formula into the cells of the cell range. 

N 

During this copy-and-paste operation, Excel adjusts 
these relative cell references in formulas so that copying 
the formula =A2+B2 from cell C2 to cell C3 results in the 
formula =A3+B3 being pasted into cell C3, the formula 
=A4+B4 being pasted into cell C4, and so on. 

Sometimes, this automatic adjustment is unwanted. For 
example, when copying the cell C2 formula =(A2+B2)/B15, 
if cell BIS contained the divisor to be used in all formulas, 
that reference should not be adjusted to B16, B17, and so on. 
To prevent Excel from adjusting a cell reference, use abso- 
lute cell references by inserting dollar signs ($) before the 
column and row references of a relative cell reference. For 
example, the absolute cell reference $B$15 in the copied cell 
C2 formula =(A2+B2)/$B$15 will cause Excel to paste the 
formula =(A3+B3)/$B$15 into cell C3. 

Do not confuse the use of the dollar sign symbol with 

the worksheet formatting operation that displays numbers as 

dollar currency amounts. 

Selecting Cell Ranges for Charts 

Cell ranges can be entered in Excel dialog boxes in one 

of several ways. Cell ranges can be typed (most Excel 

Guide instructions use this method) or selected using the 

mouse pointer. Likewise, most of the time cell ranges can 

be entered using either relative or absolute references. Two 

important exceptions to these general rules are the Axis 

Labels and Edit Series dialog boxes, associated with chart 

labels and data series. 

To enter a cell range into these two dialog boxes, enter 

the cell range as a formula that uses absolute cell references 
in the form WorksheetName! UpperLeftCell: LowerRightCell, 
as the examples below illustrate. Entering these cell ranges 
is best done using the mouse-pointer method. Typing the cell 
range in these dialog boxes will often be frustrating as keys 
such as the cursor keys do not function as they do in other 
dialog boxes. 

Axis Labels ? x 

Axis label range: —— 

| = SummaryTable!SA$4:$A$10 

| Edit Series ? x 

Series name: ae 

| =SummaryTable!SCs3 [] = Percentage one comedainemiaiiinan 
} Series values: 7 

[-summonraoiescsascste [8] ~ soarm szazx. 

Selecting Non-contiguous Cell Ranges 
In the general case, enter a non-contiguous cell range such as 
the cells Al:A11 and C1:C11 by typing each cell range, sep- 
arated by commas. For the example, type A1:A11, C1:C11. 
To enter a non-contiguous cell range for the Axis Labels 
and Edit Series dialog boxes that the previous section dis- 
cusses, use the mouse pointer method. To use the mouse- 
pointer method with such ranges, first, select the cell range 
of the first group of cells and then, while holding down Ctrl, 
select the cell range of the other groups of cells that form the 
non-contiguous cell range. 



B.4 Excel Worksheet 
Formatting 

Format the contents of worksheet cells by either making 
entries in the Format Cells dialog box or clicking shortcut 
icons in the Home tab, 

Format Cells Method 

To use the Format Cells dialog box method, right-click a cell 
or cell range and click Format Cells in the shortcut menu. In 
the Format Cells dialog box, select the Number tab. Clicking 
a Category changes the panel to the right of the list. For exam- 
ple, clicking Number displays a panel (shown below) in which 
the number of decimal places to display can be specified. 

| Format Cells ? Xx 
| 

| Number Alignment Font Border_—Fill__~—~Protection | 

Category: | 

ognec | Sample 

| | Currency | 
Accounting A ~ Lad |Date Decimal places: \4 ee 

| | Time | (1) Use 1000 Separator () 
Percentage 
Fraction Negative numbers: 

| | Scientific | 

| [Text | 1234.3210 
| Special | | (1234,3210) 

|| Custom | | 1234.3210) 
L = 

Number is used for general display of numbers. Currency and Accounting offer specialized 
formatting for monetary value. | 

| 

= [ Cancel | | 

Click the Alignment tab of the Format Cells dialog box 

(partially shown below), to display a panel in which the hor- 

izontal and vertical positioning of cell contents can be spec- 

ified as well as whether the cell contents can be wrapped to 

a second line if the contents are longer than the cell width. 

| Format Cells ? a 

Number Alignment Font Border _—Fill_- Protection 

Text alignment 

k< eo 3 8 ® fo ih 

7x OH 
| Justify distributed 

Text control 

() Wrap text 
( shrink to fit 

CO Merge cells 

Right-to-left 

Text direction: 

Oo ~ Ey Dearees / 

[ane 

Home Tab Shortcuts Method 

You can also format the contents of worksheets by using 

shortcuts on the Home tab. In Microsoft Windows Excel, 

these shortcuts are divided into the groups that the following 
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instructions name. In Excel for Mac, the groups are implicit 

and group names are not shown on the Home tab. 

Use the Font group shortcuts (shown at top below) to 

change the typeface, point size, color, and styling such as 

roman, bold, or italic of the text a cell displays or the back- 

ground color of a cell. Use the fill icon in the same group 

to change the background color for a cell (shown as yellow 

in the illustration below). Click the drop-down button to the 

right of the fill icon to display a gallery of colors from which 

you can select a color or click More Colors for more choices. 

Click the A icon drop-down button (not in Excel for 

Mac) to display a palette of color choices for changing the 

color of the text being displayed (shown at bottom below). 

‘[caibi eft v| A 
| ] oracerss 

| 

Font G 

Ga -|== |< 
Theme Colors 

te am G 

Standard Colors 

BES HSER ee 
No Fill 

is More Colors... 

Use the shortcuts in the Number group (shown below) 

to change the formatting of numeric values, including the 

formatting changes the discussion of the Format Cells dialog 

box mentions. 
fs 
General 

$-% > | 

Number 2 ral 

To adjust the width of a column to an optimal size, select 

the column and then select Format > Autofit Column Width 

in the Cells group (shown below). Excel will adjust the width 

of the column to accommodate the width of the widest value 

in the column. 

> AutoSum ~ 4 

[T} Fill ~ 
Sort & 

| Slee Filter: 
| Cell Size | 
'tE Row Height... | 
/ | 

AutoFit Row Height | 

AutoFit Column Width 

| Fl Column Width... 

| 
| Nofsul UG Ath 
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Many Home tab shortcuts contain a drop-down arrow 

that, when clicked, displays a gallery of choices. For Merge 

& Center, the gallery (shown below) displays all cell merg- 

ing operations. 

Unmerge Cells 

B.5E Excel Chart Formatting 
Excel often produces charts that contain elements that need 

reformatting or changes to enhance chart presentation. To 
enhance a chart in ways that the Excel Guide instructions 
suggest, first select the chart to be corrected. (If Chart Tools 
or PivotChart Tools appear above the Ribbon tabs, a chart 
has been selected.) Then, apply the instructions to make the 
necessary changes. 

If a chart on a chart sheet is either too large to be fully seen 
or too small and surrounded by a frame mat that is too large, 
click the Zoom Out or Zoom In icons, located in the lower- 
right of the Excel window frame, to adjust the chart display. 

Most Commonly Made Changes 
To relocate a chart to its own chart sheet: 

1. Click the chart background and click Move Chart from 
the shortcut menu. 

2. In the Move Chart dialog box, click New Sheet, enter a 
name for the new chart sheet, and click OK. 

To turn off improper horizontal gridlines: 

Design (or Chart Design) > Add Chart Element> 
Gridlines > Primary Major Horizontal 

Layout (or Chart Layout) > Gridlines > Primary 
Horizontal Gridlines > None 

To turn off improper vertical gridlines: 

Design (or Chart Design) > Add Chart Element > 
Gridlines > Primary Major Vertical 

Layout (or Chart Layout) > Gridlines > 
Primary Vertical Gridlines > None 

To turn off a chart legend: 

Design (or Chart Design) > Add Chart Element > 
Legend > None 

Layout (or Chart Layout) > 
Legend > None (or No Legend) 

Chart and Axis Titles 
To add a chart title to a chart missing a title: 

1. Select Design (or Chart Design) > Add Chart 

Element Chart Title> Above Chart. Otherwise, 

click on the chart and then select Layout (or Chart 

Layout) > Chart Title > Above Chart. 

2. In the box that is added to the chart, select the words 

“Chart Title” and enter an appropriate title. 

To add a title to a horizontal axis missing a title: 

1. Design (or Chart Design) > Add Chart Element > Axis 

Titles Primary Horizontal. In the new text box in the 

chart, replace the words Axis Title with an appropriate title. 

2. Layout (or Chart Layout) > Axis Titles > Primary 

Horizontal Axis Title> Title Below Axis. In the new 
text box in the chart, replace the words Axis Title with 
an appropriate title. 

To add a title to a vertical axis missing a title: 

1. Design (or Chart Design) > Add Chart Element > Axis 
Titles > Primary Vertical. In the new text box in the chart, 
replace the words Axis Title with an appropriate title. 

2. Layout (or Chart Layout) Axis Titles > Primary Ver- 
tical Axis Title> Rotated Title. In the new text box in the 
chart, replace the words Axis Title with an appropriate title. 

Chart Axes 

To turn on the display of the X axis, if not already shown: 

Design (or Chart Design) > Add Chart Element > 
Axes > Primary Horizontal 

Layout (or Chart Layout) > Axes > Primary 
Horizontal Axis > Show Left to Right Axis (or 
Show Default Axis or Primary Default Axis) 

To turn on the display of the Y axis, if not already shown: 

Design (or Chart Design) > Add Chart Element > 
Axes Primary Vertical 

Layout (or Chart Layout) > Axes > Primary 
Vertical Axis > Show Default Axis 

For a chart that contains secondary axes, to turn off the sec- 
ondary horizontal axis title: 

Design (or Chart Design) > Add Chart Element> 
Axis Titles > Secondary Horizontal 

Layout (or Chart Layout) > Axis Titles > Secondary 
Horizontal Axis Title None (or No Axis Title) 

For a chart that contains secondary axes, to turn on the sec- 
ondary vertical axis title: 

Design (or Chart Design) > Add Chart Element > 
Axis Titles > Secondary Vertical 

Layout (or Chart Layout) > Axis Titles > Secondary 
Vertical Axis Title > Rotated Title 



Correcting the Display of the X Axis 
In scatter plots and related line charts, Microsoft Excel dis- 
plays the X axis at the Y axis origin (Y = 0). When plots 
have negative values, this causes the X axis not to appear at 
the bottom of the chart. 

To relocate the X axis to the bottom of a scatter plot or 
line chart, open to the chart sheet that contains the chart, 
right-click the Y axis, and click Format Axis from the short- 
cut menu. In the Format Axis pane click Axis value and, in 
its box, enter the value shown in the Minimum box in the 
same pane. 

Emphasizing Histogram Bars 
To better emphasize each bar in a histogram, open to the chart 
sheet containing the histogram, right-click over one of the 
histogram bars, and click Format Data Series in the short- 

cut menu. In the Format Data Series pane, click the bucket 

icon. In the Border group, click Solid line (Click Border to 

reveal settings, if necessary.). From the Color drop-down 

list, select the darkest color in the same column as the cur- 

rently selected (highlighted) color. Then, enter 2 (for 2 pt) 

as the Width. 

B.5T Tableau Chart 
Formatting 

Tableau produces charts with elements that need to be 

changed to enhance presentation or that may not reproduce 

well when printed or otherwise transferred from the Tableau 

worksheet. To change chart elements, first open to the work- 

sheet that contains the elements that need to be changed. 

Then, select the element and make the necessary changes. 

Although default preferences cannot be set in Tableau 

Desktop Public Edition, a shortcut does exist when making 

the same changes to two or more charts of the same type. 

To use the shortcut, make changes to one chart and select 

Format > Copy Formatting. Then open to another chart and 

select Format > Paste Formatting. 

By default, Tableau assigns the worksheet tab name as 

the worksheet title. To enter a different title or change the text 

attributes of a title, double-click the current title. In the Edit 

Title dialog box (shown at top right): 

1. Select <Sheet Name> (the default worksheet title). 

2. Type the new title, replacing <Sheet Name>. 

3. Select the new title. 

4. As necessary, use the font face, font size, and color pull- 

down lists to change the font, size, or color. 

5. As necessary, click the bold icon, italic icon, or 

underline icon to turn on (or off) these attributes. 

6. As necessary, click one of the tree justification icons. 

7. Click OK. 
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Edit Title x 

Tableau ight _v] [15 >] [fe] ||] [S| [ = [ee] [ieee 1X] | 

<Sheet Name> 

[Reset] [rae] [cereal] [acer] | 

Changes only apply to selected text, not the contents of the 

Edit Title dialog box. Skipping step 3 means none of the 

actions in step 4 or 5 will affect the text. 

The most common other changes to chart formatting use 

either the Font gallery or the Lines gallery (shown below). 

fe aed oe] 
ea Tal 

Thee 
ash 

More colors... 

More colors... 

TBA Ca 

To turn off unnecessary grid lines: 

1. Select Format Lines. 
2. In the Sheet tab of the Format Lines panel (shown 

below), select None from the Grid Lines pull-down 

Lines gallery. 

3. Click the panel close icon (the “X” in the upper right of 

the Format Lines panel) to close the Format Lines panel 

to redisplay the Data and Analytics tabs. 

Format Lines x 

A 2 © {S| Fields~ | 

Sheet | Rows | Columns | 
Lines 

Gridtines:[ 

Zero Lines: [<-remnmy ] | 

| Trend Lines: | None 

Ref Lines: 

| 

| 

| 
Oropties[—— 

| 

| 
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To adjust an axis line: 

1. Select Format > Lines. 

2. In the Sheet tab of the Format Lines panel (shown above), 

select the line type, line width, and color from the Axis 

Rulers pull-down Lines gallery. 

3. Click the panel close icon (the “X” icon in the upper 

right of the Format Lines panel) to close the Format 

Lines panel to redisplay the Data and Analytics tabs. 

To adjust the text attributes of a chart label: 

1. Right-click the text to be adjusted and select Format 
from the shortcut menu. 

2. In the Axis tab of the Format panel, select text attributes 

from the Default group Font pull-down Font gallery to 

adjust an axis label. 

3. Click the panel close icon (the “X” icon in the upper 

right of the Format panel) to close the Format Lines 

panel to redisplay the Data and Analytics tabs. 

To change the formatting of axis tick labels, select attributes 

from the Ticks, Numbers, or Alignment pull-down menus 
(not shown below) as part of step 2. 

| Format SUM(Current Val... x 

AZ8S&B8B=E Fields + 

| Axis Pane 

| Default 

Font: [Tableau Boo... ~| 

Shading: [J ¥] 
| Scale 

| Numbers (i23@56 —_v] 
Alignment:(Automatic | 

| Title 

Font:|Tableau Me.. ¥ 

Tableau also enables one to change chart borders or 
shading. Use Format Alignment or Format Borders, 
commands that lead to additional tabs and galleries that share 
similarities to the panels and galleries that this section discusses. 

B.6 Creating Histograms 
for Discrete Probability 
Distributions (Excel) 

Create a histogram for a discrete probability distribution 
based on a discrete probabilities table. For example, to 
create the Figure 5.3 histogram of the binomial probability 
distribution on page 184, open to the COMPUTE work- 
sheet of the Binomial workbook. Select the cell range 

B14:B18, the probabilities in the Binomial Probabilities 

Table, and: 

1. Select Insert (or Charts) Column and select the 
Clustered Column gallery item. 

2. Right-click the chart and click Select Data in the shortcut 

menu, 

In the Select Data Source dialog box: 

3. Click Edit under the Horizontal (Categories) Axis 

Labels heading. In the Axis Labels display, drag the 

mouse to select and enter the cell range A14:A18 with a 

worksheet prefix (see Section B.3), as a formula in the 

Axis label range box. 

In Excel for Mac, in the Select Data Source display, click the 

icon inside the Horizontal (Category) axis labels [or Cate- 

gory (X) axis labels] box and drag the mouse to select and 

enter the same cell range, A14:A18. 

4. Click OK. 

In the chart: 

5. Right-click inside a bar and click Format Data Series 
in the shortcut menu. 

6. In the Format Data Series display, click Series Options. 
In the Series Options, click Series Options, enter 0 as 
the Gap Width and then close the display. (To see the 
second Series Options, you may have to first click the 
chart [third] icon near the top of the task pane.) In Excel 
for Mac, there is only one Series Options label, and the Gap 
Width setting is displayed without having to click Series 
Options. 

Relocate the chart to a chart sheet and adjust the chart 
formatting by using the instructions in Section B.S. 

B.7 Deleting the “Extra” 
Histogram Bar (Excel) 

As “Classes and Excel Bins” on page 46 explains, in Excel 
bins approximate classes. This approximation creates an 
“extra” bin that will have a frequency of zero. To delete the 
histogram bar associated with this extra bin, edit the cell 
range that Excel uses to construct the histogram. 

Right-click the histogram background and click Select 
Data. In the Select Data Source dialog box in Microsoft 
Windows Excel: 

1. Click Edit under the Legend Entries (Series) heading. 
2. In the Edit Series dialog box, edit the Series values 

cell range formula to begin with the second cell of the 
original cell range and click OK. 

3. Click Edit under the Horizontal (Categories) Axis 
Labels heading. 

4. In the Axis Labels dialog box, edit the Axis label range 
formula to begin with the second cell of the original cell 
range and click OK. 



In the Select Data Source dialog box in Excel for Mac: 

1. Edit the Y values cell range formula to begin with the 
second cell of the original cell range and click OK. 

2. Edit the Horizontal (Category) axis labels [or Category 
(X) axis labels] formula. 

3. In the Axis Labels dialog box, edit the Axis label range 
formula to begin with the second cell of the original cell 

range and click OK. 

Using Non-numeric Labels in a 
Time-Series Plot 

As the Excel Guide for Chapter 2 explains in detail, one 

uses the Excel scatter plot chart type to create a time-series 

plot. Excel scatter plots require numerical data for the X-axis 

labels. For the case of calendar data in a series such as Jan- 

uary 2020, February 2020, March 2020, etc., Excel stores 

the data internally as a number which enables one to use the 

series to label the X-axis. Figure 16.2 illustrates a use of such 

date data. 
However, sometimes one wants to use non-numerical 

labels to describe time periods or needs to use calendar data 

that will note be interpreted properly by Excel. For example, 
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one might want to use a repeating set of month labels, Janu- 

ary through December, to emphasize the seasonal trend in a 

time series plot. While the months are date data, Excel will 

wrongly interpret every occurrence of a month as the same 

X value or create a proper time series plot but invent a coded 

month value that counts up from | for the repeating series of 

January through December X values. 

The Figure 16.1 Panel D time series plot uses a repeating 

set of month labels January through December to emphasize 

the seasonal nature of the trend seen. Panel D is not a scatter 

plot, but an Excel line chart that uses a formatting work- 

around to allow those month labels to appear as non-numeric 

labels. To use this workaround: 

1. Right-click the axis and select Axis Settings in the 

shortcut menu. 

2. Select Insert > Insert Line or Area Chart (#2 in the 

labeled Charts group on page 88) and select the Line 

with Markers gallery item in the 2-D Line group. 

3. Right-click the X-axis and select Format Axis from the 

shortcut menu. 

4. In the Format Axis display, click Axis Options, if nec- 

essary, to reveal axis options and then click the On tick 

marks option button under the Axis position heading. 



Online Resources 

APPENDIX 

C.1 About the Online 

Resources for This Book 

Online resources complement and extend the study of busi- 

ness Statistics with this book. Some resources, such as the 

data files, are integral to learning with this book, while other 

resources, such as online sections and chapters, are optional 

and can be skipped without one losing comprehension about 

the concepts and methods that this book discusses. 

For using Microsoft Excel, this book fully integrates 

both a set of Excel Guide workbooks that contain templates 

or model solutions for applying Excel to specific statistical 

methods and PHStat, the Pearson statistics Excel add-in, that 

the authors developed to support this book. (See Section C.3 

for more about these choices.) 

Online resources also include the optional online pam- 

phlets, chapters, sections, and “short takes” as PDF files; 

documents that support the end-of-chapter cases, also as 

PDF files; and the Visual Explorations Excel macro work- 
books that interactively demonstrate selected statistical 
concepts. 

Access the Online Resources 

To access the online resources for this book, visit the public 
download page for this book: 

1. Open a web browser and go to www.pearsonhighered 
-com/levine. 

2. In that web page, locate this book, Statistics for Managers 
Using Microsoft Excel, 9/e, and click Student Download 
Page that appears below the title. 

3. In the student download page, click the links of interest. 

Registered users of a MyLab Statistics course for this 
book can also use the Tools for Success page: 

1. Open the MyLab Statistics course for this book. 
2. Click Tools for Success in the left pane. 
3. In the Tools for Success page, click the links of interest. 

Note that the Tools for Success page contains a number of 
items that were not prepared by the authors of this book but 
which Pearson offers MyLab Statistics users as additional 
supplements. Those additional supplements do not appear on 
the student download page. 

In either method, clicking most item links will trigger a 
prompt to save a file. Some files are zip archives, collections 
of files that need to be “unzipped” or expanded before use. 
Clicking the PHStat link will redirect a browser to a separate 
PHStat home page, from which one can obtain the PHStat 
add-in. Appendix H discusses obtaining PHStat in detail. 
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C.2 Data Files 

This section presents the alphabetized list of the data files 

identified in examples and problems. As Section FTF first 

explains, the names of such data files appear in a special 

inverted color typeface such as GUTS IFE. 

Entries for each data file define the variables found in the 

file, category definitions for categorical variables in the file, 

and list the chapters that reference the file. 

Unless otherwise noted, data files are provided as Excel 

workbooks, most of which contain a single worksheet named 

DATA. Entries for data files intended only for use with 

Tableau include the code (T). 

311 Call Center Day and abandonment rate percentage 
(Chapter 3) 

Accounting Partners Firm and number of partners 
(Chapter 3) 

Accounting Partners 2 Region and number of partners 
(Chapter 10) 

Regional Accounting Partners Region, revenue ($millions), 
number of partners, number of professionals, MAS (%), 
southeast (0 = no, 1 = yes), and Gulf Coast southeast 
(0 = no, | = yes) (Chapter 15) 

ACT Method (online or traditional), ACT scores for condensed 
course, and ACT scores for regular course (Chapter 11) 

One-Way ACT Group: 1 ACT scores, group 2 ACT scores, 
group 3 ACT scores, and group 4 ACT scores (Chapter 11) 

Adindex Respondent, cola A Adindex, and cola B Adindex 
(Chapter 10) 

Alphabet Year, coded year, and revenues (Chapter 16) 
Amazon Quarter and revenue (Chapter 16) 
American Banks ROATCE (%) and efficiency rating 

percentage (Chapter 13) 
AMS2-1 Types of errors and frequency, types of errors and 

cost, and types of wrong billing errors and cost (as three 
separate worksheets) (Chapter 2) 

AMS2-2 Days and number of calls (Chapter 2) 
AMSS8 Rate willing to pay ($) (Chapter 8) 
AMS9 Upload speed (Chapter 9) 
AMS10 Update times for email interface 1 and email inter- 

face 2 (Chapter 10) 
AMS11-1 Update time for system 1, system 2, and system 

3 (Chapter 11) 
AMS11-2 Technology (cable or fiber) and interface (system 

1, system 2, or system 3) (Chapter 11) 
AMS13 Number of hours spent telemarketing and number of 

new subscriptions (Chapter 13) 
AMS14 Week, number of new subscriptions, hours spent 

tele- marketing, and type of presentation (formal or infor- 
mal) (Chapter 14) 



AMS16 Month and number of home delivery subscriptions 
(Chapter 16) 

Anscombe Data sets A, B, C, and D, each with 11 pairs of X 
and Y values (Chapter 13) 

Arlingtons Dashboard Data nine worksheets containing 
table data about Arlingtons stores and sales (Chapter 18) 

ATM Transactions Cause, frequency, and percentage 
(Chapter 2) 

Auto Production Year, coded year, and number of units pro- 
duced (Chapter 16) 

Bank Waiting Waiting time (in minutes) of 15 customers at a 
bank located in a commercial district (Chapters 3, 9, 10, and 12) 

Bank Waiting 2 Waiting time (in minutes) of 15 customers at 
a bank located in a residential area (Chapters 3, 10, and 12) 

Baseball Game Cost Team and average total cost for two 
people ($) (Chapter 2) 

Best Companies Company, full-time jobs job openings, total 

worldwide revenues ($billions), and total voluntary turn- 

over percentage (Chapters 14 and 15) 

Bonuses Year and bonuses ($000) (Chapter 16) 

BrandZ TechFin Brand, brand value in 2019 ($millions), 

percent change in brand value from 2018, and product sec- 

tor (Chapters 10 and 12) 

Breakfast Type (Continental or American), delivery time dif- 

ference for early time period, and delivery time difference 

for late time period (Chapter 11) 

Breakfast Results Type (Continental or American), delivery 

time difference for early time period, and delivery time 

difference for late time period (Chapter 11) 

Brynne Packaging WPCT score and rating (Chapter 13) 

Bulbs Manufacturer (1 = A, 2 = B) and length of life (hours) 

(Chapters 2, 10, and 12) 

Bundle Restaurant, bundle score, and typical cost ($) 

(Chapter 2) 

Business Analytics Usage and percentage (Chapter 2) 
Business Valuation Drug company name, PB fye (price- 

to-book-value ratio), ROE, and sgrowth percentage 

(Chapter 14) 

Business Valuation 2 Company, ticker symbol, SIC3 code, 

SIC4 code, PB fye (price-to-book-value ratio), PE fye 

(price-to-earnings ratio), natural log of assets (as a mea- 

sure of size), ROE, sgrowth percentage, debt-to-EBITDA 

ratio, dummy variable for SIC4 code 2834 (1 = 2834, 

0 = not 2824), and dummy variable for SIC4 code 2835 

(1 = 2835, 0 = not 2835) (Chapter 15) 

Call Center Month and call volume (Chapter 16) 

Call Duration Time (seconds) spent by agent talking with a 

customer (Chapters 2 and 3) 

Candidate Assessment Salary, competence rating, gender of 

candidate (F or M), gender of rater (F or M), rater/candi- 

date gender (F to F, F to M, M to M, M to M), school (Pri- 

vate, Public), department (Biology, Chemistry, Physics), 

and age of rater (Chapter 18) 

CardioGood Fitness Product purchased (TM195, TM498, 

TM798), age in years, gender (Male or Female), 
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education in years, relationship status (Single or Part- 

nered), average number of times the customer plans to 

use the treadmill each week, self-rated fitness on a 1-to-5 

ordinal scale (1 = poor to 5 = excellent), annual house- 

hold income ($), and average number of miles the cus- 

tomer expects to walk/run each week (Chapters 2, 3, 6, 

SlOgd 1rand.12) 

Cardholder Study Upgraded (0 = no, 1 = yes), pur- 

chases ($000), and extra cards (0 = no, 1 = yes) (Chap- 

ters 14 and 17) 

Cat Food Ounces eaten of kidney, shrimp, chicken liver, 

salmon, and beef cat food (Chapters 11 and 12) 

Cat Food Cans Piece size (F = fine, C = chunky), coded 

weight for low fill height, and coded weight for current fill 

height (Chapter 11) 

CD Rates Bank, |-year CD rate, and 5-year CD rate (Chap- 

ters 2, 3, 6, and 8) 

Cellphone Providers Name of provider, type (traditional or 

prepaid), and rating (Chapters 10 and 12) 

Cereals Cereal, calories, carbohydrates, and sugar (Chap- 

ters 3 and 13) 

CFPB Categories Category and number of complaints 

(Chapter 2) 

CFPB Companies Company and number of complaints 

(Chapter 2) 

Churn Customer ID, churn coded (0 = no, | = yes), churn, 

calls, and visits (Chapter 14) 

Cigarette Tax State and cigarette tax rate (Chapter 3) 
Cities City, average annual salary ($), unemployment rate 

(%), median home value ($000), violent crime rate per 

100,000 residents, average commuting time (minutes), liv- 

ability score (Chapter 15) 

City Internet Speed City, download speed (Mbps), and 

upload speed (Mbps) (Chapters 2 and 3) 

Coaches Pay School, total pay ($000), and major conference 

member (No or Yes) (Chapters 2 and 3) 

Coca-Cola Year, coded year, and revenues ($billions) 

(Chapter 16) 

Coffee Exports Year and exports in thousands of 60-kg bags 

(Chapter 16) 

Coffee Sales Coffee sales at $0.59, $0.69, $0.79, and $0.89 
(Chapters 11 and 12) 

Coffee Sales 2 Coffee sales and price (Chapter 15) 

CoffeePak Study Persons in line ahead and waiting time 

(Chapter 15) 

College Debt Option and average debt at graduation ($) 

(Chapter 10) 

Community Banks Institution, location, ROA (%), effi- 

ciency ratio (%), and total risk-based capital percentage 

(Chapters 14 and 15) 

Commuting Time City and average weekly commuting time 

(minutes) (Chapters 2, 3, and 8) 

Computer Usage Year and hours (Chapter 16) 

Concrete Strength Sample number and compressive strength 

after two days and seven days (Chapter 10) 
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Congestion Level Asian, European, and North American 

percentage increases in overall travel time compared to a 

free flow situation (Chapters 11 and 12) 

Connection Speed Country, average connection speed 

in Mbps, average peak connection speed, percent above 

4 Mbps, and percent above 10 Mbps (Chapter 3) 

Core Appliances Year and shipments in millions (Chapter 16) 

Corn Flakes thickness (mm) for four different toasting times 

(seconds) (Chapter 11) 

CPI-U Year, coded year, and value of the consumer price 

index (CPI-U) (Chapter 16) 

Credit Scores City, state, and average credit score (Chapters 2 
and 3) 

Crude Oil Month and volume (barrels) (Chapter 16) 

Currency Year, coded year, and exchange rates (against the 

U.S. dollar) for the Canadian dollar, Japanese yen, and 

English pound sterling (Chapters 2 and 16) 

Delivery Customer, number of cases, and delivery time 
(Chapter 13) 

Dirty Data ID, gender (male or female), age (years), class 

(Sophomore, Junior, or Senior), Major (Accounting, CIS, 

Economics/Finance, International Business, Management, 

Retailing/Marketing, and Other (Chapter 1) 

Domestic Beer Brand, alcohol percentage, calories, and 

carbohydrates (Chapters 2, 3, 6, and 15) 

Dow Dogs Stock and 1-year return (Chapter 3) 

Dow Market Cap Company and market capitalization 
($billions) (Chapters 3 and 6) 

Drill Depth, time to drill additional 5 feet, and type of hole 
(dry or wet) (Chapter 14) 

Drink Amount of soft drink filled in 2-liter bottles (Chapters 2 
and 9) 

Employee Actions Action taken and percentage (Chapter 2) 
Energy State and per capita kilowatt hour use (Chapter 3) 
Energy Sources Source and billion kWh produced (Chapter 2) 
Engines RPM and torque (Chapter 15) 
Entree Type and number served (Chapter 2) 
ER Waiting Emergency room waiting time (in minutes) at 

the main facility and at satellite 1, satellite 2, and satellite 
3 (Chapters 11 and 12) 

Espresso Tamp (inches) and time (seconds) (Chapter 13) 
European Tourism Country, tourism employment in 2018, 

and tourism establishments (Chapter 15) 
Fast Casual Amount spent on fast food ($) (Chapters 2, 8, 

and 9) 

Federal Receipts Year, coded year, and federal receipts 
($billions current) (Chapter 16) 

Fifteen Weeks Week number, number of customers, and sales 
($000) over a period of 15 consecutive weeks (Chapter 13) 

FlyAsh Fly ash percentage and strength (PSI) (Chapter 15) 
Food Consumption Food, types, per capital consumption for 

United States, Japan, and Russia (Chapter 2) 
Freeport Address, fair market value ($000), property size 

(acres), house size, age, number of rooms, number of bath- 
rooms, and number of cars that can be parked in the garage 
(Chapter 15) 

FTMBA School number, tuition per year ($), GMAT score, 

acceptance rate (%), graduates employed at graduation 

(%), and mean starting salary and bonus ($) (Chapters 13 

and 15) 

Furniture Days between receipt and resolution of complaints 

regarding purchased furniture (Chapters 2, 3, 8, and 9) 

Gas Prices Month and price per gallon ($) (Chapter 16) 

GC Freeport Roslyn Address, location (Glen Cove, Free- 

port, or Roslyn), fair market value ($000), property size 

(acres), age, house size (sq. ft.), number of rooms, number 

of bathrooms, and number of cars that can be parked in the 

garage (Chapter 15) 

GC and Roslyn Address, location (Glen Cove or Roslyn), 

fair market value ($000), property size (acres), age, house 

size (sq. ft.), number of rooms, number of bathrooms, and 

number of cars that can be parked in the garage (Chapters 

14 and 15) 

GDP Year and gross domestic product (Chapter 16) 

Glass 1 Breakoff pressure, percentage of chips breaking off 

at stopper height of 20, percentage of chips breaking off at 

stopper height of 25 (Chapter 11) 

Glass 2 Zone | lower, effect on imprint at temperature of 

695, effect on imprint at temperature of 715 (Chapter 11) 

Glen Cove Address, fair market value ($000), property size 

(acres), age, house size (sq. ft.), number of rooms, number 
of bathrooms, and number of cars that can be parked in the 
garage (Chapters 14 and 15) 

Gold Quarter, coded quarter, price ($), Q1, Q2, and Q3 
(Chapter 16) 

Granule Granule loss in Boston and Vermont shingles 
(Chapters 3, 8, 9, and 10) 

Growth Funds Subset of Retirement Funds where fund type 
is growth (Chapter 17) (T) 

Heating Oil Monthly consumption of heating oil (gallons), 
temperature (degrees Fahrenheit), attic insulation (inches), 
and ranch-style (0 = not ranch-style, 1 = ranch-style) 
(Chapters 14 and 15) 

Hemlock Farms Asking price, hot tub (0 = no, 1 = yes), 
rooms, lake view (0 = no, | = yes), bathrooms, bedrooms, 
loft/ den (0 = no, 1 = yes), finished basement (0 = no, 

= yes), and number of acres (Chapter 15) 
Honda Prices Age in years and price ($) (Chapter 15) 
House Sales Year, coded year, and total sales (Chapter 16) 
Hybrid Cars Year and number sold (Chapter 18) 
Ice Cream Daily temperature (in degrees Fahrenheit) and 

sales ($000) for 21 days (Chapter 13) 
Indices Year, change in DIIA, S&P 500, and NASDAQ indi- 

ces (Chapter 3) 
Insurance Processing time in days for insurance policies 

(Chapters 3, 8, and 9) 
Insurance Claims Claims, buildup (0 = buildup not indi- 

cated, 1 = buildup indicated), and excess payment ($) 
(Chapter 8) 

Insurance Fraud ID, fraud coded (0 = No, 1 = Yes), fraud 
(No or Yes), new business coded (0 = No, 1 = Yes), new 
business (No or Yes), and claims/year (Chapter 14) 



International Market Country, level of development 
(Emerging or Developed), and time required to start a busi- 
ness (days) (Chapter 10) 

International Market 2 Country, region, cost to export con- 
tainer (US$), and cost to import container (US$) (Chapters 11 
and 12) 

Internet Provider Speeds City and upload and download 
speeds (Mbps) for AT&T, T-Mobile. Sprint, and Verizon 
(Chapter 10) 

Invoice Number of invoices processed and amount of time 
(hours) for 30 days (Chapter 13) 

Invoices Amount recorded (in dollars) from sales invoices 
(Chapters 8 and 9) 

IPOs Year and number of IPOs (Chapter 16) 
Luggage Delivery time (in minutes) for luggage in Wing A 

and Wing B of a hotel (Chapters 10 and 12) 

Machine Learning Usage and percentage (Chapter 2) 

Managers Sales (ratio of yearly sales divided by the tar- 

get sales value for that region), Wonderlic Personnel Test 

score, Strong-Campbell Interest Inventory Test score, num- 

ber of years of selling experience prior to becoming a sales 

manager, and whether the sales manager has a degree in 

electrical engineering (No or Yes) (Chapter 15) 

Market Basket Product, Costco cost, and Walmart cost 

(Chapter 10) 

McDonalds Year, coded year, and McDonald’s Corporation 

annual gross revenue ($billions) (Chapter 16) 

McDonalds Stores State and number of stores (Chapter 3) 

Medical Wires 1 Machine type, narrow, and wide 

(Chapter 11) 

Medical Wires 2 Narrow and wide (Chapter 11) 

Metals Year and the total rate of return percentage for plati- 

num, gold, and silver (Chapter 3) 

Mining Day, amount stacked, and downtime (Chapter 18) 

Mining Downtime Causes Day; hours of downtime due to 

mechanical, electrical, tonnage restriction, operator, and no 

feed; and total downtime hours (Chapter 18) 

MLB Attendance Study Team, wins season attendance, 

mean attendance per game, stadium capacity, mean capac- 

ity percentage, mean batter age, mean pitcher age, all-star 

players, and team payroll (Chapter 18) 

MLB Salaries Year and average major league baseball salary 

($millions) (Chapter 16) 

MLB Values Team, revenue ($millions), and value ($millions) 

(Chapter 13) 

Mobile Commerce Country and mobile commerce penetra- 

tion percentage (Chapters 3 and 8) 

Mobile Device Study Time in minutes spent per day using 

the Internet from a mobile device (Chapter 9) 

Mobile Device Study 2 Time in minutes spent per day using 

the Internet from a mobile device (Chapter 10) 

Mobile Electronics In-aisle sales, front sales, kiosk sales, 

and expert area sales (Chapters 11 and 12) 

Mobile Electronics 2 Mobile payments (No or Yes), 

in-aisle sales, front sales, kiosk sales, and expert area sales 

(Chapter 11) 
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Mobile Speed Carrier, download speed in Mbps, and upload 
speed in Mbps (Chapters 2, 3, and 13) 

Moisture Moisture content of Boston shingles and Vermont 

shingles (Chapter 9) 

Molding Vibration time (seconds), vibration pressure (psi), 

vibration amplitude (%), raw material density (g/ml), quan- 

tity of raw material (scoops), product length in cavity 1 (in.), 

product length in cavity 2 (in.), product weight in cavity 1 

(gr.), and product weight in cavity 2 (gr.) (Chapter 15) 

Monthly Movie Revenues Month and monthly revenues 

from 2005 through 2018 (Chapter 2) 

Movie Title, box office gross ($millions), and DVD revenue 

($millions) (Chapter 13) 

Movie Attendance Year and movie attendance (billions) 

(Chapters 2 and 16) 

Movie Revenues Year and revenue ($billions) (Chapter 2) 

Movie Revenues by MPAA Rating Year, rating (G, PG, 

PG-13, or R), and revenues (Chapter 17) (T) 

Moving Labor hours, cubic feet, number of large pieces of 

furniture, and availability of an elevator (Chapters 14 and 17) 

Natural Gas Month, wellhead price ($/thousands cu. ft.), and 

residential price ($/thousands cu. ft.) (Chapters 2 and 16) 

NBA Financial Team code, annual revenue ($millions), and 

current value ($millions) (Chapters 2, 3, and 13) 

NBA Stats Team, wins, points per game, field goal percentage, 

opponent field goal percentage, three-point percentage, free 

throw percentage, rebounds per game, assists per game, and 

turnovers per game (Chapters 14 and 15) 

NBAValues Team name, team code, annual revenue 

($millions), and current value ($millions) (Chapter 2) 

Nickels 26Weeks Standby hours, staff present, remote engi- 

neering hours, graphics hours, and production labor hours 

(Chapters 14 and 15) 

New Home Sales Month, sales in thousands, and mean price 

($000) (Chapter 2) 

OAEP Complaints by Industry Industry group and number 
of complaints (Chapter 2) 

OAEP Complaints by Category Complaint category and 

number of complaints (Chapter 2) 

Oil& Gasoline Week, price of a gallon of gasoline ($), and 

price of oil per barrel ($) (Chapter 13) 

OmniPower Bars sold, price (cents), and promotion expenses 

($) (Chapters 14 and 17) 

Online Shopping How purchases were made and percentage 

(Chapter 2) 

Organic Food Customer, organic food purchaser (0 = no, 

1 = yes), age, and online health wellness e-newsletters 

subscriber (0 = no, 1 = yes), (Chapter 14) 

O-Ring Flight number, temperature, and O-ring damage 

index (Chapter 13) 

Packaging Foam 1 Die temperature, 3 mm. diameter, and 

4 mm. diameter (Chapter 11) 

Packaging Foam 2 Die temperature, 3 mm. diameter, and 

4 mm. diameter (Chapter 11) 

Packaging Foam 3 Die temperature, die diameter, and foam 

density (Chapter 14) 
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Packaging Foam 4 Die temperature, die diameter, and foam 

diameter (Chapter 14) 

Pallet Weight of Boston shingles and weight of Vermont 

shingles (Chapters 2, 8, 9, and 10) 

Parachute One-way Tensile strength of parachutes from 

suppliers 1, 2, 3, and 4 (Chapter 11) 

Parachute Two-way Loom and tensile strength of para- 

chutes from suppliers 1, 2, 3, and 4 (Chapter 11) 

Pen Ad and product rating (Chapters 11, 12) 

Philly Zip code, population, median sales price 2012 ($000), 

average days on market 2012, units sold 2012, median 

household income ($), percentage of residents with a BA 

or higher, and hotness (0 = not hot, | = hot) (Chapter 17) 

Pizza Hut Gender coded (0 = Female, | = Male), gender 

(Female or Male), price ($), and purchase (0 = student 

selected another pizzeria, | = student selected Pizza Hut) 

(Chapter 14) 

Pizza Delivery Time period, delivery time for local restau- 

rant, and delivery time for national chain (Chapter 10) 

Polio Year and incidence rates per 100,000 persons of 

reported poliomyelitis (Chapter 16) 

Potato Percentage of solids content in filter cake, acidity 

(pH), lower pressure, upper pressure, cake thickness, vari- 

drive speed, and drum speed setting (Chapter 15) 

Potter Movies Title, first weekend gross ($millions), U.S. 

gross ($millions), and worldwide gross ($millions) (Chap- 
ters 2, 3, and 13) 

Property Taxes State and property taxes per capita ($) 
(Chapters 2, 3, and 6) 

Protein Type of food, calories (in grams), protein, percentage 
of calories from fat, percentage of calories from saturated 
fat, and cholesterol (mg) (Chapters 2 and 3) 

Pumpkin Circumference and weight of pumpkins (Chapter 13) 
Python Time to complete program (Chapter 10) 
Quick-Serve Sales Mean sales per unit ($000) at burger, 

chicken, sandwich, and snack chains (Chapters 11 and 12) 
Red and White Fixed acidity, volatile acidity, citric acid, resid- 

ual sugar, chlorides, free sulfur dioxide, total sulfur dioxide, 
density, pH, sulphates, alcohol, wine type coded (0 = White, 
| = Red), wine type (Red or White), and quality (Chapter 14) 

Redwood Height (ft.), breast hei ght diameter (in.), and bark 
thickness (in.) (Chapters 13 and 14) 

Registration Errors Comparison Registration error, tem- 
perature, pressure, and supplier (Chapter 15) 

Registration Errors Registration error and temperature 
(Chapter 15) 

Restaurant Ratings Location, food rating, decor rating, ser- 
Vice rating, cost of a meal, popularity index, and cuisine 
[American (New), Chinese, French, Indian, Italian, Japa- 
nese, or Mexican] (Chapter 17) 

Restaurants Location (Center City or Metro Area), meal 
cost, food rating, decor rating, service rating, summated 
rating, and coded location (0 = Center City, 1 = Metro 
Area); also contains Unstacked worksheet (Chapters 2, 3, 
10, 13 and 14) 

Restaurants for Tableau Tableau version of the Restaurants 

DATA worksheet (Chapters 2, 3, and 13) (T) 

Retirement.Funds Fund number, market cap (Small, 

MidCap, or Large), fund type (Growth or Value), risk level 

(Low, Average, or High), assets ($millions), turnover ratio, 

beta (volatility measure), standard deviation (measure of 

returns relative to 36-month average), one-year return, 

three-year return, five-year return, ten-year return, expense 

ratio, and star rating; also contains the unstacked, Stacked- 

Summary, and StackedHierarchy worksheets (Chapters 2, 

3. 6, SlORL alesandas) 

Retirement Funds for Tableau Tableau version of the 

Retirement Funds DATA worksheet (Chapters 2, 3, and 

1S) 0D) 
Roslyn Address, fair market value ($000), property size 

(acres), house size (sq. ft.), age, number of rooms, number 

of bathrooms, and number of cars that can be parked in the 

garage (Chapter 15) 

Self-Learning Robots Usage and percentage (Chapter 2) 

Service Level Time to answer (Chapters 2, 8, and 9) 

Silver Year and price of silver ($) (Chapter 16) 

Silver-Q Quarter; coded quarter; price of silver ($); and Q1, 

Q2, and Q3 (all 0 = no, 1 = yes) (Chapter 16) 

Silver Spring Homes Address, asking price ($000), lot size 

(acres), yearly taxes ($), central a/c (0 = no, 1 = yes), 

number of bedrooms, number of bathrooms, age (years), 

number of parking spaces, finished basement (0 = no, 
1 = yes), brick (0 = no, 1 = yes), and fireplace (0 = no, 
1 = yes) (Chapters 13, 14, and 15) 

Silver Spring Homes Uncoded Silver Spring Homes with 
these uncoded variables: has central a/c, has finished base- 
ment, has brick, and has fireplace (all N or Y) (Chapter 14) 

Silver Spring Rentals Apartment size (sq. ft.) and monthly 
rental cost ($) (Chapter 13) 

Site Selection Store number, profiled customers, and sales 
($millions) (Chapter 13) 

Smartphone Sales Type, and market share percentage for 
five quarters in 2017 and 2018 (Chapter 2) 

Smartphones Price ($) (Chapter 3) 
Soccer Values Team, country, revenue ($millions), and value 

($millions) (Chapter 13) 
Solar Power Year and amount of solar power generated 

(megawatts) (Chapter 16) 

Starbucks Tear, viscosity, pressure, and plate gap (Chapters 13 
and 14) 

Steel Error in actual length and specified length (Chapters 2, 
6, 8, and 9) 

Stock Performance Decade and stock performance percent- 
age (Chapters 2 and 16) 

Store Waiting Time Number waiting and waiting time (sec- 
onds) (Chapter 15) 

Student Survey ID, gender (Female or Male), age (as of 
last birthday), class designation (Sophomore, Junior, or 
Senior), major (Accounting, CIS, Economics/Finance, 
International Business, Management, Retail/Marketing, 



Other, or Undecided), graduate school intention (No, 
Yes, or Undecided), cumulative GPA, current employ- 
ment status (Full-Time, Part-Time, or Unemployed), 
expected starting salary ($000), number of social net- 
working sites joined, satisfaction with student advise- 
ment services on campus, amount spent on books and 
supplies this semester, type of computer preferred 
(Desktop, Laptop, or Tablet), text messages per week, 
and wealth accumulated to feel rich (Chapters 2, 3, 6, 
8, 10, 11, and 12) 

Super Bowl Ad Costs Year and cost of 30-second advertise- 
ment ($millions) (Chapter 2) 

Super Bowl Ad Ratings Company, rating, time of ad (First 

Quarter, Second Quarter, Halftime, Third Quarter, or 

Fourth Quarter), and first half (No or Yes) (Chapters 2, 3, 

6, 8, 10, and 12) 

Super Bowl Ad Scores Brand advertised, ad time (seconds), 

and score (Chapters 3, 6, 8, 10, and 12) 

Target Quarter; coded quarter; revenue; and Q1, Q2, and Q3 

(all 0 = no, 1 = yes) (Chapter 16) 

Taxi Delays Delay time in minutes for driver A and delay 

time in minutes for driver B (Chapter 10) 

Teabags Teabag weight (ounces) (Chapters 3, 8, and 9) 

Technologies Technologies and frequency (Chapter 2) 

Telecomm Provider, TV rating, and phone rating (Chapter 10) 

Textbook Costs Revenue category, detail, and percentage 

(Chapter 2) 

Thickness Thickness, catalyst, pH, pressure, temperature, 

and voltage (Chapters 14 and 15) 

Three Hotel Responses Reason for not returning, hotel (GP, 

PR, or PP), booking source (agent, walk-in, or web), rela- 

tionship status (couple, family, or single (Chapter 17) 

Time Series A Year, coded year, and three time series (I, II, 

and III) (Chapter 16) 

Time Series B Year, coded year, and two time series (I and 

II) (Chapter 16) 
Times Get-ready times (Chapter 3) 

Tomatometer Movie, tomato meter rating, and receipts 

($000) (Chapter 13) 
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Training Ranks Rank and method (Chapter 12) 

Travel and Tourism Country, 2018 travel and tourism jobs, 

2018 nights spent by European residents at tourism estab- 

lishments (millions), 2018 amount spent by European res- 

idents at tourism establishments (€000), and 2018 tourism 

establishments that provide overnight accommodations 

(Chapter 18) 

Trough Width of trough (Chapter 9) 

TRS NYC Year, unit value of diversified equity funds, and 

unit value of balanced funds (Chapter 16) 

TV Remote Filling time, 60, 72.5, and 85 degrees (Chapter 11) 

Underwriting End-of-training exam score, proficiency exam 

score, and training method (classroom, courseware app, or 

online) (Chapter 14) 

Used Cars Car, year, age, price ($), mileage, and fuel mile- 

age (mpg) (Chapter 18) 

Utility Utilities charges ($) for 50 one-bedroom apartments 

(Chapters 2 and 6) 

Vinho Verde Fixed acidity, volatile acidity, citric acid, residual 

sugar, chlorides, free sulfur dioxide, total sulfur dioxide, density, 

pH, sulphates, alcohol, and quality (Chapters 13, 14, and 15) 

VLABGo Storefront and in-aisle sales (Chapters. 10 and 12) 

Wait Waiting time and seating time (Chapter 6) 

Wallys ID number, ShowGo products purchased ($), Wallys 

credit card (No or Yes), weekly household income ($), gen- 

der (Female or Male), age, healthy eating rating, and active 

lifestyle rating (Chapter 18) 

Warehouse Costs Distribution cost ($000), sales ($000), and 

number of orders (Chapter 13) 

WIP Processing times at each of two plants (1 = A, 2 = B) 

(Chapter 18) 

Work Hours Needed Team name, work hours needed (Chap- 

ters 2, 3, and 6) 

Workforce Year, population, and size of the workforce 

(Chapter 16) 

World Smartphone Country, GDP, and social media usage 

percentage (Chapters 2 and 3) 

Yarn Side-by-side aspect and breaking strength scores for 

30 psi, 40 psi, and 50 psi (Chapter 11) 
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C.3 Microsoft Excel Files 
Integrated With This Book 

This book integrates both a set of Excel Guide workbooks that 

contain templates or model solutions for applying Excel to 

statistical methods and PHStat, the Pearson statistics Excel 

add-in, that the authors developed to support this book. “In 

the Worksheet” notes for many Excel illustrations in this 

book reference individual worksheets that are found in spe- 

cific Excel Guide Workbooks or created by PHStat. 

