
ISBN-13:
ISBN-10:

978-0-13-449716-7
0-13-449716-3

9 7 8 0 1 3 4 4 9 7 1 6 7

9 0 0 0 0

Get the Most Out of
MyStatLab®

R O B E R T  S T I N E     D E A N  F O S T E R

S T I N E

FO ST E R

Statistics for Business

Statistics for B
usiness

Decision Making and Analysis

D
ecision M

aking and Analysis

Third Edition

Third Edition

MyStatLab is available for this textbook.
To learn more, visit www.mystatlab.com

S Personalized and adaptive learning

S Interactive practice with immediate feedback

S Multimedia learning resources

S Complete eText

S Mobile-friendly design

S Full access to StatCrunch

MyStatLab is the leading online homework, tutorial, and assessment 
program designed to help you learn and understand statistics.



Statistics for Business
DECISION MAKING AND ANALYSIS

ROBERT STINE
Wharton School of the University of Pennsylvania

DEAN FOSTER
Emeritus, Wharton School of the University of Pennsylvania

330 Hudson Street, NY NY 10013

THIRD EDITION

A01_STIN7167_03_SE_FM.indd   1 12/11/16   10:03 AM



For permission to use copyrighted material, grateful acknowledgment has been made to the copyright holders 
listed on p. C-1 and C-2, which is hereby made part of the copyright page.

Many of the designations by manufacturers and sellers to distinguish their products are claimed as trade-
marks. Where those designations appear in this book, and the publisher was aware of a trademark claim, the 
designations have been printed in initial caps or all caps.

Microsoft® and Windows® are registered trademarks of the Microsoft Corporation in the U.S.A. and other 
countries. Screen shots and icons reprinted with permission from the Microsoft Corporation. This book is not 
sponsored or endorsed by or affiliated with the Microsoft Corporation.

MICROSOFT AND/OR ITS RESPECTIVE SUPPLIERS MAKE NO REPRESENTATIONS ABOUT THE SUITABILITY OF THE 
INFORMATION CONTAINED IN THE DOCUMENTS AND RELATED GRAPHICS PUBLISHED AS PART OF THE SERVICES 
FOR ANY PURPOSE. ALL SUCH DOCUMENTS AND RELATED GRAPHICS ARE PROVIDED “AS IS” WITHOUT WARRANTY 
OF ANY KIND. MICROSOFT AND/OR ITS RESPECTIVE SUPPLIERS HEREBY DISCLAIM ALL WARRANTIES AND CONDI-
TIONS WITH REGARD TO THIS INFORMATION, INCLUDING ALL WARRANTIES AND CONDITIONS OF MERCHANTABIL-
ITY, WHETHER EXPRESS, IMPLIED OR STATUTORY, FITNESS FOR A PARTICULAR PURPOSE, TITLE AND NON-IN-
FRINGEMENT. IN NO EVENT SHALL MICROSOFT AND/OR ITS RESPECTIVE SUPPLIERS BE LIABLE FOR ANY SPECIAL, 
INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA 
OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT 
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF INFORMATION AVAILABLE FROM THE SERVICES. 
THE DOCUMENTS AND RELATED GRAPHICS CONTAINED HEREIN COULD INCLUDE TECHNICAL INACCURACIES OR 
TYPOGRAPHICAL ERRORS. CHANGES ARE PERIODICALLY ADDED TO THE INFORMATION HEREIN. MICROSOFT AND/
OR ITS RESPECTIVE SUPPLIERS MAY MAKE IMPROVEMENTS AND/OR CHANGES IN THE PRODUCT(S) AND/OR THE 
PROGRAM(S) DESCRIBED HEREIN AT ANY TIME. PARTIAL SCREEN SHOTS MAY BE VIEWED IN FULL WITHIN THE 
SOFTWARE VERSION SPECIFIED.