PHStat can duplicate the all of the results of the Excel 

Guide workbooks, but the reverse is not true. For a very few 

methods, such as stepwise or best subsets regression, PHStat 

uses background processing to create results that are partially 

calculated off-worksheet. For such methods, PHStat is the 

best way to create results. 

The book also integrates the Visual Explorations Excel 

macro workbooks. These workbooks interactively visualize 

probability distribution, sampling distribution, and simple 

linear regression concepts. These workbooks work best with 

Microsoft Windows versions of Excel. 

Excel Guide Workbooks 

Excel Guide workbooks contain templates or model solutions 

for applying Excel to a particular statistical method. Chapter 

examples and the Excel Guide Workbook instructions feature 

worksheets from these workbooks. 

Most workbooks include a COMPUTE worksheet 
(often shown in this book) and a COMPUTE_FORMULAS 
worksheet that allows you to examine all of the formulas 
that the worksheet uses. The Excel Guide workbooks (with 
chapter references) are: 

Dirty Data (1) Discrete Variable (5) 
Recoded (1) Binomial (5) 

Challenging (2) Poisson (5) 

Summary Table (2) Portfolio (5) 

Contingency Table (2) Hypergeometric (5) 
Distributions (2) Normal (6) 

Pareto (2) NPP (6) 

Histogram (2) Exponential (6) 
Polygons (2) SDS (7) 
Scatter Plot (2) CIE sigma known (8) 
Time Series (2) CIE sigma unknown (8) 
MCT (2) CIE Proportion (8) 
Slicers (2) Sample Size Mean (8) 
Sparklines (2) Sample Size Proportion (8) 
Central Tendency (3) Z Mean (9) 
Descriptive (3) T Mean (9) 
Quartiles (3) Z Proportion (9) 
Boxplot (3) Pooled-Variance T (10) 
Parameters (3) Separate-Variance T (10) 
Covariance (3) Paired T (10) 
Correlation (3) Z Two Proportions (10) 
Probabilities (4) F Two Variances (10) 
Bayes (4) One-Way ANOVA (11) 

Logistic Regression 

Two-Way ANOVA (11) Example (14) 

Randomized Block (11) Logistic Regression add-in 

Chi-Square (12) (14) 

Chi-Square Worksheets (12) Moving Averages (16) 

Wilcoxon (12) Exponential Smoothing (16) 

Kruskal-Wallis Worksheets Exponential Trend (16) 

Levene (11) 

(12) Differences (16) 

Simple Linear Regression Lagged Predictors (16) 

(13) Forecasting Comparison (16) 

Arlingtons National Sales 

-pbix (17) 

Package Delivery (13) 

Multiple Regression (14) 

PHStat 

PHStat is the Pearson Education statistics add-in for Microsoft 

Excel that simplifies the task of using Excel as you learn busi- 

ness statistics. PHStat comes packaged as a zip file archive 

that you download and unzip to the folder of your choice. 
The archive contains: 

PHStat.xlam, the main add-in workbook. 

PHStat readme.pdf Explains the technical requirements, 

and setup and troubleshooting procedures for PHStat (PDF 

format). 

PHStatHelp.chm The integrated help system for users of 
Microsoft Windows Excel. 

PHStatHelp.pdf The help system as a PDF format file. 
PHStatHelp.epub The help system in Open Publication 

Structure eBook format. 

For more information about PHStat, see Appendix H. 

Visual Explorations 

Visual Explorations are add-in workbooks that interactively 
demonstrate various key statistical concepts. To use these 
workbooks with Microsoft Windows Excel, first verify the 
Excel security settings (see step 4 in Appendix Section D.1). 
The Visual Explorations workbooks are: 

VE-Normal Distribution 

VE-Sampling Distribution 

VE-Simple Linear Regression 

C.4 Supplemental Files 
Over three dozen online supplemental files provide oppor- 
tunities for additional learning with this book. This set of 
files include two additional chapters and numerous additional 
sections that customize learning and which are optional to the 
main content of this book. Supplemental files also include 
the SHorT TAKEs that expand on in-chapter explanations 
and the files that support the end-of-chapter cases. 

_ All supplemental files use the Portable Document 
Format (PDF) that are best viewed using the latest version of 
Adobe Acrobat Reader (get.adobe.com/reader/) or Acrobat 
Pro. Files that support the Digital Cases use advanced PDF 
features and require the use of Acrobat Reader ar Pra 



Configuring Software 

D.1 Microsoft Excel 
Configuration 

Step 1: Update Excel 

Proper configuration begins by ensuring the copy of Excel 
to be used with this book has been properly updated. For 
Microsoft Windows Excel, with any workbook open (even a 
blank one), select File Account and in the Account panel 
select Update Now from the Update Options pull-down list. 

_ For Excel for Mac, select Help Check for Updates to load 
the separate Microsoft AutoUpdate program that handles the 
downloading and installation of Office updates. 

Step 2: Verify Microsoft Add-Ins 

To use the Analysis ToolPak Excel Guide instructions, 

requires the Analysis ToolPak add-in. To use the Excel 
Guide instructions for logistic regression (Section EG14.7), 

requires the Solver add-in. Microsoft supplies these add-ins 

as part of any Excel installation, but the add-ins may not have 

been previously activated. (Readers who will not be using 

the Analysis ToolPak instructions and the Section EG14.7 

instructions should skip to step 3.) 
To check for the presence of the Analysis ToolPak or 

Solver add-ins in Microsoft Windows Excel: 

1. Select File>Options. 

In the Excel Options dialog box: 

2. Click Add-Ins in the left pane and look for the entry 

Analysis ToolPak (or Solver Add-in) in the right pane, 

under Active Application Add-ins. 

3. If the entry appears, click OK. 
4. If the entry does not appear in the Active Application 

Add-ins list, select Excel Add-ins from the Manage 

drop-down list and then click Go. 

5. In the Add-Ins dialog box, check Analysis ToolPak 

(or Solver Add-in) in the Add-Ins available list and 

click OK. 

If the Add-Ins available list does not include a Microsoft-supplied 

add-in that you need, rerun the Microsoft Office setup program 

to install the missing add-in. 

APPENDIX 

To check for the presence of the Analysis ToolPak or 
Solver add-ins in Excel for Mac: 

1. Select Tools Options. 

2. In the Adds-Ins dialog box, check Analysis ToolPak 

(or Solver Add-In) in the Add-Ins available list and 

click OK. 

If the Add-Ins available list does not include a Microsoft- 

supplied add-in that you need, click Browse to locate the 

add-in. If a message appears that states that the add-in is 

not currently installed on your Mac, click Yes to install the a : 

add-in. Then exit Excel and restart Excel. 

Step 3: Verify Excel Security Settings 

Using Microsoft Windows Excel requires verifying Excel : 

security settings to use either PHStat or one of the Visual | | 

Explorations add-in workbooks (see Section C.3). (Excelfor | 

Mac has no security settings and readers using Excel for Mac 

should skip to step 4.) 

To properly configure the Microsoft Windows Excel 

security settings: 

1. Select File> Options. 

In the Excel Options dialog box (shown below): 

2. Click Trust Center in the left pane and then click Trust : 

Center Settings in the right pane. 

Excel Options ? bal 
1 

General C) Help keep your documents safe and your computer 
secure and healthy. 

Formulas 

Proofing Security & more 

Save Visit Office.com to learn more about protecting your privacy 
and security. 

Language 
: RS ; 

Advanced Microsoft Trustwort moputin 

‘| Customize Ribbon Microsoft Excel Trust Center 

The Trust Center contains security 
and privacy settings. These settings 
help keep your computer secure, 
We recommend that you do not 
change these settings, 

Quick Access Toolbar 

Add-ins Trust Center Settings... 
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In the Trust Center dialog box: 

3. Click Add-ins in the next left pane, and in the Add-ins 

right pane, clear all of the checkboxes (shown below). 

Trust Center ? x 

| Trusted Publishers 
| 

| Trusted Locations 

Add-ins (COM, VSTO and Other) 

| (_] Require Application Add-ins to be 
Trusted Documents signed by Trusted Publisher | 

1] 

|| Trusted Add-in Catalogs | | 
| CATR a dean ad earn Reaboagd toh 

} Add-ins ae So reer (J Disable all Application Add-ins (may 
6 impair functionality) 

ActiveX Settings 

| Macro Settings 

|| Protected View 

| Message Bar 

| External Content 

File Block Settings | | 

| Privacy Options 

Looe] [cnet | 

4. Click Macro Settings in the left pane, and in the Macro 
Settings right pane (shown below), click Disable all 
macros with notification and check Trust access to the 
VBA object model. 

_ — artnet = — 

/ Macro Settings 

Disable all macros without notification 

@ ©) Disable all macros with notification 

© Disable all macros except digitally signed macros { 

© Enable all macros (not recommended; potentially 
dangerous code can run) 

{ 

Developer Macro Settings 

Trust access to the YBA project object model 

L = = aaauninadeumecaaiseassia 

5. Click OK to close the Trust Center dialog box. 

Back in the Excel Options dialog box: 

6. Click OK to finish. 

On some systems that have stringent security settings, 
you might need to modify step 4. For such systems, in step 4, 
also click Trusted Locations in the left pane and then, in the 
Trusted Locations right pane, click Add new location to add 

the folder path that you chose to store the PHStat or Visual 

Explorations add-in files. 

Step 4: Opening Add-ins 
Opening PHStat or one of the Visual Explorations add-in 

workbooks (see Section C.3) will cause Excel to display a 

security notice that will be similar to the security notices 

for Microsoft Windows Excel and Excel for Mac notices 
shown below. 

Microsoft Excel Security Notice ? x 

) Microsoft Office has identified a potential security concern. 

Warning: It is not possible to determine that this content came from 
a trustworthy source. You should leave this content disabled unless 
the content provides critical functionality and you trust its source. 

File Path: | FMyPHStatFoidenPHStat.xdam 

Macros have been disabled. Macros might contain viruses or other 
security hazards. Do not enable this content unless you trust the 
source of this file. 

More information 

“tienes | [Bnei] 

This workbook contains macros. Do you want to 
disable macros before opening the file? 

viruses that could be harmful to 
is 

Macros may contain your 
computer, If this file is from a trusted source, click Enable Macros. 
if you do not fully trust the source, click Disable Macros. 

Learn about macros 

Enable Macros | [ Do Not Open | |_Disable Macros | 

X 

In these dialog boxes, click Enable Macros, which is not the 
default choice, to enable and use the add-in. 

(Because Microsoft supplies the Analysis ToolPak and 
Solver add-ins, using either of those add-ins will not cause 
Excel to display a security notice.) 

D.2 Supplemental Files 
Tableau Public, also known as Tableau Desktop Public 
Edition, does not require a special initial set up. To review 
settings, select Help Settings and Performance and 
review the entries in the submenu. 
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TABLE E.1 

Table of Random 

Numbers (continued) 

Column 

00001 
67890 

11111 
12345 67890 12345 67890 12345 67890 

00000 
12345 

: 66194 28926 99547 16625 45515 67953 12108 57846 
52 78240 43195 24837 32511 70880 22070 52622 61881 
53 00833 88000 67299 68215 11274 55624 3200) 17436 
54 12111 86683 61270 58036 64192 90611 15145 01748 
2s) 47189 9995] 05755 03834 43782 90599 40282 51417 
56 76396 72486 62423 27618 84184 78922 73561 52818 
57 46409 17469 32483 09083 76175 19985 26309 91536 
58 74626 22111 87286 46772 42243 68046 44250 42439 
59 34450 81974 93723 49023 58432 67083 36876 93391 
60 36327 72135 33005 28701 34710 49359 50693 89311 
61 74185 77536 84825 09934 99103 09325 67389 45869 
62 12296 41623 62873 37943 25584 09609 63360 47270 
63 90822 60280 88925 99610 42772 60561 76873 04117 
64 72121 79152 96591 90305 10189 79778 68016 13747 
65 95268 41377 25684 08151 61816 58555 54305 86189 
66 92603 09091 75884 93424 72586 88903 30061 14457 
67 18813 90291 05275 01223 79607 95426 34900 09778 
68 38840 26903 28624 67157 51986» 42865 14508 49315 
69 05959 33836 53758 16562 41081 38012 41230 ~ 20528 
70 85141 21155 99212 32685 51403 31926 69813 58781 
Fai 75047 59643 31074 38172 03718 32119 69506 67143 
72 30752 95260 68032 62871 58781 34143 68790 69766 
d3 22986 82575 42187 62295 84295 30634 66562 31442 
74 99439 86692 90348 66036 48399 73451 26698 39437 
75 20389 93029 11881 71685 65452 89047 63669 02656 
76 39249 05173 68256 36359 20250 68686 05947 09335 
77 96777 33605 2948 | 20063 09398 01843 35139 61344 
78 04860 32918 10798 50492 52655 33359 94713 28393 
79 41613 42375 00403 03656 77580 87772 86877 57085 
80 17930 00794 53836 53692 67135 98102 61912 11246 
81 24649 31845 25736 75231 83808 98917 93829 99430 
82 79899 34061 54308 59358 56462 58166 97302 86828 
83 76801 49594 81002 30397 52728 15101 72070 33706 
84 36239 63636 38140 65731 39788 06872 38971 53363 
85 07392 64449 A7T886 63632 53995 17574 22247 62607 
86 67133 04181 33874 98835 67453 59734 76381 63455 
87 TT159 31504 32832 70861 15152 29733 75371 39174 
88 85992 72268 42920 20810 29361 51423 90306 . 73574 
89 19993 75952 54116 65553 47139 60579 09165 85490 
90 41101 17336 48951 53674 17880 45260 08575 49321 
91 36191 17095 32123 91576 84221 78902 82010 30847 
92 62329 63898 23268 74283 26091 68409 69704 82267 
m3 14751 13151 93715 01437 56945 89661 67680 79790 
94 48462 59278 44185 29616 76537 19589 83139 28454 
95 29435 88105 59651 44391 74588 55114 80834 85686 
96 28340 29285 12965 14821 80425 16602 44653 70467 
97 02167 58940 27149 80242 10587 79786 34959 75339 
98 17864 00991 39557 54981 23588 81914 37609 13128 99 79675 80605 60059 35862 00254 36546 21545 78179 

100 712885 82037 92003 34100 29879 46613 89720 13274 
Source: Partially extracted from the Rand Corporation, A Million Random Digits with 100,000 Normal Deviates (Glencoe, IL, The Free Press, 1955), 



TABLE E.2 

The Cumulative Standardized Normal Distribution 

Entry represents area under the cumulative standardized 
normal distribution from —~< to Z 

0.000000001 

0.000000019 

0.000000287 

0.000003398 

0.00003 1671 

0.00005 

0.00007 

0.00011 

0.00016 

0.00023 

0.00034 

0.00048 

0.00069 

0.00097 

0.00135 

0.0019 

0.0026 

0.0035 

0.0047 

0.0062 

0.0082 

0.0107 

0.0139 

0.0179 

0.0228 

0.0287 

0.0359 

0.0446 

0.0548 

0.0668 

0.0808 

0.0968 

0.1151 

0.1357 

0.1587 

0.1841 

0.2119 

0.2420 

0.2743 

0.3085 

0.3446 

0.3821 

0.4207 

0.4602 

0.5000 

0.01 

0.00005 

0.00007 

0.00010 

0.00015 

0.00022 

0.00032 

0.00047 

0.00066 

0.00094 

0.00131 

0.0018 

0.0025 

0.0034 

0.0045 

0.0060 

0.0080 

0.0104 

0.0136 

0.0174 

0.0222 

0.0281 

0.0351 

0.0436 

0.0537 

0.0655 

0.0793 

0.0951 

0.1131 

0.1335 

0.1562 

0.1814 

0.2090 

0.2388 

0.2709 

0.3050 

0.3409 

0.3783 

0.4168 

0.4562 

0.4960 

0.02 

0.00004 

0.00007 

0.00010 

0.00015 

0.00022 

0.00031 

0.00045 

0.00064 

0.00090 

0.00126 

0,0018 

0.0024 

0.0033 

0.0044 

0.0059 

0.0078 

0.0102 

0.0132 

0.0170 

0.0217 

0.0274 

0.0344 

0.0427 

0.0526 

0.0643 

0.0778 

0.0934 

0.1112 

0.1314 

0.1539 

0.1788 

0.2061 

0.2358 

0.2676 

0.3015 

0.3372 

0.3745 

0.4129 

0.4522 

0.4920 

0.00004 

0.00006 
0.00010 

0.00014 

0.00021 

0.00030 

0.00043 

0.00062 

0.00087 

0.00122 

0.0017 

0.0023 

0.0032 

0.0043 

0.0057 

0.0075 

0.0099 

0.0129 

0.0166 

0.0212 

0.0268 

0.0336 

0.0418 

0.0516 

0.0630 

0.0764 

0.0918 

0.1093 

0.1292 

0.1515 

0.1762 

0.2033 

P2327 

0.2643 

0.2981 

0.3336 

0.3707 

0.4090 

0.4483 

0.4880 

0.06 

0.00004 

0.00006 

0.00008 

0.00013 

0.00019 

0.00027 

0.00039 

0.00056 

0.00079 

0.00111 

0.0015 

0.0021 

0.0029 

0.0039 

0.0052 

0.0069 

0.0091 

0.0119 

0.0154 

0.0197 

0.0250 

0.0314 

0.0392 

0.0485 

0.0594 

0.0721 

0.0869 

0.1038 

0.1230 

0.1446 

0.1685 

0.1949 

0.2236 

0.2546 

0.2877 

0.3228 

0.3594 

0.3974 

0.4364 

0.4761 
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umulative Probabilities — 
0.04 0.05 

0.00004 0.00004 

0.00006 0.00006 

0.00009 0.00009 

0.00014 0.00013 

0.00020 0.00019 

0.00029 0.00028 

0.00042 0.00040 

0.00060 0.00058 

0.00084 0.00082 

0.00118 0.00114 

0.0016 0.0016 

0.0023 0.0022 

0.0031] 0.0030 

0.0041 0.0040 

0.0055 0.0054 

0.0073 0.0071 

0.0096 0.0094 

0.0125 0.0122 

0.0162 0.0158 

0.0207 0.0202 

0.0262 0.0256 

0,0329 0.0322 

0.0409 0.0401 

0.0505 0.0495 

0.0618 0.0606 

0.0749 0.0735 

0.0901 0.0885 

0.1075 0.1056 

0.1271 0.1251 

0.1492 0.1469 

0.1736 0.1711 

0.2005 0.1977 

0.2296 0.2266 

0.2611 0.2578 

0.2946 0.2912 

0.3300 0.3264 

0.3669 0.3632 

0.4052 0.4013 

0.4443 0.4404. 

0.4840 0.4801 
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Om 
hea 

a ~< —— > 

—c 

0.07 0.08 0.09 

0.00004 0.00003 0.00003 

0.00005 0.00005 0.00005 

0.00008 0.00008 0.00008 

0.00012 0.00012 0.00011 

0.00018 0.00017 0.00017 

0.00026 0.00025 0.00024 

0.00038 0.00036 0.00035 

0.00054 0.00052 0.00050 

0,00076 0.00074 0.00071 

0.00107 0.00103 0.00100 

0.0015 0.0014 0.0014 

0.0021 0.0020 0.0019 

0.0028 0.0027 0.0026 

0.0038 0.0037 0.0036 

0.0051 0.0049 0.0048 

0.0068 0.0066 0.0064 

0.0089 0.0087 0.0084 

0.0116 0.0113 0.0110 

0.0150 0.0146 0.0143 

0.0192 0.0188 0.0183 

0.0244 0.0239 0.0233 

0.0307 0.0301 0.0294 

0.0384 0.0375 0.0367 

0.0475 0.0465 0.0455 

0.0582 0.0571 0.0559 

0.0708 0.0694 0.0681 

0.0853 0.0838 0.0823 

0.1020 0.1003 0.0985 | 

0.1210 0.1190 0.1170 

0.1423 0.1401 0.1379 

0.1660 0.1635 0.1611 

0.1922 0.1894 0.1867 

0.2206 ODF 0.2148 

0.2514 0.2482 0.2451 

0.2843 0.2810 0.2776 

0.3192 0.3156 0.3121 

0.3557 0.3520 0.3483 

0.3936 0.3897 0.3859 

0.4325 0.4286 0.4247 

0.4721 0.4681 0.4641 
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TABLE E.2 

The Cumulative Standardized Normal Distribution (continued) 

Entry represents area under the cumulative standardized 

normal distribution from —% to Z 

Z ee ee tae Oe ore Pa TOR 1 ee es a St eis te 

0.0 | 05000 05040 0.5080 0.5120 0.5160 05199 05239 0.5279 0.5319 0.5359 
0.1 | 0.5398 0.5438 0.5478 0.5517 0.5557 ~—s-0.5596.~—Ss«,5636.~—Ss««S 7S —Ss««S714.—Ss««753 
0.2 | 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 +—«-0,6026.~Ss«i.6064.~S—tié‘i103——=<C« TA 
0.3 | 0.6179 0.6217 0.6255 ~—-0.6293~S«.6331~Ss«é.6368—si«i40H—<Cté«iSHBSCt:t«iABO.SC*«*«S I 
0.4 | 0.6554 0.6591 0,6628 0.6664 ~—-0,6700~—Ss«0.6736 ~—S—«i6772—S—t«BOB—Ss«~=‘ié‘i CS BASC*«i«BTIV 
0.5 | 0.6915 0.6950 0.6985 0.7019 ~—s-0.7054~=Ss«.7088~—Ss0,7123—Ss«7157——«“7190—S—« 7224 
0.6 | 0.7257 0.7291 0.7324 ~—s-0.7357~Ss«iO:7389°~=Ssi««7422~—=é*=«‘ TSA SCLT4BH~SC*«TISB~SCé«549 
0.7 | 0.7580 0.7612 0.7642 ~—- 0.7673. ~Ss«0.7704~Ss«.7734.~Ss«.7764.~—Ss«.7794~—Ss««7823—SSs««7852 
0.8 | 0.7881 0.7910 0.7939 0.7967 ~—Ss«0.7995—Ss«0.8023.-~Ssié«8051~Ssi‘«‘iBO7BSt*«‘iB1—St«<C«‘«i BB 
0.9 | 0.8159 0.8186 0.8212 0.8238 0.8264 ~=s«0.8289~=—Ss«i0.8315.—Ss«08340.~Ss«.8365—SSC« «8389 
1.0 | 0.8413 0.8438 0.8461 0.8485 0.8508 0.853] 0.8554 ° 0.8577 0.8599 0.8621 
11 | 0.8643 0.8665 0.8686 0.8708 — 0.8729 0.8749 0.8770 0.8790 0.8810 0.8830 
1.2 | 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 0.8962 0.8980 0.8997 0.9015 
1.3 | 0.9032 0.9049  0,9066 0.9082 0.9099 09115 0.9131 0.9147 0.9162 0.9177 
14 | 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 09292 09306 09319 
1.5 | 0.9332 0.9345 0.9357 ~— «(0.9370 «0,9382/ ~—«s«0.9394.~Ss«é.9406.~—Ss«i.9418' ~—s«0.9429—Ss«,944 
1.6 | 0.9452 0.9463 0.9474 0.9484 00,9495 «(0.9505 Ss«.9515 «0.9525. —Ss«0.9538.—Ss«.954S 
17 | 0.9554 0.9564 0.9573. 0.9582 0.9591 0.9599 «0.9608 +~—Sés«i.9616.—St««9625.St—« «9633 
18 | 0.9641 0.9649 0.9656 0.9664 = s«(09671~—s«:0.9678~—Ss«(0.9686-~—Ss«i.9693-Sts««9699-—S«.9706 
1.9 | 09713 0.9719 09726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 0.9767 
2.0 | 0.9772 0.9778 0.9783 0.9788 ~=s«0.9793. ~Ss«0.9798 ~—Ss 0.9803 ~—Ss«i0.9808 ~—S—«i.9812—S—=«< 98177 21 | 0.9821 0.9826 0.9830 «(0.9834 «0.9838_~=Ss«i0.9842-Ss«é0.9846. ~—s0.9850—Ss«i.98S4.—Ss«éi«98 57 2.2 | 0.9861 0.9864 0.9868 0.9871 ~—s«0.9875. ~—Ss«0.9878~—Ss«*0.9881~—Ss«=s.9884. ~—Ss«é.9887 ~—S—«s. 9800 2.3 | 0.9893 0.9896 0.9898 + = 0.9901 0.9904 0.9906 ~—S «0.9909 s«0.9911-—S«s«0.9913. «0.9916 24 | 0.9918 0.9920 0.9922 0.9925 0.9927 «0.9929» s«0.9931~—Ss«0.9932-Ss«é.9934.-—Ss«é0.9936 
2.5 | 0.9938 0.9940 0.9941 0,9943 0.9945 0.9946 0.9948 + ~—«-0.9949-~—S«.9951~—Ss«.9952 
2.6 | 0.9953 0.9955 0.9956 0.9957 0.9959 (0.9960 -Ss«0.9961-—Ss«.9962 «9963 -—Ss«. 964 2.7 | 0.9965 0.9966 0.9967 0.9968 += 0.9969 «0.9970 -Ss«0.9971~—Ss «0.9972 -—Ss«0.9973-—S«0,9974 28 | 0.9974 0.9975 0.9976 0.9977 0.9977 _—:0.9978_~—Ss«0.9979-—S«s«0.9979-~—Ss«0.9980_—««0.998 
29 | 0.9981 0.9982 0.9982 0.9983 0.9984 0.9984. 0.9985 0.9985 «0.9986. —=—«é. 9086 3.0 | 0.99865 0.99869 0.99874 0.99878 0.99882 0.99886 0.99889 0.99893 0.99897 0.99900 3.1 "| 0.99903 0.99906 0.99910 0.99913 0.99916 0.99918 0.99921 0.99924 099926 0.99929 3.2 | 0.99931 0.99934 0.99936 0.99938 0.99940 0.99942 0.99944 0.99946 0.99048 +_0,99050 3:3 | 0.99952 0.99953 0.99955 0.99957 0.99958 0.99960 0.99961 0.99962 0.99964 0.99965 3.4 | 0.99966 0.99968 0.99969 0.99970 0.99971 0.99972 0.99973 0.99974 0.99975 0.99076 3.5 | 0.99977 0.99978 0.99978 0.99979 0.99980 0.99981 0.99981 0.99982 0.99983 _—0,90983 3.6 | 0.99984 0.99985 0.99985 0.99986 0.99986 0.99987 0.99987 0.99988 0.99988 0.99989 3.7 | 0.99989 0.99990 0.99990 0.99990 0.99991 0.99991 0.99992 0,99992 0.99992 0.99992 3.8 | 0.99993 0.99993 0.99993 0.99994 0.99994 0.99994 0.99994 0.99995 0.99995 _0,99995 3.9 | 0.99995 0.99995 0.99996 0.99996 0.99996 0.99996 0.99996 0.99996 0.99997 __0,99997 4.0 | 0,999968329 
4.5 0.999996602 
5.0 | 0,999999713 
5.5 | 0,999999981 
6.0 | 0,999999999 
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TABLE E.3 

Critical Values of t 

For a particular number of degrees of freedom, entry represents the critical value of ¢ corresponding 
to the cumulative probability (1 — a@) and a specified upper-tail area (a), 

Degrees of 
Freedom : (0.01 

1 1.0000 3.0777 6.3138 12.7062 31.8207 63.6574 
2 0.8165 1.8856 2.9200 4.3027 6.9646 9.9248 
3 0.7649 1.6377 2.3534 3.1824 4.5407 5.8409 
o 0.7407 L332 2.1318 2.7764 3.7469 4.6041 
5 0.7267 1.4759 2.0150 2.5706 3.3649 4.0322 

6 0.7176 1.4398 1.9432 2.4469 3.1427 3.7074 

oh Ont 1.4149 1.8946 2.3646 2.9980 3.4995 

8 0.7064 1.3968 1.8595 2.3060 2.8965 3.3554 

9 0.7027 1.3830 1.8331 2.2622 2.8214 3.2498 

10 0.6998 Lea 22 1.8125 2.2281 2.7638 3.1693 

ll 0.6974 1.3634 1.7959 2.2010 2.7181 3.1058 

12 0.6955 1.3562 1.7823 2.1788 2.6810 3.0545 

13 0.6938 1.3502 ~ 1.7709 2.1604 2.6503 3,0123 

14 0.6924 1.3450 1.7613 2.1448 2.6245 2.9768 

15 0.6912 1.3406 eV ooil 23) 2.6025 2.9467 

16 0.6901 1.3368 1.7459 BE 99 2.5835 2.9208 

17 0.6892 1.3334 1.7396 2.1098 2.5669 2.8982: 

18 0.6884 1.3304 1.7341 2.1009 2.5524 2.8784 

19 0.6876 13277, P7291 2.0930 2.5395 2.8609 

20 0.6870 123253 1.7247 2.0860 2.5280 2.8453 

PM! 0.6864 3232 1.7207 2.0796 DSI 2.8314 

22 0.6858 1.3212 NECA AL 2.0739 2.5083 2.8188 

23 0.6853 13195 39 2.0687 2.4999 2.8073 

24 0.6848 1.3178 09 2.0639 2.4922 2.7969 

25 0.6844 1.3163 1.7081 2.0595 2.4851 2.7874 

26 0.6840 1.3150 1.7056 2.0555 2.4786 AMT 

27 0.6837 fest, 1.7033 2.0518 2.4727 ZO 

28 0.6834 153125 1.7011 2.0484 2.4671 2.7633 

29 0.6830 1.3114 1.6991 2.0452 2.4620 2.7564 

30 0.6828 1.3104 1.6973 2.0423 2.4573 2.7500 

Ses 0.6825 1.3095 1.6955 2.0395 2.4528 2.7440 

32 0.6822 1.3086 1.6939 2.0369 - 2.4487 2.7385 

33 0.6820 1.3077 1.6924 2.0345 2.4448 233 

34 0.6818 1.3070 1.6909 2.0322 2.4411 2.7284 

a3) 0.6816 1.3062 1.6896 2.0301 2.4377 2.7238 

36 0.6814 1.3055 1.6883 2.0281 2.4345 2.1195 

37 0.6812 1.3049 1.6871 2.0262 2.4314 2.7154 

38 0.6810 1.3042 1.6860 2.0244 2.4286 2.7116 

a, 0.6808 1.3036 1.6849 2.0227 2.4258 2.7079 

40 0.6807 1.3031 1.6839 2.0211 2.4233 2.7045 

41 0.6805 1.3025 1.6829 2.0195 2.4208 2.7012 

42 0.6804 1.3020 1.6820 2.0181 2.4185 2.6981 

43 0.6802 1.3016 1.6811 2.0167 2.4163 2.6951 

44 0.6801 - 1.3011 1.6802 2.0154 2.4141 2.6923 

45 0.6800 1.3006 1.6794 2.0141 2.4121 2.6896 

46 0.6799 1.3002 1.6787 2.0129 2.4102 2.6870 

47 0.6797 1.2998 1.6779 2.0117 2.4083 2.6846 

48 0.6796 1.2994 1.6772 2.0106 2.4066 2.6822 

49 0.6795 1299) 1.6766 2.0096 2.4049 2.6800 

50 0.6794 1.2987 1.6759 2.0086 2.4033 2.6778 
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TABLE E.3 

Critical Values of t (continued) 

For a particular number of degrees of freedom, entry represents the critical value of t corresponding 

to the cumulative probability (1 — a@) and a specified upper-tail area (a). 

oH 0,6793 | 1.2984 1.6753 2.0076 2.4017 2.6757 
52 0.6792 1,2980 1.6747 2.0066 2.4002 2.6737 
53 0.6791 1.2977 1.6741 2.0057 2.3988 2.6718 
54 0.6791 1.2974 1.6736 2.0049 2.3974 2.6700 
55 0.6790 1.2971 1.6730 2.0040 2.3961 2.6682 
56 0.6789 1.2969 1.6725 2.0032 2.3948 2.6665 
57 0.6788 1.2966 1.6720 2.0025 2.3936 2.6649 
58 0.6787 1,2963 1.6716 2.0017 2.3924 2.6633 
59 0.6787 1.2961 1.6711 2.0010 2.3912 2.6618 
60 0.6786 1.2958 1.6706 2.0003 2.3901 2.6603 
61 0.6785 1.2956 1.6702 1.9996 2.3890 2.6589 
62 0.6785 1.2954 1.6698 1.9990 2.3880 2.6575 
63 0.6784 1.2951 1.6694 1.9983 2.3870 2.6561 
64 0.6783 1.2949 1.6690 1.9977 2.3860 2.6549 
65 0.6783 1.2947 1.6686 1.9971 2.3851 2.6536 
66 0.6782 1.2945 1.6683 1.9966 2.3842 2.6524 
67 0.6782 1.2943 1.6679 1.9960 2.3833 2.6512 
68 0.6781 1.2941 1.6676 1.9955 2.3824 2.6501 
69 0.6781 1.2939 1.6672 1.9949 2.3816 2.6490 
70 0.6780 1.2938 1.6669 1.9944 2.3808 2.6479 
71 0.6780 1.2936 1.6666 1.9939 2.3800 2.6469 
if 0.6779 1.2934 1.6663 1.9935 2.3793 2.6459 
73 0.6779 1.2933 1.6660 1.9930 2.3785 2.6449 
74 0.6778 1.2931 1.6657 1.9925 2.3778 2.6439 
75 0.6778 1.2929 1.6654 1.9921 2.3771 2.6430 
76 0.6777 1.2928 1.6652 1.9917 2.3764 2.6421 
re) 0.6777 - 1.2926 1.6649 1.9913 2.3758 2.6412 
78 0.6776 1.2925 1.6646 1.9908 2.3751 2.6403 
79 0.6776 1.2924 1.6644 1.9905 2.3745 2.6395 
80 0.6776 1.2922 1.6641 1.9901 2.3739 2.6387 
81 0.6775 1.2921 1.6639 1.9897 2.3733 2.6379 
82 0.6775 1.2920 1.6636 1.9893 2.3727 2.6371 
83 0.6775 1.2918 1.6634 1.9890 2.3721 2.6364 — 84 0.6774 1.2917 1.6632 1.9886 2.3716 2.6356 85 0.6774 1.2916 1.6630 * 1.9883 2.3710 2.6349 
86 0.6774 1.2915 1.6628 1.9879 2.3705 2.6342 87 0.6773 1.2914 1.6626 1.9876 2.3700 2.6335 88 0.6773 1.2912 1.6624 1.9873 2.3695 2.6329 89 0.6773 1.2911 1.6622 1.9870 2.3690 2.6322 90 0.6772 1.2910 1.6620 1.9867 2.3685 2.6316 
91 0.6772 1.2909 1.6618 1.9864 2.3680 2.6309 92 0.6772 1.2908 1.6616 1.9861 2.3676 2.6303 93 0.6771 1.2907 1.6614 1.9858 2.3671 2.6297: 94 0.6771 1.2906 1.6612 1.9855 2.3667 2.6291 95 0.6771 1.2905 1.6611 1.9853 2.3662 2.6286 
96 0.6771 1.2904 1.6609 1.9850 2.3658 2.6280 97 0.6770 1.2903 1.6607 1.9847 2.3654 2.6275 98 0.6770 1.2902 . 1.6606 1.9845 2.3650 2.6269 99 0.6770 1.2902 1.6604 1.9842 2.3646 2.6264 100 0.6770 1.2901 _ 1.6602 1.9840 2.3642 2.6259 

110 0.6767 1.2893 1.6588 1.9818 2.3607 2.6213 120 0.6765 1.2886 1.6577 1.9799 2.3578 2.6174 a 5 0.6745 1.2816 1.6449 1.9600 2.3263 2.5758 
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TABLE E.4 

Critical Values of y* 

For a particular number of degrees of freedom, entry represents the critical value of x’ corresponding 
to the cumulative probability (1 — @) anda specified upper-tail area (a). 

0 025 0.75 090 095 0.975 0.990.995 
. Upper-Tail Areas (a) 2 _ Degrees of eer reetilees fy ear eer 6 : ie 

Freedom 0.975 0.95 0.90 0.75 0.25 010 005 0.025 0.01 0.005 

1 0.001 0.004 0,016 0.102 1323 2.706 3.841 5.024 6.635 7.879 

2 0.010 0.020 0.051 0.103 0.211 0.575 2.773 4.605 3.991 7.378 Or Om Oi 

3 0.072 0.115 0.216 Oo 0.584 1) 2A} 4.108 6.251 7.815 9.348 11.345 12.838 

+ 0.207 0.297 0.484 0.711 1.064 1923 5.385 TS DASS eels 13.277 14.860 

5 0.412 0.554 0.831 1.145 1.610 2.675 6.626 25 ONL, ©) seen 7055 een) 0G ORL On// OU 

6 0.676 0.872 2S 1.635 2.204 3.455 7.841 10.645 12592 14449 16.812 18.548 

7 0.989 1.239 1.690 2.167 2.833 4.255 D103 eel 2-0 Li] ae OOO, LS eam Ay) Sie 20,215 

8 1.344 1.646 2.180 2/33 3.490 Oe OPO NS 302mm 50) ammo S Ome, O00 mez O59 

9 UTES) 2.088 - 2.700 8.329 4.168 OGD meno mae. 65 4am 0:9 1 Omen Ol 02 Anum OOO e235 9 

10 2.156 2.558 3.247 3.940 4.865 CNS 540 oie S198 8 S07 mee 4 Sonne: 209 2a 188 

11 2.603 3.053 3.816 4.575 5.578 TS 84 aml Se Oil 2/0; Oi, imme lo 2 meme One 20 ir: 

iz 3.074 Seif 4.404 5.226 6.304 8.438 14.845 18.549 21.026 23.337 26.217 28.299 

13 3.565 4.107 5.009 5.892 7.042 O99 Wee 3.0 SAL O.0) 2 2. 3 O24 Cee. OS SumEco, O19 

14 4.075 4.660 5.629 6.571 He 90 mae O05 eel ile eet 2064.22 30S Simme2 Onl Ummm lla lo 

15 4.601 5229 6.262 7.261 SA ee ellOS7 18.2455, 227307 924,996) 27488) s0.0/788 432.501 

16 5.142 5.812 6.908 7.962 OS 1D O12 5191369) 23.5428- 26.296) 028.845 2-000) 5 834267 

Ly 5.697 6.408 7.564 Si67 2a OL08 Sg 1292 20489 247 69e 278i ees 0. OT 33.409) 3359/18 

18 6.265 7.015 8.231 O°390 ) 10,8605) 213.0100 21,00) == 25,98920 5 25.809 samo 208 194.000 9 237.156 

19 6.844 7.633 S907 S1Q17 165120 4.562 22571850 27-204 es 30.144 32.8525 136.191 es 638.582 

20 7.434 8.260 O59 lO: Solum 2443 eee A D2 ee 25,020 Doll Ol 410 ee 345 Ole 3. 500m 39,997 

21 8.034 S897 10.283. 11-591 6913,.240% 16.344 224.935 = 29.615 32.671)" (33.479 738.9325 241.401 

22 8.643 9.542 10.982 12.338 14.042 17.240 26.039 30.813 33.924 36.781 40.289 42.796 

23 9960 910:196 11.689 13,091 -14.848 —18.137 - 27,141; 32.007) (35.172 . 38.076 ~°41.638~ 44.181 

24 9.886 10.856 12.401 13.848 15.659 19.037 28.241 33.196 36.415 39.364 42.980 45.559 

25 10.520 11.524 13.120 14611 16473 19.939 29.339 34.382 37.652 40.646 44.314 46.928 

26 11-1605) 12198) 13.844 § 15,379 17,2924 20,843 - 30.435 35.563 38.885.) 41,923"... 45.642¢ 948.290 

Pel 11.808 12.879 14.573 16.151 18.114 21.749 31.528 36.741 40.113 43.194 46.963 49.645 

28 PAGi isos © 15.3084 16928~ 218.939" 221657 ~-32.620— 37.916. 41337) Ae 4ol (48.278, 50.993 

29 (ait a se 816,041. 17.708 pri9.7os. —-23.5607. 33.711 ~ 39.087. 42.557, 45.722.) 49.588 5 252.336) 

30 13.787 14.954 16.791 18.493 20.599 24478 34.800 40.256 43.773 46.979 50.892 53.672 

For larger values of degrees of freedom (df) the expression Z = V2y7 — V2(df) — 1 may be used and the resulting upper-tail area can be found from the cumulative 

standardized normal distribution (Table E.2). 
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660 APPENDICES 

TABLE E.6 

Lower and Upper Critical 

Values, 7;, of the Wilcoxon 

Rank Sum Test 

One-tail 

0.05 
0.025 
0.01 
0.005 

=) 0.05 
0.025 
0.01 
0.005 

6 0.05 
0.025 
0.01 
0.005 

7 0.05 

0.025 
0.01 
0.005 

8 0.05 
0.025 
0.01 
0.005 

9 0.05 
0.025 
0.01 
0,005 

10 0.05 
0.025 
0.01 
0.005 

Qa 

Two-tail 

0.10 
0.05 
0,02 
0,01 

0.10 

0.05 

0.02 

0,01 

0,10 
0.05 

0,02 
0.01 

0.10 
0.05 
0,02 
0.01 

0.10 
0,05 
0.02 
0.01 

0.10 
0.05 
0.02 
0.01 

0.10 
0.05 
0.02 
0.01 

12,28 
11,29 
10,30 

USya) 
Ihe 
Vives 
10,34 

14,34 
Layo 
e/ 
10,38 

(ley a) 
14,38 
12,40 
11,41 

16,40 
14,42 
13,43 
11,45 

17,43 
15,45 
13,47 
12,48 

19,36 
17,38 
16,39 
15,40 

20,40 

18,42 
17,43 
16,44 

21,44 
20,45 
18,47 
16,49 

23,47 
21,49 
19,51 
Lio 

24,51 
pp Roy, 
20,55 
18,57 

26,54 
25,51 
21,59 
19,61 

28,50 
26,52 
24,54 
ZI, 

29,55 
Pay Prof 
Zoo 
24,60 

SA, 
29,61 
27,63 
25,65 

33,63 
31,65 
28,68 
26,70 

35,67 
32,70 
LIT 
PAE 

39,66 
36,69 
34,71 
S2,/3 

41,71 
38,74 
35,77 
34,78 

43,76 
40,79 
37,82 
35,84 

45,81 
42,84 
39,87 
37,89 

51,85 
49,87 
45,91 
43,93 

54,90 
51,93 
47,97 
45,99 

56,96 
53,99 
49,103 
47,105 

66,105 
62,109 
59,112 
56,115 

69,111 
65,115 
61,119 
58,122 

Source: Adapted from TABLE 1 of F, Wilcoxon and R. A. Wilcox, Some Rapid Approximate Statistical Procedures 
(Pearl River, NY: Lederle Laboratories, 1964), with permission of the American Cyanamid Company. 
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82,128 
78,132 
74,136 
71,139 
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664 APPENDICES 

TABLE E.9 

Control Chart Factors 
Number of Observations 

in Sample/Subgroup (n) d, d, D; D4 Aj 

2 1.128 0.853 0 3.267 1.880 

3 1.693 0.888 0 PEW 1.023 

a 2.059 0.880 0 2.282 0.729 

5) 2.326 0.864 0 2.114 0.577 
6 2.534 0.848 0 2.004 0.483 
7 2.704 0.833 0.076 1.924 0.419 
8 2.847 0.820 0.136 1.864 0.373 
9 2.970 0.808 0.184 1.816 O7337, 

10 3.078 0.797 0.223 Ns be 0.308 
11 ra ML 0.787 0.256 1.744 0.285 
12 3.258 0.778 0.283 Leeds 0.266 
13 3.336 0.770 0.307 1.693 0.249 
14 3.407 0.763 0.328 1.672 0.235 
Lio 3.472 0.756 0.347 1.653 O225 
16 S On. 0.750 0.363 1.637 0.212 
iby) 3.588 0.744 0.378 1.622 0.203 
18 3.640 0.739 0.391 1.609 0.194 
19 3.689 0.733 0.404 1.596 0.187 
20 Dei ae 0.729 0.415 1.585 0.180 
oM| 3.778 0.724 0.425 1.575 0.173 
22 3.819 0.720 0.435 1.565 0.167 
23 3.858 0.716 0.443 1.557 0.162 
24 3.895 OniUZ 0.452 1.548 OP be 
25 3.931 0.708 0.459 1.541 0.153 

Source: Reprinted from ASTM-STP 15D by kind permission of the American Society for Testing and Materials. Copyright 
ASTM International, 100 Barr Harbor Drive, Conshohocken, PA 19428. 
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TABLE E.10 

The Standardized Normal Distribution 

Entry represents area under the standardized normal 
distribution from the mean to Z 

| 
| 
| 
| 
| 
| 

O)  ¥% 



Useful Knowledge 

APPENDIX 

 Theuseful knowledge in this Appendix simplifies using Excel 
_ or Tableau and further explains select features not otherwise 

~ explained by the software guides. Using Excel of Tableau 
with this book does not require mastery of the content of this 

> appendix, 

F.1 Keyboard Shortcuts 
Editing Shortcuts 

Ctrl+C copies a worksheet entry and Ctrl+V pastes that 
entry into the place that the editing cursor or worksheet 
cell highlight indicates. Pressing Ctrl+X cuts the currently 
selected entry for pasting somewhere else. In Excel, Ctrl+C 
and Ctrl+V (or Ctrl+X and Ctrl+V) can also be used to copy 
(or cut) and paste workbook objects such as charts. 

Pressing Ctrl+Z undoes the last operation, and Ctrl+Y 
redoes the last operation. Pressing Enter or Tab finalizes an 
entry typed into a worksheet cell. 

Excel Formatting & Utility Shortcuts 

Pressing Ctrl+B toggles on (or off) boldface text style for 
the currently selected object. Pressing Ctrl+I toggles on (or 
off) italic text style for the currently selected object. Pressing 
Ctrl+Shift+ % formats numeric values as a percentage with 
no decimal places. 

Pressing Ctrl+F finds a Find what value, and pressing 
Ctrl+H replaces a Find what value with the Replace with 
value. Pressing Ctrl+A selects the entire current worksheet 
(useful as part of a worksheet copy or format operation). 
Pressing Esc cancels an action or a dialog box. Pressing F1 
displays the Microsoft Excel help system. 

Tableau Utility Commands 
Tableau contains a number of keyboard shortcut alternatives to 
menu selections and other actions. Ctrl+D (or Command+D 
on a Mac) displays the Connect (to data source) panel. 
Ctrl+Tab (or Shift+Command+]) cycles through the work- 
sheets in a workbook. Ctrl+1 (or Command+1) opens the 
Show Me gallery. Ctrl+M (or Command+T) opens a new 
worksheet. F12 (or Option+Command+E) reverts a work- 
book to the last saved state. 

F.2 Understanding the Nonstatistical Excel 
Functions 

Various Excel Guide and PHStat worksheets use nonstatistical functions that either compute an intermediate result or perform a mathematical or programming operation. 

CEILING (cell, round-to value) takes the numeric value in cell and rounds it to the next multiple 
of the round-to value. For example, if the round-to value is 0.5, as it is in several column B formulas in the COMPUTE worksheet of the Quartiles workbook, then the numeric value will be rounded either to an integer or a number that’contains a half such as 1.5. 

COUNT (cell range) counts the number of cells in a cell range that contain a numeric value. This function is often used to compute the sample size, n, for example, in cell B9 of the COMPUTE worksheet of the Correlation workbook. When seen in the worksheets presented in this book, the cell range will typically be the cell range of variable column, such as DATA!A:A. COUNTIF (cell range for all values, value to be matched) counts the number of occurrences of a value in a cell range. For example, the COMPUTE worksheet of the Wilcoxon workbook uses COUNTIF (SortedRanks!A2:A21, "Special Front") in cell B7 to compute the sam- ple size of the Population 1 Sample by counting the number of occurrences of the sample name Special Front in column A of the SortedRanks worksheet. 
DEVSQ(variable cell range) computes the sum of the squares of the differences between a variable value and the mean of that variable. 
FLOOR (cell, 1) takes the numeric valite in cell and rounds it down to the nearest integer. 
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IF (logical comparison, what to display if comparison holds, what to display if comparison is 

false) uses the logical comparison to make a choice between two alternatives. In the work- 

sheets shown in this book, the IF function typically chooses from two text values, such as 

Reject the null hypothesis and Do not reject the null hypothesis, to display. 

MMULT cell range 1, cell range 2) treats both cell range 1 and cell range 2 as matrices and 

computes the matrix product of the two matrices. When each of the two cell ranges is either 

a single row or a single column, MMULT can be used as part of a regular formula. If the 

cell ranges each represent rows and columns, then MMULT must be used as part of an array 

formula (see Appendix Section B.2). 

ROUND (cell, 0) takes the numeric value in cell and rounds to the nearest whole number. 

SMALL(cell range, k) selects the kth smallest value in cell range. 

SQRT (value) computes the square root of value, where value is either a cell reference or an 

arithmetic expression. 

SUMIF (cell range for all values, value to be matched, cell range in which to select cells for 

summing) sums only those rows in cell range in which to select cells for summing in which the 

value in cell range for all values matches the value to be matched. SUMIF provides a conve- 

nient way to compute the sum of ranks for a sample in a worksheet that contains stacked data. 

SUMPRODUCT (cell range 1, cell range 2) multiplies each cell in cell range I by the 

corresponding cell in cell range 2 and then sums those products. If cell range I contains a 

column of differences between an X value and the mean of the variable X, and cell range 2 

contains a column of differences between a Y value and the mean of the variable Y, then 

this function would compute the value of the numerator in Equation (3.16) that defines the 

sample covariance. 

TRANSPOSE(horizontal or vertical cell range) takes the cell range, which must be either a 

horizontal cell range (cells all in the same row) or a vertical cell range (cells all in the same 

column) and transposes, or rearranges, the cell in the other orientation such that a horizontal 

cell range becomes a vertical cell range and vice versa. When used inside another function, 

Excel considers the results of this function to be an array, not a cell range. 

VLOOKUP(lookup value cell, table of lookup values, table column to use) function displays 

a value that has been looked up in a table of lookup values, a rectangular cell range. In 

the ADVANCED worksheet of the Recoded workbook, the function uses the values in the 

second column of table of lookup values (an example of which is shown below) to look 

up the Honors values based on the GPA of a student (the lookup value cell). Numbers in 

the first column of table of lookup values are implied ranges such that No Honors is the 

value displayed if the GPA is at least 0, but less than 3; Honor Roll is the value displayed if 

the GPA is at least 3, but less than 3.3; and so on: 

0 No Honors 

3 Honor Roll 

a3 Dean’s List 

Orr President’s List 



Software FAQs 

Be G.1 Microsoft Excel FAQs 
Which Microsoft Excel version should be used with 

this book? 

| Use the most current Excel version. Using the most current 
version will provide you with the best learning experience and 
give you the most up-to-date practical knowledge about Excel. 

What is Office 365? Excel 365? 

Office 365 is the subscription-based service that offers the 
latest version of Microsoft Office programs for download 
and installation. Office 365 provides access to Excel 365, 
which is always the most current version of Microsoft Excel 
available. 

What does “Compatibility Mode” in the title bar mean? 

Excel displays “Compatibility Mode” when you open and 
use a workbook that was stored using the older .xls Excel 
workbook file format or using the .xlsx format in a copy of 
Excel that is not fully up-to-date. Compatibility Mode does 
not affect Excel functionality but will cause Excel to review 
your workbook for exclusive-to-xlsx formatting properties. 

To convert a .xls workbook to the .xIsx format, use Save 
As to save (re-save) the workbook in .xIsx format. One quirk 
in Microsoft Excel is that when you convert a workbook by 
using Save As, the newly converted .xlsx workbook stays 
temporarily in Compatibility Mode. To avoid possible com- 
plications and errors, close the newly converted workbook 
and then reopen it. 

Using Compatibility Mode can cause minor differences 
in the objects such as charts and PivotTables that Excel cre- 
ates and can cause problems when you seek to transfer data 
from other workbooks. 

What is the Microsoft Office Store? 

The Office Store is an Internet-based service that distributes 
enhancements to Microsoft Office programs such as Excel. 
In some Excel versions, the store can be used to add func- 
tionality to Excel. 

In compatible Excel versions, the Insert tab contains 
links to the Office Store as well as the added functional- 
ity that was installed previously. Using the Office Store 
requires a Microsoft account and not every item in the Store 
is complimentary. 

In the Insert tab, what are Recommended PivotTables 
and Recommended Charts? Should I use these features? 
These features display “recommended” PivotTables or charts 
as shortcuts. Unfortunately, the recommended PivotTables can 
668 
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include statistical errors such as treating the categories of a 

categorical variable as zero values of a numerical variable 

and the recommended charts often do not conform to best 
practices. 

Can I use a mobile version of Microsoft Excel such as the 
Microsoft Excel app for Android with this book? 

You can use mobile versions of Excel to open and review 
any of the data workbooks and Excel Guide workbooks that 
this book uses. 

G.2 PHStat FAQs 

Where can I learn more about PHStat? 

Appendix H presents a full description of PHStat, the Pearson 
statistics add-in that provides a software assist for creating 
Excel solutions to statistical problems. Visit the PHStat home 
page, www.pearsonhighered.com/phstat, for news updates 
about PHStat that may have occurred after the publication 
of this book. 

Which versions of Excel are compatible with PHStat? 
PHStat is compatible with all Excel versions that Microsoft 
supported at the time of publication of this book. Those versions 
include Excel 365; Microsoft Windows Excels 2013, 2016, and 
2019; and Excel for Mac 2016 and 2019, 

How do I download a copy of PHStat? 

You use an access code to download PHStat through the 
PHStat home page, as fully explained in Appendix H. Before 
downloading PHStat, download the PHStat readme file that 
is available (without an access code) from the PHStat home 
page as well as from the student download page and the 
MyLab Statistics “Tools for Success” page for this book. 

How do I get PHStat ready for use? 

Section D.1 explains how to get PHStat ready for use. You 
should also review the PHStat readme file (available for 
download as discussed in Appendix C) for any late-breaking 
news or changes that might affect this process. 

When I use a particular PHStat procedure, I get an 
error message that includes the words “unexpected 
error.’ What should I do? 

“Unexpected error” messages are typically caused by 
improperly prepared data. Review your data to ensure that 
you have organized your data according to the conventions 
PHStat expects, as explained in the PHStat help system. 



Where can I get further news and information about 
PHStat? Where can I get further assistance about 
using PHStat? 

Several online sources can provide you with news and infor- 
mation or provide you with assistance that supplements the 
readme file and help system included with PHStat. 

www.pearsonhighered.com/phstat is the official 
PHStat home page. The page will contain late-breaking news 
about PHStat as well as provide a link to Pearson Support 
website, support.pearson.com/getsupport/. 

softwareforbusstat.org is a new website that discusses 
using software, including PHStat and Excel, in business sta- 

tistics courses. On the home page of that website, you will 

find links to the latest news and developments about PHStat. 

How can I get updates to PHStat when they become 

available? 

PHStat is subject to continuous improvement. When enhance- 

ments are made, a new PHStat zip archive is posted for down- 

load through the official web page for PHStat. If you hold a 

valid access code, you can download that archive and overwrite 

your older version. To discover which version of PHStat you 

have, select About PHStat from the PHStat menu. 

G.3 Tableau FAQs 

Which version of Tableau should be used with this book? 

Use Tableau Public, also known as Tableau Desktop Public 

Edition. Tableau Public version 2019 was the source for all 

instructions and screen illustrations presented. Occasionally 

in the past, Tableau has altered the contents or the appear- 

ances of some dialog boxes, so future Tableau Public versions 

may show slight variations in low-level dialog boxes. 

Can I use other Tableau versions with this book? 

Tableau Server or the paid-subscription version (not Public 

Edition) of Tableau Desktop can also be used with the instruc- 

tions in this book. When using those editions, some menu 

selections to connect to data or save and retrieve Tableau 

workbooks will be slightly different even as the worksheet 

visualization creation will be identical or very similar. 

As of mid-2018, Tableau changed its licensing of prod- 

ucts and reorganized its product offerings for corporate users. 
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In a corporate environment, a Tableau Server or Desktop user 

must hold a “Creator” license in order to fully use the Tableau 

Guide instructions in this book. 

Tableau also offers Tableau Reader as a complimentary 

download. This version cannot be used with the Tableau 

Guide instructions. 

Why do Tableau Guide instructions ask readers to open 

Excel workbooks? 

Tableau Public contains a number of restrictions including 

that Tableau workbooks being opened must have been created 

by the Tableau Public user or shared by others in a public 

space provided by Tableau on its website. By writing instruc- 

tions that begin with Excel workbooks, readers are spared the 

complication of linking the shared spaces, and the instructions 

can serve readers of both the Tableau Desktop Public Edition 

and the paid-subscription version of Tableau Desktop. 

Why are Tableau Guide instructions provided for only 

selected chapters? 

As an advanced data visualization tool, Tableau has its own 

strengths and weaknesses. Although programming capabili- 

ties built into Tableau Desktop (all versions) enable one to 

produce all types of statistical results, information on Tab- 

leau’s own website note that some results are more simply 

produced using other programs such as Microsoft Excel. 

Readers interested in learning more about advanced Tab- 

leau functionality can review the Section TG2.7 “‘Sparklines” 

instructions that contain ten steps to create a set of sparklines and 

include nine additional steps that illustrate the use of the Calcu- 

lation Editor to create a calculated field. However, note that the 

Excel instructions for creating sparklines (see Section EG2.7) 

contain only five steps, suggesting that using Excel might be 

the better choice. (And Excel instructions to color high and low 

values in each sparkline would be as simple as checking two 

check boxes and selecting two colors, if a set of sparklines was 

being created from scratch, without the benefit of a template.) 

Generally, readers of this book should see Tableau as 

a compliment to the other software, especially Microsoft 

Excel. Understanding complimentary uses of a second pro- 

gram reflects a growing business practice in which multiple 

programs are used together to visualize and communicate the 

results of data analyses. 



APPENDIX 

All About PHStat 

H.1 What is PHStat? 

PHStat helps create Excel worksheet solutions to statistical problems. Users supply the neces- 
sary data in dialog boxes and PHStat executes the low-level menu selection and data entry tasks 
needed to create a solution. By freeing learners from distractions such as typographical errors, 
PHStat allows learners to focus on statistical results and avoid getting frustrated or lost in the 
operational details of a program with which they may not be totally familiar. 

PHStat uses Excel building blocks to create worksheet solutions. These worksheet solu- 
tions illustrate Excel techniques such as proper worksheet design and proper organization 
and application of formulas and functions. Users can examine solutions and gain new Excel 
skills and insights into creating worksheet solutions. Additionally, many solutions serve as 
what-if templates in which the effects of changing data on the results can be explored. Such 
PHStat templates are fully reusable and transportable, meaning that they can be reused on any 
academic, home, or business computer on which Excel has been installed. 

With its focus on assisting the learning of statistics, PHStat is not intended as a replacement 
for commercial statistical applications. To support learning, PHStat typically implements manual 
methods of calculation that follow textbook mathematical definitions of statistical procedures. 
Such methods allow PHStat users to match intermediate results to textbook concepts, reinforcing 
learning. However, those methods of calculation may be ill-suited for real-world data sets that 
have unusual numerical properties or that contain a large number (many thousands) of rows of 
data. Exercise caution when using PHStat with data sets not supplied with a textbook or by a 
statistics instructor. 

How PHStat Works 

PHStat executes the low-level menu selection and data entry tasks needed to use Excel for 
statistical analyses. For most analyses, PHStat: 

* retrieves a model template that is similar or identical to an Excel Guide workbook model 
template and solution. 

* fills in the template with user-supplied data or cell ranges. 
* makes minor adjustments to worksheet formulas, as necessary. 
* adds the template and any supporting worksheets or chart sheets to the currently open 
workbook. 

' 
In the worksheets that PHStat creates, user-changeable worksheet cells are tinted light 
turquoise and the cells that contain the results are tinted in light yellow. For most analyses, the 
yellow-tinted results cells as well as the cells that display intermediate results are minimally formatted to reveal the true value that Microsoft Excel has computed. For some procedures, these values will have a large number of (seemingly) significant digits that can be reformatted 
for presentation purposes. 

Preparing Data for PHStat Analysis 
Prepare data for analysis by PHStat by placing the data in columns in a new worksheet, begin- ning with column A and row 1. Use row 1 to enter column labels. Due to the technical limitations of Excel, avoid using numbers as a row 1 labels. If you must enter a number, enter the number preceded by an apostrophe, for example, enter '2020. Make sure that all cells that display num- bers contain numeric values and not formulas that display a number. If necessary, use Paste Special (see Appendix Section B.2) to convert any cell contents to numeric values. 
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For procedures that require two or more cell ranges, such as the regression procedures, 

make sure that all cell ranges are from the worksheet that PHStat will use. If Excel displays 

“Compatibility Mode” in the title bar or if the workbook that contains the data to be used has 

been saved in the older .xls format, save the opened workbook using the newer .xlsx format, 

close the workbook, and then reopen the workbook before using PHStat. 

H.2 Obtaining and Setting Up PHStat 
For computer systems in which PHStat is not already available, obtaining and setting up PHStat 

requires steps that Exhibit H.1 summarizes. Obtaining PHStat requires Internet access. 

EXHIBIT #am 

Steps to Obtain and Set Up PHStat 

Step 1 Verify that the computer system on which PHStat is to be set up contains a current 

version of Microsoft Excel. Visit the PHStat home page (www.pearsonhighered 

.com/phstat) and download and review the PHStat readme file to learn which 

Excel versions are considered current at the time of the visit to that web page. 

Step 2 Obtain a valid PHStat access code. This access code may have been bundled 

with this book, previously purchased separately, or obtained online through the 

PHStat home page. 
Step 3 Create or log into a Pearson Education account. Users who have previously 

used a Pearson MyLab product such as MyLab Statistics already have a Pearson 

Education account. Users who need to create an account can do so through the 

PHStat home page. 

Step 4 Associate the PHStat access code with the Pearson Education account. This step 

can also be done through the PHStat home page. 

Step 5 Download PHStat. As Appendix Section C.3 describes, PHStat comes packaged 

as a zip archive file. 
Step 6 Unzip the PHStat zip archive and place the files in the archive together in any 

existing or new folder that is not on the Microsoft Windows or OS X Desktop. 

Because the exact details of Steps 1 through 4 may change during the lifetime of this edi- 

tion, visit the PHStat home page (www.pearsonhighered.com/phstat) for information about 

any such changes that occurred since this book was published. Also, download and review the 

PHStat readme file, mentioned in Step 1, for any late-breaking changes to PHStat, including 

new functionality. (The PHStat readme file is also available on the Student Download Page and 

the Tools for Success page that Appendix Section C.1 discusses.) 

During the time for which a PHStat access code is valid, periodically visit the PHStat home 

page to see if a newer version of PHStat is available for download. Newer versions are posted 

as necessary to respond to changes that Microsoft makes to Excel or to add new functionality 

to PHStat. 
Pearson Education accounts are complimentary and a person needs only one account, which 

holds information about all of Pearson learning products that the person may have licensed for 

use. For example, readers that use MyLab Statistics and PHStat with this book should use the 

same Pearson Education account to register access to both. 

H.3 Using PHStat 
PHStat takes the form of an Excel add-in workbook. To use PHStat, first open Excel. Then use 

the Excel (File) Open dialog box to open the PHStat workbook (PHStat.xlam). As PHStat 

begins to load, Excel displays a security notice dialog box (see Appendix Section D.1). Click 

Enable Macros in the dialog box to permit PHStat to be opened. 
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When properly loaded, PHStat adds its set of menu choices to the Excel user interface. How 

these choices appear, depends on the Excel version being used: 

¢ In Microsoft Windows Excels, PHStat adds a PHStat tab to the Office Ribbon and also 

adds a PHStat pull-down menu to the Add-Ins tab (for compatibility to earlier versions of 

PHStat that did use an Office Ribbon tab). 

* In Excel for Mac 2016, PHStat adds a PHStat tab to the Office Ribbon. (This tab is similar 

to the Windows Ribbon tab), 

Microsoft Windows Excel users can use either the PHStat or the Add-in tab, which have identical 
functionality. (When following an instruction to select PHStat, Microsoft Windows Excel users 
can click either the PHStat tab or the PHStat pull-down menu in the Add-Ins tab.) 

To perform an analysis, first open to the worksheet that contains the data for analysis. Then 
select PHStat and make a selection. The top-level selections include ten categories that lead 
to a submenu of specific statistical methods. Once a specific method has been chosen, PHStat 
either inserts a worksheet template for the user to fill in or, more commonly, displays a dialog 
box in which a user makes entries and selections. Click OK in a dialog box to instruct PHStat to 
complete the analysis. Worksheets and chart sheets that PHStat generates are inserted into the 
currently opened workbook, the workbook that contains the data for the analysis. 

H.4 PHStat Procedures, by Category 
PHStat includes over 60 statistical and utility procedures, grouped into 13 categories. By cate- 
gory, these procedures are: 

Data preparation: stack and unstack data 
Descriptive Statistics: boxplot, descriptive summary, dot scale diagram, frequency distribution, 

histogram and polygons, Pareto diagram, scatter plot, sparklines, stem-and-leaf display, 
treemap, one-way tables and charts, and two-way tables and charts 

Probability and probability distributions: simple and joint probabilities, normal probability plot, 
and binomial, exponential, hypergeometric, and Poisson probability distributions 

Sampling: sampling distributions simulation 
Confidence interval estimation: for the mean, sigma unknown; for the mean, sigma known, for 

the population variance, for the proportion, and for the total difference 
Sample size determination: for the mean and the proportion 
One-sample tests: Z test for the mean, sigma known; t test for the mean, sigma unknown; 

chi-square test for the variance; and Z test for the proportion 
Two-sample tests (unsummarized data): pooled-variance t test, separate-variance f test, paired 

f test, F test for differences in two variances, and Wilcoxon rank sum test 
Two-sample tests (summarized data): pooled-variance t test, Separate-variance f test, paired 

t test, Z test for the differences in two means, F test for differences in two variances, 
chi-square test for differences in two proportions, Z test for the difference in two proportions, 
and McNemar test 

Multiple-sample tests: chi-square test, Marascuilo procedure, Kruskal-Wallis rank test, Levene 
test, one-way ANOVA, Tukey-Kramer procedure, randomized block design, and two-way 
ANOVA with replication 

Regression: simple linear regression, multiple regression, best subsets, stepwise regression, and 
logistic regression 

Control charts: p chart, c chart, and R and Xbar charts 
Decision-making: covariance and portfolio management, expected monetary value, expected opportunity loss, and opportunity loss 



Self-Test Solutions and Answers to 
Selected Even-Numbered Problems 

The following sections present worked-out solutions to Self-Test Problems and brief answers to most of the even-numbered problems in the text. For more 
detailed solutions, including explanations, interpretations, and Excel results, see the Student Solutions Manual. 

CHAPTER 1 

1.2 Small, medium, and large sizes imply order but do not specify how 
much the size of the business increases at each level. 

1.4 (a) The number of cellphones is a numerical variable that is discrete 

because the outcome is a count. It is ratio scaled because it has a true zero 

point. (b) Monthly data usage is a numerical variable that,is continuous 

because any value within a range of values can occur. It is ratio scaled 

because it has a true zero point. (c) Number of text messages exchanged 

per month is a numerical variable that is discrete because the outcome 

is a count. It is ratio scaled because it has a true zero point. (d) Voice 

usage per month is a numerical variable that is continuous because any 

value within a range of values can occur. It is ratio scaled because it has 

a true zero point. (e) Whether a cellphone is used for streaming video is a 

categorical variable because the answer can be only yes or no. This also 

makes it a nominal-scaled variable. 

1.6 (a) Categorical, nominal scale (b) Numerical, continuous, ratio scale 

(c) Categorical, nominal scale (d) Numerical, discrete, ratio scale 

(e) Categorical, nominal scale. 

1.8 Type of data: (a) Numerical, continuous (b) Numerical, discrete 

(c) Numerical, continuous (d) Categorical scale. Measurement 

scale: (a) ratio scale (b) ratio scale (c) ratio scale (d) nominal scale. 

1.10 The underlying variable, ability of the students, may be continuous, 

but the measuring device, the test, does not have enough precision to 

distinguish between the two students. 

1.12 (a) Data distributed by an organization or individual (b) sample. 

1.18 Sample without replacement: Read from left to right in three-digit 

sequences and continue unfinished sequences from the end of the row to 

the beginning of the next row: 

Row 05: 338 505 855 551 438 855 077 186 579 488 767 833 170 

Rows 05-06: 897 

Row 06: 340 033 648 847 204 334 639 193 639 411 095 924 

Rows 06-07: 707 

Row 07: 054 329 776 100 871 007 255 980 646 886 823 920 461 

Row 08: 893 829 380 900 796 959 453 410 181 277 660 908 887 

Rows 08-09: 237 

Row 09: 818 721 426 714 050 785 223 801 670 353 362 449 

Rows 09-10: 406 

Note: All sequences above 902 and duplicates are discarded. 

1.20 A simple random sample would be less practical for personal 

interviews because of travel costs (unless interviewees are paid to gotoa 

central interviewing location). 

1.22 Here all members of the population are equally likely to be selected, 

and the sample selection mechanism is based on chance. But selection of 

two elements is not independent; for example, if A is in the sample, we 

know that B is also and that C and D are not. 

1.24 (a) 

Row 16; 2323 6737 5131 8888 1718 0654 6832 4647 6510 4877 

Row 17: 4579 4269 2615 1308 2455 7830 5550 5852 5514 7182 

Row 18; 0989 3205 0514 2256 8514 4642 7567 8896 2977 8822 

Row 19: 5438 2745 9891 4991 4523 6847 9276 8646 1628 3554 

Row 20: 9475 0899 2337 0892 0048 8033 6945 9826 9403 6858 

Row 21; 7029 7341 3553 1403 3340 4205 0823 4144 1048 2949 

Row 22: 8515 7479 5432 9792 6575 5760 0408 8112 2507 3742 

Row 23: 1110 0023 4012 8607 4697 9664 4894 3928 7072 S815 

Row 24: 3687 1507 7530 5925 7143 1738 1688 5625 8533 5041 

Row 25: 2391 3483 5763 3081 6090 5169 0546 

Note: All sequences above 5,000 are discarded. There were no repeating 

sequences. 

(b) 
0089 0189 0289 0389 0489 0589 0689 0789 0889 0989 

1089 1189 1289 1389 1489 1589 1689 1789 1889 1989 

2089 2189 2289 2389 2489 2589 2689 2789 2889 2989 

3089 3189 3289 3389 3489 3589 3689 3789 3889 3989 

4089 4189 4289 4389 4489 4589 4689 4789 4889 4989 

(c) With the single exception of invoice 0989, the invoices selected 

in the simple random sample are not the same as those selected in 

the systematic sample. It would be highly unlikely that a simple 

random sample would select the same units as a systematic sample. 

1.26 (a) For the third value, Apple is spelled incorrectly. The twelfth 

value should be Blackberry not Blueberry. The fifteenth value, APPLE, 

may lead to an irregularity. The eighteenth value should be Samsung not 

Samsun. (b) The eighth value is a missing value. 

1.28 (a) The times for each of the hotels would be arranged in separate 

columns. (b) The hotel names would be in one column and the times 

would be in a second column. 

1,30 Before accepting the results of a survey of college students, you 

might want to know, for example: Who funded the survey? Why was 

it conducted? What was the population from which the sample was 

selected? What sampling design was used? What mode of response was © 

used: a personal interview, a telephone interview, or a mail survey? Were 

interviewers trained? Were survey questions field-tested? What questions 

were asked? Were the questions clear, accurate, unbiased, and valid? 

What operational definition of immediately and effortlessly was used? 

What was the response rate? 

1,32 The results are based on a survey of bank executives. If the frame 

is supposed to be banking institutions, how is the population defined? 

There is no information about the response rate, so there is an undefined 

nonresponse error. 

1.34 Before accepting the results of the survey, you might want to know, 

for example: Who funded the study? Why was it conducted? What was 

the population from which the sample was selected? What sampling 

design was used? What mode of response was used: a personal interview, 
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a telephone interview, or a mail survey? Were interviewers trained? Were 

survey questions field-tested? What other questions were asked? Were 

the questions clear, accurate, unbiased, and valid? What was the response 

rate? What was the margin of error? What was the sample size? What 

frame was used? 

1,52 (a) All benefitted employees at the university. (b) The 3,095 employees 

who responded to the survey. (¢) Gender, marital status, and employment 

are categorical. Age (years), education level (years completed), and house- 

hold income ($) are numerical. 

CHAPTER 2 

2.2 (a) Table of frequencies for all student responses: 

Student Major Categories 

Gender A Le M Totals 

Male 14 9 2] 25 

Female 6 4e) s} 15 

Totals 20 15 5 40 

(b) Table based on total percentages: 

Student Major Categories 

Gender A c M Totals 

Male 35.0% 22.5% 5.0% 62.5% 

Female 15.0% 15.0% Tsu 37.5% 

Totals 50.0% 37.5% 12.5% 100.0% 

Table based on row percentages: 

Student Major Categories 

Gender A C M Totals 

Male 56.0% 36.0% 8.0% 100.0% 

Female 40.0% 40.0% 20.0% 100.0% 

Totals 50.0% 37.5% 12.5% 100.0% 

Table based on column percentages: 

Student Major Categories 

Gender A Cc M Totals 

Male 70.0% 60.0% 40.0% 62.5% 

Female 30.0% 40.0% 60.0% 37.5% 

Totals 100.0% 100.0% 100.0% 100.0% 

2.4 (a) The percentage of complaints for each category: 

Category Total Percentage 

Bank Account or Service 202 9.330% 
Consumer Loan Laz 6.097% 
Credit Card 175 8.083% 
Credit Reporting 581 26.836% 
Debt Collection 486 22.448% 
Mortgage 442 20.416% 

~ Other ip} 3.326% 
Student Loan 18 3.464% 
Grand Total 2,165 

(b) There are more complaints for credit reporting, debt collection, and 
mortgage than the other categories. These categories account for about 
70% of all the complaints. 

(c) The percentage of complaints for each company: 

Company =~ Total Percentage 

Bank of America 42 3.64% 

Capital One 93 8.07% 

Citibank 59 5.12% 

Ditech Financial 3] 2.69% 

Equifax 217 18.82% 

Experian Ley 15.35% 

JPMorgan 128 11.10% 

Nationstar Mortgage 39 3.38% 

Navient 38 3.30% 

Ocwen 4] 3.56% 

Synchrony 43 3.73% 

Trans-Union 168 14.57% 

Wells Fargo eho: 6.68% 

Grand Total Lgl 53 

(d) Equifax, Trans-Union, and Experion, all of which are credit score 

companies, have the most complaints. 

2.6 The largest sources of power generation in the United States in July, 

2018, were coal, natural gas, and nuclear, followed by much smaller con- 

tributions from hydroelectric and renewable sources other than hydroelec- 

tric and solar. Solar, petroleum coke and liquids, other gas, and all other 

sources (“other”) contributed very little. 

2.8 (a) Table of row percentages: 

Gender 

Overloaded Male Female Total 

Yes 44.08% 55.92% 100% 

No 53.54% 46.46% 100% 

Total ~51.64% 48.36% 100% 

Table of column percentages: 

Gender 

Overloaded Male Female Total 

Yes 17.07% 23.13% 20.00% 

No 82.93% 76.87% 80.00% 

Total 100.00% 100.00% 100.00% 

Table of total percentages: 

Gender 

Overloaded Male Female Total 

Yes 8.82% 11.18% 20.00% 
No 42.82% 37.18% 80.00% 
Total 51.64% 48.36% 100.00% 

(b) A higher percentage of females feel information overload. 

2.10 There is a small difference in the percentage between males and 
females who would choose window tinting as their most preferred luxury 
upgrade. 

2.12 73 78 78 78 85 88 91. 

2.14 (a) $60, 000 — under $100,000, $100, 000 — under $140,000; 
$140, 000 — under $180,000, $180, 000 — under $220,000, 
$220, 000 — under $260,000, $260, 000 — under $300,000 (b) $40,000 
(¢) $80,000, $120,000, $160,000, $200,000, $240,000, $280,000 
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2.16 (a) 

Electricity Costs Frequency Percentage 
$80 but less than $100 4 8% 
$100 but less than $120 il 14% 
$120 but less than $140 9 18% 
$140 but less than $160 13 26% 
$160 but less than $180 9 18% 
$180 but less than $200 5 10% 
$200 but less than $220 3 6% 

(b) 

Electricity Cumulative 
Costs Frequency Percentage % 

$99 4 8.00% 8.00% 
$119 7 14.00% 22.00% 
$139 9 18.00% 40.00% 
$159 13 26.00% 66.00% 

$179 9 18.00% 84.00% 

$199 5 10.00% 94.00% 

$219 3 6.00% 100.00% 

(c) The majority of utility charges are clustered between $120 and $180. 

2.18 (a), (b) 

Percent Cumulative 
Credit Score Frequency (%) Percent (%) 

560 — under 580 4 0.16 0.16 

580 — under 600 24 0.93 1.09 

600 — under 620 68 2.65 3.74 

620 — under 640 290 11.28 15.02 

640 — under 660 548 2132 36.34 

660 — under 680 560 21.79 58.13 

680 — under 700 507 19.73 77.86 

700 — under 720 378 14.71 92.57 

720 — under 740 168 6.54 99.11 

740 — under 760 22 0.86 99.96 

760 — under 780 1] 0.04 100.00 

(c) The average credit scores are concentrated between 620 and 720. 

2.20 (a) 

Time in Seconds Frequency Percentage 

5 — under 10 8 16% 

10 — under 15 8 30% 

15 — under 20 8 36% 

20 — under 25 8 12% 

25 — under 30 8 6% 

(b) 

Time in Seconds Percentage Less Than 

5 0 

10 16 

15 46 

20 82 

25 94 

30 100 

(c) The target is being met since 82% of the calls are being answered 

in less than 20 seconds. 

2.22 (a) 

Percentage, Percentage, 
Bulb Life (hours) Mftr A Mftr B 

46,500 but less than 47,500 7.5% 0.0% 

47,500 but less than 48,500 12.5% 5.0% 

48,500 but less than 49,500 50.0% 20.0% 

49,500 but less than 50,500 22.5% 40.0% 

50,500 but less than 51,500 7.5% 22.5% 

51,500 but less than 52,500 0.0% 12.5% 

(b) 

Percentage Less Percentage Less 
% Less Than Than, Mftr A Than, Mftr B 

47,500 7.5% 0.0% 
48,500 20.0% 5.0% 

49,500 70.0% 25.0% 

50,500 92.5% 65.0% 

511,500 100.0% 87.5% 

52,500 100.0% 100.0% 

(c) Manufacturer B produces bulbs with longer lives than Manufacturer 
A. The cumulative percentage for Manufacturer B shows that 65% of its 
bulbs lasted less than 50,500 hours, contrasted with 92.5% of Manufacturer 
A’s bulbs. None of Manufacturer A’s bulbs lasted at least 51 ,500 hours, 

but 12.5% of Manufacturer B’s bulbs lasted at least 51,500 hours. At the 
same time, 7.5% of Manufacturer A’s bulbs lasted less than 47,500 hours, 

whereas none of Manufacturer B’s bulbs lasted less than 47,500 hours. 

2,24 (b) The Pareto chart is best for portraying these data because it not 
only sorts the frequencies in descending order but also provides the cumula- 
tive line on the same chart. (c) You can conclude that searching and buying 
online was the highest category and the other three were equally likely. 

2.26 (b) 81.98%. (d) The Pareto chart allows you to see which sources 

account for most of the electricity. 

2.28 (b) Because energy use is spread over many types of appliances, a bar 

chart may be best in showing which types of appliances used the most energy. 

(c) Space cooling, space heating, and water heating accounted for 40% of 

the residential energy use in the United States. 

2.30 (b) Females are more likely to be overloaded with information 

2.32 (b) There is a small difference in the percentage between males and 

females who would choose window tinting as their most preferred luxury 

upgrade. 

2.34 50 74 74 76 81 89 92. 

2.36 (a) 

Stem Unit Household Hours 

4 ) 

5 0056889 

6 0133457 

1 3388899 

8 048 

9 

10 PhS) 

11 

12 8 

13 3 

14 3 

(b) The results are concentrated between 5 and 8 hours. 
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2.38 (c) The majority of utility charges are clustered between $120 and $180. 

2.40 Property taxes on a $176K home seem concentrated between 

$700 and $2,200 and also between $3,200 and $3,700. 

2.42 The average credit scores are concentrated between 620 and 720, 

2.44 The target is being met since 82% of the calls are being answered in 

less than 20 seconds. 

2.46 (c) Manufacturer B produces bulbs with longer lives than 

Manufacturer A. 

2.48 (b) Yes, there is a strong positive relationship between X and Y. 

As X increases, so does Y. 

2.50 (c) There appears to be a linear relationship between the first 

weekend gross and either the U.S. gross or the worldwide gross of Harry 

Potter movies. However, this relationship is greatly affected by the results 

of the last movie, Deathly Hallows, Part II. 

2.52 (a), (c) There appears to be a positive relationship between the 

download speed and the upload speed. Yes, this is borne out by the data 

especially at high speeds. 

2.54 (b) There is a great deal of variation in the returns from decade to decade. 

Most of the returns are between 5% and 15%. The 1950s, 1980s, and 1990s 

had exceptionally high returns, and only the 1930s had a negative return. 

2.56 (b) There was a decline in movie attendance between 2001 and 

2018. During that time, movie attendance increased from 2002 to 2004 

but then decreased to a level below that in 2001. 

2.58 Multidimensional contingency table showing PivotTable percentages. 

Count of Type Star Rating 

Type One Two Three Four’ Five Grand Total 

Growth $.43% 17.12% 27.35% 11.27% 2.71% 63.88% 

Large 3.76% 7.72% 13.57% 5.43% 1.67% 32.15% 

Mid-Cap 1.25% 5.43% 7.52% 3.13% 0.63% 17.96% 

Small 0.42% 3.97% 6.26% 2.71% 0.42% 13.78% 

Value 2.92% 10.65% 13.99% 7.31% 1.25% 36.12% 

Large 2.09% 6.68% 9.19% 3.97% 1.25% 23.18% 
Mid-Cap 0.63% 2.09% 2.71% 1.04% 0.00% 6.47% 
Small 0.21% 1.88% 2.09% 2.30% 0.00% 6.48% 

Grand Total 8.35% 27.77% 41.34% 18.58% 3.97%  100.00% 

(b) The growth and value funds have similar patterns in terms of star 
rating and type. Both growth and value funds have more funds with a 
rating of three. Very few funds have ratings of five. 
(c) Multidimensional contingency table showing PivotTable average 
three-year rates of return. 

Count of Type Star Rating 

Type One Two Three Four’ Five Grand Total 

Growth 5.41 7.04 8.94 10.14 12.83 8.51 
Large OTe AS LO GLa san e145 10.30 
Mid-Cap 2207, TS SIE alley? 6.93 
Small 0.78 5.09 G52. 98:35 9.53 6.39 

Value 443 5.49 7.29 8234 10.23 6.84 
Large Sy) (6)(05 758 885 10.23 7.29 
Mid-Cap ERY SNAG TS2ee 9 26 - 6.69 
Small ple SSeS.200 5193.) ee Od - 5.39 

Grand Total 5.07 6.45 8.38 9.43 12.01 7.91 

(d) There are 65 large cap growth funds with a rating of three. 
Their average three-year return percentage is 10.62. 

2.60 Multidimensional contingency table showing PivotTable tallies as 

percentages. 

Count of Type Star Rating 

Type One Two Three Four Five Grand Total 

Growth 5.43% 17.12% 27.35% 11.27% 2.71% 63.88% 

Low 1.25% 2.09% 4.80% 3.55% 1.46% 13.15% 

Average 1.67% 7.72% 15.87% 6.05% 042% 31.73% 

High 2.51% 7.31% 6.68% 1.67% 0.84% 19.00% 

Value 2.92% 10.65% 13.99% 7.31% 1.25% 36.12% 

Low 0.84% 4.38% 710% 4.38% 0.84% 17.54% 

Average 1.25% 4.80% 5.85% 2.71% 0.42% 15.03% 

High 0.84% 1.46% 1.04% 0.21% 0.00% 3.55% 

Grand Total 8.35% 27.77% 41.34% 18.58% 3.96%  100.00% 

(b) Patterns of star rating conditioned on risk: 

For the growth funds as a group, most are rated as three-star, 

followed by two-star, four-star, one-star, and five-star. The pattern of star 

rating is different among the various risk growth funds. 

For the value funds as a group, most are rated as three-star, followed 

by two-star, four-star, one-star and five-star. Among the high-risk value 

funds, more are two-star than three-star. 

Most of the growth funds are rated as average-risk, followed by 

high-risk and then low-risk. The pattern is not the same among all the 

rating categories. 

Most of the value funds are rated as low-risk, followed by 

average-risk and then high-risk. The pattern is the same among the 

three-star, four-star, and five-star value funds. Among the one-star and 

two-star funds, there are more average risk funds than low risk funds. 

(c) 

Average of 

3YrReturn% Star Rating 

Type One Two Three Four’ Five Grand Total 

Growth 5.41 7.04 894 10.14 12.83 8.51 

Low 753 860 9.89 10.29 12.64 9.87 
Average 6.17 7.99 (928) 1043 “1196 9.06 
High 3:83" 359% 745 2.8.76 “S58 6.64 

Value 4.43 549 7.29 8.34 10.23 6.84 
Low 3,29 008 7.66 SS SES A074 7.76 
Average 5.01 498 697 7.96 9.23 6.41 
High 2.71 2.04 6.55, 5 °8.39 4.13 

Grand Total 5.07 645 838 9.43 12.01 7.91 

The average three-year return percentages for growth funds are higher 
than for value funds. The return is higher for funds with higher ratings 
than lower ratings. This pattern holds for the growth funds for each risk 
level. For the low risk and average risk value funds, the return is lowest 
for the funds with a two-star rating. 

(d) There are 32 growth funds with high risk with a rating of three. 
These funds have an average three-year return percentage of 7.45. 

2.62 The fund with the highest five-year return of 15.72% is a large cap 
growth fund that has a four-star rating and low risk. 

2.64 Funds 479, 471, 347, 443, and 477 have the lowest five-year return 
percentages. 

2.66 The five funds with the lowest five-year return percentages have 
(1) midcap growth, average risk, one-star rating, (2) midcap growth, high 
risk, two-star rating, (3) large value, average risk, two-star rating, 
(4) midcap growth, high risk, one-star rating, and (5) small value, average 
risk, two-star rating. 
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2.68 There has been a decline in the price of natural gas over time. 
However, there is no pattern within the years. For some years, the price is 
higher in the beginning of the year. For other years, the price is higher in the 
latter part of the year. Sometimes, there is little variation within the year. 

2.88 (c) The publisher gets the largest portion (66.06%) of the revenue. 
24.93% is editorial production manufacturing costs. The publisher’s 
marketing accounts for the next largest share of the revenue, at 11.6%. 
Author and bookstore personnel each account for around 11 to 12% of the 
revenue, whereas the publisher and bookstore profit and income account 
for more than 26% of the revenue. Yes, the bookstore gets almost twice 
the revenue of the authors. : 

2.90 (b) The pie chart or the Pareto chart would be best. The pie chart 
would allow you to see each category as part of the whole, while the Pareto 
chart would enable you to see that Small marketing/content marketing 
team is the dominant category. (d) The pie chart or the Pareto chart would 
be best. The pie chart would allow you to see each category as part of the 
whole while the Pareto chart would enable you to see that very committed 
to content marketing is the dominant category. (e) Most organizations 
have a small marketing/content marketing team and are very committed to 
content marketing. 

2.92 (a) 

Dessert Gender 

Ordered Male Female Total 

<j, Se an (a 
No 48% 52% 100% 

Total 52% 48% 100% 

Dessert Gender 

Ordered Male Female Total 

ee se 20%ie (Teas 23% 
No 11% 83% 11% 
Total 100% 100% 100% 

Dessert Gender 

Ordered Male Female Total 

Yes 15% 8% 23% 

No 37% 40% 11% 
Total 52% 48% 100% 

Dessert Beef Entrée 

Ordered Yes No Total 

Yes 52% 48% 100% 

No 25% 15% 100% 

Total 31% 69% 100% 

Dessert Beef Entrée 

Ordered Yes No Total 

Yes 38% 16% 23% 

No 62% 84% 711% 

Total 100% 100% 100% 

Dessert Beef Entrée 

Ordered Yes No Total 

Yes 11.75% 10.79% 22.54% 

No 19.52% 57.94% _7146%_ 

Total 31.27% 68.73% 100% 

(b) If the owner is interested in finding out the percentage of males 

and females who order dessert or the percentage of those who or- 

der a beef entrée and a dessert among all patrons, the table of total 

percentages is most informative, If the owner is interested in the effect 
of gender on ordering of dessert or the effect of ordering a beef en- 

trée on the ordering of dessert, the table of column percentages will 

be most informative. Because dessert is usually ordered after the main 

entrée, and the owner has no direct control over the gender of patrons, 

the table of row percentages is not very useful here. (c) 29% of the 

men ordered desserts, compared to 17 of the women; men are almost 

twice as likely to order dessert as women. Almost 38% of the patrons 

ordering a beef entrée ordered dessert, compared to 16% of patrons 

ordering all other entrées. Patrons ordering beef are more than 2.3 

times as likely to order dessert as patrons ordering any other entrée. 

2.94 (a) Most of the complaints were against U.S. airlines. 

(b) More of the complaints were due to flight and baggage problems. 

2.96 (c) The alcohol percentage is concentrated between 4% and 6%, 

with more between 4% and 5%. The calories are concentrated between 

140 and 160. The carbohydrates are concentrated between 12 and 15. 

There are outliers in the percentage of alcohol in both tails. There are a 

few beers with alcohol content as high as around 11.5%. There are a few 

beers with calorie content as high as around 313 and carbohydrates as 

high as 32.1. There is a strong positive relationship between percentage 

of alcohol and calories and between calories and carbohydrates, and there 

is a moderately positive relationship between percentage alcohol and 

carbohydrates. 

2.98 (b) The yield of one-year CDs shows that most values are at least 

1.0. The yield of five-year CDs shows that most values are at least 1.6. 

(d) There appears to be a strong positive relationship between the yield of 

the one-year CD and the five-year CD. 

2.100 (a) 

Frequency (Boston) 

Weight (Boston) Frequency Percentage 

3,015 but less than 3,050 2 0.54% | 

3,050 but less than 3,085 44 11.96% 

3,085 but less than 3,120 122 33.15% 

3,120 but less than 3,155 131 35.60% 

3,155 but less than 3,190 58 15.76% 

3,190 but less than 3,225 1.90% 

3,225 but less than 3,260 0.82% 

3,260 but less than 3,295 1 0.27% 

(b) 

Frequency (Vermont) 

Weight (Vermont) Frequency Percentage 

3,550 but less than 3,600 4 1.21% 

3,600 but less than 3,650 31 9.39% 

3,650 but less than 3,700 ati 34.85% 

3,700 but less than 3,750 131 39.70% 

3,750 but less than 3,800 36 10.91% 

3,800 but less than 3,850 12 3.64% 

3,850 but less than 3,900 1 0.30% 

(d) 0.54% of the Boston shingles pallets are underweight, and 0.27% are 

overweight. 1.21% of the Vermont shingles pallets are underweight, 

and 3.94% are overweight. 



of the new call-to-action button and the new web design results in more 

than twice as, high a percentage of downloads than the combination of the 

original call-to-action button and the original web design. 

CHAPTER 3 

3.2 (a) Mean = 7, median = 7, mode = 7. (b) Range = 9, S? = 10.8, 

S = 3.286, CV = 46.948%. (c) Z scores: 0, —0.913, 0.609, 0, 

—1,217, 1.522. None of the Z scores are larger than 3.0 or smaller than 

—3.0. There is no outlier. (d) Symmetric because mean = median. 

3.4 (a) Mean = 2, median = 7, mode = 7. (b) Range = 17, S* = 62 

S = 7.874, CV = 393.7%. (c) 0.635, —0.889, —1.270, 0.635, 0.889. 
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2.102 (a) 

Percentage 

Calories Frequency Percentage} Limit Less Than 

50 but less than 100 3 12% 100 12% 

100 but less than 150 3! 12% 150 24% 

150 but less than 200 9 36% 200 60% 

200 but less than 250 6 24% 250 84% 

250 but less than 300 3 12% 300 96% 

300 but less than 350 0 0% 350 96% 

350 but less than 400 | 4% 400 100% 

(b) 

Percentage 

Cholesterol Frequency Percentage} Limit Less Than 

O but less than 50 2 8% 50 8% 

50 but less than 100 hy 68% 100 716% 

100 but less than 150 4 16% 150 92% 

150 but less than 200 I 4% 200 96% 

200 but less than 250 0 0% 250 96% 

250 but less than 300 0 0% 300 96% 

300 but less than 350 0 0% 350 96% 

350 but less than 400 0 0% 400 96% 

400 but less than 450 0 0% 450 96% 

450 but less than 500 1 4% 500 100% 

(e) There is very little relationship between calories and cholesterol. 

(f) The sampled fresh red meats, poultry, and fish vary from 98 to 

397 calories per serving, with the highest concentration between 

150 and 200 calories. One protein source, spareribs, with 397 calories, 

is more than 100 calories above the next-highest-caloric food. Spareribs 

and fried liver are both very different from other foods sampled—the 

former on calories and the latter on cholesterol content. 

2.104 (b) There is a downward trend in the amount filled. (c) The amount 
filled in the next bottle will most likely be below 1.894 liters. (d) The 
scatter plot of the amount of soft drink filled against time reveals the 
trend of the data, whereas a histogram only provides information on 
the distribution of the data. 

2.106 (a) The percentage of downloads is 9.64% for the original call-to- 
action button and 13.64% for the new call-to-action button. (c) The new 
call-to-action button has a higher percentage of downloads at 13.64% when 
compared to the original call-to-action button with a 9.64% of downloads. 
(d) The percentage of downloads is 8.90% for the original web design and 
9.41% for the new web design. (f) The new web design has only a slightly 
higher percentage of downloads at 9.41% when compared to the original 
web design with an 8.90% of downloads. (g) The new web design is only 
slightly more successful than the original web design while the new call-to- 
action button is much more successful than the original call-to-action button 
with about 41% higher percentage of downloads. 