The student edition of this title has been catalogued at the Library of Congress as follows:

Library of Congress Cataloging-in-Publication Data

Names: Stine, Robert A., author. | Foster, Dean P., author.
Title: Statistics for business : decision making and analysis / ROBERT STINE,
 Wharton School of the University of Pennsylvania, DEAN FOSTER, Wharton
 School of the University of Pennsylvania.
Description: Third Edition. | Boston : Pearson, 2016. | Revised edition of  

the authors’ Statistics for business, 2013. | Includes index.
Identifiers: LCCN 2016016748| ISBN 9780134497167 (hardcover) | ISBN
 0134497163 (hardcover)
Subjects: LCSH: Commercial statistics. | Statistics.
Classification: LCC HF1017 .S74 2016 | DDC 519.502/465--dc23
LC record available at https://lccn.loc.gov/2016016748

Copyright © 2018, 2014, 2011 Pearson Education, Inc. All rights reserved. No part of this publication may be re-
produced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, pho-
tocopying, recording, or otherwise, without the prior written permission of the publisher. Printed in the United 
States of America. For information regarding permissions, request forms and the appropriate contacts within 
the Pearson Education Global Rights & Permissions department, please visit www.pearsoned.com/permissions/.

1 16

Director, Portfolio Management, Math & 
Statistics: Deirdre Lynch

Portfolio Management Assistant: Justin 
Billing

Managing Producer, Math/Stats: Karen 
Wernholm

Content Producer: Peggy McMahon

Producer, Production & Digital Studio, 
Math & Statistics: Aimee Thorne

Manager, Courseware Content Develop-
ment, Math & Stats: Robert Carroll

Manager, Courseware QA: Mary Durnwald

Director, Product Marketer, Math & Sta-
tistics: Erin Kelly

Product Marketing Assistant: Jennifer Myers

Senior Author Support/Technology Spe-
cialist: Joe Vetere

Manager, Rights and Permissions: Gina 
Cheselka

Manufacturing Buyer:  Carol Melville/
LSC Communications

Production Coordination, Composition, 
Text Design, Illustrations: Cenveo®  
Publisher Services

Associate Director of Design: Blair Brown

Program Design Lead: Barbara Atkinson

Cover Design: Tamara Newnam

Cover Photo: Getty Images/BeholdingEye

Student Edition:
ISBN-13: 978-0-13-449716-7
ISBN-10: 0-13-449716-3

A01_STIN7167_03_SE_FM.indd   2 12/11/16   10:03 AM

https://lccn.loc.gov/2016016748
http://www.pearsoned.com/permissions/


iii

Robert Stine holds a Ph.D. from Princeton University. He has taught at the Whar-
ton School since 1983, during which time he has regularly taught business statis-
tics. During his tenure, Bob has received a variety of teaching awards, including 
regularly winning the MBA Core Teaching Award, which is presented to faculty for 
outstanding teaching of the required curriculum at Wharton. He also received the 
David W. Hauck Award for Outstanding Teaching, awarded to the most highly rat-
ed faculty member teaching in the Wharton undergraduate program. Bob active-
ly consults for industry. His clients include the pharmaceutical firms Merck and 
Pfizer, and he regularly works with the Federal Reserve Bank of Philadelphia on 
models for retail credit risk. This collaboration has produced three well-received 
conferences held at Wharton. His areas of research include computer software, 
time series analysis and forecasting, and general problems related to model iden-
tification and selection. Bob has published numerous articles in research journals, 
including the Journal of the American Statistical Association, Journal of the Royal 
Statistical Society, Biometrika, and The Annals of Statistics.

Dean Foster holds a Ph.D. from the University of Maryland. He has taught at the 
Wharton School since 1992 and previously taught at the University of Chicago. 
Dean has taught courses in introductory business statistics, probability and 
Markov chains, statistical computing, and advanced statistics for managers. Dean’s 
research areas are statistical inference for stochastic processes, game theory, ma-
chine learning, and variable selection. He is published in a wide variety of jour-
nals, including The Annals of Statistics, Operations Research, Games and Economic 
Behaviour, Journal of Theoretical Population Biology, and Econometrica. Currently 
Senior Principal Scientist at Amazon; Dean Foster is working on big data there, 
and his goal is to predict the sales of each and every product that Amazon sells.

Bob Stine and Dean Foster (along with Richard Waterman) have co-authored two 
casebooks: Basic Business Statistics (Springer-Verlag) and Business Analysis Using 
Regression (Springer-Verlag). These casebooks offer a collection of data analysis 
examples that motivate and illustrate key ideas of statistics, ranging from standard 
error to regression diagnostics and time series analysis. They also have collabo-
rated on a number of research articles.

ABOUT THE AUTHORS

A01_STIN7167_03_SE_FM.indd   3 12/11/16   10:03 AM



561590_MILL_MICRO_FM_ppi-xxvi.indd   2 24/11/14   5:26 PM

This page intentionally left blank



v

Preface xi

Index of Application xxi

PART I  Variation

 1  Introduction 2
 1.1 What Is Statistics? 2

 1.2 Previews 4

 2 Data 10
 2.1 Data Tables 11

 2.2 Categorical and Numerical Data 12

 2.3 Recoding and Aggregation 14

 2.4 Time Series 17

 2.5 Further Attributes of Data 18

Chapter Summary 22

 3  Describing Categorical Data  26
 3.1  Looking at Data  27

 3.2  Charts of Categorical Data  28

 3.3  The Area Principle  33

 3.4  Mode and Median  38

Chapter Summary  42

 4  Describing Numerical Data 51
 4.1  Summaries of Numerical Variables 52

 4.2  Histograms 57

 4.3  Boxplots 59

 4.4  Shape of a Distribution  62

 4.5  Epilog  68

Chapter Summary  72

 5  Association between Categorical Variables  80
 5.1  Contingency Tables  81

 5.2  Lurking Variables and Simpson’s Paradox  89

CONTENTS

A01_STIN7167_03_SE_FM.indd   5 18/11/16   2:22 PM



vi CONTENTS

 5.3  Strength of Association  92

Chapter Summary  100

 6  Association between Quantitative Variables  109
 6.1  Scatterplots  110

 6.2  Association in Scatterplots  111

 6.3  Measuring Association  114

 6.4  Summarizing Association with a Line  120

 6.5  Spurious Correlation  123

 6.6  Correlation Matrix  126

Chapter Summary  129

CASE: STATISTICS IN ACTION Financial Time Series  140

CASE: STATISTICS IN ACTION Executive Compensation  148

PART II  Probability

 7  Probability  156
 7.1  From Data to Probability  157

 7.2  Rules for Probability  161

 7.3  Independent Events  166

Chapter Summary  170

 8  Conditional Probability  179
 8.1  From Tables to Probabilities - 180

 8.2  Dependent Events  184

 8.3  Organizing Probabilities  187

 8.4  Order in Conditional Probabilities  190

Chapter Summary  195

 9  Random Variables  202
 9.1  Random Variables  203

 9.2  Properties of Random Variables  205

 9.3  Properties of Expected Values  211

 9.4  Comparing Random Variables  214

Chapter Summary  216

 10  Association between Random Variables  224
 10.1  Portfolios and Random Variables  225

 10.2  Joint Probability Distribution  227

 10.3  Sums of Random Variables  230

 10.4  Dependence Between Random Variables  232

 10.5  IID Random Variables  236

 10.6  Weighted Sums  239

Chapter Summary  243

A01_STIN7167_03_SE_FM.indd   6 12/11/16   10:03 AM



viiCONTENTS

 11  Probability Models for Counts  251
 11.1  Random Variables for Counts  252

 11.2  Binomial Model  254

 11.3  Properties of Binomial Random Variables  255

 11.4  Poisson Model  259

Chapter Summary  265

 12  The Normal Probability Model  270
 12.1  Normal Random Variable  271

 12.2  The Normal Model  274

 12.3  Percentiles  280

 12.4  Departures from Normality  282

Chapter Summary  290

CASE: STATISTICS IN ACTION Managing Financial Risk  298

CASE: STATISTICS IN ACTION Modeling Sampling Variation  306

PART III  Inference 

 13  Samples and Surveys  314
 13.1  Two Surprising Properties of Samples  315

 13.2  Variation  320

 13.3  Alternative Sampling Methods  323

 13.4  Questions to Ask  326

Chapter Summary  329

 14  Sampling Variation and Quality  334
 14.1  Sampling Distribution of the Mean  335