(h) 

Call-to-Action Percentage of 
Button Web Design Downloads 
Old Old 8.30% 
New Old 13.70% 
Old New 9.50% 
New New 17.00% 

(i) The new call-to-action button and the new web design together had a 
higher percentage of downloads. (j) The new web design is only slightly 
more successful than the original web design while the new call-to-action 
button is much more successful than the original call-to-action button with 
about 41% higher percentage of downloads. However, the combination 

There are no outliers. (d) Left-skewed because mean < median. 

3.6 —0.0835 

3.8 (a) 

Grade X Grade Y 

Mean eM bs} 575.4 

Median 575 575 

Standard deviation 6.40 2.07 

(b) If quality is measured by central tendency, Grade X tires provide 

slightly better quality because X’s mean and median are both equal to the 

expected value, 575 mm. If, however, quality is measured by consistency, 

Grade Y provides better quality because, even though Y’s mean is only 

slightly larger than the mean for Grade X, Y’s standard deviation is much 

smaller. The range in values for Grade Y is 5 mm compared to the range 

in values for Grade X, which is 16 mm. 

(c) 

Grade X Grade Y, Altered 

Mean 575 577.4 

Median 375 575 

Standard deviation 6.40 6.11 

When the fifth Y tire measures 588 mm rather than 578 mm, Y’s mean 
inner diameter becomes 577.4 mm, which is larger than X’s mean inner 
diameter, and ¥’s standard deviation increases from 2.07 mm to 6.11 mm. 
In this case, X’s tires are providing better quality in terms of the mean 
inner diameter, with only slightly more variation among the tires than Y’s. 

3.10 (a), (b) 

Download Upload 

Speed (Mbps) Speed (Mbps) 

Mean 32.375 11.175 
Median 32.65 12.95 
Minimum 6.5 eh 

Maximum 33.5 LL 
Range 46.8 13.8 
Variance 165.1107 33.5593 
Standard deviation 12.8495 5.7930 
Coefficient of variation 39.69% 51.84% 
Skewness —0.7204 —0.3956 
Kurtosis 3.1589 —1.9516 
Sample size 8 8 

(c) The mean is about the same as the median for the download speed. 
The upload speed is indicating a left or negative skewed distribution 
(the skewness statistic is also negative), The kurtosis statistic is positive 
for the upload speed, indicating a distribution that is more peaked than 
a normal (bell-shaped) distribution. The kurtosis statistic is negative 
for download speed, indicating a distribution that is less peaked than a 
normal distribution. 
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(d) The mean download speed is much higher than the mean upload 
speed. The median download speed indicates that half the carriers have 
a download speed of at least 32.65 Mbps as compared to a median 
upload speed of 12.95 Mbps that indicates that half the carriers 
have an upload speed of at least 12.95 Mbps. There is much more 
variation in the download speed than the upload speed because 
the standard deviation is 12.8495 as compared to 5.7930. 

3.12 (a), (b) 

Household Hours 

Mean 7.5667 

Median 7 

Minimum 4 

Maximum 14.3 

Range 10.3 

Variance 6.1444 

Standard deviation 2.4788 

Coefficient of variation 32.76% 

Skewness Loo2l 

Kurtosis 1.5387 

Sample size 30 

(c) (d) The mean household hours needed is greater than the median 

indicating a right or positive skewed distribution (the skewness 

statistic is also positive). The kurtosis statistic is positive, indicating 

a distribution that is more peaked than a normal (bell-shaped) 

distribution. 

3.14 (a), (b) 

Mobile Commerce Penetration (%) 

Mean 45.0833 

Median 45 

Mode 46 

Minimum 30 

Maximum 60 

Range 30 

Variance 58.5145 

Standard Deviation 7.6495 

Coefficient of Variation 16.97% 

Count 24 

Mobile Commerce 

Country Penetration (%) Z Score 

Australia 46 0.1198 

Austria 44 —0.1416 

Belgium 38 —0.9260 

Brazil 43 OP) 

Canada 33 = 96 

Denmark 51 Os. 

Finland 49 —O'51120 

France ok =OWRES 

Germany 50 —0.6427 

Italy 4] D555 

Japan 8) — 1.2964 

Netherlands 49 —0.5120 

’ 
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Mobile Commerce 

Country Penetration (%) Z Score 

New Zealand 44 —0.1416 

Norway =)i/ estat ffts 

Poland 33 = 15596 

Russia 30 8 

South Korea 47 —0.2506 

Spain 48 S(O) shel: 

Sweden 60 1.9500 

Switzerland 43 =—0)2723 

Taiwan 42 —(.4031 

Turkey 46 0.1198 

United Kingdom 2)5) 1.2964 

United States 39 —0,/253 

Because there are no Z values below —3.0 or above 3.0, there are 

no outliers.(¢) The mean is approximately the same the median, so 

Mobile Commerce Penetration is symmetrical. (d) The mean Mobile 

Commerce Penetration is 45.0833% and half the countries have values 

greater than or equal to 45%. The average scatter around the mean is 

7.6495%. The lowest value is 30% (Russia), and the highest value is 

60% (Sweden). 

3.16 (a), (b) 

Time (seconds) 

Mean 232.76 

Median 228 

Mode 243 

Range 1,076 

Variance 25,181.44 

Standard Deviation 158.6866 

(c) The mean time is 232.78 seconds, and half the calls last greater than 

or equal to 228 seconds, so call duration is slightly right-skewed. The 

average scatter around the mean is 158.6866 seconds. The shortest call ' 

lasted 65 seconds, and the longest call lasted 1,141 seconds. 

3.18 (a) Mean = 7.11, median = 6.68. (b) Variance = 4.336, 

standard deviation = 2.082, range = 6.67, CV = 29.27%. 

Waiting Time Z Score Waiting Time Z Score 

9.66 1.222431 10.49 1.62105 

5.90 —0.58336 6.68 —0.20875 

8.02 0.434799 5.64 —0.70823 

app) —0,63619 4.08 — 1.45744 

8.73 0.775786 6.17 —0.45369 

3.82 Sho oeol 9.91 1.342497 

8.01 0.429996 5.47 —0.78987 

8.35 0.593286 

Because there are no Z values below —3.0 or above 3.0, there are 

no outliers. 

(c) Because the mean is greater than the median, the distribution is right- 

skewed. (d) The mean and median are both greater than five minutes. The 

distribution is right-skewed, meaning that there are some unusually high 

values. Further, 13 of the 15 bank customers sampled (or 86.7%) had wait- 

ing times greater than five minutes. So the customer is likely to experience 

a waiting time in excess of five minutes. The manager overstated the bank’s 
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3.22 (a) Platinum = —0.0274% Gold = —5.36% Silver = —2.32%. 

(b) Gold had the best rate of return followed by silver. Only platinum had a 

negative rate of return. (¢) The return on the metals was much worse than 

the rate of the stock indices. 

service record in responding that the customer would “almost certainly” not 

wait longer than five minutes for service. 

3.20 (a) Geometric rate of return is 14.29% (b)$1,142.90 (c) The rate of 

return was much better than that of GE, which declined in price. 

3.24 (a) 

Mean of 3YrReturn % Rating 

Type One Two Three Four Five Grand Total 

Growth 5.41 7.04 8.94 10.14 12.83 8.51 

Large 6.97 9.43 10.62 11.83 14.25 10.30 

Mid-Cap 2.27 5.07 7.93 8.77 11,22 6.93 

Small 0.78 5.09 6.52 8.35 9.53 6.39 

Value 4.43 5.49 7.29 8.34 10.23 6.84 

Large 5.23 6.05 7.58 8.85 10.23 7.29 

Mid-Cap 2.79 ty Wade 9.26 - 6.69 

Small Lae 3.20 5.93 7.04 - 5.39 

(b) 

StdDey of 3Yr Return % Rating 

Type One Two Three Four Five Grand Total 

Growth 3,72 2.85 2.71 2.23 2.12 3.19 
Large 2.86 1.34 2.23 1.43 0.89 2.56 

Mid-Cap 3.49 2.04 2.08 1.03 1.02 2.86 

Small 0.84 2.40 2.08 A 0.62 hey 
Value 2.07 2.40 1,20 2.09 1,32 2.33 

Large 1.8] 1.68 0.98 1.63 Laz 1.93 
Mid-Cap 1.00 2.90 1,13 0.99 ~ 2.51 
Small - 2.88 1.36 2.62 ~ 2.35 

Grand Total 3.24 2.78 2.44 2.34 2.24 3.02 

(c) The mean three-year return of small-cap funds is much lower than rises, consistent to the mean three-year returns for all growth and value 
mid-cap and large funds. Five-star funds for all market cap categories funds. 
show the highest mean three-year returns. The mean three-year returns The standard deviations of the three-year return for large-cap and 
for all combinations of type and market cap rises as the star rating mid-cap value funds vary greatly among star rating categories. 
3.26 (a) 

Mean of 3Yr Return % Rating 

Type One Two Three Four Five Grand Total 
Growth 5.41 7.04 8.94 10.14 12.83 8.51 

Low’ 7.53 8.60 9.89 10.29 12.64 9.87 
Average 6.17 7,99 9.28 10.43 : 11.96 9.06 
High 3.83 5.59 7.45 8.76 13.59 6.64 

Value 4.43 5.49 7.29 8.34 10.23 6.84 
Low 5.29 7.00 7.66 8.57 10.74 7.76 
Average 5.01 4.98 6.97 7.96 9.22 6.41 
High Pag hl 2.63 6.53 ’ 8.39 - 4.13 

Grand Total 5.07 6.45 8.38 9.43 12.01 7,91 

(b) 
StdDey of 3Yr Return % Rating 

j One Two Three Four Five Grand Total 
Growth 3.72 2.85 2.71 2.23 2.12 3.19 Low 3.27 1.57 2.02 2.05 2.04 2.43. 
Average 4.37 2.43 2.67 2.42 251 2.86 
High 2.98 2.92 eh fe 1.43 2.47 3.39 
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StdDey of 3Yr Return % 

One Two 

Value 2.07 2.40 

Low 1.46 Ill? 

Average Ppl 2.43 

High ‘ 2.88 
Grand Total 3.24 2.78 

(c) The mean three-year return of high-risk funds is much lower than 
the other risk categories except for five-star funds. In all risk catego- 
ries, five-star funds have the highest mean three-year return. The mean 
three-year returns for high-risk growth and value funds for one-, two-, 
and three-star rating funds are lower than the means for the other risk 
categories. 

The standard deviations of the three-year return ‘for low-risk 
funds show the most consistency across star rating categories and the 
standard deviations of the three-year return for low-risk funds are the 

lowest across categories. They also vary greatly among star rating 

categories, 

3.28 (a) 4, 9, 5. (b) 3, 4, 7, 9, 12. (c) The distances between the median 

and the extremes are close, 4 and 5, but the differences in the tails are 

different (1 on the left and 3 on the right), so this distribution is slightly 

right-skewed. (d) In Problem 3.2 (d), because mean = median, the 

distribution is symmetric. The box part of the graph is slightly left 

skewed, but the tails show right-skewness. 

3.30 (a) —6.5, 8, 14.5. (b) —8, —6.5, 7, 8, 9. (c) The shape is left-skewed. 

(d) This is consistent with the answer in Problem 3.4 (d). 

3.32 (a), (b) Minimum = 30 Q, = 39, Median = 45 Q, = 50 

Maximum = 60, Interquartile range = 11 (c) the boxplot is approxi- 

mately symmetric. 

3.34 (a), (b) Halftime or after 0; = 4.96, OQ, = 6.41, Minimum 

= 3.63, Median = 5.59, Maximum = 7.69 Interquartile range = 1.45 

First or Second Quarter: 0, = 4.81, 0; = 6.14, Interquartile 

range = 1.33 Minimum = 4.22, Median = 5.34, Maximum = 6.51 

(c) The boxplot plot for halftime or after is approximately symmetrical 

and the boxplot for the first or second quarter is also approximately 

symmetric. 

3.36 (a) Commercial district five-number summary: 0.38 3.2 4.5 5.55 

6.46. Residential area five-number summary: 3.82 5.64 6.68 8.73 10.49, 

(b) Commercial district: The distribution is left-skewed. Residential area: 

The distribution is slightly right-skewed. (c) The central tendency of the 

waiting times for the bank branch located in the commercial district of a 

city is lower than that of the branch located in the residential area. There 

are a few long waiting times for the branch located in the residential area, 

whereas there are a few exceptionally short waiting times for the branch 

located in the commercial area. 

3.38 (a) Population mean, 41 = 6. (b) Population standard deviation, 

ao = 1.673, population variance, G28. 

3.40 (a) 68%. (b) 95%. (c) At least 0%, 75%, 88.89%. (d) uw — 4a to 

p + 4o or —2.8 to 19.2. 

67.33 j ADE ‘ 
3.42 (a) Mean = Ce = 13.4771 variance = 11.6792, standar 

deviation = V11.6792 = 3.4175 (b) 74.51%, 96.08%, and 98.04% of 

these locations have mean per capita energy consumption within 1, 2, and 3 

standard deviations of the mean, respectively. (c) This is slightly different 

from 68%, 95%, and 99.7%, according to the empirical rule. 

Rating 

Three Four Five Grand Total 

1.20 2.09 1,32 2.33 

1.00 PNG) 0.85 1.72 

R25) 2.09 1.87 22h 

1.36 2.62 - 2.39 

2.44 2.34 2.24 3.02 

3.44 (a) Covariance = 65.2909, (b) r = +1.0. (c) there is a perfect 

positive relationship. 
n 

> Cy eanapeey) 
ys 800 

3.46 (a) cov(X, Y) = = os So ies 3319993) 
n= 6 

cov(X, 133.3333 
br=— es “ = 0.8391 

SySy (46.9042)(3.3877) 

(c) The correlation coefficient is more valuable for expressing the 

relationship between calories and sugar because it does not depend on the 

units used to measure calories and sugar. (d) There is a strong positive 

linear relationship between calories and sugar. 

3.48 (a) cov(X, Y) = 45.5036 (b) r = 0.61113 (c) There isa positive 

linear relationship between download and upload speed. 

3.66 (a) Mean = 45.22, median = 45, Ist quartile = 25, 

3rd quartile = 63. (b) Range = 83, interquartile range = 38, 

variance = 535.7949, standard deviation = 23.1472, CV = 51.19%. 

(c) The distribution is approximately symmetric. (d) The mean approval 

process takes 45.22, days, with 50% of the policies being approved in less 

than 45 days. 50% of the applications are approved between 25 and 63 

days. About 25% of the applications are approved in no more than 25 days. 

3.68 (a) Mean = 14.98, median = 15 range = 23, S = 5.5567. The 

mean and median width virtually equal. The range of the answer time is 

23 seconds, and the average scatter around the mean is 5.5567 seconds. 

(b)5 12 15 18 28. (c) Even though the mean = median, the right tail is 

longer, so the distribution is right-skewed. (d) The service level is being , 

met because 75% of the calls are answered in less than 18 seconds. 

3.70 (a), (b) 

Bundle Score Typical Cost ($) 

Mean 54.775 24.175 

Median 62 20 

Mode TS 8 

Standard Deviation 27.6215 18.1276 

Sample Variance 762.9481 328.6096 

Range 98 83 

Minimum 2 5 

Maximum 100 88 

First Quartile 34 9 

Third Quartile JB 31 

interquartile Range 41 Pp) 

GV. 50.43% 74.98% 

(c) The typical cost is right-skewed, while the bundle score is left-skewed. 

(d) r = 0.3465. (e) The mean typical cost is $24.18, with an average 

spread around the mean equaling $18.13. The spread between the lowest 

and highest costs is $83. The middle 50% of the typical cost fall over 

a range of $22 from $9 to $31, while half of the typical cost is below 

$20. The mean bundle score is 54.775, with an average spread around 
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the mean equaling 27.6215. The spread between the lowest and highest 

scores is 98. The middle 50% of the scores fall over a range of 41 from 

34 to 75, while half of the scores are below 62. The typical cost is right- 

skewed, while the bundle score is left-skewed. There is a weak positive 

linear relationship between typical cost and bundle score. 

3.72 (a) Boston: 0.04, 0.17, 0,23, 0.32, 0.98; Vermont: 0.02, 0.13, 0.20, 

0.28, 0.83. (b) Both distributions are right-skewed. (¢) Both sets of shingles 

did well in achieving a granule loss of 0.8 gram or less. Only two Boston 

shingles had a granule loss greater than 0.8 gram. The next highest to these 

was 0.6 gram. These two values can be considered outliers. Only 1.176% of 

the shingles failed the specification. Only one of the Vermont shingles had 

a granule loss greater than 0.8 gram, The next highest was 0.58 gram. Thus, 

only 0.714% of the shingles failed to meet the specification. 

3.74 (a) The correlation between calories and protein is 0.4644. (b) The 

correlation between calories and cholesterol is 0.1777. (ec) The correlation 

between protein and cholesterol is 0.1417. (d) There is a weak posi- 

tive linear relationship between calories and protein, with a correlation 
coefficient of 0.46. The positive linear relationships between calories and 

cholesterol and between protein and cholesterol are very weak. 

3.76 (a), (b) 

Annual Taxes on Median Home 

$176K Home Value ($000) 

Mean 1,979.490196 195.6509804 

Median 1,763 165.9 

Mode #N/A #N/A 

Minimum 489 100.2 

Maximum 4,029 504.5 

Range 3,540 404.3 

Variance 11,065.8549 7,418.7265 

Standard Deviation 900.5919 86.1320 

Coeff. of Variation 45.50% 44.02% 

Skewness 0.6423 1.6988 

Kurtosis —0.5014 3.3069 

Count | 51 

Standard Error 126.1081 12.0609 

(c) The box plot shows that taxes are right skewed and the median value 
of homes is highly right skewed.(d) The coefficient of correlation is 
—0.041. (e) There is a large variation in taxes and the median value of 
homes from state to state.. 

3.78 (a), (b) 

Abandonment Rate in % (7:00 AM-3:00 pm) 

Mean 13.8636 

Median 10 

Mode 9 

Standard Deviation 7.6239 

Sample Variance 58.1233 

Range 2 

Minimum 5 

Maximum 34 

First Quartile 9 

‘Third Quartile 20 

Interquartile Range 11 

CV 54.99% 
(c) The data are right-skewed. (d) r = 0.7575 (e) The mean abandon- 
ment rate is 13.86%. Half of the abandonment rates are less than 10%. 
One-quarter of the abandonment rates are less than 9%, while another 

one-quarter are more than 20%. The overall spread of the abandonment 

rates is 29%, The middle 50% of the abandonment rates are spread over 

11%, The average spread of abandonment rates around the mean is 

7.62%. The abandonment rates are right-skewed. 

3.80 (a), (b) 

Average Credit Score 

Mean 673.24 

Median 672.02 

Mode 684.52 

Standard Deviation 31.7156 

Sample Variance 1 005.8784 

Range 214.51 

Minimum 565.00 

Maximum 779.51 

Count 2,570 

First Quartile 649.82 

Third Quartile 697.21 

Interquartile Range 47.39 

Skewness ' —0.0071 

Kurtosis —0.3710 

CV 4.71% 

(c) The data are symmetrical. (d) The mean of the average credit 
scores is 673.24. Half of the average credit scores are less than 672.02. 
One-quarter of the average credit scores are less than 649.82, while 
another one-quarter is more than 697.21. The overall spread of average 
credit scores is 214.51. The middle 50% of the average credit scores 
spread over 47.39, The average spread of average credit scores around 
the mean is 31.7156. 

CHAPTER 4 

4.2 (a) Simple events include selecting a red ball. (b) Selecting a white ball. 
(c) The sample space consists of the 12 red balls and the 8 white balls. 

4.4 (a) 0.6. (b) 0.10. (ce) 0.35. (d) 0.90. 

4.6 (a) Mutually exclusive, not collectively exhaustive. (b) Not mutually 
exclusive, not collectively exhaustive. (¢) Mutually exclusive, not collec- 
tively exhaustive. (d) Mutually exclusive, collectively exhaustive. 

4.8 (a) Is a millennial. (b) Is a millennial and has a retirement account. 
(c) Does not have a retirement account. (d) Is a millennial and has a 
retirement account is a joint event because it consists of two characteristics. 

4.10 (a) A marketer who plans to increase use of LinkedIn. (b) A B2B 
marketer who plans to increase use of LinkedIn. (c) A marketer who does 
not plan to increase use of LinkedIn. (d) A marketer who plans to increase 
use of LinkedIn and is a B2C marketer is a joint event because it consists 
of two characteristics, plans to increase use of LinkedIn and is a B2C 
marketer. 

4.12 (a) 686/1,803. (b) 206/1,803. (c) 717/1,803. (d) the probability in 
(c) includes those who fully support increased use of educational technol- 
ogies in higher education and those who are digital learning leaders. 

4.14 (a) 1,106/1,261. (b) 911/1,261. (e) 1,196/1,206. (d) 1,261/1,261. 

4.16 (a) 0.33. (b) 0.33. (c) 0.67. (d) Because P(A|B) = P(A) = 1/3, 
events A and B are independent. 

4.18 0.50. 

4.20 Because P(A and B) = 0.20 and P(A)P(B) = 0.12, events A and B 
are not independent. 
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4,22 (a) 0.6502. (b) 0.4300. (¢) probability (increased use of LinkedIn) = 
0.5049, which is not equal to P(Increased use of LinkedIn| 
B2B) = 0.6502. Therefore, increased use of LinkedIn and business focus 
are not independent. 

4,24 (a) 511/1,597 = 0.3200. (b) 1,086/1,597 = 0.6800. 

(c) 175/206 = 0.8495. (d) 31/206 = 0.1515, 

4.26 (a) 0.0417. (b) 0.0375. (¢) Because P(Needs warranty repair | 
Manufacturer based in the United States) = 0.0417 and 

P(Needs warranty repair) = 0.04, the two events are not independent. 

4,28 (a) 0.0045. (b) 0.012. (¢) 0.0059, (d) 0.0483. 

4.36 (a) 

Generation 

Prefer Hybrid Baby 

Advice Boomers Millennials Total 

Yes 140 320 460 

No 360 180 540 

Total 500 500 1,000 

(b) Preferring hybrid investment advice; being a baby boomer and 

preferring hybrid investment advice. (¢) 0.46. (d) 0.14. (e) They are not 

independent because baby boomers and millennials have different proba- 

bilities of preferring hybrid investment advice. 

4.38 (a) 82/276 = 0.2971. (b) 115/276 = 0.4167. (©) 142/276 = 0.5145. 

(d) 32/276 = 0.1159. (e) 4/147 = 0.0272. 

CHAPTER 5 

5,2 (a) 

pb = 0(0.10) + 1(0.20) + 2(0.45) + 3(0.15) + 4(0.05) + 5(0.05) = 2.0. 

—9)2 —9\2 —9)2 ee tie 2)°(0.10) + (1=2)°(0.20) + (2-2)°0.45) + _ | 19, 
(3—2)°(0.15) + (4—2)°(0,05) + (S—2)°(0.05) 

(c) 0.45 + 0.15 + 0.05 + 0.05 = 0.70. 

5.4 (a) XxX P(X) 

$-1 21/36 

$+1 15/36 

(b) Xx P(X) 

$-1 21/36 

$+ 15/36 

(c) x P(X) 

$-1 30/36 

$+4 6/36 

(d) —$0.167 for each method of play. 

5.6 (a) 2.1058. (b) 1.4671. (c) 66/104 = 0.6346. 

5.8 (a) E(Bond Fund) = $58.20; E(Common Stock Fund) = $63.01. 

(b) ay = $61.55; ay = $195.22. (c) Based on the expected value cri- 

teria, you would choose the common stock fund. However, the common 

stock fund also has a standard deviation more than three times higher than 

that for the corporate bond fund. An investor should carefully weigh the 

increased risk. (d) If you chose the common stock fund, you would need 

to assess your reaction to the small possibility that you could lose virtual- 

ly all of your entire investment. 

5.10 (a) 0.40, 0.60. (b) 1.60, 0.98. (€) 4.0, 0.894. (d) 1.50, 0.866. 
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5.12 (a) 0.2056. (b) 0.0108. (¢) 0.2893. (d) w = 2.82, 0 = 1.2225. 

(e) That each American adult owns an iPhone or does not own an iPhone 

and that each person is independent of all other persons. 

5.14 (a) 0.7374. (b) 0.2281. (c) 0.9972. (d) 0.0028. 

5.16 (a) 0.7511. (b) 0.0008. (¢) 0.9767. (d) w = 2.727, 0 = 0.4982. 

(e) McDonald’s has a slightly higher probability of filling orders 

correctly, and Wendy’s has a slightly lower probability. 

5.18 (a) 0.2565. (b) 0.1396. (¢) 0.3033. (d) 0.0247, 

5.20 (a) 0.0337. (b) 0.0067. (ce) 0.9596, (d) 0.0404. 

5.22 (a) 

P(X <5) = PX = 0) + PX = 1) + Po = 2) + P(X = 3) 

+ P(X = 4) 
e (6) e (6)! e ~°(6) e (6)? e (6) 

=——— + — + - + - + —— 
0! l! 2! 3! 4! 

= 0.002479 + 0.014873 + 0.044618 + 0.089235 + 0.133853 

= 0.2851. 

e (6) 

(b) P(X = 5) ary = 0.1606, 

(OiPCCS 3S) = PX = Ss) 0 85 70:7 149} 

e (6)4 e (6) 

(d) P(X = 40rX = 5) = P(X = 4) + P(X = 5) = + 
4! 5! 

0.2945, 
5.24 (a) 0.7261. (b) 0.2739. (c) 0.0415. 

II 

5.26 (a) 0.0302. (b) 0.1057. (ce) 0.8641. (d) 0.1359. 

5.28 (a) 0.3396. (b) 0.9044. (c) Because Ford had a higher mean rate of 

problems per car than Toyota, the probability of a randomly selected Ford 

having zero problems and the probability of no more than two problems 

are both lower than for Toyota. 

5.34 (a) 0.664. (b) 0.664. (c) 0.3266. (d) 0.0043. (e) The assumption of 

independence may not be true. 

5.36 (a) 0.0287. (b) 0.5213. 

5.38 (a) 0.0060. (b) 0.2007. (c) 0.1662. (d) Mean = 4.0, standard 

deviation = 1.5492. (e) Because the percentage of bills containing an 

error is lower in this problem, the probability is higher in (a) and (b) of 

this problem and lower in (c). 

5.40 (a) 9.2. (b) 2.2289. (e) 0.1652. (d) 0.0461. (e) 0.9848. 

§.42 (a) 0.0000. (b) 0.0564. (¢) 0.9720. (d) Based on the results in (a)-(c), 

the probability that the Standard & Poor’s 500 Index will increase if there 

is an early gain in the first five trading days of the year is very likely to be 

close to 0.90 because that yields a probability of 97.20% that at least 36 of 

the 44 years the Standard & Poor’s 500 Index will increase the entire year. 

5.44 (a) The assumptions needed are (i) the probability that a questionable 

claim is referred by an investigator is constant, (ii) the probability that 

a questionable claim is referred by an investigator approaches 0 as the 

interval gets smaller, and (iii) the probability that a questionable claim is 

referred by an investigator is independent from interval to interval. 

(b) 0.1277. (c) 0.9015. (d) 0.0985. 

CHAPTER 6 

6.2 (a) 0.9089. (b) 0.0911. (¢) +1.96. (d) —1.00 and +1.00. 

6.4 (a) 0.1401. (b) 0.4168. (c) 0.3918. (d) +1.00. 

6.6 (a) 0.9599. (b) 0.0228. (c) 43.42. (d) 46.64 and 53.36. 
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6.8 (a) P34 < X < 50) = P(—1.33 < Z < 0) = 0.4082. 

(b) PX < 30) + P(X > 60) = P(Z < —1.67) + P(Z > 0.83) 

= 0.0475 + (1.0 — 0.7967) = 0.2508. (c) P(Z < —0.84) = 0.20, 

x=) : 
Z = —0.84 = : = a X = 50 — 0.84(12) = 39,92 thousand miles, or 

39,920 miles. (d) The smaller standard deviation makes the absolute 

Z values larger. (a) P(34 << X < 50) = P(-1.60 < Z < 0) = 0.4452. 

(b) P(X < 30) + P(X > 60) = P(Z < —2.00) + P(Z > 1.00) 

= 0.0228 + (1.0 — 0.8413) = 0.1815. (c) X = 50 — 0.84(10) = 41.6 

thousand miles, or 41,600 miles, 

6.10 (a) 0.9878. (b) 0.8185. (¢) 86.16%. (d) Option 1: Because your score 

of 81% on this exam represents a Z score of 1.00, which is below the min- 

imum Z score of 1.28, you will not earn an A grade on the exam under 

this grading option. Option 2: Because your score of 68% on this exam 

represents a Z score of 2.00, which is well above the minimum Z score of 

1.28, you will earn an A grade on the exam under this grading option. You 

should prefer Option 2. 

6.12 (a) 0.0591. (b) 0.5636. (¢) 0.0003. (d) 56.1108 gallons, 

6.14 With 39 values, the smallest of the standard normal quantile values 

covers an area under the normal curve of 0.025. The corresponding Z 
value is — 1.96. The middle (20th) value has a cumulative area of 0.50 

and a corresponding Z value of 0.0. The largest of the standard normal 

quantile values covers an area under the normal curve of 0.975, and its 

corresponding Z value is +1.96. 

6.16 Super Bowl Ad Ratings First and Second Period: (a) Mean = 5.38, 
median = 5.34, § = 0.7153, range = 2.29, 6S = 4.2918, interquartile 
range = 1.33, 1.33(0.7153) = 0.9513. The mean is approximately the 
same as the median. The range is much less than 6S, and the interquartile 
range is more than 1.335, The skewness statistic is 0.0358, indicating a 
symmetric distribution, and the kurtosis statistic is — 1.2567, indicating a 
platykurtic distribution. 

Super Bowl Ad Ratings Halftime and Afterward: (a) Mean = 5.65, 
median = 5.59, § = 1.0411, range = 4.06, 6S = 6.2466, interquartile 
range = 1.45, 1.33(1.0411) = 1.3817. The mean is approximately the 
same as the median. The range is much less than 6S, and the interquartile 
range is slightly more than 1.335. The skewness statistic is 0.1406, indi- 
cating an approximately symmetric distribution, and the kurtosis statistic 
is —0.5910, indicating a platykurtic distribution. 

6.18 (a) Mean = $1,979.49, median = $1,763, § = $900.8957, 
range = $3,540, 6S = 6(900.5919) = $5,403.55 14, interquartile 
range = $1,333, 1.33(900.5919) = 1,197.7872. The mean is greater 
than the median. The range is much less than 6S, and the interquartile 
range is less than 1.335. (b) The normal probability plot appears to be 
right skewed. The skewness statistic is 0.6408. The kurtosis is —0.5058, 
indicating some departure from a normal distribution, 

6.20 (a) Interquartile range = 0.0025, S = 0.0017, range = 0.008, 
1.33(S) = 0.0023, 6(S) = 0.0102. Because the interquartile range is 
close to 1.338 and the range is also close to 6S, the data appear to be 
approximately normally distributed. (b) The normal probability plot 
suggests that the data appear to be approximately normally distributed. 

6.22 (a) Five-number summary: 82 127 148.5 168 213; mean = 147.06, 
mode = 130, range = 131, interquartile range = 41, standard deviation 
= 31.69. The mean is very close to the median. The five-number 
summary suggests that the distribution is approximately symmetric around 
the median. The interquartile range is very close to 1.338. The range is 
about $50 below 6S. In general, the distribution of the data appears to 
closely resemble a normal distribution, (b) The normal probability plot 
confirms that the data appear to be approximately normally distributed. 

6.24 (a) 0.1667. (b) 0.1667. (c) 0.7083. (d}) Mean = 60, 

standard deviation = 34.641, 

6.26 (a) 0.5000. (b) 0.2500. (c) 0.6000. (d) Mean = 3, 

standard deviation = 0.4082. 

6.34 (a) 0.4772. (b) 0.9544. (¢) 0.0456. (d) 1.8835. (e) 1.8710 and 2.1290. 

6.36 (a) 0.0228. (b) 0.1524. (¢) $275.63. (d) $224.37 to $275.63. 

6.38 (a) Waiting time will more closely resemble an exponential 

distribution. (b) Seating time will more closely resemble a normal 

distribution. (¢) Both the histogram and normal probability plot suggest 

that waiting time more closely resembles an exponential distribution. 

(d) Both the histogram and normal probability plot suggest that seating 

time more closely resembles a normal distribution. 

6.40 (a) 0.4602. (b) 0.3812. (¢) 0.0808. (d) $5,009.46. (e) $5,156.01 and 

6,723.99, 

CHAPTER 7 

7.2 (a) Virtually 0. (b) 0.1587. (¢) 0.0139. (d) 50.195. 

7.4 (a) Both means are equal to 6. This property is called unbiasedness. 

(c) The distribution for n = 3 has less variability. The larger sample size 

has resulted in sample means being closer to yz. (d) Same answer as in (c). 

7.6 (a) The probability that an individual energy bar has a weight below 
42.05 grams is 0.2743. (b) The probability that the mean of a sample of 
four energy bars has a weight below 42.05 grams is 0.1151. (c) The prob- 
ability that the mean of a sample of 25 energy bars has a weight below 
42.05 grams is 0.00135. (d) (a) refers to an individual energy bar while 
(c) refers to the mean of a sample of 25 energy bars. There is a 27.43% 
chance that an individual energy bar will have a weight below 42.05 
grams but only a chance of 0.135% that a mean of 25 energy bars will 
have a weight below 42.05 grams. (e) Increasing the sample size from 
four to 25 reduced the probability the mean will have a weight below 
42.05 grams from 11.51% to 0.135%. 

7.8 (a) When n = 4, because the mean is larger than the median, the 
distribution of the sales price of new houses is skewed to the right, and 
so is the sampling distribution of ¥ although it will be less skewed than 
the population. (b) If you select samples of n = 100, the shape of the 
sampling distribution of the sample mean will be very close to a normal 
distribution, with a mean of $382,700 and a standard error of the mean of 
$9,000. (¢) 0.0791. (d) 0.0057. 

7.10 (a) 0.8413. (b) 16.0364. (ec) To be able to use the standardized 
normal distribution as an approximation for the area under the curve, you 
must assume that the population is approximately symmetrical. 
(d) 15.5182. 

7.12 (a) 0.40. (b) 0.0704. 

7.14 

I — /0.50 = (0. 
(a) 7 = 0.501, 0, = {a2 et = 0.05 

P(p > 0.55) = P(Z > 0.98) = 1.0 — 0.8365 = 0.1635. 

r= 0.61 = 06 (b) 7 = 0.60, ¢, = — =, pa = 0.04899 
P(p > 0.55) = P(Z > —1.021) = 1.0 — 0.1539 = 0.8461. 

= t wok Coe Haan, af, NO OD 
P(p > 0.55) = P(Z > 1.20) = 1.0 — 0.8849 = 0.1151. 
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(d) Increasing the sample size by a factor of 4 decreases the standard 
error by a factor of 2, 

(a) P(p > 0.55) = P(Z > 1.96) = 1.0 — 0.9750 = 0.0250. 
(b) P(p > 0.55) = P(Z > —2.04) = 1.0 — 0.0207 = 0.9793. 
(c) Pp > 0.55) = P(Z > 2.40) = 1.0 — 0.9918 = 0.0082. 

7.16 (a) 0.8522. (b) 0.7045. (c) 0.1478. (d) (a) 0.9820. (b) 0.9640. 
(c) 0.0180. 

7.18 (a) 0.3594. (b) The probability is 90% that the sample percentage 
will be contained between 0.3244 to 0.4496. (c) The probability is 95% 
that the sample percentage will be contained between 0.3344 to 0.4596. 

7.20 (a) 0.2367. (b) The probability is 90% that the sample percentage 
will be contained between 0.7534 and 0.8466. (c) The probability 
is 90% that the sample percentage will be contained between 0.7445 
and 0.8555. 

7.26 (a) 0.4999. (b) 0.00009. (c) 0.0000. (d) 0.0000. (e), 0.7518. 

7.28 (a) 0.8944. (b) 4.617; 4.783. (¢) 4.641. 

7.30 (a) 0.0000 (b) 0.0126 (¢) 0.9874. 

CHAPTER 8 

8.2 114.68 < p < 135.32. 

8.4 Yes, it is true because 5% of intervals will not include the population 

mean. 

8.6 (a) You would compute the mean first because you need the mean to 

compute the standard deviation. If you had a sample, you would compute 

the sample mean. If you had the population mean, you would compute the 

population standard deviation. (b) If you have a sample, you are comput- 

ing the sample standard deviation, not the population standard deviation 

needed in Equation (8.1). If you have a population and have computed 

the population mean and population standard deviation, you don’t need a 

confidence interval estimate of the population mean because you already 

know the mean. 

8.8 Equation (8.1) assumes that you know the population standard devia- 

tion. Because you are selecting a sample of 100 from the population, you 

are computing a sample standard deviation, not the population standard 

deviation. 

1,500 
—7_ = 49,875 + 1.96-——=; Vn V4 

49,507.51 S pw = 50,242.49. 

(b) Yes, because the confidence interval includes 50,000 hours the man- 

ufacturer can support a claim that the bulbs have a mean of 50,000 hours. 

(c) No. Because o is known and n = 64, from the Central Limit Theorem, 

you know that the sampling distribution of X is approximately normal. 

(d) The confidence interval is narrower, based on a population 

standard deviation of 500 hours rather than the original standard 

49,752.50 = pw = 49,997.50. No, because the confidence interval does 

not include 50,000 hours. 

8.12 (a) 2.2622. (b) 3.2498. (e) 2.0395. (d) 1.9977. (e) 1.7531. 

8.10 (a) X + Z: 

8.14 —0.12 <= pw = 11.84, 2.00 = pw = 6.00. The presence of the outlier 

increases the sample mean and greatly inflates the sample standard 

deviation. 

8.16 (a) 87 + (1.9781)(9/V'87; 85.46 = w = 88.54. (b) You can 

be 95% confident that the population mean amount of one-time gift is 

between $85.46 and $88.54. 

8.18 (a) 6.31 = w S 7.87. (b) You can be 95% confident that the popula- 

tion mean amount spent for lunch at a fast-food restaurant is between $6.31 

and $7.87. (¢) That the population distribution is normally distributed. 

(d) The assumption of normality is not seriously violated and, with a sample 

of 15, the validity of the confidence interval is not seriously impacted. 

8.20 (a) For first and second quarter ads: 5.12 = jz = 5.65. For halftime 

and second half ads: 5.24 = yw S 6.06. (b) You are 95% confident that 

the mean rating for first and second quarter ads is between 5.12 and 5.65. 

You are 95% confident that the mean rating for halftime and second half 

ads is between 5.24 and 6.06. (c) The confidence intervals for the two 

groups of ads are similar. (d) You need to assume that the distributions 

of the rating for the two groups of ads are normally distributed. 

(e) The distribution of the each group of ads appears approximately 

normally distributed. 

8.22 (a) 31.12 = w = 54.96. (b) The number of days is approximately 

normally distributed. (c) No, the outliers skew the data. (d) Because 

the sample size is fairly large, at n = 50, the use of the ¢ distribution is 

appropriate. 

8.24 (a) 41.85 = pw = 48.31. (b) That the population distribution is 

normally distributed. (¢) The normal probability plot appears to be 

approximately normally distributed. 

8.26 0.19 = 7 = 0.31. 

0.2189 = @ = 0.3211. (b) The manager in charge of promotional 

programs can infer that the proportion of households that would upgrade 

to an improved cellphone if it were made available at a substantially 

reduced cost is somewhere between 0.22 and 0.32, with 99% confidence. 

8.30 (a) 0.2328 = aw S 0.2872. (b) No, you cannot because the 

interval estimate includes 0.25 (25%). (c) 0.2514 = mw = 0.2686. Yes, 

you can, because the interval is above 0.25 (25%). (d) The larger the 

sample size, the narrower the confidence interval, holding everything 

else constant. 

8.32 (a) 0.8632 = 7 = 0.8822. (b) 0.1770 = m = 0.2007. (c) Because 

almost 90% of adults have purchased something online, but only about 

20% are weekly online shoppers, the director of e-commerce sales may 

want to focus on those adults who are weekly online shoppers. 

8.34 n = 35. 

8.36 n = 1,041. 

2G 1.96)*(400)? 
RECT ae ACI I Bale Ea tree ay 

e 50? 

2 1.96)7(400)? 
Spe AG ) = 983.41. Usen = 984. 

e D5 

8.40 n = 55. 

8.42 (a)n = 107. (b)n = 62. 

8.44 (a) n = 246. (b) n = 385. (c) n = 554. (d) When there is more 

variability in the population, a larger sample is needed to accurately 

estimate the mean. 

8.46 (a) 6209 = 7 = 0.7878. (b) 0.5015 = 7 S 0.6812. 

(c) 0.0759 = m = 0.2024. (d) (a) n = 2,017, (b) n = 2,324, 

(c) n = 1,157. 

8.48 (a) If you conducted a follow-up study, you would use 7 = 0.38 

in the sample size formula because it is based on past information on the 

proportion. (b) n = 1,006. 
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= 0.8628. FS) A 8.54 (a) PC/laptop: 0.8173 = 

Smartphone: 0.8923 = a7 = 0.9277. 

Tablet: 0.4690 = 0.5310. IA ra] lA 

lA A Smart watch: 0.0814 a7 = 0.1186. 

(b) Most adults have a PC/laptop and a smartphone, Some adults 

have a tablet computer and very few have a smart watch, 

8.56 (a) 49.88 = w S 52.12. (b) 0.6760 = m S 0.9240. (c) n = 25. 

(d) n = 267. (e) If a single sample were to be selected for both purposes, 

the larger of the two sample sizes (n = 267) should be used. 

8.58 (a) 3.19 = pw S 9.21. (b) 0.3242 S mw S 0.7158. (ec) n = 110. 

(d) n = 121. (e) Ifa single sample were to be selected for both purposes, 

the larger of the two sample sizes (n = 121) should be used. 

8.60 (a) 0.2562 = 7 = 0.3638. (b) 3.22 S uw = $3.78, 

(c) $17,581.68 S uw S $18,418.32. 

8.62 (a) $36.66 = uw = $40.42. (b) 0.2027 = 7 < 0.3973. (e)n = 110, 

(d)n = 423. (e) If a single sample were to be selected for both purposes, the 
larger of the two sample sizes (1 = 423) should be used. 

8.64 (a) 0.4643 = 7 = 0.6690. (b) $136.28 = x = $502.21. 

8.66 (a) 13.40 = uw = 16.56. (b) With 95% confidence, the population 
mean answer time is somewhere between 13.40 and 16.56 seconds. 
(c) The assumption is valid as the answer time is approximately normally 
distributed. 

8.68 (a) 0.2425 = w = 0.2856. (b) 0.1975 = yp < 0.2385. (c) The 
amounts of granule loss for both brands are skewed to the right, but the 
sample sizes are large enough. (d) Because the two confidence intervals 
do not overlap, it appears that the mean granule loss of Boston shingles is 
higher than that of Vermont shingles. 

CHAPTER 9 

9.2 Because Zsr47 = +2.21 > 1.96, reject Ho. 

9.4 Reject Ho if Zsr47 < —2.58 or if Zyra7 > 2.58. 

9.6 p-value = 0.0456. 

9.8 p-value = 0.1676. 

9.10 Ho: Defendant is guilty; H;: Defendant is innocent. A Type I error 
would be not convicting a guilty person. A Type II error would be con- 
victing an innocent person. 

9.12 Ho: 4 = 20 minutes. 20 minutes is adequate travel time between 
classes. H;: 4 ~ 20 minutes. 20 minutes is not adequate travel time 
between classes. 

49,875 — 50,000 
9.14 (a) Zsra7 = SS i 

V64 
—1.96 < Zsrm7 = —0.6667 < 1.96, do not reject Ho. (b) p-value 
= 0.5050. (ce) 49,507.51 < bh = 50,242.49. (d) The conclusions are 
the same. 

= —0,6667. Because 

9.16 (a) Because —2.58 < Zstar = —1.7678 < 2.58, do not reject Hp. 
(b) p-value = 0.0771. (ec) 0.9877 < = 1.0023. (d) The conclusions 
are the same. 

9.18 tsrar = 2.00. 

9.20 £2.1315. 

9,22 No, you should not use a f test because the original population is left- 

skewed, and the sample size is not large enough for the f test to be valid. 

9,24 (a) terup = (3.57 — 3.70)/(0.8/V64) = —1.30. Because 
—1,9983 < terap = —1.30 < 1.9983 and p-value = 0.1984 > 0.05, 

do not reject Hp. There is insufficient evidence that the population mean 

Waiting time is different from 3.7 minutes. (b) Because n = 64, the 

sampling distribution of the f test statistic is approximately normal. In 

general, the / test is appropriate for this sample size except for the case 

where the population is extremely skewed or bimodal. 

9.26 (a) — 1.9842 < ter,7 = 1.25 < 1.9842, do not reject Hy. There is 

insufficient evidence that the population mean spent by Amazon Prime 

customers is different from $1,475. (b) p-value = 0.2142 > 0.05. The 

probability of getting a fy747 statistic greater than +1.25 or less than 

—1.25, given that the null hypothesis is true, is 0.2142. 

9,28 (a) Because —2.1448 < tery7 = 1.6344 < 2.1448, do not reject Ho. 
There is not enough evidence to conclude that the mean amount spent for 
lunch at a fast-food restaurant, is different from $6.50. (b) The p-value 
is 0.1245. If the population mean is $6.50, the probability of observing a 
sample of fifteen customers that will result in a sample mean farther away 
from the hypothesized value than,this sample is 0.1245. (¢) The distribu- 
tion of the amount spent is normally distributed. (d) With a sample size 
of 15, it is difficult to evaluate the assumption of normality. However, the 
distribution may be fairly symmetric because the mean and the median 
are close in value. Also, the boxplot appears only slightly skewed so the 
normality assumption does not appear to be seriously violated. 

9.30 (a) Because —2.0096 < ter47 = 0.114 < 2.0096, do not reject Hp. 
There is no evidence that the mean amount is different from 2 liters. 
(b) p-value = 0.9095. (c) Yes, the data appear to have met the normality 
assumption. (e) The amount of fill is decreasing over time so the values 
are not independent. Therefore, the ¢ test is invalid. 

9.32 (a) Because fsr47 = —5.9355 < —2.0106, reject Hp. There is 
enough evidence to conclude that mean widths of the troughs is different 
from 8.46 inches. (b) The population distribution is normal. (c) Although 
the distribution of the widths is left-skewed, the large sample size means 
that the validity of the ¢ test is not seriously affected. The large sample 
size allows you to use the f distribution. 

9.34 (a) Because —2.68 < tpp47 = 0.094 < 2.68, do not reject Ho. 
There is no evidence that the mean amount is different from 5.5 grams. 
(b) 5.462 = w S 5.542. (c) The conclusions are the same. 

9.36 p-value = 0.0228. 

9,38 p-value = 0.0838. 

9.40 p-value = 0.9162. 

9.42 2.7638. 

9.44 —2.5280. 

9.46 (a) tsra7 = 2.6880 > 1.6694, reject Ho. There is evidence that the 
population mean bus miles is greater than 8,000 miles. (b) p-value = 
0.0046 < 0.05. The probability of getting a fsr47 statistic greater than 
2.6880, given that the null hypothesis is true, is 0.0046. 

9.48 (a) terap = (24.05 — 30)/(16.5/V 860) = —10.5750. Because 
tstar = —10.5750 < —2.3307, reject Ho. p-value = 0.0000 < 0.01, 
reject Ho. (b) The probability of getting a sample mean of 24 minutes or 
less if the population mean is 30 minutes is 0.000. 

9.50 (a) ter47 = 1.9221 < 2.3549, do not reject Ho. There is insufficient 
evidence that the population mean one-time gift donation is greater than 
$85.50. (b) The probability of getting a sample mean of $87 or more if 
the population mean is $85.50 is 0.0284, 
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9,52 p = 0.22. 