 14.2  Control Limits  340

 14.3  Using a Control Chart  344

 14.4  Control Charts for Variation  347

Chapter Summary  354

 15  Confidence Intervals  362
 15.1  Ranges for Parameters  363

 15.2  Confidence Interval for the Mean  368

 15.3  Interpreting Confidence Intervals  372

 15.4  Manipulating Confidence Intervals  373

 15.5  Margin of Error  376

Chapter Summary  384

 16  Statistical Tests  391
 16.1  Concepts of Statistical Tests  392

 16.2  Testing the Proportion  397

 16.3  Testing the Mean  404

A01_STIN7167_03_SE_FM.indd   7 12/11/16   10:03 AM



viii

 16.4  Significance versus Importance  408

 16.5  Confidence Interval or Test?  409

Chapter Summary  413

 17  Comparison  420
 17.1  Types of Comparisons  421

 17.2  Data for Comparisons  421

 17.3  Two-Sample z-Test for Proportions  424

 17.4  Two-Sample Confidence Interval for Proportions  425

 17.5  two-Sample t-Test  429

 17.6  Confidence Interval for the Difference Between Means  433

 17.7  Paired Comparisons  436

Chapter Summary  446

 18  Inference for Counts  453
 18.1  Chi-Squared Tests  454

 18.2  Test of Independence  454

 18.3  General versus Specific Hypotheses  466

 18.4  Tests of Goodness of Fit  467

Chapter Summary  477

CASE: STATISTICS IN ACTION Rare Events  484

CASE: STATISTICS IN ACTION Data Mining Using Chi-Squared  491

PART IV  Regression Models

 19  Linear Patterns  498
 19.1  Fitting a Line to Data  499

 19.2  Interpreting the Fitted Line  501

 19.3  Properties of Residuals  506

 19.4  Explaining Variation  508

 19.5  Conditions for Simple Regression  510

Chapter Summary  520

 20  Curved Patterns  528
 20.1  Detecting Nonlinear Patterns  529

 20.2  Transformations  531

 20.3  Reciprocal Transformation  532

 20.4  Logarithm Transformation  538

Chapter Summary  550

 21  The Simple Regression Model  557
 21.1  The Simple Regression Model  558

 21.2  Conditions for the SRM  562

 21.3  Inference in Regression  565

 21.4  Prediction Intervals  573

Chapter Summary  587

CONTENTS

A01_STIN7167_03_SE_FM.indd   8 12/11/16   10:03 AM



ix

 22  Regression Diagnostics  596
 22.1  Changing Variation  597

 22.2  Outliers  607

 22.3  Dependent Errors and Time Series  611

Chapter Summary  622

 23  Multiple Regression  630
 23.1  The Multiple Regression Model  631

 23.2  Interpreting Multiple Regression  632

 23.3  Checking Conditions  640

 23.4  Inference In Multiple Regression  642

 23.5  Steps In Fitting A Multiple Regression  646

Chapter Summary  656

 24  Building Regression Models  667
 24.1  Identifying Explanatory Variables  668

 24.2  Collinearity  673

 24.3  Removing Explanatory Variables  678

Chapter Summary  694

 25  Categorical Explanatory Variables  703
 25.1  Two-Sample Comparisons  704

 25.2  Analysis of Covariance  706

 25.3  Checking Conditions  711

 25.4  Interactions and Inference  712

 25.5  Regression with Several Groups  719

Chapter Summary  726

 26  Analysis of Variance  736
 26.1  Comparing Several Groups  737

 26.2  Inference in ANOVA Regression Models  744

 26.3  Multiple Comparisons  748

 26.4  Groups of Different Size  754

Chapter Summary  759

 27  Time Series  768
 27.1  Decomposing a Time Series  769

 27.2  Regression Models  772

 27.3  Checking the Model  782

Chapter Summary  797

CASE: STATISTICS IN ACTION Analyzing Experiments  807

CASE: STATISTICS IN ACTION Automated Modeling  815

CONTENTS

A01_STIN7167_03_SE_FM.indd   9 12/11/16   10:03 AM



x

Appendix: Tables 823

Answers A-1

Credits C-1

Index I-1

Supplementary Material (online-only)
S1 Alternative Approaches to Inference S1-1

S2 Two-Way Analysis of Variance S2-1

S3 Regression with Big Data S3-1

 