9.54 Do not reject Hp. 

9.56 (a) Zsra7 = —2.0681, p-value = 0.0193, Because Zsrar = 
—2.0681 < 1.645 or p-value = 0.0193 < 0.05, reject Ho. There is 
evidence to show that less than 69.52% of students at your university 
use the Chrome web browser. (b) Zsr47 = —5.0658, p-value = 0,0000. 
Because Zsr47 = —5.0658 < 1.645, or p-value = 0.0000 < 0.05, 
reject Hy. There is evidence to show that less than 69.52% of students at 
your university use the Chrome web browser. (c) The sample size had an 
effect on being able to reject the null hypothesis. (d) You would be very 
unlikely to reject the null hypothesis with a sample of 20. 

9.58 Ho: 7 = 0.60; Hy: 7 ¥ 0.60. Decision rule: If Zstar > 1.96 or 
ZSTAT <=] .96, reject Ho. 

p= ns = 0.6600 
703 

Test statistic: 

7 DENT 0.6600 — 0.60 
Ltr = — ae Sane TE 

n 703 

Because Zs747 = 3.2488 > 1.96 or p-value = 0.0012 < 0.05, reject 
Ho and conclude that there is evidence that the proportion of all talent 
acquisition professionals who report competition is the biggest obstacle to 
attracting the best talent at their company is different from 60%. 

= 3.2488. 

9.60 (a) Ho: 7 = 0.294. Hy: 7 < 0.294, 

(b) Zstar = —0.5268 > —1.645; p-value = 0.2992. Because 

Zstrar = —0.5268 > —1.645 or p-value = 0.2992 > 0.05, do not reject 

Hp. There is insufficient evidence that the percentage is less than 29.4%. 

9.70 (a) Concluding that a firm will go bankrupt when it will not. 

(b) Concluding that a firm will not go bankrupt when it will go bankrupt. 

(c) Type I. (d) If the revised model results in more moderate or large 

Z scores, the probability of committing a Type I error will increase. Many 

more of the firms will be predicted to go bankrupt than will go bankrupt. 

On the other hand, the revised model that results in more moderate or 

large Z scores will lower the probability of committing a Type II error 

because few firms will be predicted to go bankrupt than will actually go 

bankrupt. 

9.72 (a) Because tsz47 = 3.3197 > 2.0010, reject Ho. (b) p-value = 

0.0015. (c) Because Zs747 = 0.2582 < 1.645, do not reject Hp. 

(d) Because —2.0010 < tez47 = —1.1066 < 2.0010, do not reject Hp. 

(e) Because Zs747 = 2.3238 > 1.645, reject Ho. 

9.74 (a) Because toz47 = —1.69 > —1.7613, do not reject Ho. (b) The 

data are from a population that is normally distributed. (d) With the 

exception of one extreme value, the data are approximately normally 

distributed. (e) There is insufficient evidence to state that the waiting time 

is less than five minutes. 

9.76 (a) Because ts747 = —1.47 > —1.6896, do not reject Ho. 

(b) p-value = 0.0748. If the null hypothesis is true, the probability 

of obtaining a fs747 of — 1.47 or more extreme is 0.0748. (c) Because 

tsrar = —3.10 < —1.6973, reject Ho. (d) p-value = 0.0021. If the null 

hypothesis is true, the probability of obtaining a ts747 of —3.10 or more 

extreme is 0.0021. (e) The data in the population are assumed to be 

normally distributed. (g) Both boxplots suggest that the data are skewed 

slightly to the right, more so for the Boston shingles. However, the very 

large sample sizes mean that the results of the f test are relatively insensi- 

tive to the departure from normality. 

9.78 (a) tsrar = —3-2912, reject Ho. (b) p-value = 0.0012. The proba- 

bility of getting a fy747 value below —3.2912 or above +3.2912 is 0.0012. 

(¢) tsrar = —7.9075, reject Hp. (d) p-value = 0.0000. The probability of 

getting a fo747 value below —7.9075 or above +7.9075 is 0.0000. 

(e) Because of the large sample sizes, you do not need to be concerned 

with the normality assumption. 

CHAPTER 10 

10.2 (a) t = 3.8959. (b) df = 21. (c) 2.5177. (d) Because 

torr = 3.8959 > 2.5177, reject Hp. 

10.43.73 = yu, ~ tS 12.27. 

10.6 Because tyr47 = 2.6762 < 2.9979 or p-value = 0.0158 > 0.01, 

do not reject Hp. There is no evidence that the mean of population one is 

greater than the mean of population 2. 

10.8 (a) Because ty7,47 = 2.8990 > 1.6620 or p-value = 0.0024 < 

0.05, reject Ho. There is evidence that the mean amount of Walker 

Crisps eaten by children who watched a commercial featuring 

a long-standing sports celebrity endorser is higher than for those 

who watched a commercial for an alternative food snack. 

(b) 3.4616 = py, — py = 18.5384. (c) The results cannot be compared 

because (a) is a one-tail test and (b) is a confidence interval that is 

comparable only to the results of a two-tail test. (d) You would choose 

the commercial featuring a long-standing celebrity endorser. 

10.10 (a) Ho: 4; = bo, where Populations: 1 = Southeast, 2 = 

Gulf Coast. Hy: 4; *# fy. Decision rule: df = 42. If tor47 < —2.0181 

OF fsrar > 2.0181, reject Ho. 

Test statistic: 

= Cu = 1)(82) + (m = 1)(88) is) S 
: (nip el) (ry =a) 

21) (51.8684?) + (21) (62.25882 _ (21)( ) + (21)¢ hee 5283 2445 
Pa ae PAM 

e (X, - X)) =! (poets } 
lstaT = 

1 1 
(4 + 1) 
z, ny Ny 

(45.0455 — 40.8182) — 0 
= = 0.2447, 

Lier 
— + — 3.283 2435( si =) 

Decision: Because —2.0181 < tez47 = 0.2447 < 2.0181, do not reject 

Ho. There is not enough evidence to conclude that the mean number of 

partners between the Southeast and Gulf Coast is different. 

(b) p-value = 0.8079. (c) In order to use the pooled-variance f test, you 

need to assume that the populations are normally distributed with equal 

variances. 

10.12 (a) Because ter47 = —4.1343 < —2.0484, reject Hp. 

(b) p-value = 0.0003 < 0.05, reject Hp. (c) The populations of 

waiting times are approximately normally distributed. 

(d) —4.2292 S py — py S —1.4268. 

10.14 (a) Because tyr47 = 2.7349 > 2.0484, reject Hp. There is evidence 

of a difference in the mean time to start a business between developed 

and emerging countries. (b) p-value = 0.0107. The probability that 

two samples have a mean difference of 14.62 or more is 0.0107 if there 

is no difference in the mean time to start a business between developed 

and emerging countries. (c) You need to assume that the population 

distribution of the time to start a business of both developed and emerging 

countries is normally distributed. (d) 3.6700 = py; — py S 25.5700. 
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10.16 (a) Because tery7 = —2.1554 < —2.0017 or p-value = 0.03535 < 

0.05, reject Hp. There is evidence of a difference in the mean time per day 

accessing the Internet via a mobile device between males and females. 

(b) You must assume that each of the two independent populations is 

normally distributed. 

10.18 df = 19. 

10.20 (a) teryr = (—1.5566) /(1.424/V9) = —-3.2772. Because 

tsrar = —3.2772 < —2.306 or p-value = 0.0112 < 0,05, reject Hp. 

There is enough evidence of a difference in the mean summated ratings 

between the two brands. (b) You must assume that the distribution of the 

differences between the two ratings is approximately normal. 

(c) p-value = 0.0112. The probability of obtaining a mean 

difference in ratings that results in a test statistic that deviates 

from 0 by 3.2772 or more in either direction is 0.0112 if there is 

no difference in the mean summated ratings between the two brands. 

(d) —2.6501 = tp = —0.4610. You are 95% confident that the mean 

difference in summated ratings between brand A and brand 

B is somewhere between —2.6501 and —0,4610, 

10.22 (a) Because ter47 = —4.1372 < —2.0244, reject Hp. There is 

evidence to conclude that the mean download speed at AT&T is lower 

than at Verizon Wireless. (b) You must assume that the distribution of 

the differences between the ratings is approximately normal. (d) The 

confidence interval is from —2.9359 to —1,0067. 

10.24 (a) Because fer4r = 1.8425 < 1.943, do not reject Hp. There is 

not enough evidence to conclude that the mean bone marrow microvessel 

density is higher before the stem cell transplant than after the stem cell 

transplant. (b) p-value = 0.0575. The probability that the ¢ statistic for 
the mean difference in microvessel density is 1.8425 or more is 5.75% 
if the mean density is not higher before the stem cell transplant than 
after the stem cell transplant. (c) —28.26 < pup = 200.55. You are 95% 
confident that the mean difference in bone marrow microvessel density 
before and after the stem cell transplant is somewhere between —28.26 
and 200.55. (d) That the distribution of the difference before and after the 
stem cell transplant is normally distributed. 

10.26 (a) Because tsr47 = —9.3721 < —2.4258, reject Ho. There is 
evidence that the mean strength is lower at two days than at seven days. 
(b) The population of differences in strength is approximately normally 
distributed. (c) p = 0.000 < 0.05, reject Ho. 

10.28 (a) Because —2.58 < Zs747 = —0.58 < 2.58, do not reject Hp. 
(b) —0.273 = a, — m = 0.173. 

10.30 (a) Ho: 7 S 7. Hy: 7 > 7. Populations: 1 = VOD D4+ 
= general TV. (b) Because Zs747 = 8.9045 > 1.6449 or 

p-value = 0.0000 < 0.05, reject Hy. There is evidence to conclude 
that the population proportion of those who viewed the brand on 
VOD D4+ were more likely to visit the brand website. (c) Yes, the result 
in (b) makes it appropriate to claim that the population proportion of 
those who viewed the brand on VOD D4+ were more likely to visit the 
brand website than those who viewed the brand on general TV. 

10.32 (a) Ho: 7 = mm. Hy: 7 # 7m. Decision rule: If (Zsrar| > 2.58, 
reject A. 

X, +X 326 + 167 
ny ap Ny 423 + 192 

eal (pr) Sp) (m = 1%) (0.7707 — 0.8698) — 0 
Zsrat = 

Test statistic: p = = 0.8016 

Zstar = —2.8560 < —2.58, reject Hp. There is evidence of a difference 
in the proportion of organizations with recognition programs between 
organizations that have between 500 and 2,499 employees and 
organizations that have 10,000+ employees (b) p-value = 0.0043. 

- acyfal! 1 ~ 1 ee 
ag (++ 1) \[oso16 1 — 0.8016 (45+ au) 

vet P) nm Ny ( ) 423 192 

The probability of obtaining a difference in proportions that gives rise 

to a test statistic below —2.8516 or above +2.8516 is 0.0043 if there 

is no difference inthe proportion based on the size of the organization. 

(c) —0.1809 S m, — m S —0.0173. You are 99% confident that the dif- 

ference in the proportion based on the size of the organization is between 

1.73% and 18.09%, 

10.34 (a) Because Zyr47 = 4.4662 > 1.96, reject Hp. There is evidence 

of a difference in the propertion of cobrowsing organizations and 

non-cobrowsing organizations that use skills-based routing to match 

the caller with the right agent. (b) p-value = 0.0000. The probability 

of obtaining a difference in proportions that is 0.2586 or more in either 

direction is 0.0000 if there is no difference between the proportion of 

cobrowsing organizations and non-cobrowsing organizations that use 

skills-based routing to match the caller with the right agent. 

10.36 (a) 2.20. (b) 2.57. (¢) 3.50. 

10.38 (a) Population B: S°? = 25, (b) 1.5625. 

10.40 df = 24, dfsenominator = 24: 
numerator 

10.42 Because Fy747 = 1.2109 < 2.27, do not reject Hp. 

10.44 (a) Because F747 = 1.2995 < 3.18, do not reject Hp. (b) Because 

Fsrar = 1.2995 < 2.62, do not reject Hp. 

10.46 (a) Hp:o, = 03. Hy:07 # oF. 

Decision rule: If F747 > 2.4086, reject Hp. 

ae. S}  3,876.1558 
Test statistic: Foz47 = 3 = 2.690.3312 

Decision: Because Fs747 = 1.4408 < 2.4086, do not reject Hy. There 
is insufficient evidence to conclude that the two population variances are 
different. (b) p-value = 0.4096 > 0.05, do not reject Hp. (c) The test 
assumes that each of the two populations is normally distributed. 
(d) Based on (a) and (b), a pooled-variance f test should be used. 

= 1.4408. 

10.48 (a) Because Fspy7 = 2.1187 > 2.1124 or p-value = 0.0491 
= 0.05, reject Ho. There is sufficient evidence of a difference in the 

variability of the ratings between the two groups. (b) p-value = 0.05. 
The probability of obtaining a sample that yields a test statistic more 
extreme than 2.1187 is 0.049 if there is no difference in the two popula- 
tion variances. (¢) The test assumes that each of the two populations are 
normally distributed, (d) Based on (a) and (b), a separate-variance f test 
should be used. 

10.50 (a) Because Fer47 = 69.50001 > 1.9811 or p-value = 0.0000 
< 0.05, reject Ho. There is evidence of a difference in the variance of 
the delay times between the two drivers. (b) You assume that the delay 
times are normally distributed. (c) From the boxplot and the normal 
probability plots, the delay times appear to be approximately normally 
distributed. (d) Because there is a difference in the variance of the delay 
times between the two drivers, you should use the separate variance f-test 
to determine whether there is evidence of a difference in the mean delay 
time between the two drivers. 

10.58 (a) Because Fs747 = 2.9736 > 1.9288, or p-value = 0.0016 
< 0.05, reject Ho. There is a difference in the variance of the salary of 
Black Belts and Green Belts. (b) The separate-variance f test. 
(c) Because typ47 = 5.9488 > 1.6639 or p-value = 0.0000 < 0.05, 
reject Ho. There is evidence that the mean salary of Black 
Belts is greater than the mean salary of Green Belts. 

10.60 (a) Because Fyr,7 = 1.3611 < 1.6854, do not reject Ho. There 
is insufficient evidence to conclude that there is a difference between 
the variances in the online time per week between women and men. 
(b) It is more appropriate to use a pooled-variance f test. Using the 
pooled-variance f test, because tsr47 = —9.7619 < —2.6009, reject 
Hp. There is evidence of a difference in the mean online time per week 
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between women and men. (c) Because Fsrar = 1.7778 > 1.6854, reject 
Ho. There is evidence to conclude that there is a difference between the 
variances in the time spent playing games between women and men. 
(d) Using the separate-variance f test, because tsrar = —26.4 < —2.603, 
teject Ho. There is evidence of a difference in the mean time Spent 
playing games between women and men, 

10.62 (a) Because ts747 = 3.3282 > 1.8595. or the p-value = 0.0052 < 
0.05 reject Hp. There is enough evidence to conclude that the introductory 
computer students required more than a mean of 10 minutes to write and 
run a program in Python. (b) Because ts747 = 1.3636 < 1.8595, do not 
reject Ho. There is not enough evidence to conclude that the introductory 
computer students required more than a mean of 10 minutes to write and 
run a Python program. (c) Although the mean time necessary to complete 
the assignment increased from 12 to 16 minutes as a result of the increase 
in one data value, the standard deviation went from 1.8 to 13.2, which 
reduced the value of f statistic. (d) Because Fyz47 = 1.2308 < 4.2951, do 
not reject Hp. There is not enough evidence to conclude that the popu- 
lation variances are different for the Introduction to Computers students 
and computer majors. Hence, the pooled-variance f test is a valid test to 
determine whether computer majors can write a Python program in less 
time than introductory students, assuming that the distributions of the time 
needed to write a Python program for both the Introduction to Computers 
students and the computer majors are approximately normally distributed. 
Because tsp47 = 4.0666 > 1.7341, reject Ho. There is enough evidence 
that the mean time is higher for Introduction to Computers students than 
for computer majors. (e) p-value = 0.0052. If the true population mean 

amount of time needed for Introduction to Computer students to write a 

Python program is no more than 10 minutes, the probability of observing a 

sample mean greater than the 12 minutes in the current sample is 0.0362%. 

Hence, at a 5% level of significance, you can conclude that the population 

mean amount of time needed for Introduction to Computer students to write 

a Python program is more than 10 minutes. As illustrated in (d), in which 

there is not enough evidence to conclude that the population variances are 

different for the Introduction to Computers students and computer majors, 

the pooled-variance ¢ test performed is a valid test to determine whether 

computer majors can write a Python program in less time than introductory 

students, assuming that the distribution of the time needed to write a Python 

program for both the Introduction to Computers students and the computer 

majors are approximately normally distributed. 

10.64 From the boxplot and the summary statistics, both distributions 

are approximately normally distributed. Fs747 = 1.056 < 1.89. 

There is insufficient evidence to conclude that the two population 

variances are significantly different at the 5% level of significance. 

tsrar = —5.084 < —1.99. At the 5% level of significance, there is suffi- 

cient evidence to reject the null hypothesis of no difference in the mean 

life of the bulbs between the two manufacturers. You can conclude that 

there is a significant difference in the mean life of the bulbs between the 

two manufacturers. 

10.66 (a) Because Zs747 = 3.6911 > 1.96, reject Ho. There is enough 

evidence to conclude that there is a difference in the proportion of men 

and women who order dessert. (b) Because Zs747 = 6.0873 > 1.96, 

reject Ho. There is enough evidence to conclude that there is a difference 

in the proportion of people who order dessert based on whether they 

ordered a beef entree. 

10.68 The normal probability plots suggest that the two populations 

are not normally distributed. An F test is inappropriate for testing 

the difference in the two variances. The sample variances for Boston 

and Vermont shingles are 0.0203 and 0.015, respectively. Because 

tsrar = 3.015 > 1.967 or p-value = 0.0028 < a = 0.05, reject Hp. 

There is sufficient evidence to conclude that there is a difference in the 

mean granule loss of Boston and Vermont shingles. 

CHAPTER 11 

11.2 (a) SSW = 150. (b) MSA = 15, (ec) MSW = 5, (d) Forap = 3. 

11.4 (a) 2. (b) 18. (ec) 20. 

11.6 (a) Reject Mo if Fy747 > 2.95; otherwise, do not reject Hp. 

(b) Because Fy747 = 4 > 2.95, reject Hp. (c) The table does not have 

28 degrees of freedom in the denominator, so use the next larger critical 

value, Q, = 3.90. (d) Critical range = 6.166. 

11.8 (a) Hoy = bg = Me = Mp and H;: At least one mean is different. 

SSA 1,151,016.4750 
MSA = —— = —— lk = 383,672.1583. 

(ee MI 3 

: SSW 2,961,835.3000 
MSW = — = —— = = 82,273.2028. 

ie (0 36 

MSA 383,672.1583 
Forar = ilies = 4.6634, 

MSW  82,273.2028 

Because the p-value is 0.0075 and Fs747 = 5.7121 > 4.6634, reject Hp. 

There is sufficient evidence of a difference in the mean import cost across 

: ; oe MSW/ | 1 
the four global regions. (b) Critical range = Q, ae ae ~) 

” nj ny 

rer S227 208 ( f: ..) = 90.7046 

; 2 LOCC) aaa ee 

From the Tukey-Kramer procedure, there is a difference in the mean 

import cost among the East Asia and Pacific region, Latin America and 

the Caribbean, Eastern Europe and Central Asia, and Latin American and 

Caribbean. None of the other regions are different. (ce) ANOVA output for 

Levene’s test for homogeneity of variance: 

SSA 191890.4750 
MSA = = = 63,630.1583 

Cll 3 

SSW -1,469,223.4 
MSW = = = 40,811.7611 

i —(e 36 

re, = MSA _ 63,630.1583 _ ieee 
STAT “" MSW 40,811.7611 

Because p-value = 0.2161 > 0.05 and Fer47 = 1.5591 < 2.8663, do 

not reject Hp. There is insufficient evidence to conclude that the variances 

in the import cost are different. (d) From the results in (a) and (b), the 

mean import cost for the East Asia and Pacific region and eastern Europe 

and Central Asia is lower than for Latin America and the Caribbean. 

11.10 (a) Because Fy747 = 12.56 > 2.76, reject Hp. (b) Critical 

range = 4.67. Advertisements A and B are different from Advertisements 

C and D. Advertisement E is only different from Advertisement D. 

(c) Because Fs747 = 1.927 < 2.76, do not reject Hp. There is no evi- 

dence of a significant difference in the variation in the ratings among 

the five advertisements. (d) The advertisements underselling the pen’s 

characteristics had the highest mean ratings, and the advertisements over- 

selling the pen’s characteristics had the lowest mean ratings. Therefore, 

use an advertisement that undersells the pen’s characteristics and avoid 

advertisements that oversell the pen’s characteristics. 

11.12 (a) 

Degrees of 

Source Freedom SumofSquares MeanSquares F 

Among groups 2 15,671,226,037.72 3,134,245,208 0.6808 

Within groups 50 4603,628,601 

Total By 

230,181,430,044.96 

245,852,656,082.6800 
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(b) Because Fyr47 = 0.6808 < 2.41, do not reject Hp. There is insuf- 

ficient evidence of a difference in the mean brand value of the different 

groups. 

(c) Because there was no significant difference among the 

groups, none of the critical ranges were significant. 

11.14 (a) Because Fs747 = 5.3495 > 2.8663; p-value = 0.0038 < 0.05, 

reject Ho. (b) Critical range = 9.3401 (using 36 degrees of freedom 

and interpolating). Asia is different from North America. 

(c) The assumptions are that the samples are randomly and independently 

selected (or randomly assigned), the original populations of congestion 

are approximately normally distributed, and the variances are equal. 

(d) Because Fyr47 = 0.4321 < 2.8663; p-value = 0.7333 > 0.05, do 

not reject Ho. There is insufficient evidence of a difference in the variation 

in the mean congestion level among the continents. 

11.16 (a) 40. (b) 60 and 55. (¢) 10. (d) 10. 

11.18 (a) Because For47 = 6.00 > 3.35, reject Hp. (b) Because 

Forar = 5.50 > Sida reject Ao. (c) Because Forar = 1.00 < 2.73, 

do not reject Ho. 

11.20 dfg = 4, dfrora, = 44, SSA = 160, SSAB = 80, SSE = 150, 
SST = 610, MSB = 55, MSE = 5. For A: Feza47 = 16. 

For B: Ferar = 11. For AB: Foz47 = 2. (a) Because 

Fsrar = 16 > 3.32, reject Ho. Factor A is significant. (b) Because 

Forar = 11 > 2.69, reject Ho. Factor B is significant. (c) Because 

Fstar = 2.0 < 2.27, do not reject Hp. The AB interaction is not significant. 

11.22 (a) Because F747 = 3.4032 < 4.3512, do not reject Hp. 
(b) Because Fyy47 = 1.8496 < 4.3512, do not reject Hp. (c) Because 
Fsrar = 9.4549 > 4.3512, reject Ho. (e) Die diameter has a significant 
effect on density, but die temperature does not. However, the cell means plot 
shows that the density seems higher with a 3 mm die diameter at 155°C 
but that there is little difference in density with a 4 mm die diameter. This 
interaction is not significant at the 0.05 level of significance. 

11.24 (a) Ho: There is no interaction between filling time and mold 
temperature. H;: There is an interaction between filling time and mold 
temperature. 

0.1136 

0.05 

0.1018 > 0.05, do not reject Hp. There is insufficient evidence of 
interaction between filling time and mold temperature. (b) Fiiq, = 
9.0222 > 3.5546, reject Hp. There is evidence of a difference in the 
warpage due to the filling time. (€) Foj,, = 4.2305 > 3.5546, reject Hp. 
There is evidence of a difference in the warpage due to the mold 
temperature. (e) The warpage for a three-second filling time seems to be 
much higher at 60°C and 72.5°C but not at 85°C. 

Because F747 = = 2.27 < 2.9277 or the p-value = 

11.26 (a) Fe747 = 0.8325, p-value = 0.3725 > 0.05, do not reject Hp. 
There is not enough evidence to conclude that there is an interaction 
between zone lower and zone 3 upper. (b) Fsrar = 0.3820, p-value 
is 0.5481 > 0.05, do not reject Hp. There is insufficient evidence to 
conclude that there is an effect due to zone | lower. (c) Fear = 0.1048, 
p-value = 0.7517 > 0.05, do not reject Ho. There is inadequate 
evidence to conclude that there is an effect due to zone 3 upper. 
(d) A large difference at a zone 3 upper of 695°C but only a small dif- 
ference at zone 3 upper of 715°C. (e) Because this difference appeared 
on the cell means plot but the interaction was not Statistically signif- 
icant because of the large MSE, further testing should be done with 
larger sample sizes. 

11.36 (a) Because Fy747 = 0.0111 < 2,901 1, do not reject Ho. 
(b) Because F5747 = 0.8096 < 4.1491, do not reject Hp. (ce) Because 
Fsrar = 5.1999 > 2.9011, reject A. (e) Critical range = 3.56. Only 
the means of Suppliers 1 and 2 are different. You can conclude that the 

mean strength is lower for Supplier | than for Supplier 2, but there are no 

statistically significant differences between Suppliers | and 3, Suppliers 

| and 4, SupplierS2 and 3, Suppliers 2 and 4, and Suppliers 3 and 4. 

(f) Fery7 = 5.6998 > 2.8663 (p-value = 0.0027 < 0.05). 
There is evidence that the mean strength of suppliers is different. 

Critical range = 3.359. Supplier | has a mean strength that is less than 

suppliers 2 and 3. 

11.38 (a) Because Fy747 = 0.075 < 3.68, do not reject Hp. (b) Because 

Fspar = 4.09 > 3.68, reject Hp. (e) Critical range = 1.489. Breaking 

strength is significantly different between 30 and 50 psi. 

11.40 (a) Because Fy747 = 0.1899 < 4.1132, do not reject Hp. 

There is insufficient evidence to conclude that there is any inter- 

action between type of breakfast and desired time. (b) Because 

Fsrar = 30.4434 > 4.1132, reject Ho. There is sufficient evidence to 

conclude that there is an effect due to type of breakfast. (c) Because 

F'srap = 12.4441 > 4.1132, reject Hp. There is sufficient evidence to 

conclude that there is an effect due to desired time. (e) At the 5% level of 

significance, both the type of breakfast ordered and the desired time have 

an effect on delivery time difference. There is no interaction between the 

type of breakfast ordered and the desired time. 

11.42 Interaction: Fs747 = 0.2169 < 3.9668 or p-value = 
0.6428 > 0.05. There is insufficient evidence of an interaction between 
piece size and fill height. Piece size: Fgr47 = 842.2242 > 3.9668 or 
p-value = 0.0000 < 0.05. There is evidence of an effect due to piece 
size. The fine piece size has a lower difference in coded weight. Fill 
height: Fs74r = 217.0816 > 3.9668 or p-value = 0.0000 < 0.05. There 
is evidence of an effect due to fill height. The low fill height has a lower 
difference in coded weight. 

CHAPTER 12 

12.2 (a) For df = 1 and a =.0.05, x2 = 3.841. (b) For df = 1 and 
a = 0.025, x* = 5.024. (c) For df = 1 and a = 0.01, x2 = 6.635. 

12.4 (a) All f, = 25. (b) Because y2747 = 4.00 > 3.841, reject Hp. 

12.6 (a) Ho: = 7. Hy:77, # 7p. (b) Because y2747 = 79.29 > 3.841, 
reject Ho. There is evidence to conclude that the population proportion of 
those who viewed the brand on general TV was different from those who 
viewed the brand on VOD D4+. p-value = 0.0000. The probability of 
obtaining a test statistic of 79.29 or larger when the null hypothesis is true 
is 0.0000. (c) You should not compare the results in (a) to those of Problem 
10.30 (b) because that was a one-tail test. 

12.8 (a) Ho: 7 = 7. Hy: 7 A mm. Because ye747 = (326 — 339.0878) / 
339.0878 + (97 — 83.9122)°/83.9122 + (167 — 153.9122)2/ 
153.9122 + (25 — 38.0878)?/38.0878 = 8.1566 > 6.635, reject Hp. 
There is evidence of a difference in the proportion of organizations with 
500 to 2,499 employees and organizations with 2,500+ employees with 
respect to the proportion that have employee recognition programs. 
(b) p-value = 0.0043. The probability of obtaining a difference in 
proportions that gives rise to ae Statistic above 8.1566 is 0.0043 if 
there is no difference in the proportion in the two groups. (c) The re- 
sults of (a) and (b) are exactly the same as those of Problem 10.32. The 
x in (a) and the Z in Problem 10.32 (a) satisfy the relationship that 
X° = 8.1566 = Z? = (—2.856)?, and the p-value in (b) is exactly 
the same as the p-value computed in Problem 10.32 (b). 

12.10 (b) Because x§r47 = 19.9467 > 3.841, reject Ho. There is evidence 
that there is a significant difference between the proportion of cobrowsing 
organizations and non-cobrowsing organizations that use skills-based 
routing to match the caller with the right agent. (¢) p-value is virtually 
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zero. The probability of obtaining a test statistic of 19.9467 or larger when 
the null hypothesis is true is 0.0000. (d) The results are identical because 
(4.4662)? = 19.9467. 

12.12 (a) The expected frequencies for the first tow are 20, 30, and 40. 
The expected frequencies for the second row are 30, 45, and 60. 
(b) Because y3747 = 12.5 > 5.991, reject Ho. 

12.14 (a) Because the calculated test Statistic 96.7761 is greater than 
the critical value of 7.8147, you reject Hp and conclude that there 
is evidence of a difference among the age groups in the proportion 
of smartphone owners who mostly use smartphones to go online. 
(b) p-value = 0.0000. The probability of obtaining a data set that gives 
rise to a test statistic of 96.7761 or more is 0.0000 if there is no differ- 
ence in the proportion who mostly use smartphones to go online. 
(c) There is a significant difference between 18- to 29-year-olds and 
50- to 64-years-olds and those 65 and older, There is a significant dif- 
ference between 30- to 49-year-olds and 50- to 64-years-olds and those 
65 and older. There is a significant difference between those who are 
between 50 and 64 years old and those 65 years old or older. 

12.16 (a) Ho: = 7 = 7. H;:At least one proportion differs. 

Observed Frequencies 

Group 

Compensation value BE mest Employees _ Total 

Yes 28 76 66 170 

No 2 124 134 430 

Total 200 200 200 600 

Expected Frequencies 

Global Region 

Investing? NA E A Total 

Yes 56.6667 56.6667 56.6667 170 

No 143.3333 143.3333 143.3333 430 

Total 200 200 200 600 

Data 

Level of Significance 0.05 

Number of Rows 2 

Number of Columns 3 

Degrees of Freedom 2 

Results 

Critical Value 5.9915 

Chi-Square Test Statistic 31.5841 

0.0000 p-Value 

Reject the null hypothesis 

Because 31.5841 > 5.9915, reject Ho. 

There is a significant difference among business groups with respect 

to the proportion that say compensation (pay and rewards) makes for a 

unique and compelling EVP. (b) p-value = 0.0000. The probability of a 

test statistic greater than 31.5841 is 0.0000. (c) 

Square Root of Critical Value 2.4477 

Sample Proportions 

Group | 0.14 

Group 2 0.38 

Group 3 0.33 

Marascuilo Table 

Absolute —_ Critical 

Proportions Differences Range 

|Group 1 — Group 2| 0.124 0.1033 Significant 

|Group 1 — Group 3 0.19 0.1011 Significant 

|Group 2 — Group 3} 0.05 0.1170 Not significant 

Business executives are different from HR leaders and from employees. 

12.18 (a) Because y747 = 31.6888 > 5.9915, reject Hp. There 
is evidence of a difference in the percentage who use their device 

to check social media while watching TV between the groups. 

(b) p-value = 0.0000. (c) Smartphone versus computer: 0.1616 > 0.0835. 

Significant. Smartphone versus tablet: 0.1805 > 0.0917. Significant. 

Computer versus tablet: 0.0188 < 0.0998. Not significant. The smartphone 

group is different from the computer and tablet groups. 

12.20 df= 7 — 1c — 1) = C6 = 14 — 1) = 6. 

12.22 Because y$747 = 92.1028 > 16.919, reject Hp and conclude that 

there is evidence of a relationship between the type of dessert ordered and 

the type of entrée ordered, 

12.24 Because y%747 = 27.06509 < 31.9993, do not reject Hp. There is 

no evidence of a relationship between time willing to devote to health and 

age. 

12.26 Because y¢747 = 81.6061 > 47.3999 reject Ho. There is evidence of 

a relationship between identified main opportunity and geographic region. 

12.28 (a) 31. (b) 29. (c) 27. (d) 25. 

12.30 40 and 79. 

12.32 (a) The ranks for Sample | are 1, 2, 4, 5, and 10. The ranks for 

Sample 2 are 3, 6.5, 6.5, 8, 9, and 11. (b) 22. (c) 44. 

12.34 Because 7, = 22 > 20, do not reject Hp. 

12.36 (a) The data are ordinal. (b) The two-sample f test is inappropri- 

ate because the data can only be placed in ranked order. (c) Because 

Zstar = —2.2054 < —1.96, reject Ho. There is evidence of a significance 

difference in the median rating of California Cabernets and Washington 

Cabernets. 

12.38 (a) Hy: M,; = M;, where Populations: 1 = Wing A, 2 = Wing B. 

Hi: M, # My. 

Population 1 sample: Sample size 20, sum of ranks 561 

Population 2 sample: Sample size 20, sum of ranks 259 

n(n +1) 20(40 + 1) 
ie 2 a ) = 410 

ninxn + 1) pene 0) 
= = = 36.9685 

TF < 12 12 
T,—- Pr, 561 — 410 

= we = 4.0846 
Zstar oe 36.9685 

1 

Decision: Because Z5747 = 4.0846 > 1.96 (or p-value = 

0.0000 < 0.05), reject Hp. There is sufficient evidence of a difference in 

the median delivery time in the two wings of the hotel. 

(b) The results of (a) are consistent with the results of Problem 10.51. 
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12.40 (a) Because Zs747 = —0.5100 < —1.96, do not reject Hp. There is 

not enough evidence to conclude that there is a difference in the median 

brand value between the two sectors. (b) You must assume approximately 

equal variability in the two populations. (c) Using the pooled-variance 

t test and the separate-variance f test, you also did not reject the null 

hypothesis. From all three tests, you conclude that there is no difference 

in median brand value for the two sectors. 

12.42 (a) Because —1.96 < Zo747 = 0.9743 < 1.96 (or the p-value = 

0.3299 > 0.05), do not reject Hp. There is not enough evidence to con- 

clude that there is a difference in the median rating of ads that play before 

and after halftime. (b) You must assume approximately equal variability 

in the two populations. (¢) Using the pooled-variance f-test, you do not 

reject the null hypothesis (tf = —2.0032 < tc7yp = 1.1541 < 2.0032; 

p-value = 0.2534 > 0.05) and conclude that there is insufficient evi- 

dence of a difference in the mean rating of ads before and after halftime. 

in Problem 10.11 (a). 

12.44 (a) Decision rule: If H > x7) = 15.086, reject Ho. 

(b) Because H = 13.77 < 15.806, do not reject Hp. 

12.46 (a) H = 13.517 > 7.815, p-value = 0.0036 < 0.05, reject Hp. 

There is sufficient evidence of a difference in the median waiting time in the 

four locations. (b) The results are consistent with those of Problem 11.9. 

12.48 (a) H = 19.3269 > 9.488, reject Hp. There is evidence of a 

difference in the median ratings of the ads. (b) The results are consistent 

with those of Problem 11.10. (¢) Because the combined scores are not 

true continuous variables, the nonparametric Kruskal-Wallis rank test is 

more appropriate because it does not require that the scores are normally 

distributed. 

12.50 (a) Because H = 13.0522 > 7.815 or the p-value is 0.0045, reject 

Hp. There is sufficient evidence of a difference in the median cost associ- 
ated with importing a standardized cargo of goods by sea transport across 
the global regions. (b) The results are the same. 

12.56 (a) Because y¢747 = 0.412 < 3.841, do not reject Hy. There is 
insufficient evidence to conclude that there is a relationship between a 
student’s gender and pizzeria selection. (b) Because y¢r47 = 
2.624 < 3.841, do not reject Hp. There is insufficient evidence to con- 
clude that there is a relationship between a student’s gender and pizzeria 
selection. (c) Because x$747 = 4.956 < 5.991, do not reject Ho. There is 
insufficient evidence to conclude that there is a relationship between price 
and pizzeria selection. (d) p-value = 0.0839. The probability of a sample 
that gives a test statistic equal to or greater than 4.956 is 8.39% if the null 
hypothesis of no relationship between price and pizzeria selection is true. 

12.58 (a) Because y$747 = 7.4298 < 9.4877; p-value = 0.1148 > 0.05, 
do not reject Ho. There is not enough evidence to conclude that there 
is evidence of a difference in the proportion of organizations that have 
embarked on digital transformation on the basis of industry sector. 
(b) Because ySr4r = 38.09 > 21.0261; p-value = 0,0001 < 0.05, reject 
Hp. There is evidence of a relationship between digital transformation 
progress and industry sector. 

CHAPTER 13 

13.2 (a) Yes. (b) No. (c) No. (d) Yes. 

13.4 (a) The scatter plot shows a positive linear relationship. (b) For each 
increase in alcohol percentage of 1.0, mean predicted mean wine quality is 
estimated to increase by 0.5624. (c) Y = 5.2715. (d) Wine quality appears 
to be affected by the alcohol percentage. Each increase of 1% in alcohol 
leads to a mean increase in wine quality of a little more than half a unit. 

13.6 (b) bp = —13,130.6592, b; = 2.4218. (c) For each increase of 

$1,000 in tuition, the mean starting salary is predicted to increase by 

$2,421.80. (d) $199,047.01 (e) Starting salary seems higher for those 
schools that have a higher tuition. 

13.8 (b) by = —1,039.5317, b, = 8.5816. (c) For each additional million- 

dollar increase in revenue, the mean value is predicted to increase by an 

estimated $8.5816 million. Literal interpretation of bg is not meaningful 

because a team cannot have zero revenue. (d) $1,105.864 million. (e) That the 

current value of the team can be expected to increase as revenue increases. 

13.10 (b) by) = —0.7744, b, = 1.4030. (c) For each increase of million 

YouTube trailer views, the predicted weekend box office gross is esti- 

mated to increase by $1.4030 million. (d) $27.2847 million. (e) You can 

conclude that the mean predicted increase in weekend box office gross is 

$1.4030 million for each million increase in YouTube trailer views. 

13.12 SST = 40, r? = 0.90. 90% of the variation in the dependent varia- 
ble can be explained by the variation in the independent variable. 

13.14 r? = 0.75. 75% of the variation in the dependent variable can be 

explained by the variation in the independent variable. 

13.16 (a) 7? = = = ee = 0.3417, 34.17% of the variation 
SST 64.0000 

in wine quality can be explained by the variation in the percentage of 

alcohol. 

<2. \ -a=4 — VV 4@ 
(c) Based on (a) and (b), the model should be some- 

what useful for predicting wine quality. 

13.18 (a) r? = 0.7665. 76.65% of the variation in starting salary can be 

explained by the variation in tuition. (b) Syy = 15,944.3807. (c) Based 
on (a) and (b), the model should be very useful for predicting the starting 
salary. 

13.20 (a) r* = 0.9612, 96.12% of the variation in the current value of a 
MLB baseball team can be explained by the variation in its annual revenue. 
(b) Syy = 140.8188. (c) Based on (a) and (b), the model should be very 
useful for predicting the current value of a baseball team. 

13.22 (a) r> = 0.6676, 66.76% of the variation in weekend box office 
gross can be explained by the variation in YouTube trailer views. 
(b) Syy = 19.4447. (c) Based on (a) and (b), the model should be useful 
for predicting weekend box office gross. (d) Other variables that might 
explain the variation in weekend box office gross could be the amount 
spent on advertising, the timing of the release of the movie, and the type 
of movie. 

13.24 A residual analysis of the data indicates a pattern, with sizable 
clusters of consecutive residuals that are either all positive or all nega- 
tive. This pattern indicates a violation of the assumption of linearity. A 
curvilinear model should be investigated, 

13.26 There does not appear to be a pattern in the residual plot. The 
assumptions of regression do not appear to be seriously violated. 

13.28 Based on the residual plot, the assumption of equal variance may 
be violated. 

13.30 Based on the residual plot, there is no evidence of a pattern. 

13.32 (a) An increasing linear relationship exists. (b) There is evidence of 
a strong positive autocorrelation among the residuals. 

13.34 (a) No, because the data were not collected over time. (b) If data 
were collected at a single store and studied over a period of time, you 
would compute the Durbin-Watson statistic. 
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13.36 (a) 
_ SSXY _ 201,399.05 _ 
Rea Ss. 161 

OSX 2:495.6060 
by = Y — bX = 71.2621 — 0.0161 (4,393) = 0.4576. 

(b) Y = 0.458 + 0.0161X = 0.4576 + 0.0161(4,500) = 72.9867, or 
$72,987. (c) There is no evidence of a pattern in the residuals over time. 

n 

Ye ~ &- Ns 
i=2 1,243.2244 (@)D = =2— =e 

sé 599.0683 

i=1 

= 2.08 > 1.45. There is no 

evidence of positive autocorrelation among the residuals. (e) Based on a 
residual analysis, the model appears to be adequate. 

13.38 (a) bp = —2.535, b, = 0.06073. (b) $2,505.40. (d) D = 1.64 > 
dy = 1.42, so there is no evidence of positive autocorrelation among the 
residuals. (e) The plot shows some nonlinear pattern, suggesting that a non- 
linear model might be better. Otherwise, the model appears to be adequate. 

13.40 (a) 3.00. (b) = 2.1199. (¢) Reject Hp. There is evidence that the 
fitted linear regression model is useful. (d) 1.32 < B, = 7.68. 

bi — B, _ 0.5624 

Sp «0.1127 
There is evidence of a linear relationship between the percentage of 
alcohol and wine quality. 

(b) b + ty2S,, = 0.5624 + 2.0106 (0.1127) 0.3359 = B, S 0.7890. 

13.42 (a) is7aT = = 4.9913 > 2.0106. Reject Ho. 

13.44 (a) tsrar = 10.7174 > 2.0301; p-value = 0.0000 < 0.05. Reject Hp. 

There is evidence of a linear relationship between tuition and starting 

salary. (b) 1.963 = B, S 2.8805. 

13.46 (a) tspyr = 26.3347 > 2.0484 or because the p-value is 0.0000, 

reject Hp at the 5% level of significance. There is evidence of a linear 

relationship between annual revenue and current value. 

(b) 7.9141 = B, S 9.2491. 

13.48 (a) tsz47 = 11.3381 > 1.9977 or because the p-value = 

0.0000 < 0,05; reject Hp. There is evidence of a linear relationship 

between YouTube trailer views and weekend box office gross. 

(b) 1.1558 = B, S 1.6501. 

13.50 (a) (% daily change in SPUU) = by + 2.0 (% daily change in S&P 

500 index). (b) If the S&P 500 gains 10% in a year, SPUU is expected 

to gain an estimated 20%. (c) If the S&P 500 loses 20% in a year, SPUU 

is expected to lose an estimated 40%. (d) Risk takers will be attracted to 

leveraged funds, and risk-averse investors will stay away. 

13.52 (a), (b) First weekend and U.S. gross: r = 0.7284, ts747 = 

2.6042 > 2.4469, p-value = 0.0404 < 0.05. Reject Hp, At the 0.05 

level of significance, there is evidence of a linear relationship between 

first weekend sales and U.S. gross. First weekend and worldwide gross: 

r = 0.8233, teraz = 3.5532 > 2.4469, p-value = 0.0120 < 0.05. Reject 

Hp. At the 0.05 level of significance, there is evidence of a linear relationship 

between first weekend sales and worldwide gross. U.S. gross and worldwide 

gross: r = 0.9642, tsar = 8.9061 > 2.4469, p-value = 0.0001 < 0.05. 

Reject Hp. At the 0.05 level of significance, there is evidence of a linear 

relationship between U.S gross and worldwide gross. 

13.54 (a) r = 0.5674. There is a moderate linear relationship between 

social media networking and the GDP per capita. 

(b) tsr47 = 3.4454, p-value = 0.0020 < 0.05. Reject Ho. At the 0.05 

level of significance, there is significant evidence of a linear relationship 

between social media networking and the GDP per capita. 

(c) There appears to be a linear relationship. 

13.56 (a) 15.95 = pyjy—4 S 18.05. (b) 14.651 S Yo, = 19.349. 

(c) The intervals in this problem are wider than in Problem 13.55 because 

they involve X values that are different from the mean. 

13.58 (a) ¥ = —0.3529 + (0.5624)(10) = 5.2715 F + typSyy Vn, 
= 5.2715 + 2.0106(0,.9369) 0.0249 

= 4.9741 < pyiy—1o S 5.5690. 

(bP edie Sye'V I> hy 
= 5.2715 + 2.0106(0.9369)V/1 + 0.0249 

5 BGAS 25 Voc 2, 701786, 
(c) Part (b) provides a prediction interval for the individual response 

given a specific value of the independent variable, and part (a) provides 

a confidence interval estimate for the mean value, given a specific 

value of the independent variable. Because there is much more varia- 

tion in predicting an individual value than in estimating a mean value, 

a prediction interval is wider than a confidence interval estimate. 

13.60 (a) $103,638.95 = pyy—so4so = $114,455.06. 
(b) $76,229.52 = Yy—s0.459 S $141,864.49. (c) You can estimate a mean 

more precisely than you can predict a single observation. 

13.62 (a) 1,043.1911 = pyjy—os9 S 1,168.5370. (b) 810.6799 < Yy—59 

= 1,401.0480 (c) Because there is much more variation in predicting 

an individual value than in estimating a mean, the prediction interval is 

wider than the confidence interval. 

13.74 (a) by = 24.84, b; = 0.14. (b) For each additional case, the predicted 

delivery time is estimated to increase by 0.14 minute. The interpretation 

of the Y intercept is not meaningful because the number of cases delivered 

cannot be 0. (¢) 45.84. (d) No, 500 is outside the relevant range of the data 

used to fit the regression equation. (e) r? = 0.972. (f) There is no obvious 

pattern in the residuals, so the assumptions of regression are met. The model 

appears to be adequate. (g) teraz = 24.88 > 2.1009; reject Hp. 

(h) 44.88 S pyy=j50 S 46.80. 41.56 = Yy—159 S 50.12. 

(i) The number of cases explains almost all of the variation in delivery time. 

13.76 (a) by = 326.5935, b, = 0.0835. (b) For each additional square foot 

of living space in the house, the mean asking price is predicted to increase 

by $83.50. The estimated asking price of a house with 0 living space is 

326.5935 thousand dollars. However, this interpretation is not meaningful 

because the living space of the house cannot be 0. (¢) Y¥ = 493.6769 thou- 

sand dollars. (d) r? = 0.3979. So 39.79% of the variation in asking price is 

explained by the variation in living space. (e) Neither the residual plot nor 

the normal probability plot reveals any potential violation of the linearity, 

equal variance, and normality assumptions. (f) ts747 = 6.2436 > 2.0010, 

p-value is 0.0000, Because p-value < 0.05, reject Hp. There is evidence 

of a linear relationship between asking price and living space. 

(g) 0.0568 = 6, = 0.1103. (h) The living space in the house is somewhat 

useful in predicting the asking price, but because only 39.79% of the varia- 

tion in asking price is explained by variation in living space, other variables 

should be considered. 

13.78 (a) bp = 21.2034, b; = —0.1517. (b) For each additional point on 

the efficiency ratio, the predicted mean tangible common equity (ROATCE) 

is estimated to decrease by 0.1517. For an efficiency of 0, the predicted mean 

tangible common equity (ROATCE) is 21.2034. (¢) 12.0989. 

(d) r? = 0.1882. (e) There is no obvious pattern in the residuals, so the 

assumptions of regression are met. The model appears to be adequate. 

(f) tsrar = —4.7662 < —1.9845; reject Hp. There is evidence of a linear 

relationship between efficiency ratio and tangible common equity (ROATCE). 

(g) 11.4060 S pyyy=60 = 12.7918, 5.1534 = Yyo6g S 19.0444. 

(h) —0.2149 = B, = —0.0886. (i) There is a small relationship between 

efficiency ratio and tangible common equity (ROATCE). 
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13.80 (a) There is no clear relationship shown on the scatter plot. 

(c) Looking at all 23 flights, when the temperature is lower, there is 

likely to be some O-ring damage, particularly if the temperature is 

below 60 degrees. (d) 31 degrees is outside the relevant range, so a 

prediction should not be made. (e) Predicted Y = 18.036 — 0,240X, 

where X = temperature and Y = O-ring damage. (g) A nonlinear model 

would be more appropriate. (h) The appearance on the residual plot of a 

nonlinear pattern indicates that a nonlinear model would be better. It also 

appears that the normality assumption is invalid. 