CONTENTS

A01_STIN7167_03_SE_FM.indd   10 12/11/16   10:03 AM



xi

PREFACE

Knowledge of statistics is a great asset in business, but 
getting the most value from this asset requires knowing 
how to ask and answer the right questions. Choosing the 
right question and solving the problem correctly require 
an appreciation of business as well as the subtleties of 
statistics. Unless you understand the business issue from 
a finance, marketing, management, or accounting per-
spective, you won’t see how statistics can help solve the 
problem. Performing the statistical analysis must wait 
until you have grasped the issue facing the business.

Solving Business Problems

This application-directed approach is key to business 
analytics and shapes our examples. We open each chap-
ter with a business question that motivates the contents 
of the chapter. For extra practice, worked-out examples 
within each chapter follow our 4M (Motivation, Method, 
Mechanics, Message) problem-solving strategy. The mo-
tivation sets up the problem and explains the relevance 
of the question at hand. We then identify the appropri-
ate statistical method and work through the mechanics 
of its calculation. Finally, the message answers the ques-
tion in language suitable for a business presentation or 
report. Through the 4Ms, we’ll show you how a business 
context guides the statistical procedure and how the re-
sults determine a course of action. Motivation and Mes-
sage are critical. The Motivation answers the question 
“Why am I doing this analysis?”. If you cannot answer 
that question, it’s hard to get the statistics correct. The 
Message has to express your answer in language that 
is used in the business world. Understand the business 
first, then use statistics to help formulate your conclu-
sion. Notice that we said “help.” A statistical analysis by 
itself is not the final answer. You must frame that analy-
sis in terms that others in the business will understand 
and find persuasive.

Our emphasis on the substantive use of statistics in 
business shapes our view that the ideal reader for this 
text is someone with an interest in learning how statis-
tical thinking improves the ability of a manager to run 
or contribute to a business. Whether you’re an under-
graduate with an interest in business, an MBA looking 
to improve your skills, or a business owner looking for 

another way to get ahead of the competition, the key is 
a desire to learn how statistics can produce better de-
cisions and insights from the growing amount of data 
generated in modern businesses.

We don’t assume that readers have mastered the do-
mains of a business education, such as economics, fi-
nance, marketing, or accounting. We do assume, though, 
that you care how ideas from these areas can improve a 
business. If you’re interested in these applications—and 
we think you will be—then our examples provide the 
background you will need to appreciate why we want 
to solve the challenges that we present in each chapter. 
Readers with more experience will discover that we’ve 
simplified the technical details of some applications, such 
as those in finance or marketing. Even so, we think that 
the examples offer those with substantive experience a 
new perspective on familiar problems. We hope that you 
will agree that the examples are realistic and get to the 
heart of quantitative applications of statistics in business.

Technology

You cannot do research in modern applied statistics 
without computing. Data sets have grown in size and 
complexity, making it impossible to work out the cal-
culations by hand. Rather than dwell on routine cal-
culations, we rely on software (often referred to as a 
statistics package) to compute the results. Although we 
emphasize the use of technology, we give the formulas 
and illustrate the calculations introduced in each chap-
ter so that you will always know what the software is 
doing. It is essential to appreciate what happens in the 
calculations: You need to understand how the calcu-
lations are done in order to recognize when they are 
appropriate and when they fail. That does not mean, 
however, that you need to spend hours doing routine 
calculations. Your time is precious, and there’s only so 
much of it to go around. We think it makes good eco-
nomic sense to take advantage of modern technology 
in order to give us more time to think harder and more 
thoroughly about the motivating context for an applica-
tion and to successfully present the business message.

When we present results obtained with a calcula-
tor or computer, we typically round them. You don’t 
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need to know that the profits from a projected sale 
are $123,234.32529. It’s usually better to round such a 
number to $123 thousand. To let you know when we’ve 
rounded a calculation, we say about or approximately. 
In expressions, we denote rounding with the symbol < , 
as in 1/6 < 0.167.