13.82 (a) by) = —1.3477, b} = 0.0121. (b) For each additional million- 

dollar increase in revenue, the current value will increase by an estimated 

0.0121 billion, Literal interpretation of bp is not meaningful because 

an operating franchise cannot have zero revenue. (¢) 469.117 million. 

(d) r? = 0.8288. 82.88% of the variation in the current value of an NBA 

basketball team can be explained by the variation in its annual revenue. 

(e) There does not appear to be a pattern in the residual plot. The 

assumptions of regression do not appear to be seriously violated. 

(f) tsrar = 11.6473 > 2.0484 or because the p-value is 0.0000, reject Hp 

at the 5% level of significance. There is evidence of a linear relationship 

between annual revenue and current value. 

(g) 0.1913 S pyjy=159 S 0.74697 billions. (h) —0.2569 S Yy—159 = 

1.1951 billions. (i) The strength of the relationship between revenue and 

current value is approximately the same for NBA basketball teams and 

for European soccer teams but lower than for MLB baseball teams. 

13.84 (a) by) = —2,629.222, b, = 82.472. (b) For each additional 

centimeter in circumference, the weight is estimated to increase by 

82.472 grams. (c) 2,319.08 grams. (d) Yes, because circumference is a 

very strong predictor of weight. (e) r> = 0.937. (f) There appears to be a 

nonlinear relationship between circumference and weight. (g) p-value is 

virtually 0 < 0.05; reject Ho. (h) 72.7875 S B, S 92.156. 

CHAPTER 14 

14.2 (a) For each one-unit increase in X |, you estimate that the mean of 

Y will decrease 2 units, holding X, constant. For each one-unit increase 

in X>, you estimate that the mean of Y will increase 7 units, holding X; 

constant. (b) The Y intercept, equal to 50, estimates the value of Y when 

both X; and X; are 0. 

14.4 (a) ¥ = 1.3960 — 0.0117X, + 0.0286X). (b) For a given capital 
adequacy, for each increase of 1 % in efficiency ratio, ROAA decreases by 
0.0117%. For a given efficiency ratio, for each increase of 1% in capital 
adequacy, ROAA increases by 0.0286% (c) ys 1.1214, 
(d) 1.0798 = pyy = 1.1629. (e) 0.5679 = ¥y = 1.6749. (f) The 
interval in (e) is narrower because it is estimating the mean value, not an 
individual value. (g) The model uses both the efficiency ratio and capital 
adequacy to predict ROA. This may produce a better model than if only 
one of these independent variables is included. 

14.6 (a) Y = 301.78 + 3.4771X, + 41.041X). (b) For a given amount of 
voluntary turnover, for each increase of $1 billion in worldwide revenue, 
the mean number of full-time jobs added is predicted to increase by 
3.4771. For a given $1 billion in worldwide revenue, for each increase of 
1% in voluntary turnover, the mean number of full-time jobs added is pre- 
dicted to increase by 41.041. (c) The Y intercept has no meaning in this 
problem. (d) Holding the other independent variable constant, voluntary 
turnover has a higher slope than worldwide revenue. 

14.8 (a) Y = 532.2883 + 407.1346X, — 2.8257X,, where xX,= 
land area, X. = age. (b) For a given age, each increase by one acre in 
land area is estimated to result in an increase in the mean fair market 
value by $407.1346 thousands. For a given Jand area, each increase of 
one year in age is estimated to result in a decrease in the mean fair market 
value by $2.8257 thousands. (c) The interpretation of bo has no practical 

meaning here because it would represent the estimated fair market value 

of a new house that has no land area. (d) ¥Y = $478.6577 thousands. 

(e) 446.8367 = Py\y = 510.4788. (f) 307.2577 = ¥y S 650.0577. 

14.10 (a) MSR = 15, MSE = 12. (b) 1.25. (c) Fez47 = 1.25 < 4.10; do 

not reject Hp. (d) 0.20. 20% of the variation in Y is explained by variation 

in X. (e) 0.04. 

14,12 p-value for revenue is 0.0395 < 0.05 and the p-value for efficiency 

is less than 0.0001 < 0.05. Reject Hy for each of the independent varia- 

bles. There is evidence of a significant linear relationship with each of the 

independent variables. 

14.14 (a) Fs747 = 37.8384 > 3.00; reject Ho. (b) p-value = 0.0000. The 

probability of obtaining an F747 value > 37.8384 if the null hypothesis 

is true is 0.0000. (c) r° = 0.2785. 27.85% of the variation in ROAA can 

be explained by variation in efficiency ratio and variation in risk-based 

capital. (d) reaj = 0.2712. 

14.16 (a) Fs747 = 1.95 < 3.15; Do not reject Hp. There is insufficient 

evidence of a significant linear relationship. (b) p-value = 0.1512. The 

probability of obtaining an Fs747 value > 1.95 if the null hypothesis is 

true is 0.1512. (ec) r? = 0.0610. 6.10% of the variation in full-time jobs 

added can be explained by variation in worldwide revenue and variation 

in full-time voluntary turnover. (d) thdj = 0.0297. 

14.18 (a) — (e) Based on a residual analysis, there is no evidence of a 

violation of the assumptions of regression. 

14.20 (a) There is no evidence of a violation of the assumptions. 

(b) Because the data are not collected over time, the Durbin-Watson 

test is not appropriate. (c) They are valid. 

14,22 (a) The residual analysis reveals no patterns. (b) Because the data 

are not collected over time, the Durbin-Watson test is not appropriate. 

(c) There are no apparent violations in the assumptions. 

14.24 (a) Variable X, has a larger slope in terms of the f statistic of 3.75 

than variable X,, which has a smaller slope in terms of the ¢ statistic of 

3.33. (b) 1.46824 = B, = 6.53176. (c) For X; : tsr4y = 3.33 > 2.1098. 
Reject Ho. There is evidence that X; contributes to a model already con- 
taining X>. For X>: tsr4r = 3.75 > 2.1098. Reject Hp. There is evidence 
that X contributes to a model already containing X;. Both X, and X; 
should be included in the model. 

14.26 (a) 95% confidence interval on B,:b; + tS,,, —0.0117 = 1.98 
(0.0022), -0.0161 = B, = —0.0074. (b) For X; : tsz47 = b/Sp, = 
—0.0177/0.0022 = —5.3415 < —1.98. Reject Ho. There is 
evidence that X, contributes to a model already containing X. For 
X2: tsrar = by/Sp, = 0.0286/0.0054 = 5.2992 > 1.98. Reject Hp. 
There is evidence that X, contributes to a model already containing X). 
Both X, (efficiency ratio) and X) (total risk-based capital) should be 
included in the model. 

14,28 (a) —5.8682 = B, = 12.8225. (b) For X, : tsrar = 
0.7443 < 2.0003. Don’t reject Ho. There is insufficient evidence that X, 
contributes to a model already containing X>. For X2: tsrar = 1.8835 
< 2.0003. Do not reject Hp. There is insufficient evidence that X> 
contributes to a model already containing X;. Neither variable contributes 
to a model that includes the other variable. You should consider using 
only a simple linear regession model. 

14.30 (a) 274.1702 = B, < 540.0990. (b) For X, 3 terar = 6.2827 
and p-value = 0.0000. Because p-value < 0.05, reject Hp. There 
is evidence that X, contributes to a model already containing X>. For 
X2 : Isrsr = —4.1475 and p-value = 0.0003. Because p-value < 0.05 
reject Ho. There is evidence that X, contributes to a model already contain- 
ing X;. Both X, (land area) and X, (age) should be included in the model. 
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14.32 (a) For X\: Ferap = 1.25 < 4,96: do not reject Ho. For 
Xo: Fsrar = 0.833 < 4.96: do not reject Hp. (b) 0.1111, 0.0769. 

14.34 (a) For X,: SSR(X,|X) = SSR (X, and X;) — SSR(X) = 

5.9271 — 3.6923 = 2.2348 Ferap = pe Nee 
MSE 

2.2348 
15.3521/196 28.5227 > 3.897. Reject Ho. There is evidence that X, 

contributes to a model already containing X>, For X>: SSR(X>|X)) = 
SSR (X, and X>) — SSR(X,) = 5.9271 — 3.7275 = 2.1996. 

SSR(X2|X1)_ 2.1996 
MSE 15.3521/196 

Reject Hp. There is evidence that X, contributes to a model already 
containing X;. Because both X, and X, make a significant contribution to 
the model in the presence of the other variable, both variables should be 
included in the model. 

sar = 28.0823 > 3.897. 

SSR(X,| X>) 
SST — SSR(X; and X3) + SSR(X,| X>) 

= aay = 0.1271 
PIP IS O2ey. P 2 23497 

Holding constant the effect of the total risk based capital, 12.71% of the 
variation in ROAA can be explained by the variation in efficiency ratio. 

SSR(X3|X)) 
SST — SSR(X, and Xz) + SSR(X>| X,) 

a 2.1996 

eyOUg791 5927121996. 
Holding constant the effect of efficiency ratio 12.53% of the variation in 

ROAA can be explained by the variation in the total risk-based capital. 

(b) Fi2 = 

2 
in = 

14.36 (a) For X;: Fsr4r7 = 0.554 < 4.00; Don’t reject Ho. There is 

insufficient evidence that X, contributes to a model containing X>. For 

Xo: Fspar = 3.5476 < 4.00. Do not reject Ho. There is insufficient 

evidence that X, contributes to a model already containing X,. Because 

only X, makes a significant contribution to the model in the presence of the 

other variable, only X; should be included in the model. (b) 4,7 = 0.0091. 
Holding constant the effect of full-time voluntary turnover, 0.91% of the 

variation in full-time jobs added be explained by the variation in total 

worldwide revenue . 77>; = 0.0558. Holding constant the effect of total 

worldwide revenue, 5.58% of the variation in full-time jobs created can be 

explained by the variation in full-time voluntary turnover. 

14.38 (a) Holding constant the effect of X>, for each increase of one 

unit of X,, Y increases by 4 units. (b) Holding constant the effect of X, 

for each increase of one unit of X>, Y increases by 2 units. (c) Because 

tsray = 3.27 > 2.1098, reject Hp. Variable X> makes a significant contri- 

bution to the model. 

14.40 (a) ¥Y = 243.7371 + 9.2189X, + 12.6967X>, where X, = number 
of rooms and X, = neighborhood (east = 0). (b) Holding constant the 

effect of neighborhood, for each additional room, the mean selling price 

is estimated to increase by 9.2189 thousands of dollars, or $9,218.9. 

For a given number of rooms, a west neighborhood is estimated to 

increase the mean selling price over an east neighborhood by 12.6967 

thousands of dollars, or $12,696.7. (c) Y= 326.7076, or $326,707.6. 

$309,560.04 = Yy S 343,855.1. $321,471.44 S wyyy S $331, 943.71. 

(d) Based on a residual analysis, the model appears to be adequate. 

(e) Fsrar = 55.39, the p-value is virtually 0. Because p-value < 0.05, 

reject Ho. There is evidence of a significant relationship between selling 

price and the two independent variables (rooms and neighborhood). (f) For 

Xi terar = 8.9537, the p-value is virtually 0. Reject Ho. Number of rooms 

makes a significant contribution and should be included in the model. For 

Xi trap = 3.5913, p-value = 0.0023 < 0.05. Reject Ho. Neighborhood 

makes a significant contribution and should be included in the model. Based 

on these results, the regression model with the two independent variables 
should be used. (g) 7.0466 = B, = 11.3913. (h) 5.2378 = B) = 20.1557. 
(i) rey = 0.851. (j) 721.5 = 0.825. Holding constant the effect of neighbor- 
hood, 82.5% of the variation in selling price can be explained by variation in 
number of rooms. 4, = 0.431. Holding constant the effect of number of 
rooms, 43.1% of the variation in selling price can be explained by varia- 
tion in neighborhood. (k) The slope of selling price with number of rooms 
is the same, regardless of whether the house is located in an east or west 

neighborhood. (1) Y= 253,95 + 8.032, — 5.90X, + 2.089X,X>. For 

X, Xp, p-value = 0,330. Do not reject Hp. There is no evidence that the 

interaction term makes a contribution to the model. (m) The model in (b) 

should be used. (n) The number of rooms and the neighborhood both signif- 

icantly affect the selling price, but the number of rooms has a greater effect. 

14.42 (a) Predicted time = 8.01 + 0.00523 Depth — 2.105 Dry. 

(b) Holding constant the effect of type of drilling, for each foot increase 

in depth of the hole, the mean drilling time is estimated to increase by 

0.00523 minutes. For a given depth, a dry drilling hole is estimated to 

reduce the drilling time over wet drilling by a mean of 2.1052 minutes. 

(c) 6.428 minutes, 6.210 = pyjy = 6.646, 4.923 = Yy S 7.932. 

(d) The model appears to be adequate. (e) Psy = 111.11 > 3.09; reject 

Ap. (f) tsrar = 5.03 > 1.9847; reject Ho. tsrar = —14.03 < —1.9847; 

reject Ho. Include both variables. (g) 0.0032 = 6, = 0.0073. 

(h) —2.403 = B, S —1,808. (i) 69.0%. (j) 0.207, 0.670. (k) The slope of 

the additional drilling time with the depth of the hole is the same, regard- 

less of the type of drilling method used. (I) The p-value of the interaction 

term = 0.462 > 0.05, so the term is not significant and should not be 

included in the model. (m) The model in part (b) should be used. Both 

variables affect the drilling time. Dry drilling holes should be used to 

reduce the drilling time. 

14.44 (a) Y = 1.1079 — 0.0070X, + 0.0448X, — 0.0003X,X>, 

where X, = efficiency ratio, X, = total risk-based capital, p-value = 

0.4593 > 0.05. Do not reject Hp. There is not enough evidence that the 

interaction term makes a contribution to the model. (b) Because there is 

insufficient evidence of any interaction effect between efficiency ratio and 

total risk-based capital, the model in Problem 14.4 should be used. 

14.46 (a) The p-value of the interaction term = 0.1650 < 0.05, so the 

term is not significant and should be not included in the model. (b) Use 

the model developed Problem 14.6. 

14.48 (a) For X, X>, p-value = 0.2353 > 0.05. Do not reject Hp. There is 

insufficient evidence that the interaction term makes a contribution to the 

model. (b) Because there is not enough evidence of an interaction effect 

between total staff present and remote hours, the model in Problem 14.7 

should be used, 

14.50 Holding constant the effect of other variables, the natural logarithm 

of the estimated odds ratio for the dependent categorical response will in- 

crease by 2.2 for each unit increase in the particular independent variable. 

14,52 0.4286. 

14.54 (a) In(estimated odds ratio) = —6.9394 + 0.1395X, + 

2.7743X, = —6.9394 + 0.1395(36) + 2.7743(0) = —1.91908. 

Estimated odds ratio = 0.1470, Estimated Probability of Success = 

Odds Ratio/(1 + Odds Ratio) = 0.1470/(1 + 0.1470) = 0.1260. 

(b) From the text discussion of the example, 70.2% of the individ- 

uals who charge $36,000 per annum and possess additional cards 

can be expected to purchase the premium card. Only 12.60% of 

the individuals who charge $36,000 per annum and do not pos- 

sess additional cards can be expected to purchase the premium 

card. For a given amount of money charged per annum, the likeli- 

hood of purchasing a premium card is substantially higher among 

individuals who already possess additional cards than for those 

who do not possess additional cards. (¢) In (estimated odds ratio) 
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= —6.9394 + 0.13957X, + 2.7743X, = —6.9394 + 0.1395(18) + 

2.7743(0) = —4.4298. Estimated odds ratio = e 44° = 0.0119. 
Estimated Probability of Success = Odds Ratio/(1 + Odds Ratio) = 

0,0119/(1 + 0.0119) = 0.01178. (d) Among individuals who do not 

purchase additional cards, the likelihood of purchasing a premium card 

diminishes dramatically with a substantial decrease in the amount 

charged per annum. 

14.56 (a) In(estimated odds) = —47.4723 + 1.3099 fixed acidity + 

90.5722 chlorides + 9.777 pH. (b) Holding constant the effect of 

chlorides and pH, for each increase of one point in fixed acidity, In 

(estimated odds) increases by an estimate of 1.3099. Holding constant the 

effect of fixed acidity and pH, for each increase of one point in chlorides, 

In(estimated odds) increases by an estimate of 90,5722. Holding constant 

the effect of fixed acidity and chlorides, for each increase of one point in 

pH, In(estimated odds) increases by an estimate of 9.777. (c) 0.3686. 

(d) Deviance = 54.456, p-value = 1.0000, do not reject Hp, so model 

is adequate. (e) For fixed acidity: Zy747 = 3.17 > 1.96, reject Hy. For 

chlorides: Zs747 = 4.00 > 1.96, reject Hp. For pH: Zs747 = 3.29 > 1.96, 

reject Hp. Each variable makes a significant contribution to the model, 

(f) Fixed acidity, chlorides, and pH are all important factors in distinguish- 

ing between white and red wines. 

14.58 (a) In(estimated odds) = —0.6048 + 0.0938 claims/year + 

1.8108 new business. (b) Holding constant the effects of whether the 

policy is new, for each increase of the number of claims submitted 

per year by the policy holder, In(odds) increases by an estimate of 

0.0938. Holding constant the number of claims submitted per year 

by the policy holder, In(odds) is estimated to be 1.8108 higher when 

the policy is new as compared to when the policy is not new. 

(c) In(estimated odds ratio) = 1.2998. Estimated odds ratio = 3.6684 

Estimated probability of a fraudulent claim = 0.7858. (d) The 

deviance statistic is 119.4353 with a p-value = 0.0457 < 0.05. 

Reject Ho. The model is not a good fitting model. (e) For claims/year: 

Zstar = 0.1865, p-value = 0.8521 > 0.05. Do not reject Hp. There is 

insufficient evidence that the number of claims submitted per year by the 

policy holder makes a significant contribution to the logistic regression 

model. For new business: Zs747 = 2.2261, p-value = 0.0260 < 0.05. 

Reject Ho. There is sufficient evidence that whether the policy is new 
makes a significant contribution to the logistic model regression, 

(f) In(estimated odds) = —1.0125 + 0.9927 claims/year. 

(g) In(estimated odds) = —0.5423 + 1.9286 new business. 

(h) The deviance statistic for (f) is 125.0102 with a 

p-value = 0.0250 < 0.05. Reject Hp. The model is not a good 
fitting model. The deviance statistic for ( g) is 119.4702 witha 
p-value = 0.0526 > 0.05. Do not reject Hy. The model is a good fitting 
model. The model in (g) should be used to predict a fraudulent claim. 

14,60 (a) In(estimated odds) = 1.252 — 0.0323 Age + 2.2165 
subscribes to the wellness newsletters. (b) Holding constant the 
effect of subscribes to the wellness newsletters, for each increase of 
one year in age, In(estimated odds) decreases by an estimate of 0.0323. 
Holding constant the effect of age, for a customer who subscribes to 
the wellness newsletters, In(estimated odds) increases by an estimate of 
2.2165. (¢) 0.912. (d) Deviance = 102.8762, p-value = 0.3264. Do not 
reject Hy so model is adequate. (e) For Age: Z = —1.8053 > —1.96, 
Do not reject Ho. For subscribes to the wellness newsletters: 
Z = 4.3286 > 1.96, Reject Ho. (f) Only subscribes to wellness 
newsletters is useful in predicting whether a customer will purchase 
organic food. 

14,72 (a) Y = ~3.9152 + 0.03 19X, + 4.2228X3, where X, = number 
cubic feet moved and X, = number of pieces of large furniture. 
(b) Holding constant the number of pieces of large furniture, for each 
additional cubic foot moved, the mean labor hours are estimated to 

increase by 0.0319. Holding constant the amount of cubic feet moved, 

for each additional piece of large furniture, the mean labor hours are es- 

timated to increase by 4.2228. (c) y= 20.4926. (d) Based on a residual 

analysis, the errors appear to be normally distributed. The equal-variance 

assumption might be violated because the variances appear to be larger 

around the center region of both independent variables. There might 

also be violation of the linearity assumption. A model with quadratic 

terms for both independent variables might be fitted. (e) F747 = 228.80, 

p-value is virtually 0 < 0.05, reject Ho. There is evidence of a significant 

relationship between labor hours and the two independent variables (the 

amount of cubic feet moved and the number of pieces of large furniture). 

(f) The p-value is virtually 0. The probability of obtaining a test statistic 

of 228.80 or greater is virtually O if there is no significant relationship 

between labor hours and the two independent variables (the amount of 

cubic feet moved and the number of pieces of large furniture). 

(g) r? = 0.9327. 93.27% of the variation in labor hours can be explained 

by variation in the number of cubic feet moved and the number of pieces 

of large furniture. (h) r24, = 0.9287. (i) For Xj: tsr,47 = 6.9339, the 
p-value is virtually 0. Reject Hy. The number of cubic feet moved makes 

a significant contribution and should be included in the model. For 

X5: tsrap = 4.6192, the p-value is virtually 0. Reject Hy. The number of 

pieces of large furniture makes a significant contribution and should be 

included in the model. Based on these results, the regression model with 

the two independent variables should be used. (j) For Xj: ter47 = 6.9339, 

the p-value is virtually 0. The probability of obtaining a sample that 

will yield a test statistic greater than 6.9339 is virtually 0 if the num- 

ber of cubic feet moved does not make a significant contribution, 

holding the effect of the number of pieces of large furniture constant. 

For X3: tsrar = 4.6192, the p-value is virtually 0. The probability of 

obtaining a sample that will yield a test statistic greater than 4.6192 is 

virtually 0 if the number of pieces of large furniture does not make a 

significant contribution, holding the effect of the amount of cubic feet 

moved constant. (k) 0.0226 = B,; < 0.0413. (I) rj, = 0.5930. Holding 
constant the effect of the number of pieces of large furniture, 59.3% of 

the variation in labor hours can be explained by variation in the amount 

of cubic feet moved. rj); = 0.3927. Holding constant the effect of the 
number of cubic feet moved, 39.27% of the variation in labor hours can 
be explained by variation in the number of pieces of large furniture. 
(m) Both the number of cubic feet moved and the number of large pieces 
of furniture are useful in predicting the labor hours, but the cubic feet 
moved is more important. 

14.74 (a) ¥ = 360.2158 + 0.0775X, — 0.4122X>, where X; = house 
size and X, = age. (b) Holding constant the age, for each additional 
square foot in the size of the house, the mean asking price is estimated to 
increase by 77.50 thousand dollars. Holding constant the living space of 
the house, for each additional year in age, the asking price is estimated to 
decrease by 0.4122 thousand dollars. (¢) y= 492.5316 thousand dollars. 
(d) Based on a residual analysis, the model appears to be adequate. 
(e) Fsrar = 19.4909, the p-value = 0.0000 < 0.05, reject Ho. There 
is evidence of a significant relationship between asking price and the 
two independent variables (size of the house and age). (f) The p-value is 
0.0000. The probability of obtaining a test statistic of 19.4909 or greater is 
virtually 0 if there is no significant relationship between asking price and 
the be independent variables (living space of the house and age). 
(g) r? = 0.4019. 40.19% of the variation in pie price can be explained 
by variation in the size of the house and age. (h) radi = 0.3813. (i) For 
X\: tsrar = 4.6904, the p-value is 0.0000. Reject Ho. The living space 
of the house makes a significant contribution and should be included in 
the model. For X): ts74r = —0.6304, p-value = 0.5309 > 0.05. Do not 
reject Ho. Age does not make a significant contribution and should not be 
included in the model. Based on these results, the regression model with 
only the size of the house should be used. (j) For X;: 1 tsrar = 4.6904. The 
probability of obtaining a sample that will yield a test statistic farther away 
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than 4.6904 is 0.0000 if the living space does not make a significant contri- 
bution, holding age constant. For X: tsrar = —0,6304, The probability of 
obtaining a sample that will yield a test statistic further away than 0.6304 
is 0.5309 if the age does not make a significant contribution holding the ef- 
fect of the living space constant. (k) 0.0444 < B, S 0.1106. You are 95% 
confident that the asking price will increase by an amount somewhere be- 
tween $44.40 thousand and $110.60 thousand for each additional thousand 
square foot increase in living space, holding constant the age of the house. 
In Problem 13.76, you are 95% confident that the assessed value will 
increase by an amount somewhere between $56.8 thousand and $110.30 
thousand for each additional 1,000 square foot increase in living space, 
regardless of the age of the house. (I) 7}; 5 = 0.2750. Holding constant the 
effect of the age of the house, 27.50% of the variation in asking price can 
be explained by variation in the living space of the house. Tin, = 0.0068: 
Holding constant the effect of the size of the house, 0.68% of the 
variation in asking price can be explained by variation in the age of the 
house. (m) Only the living space of the house should be used to predict 
asking price. 

14.76 (a) Y = —90.2166 + 9.2169X, + 2.5069X>, where X, = asking 
price and X, = age. (b) Holding age constant, for each additional $1,000 

in asking price, the taxes are estimated to increase by a mean of $9.2169 

thousand. Holding asking price constant, for each additional year, the taxes 

are estimated to increase by $2.5069: (¢) y= $3,721.90. (d) Based on a 

residual analysis, the errors appear to be normally distributed. The equal- 

variance assumption appears to be valid. However, there is one very large 

residual that is from the house that is 107 years old. Removing this point, 

still leaves a residual for the house that has an asking price of $550,000 

and is 52 years old. However, because this model is an almost perfect fit, 

you may want to use this model. In this model, age is no longer significant. 

(e) Fs74r = 1,677.8619, p-value = 0.0000 < 0.05, reject Hp. There is 

evidence of a significant relationship between taxes and the two independ- 

ent variables (asking price and age). (f) p-value = 0.0000. The probability 

of obtaining an F747 test statistic of 1,677.8619 or greater is virtually 0 

if there is no significant relationship between taxes and the two inde- 

pendent variables (asking price and age). (g) r? = 0.9830, 98.30% of the 

variation in taxes can be explained by variation in asking price and age. 

(h) edi = 0.9824. (i) For Xj: tsr47 = 53.7184, p-value = 0.0000 < 0.05. 

Reject Hp. The asking price makes a significant contribution and should be 

included in the model. For X): ts747 = 2.7873, p-value = 0.0072 < 0.05. 

Reject Hp. The age of a house makes a significant contribution and should 

be included in the model. Based on these results, the regression model 

with asking price and age should be used. (j) For X;: p-value = 0.0000. 

The probability of obtaining a sample that will yield a test statistic greater 

than 53.7184 is 0.0000 if the asking price does not make a significant 

contribution, holding age constant. For X,:; p-value = 0.0072. The 

probability of obtaining a sample that will yield a test statistic greater 

than 2.7873 is 0.0072 if the age of a house doezs not make a significant 

contribution, holding the effect of the asking price constant. 

(k) 8.8735 = B, = 9.5604. You are 95% confident that the mean taxes 

will increase by an amount somewhere between $8.87 and $9.56 for 

each additional $1,000 increase in the asking price, holding constant the 

age. In Problem 13.77, you are 95% confident that the mean taxes will 

increase by an amount somewhere between $5.968 and $11.03 for each 

additional $1,000 increase in asking price, regardless of the age. 

(I) r?;.. = 0.9803. Holding constant the effect of age, 98.03% of the 

variation in taxes can be explained by variation in the asking price. 

ri = (0.1181. Holding constant the effect of the asking price, 11.81% 

of the variation in taxes can be explained by variation in the age. 

(m) Based on your answers to (b) through (k), the age of a house has 

an effect on its taxes. However, given the results when the 107-year-old 

house is not included, the assessor can state that for houses that are not 

that old, that age does not have an effect on taxes. 

14.78 (a) Y = 160.6120 — 18,7181X, — 2.8903X;, where X, = ERA 
and X; = league (American = 0 National = 1). (b) Holding constant 

the effect of the league, for each additional earned run, the number of 

Wins is estimated to decrease by 18.7181. For a given ERA, a team in the 

National League is estimated to have 2.8903 fewer wins than a team in 

the American League. (¢) 76.3803 wins. (d) Based on a residual analysis, 

there is no pattern in the errors. There is no apparent violation of other 

assumptions. (€) Fs747 = 24.306 > 3.35, p-value = 0.0000 < 0.05, 

reject Hp. There is evidence of a significant relationship between 

wins and the two independent variables (ERA and league). (f) For 

X): tsrar = —6.9184 < —2.0518, the p-value = 0.0000, Reject Hy. ERA 

makes a significant contribution and should be included in the model. 

For X9: tsrary = —1.1966 > —2.0518, p-value = 0.2419 > 0.05. Do not 

reject Hp. The league does not make a significant contribution and should 

not be included in the model. Based on these results, the regression model 

with only the ERA as the independent variable should be used. 

(g) —24.2687 = B, = —13.1676. (h) —7.8464 = B = 2.0639. 

(i) radi = 0.6165. 61.65% of the variation in wins can be explained by the 

variation in ERA and league after adjusting for number of independent 

variables and sample size. (j) rj. = 0.6394. Holding constant the effect 

of league, 63.94% of the variation in number of wins can be explained 

by the variation in ERA. ry; = 0.0504. Holding constant the effect of 

ERA, 5.04% of the variation in number of wins can be explained by the 

variation in league. (k) The slope of the number of wins with ERA is the 

same, regardless of whether the team belongs to the American League or 

the National League. (I) For X;X»: tsz47 = 1.175 < 2.0555 the p-value is 

0.2506 > 0.05. Do not reject Hp. There is no evidence that the interaction 

term makes a contribution to the model. (m) The model with one inde- 

pendent variable (ERA) should be used. 

14.80 The multiple regression model is Predicted base 

salary = 48,091.7853 + 8,249.2156 (gender) + 1,061.4521 (age). 

Holding constant the age of the person, the mean base salary is predicted 

to be $8,249.22 higher for males than for females. Holding constant the 

gender of the person, for each addition year of age, the mean base salary is 

predicted to be $1,061.45 higher. The regression model with the two inde- 

pendent variables has F = 118.0925 and a p-value = 0.0000. So, you can 

conclude that at least one of the independent variable makes a significant 

contribution to the model to predict base pay. Each independent variable 

makes a significant contribution to the regression model given that the other 

variable is included. (ts747 = 3.9937, p-value = 0.0001 for gender and 

tsrar = 14.8592, p-value = 0.0000 for age). Both independent variables 

should be included in the model. 37.01% of the variation in base salary can 

be explained by gender and age. There is no pattern in the residuals and no 

other violations of the assumptions, so the model appears to be appropriate. 

Including an interaction term of gender and age does not significantly improve 

the model (f,,4, = —0.2371, p-value = 0.8127 > 0.05). You can conclude 

that females are paid less than males holding constant the age of the person. 

Perhaps other variables such as department, seniority, and score on a performance 

evaluation can be included in the model to see if the model is improved. 

14.82 b) = 18.2892 (die temperature), b; = 0.5976, (die diameter), 

by = —13.5108. The r’ of the multiple regression model is 0.3257 so 

32.57% of the variation in foam density can be explained by the variation 

of die temperature and die diameter. The F test statistic for the combined 

significance of die temperature and die diameter is 5.0718 with a p-value 

of 0.0160. Hence, at a 5% level of significance, there is enough evidence 

to conclude that die temperature and die diameter affect foam density. 

The p-value of the ¢ test for the significance of die temperature is 0.2117, 

which is greater than 5%. Hence, there is insufficient evidence to con- 

clude that die temperature affects foam density holding constant the effect 

of die diameter. The p-value of the ¢ test for the significance of die diame- 

ter is 0.0083, which is less than 5%.There is enough evidence to conclude 

that die diameter affects foam density at the 5% level of significance holding 
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constant the effect of die temperature. After removing die temperature 

from the model, by) = 107.9267 (die diameter), b) = —13.5108. The r? 

of the multiple regression is 0.2724. So 27.24% of the variation in foam 

density can be explained by the variation of die diameter. The p-value of 

the ¢ test for the significance of die diameter is 0.0087, which is less than 

5%. There is enough evidence to conclude that die diameter affects foam 

density at the 5% level of significance. There is some lack of equality in 

the residuals and some departure from normality. 

CHAPTER 15 

15.2 (a) Predicted HOCS is 2.8600, 3.0342, 3.1948, 3.3418, 3.4752, 

3.5950, 3.7012, 3.7938, 3.8728, 3.9382, 3.99, 4.0282, 4.0528, 4.0638, 

4.0612, 4.045, 4.0152, 3.9718, 3.9148, 3.8442, and 3.76. (c) The curvilinear 

relationship suggests that HOCS increases at a decreasing rate. [t reaches 

its maximum value of 4.0638 at GPA = 3.3 and declines after that as GPA 

continues to increase. (d) An r? of 0.07 and an adjusted r? of 0.06 tell you 

that GPA has very low explanatory power in identifying the variation in 

HOCS. You can tell that the individual HOCS scores are scattered widely 

around the curvilinear relationship. 

15.4 (a) ¥ = —5.5476 + 21.6158X, + 3.9112X, where X,; = alcohol % 

and X, = carbohydrates. F747 = 2,272.9982 p-value = 0,0000 < 0.05, 

So reject Hp. At the 5% level of significance, the linear terms are significant 

together. (b) ¥ = 10,3937 + 14.9055X, + 4.6043X, + 0.5054X7 — 

0.0029X3, where X, = alcohol % and X, = carbohydrates. 

(c) Ferar = 1,165.9130 p-value = 0.0000 < 0.05, so reject Hp. At the 

5% level of significance, the model with quadratic terms are significant. 

tsrar = 2.2394, and the p-value = 0.0212. Reject Ho. There is enough 

evidence that the quadratic term for alcohol % is significant at the 5% level 

of significance. fs747 = —1.3930, p-value = 0.1657. Do not reject Ho. 

There is insufficient evidence that the quadratic term for carbohydrates is 

significant at the 5% level of significance. Hence, because the quadratic 
term for alcohol is significant, the model in (b) that includes this term is 

better. (d) The number of calories in a beer depends quadratically on the 
alcohol percentage but linearly on the number of carbohydrates. The alcohol 
percentage and number of carbohydrates explain about 96.84% of the 
variation in the number of calories in a beer. 

15.6 (b) price = 18,029.9837 — 1,812.9389 age + 63.2116 age. 
(c) 18,029.9837 — 1,812.9389(5) + 63.2116(5)? = $10,545.58. 
(d) There are no patterns in any of the residual plots. (e) Fy747 = 
243.5061 > 3.27. Reject Hy. There is a significant quadratic relationship 
between age and price. (f) p-value = 0.0000. The probability of 
Fsrar = 243.5061 or higher is 0.0000, given the null hypothesis is true. 
(8) tsrar = 4.8631 > 2.0281. Reject Ho. (h) The probability of 
tsrar < —4.8631 or > 4.8631 is 0.0000, given the null hypothesis is true. 
(i) r? = 0.9312. 93.12% of the variation in price can be explained by the 
quadratic relationship between age and price. (j) adjusted r? = 0.9273. 
(k) There is a strong quadratic relationship between age and price. 

15.8 (a) 215.37. (b) For each additional unit of the logarithm of X), the 
logarithm of Y is estimated to increase by 0.9 unit, holding all other 
variables constant. For each additional unit of the logarithm of X>, the 
logarithm of Y is estimated to increase by 1.41 units, holding all other 
variables constant. 

15.10 (a) VY = 6.2448 + 0.7796X, + 0.1661X;, where 
X, = alcohol % and X, = carbohydrates. (b) The normal probability 
plot of the linear model showed departure from a normal distribution, so 
a square-root transformation of calories was done. Fyr47 = 1,732.8312. 
Because the p-value is 0.0000, reject Ah at the 5% level of significance. 
There is evidence of a significant linear relationship between the square root 
of calories and the percentage of alcohol and the number of carbohydrates, 
(c) r? = 0.9575. So 95.75% of the variation in the square root of calories 

can be explained by the variation in the percentage of alcohol and the 

number of carbohydrates. (d) Adjusted r? = 0.9569. (e) The model in 

Problem 15.10 iS better because the residual plot is not right skewed. 

15.12 (a) Predicted In(Price) = 9.7771 — 0.10622 Age. 

(b) $10,573.4350. (c) The model is adequate. (d) ts747 = —19.4814 < 

—2.0262; reject Hp. (e) 91.12%. 91.12% of the variation in the natural log 

of price can be explained by the age of the auto. (f) 90.88%. (g) Choose the 

model from Problem 15.6. That model has a higher adjusted r? of 92.73%. 

15.14 1.25. 

| ‘ 
5. 2 = 00634, VIF, = = 1.0677) Re =010634; 

raprrshen. pele | — 0.0634 : 

VIF, = = 1.0677. There is no evidence of collinearity 
1 — 0.0634 

because both V//'s are < 5S. 

15,18 VIF = 1.0066 < 5S. There is no evidence of collinearity. 

15.20 V/F = 1.0105. There is no evidence of collinearity. 

15.22 (a) 35.04. (b) C, > 3. This does not meet the criterion for 

consideration of a good model. 

15.24 Let Y = asking price, X,; = lot size, X; = living space, and 

X; = number of bedrooms. X; = number of bathrooms, X; = age, and 

Xo = fireplace (0 = No, 1 = Yes). Based on a full regression model 

involving all of the variables, all the V/F values (1.3953, 2.1175, 2.0878, 

2.3537, 1.7807, and 1.0939, respectively) are less than 5. There is no 

reason to suspect the existence of collinearity. Based on a best subsets 

regression and examination of the resulting C, values, the best model 

appear to be a model with variables X, and X,, which has C, = 0.8701. 

Models that add other variables do not change the results very much. 

Based on a stepwise regression analysis with all the original variables, 
only variables X, and X, make a significant contribution to the model at 
the 0.05 level. Thus, the best model is the model using the living area of 
the house (X2) and fireplace X, should be included in the model. This 

was the model developed in Section 14.6. 

15.30 (a) An analysis of the linear regression model with all of the three 
possible independent variables reveals that the highest VIF is only 1.06. 
A stepwise regression model selects only the supplier dummy variable 
for inclusion in the model. A best subsets regression produces only 
one model that has a C, value less than or equal to k + 1, the model 
that includes pressure and the supplier dummy variable. This model is 
¥ = 31.5929 + 0.7879X, + 13.1029X;. This model has F = 5.1088 
with a p-value = 0.027. r? = 0.4816, raj = 0.3873. A residual analysis 
does not reveal any strong patterns. The errors appear to be normally 
distributed. y 

15.32 (a) Best model: C, = 2.1558, predicted fair market value = 
260.6791 + 362.8318 land + 0.1109 house size (sq ft) — 1.7543 age. 
(b) The adjusted r* for the best model in 15.32(a), 15.33(a), and 15.34(a) 
are, respectively, 0.8242, 0.9047, and 0.8481. The model in 15.33(a) has 
the highest explanatory power after adjusting for the number of independ- 
ent variables and sample size. 

15.34 (a) Predicted fair maket value = 145.1217 + 149.9337 land + 
0.0913 house size (sq. ft.). (b) The adjusted r for the best model in 
15.32(a), 15.33(a), and 15.34(a) are, respectively, 0.8242, 0.9047, and 
0.8481. The model in 15.33(a) has the highest explanatory power after 
adjusting for the number of independent variables and sample size. 

15.36 Let Y = fair market value, X; = land area, X; = interior size, 
X3 = age, X, = number of rooms, X; = number of bathrooms, X, = 
garage size, X, = 1 if Glen Cove and 0 otherwise, and Xz, = 1 if Roslyn 
and 0 otherwise. (a) The V/Fs of X>, X;, and X; are greater than 5, 
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Dropping X> with the largest VIF, X; still has a VIF greater than 5, 
After dropping X, and X3, all remaining V/F's are less than 5 so there 
is NO reason to suspect collinearity between any pair of variables. 
The following is the multiple regression model that has the smallest 
C,(4.3211) and the highest adjusted r2(0,6815): 

Fair Market Value = 49,2379 + 579.0105 Land + 109.5767 Baths 
+ 48.2282 Garage + 213.2326 Roslyn 

The individual ¢ test for the significance of each independent variable at the 
5% level of significance concludes that only property size, baths, and 
the dummy variable Roslyn are significant given that the others are in the 
model. The following is the multiple regression result for the model chosen 
by stepwise regression: 

Fair Market Value = 30.3016 + 611.6910 Land + 130.7788 Baths 

+ 214.2567 Roslyn 

All the variables are significant individually at the 5% level of significance. 
Combining the stepwise regression and the best subsets regression results 
along with the individual f test results, the most appropriate multiple regression 
model for predicting the fair market value is the stepwise regression model. 
(b) The estimated fair market value in Roslyn is $214.2567 thousands above 
Glen Cove or Freeport for two otherwise identical properties. 

15.38 In the multiple regression model with catalyst, pH, pressure, tem- 
perature, and voltage as independent variables, none of the variables has 
a VIF value of 5 or larger. The best subsets approach showed that only 
the model containing X,, X>, X3, X4, and Xs should be considered, where 

X, = catalyst, X, = pH, X; = pressure, X, = temp, and X; = voltage. 

Looking at the p-values of the f statistics for each slope coefficient of the 

model that includes X, through X; reveals that pH level is not significant at 

the 5% level of significance (p-value = 0.2862). The multiple regression 

model with pH level deleted shows that all coefficients are significant indi- 

vidually at the 5% level of significance. The best linear model is determined 

to be ¥ = 3.6833 + 0.1548X, — 0.04197X3 — 0.4036X,4 + 0.4288Xs. 

The overall model has F = 77.0793, with a p-value that is virtually 0. 

r= 0.8726, adj = 0.8613. The normal probability plot does not suggest 

possible violation of the normality assumption. A residual analysis reveals a 

potential nonlinear relationship in temperature. The p-value of the squared 

term for temperature (0.1273) in the following quadratic transformation of 

temperature does not support the need for a quadratic transformation at the 

5% level of significance. The p-value of the interaction term between pres- 

sure and temperature (0.0780) indicates that there is not enough evidence 

of an interaction at the 5% level of significance. The best model is the one 

that includes catalyst, pressure, temperature, and voltage, which explains 

87.26% of the variation in thickness. 

15.40 Best subset regression produced several models that 

had C, = k + 1. They were XX; = 3.9, X>X3X4 = 3.3, and 

X|X>X3X, = 4.7. Stepwise regression produced a model that included 

only X> (median home value) and X,4 (average commuting time). Because 

X, (median home value), X; (violent crime rate), and average commut- 

ing time (X,) had a low C,, this model was chosen for further analysis. 

The residual plot for all the independent variables showed only random 

patterns and no violations in the assumptions. The model is 

Median average annual salary = 16,830 + 38.256 median 

home value ($000) — 9.534 

violent crime/ 100,000 residents 

+ 1,053 average commuting 

time in minutes 

The r2 of this model is 0.847, meaning that 84.7% of the variation in 

average annual salary can be explained by variation in median home 

value, variation in violent crime, and variation in average commuting time. 

CHAPTER 16 

16,2 

(a) Because you need data from four prior years to obtain the centered 
nine-year moving average for any given year and the first recorded value 
is for 1984, the first centered moving average value you can calculate is 
for 1988, 

(b) You would lose four years for the period 1984-87 because you do 

not have enough past values to compute a centered moving average. You 
will also lose the final four years of recorded time series because you 

do not have enough later values to compute a centered moving average. 

Therefore, you will lose a total of eight years in computing a series of 

nine-year moving averages. 

16.4 

(b) 

| Cl C2 C3 

Year Hours AVERI 

| 2008 Ppl * 

2 2009 i) 2.30000 

3 2010 2.4 2.43333 

4 2011 2.6 2.50000 

5) 2012 20 2.46667 

6 2013 2.3 2.39339 

q 2014 De PDR (Gis) 

8 2015 Pep 2.20000 

9 2016 ep) 2.16667 

10 2017 eK a 

(c) 

a Cl C2 C3 

Year Hours ES(W=0.50) 

| 2008 22, 2.20000 

2 2009 23 2.25000 

3 2010 2.4 2.32500 

4 2011 2.6 2.46250 

5 2012 AS) 2.48125 

6 2013 23 2.39063 

7 2014 Pp 229531 

8 2015 2.2 2.24766 

9 2016 DP) 2.22383 

10 2017 Apt 2.16191 

(d) Yooig = Eno = 2.16191 
(e) 

sh Cl C2 C4 

Year Hours ES (W=0.25) 

1 2008 apt 2.20000 

2; 2009 2.3 2.22500 

3 2010 2.4 2.26875 

4 2011 2.6 2.35156 

3) 2012 pis) 2.38867 

6 2013 23 2.36650 

7 2014 PUP) 2.32488 

8 2015 Pippt 2.29366 

9 2016 Mg) 2.27024 

10 2017 Pk 2.22768 

Aes = Eyo17 = 2.22768. 

(f) The exponential smoothing with W = 0.5 assigns more weight to 

the more recent values and is better for short-term forecasting, while the 
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exponential smoothing with W = 0.25, which assigns more weight to (e) 

more distant values, is better suited for identifying long-term tendencies. C1,T_ C2 C5 

(g) There is no perceptible trend in the number of hours spent per day by eds, Peete ee Ce aoe 

American desktop/laptop users from wine American ee aie 1830s 2.8 2.8000 
have consistently spent between 2 and 2.5 hours per day on their computers. gang 12.8 5.3000 

bee 1850s 6.6 5.6250 
(b) 1860s 12.5 7.3438 

C1-T C2 o 1870s | 7.5 7.3828 
Decade Performance(%) MA 3-VR 1880s 6.0 7.0371 

1830s 2.8 rs 1890s Sa 6.6528 

1840s 12.8 7.4000 1900s 10,9 7.7146 

1850s 6.6 10.6333 1910s hee 6.3360 

1860s hee) 8.8667 1920s 13.3 8.0770 

1870s re) 8.6667 1930s af: fe] OF Mb 

1880s 6.0 6.3333 1940s 9.6 6.5308 

1890s 3.3 7.4667 1950s 18.2 9.4481 

1900s 10.9 6.2000 1960s 8.3 9.1611 

1910s 2.2 8.8000 1970s 6.6 8.5208 
1920s 13.3 4.4333 1980s 16.6 10.5406 
1930s 2.2 6.9000 1990s S OLTG 12.3055 
1940s 9.6 8.5333 2000s ie. 9.5291 
1950s 18.2 12.0333 2010s 11.0 9.8968 
1960s 8.3 11.0333 “ 

1970s 6.6 10.5000 en find ey 
1980s 16.6 13.6000 (f) The exponentially smoothed forecast for 2020s is lower with a W of 
1990s 17.6 11.8000 0.50 compared to a W of 0.25. The exponential smoothing with W = 0.5 
2000s ld 9:9333 assigns more weight to the more recent values and is better for short-term 
2010s 11.0 * forecasting, while the exponential smoothing with W = 0.25, which 

assigns more weight to more distant values, is better suited for identifying 
(c) long-term tendencies. 

C1-T @2 C4 (g) Exponential smoothing with a W of 0.25 reveals a general upward 
Deradé Performance(%) ES(W=0.50) trend in the performance of stocks over the last several decades. 

1830s 2.8 2.8000 16.8 
1840s 12.8 7.8000 (b) 
1850s 6.6 7.2000 Year IPOs MA 3-YR 
1860s 12 9.8500 2001 84 * 
1870s Ap) 8.6750 2002 70 75.000 
1880s 6.0 7.3375 2003 71 122.333 
1890s aye) 6.4188 2004 226 167.667 
1900s 10.9 8.6594 2005 206 210.333 
1910s 2.2 5.4297 2006 199 206.000 
1920s 13,3 9.3648 2007 ; 213 141.000 
1930s m2 3.5824 2008 11 95.667 
1940s 9.6 6.5912 2009 63 76.000 
1950s 18.2 12.3956 2010 154 114.000 
1960s 8.3 10,3478 2011 125 135.667 
1970s 6.6 8.4739 2012 128 158.333 
1980s 16.6 12,5370 2013 222 208.333 
1990s 17.6 15.0685 2014 275 222,333 
2000s 1:2 8.1342 2015 170 183.333 
2010s 11.0 9.5671 2016 105 145.000 

2017 160 151.667 d) foonns = Exoiog = 9.5671. (d) Yoor0 2010s 
2018 190 * 
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(c) - (c) Year is 2002, X = 2002 — 1998 = 4. 
ear IPOs ES(W= 0.50 “ <0 7 Yoon. = 4.0 + 1.5(4) = 10.0 million dollars. 

2002 70 77.000 (d) Year is 2019, X = 2019 — 1998 = 21. 

2003 71 74.000 foots = 4.0 + 1.5(21) = 35.5 million dollars. 
2 2004 226 150.000 (e) Year is 2022, X = 2022 — 1998 = 24, 
2005 206 178.000 mn 
2006 199 188.500 Yoo09 = 4.0 + 1.5(24) = 40 million dollars, 

2007 213 200.750 16.12 
2008 11 105.875 (b) Regression Analysis: Bonus($000) versus Coded Year 

2009 63 84.438 Analysis of Variance 
2010 154 D) i i a gets Source DF  AdjSS AdjMS_ F-Value_ P-Value 
A 0 i: 5 02 Regression | 9506 9505.6 10.95 0.004 
ae 128 125.055 Coded Year l 9506 9505.6 10.95 0.004 
2013 222 173.527 Error 17 14760 868.2 
2014 275 " 224.264 Total 18 24265 
2015 170 197,132 Model Summary 
2016 105 151.066 

2017 160 155.533 : Ro Read) Bgatpred) 
2018 190 172.766 29.4654 39.17% 35.60% 26.37% 

Es Coefficients 
(d) Yao19 = Ex i 172.766 IPOs. 

(e) i Term Coef SECoef T-Value P-Value VIF 
Year IPOs ES (W = 0.25) Constant 98.2 18110) WES 0.000 

3001 84 84.000 Coded Year 4.08 NPS) Sy 0.004 1.00 

2002 70 80.500 Regression Equation 
2003 ail AS, 
2004 26 115.094 ‘ Bonus ($000) = 98.2 — 4.08 Coded Year 
2005 206 137.820 Y = 98.2 + 4.08X, where X = years relative to 2000. 

2006 199 ie ish e 
2007 113 168.086 (c) Regression Analysis: Bonus($000) versus Coded Year, Coded Year Sq 

2008 11 128.815 Analysis of Variance 

2009 63 112.361 
S DF AdjSS  AdjMS_ F-Val P-Val 2010 154 122.771 sR an Vl" heer ae 0 e ee ee 

aye, i hae ae Sat S 1 1330 1330.4 159 0.226 2013 222 148.872 TE aie, ; oath) 975 180.404 Error 16 13429 339°3 

' Total 18 24265 
2015 170 177.803 

2016 105 159.602 Model Summary 

2017 160 159.702 S R-sq R-sq(adj) R-sq(pred) 
2018 190 167218 28.9711 44.66% 37.14% 25.25% 

Yooi9 = Engg = 167.276 IPOs. Coefficients 

(f) The exponentially smoothed 2019 forecast for IPOs is lower with a Term Coef SECoef T-Value P-Value VIF 

W of 0.25 compared to a W of 0.50. The exponential smoothing with Conse 82.2 18.0 4.57 0.000 

W = 0.5 assigns more weight to the more recent values and is better for : : : : 

z forecasting, while the exponential smoothing with W = 0.25, Es ae gee a8 ONE ae re S e Coded Year Sq -0.313 0.249 -1.26 0.226 1461 which assigns more weight to more distant values, is better suited for 

identifying long-term tendencies. There appears to be a cyclical compo- “ ion ota 

i 0 
nent every several years with up and down cycles of the number of IPOs. egression Equation 

Bonus( $000) = 82.2 — 9.72 Coded Year — 0.313 Coded Year Sq 
16.10 (a) The Y-intercept by) = 4.0 is the fitted trend value reflecting Fs 

Y = 82.2 + 9.72X — 0.313X”, where X = years relative to 2000. the real total revenues (in millions of dollars) during the origin or base 

year 1998. 

(b) The slope b, = 1.5 indicates that the real total revenues are increasing 

at an estimated rate of 1.5 million per year. 
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(d) Regression Analysis: log Bonus versus Coded Year 16.14 

(b) Regression Analysis: Receipts versus Coded Year 
Analysis of Variance at 

Analysis of Variance 
Source DF AdjSS  AdjMS_ F-Value  P-Value 

Regression [~~ 0.1372 0.13716 = 12.41 0.003 Source DF = Adj SS Adj MS ibe P-Value 
Coded Year | 0.1372 0.13716 12.41 0,003 Regression | 30230638 30280638 916.97 0.000, 

Error 17 0.1879 0.01105 Coded Year | 30280638 30280638 916.97 0.000 

Total 18 0.325] Error 39 1287872 33022 

Total 40 31568511 
Model Summary 

Model Summary 
S R-sq R-sq(adj) R-sq(pred) 

~ 0.105130 42.20% 38.80% 28.52% S R-sq R-sq(adj) R-sq(pred) 
Cuchicients 181.721 95.92% 95.82% 95.42% 

Term Coef SE Coef T-Value  P-Value VIF pete rm ya 

TConstant 1.9727 0.0464 4252..0000  . Term Coef SECoef T-Value  P-Value VIF 

Coded Year 0.01551 0.00440 Sheave! 0,003 1.00 Constant 225.8 55.7 4.05 0.000 

Coded Year 72.63 2.40 30.28 0.000 1.00 
Regression Equation 

Regression Equation 

Receipts = 225.8 + 72.63 Coded Year 

logioY = 1.9727 + 0.01551(X), where X = years relative to 2000. Y = 225.8 + 72.63(X), where X = years relative to 1978. 

(e) Linear: Yq; = 98.2 + 4.08(19) = 175.72. 

log Bonus = 1.9727 + 0.01551 Coded Year 

(c) Yaoi9 = 225.8 + 72.63(41) = 3,203.63 billion. Yoono = 98.2 + 4.08(20) = 179.80. : 31 
a Yoong = 225.8 + 72.63(42) = 3,276.26 billion. 

Quadratic: Yoo9 = 82.2 + 9.72(19) — 0.313(19)? = 153.8870. (d) There is an upward trend in federal receipts from 1978 through 2018, 
Yoo) = 82.2 + 9.72(20) — 0.313(20)? = 151.40. which appears to be linear. 

Exponential: log,o¥2019 = 1.9727 + 0.01551(19) = 2.26739. TF 

Voorn = 1077679 = 185.093. (b) Linear: 
“ Regression Analysis: Solar Power Generated versus Coded Year logio%s0200 = 1.9727 + 0.01551(20) = 2.2829. 

Von = 0 = «191.8227, Analysis of Variance 

(f) Source DF Adj SS Adj MS __ F-Value P-Value 
First Second _ Percentage Regression 1 4447549704 4447549704 28.12 0.000 

Year Revenues Difference Difference Difference Coded Year 1 4447549704 4447549704 28.12 0.000 5000 100.5 ANIA AN/A ANIA Error 15 2372666419 158177761 
2001 74,1 ~26.4 #N/IA —- — 26.27% Pal 1O~- 6820216128 
2002 60.9 =13-2 Nghe) —17.81% Model Summary 
2003 99.9 39.0 52.2 64.04% 
2004 113.5 13.6 —25.4 13.61% . R-sq R-sq(adj) R-sq(pred) 
500s oe abs ae ai ane 12576.9 65.21% 62.89% 51.28% 
2006 191.4 41.6 5.3 27.77% Coefficients 
cael me: ciety ‘edn 2 eae Term Coef SE Coef T-Value P-Value VIF 
8 Os Paige a iwi Constant —13307 5841 -2.28 ~——0.038 2009 140;6 39.7 ALB.6 39.35% Coded Year 3302 «623 530 0.000 —*1,00 2010 139.0 —1.6 —41.3 1.14% , ; 
2011 111.4 —27.6 —26.0 —19,86% Regression Equation 
2012 142.9 Bes 59.1 28.28% Solar Power Generated = —13307 + 3302 Coded Year 
2013 mL69.8 26.9 —4.6 18.82% ¥ = -13,307 + 3,302(X), where X = years relative to 2002 2014 160.3 —9,5 ~36.4 —5.59% 
2015 136.8 —23.5 -14.0 ~14.66% 
2016 156.8 20.0 43.5 14.62% 

2017 184.4 27.6 7.6 17.60% 
2018 153.7 —30.7 —58,3 16.65% 

A review of first, second, and percentage differences reveals no particular 
model is more appropriate than the other. Based on the principle of parsi- 
mony, one might choose the linear model. 
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(c) Quadratic: 

Regression Analysis: Solar Power Generated versus... r, Coded 
Year Sq 

Exponential: 

logio¥soig = 2.274 + 0.1503(17) = 4.8291, 
\ — 1()4:8291 — : hi 5 Analysis of Variance Yoo19 10 67,468.34 million kWh. 

logioY2009 = 2.274 + 0.1503(18) = 4.9794, Source DF Adj SS Adj MS F-Value P-Value x 
i 7 = 4.9794 __ nat ; 

Regression ) 6516476292 3258238146 150.18 0.000 Y5920 = 10 = 95,367.41 million kWh. 

Coded Year ] 694663208 694663208 32.02 0.000 
Coded Year Sq 1 2068926589 2068926589 95.36 0.000 16.18 

Error 14 303739830 21695702 (b) Linear: 
Total 16 6820216122 Regression Analysis: Salary ($mil) versus Coded Year 

Model Summary Analysis of Variance 

S R-sq R-sq(adj) R-sq(pred) Source DF  AdjSS_ AdjMS_ F-Value_ P-Value 
4657.86 95.55% 94.91% 91.93% Regression 1 13.3042 13.3042 529.35 0,000 

Coefficients Coded Year | 13.3042 13530429 529'35 0.000 

" Error 18 0.4524 0.0251 
Term Coef SECoef T-Value P-Value VIF Total 19 1317566 
Constant 7358 3026 2.43 0.029 Model S 

Coded Year —4964 877 -5.66  0.000-—-:14.47 aE Rosaeene 
Coded Year Sq 516.6 52.9 9.77 0,000 1447 s R-sq R-sq(adj) R-sq(pred) 

A . 0.158534 96.71% 96.53% 95.96% Regression Equation 

Solar Power Generated = 7358 — 4964 Coded Year + 516.6 Coded Year Sq Coefficients 
¥ = 7,358 — 4,964X + 516.6X*, where X = years relative to 2002. Term Coef SE Coef T-Value  P-Value VIF 

@E tial Constant 1.9853 0.0683 29.06 0.000 
Xponential: 

Coded Ye 0.14144 0.00615 23.01 0.000 1.00 Regression Analysis: Solar Power Log 10 versus Coded Year ae 

Analysis of Variance Regression Equation 
Salary ($mil) = 1.9353 + 0.14144 Coded Year 

Source DF AdjSS_— AdjMS__F-Value__ P-Value ¥ = 1.9853 + 0.14144(X), where X = years relative to 2000. 
Regression 1 Sepsis Ck auilrisis) 124.71 0.000 

Coded Year 1 9.218 9.21783 124.71 0.000 (c) Quadratic: 

Error 15 1.109 0.07391 Regression Analysis: Salary ($mil) versus Coded Year, Coded Year Sq 

gots ie wat . Analysis of Variance 
Model Summar y Source DF AdjSS AdjMS F-Value P-Value 

Ss R-sq R-sq(adj) R-sq(pred) Regression 2 13.4579 6.72893 382.93 0.000 
0.271872 89.26% 88.55% 85.92% Coded Year i 0.3292 0.32920 18.73 0.000 

A Coded Year Sq i O53 7 ONS367; 8.74 0.009 
nts 

ence Error 17 0.2987 0.01757 
Term Coef SE Coef T-Value P-Value VIF Total LOD 13566 

Constant 2.274 0.126 18.01 0.000 Model Summary 

Coded Year 0.1503 0.0135 IAA 0.000 1.00 

S R-sq R-sq(adj) R-sq(pred) 

Regression Equation 0.132560 97.83% 97.57% 96.77% 
Solar Power Log 10 = 2.274 + 0.1503 Coded Year ; 

te ; é Coefficients 
logio¥ = 2.274 + 0.1503(X), where X = years relative to 2002. 

Term Coef SECoef T-Value P-Value VIF 

(d) Linear: Constant 2.1539 0.0807 26.68 0.000 

Yooig = —13,307 + 3,302(17) = 42,827 million kWh. Coded Year 0.0852 0.0197 4.33 0.000 14.67 
Yoon = —13,307 + 3,302(18) = 46,129 million kWh. Coded Year Sq 0.00296 0.00100 2.96 0.009 14.67 

Quadratic: Regression Equation 

ie 7,358 — 4,964(17) + 516.6( 17)? = 72,267.4 million kWh. Salary ($mil) = 2.1539 — 0.0352 Coded Year + 0.00296 Coded Year Sq 

Ve 358 — 4 964(18) + 516.6(18)? = 85,384.4 million kWh. ¥ = 2.1539 + 0,0852X + 0.00296X?, where X = years relative to 2000. 
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(d) Exponential: 

Regression Analysis: Salary log 10 versus Coded Year 

Analysis of Variance 

Source DF — Adj SS Adj MS F-Value —_—P- Value 

Regression 1 0.232769 0.232769 845.09 0,000 

Coded Year 1 0.232769 0.232769 845.09 0.000 

Error 18 0.004958 — 0.000275 

Total 19 0.237726 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.0165963 97.91% 97.80% 97.32% 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 0.33101 0.00715 46.28 0.000 

Coded Year 0.018709 = 0.000644 29.07 0.000 1.00 

Regression Equation 

Salary log 10 = 0.33101 + 0.018705 Coded Year 

logioY = 0.33101 + 0.018709(X), where X = years relative to 2000. 

(e) 

First Second Percentage 

Year Salary ($mil) Difference Difference Difference 

2000 1.99 #N/A #N/A #N/A 

2001 2.29 0.3 #N/A 15.08% 

2002 2.38 0.1 02 3.93% 

2003 2.58 Oe 0.1 3.40% 

2004 2.49 —0.1 =(0)i' —3.49% 

2005 2.63 0.1 Ow 5.62% 

2006 2.83 0.2 Ohi 7.60% 

2007 2.92 0.1 =O 3.18% 

2008 Bas 0.2 0.1 7.19% 

2009 3.26 0.1 =(0).Il 4.15% 

2010 Be] 0.0 ON 0.31% 

2011 3:32 0.0 0.0 1.53% 

2012 3.38 0.1 0.0 1.81% 

2013 3.62 0.2 0.2 7.10% 

2014 3.81 0.2 =10) iI 5.25% 
2015 4.25 0.4 bye 11.55% 
2016 4.40 0.2 =03 3.53% 
2017 4.70 0.3 0.1 6.82% 
2018 4.63 =O) —0.4 —1.49% 
2019 4.70 0.1 0.1 1.51% 

The first and second differences are relatively consistent across the series. 
This is not the case for percentage differences. Based on the principle of 
parsimony, one might choose the linear model. 
(e) Linear forecast: Vine = 1.9853 + 0.14144(20) = 4.8141 million. 

16.20 (b) There has been an upward trend in the CPI-U in the United 
States from 1965 through 2018. 

(c) Linear: 

Regression Analysis: CPI versus Coded Year 

Analysis of Variance 

Source DF Adj SS Adj MS F-Value_ _-P- Value 

Regression | 261479 261479 11402.09 0.000 

Coded Year | 261479 261479 11402.09 0.000 

Error 52 1192 23 

Total 53 262671 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

4.78879 99 55% 99.54% 99 50% 

Coefficients 

Term Coef SE Coef T-Value  P-Value VIF 

Constant 16.7] 1.29 13.00 0.000 

Coded Year 4.4647 0.0418 106.78 0.000 1.00 

Regression Equation 

CPI = 16.71 — 4.4647 Coded Year 

¥ = 16.71 + 4.4647(X), where X = years relative to 1965. 

(d) Quadratic: 

Regression Analysis: CPI versus Coded Year, Coded Year Sq 

Analysis of Variance 

Source DF AdjSS Adj MS F-Value  P-Value 

Regression 2 261504 130752 5714.90 0.000 

Coded Year | 15653 15653 684.17 0.000 

Coded Year Sq 1 26 25 Loa 0.295 

Error 51 1167 Be 

Total 53 262671 

Model Summary 

Ss R-sq R-sq(adj) R-sq(pred) 

4.78322 99.56% 99.54% 99.48% 

Coefficients 

Term Coef SECoef T-Value_ P-Value VIF 

Constant 18.17 1.88 9.65 0.000 

Coded Year 4.296 0.164 26.16 0.000 15.47 
Coded Year Sq 0.00317 0.00300 1.06 0.295 15.47 

Regression Equation 

CPI = 18.17 + 4.296 Coded Year + 0.00317 Coded Year Sq 

Y = 18.17 + 4.296X + 0.00317X?, where X = years relative to 1965. 

(e) Exponential: 

Regression Analysis: CPI log 10 versus Coded Year 

Analysis of Variance 

Source DF AdjSS Adj MS F-Value — P- Value 

Regression 1 4.0304 4.03041 775.31 0.000 
Coded Year | 4.0304 4.03041 wir beree| 0.000 

Error 52 0.2703 0.00520 

Total 53 4.3007 
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Model Summary 

S R-sq R-sq(adj) R-sq(pred) 
0.0721000 93.71% 93.59% 93.15% 

Coefficients 

Term Coef SE Coef T-Value  P-Value VIF 

Constant 1.5883 0.0194 82.07 0.000 

Coded Year 0.017529 0.000630 27.84 0.000 1.00 

Regression Equation 

CPI log 10 = 1.5883 + 0.017529 Coded Year 

logioY = 1.5883 + 0.017529(X), where X = years relative to 1965, 

(f) A review of the first, second, and percentage differences revealed 
similar levels of variation across the time series. Based on the principle of 
parsimony, one might choose the linear model. 
(g) Linear forecast: 

Peele 16714 4.4647(54) = 257.8038. 

Yoo = 16.71 + 4.4647(55) = 262.2685. 

16.22 (a) For Time Series I, the graph of Y versus X appears to be more 
linear than the graph of log Y versus X, so a linear model appears to be 
more appropriate. For Time Series II, the graph of log Y versus X appears 
to be more linear than the graph of Y versus X, so an exponential model 
appears to be more appropriate. 

(b) Time Series I: ¥ = 100.0731 + 14.9776(X), where X = years 

relative to 2007. 

Time Series II: ¥ = 1019°82+0.0609(X) where X = years relative to 2007. 
(ce) X = 12 for year 2019 in all models. Forecasts for the year 2019: 

Time Series I: ¥ = 100.0731 + 14.9776(12) = 279.8043. 

Time Series II Y = 101-9982+0.0609(12) — 535.7967, 

a3 0.24 : re 
16.24 tor47 = — = —— = 2.4 is greater than the critical bound of 

Sater 0:10 

2.2281. Reject Ho. 

There is sufficient evidence that the third-order regression parameter is 

significantly different from zero. A third-order autoregressive model is 

appropriate. 

Ss a3 2 0.24 
16.26 (a) tsTaT = So = 0.15 

2.2281. Do not reject Hp. There is not sufficient evidence that the third- 

order regression parameter is significantly different than zero. A third- 

order autoregressive model is not appropriate. 

(b) Fit a second-order autoregressive model, and test to see if it is 

appropriate. 

16.28 (a) 

Regression Analysis: Bonus($000) versus lag], lag2, lag3 

Method 

Rows unused 3 

= |.6 is less than the critical bound of 

Analysis of Variance 

Source DF AdjSS  AdjMS_ F-Value  P-Value 

Regression 3 3461.9 1154.0 1.60 0.240 

lagl 1 3269.4 3269.4 4.55 0.054 

lag2 1 959.3 9593 ISS 0.271 

lag3 1 467.8 467.8 0.65 0.436 

Error 12 8628.3 719.0 

Total 15 12090.2 

Model Summary 

N) R-sq R-sq(adj) R-sq(pred) 

26.8147 28.63% 10.79% 0.00% 

Coefficients 

Term Coef SE Coef T-Value  P-Value VIF 

Constant 91.1 34.2 2.66 0.021 

lag] 0.531 0.249 oa} 0.054 1.61 

lag2 —(0.336 0.291 solieli{o} 0.271 2.38 

lag3 0.193 0.239 0.81 0.436 1.63 

Regression Equation 

Bonus( $000) = 91.1 + 0.531 lag] — 0.336 lag2 + 0.193 lag3 

For the third-order term, ty747 = 0.81 with a p-value of 0.436. The third term 

can be dropped because it is not significant at the 0.05 significance level. 

(b) 
Regression Analysis: Bonus($000) versus lag1, lag2 

Method 

Rows unused 2 

Analysis of Variance 

Source DF AdjSS Adj MS F-Value P-Value 

Regression 2 7041.4 3520.7 4.18 © 0.038 

lag] | 6232.8 6232.8 7.40 0.017 

lag2 1 653.1 653.1 0.78 0.393 

Error 14 11794.9 342.5 

Total 16 18836.3 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

29.0257 37.38% 28.44% 0.00% 

Coefficients 

Term Coef SECoef T-Value  P-Value VIF 

Constant 79.8 30.0 2.66 0.019 

lagl 0.661 0.243 Dali 0.017 1,59 

lag2 02211 0.251 —0.88 0.393 1.59 

Regression Equation 

Bonus( $000) = 79.3 + 0.661 lag] — 0.221 lag2 

Fits and Diagnostics for Unusual Observations 

Obs Bonus($000) Fit Resid 

9 100.9 154.9 —54.0 

Std Resid 

—2.12 R? 

For the second-order term, fs747 = —0.88 with a p-value of 0.393. The 

second-order term can be dropped because it is not significant at the 0.05 

significance level. 

(c) Regression Analysis: Bonus($000) versus lag1 

Method 

Rows unused 1 

Analysis of Variance 

Source DF AdjSS  AdjMS_ F-Value  P-Value 

Regression 1 8520 8519.6 9.41 0.007 

lag] 1 8520 8519.6 9.41 0.007 

Error 16 14491 905.7 

Total 7, 23011 
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Model Summary Model Summary 

S R-sq R-sq(adj) R-sq(pred) a R-sq R-sq(adj) R-sq(pred) 

30.0948 37.02% 33.09% 19.94% 0.135652 97.39% 97.04% 96.26% 

Coefficients Coefficients 

Term Coef SE Coef  T-Value P-Value VIF Term Coef SE Coef —_T- Value P-Value VIF 

Constant 56.9 27.0 Bild 0.051 Constant 0.102 0.146 0.70 0.495 

ag 002 3357 lag! 0.597 0.195 3.07 0.007 1.00 lag! 0.955 0.248 3.85 0.00 ? 
lag2 0.057 0,252 0.23 0.825 Bar T 

Regression Equation 

Bonus( $000) = 56.9 + 0.597 lag! 

For the first-order term, fy747 = 3.07 with a p-value of 0,007. The 

first-order term should be retained because it is significant at the 0.05 

significance level. 

16.30 (a) Regression Analysis: Salary ($mil) versus lag], lag2, lag3 

Method 

Rows unused 3 

Analysis of Variance 

Source DF 

Regression 3 

lag] ] 

lag2 1 

lag3 1 

Error 13 

Total 16 

S 

0.140355 

Term Coef 

Constant 0.134 

lagl 1.020 

lag2 0.275 

lag3 =—O310 

Regression Equation 

Adj SS Adj MS F-Value P-Value 

9.07633 3.02544 153.58 0.000 

0.27113 0.27113 13.76 0.003 

0.01087 0.01087 Qi55 0.471 

0.01921 0.01921 0.98 0.341 

0.25609 0.01970 

9.33242 

Model Summary 

R-sq R-sq(adj) R-sq(pred) 

97.26% 96.62% 95.56% 

Coefficients 

SE Coef T-Value  P-Value VIF 

0.164 0.82 0.429 

0.275 Sl 0.003 34.30 

0.371 0.74 0.471 57.79 

0.314 —0.99 0.341 36.81 

Salary ($mil) = 0.134 + 1.020 lagl + 0.275 lag2 — 0.310 lag3 

For the third-order term, fs747 = —0.99 with a p-value of 0.341. The third 

term can be dropped because it is not significant at the 0.05 significance 
level. 

(b) 
Regression Analysis: Salary ($mil) versus lag1, lag2 

Method 

Rows unused 2 

Source DF 

Regression 2 

lagl 1 

lag2 1 

Error 15 

Total il7/ 

Analysis of Variance 

Adj SS 

10.2940 

0.2725 

0.0009 

0.2760 

10.5700 

Adj MS 

5.14698 

0.27249 

0.00093 

0.01840 

F- Value 

279.70 

14.81 

0.05 

P-Value 

0.000 

0,002 

0.825 

Regression Equation 

Salary ($mil) = 0.102 + 0.955 lag] + 0.057 lag2 

For the second-order term, fg747 = 0.23 with a p-value of 0.825. The 

second term can be dropped because it is not significant at the 0.05 signif- 

icance level. 

(c) Regression Analysis: Salary ($mil) versus lag] 

Method 

Rows unused | 

Analysis of Variance 

Source DF Adj SS AdjMS_ F-Value ~ P-Value 

Regression J 11.5661 11.5661 648.48 0.000 

lagl ] 11.5661 11.5661 648.48 0.000 

Error 17 0.3032 0.0178 

Total 18 11.8693 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.133550 97.45% 97.30% 96.69% 

Coefficients 

Term Coef SECoef T-Value P-Value VIF 

Constant 0.172 0.130 132 0.204 

lag] 0.9910 0.0389 25.47 0.000 1.00 

Regression Equation 

Salary ($mil) = 0.172 + 0.9910 lag] 

For the first-order term, tsr47 = 25.47 with a p-value of 0.000. The 

first-order term should be retained because it is significant at the 0.05 

significance level. 

(d) ¥yo29 = 0.172 + 0.9910(4.7) = 4.8297 million. 

16.32 

bah) ee eee 
(a) Syy = ai a oy = 2.121. The standard a n— p= 1 LY Sp pl eee ee 
error of the estimate is 2.121. 

ah - ¥ 
(b) MAD = RET OM = 7 = 1.5. The mean absolute deviation is 1.5, 

16.34 

(b)(¢) 

Solar Power 
eS eee 

Syx MAD 

Linear 12576.9 9870.772 
Quadratic 4657.86 3861.937 

Exponential 8317.774 4526.413 
AR-First Order 2342.68 1766.126 
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(d) The residual plots for linear, quadratic, and exponential reveal 
cyclical patterns across coded year. The first-order autoregressive 
model has no clear pattern but does have one outlier. The first-order 
autoregressive model has the smallest Sy and MAD values. On the 
basis of (a) through (c) and the principle of parsimony, the first-order 
autoregressive model would be the best model for forecasting. 

16.36 

(b) (¢) 
Bonuses 

ber MAD 

Linear 29.465 20.936 
Quadratic 28.971 20.509 
Exponential 30.581 21.803 
AR-First Order 30.095 23.097 

(d) The residual plots for the linear, quadratic, and exponential reveal 
a slight cyclical pattern for the first part of the time series followed 
by no clear pattern for the remainder of the series. The first-order 
autoregressive revealed no clear pattern throughout the time series. 
Each of the models had similar Sy and MAD values. On the basis 
of the residual plots and the principle of parsimony, the first-order 
autoregressive model might be the best choice for forecasting. 

16.38 

(b) (c) 
Salary 

Syx MAD 

Linear 0.159 0.120 

Quadratic 0.133 0.104 

Exponential 0.128 0.104 

AR-First Order 0.134 0.100 

(d) The residual plots for linear, quadratic, and exponential reveal cyclical 

patterns across coded year. The first-order autoregressive model has no 

clear pattern. The S,., and MAD values are similar across each of the 

models. On the basis of (a) through (c) and the principle of parsimony, the 

first-order autoregressive model might be the best model for forecasting. 

16.40 (a) logBy = 2, By = 100. 
This is the unadjusted forecast. 

(b) logB, = 0.01, B; = 1.0233. 
The estimated monthly compound growth rate is 2.33%. 

(c) logB, = 0.10, By = 1.2589. 
The January values in the time series are estimated to have a mean 

25.89% higher than the December values. 

16.42 (a) logBy = 3, By = 1,000. 
This is the unadjusted forecast. 

(b) logB, = 0.10, By = 1.2589. . 
The estimated quarterly compound growth rate is (B,; — 1) 100% = 25.89%. 

(c) logB; = 0.20, B; = 1.5849. 

16.44 (a) The revenues for Target appear to be subject to seasonal var- 

iation given that revenues are consistently higher in the fourth quarter, 

which includes several substantial holidays. 

The plot confirms the answer for (a) by clearly revealing a seasonal com- 

ponent to revenues. 

(c) 

Coefficients 

Term Coef SE Coef T- Value P-Value VIF 

Constant 1.109] 0.0130 85.63 0.000 

Coded Q 0.004.177 0.000218 19.13 0.000 1.00 

Q! —(),1346 0.0136 —9.88 0.000 IPaye? 

Q2 — lO) nherets) 0.0138 —8.93 0.000 IL sll 

Q3 =), 1233 0.0138 —8.93 0.000 iho 

Regression Equation 

LogRevenue = 1.1091 + 0.004177 Coded Q — 0.1346 QI 

= Onl253 O20 05123803 

(d) logioB, = 0.0042; B, = 10°42 = 1.0097. 
The estimated quarterly compound growth rate is 

(B, — 1)100% = 0.97%. 

(e) 

Quarter b; = logB; B; = 10° (B - 1)100% 

First —0,1346 0.7335 —26.65% 

Second MN) eis) 0.7528 —24.72% 

Third —Oul23s3 0.7528 —24.72% 

The first, second, and third multipliers are —26.65%, —24.72%, and 

—24.72% relative to fourth quarter values, respectively. 

(f) 2019 Revenues ($millions) 

A 

Quarter Y 

Second 20.2936 

Third 20.4932 

Fourth 27.4827 

2020 Revenues ($millions) 
A 

Quarter W 

First 20.3512 

Second 21.0892 

Third 21.2971 

Fourth 28.5601 

16.46 

(b) 

Coefficients 

Term Coei SE Coei T-Value P-Value VIF 

Constant 4.9069 0.0944 52.00 0.000 

Coded Month 0.006291 0.000918 6.85 0.000 1.00 

Month_Jan —0.167 Ole) ils 0.151 1.95 

Month_Feb —0.203 OS 77 0.081 1.95 

Month_Mar —0.134 pili) =a ils aly/ 0.246 1.95 

Month_Apr —0)125 Oils 10S 0.279 1.95 

Month_May =) Nay Os S ge al 9 0.238 1.95 

Month_Jun —0.204 ORO Ree) 0.089 1.85 

Month_Jul =O) O.119 —1.48 0.144 1.85 

Month_Aug —0,139 Oil) Shy 0.245 1.84 

Month_Sep —0.075 ORO Mia 0563 0.529 1.84 

Month_Oct —0.054 0.119 —0.45 0.652 1.84 

Month_Nov —0.073 0.119 —0.62 0.540 1.84 
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Regression Equation 

Log Volume = 4.9069 + 0.006291 Coded Month 

— 0.167 Month_Jan — 0,203 Month_Feb 

— 0.134 Month_Mar — 0.125 Month_Apr 

— 0.137 Month_May — 0.204 Month_Jun 

— 0,175 Month_Jul — 0.139 Month_Aug — 0.075 Month_Sep 

— 0.054 Month_Oct — 0,073 Month_Nov 

(c) December 2019 Forecast: log Yos = 5.5045, Ys = 319,521.4 barrels. 

(d) Forecast for last four months of 2019: 

Month Coded Month y 

September 92 Pee Pele ho yf 

October 93 274,283.7 

November 94 266,164.4 

December 95 319,521.4 

(e) log io By = 0.006291; B, = 10°%°?9! = 1.0146, 
The estimated monthly compound growth rate is 

(Bi — 1)100% = 1.46% after adjusting for the seasonal component. 

(f) The July values are estimated to have a mean 

of 33.17% below the December values. 

16.48 (b) 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 1.0212 0.0575 Nga) 0,000 

Coded Quarter 0.00574 0.00124 4.63 0.000 1.00 

Ql 0.0375 0.0607 0.62 0.539 Lou 

Q2 0.0043 0.0606 0.07 0.944 1.50 

Q3 0.0074 0.0606 O12 0.903 1.50 

Regression Equation 

Log Price = 1.0212 + 0.00574 Coded Quarter 

+ 0.0375 Q1 + 0.0043 Q2 + 0.0074 Q3 

(c) log;o8; = 0.00574; 8; = 109574 = 1.0133. 
The estimated quarterly compound growth rate is 

(B,; — 1)100% = 1.33%. 
(d) logioB) = 0.0375; By = 10°75 = 1.0902. 
The first quarter values are estimated to have a mean of 9.02% above 

the fourth quarter values. A review of the p-values associated with the 

t test on the slope of the coefficients reveals that the slope coefficients 

for Quarter 1, Quarter 2, and Quarter 3 are not significant at the 0.05 

significance level. 

(e) The fitted value is 22.91 (US$). 

(f) 2019 Forecasts: 

Quarter Coded Quarter Y 

First 60 25.3070 

Second 61 23.7531 

Third 62 24.2443 

Fourth 63 24.1513 

(g) The forecasts are not likely to be accurate given that that the 
quarterly exponential trend model did not fit the data particular- 
ly well. The adjusted r? = 0.2308. In addition, the time series 
contained an irregular component from 2010 through 2013. 

16.60 

(b) 

Regression Analysis: Population versus Coded Year 

Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Regression 1 21635022177 21635022177 10461.18 0.000 

Coded Year 1 21635022177 21635022177 10461.18 0.000 

Error a3 68248128 2068125 

Total 34 21703270305 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

1438.10 99.69% 99.68% 99.65% 

Coefficients 

Term Coef SE Coef T-Value  P-Value VIF 

Constant 173763 476 365.10 0.000 

Coded Year 2461.8 24.1 102.28 0,000 1.00 

Regression Equation 

Population = 173763 + 2461.8 Coded Year 

Y = 173,763 + 2,461.8(X) where X = years relative to 1984. 
(c) Yaoi9 = 173,763 + 2,461.8(35) = 259,926 (thousands). 
Yoo = 173,763 + 2,461.8(36) = 262,387.8 (thousands). 
(d) 

Regression Analysis: Workforce versus Coded Year 

Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Regression 1 7019320655 7019320655 1312.93 0.000 

Coded Year 1 7019320655 7019320655 1312.93 0.000 

Error 33 176427811 5346297 

Total 34. 7195748466 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

231231 97.55% 97.47% 97.21% 

Coefficients 

Term Coef SECoef T-Value  P-Value VIF 

Constant 117084 765 153.01 0.000 

Coded Year 140225 38.7 36.23 0.000 1.00 

Regression Equation 

Workforce = 117084 + 1402.2 Coded Year 

Y = 117,084 + 1,402.2(X) where X = years relative to 1984. 
(€) Yaoi9 = 117,084 + 1402.2(35) = 166,161 (thousands). 

Yoong =. 117,084 + 1402.2(35) = 167,563.2 (thousands). 
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(b) Linear: 
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Regression Analysis: Revenues versus Coded Year 

Analysis of Variance 

Source DF Adj SS AdjMS_ F-Value —_ P-Value 
Regression l 8852.7 3352.65 619.03 0.000 

Coded Year | 3352.7 3352.65 619.03 0.000 
Error 42 22172 542 
Total 43 3580. 1 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

2.32723 93.65% 93.49% 92.82% 

Coefficients 

Term Coef  SECoef T-Value  P-Value VIF 

Constant al LENG 0.690 Say 0.004 

Coded Vear 0.6874 0.0276 24.88 0.000 1.00 

Regression Equation 

Revenues = —2.120 + 0.6874 Coded Year 

¥ =—2.120 + 0.6874(X), where X = years relative to 1975. 
(c) Quadratic: 

Regression Analysis: Revenues versus Coded Year, Coded Year Sq 

Analysis of Variance 

Source DF AdjSS  AdjMS_ F-Value_ P-Value 

Regression 22 33570637 1685132 329.84 0.000 

Coded Year 1 113.98 113.98 22.31 0.000 

Coded YearSq_ 1 17.98 17.98 Br52, 0.068 

Error 41 209.49 elit 

Total 43 3580.13 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

2.26043 94.15% 93.86% 92.48% 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant —0.785 0.978 —0.80 0.427 

Coded Year 0.497 0.105 4.72 0.000 15.36 

Coded Year Sq 0.00444 0.00236 1.88 0.068 15.36 

Regression Equation 

Revenues = —0.785 + 0.497 Coded Year + 0.00444 Coded Year Sq 

Y = —0.785 + 0.497X + 0.00444X2, where X = years relative to 1975. 

(d) Exponential: 

Regression Analysis: Log Revenues versus Coded Year 

Source DF 

Regression 1 

Coded Year 1 

Error 42 

Total 43 

Analysis of Variance 

AdjSS  AdjMS_ F-Value P-Value 

7.4983 7.49834 607.96 0,000 

7.4983 7.49834 607.96 0.000 

0.5180 0.01233 

8.0164 
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Model Summary 

S R-Sq R-sq(adj) R-sq(pred) 

0.111057 93.54% 93.38% 92.59% 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 0.2393 0.0329 WO 0,000 

Coded Year 0.0325 | 0.00132 24.66 0.000 1.00 

Regression Equation 

Log Revenues = 0.2393 + 0.03251 Coded Vear 

logioY = 0.2393 + 0.03251(X), where X = years relative to 1975. 
(e) Autoregressive: 

For the third-order term, ty747 = 0.08 with a p-value of 0.935. The 

third-order term can be dropped because it is not significant at the 0.05 

significance level. 

Regression Analysis: Revenues versus lag], lag2 

Method 

Rows unused 2 

Analysis of Variance 

Source DF AdjSS  AdjMS_ F-Value  P-Value 

Regression 2 3278.23 1639.11 2914.83 0.000 

lag] ] 85.42 85.42 151.90 0.000 

lag2 ] 14.02 14.02 24.93 0.000 

Error 39 21.93 0.56 

Total 41 3300.16 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.749890 99.34% 99.30% 99.16% 

Coefficients 

Term Coef SE Coef T-Value  P-Value VIF 

Constant 0.344 0.212 1.62 ONS 

lagl 1.648 0.134 12.32 0.000 107.30 

lag2 —0.665 0.133 —4,99 0.000 107.30 

Regression Equation 

Revenues = 0.344 + 1.648 lag] — 0.665 lag2 

For the second-order term, fs747 = —4.99 with a p-value of 0.000. The 

second-order term cannot be dropped because it is significant at the 0.05 

significance level. The second-order model is appropriate. 

¥, = 0.344 + 1.648(¥%,) — 0.665(¥;_»). 

(g) 
Bonuses 

Syx MAD 

Linear 2.3272 1.8713 

Quadratic 2.2604 1.6022 

Exponential 5.3568 ATEN | 

AR - Second Order 0.7499 0.5072 

(h) The residuals plots reveal clear cyclical patterns for the linear, 

quadratic, and exponential models. The residual plot for second-order 

autoregressive model revealed no cyclical pattern. However, the residual 

plot did reveal a potential equal variance assumption violation discussed 

in an earlier chapter. The second-order autoregressive model also had the 

smallest values for the standard error of the estimate and MAD. Based on 
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the results from (f), (g), and the principle of parsimony, the second-order 

autoregressive model would be best suited for forecasting. 

(i) Yaoio = 0.344 + 1.648(21) — 0.665(22.8) = 19.79 billion. 

16.64 A time series analysis of the Canadian dollar reveals a moderate 

component with up and down cycles of varying durations. Although the 

currency rate varies in cycles, the 1980 exchange rate is fairly similar 

to the 2019 exchange rate. A review of residual plots reveals that the 

linear, quadratic, and exponential models may be problematic due to 

cyclical variation in the residuals. In contrast, a first-order autoregressive 

model revealed a random pattern of residuals, In addition, the first-order 

autoregressive model had the smallest standard of the estimate and MAD 

values. The first-order autoregressive was the most appropriate model 

to use for forecasting. Using this model, the forecasted exchange rate is 

1.3504 (units per U.S. dollar) and 1.3388 (units per U.S. dollar) for 2020 

and 2021, respectively. 

A time series analysis of the Japanese yen exchange rate revealed a 

steep drop in the rate beginning in 1986. The rate dropped from 238.47 

(units per U.S. dollar) in 1985 to 128.17 (units per U.S. dollar) in 1988. 

The exchange rate had a cyclical component from that point forward with 

an overall declining trend. A review of the residual plots, standard of the 

estimate and MAD values, revealed that the first-order autoregressive 

model was the most appropriate for forecasting. Using this model, the 

forecasted exchange rate is 109.278 (units per U.S. dollar) and 109.000 

(units per U.S. dollar) for 2020 and 2021, respectively. 

A time series analysis of the English pound reveals a moderate 

component with up and down cycles of varying durations. Although the 

currency rate varies in cycles, the 1980 exchange rate has increased from 

0.4302 (units per U.S. dollar) in 1980 to 0.7847 (units per U.S. dollar) 

in 2019. A review of the residual plots and the standard of the estimate 

and MAD values revealed that the first-order autoregressive model was 

the most appropriate for forecasting. Using this model, the forecasted 

exchange rate is 0.7430 (units per U.S. dollar) and 0.7146 (units per 

U.S. dollar) for 2020 and 2021, respectively. 

An unexpected irregular component in the future could not be antici- 

pated by the autoregressive models used for each of the currencies. 

Regression Analysis: Canadian$ versus Coded Year 

Analysis of Variance 

Source DF AdjSS  AdjMS_ F-Value  P-Value 

Regression 1 0,02300 0.02300 0,99 0.327 

Coded Year 1 0.02300 0.02300 0,99 OS 2a. 

Error 38 0.88559 0.02331 

Total . 39 0.90860 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.152660 2.53% 0.00% 0.00% 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 1.3010 0.0474 27.46 0.000 

Coded Year —0.00208 0.00209 —0.99 0.327 1.00 

Regression Equation 

Canadians = 1.3010 — 0.00208 Coded Year 

Quadratic: 

Regression Analysis: Canadian$ versus Coded Year, Coded Year Sq 

Analysis of Variance 

Source DF AdjSS Adj MS __ F-Value P-Value 

Regression 2 0.05118 0.02559 1.10 0,342 

Coded Year t ~ ».0,01525 0.01525 0.66 0.422 

Coded Year Sq 1, 0.02818 0.02818 1,22 0.277 

Error 37 ~=—- 0.85742 0.02317 

Total 39 ~—s- 0.90860 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.152228 5.63% 0.53% 0.00% 

Coefficients 

Term Coef SE Coei T-Value P-Value VIF 

Constant 1.2459 0.0687 18.12 0.000 

Coded Year 0.00662 0.00815 0.81 0.422 15.30 

Coded Year Sq —0,000223 0.000202 —1.10 0.277 15.30 

Regression Equation 

Canadian$ = 1.2459 + 0.00662 Coded Year — 0.000223 Coded Year Sq 

Exponential: 

Regression Analysis: LogCanadian versus Coded Year 

Analysis of Variance 

Source DF AdjSS Adj MS F-Value —_— P- Value 

Regression 1 0.003711 0.003711 it 0.259 

Coded Year 1 0.003711 0.003711 iss 0.259 

Error 38 0.107412 0.002827 

Total 39 = 0.111124 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.053 1662 3.34% 0.80% 0.00% 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 0.1136 0.0165 6.89 0.000 

Coded Year —0.000834 0.000728 = A Bi 0.259 1.00 

Regression Equation 

LogCanadian = 0.1136 — 0.000834 Coded Year 

Regression Analysis: Canadian$ versus CanLagl 

Analysis of Variance 

Source DF AdjSS  AdjMS_ F-Value — P-Value 

Regression 1 0.6037 0.603656 yeber| 0.000 
CanLag| 1 0.6037 0.603656 frets) 0.000 

Error 37 0.2964 0.008011 

Total 38 0.9001 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 
0.0895059 67.07% 66.18% 62.12% 
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Coefficients Regression Equation 

Term Coef SECoef T-Value  P-Value VIF Yen = 240,79 — 10.76 Coded Year + 0.2001 Coded Year Sq 

Constant 0.231 0.120 1.93 0.061 Exponential: 

CanLag]1 0.8201 0.0945 8.68 0.000 1.00 Regression Analysis: LogYen versus Coded Year 

Regression Equation Analysis of Variance 

Canadian$ = 0.231 + 0,820] CanLag1 

Canadian 

Syy MAD 
Linear 0.1527 0.1245 
Quadratic 0.1522 0.1224 
Exponential 0,153 0.1247 
AR-First Order 0.0895 0.07132 

Regression Analysis: Yen versus Coded Year 

Analysis of Variance 

Source DF AdjSS  AdjMS_ F-Value_ P-Value 

Regression l 46637 46637 46.54 0.000 

Coded Year l 46637 46637 46.54 0.000 

Error 38 38083 1002 

Total 39 84720. 