To help you learn how to use software, each chapter 
includes hints on using Excel®, MinitabExpress®, and 
JMP® for calculations. These hints won’t replace the help 
provided by your software, but they will point you in the 
right direction so that you don’t spin your wheels figur-
ing out how to get started with an analysis. Supplemental 
software study cards are available for specific packages.

Data

Statistical analysis uses data, and we’ve provided lots 
of data to give you the opportunity to have some real 
hands-on experience. As you read through the chap-
ters, you’ll discover a variety of data sets that include 
real estate markets, stocks and bonds, technology, retail 
sales, human resource management, and fundamental 
economics. These data come from a range of sources, 
and each chapter includes a discussion about where we 
found the data used in examples. We hope you’ll use our 
suggestions and find more.

Prerequisite Knowledge

To appreciate the illustrative calculations and formulas, 
readers will need to be familiar with basic algebra. Por-
tions of chapters that introduce a statistical method of-
ten include some algebra to show where a formula comes 
from. Usually, we only use basic algebra (up through top-
ics such as exponents and square roots). Several chapters 
make extensive use of the logarithm function. If you’re 
interested in business and economics, this is a function 
worth getting to know a lot better. The applications we’ve 
provided, such as modeling sales or finding the best 
price, show why the logarithm is so important. Occasion-
ally, we give credit to calculus for solving a problem, but 
we don’t present derivations using calculus. You’ll do fine 
if you are willing to accept that calculus is a branch of 
more advanced mathematics that provides, among other 
things, the ability to derive formulas that have special 
properties. If you do know calculus, you’ll be able to see 
where these expressions come from.

WHAT’S NEW IN THIS EDITION
This edition adds more of what readers have found re-
ally useful:

■■ Business analytics relies on linking data to business 
decisions. Businesses ranging from traditional banks 
to the latest game developers are clamoring for em-
ployees who can connect data and models to substan-
tive business problems. This edition adds emphasis, 

examples, and illustrations that stress the impor-
tance of these connections. For example, previous 
editions introduced the 4M paradigm—motivation, 
method, mechanics, and message—that shows how 
to combine data and statistics to solve problems in 
business. This edition carries this metaphor further. 
By explicitly linking this paradigm to analytics, this 
edition shows that business analytics requires blend-
ing substantive relevance with statistical analysis.

■■ Up-to-date applications explore problems related to 
“big data” and introduce hot topics such as A/B test-
ing that are popular in today’s businesses. Although the 
methods behind these new topics are familiar within 
statistics, the names are new. This edition makes sure 
students know the new names so that they can link what 
they learn in the classroom to what they read online.

■■ This edition features more than 90 new and updated 
data sets. The changed data range from examples 
used within chapters to those underlying exercises. 
Important, highly visible changes include “through 
the cycle” finance and economic time series that 
span the 2008 recession.

■■ More than 100 enhanced exercises remove ambi-
guities and capture nuances in revised data. Many of 
these changes address issues identified by tracking 
online student performance in completing related 
exercises in MyStatLab. Problems that were worded 
in a way that might confuse students were clarified.

■■ Excel is the workhorse tool of many businesses. This 
edition adds a section to every chapter that shows 
step by step how to complete analytic exercises with 
the latest version of Excel. Excel is the most popular 
software for introductory statistics, but some prefer 
the features offered by statistics packages such as 
Minitab or JMP. We’ve retained and updated hints in 
each chapter for these as well.

■■ It’s the little things. Hundreds of changes have been 
made throughout this edition to emphasize and clar-
ify key points. For example, this edition highlights 
additional tips throughout the text that help readers 
recognize important points that might be overlooked. 
Clarified explanations, analogies, and examples in 
every chapter encourage students to delve deeper 
and learn for themselves.