Model Summary 

N) R-sq R-sq(adj) R-sq(pred) 

31.6572 55.05% 53.87% 48.91% 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 191.37 9.83 19.48 0.000 

Coded Year —2.958 0.434 —6,82 0.000 1.00 

Regression Equation 

Yen = 191.37 — 2.958 Coded Year 

Regression Analysis: Yen versus Coded Year, Coded Year Sq 

Analysis of Variance 

Source DF AdjSS  AdjSS_ F-Value P-Value 

Regression | 0.3822 0.382229 50.24 0.000 

Coded Year | 0.3822 0.382229 50.24 0.000 

Error 38 0.2891 0.007608 

Total 39 0.6713 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.0872215 56.94% 55.80% 51.23% 

Coefficients 

Term Coef SECoef ‘T-Value P-Value VIF 

Constant 2.2701 0.0271 83.85 0.000 

Coded Year —0.00847 0.00119 = AO) 0,000 1.00 

Regression Equation 

LogYen = 2.2701 — 0.00847 Coded Year 

Autoregressive First Order: 

Regression Analysis: Yen versus YenLag1 

Method 

Rows unused | 

Analysis of Variance 

Source DF Adj SS Adj MS F-Value —_ P-Value 

Regression l 66819 66818.8 273.42 0.000 

YenLag! | 66819 66818.8 273.42 0.000 

Error 37 9042 244.4 

Total 38 75861 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

15.6326 88.08% 87.76% 85.23% 

Coefficients 

Term Coef SE Coef T-Value  P-Value VIF 

Constant 11.61 7.66 52 0.138 

VenLagl 0.8912 0.0539 16.54 0,000 1.00 

Regression Equation 

Yen = 11.61 + 0.3912 YenLag1 

Source DF AdjSS AdjMS_ F-Value P-Value 

Regression 2 69339 34669.6 83.40 0.000 

Coded Year ] 40354 40353.8 97.08 0.000 

Coded Year Sq 1 22702 4 22702.2 54.61 0,000 

Error Si 15381 415.7 

Total 39 84720 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

20.3885 81.85% 80.86% 78.83% 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 240.79 9.21 26.15 0.000 

Coded Year —10.76 1.09 —9,85 0.000 15.30 

Coded Year Sq 0.2001 0.0271 7.39 0.000 15,30 

Yen 

Syy MAD 

Linear 31.6572 25.9902 

Quadratic 20.3885 16.3877 

Exponential 29.9896 22.8734 

AR-First Order 15.6326 iis o33 
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English Pound, Linear: 

Regression Analysis: English Pound versus Coded Year 

Analysis of Variance 

Source DF <AdjSS Adj MS F-Value P-Value 

Regression l 0.03801 0.038013 6.09 0.018 

Coded Year | 0.03801 0.038013 6,09 0,018 

Error 38 0.23708 0.006239 

Total 39 0.27510 

Model Summary 

Ny R-sq R-sq(adj) R-sq(pred) 

0.0789874 13.82% 11.55% 2.13% 

Coefficients 

Term Coef SE Coef T-Value P-Value VIF 

Constant 0.5767 0.0245 23.52 0,000 

Coded Year 0.00267 0.00108 2.47 0.018 1.00 

Regression Equation 

English Pound = 0.5767 + 0.00267 Coded Year 

Quadratic: 

Regression Analysis: English Pound versus Coded Year, Coded Year Sq 

Analysis of Variance 

Source DF Adj SS Adj MS _ F-Value_ P-Value 

Regression 2 0.056616 0.028308 4.79 0.014 

Coded Vear 1 0.006725 0.006725 1.14 0.293 

Coded Year Sq 1 0.018603 0.018603 Sls 0.084 

Error 37 ~=—- 0.218479 0.005905 

Total 39 ~=—- 0.275096 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.0768430 20.58% 16.29% 0.29% 

Coefficients 

Term Coef SECoef T-Value P-Value VIF 

Constant 0.6215 0.0347 17.91 0.000 

Coded Year —0,00439 0.00412 —1.07 0293 15.30 

Coded Year Sq 0.000181 0.000102 1.77 0.084 15.30 

Regression Equation 

English Pound = 0.6215 — 0.00439 Coded Year — 0.000181 Coded Year Sq 

Exponential: 

Regression Analysis: LogEnglish Pound versus Coded Year 

Analysis of Variance 

Source DF AdjSS Adj MS F-Value 

Regression 1 0.01880 0.018797 6.14 
Coded Year 1  0,01880 0.018797 6.14 

Error 38 =0.11626 0.003060 

Total 39 ~—s- 0.13506 

P-Value 

0.018 

0.018 

Self-Test Solutions and Answers to Selected Even-Numbered Problems 

Model Summary 

5S R-sq R-sq(adj) R-sq(pred) 

0,0553133 13.92% 11.65% 2.20% 

Coefficients 

Term Coef SE Coef —_T-Value P-Value VIF 

Constant —(0),2419 0.0172 —14.09 0,000 

Coded Year 0.001878 0.000758 2.48 0.018 1.00 

Regression Equation 

LogEnglish Pound = —0,2419 + 0.001878 Coded Year 

Autoregressive First Order: 

Regression Analysis: English Pound versus EngLag1 

Method 

Rows unused | 

Analysis of Variance 

Source DF Adj SS Adj MS F-Value P-Value 

Regression | 0.1165. 0.116495 36.49 0.000 

EngLagl 0.1165 0.116495 36.49 0.000 
Error 37 0.1181 0.003 193 

Total 38 0.2346 

Model Summary 

S R-sq R-sq(adj) R-sq(pred) 

0.0565043 49.65% 48.29% 43.74% 

Coefficients 

Term Coef SE Coef T-Value  P-Value VIF 

Constant 0.2075 0.0712 2.92 0.006 

EngLagl 0.682 0413 6.04 0.000 1.00 

Regression Equation 

English Pound = 0.2075 + 0.682 EngLagl 

English Pound 

Syx MAD 

Linear 0.079 0.0613 
Quadratic 0.0768 0.0585 

Exponential 0.0789 0.0607 
AR-First Order 0.0565 0.0443 
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A 
a (level of significance), 279 

A priori probability, 154 

Addition rule, 158 

Adjusted 7”, 484 
Algebra, rules for, 626 

Algorithmic cleaning of extreme numerical 
values, 25 

Alternative hypothesis, 276 

Among-group variation, 353 
Analysis of proportions (ANOP), 402 
Analysis of variance (ANOVA), 353 

Kruskal-Wallis rank test for differences in 
c medians, 415 

assumptions of, 416 
One-way, 356 

assumptions, 360 

F test for differences in more than two 

means, 356 

F test statistic, 356 

Levene’s test for homogeneity of 
variance, 361 

summary table, 357 

Tukey-Kramer procedure, 362 

Two-way, 367 

cell means plot, 374 

factorial design, 353 

interpreting interaction effects, 367, 

374-375 
multiple comparisons, 362 

summary table, 357 

testing for factor and interaction effects, 

369-370 
Analysis ToolPak, 

Frequency distribution, 91 

Histogram, 91-92, 96 

Descriptive statistics, 148 

Exponential smoothing, 597 

F test for ratio of two variances, 

351 
Multiple regression, 522-524 
One-way ANOVA, 385-386 
paired t test, 349-350 
pooled-variance f test, 347-348 
random sampling, 35 
Residual analysis, 475 

sampling distributions, 243 
sampling methods, 35 

separate-variance f test, 348-349 

simple linear regression, 475 
two-way ANOVA, 387-388 

Analytical skills, 3 

Analyze, 4 

Analyzing 
Categorical variables, 621-622 

Numerical variables, 619-621 

ANOP, 402 

ANOVA. See Analysis of variance (ANOVA) 

Area of opportunity, 188 

Arithmetic mean, See Mean 

Arithmetic operations, rules for, 626 

Assumptions 

analysis of variance (ANOVA), 360 

of the confidence interval estimate for the 

mean (a unknown), 252 

of the confidence interval estimate for the 

proportion, 260 

. of the F test for the ratio of two variances, 

336 

of the paired ¢ test, 325 

of Kruskal-Wallis test, 418 

of regression, 445 

for 2 X 2 table, 395 

for 2 X c table, 400 

for r X c table, 407 

for the ¢ distribution, 250 

t test for the mean (a unknown), 288 

in testing for the difference between two 

means, 312 

of the Wilcoxon rank sum test, 409 — 

of the Z test for a proportion, 299 

Autocorrelation, 450 

Autoregressive modeling, 573 

steps involved in, on annual timeseries 

data, 578 

for trend fitting and forecasting, 573-581 

B 
Bar chart, 51 

Basic computer skills, 6 

Bayes’ theorem, 169 

Best practices for creating visual summaries, 

77 

Best-subsets approach in model building, 542 

B Risk, 279 

Bias 

nonresponse, 27 

selection, 27 

Big data, 4 

Binomial distribution, 181 

mean of, 185 

properties of, 181 

shape of, 184-185 

standard deviation of, 185 

Binomial probabilities 

calculating, 182-183 

Bins, 40 

Bootstrapping, 266 

Boxplots, 129 

Brynne packaging, 473 

Bubble chart, 71 

Business analytics, 4 

Cc 
CardioGood Fitness, 33, 87, 86, 174, 221, 

272, 346, 384, 425-426 

Categorical data 

chi-square test for the difference between 

two proportions, 390 

chi-square test of independence, 404 

chi-square test for c proportions, 399 

organizing, 39-41 

visualizing, 51-56 

Z test for the difference between two 

proportions, 329 

Categorical variables, 17 

Causal forecasting methods, 557 

Cell means plot, 374 

Cell, 8, 40 

Central limit theorem, 231 

Central tendency, 109 

Certain event, 154 

Challenges in organizing and visualizing 

variables, 

Obscuring data, 75 

Creating false impressions, 76 

Chartjunk, 77 

Charts. 

bar, 51 

Colored scatter plot, 70 

bubble, 71 

Doughnut, 52 

Histogram, 59 

Pareto, 53-55 

Ogive 61-62 

Pier oZ 

Percentage polygon, 60-61 

Scatter plot, 65-66 

Side-by-side bar, 55-56 

Sparklines, 72 

Time-series plot, 68-69 

Chebyshev Theorem, 134 

Chi-square (y”) distribution, 390 
Chi-square (y’) test for differences 

between c proportions, 404 

between two proportions, 390 

Chi-square (y”) test for the variance or 
standard deviation, 419 

Chi-square (y”) test of 
independence, 404 

Chi-square (7) table, 656 

Choice Is Yours Followup, 87, 174 

Class boundaries, 44 

Class intervals, 44 

Class midpoint, 44 

Class interval width, 44 

Classes, 44 _ 

And Excel bins, 46 

Classification trees, 608 
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Clear Mountain State Survey, 33, 147, 174, 

221, 346, 384, 426 

Cluster analysis, 601 

Cluster sample, 22 

Coding errors, 24 

Coefficient of correlation, 137, 457 

inferences about, 458 

Coefficient of determination, 443 

Coefficient of multiple determination, 484, 533 

Coefficient of partial determination, 495 

Coefficient of variation, 117 

Collectively exhaustive events, 26, 154 

Collect, 3 

Collinearity of independent variables, 538 

Colored scatter plot, 70 

Combinations, 182 

Complement, 154 

Completely randomized design. See also 

One-way analysis of variance 

Computing conventions used in this book, 8 

Conditional probability, 161 

Confidence coefficient, 279 

Confidence interval estimation, 245 

in auditing, 266 

connection between hypothesis testing 

and, 286-287 

for the difference between the means of 

two independent groups, 317-318 

for the difference between the proportions 

of two independent groups, 333-334 

for the mean difference, 327-328 

ethical issues and, 266 

for the mean (o known), 244-249 

for the mean (o unknown), 250-256 

for the mean response, 461 

for the proportion, 258-260 

of the slope, 490 

Connection between confidence interval 

estimation and hypothesis testing, 
286-287 

Consider This, 

Divine Providence and Spam, 170 

Do People Really Do This?, 319 

New Media Surveys/Old Survey 

Errors, 29 

What is Normal?, 210 

What is Not Normal, 508 

Let the Model User Beware, 592 

Contingency tables, 40, 390 

Continuous probability 

distributions, 199 

Exponential distribution, 199 

Normal distribution, 199 

Uniform distribution, 199 

Continuous variables, 18 

Convenience sampling, 21 
Correlation coefficient. See Coefficient of 

~ correlation 

Counting rules, 171 

Covariance, 136 
of a probability distribution, 191 

Coverage error, 27 

C, statistic, 543 

Craybill Instrumentation Company case, 

552-553 

Critical range, 362 

Critical value approach, 248, 262 

Critical values, 278 

Cross-product term, 503 

Cross validation, 514 

Cumulative percentage distribution, 48 

Cumulative percentage polygons 

(ogives), 61 

Cumulative standardized normal 

distribution, 202 

tables, 651-652 

Curvilinear relationship, 527 

Cyclical effect, 557 

D 
Dashboards, 605 

Data, 2 

sources of, 19 

Data cleaning, 24 

Data collection, 18 

Data files, 640-645 

Data filtering, 71 

Data formatting, 25-26 

Data integration errors, 24 

Data mining, 602 

DCOVA, 3 

Decision trees, 163 

Define, 3 

Degrees of freedom, 217 

Dependent variable, 431 

Descriptive analytics, 601 

Descriptive statistics, 5 

Deviance statistic, 511 

Difference scores, 322 

_ 

Digital Case, 33-34, 86, 147, 174, 195, 221, 
242, 272, 307, 345-346, 384, 425, 
473, 521, 552, 596 

Directional test, 295 

Discrete probability distributions 

binomial distribution, 189 

Poisson distribution, 188 

Discrete variables, 18 

expected value of, 177 

probability distribution for, 171 

variance and standard deviation of, 178 

Dispersion, 114 

Doughnut chart, 52 

Downloading files for this book, 640 

Drill-down, 69 

Dummy variables, 497 

Durbin-Watson statistic, 451 

tables, 663 

E 
Empirical probability, 154 

Empirical rule, 134 

Equal variance, 446 

Error sum of squares (SSE), 442 

Ethical issues 

confidence interval estimation and, 266 
in hypothesis testing, 302 

in multiple regression, 547 

in numerical descriptive measures, 141 

for probability, 169 

for surveys, 28 

Events, 153 

Expected frequency, 391 

Expected value, 

of discrete variable, 177 

Explained variation or regression sum of 

squares (SSR), 441 

Explanatory variables, 441 

Exponential distribution, 199, 217 

Exponential growth 

with monthly data forecasting 

equation, 588 

with quarterly data forecasting 

equation, 587 

Exponential smoothing, 557-558 

Exponential trend model, 567 

Extrapolation, predictions in regression 

analysis and, 436 

F 

Factor, 353 

Factorial design. 353 See Two-way analysis 

of variance 

F distribution, 336 

tables, 656-659 

Finite population correction factor, 239 

First-order autoregressive model, 574 

First quartile, 125c 

Five-number summary, 128 

Fixed effects models, 379 

Forecasting, 557 

autoregressive modeling for, 573 

choosing appropriate model for, 582-585 

least-squares trend fitting and, 564 

seasonal data, 586-590 

formula, 8 

Frame, 21 

Frequency distribution, 64 

Friedman rank test, 420 
F test for the ratio of two variances, 336 
F test for the factor effect, 356 

F test for factor A effect, 369-373 

F test for factor B effect, 369-373 

F test for interaction effect, 369-373 
F test for the slope, 485 

F test in one-way ANOVA, 356-360 
Function, 8 

Future data, 514 

Gaussian distribution, 199 

General addition rule, 158 

General multiplication rule, 163 

Geometric mean, 113 

Geometric mean rate of return, 113 
Grand mean, 367 

Greek alphabet, 631 

Groups, 353 

Guidelines for developing 

visualizations, 77 



Hierarchical clustering, 609 
Histograms, 59 

Homogeneity of variance, 359 
Levene’s test for, 361 

Homoscedasticity, 449 
Hypergeometric distribution, 191 
Hypothesis. 

alternative, 276 

fundamental concepts, 277 
null, 276 

Impossible event, 154 

Independence, 164 

of errors, 449 

x’ test of, 404 
Independent events, multiplication rule for, 
Independent variable, 431 

Index numbers, 592 

Inferential statistics, 5 

Interaction, 367 

Interaction terms, 503 

Interpolation, predictions in regression 

analysis and, 436 

Interquartile range, 127 

Interrelationship of the standard normal 

distribution and the chi-square 

distribution, 395 

Interval scale, 18 

Invalid variable values, 24 

Irregular effect, 557 

J 
Joint event, 153 

Joint probability, 157 

Joint response, 40 

Judgment sample, 21 

K 
Kruskal-Wallis rank test for differences in c 

medians, 415 

assumptions of, 415 

Kurtosis, 120 

L 
Lagged predictor variable, 225, 573 

Learning more, 6, 20, 22, 70, 118, 183, 189, 

246, 534, 573 

Least-squares method in determining simple 

linear regression, 434 

Least-squares trend fitting and forecasting, 

564-570 

Left-skewed, 120 

Leptokurtic, 120 

Level of confidence, 247 

Level of significance (a), 279 

Levels, 353 

Levene’s test 
for homogeneity of variance, 361 

Likelihood, 508 

Line graph, 53 

Linear regression. See Simple linear regression 

Linear relationship, 446 

Linear trend model, 564 

Logarithms, rules for, 627 

Logarithmic transformation, 536 

Logical causality, 6 

Logistic regression, 509 

Lurking variable, 137 

M 
Main effects, 372 

Main effects plot, 357 

Managing Ashland MultiComm Services, 

86, 147, 195, 221, 242, 271-272, 307, 

345-346, 383-384, 424425, 473, 

521, 596 

Marascuilo procedure, 400 

Marginal probability, 157 

Margin of error, 28, 261 

Matched samples, 322 

Mathematical model, 181 

Maximum likelihood, 509 

McNemar test, 419 

Mean, 109 

of the binomial distribution, 188, 253 

confidence interval estimation for, 245 

geometric, 113 

population, 138 

sample size determination for, 261 

sampling distribution of, 225 

standard error of, 227 

unbiased property of, 225 

Mean absolute deviation, 583 

Mean difference, 322 

Mean squares, 355 

Mean Square Among (MSA), 358 

Mean Square A (MSA), 369 

Mean Square B (MSB), 369 

Mean Square Error (MSE), 369 

Mean Square Interaction (MSAB), 369 

Mean Square Total (MST), 358 

Mean Square Within (MSW), 358 

Measurement 

types of scales, 28 

Measurement error, 28 

Median, 111 

Microsoft Excel, 

Absolute and relative cell references, 634 

Adding numerical variables, 99 

Add-ins, 647 

Arithmetic mean, 148 

Autocorrelation, 476 

autoregressive modeling, 598-599 

bar charts, 92-93 

Bayes’ theorem, 175 

basic probabilities, 175 

binomial probabilities, 196 

bins, 40 

boxplots, 156 

cells, 12 

cell means plot, 388 

cell references, 633-634 

central tendency, 148 

chart formatting, 636 

Index 715 

checking for and applying Excel 

updates, 647 

checklist for using, 6-9, 11 

chi-square tests for contingency tables, 

427-428 

coefficient of variation, 149 

computing conventions, 6—9 

confidence interval estimate for the 

difference between the means of two 

independent groups, 348 

confidence interval for the mean, 273 

confidence interval for the proportion, 274 

configuring Excel security for add-ins, 

647-648 

contingency tables, 90 

correlation coefficient, 151 

covariance, 150 

creating histograms for discrete 

probability distributions, 196 

creating and copying worksheets, 11-12 

cross-classification table, 90 

cumulative percentage distribution, 92 

cumulative percentage polygon, 96-97 

dashboards, 615 

defining variables, 35 

descriptive statistics, 148-150 

doughnut chart, 92-93 

drilldown, 191 

dummy variables, 524 

Durbin-Watson statistic, 476 

Dynamic bubble charts, 616 

entering data, 11 

expected value, 196 

exponential smoothing, 597 

FAQs, 667 

Filtering, 101 

Formulas, 632-633 

frequency distribution, 91 

functions, 665-666 

F test for the ratio of two variances, 351 

Geometric mean, 148 

Getting ready to use, 11 

Guide workbooks, 8 

Histogram, 95, 96, 638-639 

Identifying version, 632 

Interquartile range, 150 

Keyboard shortcuts, 665 

Kruskal-Wallis test, 429 

Kurtosis, 149 

least-squares trend fitting, 598 

Levene test, 385 

Log transformation, 554 

Logistic regression, 524-525 

Marascuilo procedure, 427-428 

Median, 148 

Mode, 148 

moving averages, 597 

multidimensional contingency tables, 

98-99 

multiple regression, 522-524 

mean absolute deviation, 599 

model building, 555 

nonstatistical functions, 665-666 
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Microsoft Excel (Continued) 

normal probabilities, 222 

normal probability plot, 222-223 

one-way analysis of variance, 385 

opening workbooks, 11 

ordered array, 90 

quartiles, 149 

Paired f test, 349 

Pareto chart, 93-94 

Pasting with Paste Special, 633 

Percentage distribution, 92 

Percentage polygon, 96-97 

pie chart, 92-93 

PivotChart, 99 

PivotTables, 89 

Poisson probabilities, 197 

Pooled-variance f test, 347 

Population mean, 150 

Population standard deviation, 150 

Population variance, 150 

prediction interval, 476 

preparing and using data, 11 

printing worksheets, 12 

probability, 175 

probability distribution for a discrete 

random variable, 196 

quadratic regression, 554 

quartiles, 155 

querying, 101 

range, 149 

relative frequency distribution, 92 

residual analysis, 475, 523 

sample size determination, 274 

sampling distributions, 243 

sampling methods, 35 

saving workbooks, 11 

scatter plot, 98 

seasonal data, 599 

selecting cell ranges for charts, 634 

selecting non-contiguous cell range, 634 

separate-variance f test, 348 

side-by-side bar chart, 94 

simple linear regression, 474 

simple random samples, 35 

skewness, 149 

skill set needed, 9 

sparklines, 100 

square root transformation, 554 

standard deviation, 149 

starting point, 8 

stem-and-leaf display, 95 

summary tables, 89 

t test for the mean (@ unknown), 309 
time-series plot, 98 

transformations, 554—555 

treemaps, 99-100 

two-way analysis of variance, 387 

Tukey-Kramer multiple comparisons, 
386-387 

understanding nonstatistical functions, 
665-666 

useful keyboard shortcuts, 665 
variance, 149 

variance inflationary factor (VIF), 555 

verifying formulas and worksheets, 633 

which version to use, : 

Wilcoxon rank sum test, 428-429 

Workbooks, 11 

Worksheet entries and references, 635 

Worksheets, 634 

Worksheet formatting, 635 

Z test for the difference between two 

proportions, 350 

Z test for the mean (a known), 309-310 

Z scores, 149 

Z test for the proportion, 310 

Midspread, 127 

Missing values, 25 

Mixed effects models, 379 

Mode, 112 

Model, 431 

Models, See Multiple regression models 

More Descriptive Choices Follow-up, 147, 

272, 346, 384, 426, 552 

Mountain States Potato Company case, 551 

Moving averages, 559 

Multidimensional contingency tables, 68 

Multiple comparisons, 362 

Multiple regression models, 479 

Adjusted 7°, 484 
best-subsets approach to, 542 

coefficient of multiple determination 

in, 484 

coefficients of partial determination 

in, 495 

collinearity in, 538 

confidence interval estimates for the slope 

in, 482 

dummy-variable models in, 497 

ethical considerations in, 547 

interpreting slopes in, 479 

interaction terms, 503 
with k independent variables, 4805 

model building, 540-546 

model validation, 514~-515 

net regression coefficients, 480 

overall F test, 485 

partial F-test statistic in, 492 

pitfalls in, 547 

predicting the dependent variable Y, 481 

quadratic, 527-533 

residual analysis for, 487-488 

stepwise regression approach to, 541 

testing for significance of, 489-490 

testing portions of, 492-495 

testing slopes in, 494-495 

transformation in, 534-537 

variance inflationary factors in, 539 

Multiplication rule, 166 

Mutually exclusive events, 26, 154 

Net regression coefficient, 480 

Nominal scale, 18 

Nonparametric methods, 409 

Nonprobability sample, 21 

Nonresponse bias, 27 
Nonresponse error, 27 

Normal approximation to the binomial 

distribution, 217 

Normal distribution, 199 

cumulative standardized, 202 

properties of, 200 

Normal probabilities 

calculating, 201-209 

Normal probability density function, 199 

Normal probability plot, 213 

constructing, 213-214 

Normality assumption, 291, 315 

Null hypothesis, 276 

Numerical descriptive measures 

coefficient of correlation, 137, 457 

measures of central tendency, variation, 

and shape, 109-122 

from a population, 132-133 

Numerical variables, 17 

Organizing, 4 

Visualizing, 4 

Oo 
Observed frequency, 391 

Odds ratio, 509 

Ogive, 61 

One-tail tests, 295 

null and alternative hypotheses in, 297 

One-way analysis of variance (ANOVA), 

356 

assumptions, 359 

F test for differences in more than two 

means, 356 

F test statistic, 336 

Levene’s test for homogeneity of variance, 

361 

summary table, 357 

Tukey-Kramer procedure, 362 

Online resources, 640 

Operational definitions, 5, 17 

Ordered array, 53 

Ordinal scale, 15 

Organize, 4 

Organizing a mix of variables, 68-69 
Outcomes, 153 

Outliers, 25, 118 

Overall F test, 485 

p 

Paired f test, 322-327 

Parameter, 20 

Pareto chart, 53-55 

Pareto principle, 53 

Parsimony, 584 

principle of, 540 

Partial F-test statistic, 498 

Percentage distribution, 46 

Percentage polygon, 68 

Percentiles, 126 

PHStat, 

About, 669-670 

Autocorrelation, 476 



bar chart, 92 

basic probabilities, 151 

best subsets regression, 555 

binomial probabilities, 196 
boxplot, 150 

cell means plot, 388 

chi-square (y7) test for contingency tables, 
427-428 

coefficient of variation, 149 

collinearity, 555 

confidence interval 

for the mean (a known), 273 
for the mean (a unknown), 273 

for the difference between two means, 347 
for the proportion, 274 

contingency tables, 90, 427 
cumulative percentage distributions, 92 
cumulative percentage polygons, 

data cleaning, 36 

doughnut chart, 92-93 

FAQs, 667-668 

F test for ratio of two variances, 350 

frequency distributions, 90-91 

histograms, 96-97 

installing, 669-670 

joint probability, 175 

Kruskal-Wallis test, 429 

kurtosis, 149 

Levene’s test, 386 

Logistic regression, 525 

Marascuilo procedure, 427 

Mean, 148 

Median, 148 

Mode, 148 

Model building, 555 

multiple regression, 522-524 

normal probabilities, 222 

normal probability plot, 222 

one-way ANOVA, 385 

one-way tables, 92 

paired ¢ test, 349 

Pareto chart, 93 

Percentage distribution, 90 

Percentage polygon, 97 

pie chart, 92 

Poisson probabilities, 197 

pooled-variance f test, 347 

prediction interval, 476 
quadratic regression, 554 

quartiles, 149 

Random sampling, 35 

range, 149 

Recoding variables, 26, 36 

Relative frequency, 92 

Residual analysis, 471, 523 

Sample size determination, 

for the mean, 274 

for the proportion, 274 

sampling distributions, 243 

scatter plot, 97-98 

separate-variance f test, 348 
side-by-side bar chart, 94 

simple linear regression, 474 

simple probability, 175 

simple random samples, 35 

sparklines, 11 

skewness, 149 

stacked data, 36 

standard deviation, 149 

stem-and-leaf display, 94—95 

stepwise regression, 555 

summary tables, 88 

t test for the mean (o@ unknown), 309 

treemap, 100 

two-way ANOVA, 387 

Two-way tables, 89 

Tukey-Kramer procedure, 386 

Unstacked data, 36 

Variance, 149 

Wilcoxon rank sum test, 428 

Z score, 149 

Z test for the mean (o known), 309 

Z test for the difference in two 

proportions, 349 

Z test for the proportion, 310 

Pie chart, 52 

Pitfalls in organizing and 

visualizing data, 

Obscuring data, 75 

Chartjunk, 77 

Creating false impressions, 76 

Pitfalls in regression, 464-466, 547 

PivotChart, 71 

PivotTables, 40 

Platykurtic, 128 

Point estimate, 245 

Poisson distribution, 188 

calculating probabilities, 189 

properties of, 188 

Polygons, 68 

cumulative percentage, 61 

Pooled-variance f¢ test, 312-318 

Population(s), 19 

Population mean, 132 

Population standard deviation, 133 

Population variance, 133 

Positive linear Relationship, 432 

Power of a test, 279, 303 

Practical significance, 303 

Prediction interval estimate, 462 

Prediction line, 433 

Predictive analytics, 601 

Prescriptive analytics, 601 

Primary data source, 20 

Probability, 155 

a priori, 154 

Bayes’ theorem for, 169 

conditional, 161 

empirical, 154 

ethical issues and, 169 

joint, 157 

marginal, 157 

simple, 155 

subjective, 155 

Probability density function, 199 

Probability distribution function, 181 

Index 717 

Probability distribution for discrete random 

variable, 177 

Probability sample, 21 

Proportions, 46 

chi-square (x’) test for differences 

between two, 390 

chi-square (y’) test for differences in more 

than two, 397 

confidence interval estimation for, 

258-259 

sample size determination for, 263-264 

sampling distribution of, 225 

Z test for the difference between two, 329 

Z test of hypothesis for, 299 

pth-order autoregressive model, 573 

p-value, 284 

p-value approach, 284-285 

Q 
Q1, 125 

Q2, 125 

OfmI2» 

Quadratic regression, 527-533 

Quadratic trend model, 566 

Qualitative variable, 17-18 

Quantitative variable, 17-18 

Quartiles, 125 

Quantile-quantile plot, 213 

Querying, 73 

R 
Random effect, 379 

Random effects models, 379 

Randomized block design, 353, 379 

Randomness and independence, 359 

Random numbers, table of, 22, 649 

Range, 114 

interquartile, 127 

Ratio scale, 18 

Recalculation, 9 

Recoded variable, 26 

Rectangular distribution, 199 

Region of nonrejection, 278 

Region of rejection, 292 

Regression analysis. See Multiple regression 

models; Simple linear regression 

Regression coefficients, 434 

Regression sum of squares (SSR), 441 

Regression trees, 607 

Relative frequency, 48 

Relative frequency distribution, 46 

Relevant range, 436 

Reliability, 9 

Repeated measurements, 322 

Replicates, 367 

Residual analysis, 446, 582-583 

Residual plots 

in detecting autocorrelation, 450-451 

in evaluating independence, 450-451 

in evaluating equal variance, 449 

in evaluating linearity, 446-447 

in evaluating normality, 448 

in multiple regression, 487-488 



718 Index 

Sum of squares, 115 

Sum of squares among groups (SSA), 355 

Sum of squares due to factor A (SSA), 368 

Sum of squares due to factor B (SSB), 368 

Sum of squares due to regression 

(SSR), 441 

Sum of squares of error (SSE), 369, 442 

Sum of squares to interaction (SSAB), 368 

Sum of squares total (SST), 353, 441 

Sum of squares within groups (SSW), 355 

Sunburst chart, 72 

Sure Value Convenience Stores, 272, 308, 

346, 384, 425, 552 

estimation of mean values and prediction 

of individual values, 461-462 

inferences about the slope and correlation 

coefficient, 454-458 

least-squares method in, 434 

pitfalls in, 464-466 

residual analysis, 446 

standard error of the estimate in, 444 

sum of squares in, 442 

Simple probability, 155 

Simple random sample, 21 

Skewness, 120 

Slicers, 73-74 

Residuals, 436 

Resistant measures, 128 

Response variable, 431 

Right-skewed, 120 

Robust, 292, 315 

Ss 
Sample, 19 

Sample coefficient of correlation, 138 

Sample covariance, 136 

Sample mean, 109 

Sample proportion, 298 

Sample standard deviation, 115 

Sample variance, 115 

Sample size determination 

for mean, 2610- 262 

for proportion, 263-264 

Sample space, 153 

Samples, 

cluster, 22 

convenience, 23 

judgment, 21 

nonprobability, 21 

probability, 21 

simple random, 21 

stratified, 22 

systematic, 22 

Sampling 

from finite populations, 239 

from nonnormally distributed populations, 

231-235 

from normally distributed populations, 

228-231 

with replacement, 21 

without replacement, 21 

Sampling distributions, 

of the mean, 225 

of the proportion, 225 

Sampling error, 28, 246-248 

Scale 

interval, 18 

nominal, 18 

ordinal, 18 

ratio, 18 

Scatter diagram, 431 

Slope, 433 

inferences about, 454 

interpreting, in multiple regression, 

479-480 

software concepts, 632 

Sources of data, 20 

Sparklines, 72 

Spread, 114 

Square-root transformation, 535 

Stacked variables, 26 

Standard deviation, 115 

of binomial distribution, 185 

of discrete variable, 178 

of population, 123 

Standard error of the estimate, 444 

Standard error of the mean, 227 

Standard error of the proportion, 237 

Standardized normal variable, 202 

Statistic, 5, 20 

Statistics, 3 

descriptive, 5 

inferential, 5 

Statistical inference, 5 

Statistical insignificance, 303 

Stem-and-leaf display, 58 

Stepwise regression 

approach to model building, 541 
Strata, 22 

Stratified sample, 22 

Structured data, 612 

Studentized range distribution, 362 
Scatter plot, 65, 431 tables, 612 

Survey errors, 27—28 

Symmetrical, 120 

Systematic sample, 22 

T 
t distribution, properties of, 251 

Tableau public 

Bar chart, 102-103 

Boxplot, 151 

Colored scatter plot, 106 

Contingency table, 102 

Cluster analysis, 616-617 

Data cleaning, 37 

Defining variables, 37 

Dashboards, 615 

Dynamic bubble charts, 616 

Entering data, 14 

FAQs, 668 

Five number summary, 151 

Frequency distribution, 102 

Getting started, 13 

Histogram, 104-105 

Keyboard shortcuts, 665 

Opening a workbook, 14 

Organizing a mix of variables, 105-106 
Pareto chart, 103 

Pie chart, 102-103 

Printing a workbook, 15 

Saving a workbook, 14 

Scatter plot, 105, 477 

Simple linear regression, 477 
Sparkline, 107 

Summary table, 101-102 
Seasonal effect, 557 Student’s ¢ distribution, 250-251 
Second-order autoregressive model, Properties, 251 

3/3 Student tips, 4, 8, 18, 46, 52, 58, 69, 78, 111 

‘Treemap, 106 

Time-series plot, 105 
Visualizing two categorical variables, 104 Second quartile, 125 

Secondary data source, 20 

Selection bias, 27 
Separate-variance f test for differences in 

two means, 318 
Shape, 120 

Side-by-side bar chart, 55 
Simple event, 153 

Simple linear regression, 

assumptions in, 445 
coefficient of determination in, 443 

115, 118, 125, 130,137, 153,154, 

157, 158, 162, 177, 181, 201, 203, 

204, 226, 227, 237, 246, 266, 276, 
278, 281, 284, 287, 289, 294, 299 

312, 313, 322, 330, 336, 353, 354, 

355, 356, 358, 360, 361, 362, 369, 

370, 391, 392, 400, 404, 409, 410, 

415, 434, 438, 443, 446, 481, 486, 

487, 498, 499, 503, 504, 509, 511, 

527, 530, 533, 536, 559, 560, 567, 
574, 578 

coefficients in, 443 

computations in, 437-438 

Durbin-Watson statistic, 451 

equations in, 

Subjective probability, 155 

Summarized data, 2 

Summary table, 39 

Summation notation, 628-630 

Working with data, 15 

Tables 

chi-square, 655 

contingency, 40 

Control chart factors, 664 

Cumulative distribution, 48 

Durbin-Watson, 663 

F distribution, 656-659 

for categorical data, 39-40 

cumulative standardized normal 

distribution, 651-652 
of random numbers, 22, 649-650 ° 
standardized normal distribution, 660 
Studentized range, 661-662 
summary, 39 



t distribution, 653-654 

Wilcoxon rank sum, 660 

Template, 8 

Treemaps, 106 

Test statistic, 278 

Tests of hypothesis 

Chi-square (7) test for differences 

between c proportions, 397-400 

between two proportions, 390 

Chi-square (y”) test of independence, 404 

Chi-square (y7) test for a variance, 419 

F test for the ratio of two variances, 

336-338. 

F test for the regression model, 485 

F test for the slope, 455-456 

Friedman rank test, 420 

Kruskal-Wallis rank test for differences 

in c medians, 415 

Levene test, 361 

McNemar test, 419 

Paired t test, 322-327 

pooled-variance f test, 312 

quadratic effect, 530 

separate-variance f test for differences in 

two means, 318 

t test for the correlation coefficient, 

457-458 

t test for the mean (o unknown), 288-291 

t test for the slope, 454-455, 489 

Wilcoxon rank sum test for differences in 

two medians, 409 

Wilcoxon signed ranks test, 420 

Z test for the mean (o known), 280-282 

Z test for the difference between two 

proportions, 329 

Z test for the proportion, 298-301 

Test set, 514 

Third quartile, 125 

Times series, 86, 557 

Time-series forecasting, 557 

autoregressive model, 573 

choosing an appropriate forecasting 

model, 582-585 

component factors of classical 

multiplicative, 557 

exponential smoothing in, 561 

least-squares trend fitting and 

forecasting, 564 

moving averages in, 559 

seasonal data, 586-590 

Times series plot, 66 

Total variation, 368, 441 

Training set, 514 

Transformation formula, 202 

Transformations in regression models 

logarithmic, 536 

square-root, 535 

Treatment, 20 

Treemap, 71 

Trend, 557 

ttest for a correlation coefficient, 457-458 

t test for the mean (o unknown), 288 

t test for the slope, 454 

Tukey-Kramer multiple comparison 

procedure, 362 

Tukey multiple comparison procedure, Sys) 

Two-factor factorial design, 367 

Two-sample tests of hypothesis for 

numerical data, 312 

F tests for differences in two variances, 

336 

Paired ¢ test, 322 

t tests for the difference in two means, 

312-318 

Wilcoxon rank sum test for differences in 

two medians, 409 

Two-tail test, 281 

Two-way analysis of variance, 367 

cell means plot, 374 

factorial design, 353 

interpreting interaction effects, 374-375 

multiple comparisons, a3 

summary table, 371 

testing for factor and interaction effects, 

369-371 

Two-way contingency table, 40 

Type I error, 278 

Type II error, 278 

U 
Unbiased, 225 

Unexplained variation or error sum of 

squares (SSE), 441 

Uniform probability distribution, 199 

mean, 215 

standard deviation, 216 

lndex 

Unstacked variables, 26 

Unstructured data, 4, 26 

Using software properly, 7-8 

V 
Variables, 5 

categorical, 17y 

continuous, 18 

discrete, 18 

dummy, 497 

numerical, 17 

Variance inflationary factor (VIF), 539 

Variance, 115 

of discrete variable, 178 

F-test for the ratio of two, 333 

Levene’s test for homogeneity of, 361 

population, 133 

sample, 115 

Variation, 109 

Visual Explorations, 

normal distribution, 206 

sampling distributions, 235 

simple linear regression, 439 

Visualize, 4 

Visualizations, 

Guidelines for constructing, 77 

WwW 
Wald statistic, 511 

Width of class interval, 

Wilcoxon rank sum test 

for differences in two medians, 409 

Wilcoxon signed ranks test, 420 

Tables, 660 

Within-group variation, 355 

Workbook, 8 

Worksheets, 8 

Mf 
Y intercept bo, 433 

Zz 
Z scores, 118 

Z test, 

for the difference between two 

proportions, 329-333 

for the mean (ao known), 280 

for the proportion, 299 
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The Cumulative Standardized Normal Distribution 

Entry represents area under the cumulative standardized 

normal distribution from — = to Z 

Zz 

—6.0 | 0.000000001 

—5.5 | 0.000000019 

—5.0 | 0.000000287 

—4.5 | 0.000003398 

—4.0 | 0.000031671 

—3.9 | 0.00005 0.00005 0.00004 0.00004 0.00004 0.00004 0.00004 0.00004 0.00003 0.00003 

—3.8 | 0.00007 0.00007 0.00007 0.00006 0.00006 0.00006 0.00006 0.00005 0.00005 0.00005 

—3.7 | 0.00011 0.00010 0.00010 0.00010 0.00009 0.00009 0.00008 0.00008 0.00008 0.00008 

—3.6 | 0.00016 0.00015 0.00015 0.00014 0.00014 0.00013 0.00013 0.00012 0.00012 0.00011 

—3.5 | 0.00023 0.00022 0.00022 0.00021 0.00020 0.00019 0.00019 0.00018 0.00017 0.00017 

—3.4 | 0.00034 0.00032 0.00031 0.00030 0.00029 0.00028 0.00027 0.00026 0.00025 0.00024 

—3.3 | 0.00048 0.00047 0.00045 0.00043 0.00042 0.00040 0.00039 9.00038 0.00036 0.00035 

—3.2 | 0.00069 0.00066 0.00064 0.00062 0.00060 0.00058 0.00056 0.00054 0.00052 0200050 

—3.1 | 0.00097 0.00094 0.00090 0.00087 0.00084 0.00082 0.00079 0.00076 0.00074 0.00071 

—3.0 | 0.00135 0.00131 0.00126 0.00122 0.00118 0.00114 0.00111 0.00107 0.00103 0.00100 

=2.9 | 0.0019 0.0018 0.0018 0.0017 0.0016 0.0016 0.0015 0.0015 0.0014 0.0014 

—2.8 | 0.0026 0.0025 0.0024 0.0023 0.0023 0.0022 0.0021 0.0021 0.0020 0.0019 

=—2.7 | 0.0035 0.0034 0.0033 0.0032 0.0031 0.0030 0.0029 0.0028 0.0027 0.0026 

ae A 0.0047 0.0045 0.0044 0.0043 0.0041 0.0040 0.0039 0.0038 0.0037 0.0036 

—25 | 0.0062 0.0060 0.0059 0.0057 0.0055 0.0054. — 0.0052 0.0051 0.0049 0.0048 

—2.4 | 0.0082 © 0.0080 0.0078 0.0075 0.0073 0.0071 0.0069 0.0068 0.0066 0.0064 

—2.3 | 0.0107 0.0104 0.0102 0.0099 0.0096 0.0094 0.0091 0.0089 0.0087 0.0084 

2.2 | 0.0139 - 0.0136 0.0132 0.0129 0.0125 0.0122 0.0119 0.0116 0.0113 0.0110 

—2.1 | 0.0179 0.0174 0.0170 0.0166 0.0162 0.0158 0.0154 0.0150 0.0146 0.0143 

—2.0 | 0.0228 0.0222 0.0217 0.0212 0.0207 0.0202 0.0197 ~ 0.0192 0.0188 0.0183 

—19 | 0.0287 0.0281 0.0274 0.0268 0.0262 0.0256 0.0250 - 0.0244 0.0239 0.0233 

—1.8 | 0.0359 0.0351 0.0344 0.0336 0.0329 0.0322 0.0314 0.0307 0.0301 0.0294 

—1.7 | 0.0446 0.0436 0.0427 0.0418 | 0.0409 0.0401 0.0392 0.0384 0.0375 0.0367 

—1.6 | 0.0548 0.0537 0.0526 0.0516 0.0505 0.0495 0.0485 0.0475 0.0465 0.0455 

—1.5 | 0.0668 0.0655 0.0643 0.0630 0.0618 0.0606 0.0594 0.0582 0.0571 0.0559 

—14 | 0.0808 0.0793 0.0778 0.0764 0.0749 0.0735 0.0721 0.0708 0.0694 0.068 1 

—1.3 | 0.0968 0.0951 0.0934 0.0918 0.0901 0.0885 0.0869 0.0853 0.0838 0.0823 

—12 | 0.1151 0.1131 0.1112 0.1093 0.1075 0.1056 0.1038 0.1020 0.1003 0.0985 

—1.1 | 0.1357 0.1335 0.1314 0.1292 0.1271 0.1251 0.1230 0.1210 0.1190 0.1170 

‘1.0 | 0.1587 0.1562 0.1539 0.1515 0.1492 0.1469 0.1446 0.1423 0.1401 0.1379 
—0.9 | 0.1841 0.1814 0.1788 0.1762 0.1736 0.1711 0.1685: 0.1660 0.1635 0.1611 
—0.8 | 0.2119 0.2090 0.2061 0.2033 0.2005 0.1977 0.1949 0.1922 0.1894 0.1867 
—0.7 | 0.2420 0.2388 0.2358 0.2327 0.2296 0.2266 0.2236 0.2206 0.2177 0.2148 
—0.6 | 0.2743 0.2709 0.2676 0.2643 0.2611 0.2578 0.2546 0.2514 0.2482 0.2451 
—05 | 0.3085 0.3050 0.3015 0.2981 0.2946 0.2912 0.2877 0.2843 0.2810 0.2776 
—04 | 0.3446 0.3409 0.3372 0.3336 0.3300 0.3264 0.3228 0.3192 0.3156 0.3121 
—0.3 | 0.3821 0.3783 0.3745 0.3707 0.3669 0.3632 0.3594 0.3557 0.3520 0.3483 
—0.2 | 0.4207 0.4168 0.4129 0.4090 0.4052 0.4013 0.3974 0.3936 0.3897 0.3859 
—0.1 | 0.4602 0.4562 0.4522 0.4483 0.4443 0.4404 0.4364 0.4325 0.4286 0.4247 . 
—0.0 | 0.5000 0.4960 0.4920 0.4880 0.4840 0.4801 0.4761 0.4721 0.468 1 0.4641 



The Cumulative Standardized Normal Distribution (continued) 

Entry represents area under the cumulative standardized 

normal distribution from —% to Z 

; Cumulative Probabilities 

0.06 001 0.020.030.0405 0.060.070.0809 
0.5000 0.5040 0.5080 0.5120 0.5160 0.5199 0.5239 0.5279 0.5319 0.5359 0.0 

0.1 | 0.5398 0.5438 0.5478 0.5517 0.5557 0.5596 0.5636 =—s«0.5675. «0.5714. ~~ (0.5753 
0.2 0.5793 0.5832 0.5871 0.5910 0.5948 0.5987 0).6026 0.6064 0.6103 0.6141 

0.3 0.6179 0.6217 0.6255 0.6293 0.6331 0.6368 ().6406 ().6443 0.6480 0.6517 

0.4 | 0.6554 0.6591 0.6628 +=: 0.6664 ~—S 0.6700 ~—S 0.6736 = s«0.6772——s«0.6808 (0.6844 0.6879 
0.5 | 0.6915 0.6950 0.6985 0.7019 0.7054 0.7088 ~=—0.7123.—S «0.7157 —s«.7190~—s0.7224 
0.6 | 0.7257 0.7291 0.7324 0.7357. ~—s-0.7389-Ss«0.7422,—ss«.7454 «0.7486 (0.7518 0.7549 
0.7 | 0.7580 0.7612 0.7642 0.7673 0.7704 ~—Ss(0.7734.—s«0.7764. = «0.7794 (0.7823——s(0.7852 
0.8 | 0.7881 0.7910 0.7939 0.7967 ~—-0.7995—Ss«0,8023—Ss«.8051~—Ss«0.8078 = s«.8 106 S08 133" 
0.9 | 0.8159 0.8186 0.8212 0.8238 0.8264 0.8289 0.8315 0.8340 0.8365 0.8389 
1.0 | 0.8413 0.8438 0.8461 0.8485 0.8508 0.8531 . 0.8554 0.8577 | 0.8599 0.8621 
11 | 0.8643 0.8665 0.8686 0.8708 0.8729 ~—«0.8749~—Ss«0.8770~—Ss«0.8790 =~ «0.8810 0.8830 
1.2 | 0.8849 0.8869 0.8888 0.8907 0.8925 0.8944 —s«0.8962 «0.8980 = «0.8997 «0.9015 
1.3 | 0.9032 0.9049 0.9066 ~— 0.9082 0.9099 0.9115. 0.9131 0.9147 (0.9162 © 0.9177 
14 | 0.9192 0.9207 0.9222 0.9236 0.9251 0.9265 0.9279 0.9292 0.9306 _—-0.9319 
1.5 | 0.9332 0.9345 0.9357 —-0.9370-—Ss«0.9382—s«é.9394. «0.9406 = (0.9418 0.9429 0.944 
1.6 | 0.9452 0.9463 0.9474 0.9484 0.9495 0.9505 0.9515 0.9525 0.9535. (0.9545 
1.7 | 0.9554 0.9564 0.9573 0.9582 0.9591 —s-:0.9599 «(0.9608 — «0.9616 = :0.9625 0.9633 
1.8 | 0.9641 0.9649 0.9656 0.9664 0.9671 0.9678 0.9686 —--0.9693 «6.9699 (0.9706 
1.9 | 0.9713 0.9719 0.9726 0.9732 0.9738 0.9744 0.9750 0.9756 0.9761 —-0.9767 
2.0 | 0.9772 0.9778 0.9783 0.9788 0.9793 0.9798 —-:0.9803—s«0.9808 = 0.9812 (0.9817 
2.1 | 0.9821 0.9826 0.9830 —-0.9834.~—Ss:0.9838 ~—S 0.9842 —s«0.9846 = s«0.9850 = :0.9854. 0.9857 
2.2 | 0.9861 0.9864 0.9868 0.9871 0.9875 —- 0.9878 +~—s«0.9881 ~—s«0.9884 «0.9887 «0.9890 
2.3 | 0.9893 0.9896 0.9898 0.9901 0.9904 —s-:0.9906-— «0.9909 s«0.9911 ~—-:0.9913 0.9916 
24 | 0.9918 0.9920 0.9922 0.9925 0.9927 0.9929 0.9931 0.9932 0.9934. (0.9936 
2.5 | 0.9938 0.9940 0.9941 0.9943 0.9945 0.9946 0.9948 00,9949 0.9951 0.9952 
2.6 | 0.9953 0.9955 0.9956 0.9957 0.9959 0.9960 0.9961 0.9962 (0.9963 (0.9964 
2.7 | 0.9965 0.9966 0.9967 0.9968 0.9969 ~—s-:«0.9970_—s«<0.9971~—s«0.9972— «0.9973 «0.9974 
2.8 | 0.9974 0.9975 0.9976 0.9977 0.9977 0.9978 0.9979 0.9979 _—-0.9980 «0.9981 
2.9 | 0.9981 0.9982 0.9982 0.9983 0.9984 -— «0.9984 «0.9985. «0.9985 0.9986 «0.9986 
3.0 | 0.99865 0.99869 0.99874 0.99878 0.99882 0.99886 0.99889 0.99893 0.99897 0.99900 
3.1 | 0.99903 0.99906 0.99910 0.99913 0.99916 ~—-:0.99918 0.99921 0.99924 0.99926 0.99929 
3.2 | 0.99931 0.99934 0.99936 0.99938 —-0.99940-—s:0.99942 0.99944 0.99946 0.99948 0.99950 
3.3 | 0.99952 0.99953 0.99955 0.99957 0.99958 0.99960 -—-0.99961 0.99962 -—-0.99964._:0.99965 
3.4 | 0.99966 0.99968 0.99969 0.99970 0.99971 —-0.99972__ 0.99973 0.99974. 0.99975 0.99976 
3.5 | 0.99977 0.99978 0.99978 0.99979 0.99980 0.99981 0.99981 _——:0.99982-:0.99983 0.99983 
3.6 | 0.99984 0.99985 0.99985 0.99986 0.99986 0.99987 0.99987 0.99988 0.99988 0.99989 
3.7. | 0.99989 0.99990 0.99990 0.99990 0.99991 0.99991 -0,99992 0.99992 0.99992 0.99992 
3.8 | 0.99993 0.99993 0.99993 0.99994 0.99994 0.99994 0.99994. 0.99995 0.99995 0.99995 
3.9 | 0.99995 0.99995 0.99996 0.99996 0.99996 _—-0.99996 0.99996 0.99996 0.99997 0.99997 
4.0 | 0.999968329 
4.5 | 0.999996602 
5.0 | 0.999999713 
5.5 | 0.999999981 | fe 
6.0 | 0.999999999 a 
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