COVERAGE AND ORGANIZATION
We have organized the chapters of this book into four 
parts:

1. Variation
2. Probability
3. Inference
4. Regression Models

Part I. These chapters introduce summary statistics 
such as the mean and important graphical summaries, 
including bar charts, histograms, and scatterplots. Even 
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if you are familiar with these methods, we encourage 
you to skim the examples in these chapters. These ex-
amples introduce important terminology that appears 
in subsequent chapters. A quick review will introduce 
the notation that we use (which is rather standard) as 
well as give you a chance to look at some interesting 
data. If you do skip past these, take advantage of the 
index of Key Terms in each chapter to find definitions 
and examples.

Part II. Many courses in mathematics now include topics 
from probability. Even if you have seen basic probability, 
you might benefit from reviewing how methods, such as 
Bayes’ Rule, can be used to improve business processes 
(Chapter 8). If you plan to skip or move briskly through 
the rest of the chapters in Part 2, be sure that you’re famil-
iar with the concept of a random variable (Chapter 9). Sta-
tistical models use random variables to present an ideal-
ized description of the data in applications. Unless you’re 
familiar with random variables, you won’t appreciate the 
important assumptions that come with their use in prac-
tice. Chapter 11 describes special random variables used 
to model counts, and Chapter 12 defines normal random 
variables that appear so often in statistical models.

Part III. This part presents the foundations for statistical 
inference, the process of inferring properties of an entire 
population from those of a subset known as a sample. 
Even if you are not interested in quality control, we en-
courage you to read Chapter 14. Chapter 14 uses quality 
control to introduce a fundamental concept of inferential 
statistics, the sampling distribution and standard error. 
You can get by in statistics with a basic understanding of 
the concept of a sampling distribution, but the more you 
know about sampling distributions, the better. Each in-
ferential procedure comes with a checklist of conditions 
that tell you whether your data and situation match up 
to the various inferential techniques in these chapters.

Part IV. The chapters in Part 4 describe regression mod-
eling. Regression modeling allows us to associate how 
differences in data that describe one phenomenon are 
related to differences in others. Regression models are 
among the most powerful ways to use statistics in busi-
ness, providing methods for assessing profitability, setting 
prices, identifying anomalies, and generating forecasts. 
We encourage you to slow down and take your time study-
ing these chapters. Even if you don’t see yourself doing 
statistics in your career in business, you can be sure 
that you will be presented with the results of regression 
models. Because the examples in these chapters allow 
us to describe the interconnectedness of several busi-
ness processes at once, they become even more interest-
ing than those in prior chapters. Be careful if you skip 
Chapter 20. The material in this chapter shows how to 
model a richer set of patterns and is less common in 
business textbooks, but we think these ideas are an es-
sential component of every manager’s tool set.

Case Studies

Each of the four main parts of this book includes two 
supplemental case studies called Statistics in Action. 
Each case study provides an in-depth look at a business 
application of statistics. Every case uses real data and 
takes students through the details of using those data to 
address a business question. For example, a case study 
for Part 1 explains details of stock market data, such 
as how stock returns account for dividends, and elabo-
rates the nuances of financial data beyond the coverage 
in the surrounding chapters.

We’ve found that it is easy to have a “chapter-centric” 
view of any subject; you know how to approach a prob-
lem if the question identifies a chapter. Executing the 
right approach is more difficult without that sort of clue.

Case studies allow us to extend the statistical con-
cepts introduced in the accompanying chapters in the 
context of a longer, more complex case. For example, 
the second case in Part 1 carefully explains how to in-
terpret and use logarithms in the context of executive 
salaries. A case in Part 3 explores the use of many chi-
squared tests in an operations management problem 
that resembles data mining. While logs, chi-squared 
tests, and issues of multiple testing all appear in the 
regular flow of the main chapters, case studies provide 
a means for us to cover these topics in more detail than 
we thought was appropriate for everyone.

Supplementary Chapters

For this edition, we’ve added a few supplementary chap-
ters that are available online. These cover topics that are 
less common in the typical business stats course, but of-
ten useful. One chapter covers methods that are needed 
when the usual approaches don’t apply. For example, 
suppose data are so skewed that one cannot use stan-
dard methods for building a confidence interval for the 
mean. What are you to do? The supplemental chapter 
Alternative Approaches to Inference gives an answer. 
Two other supplemental chapters go deeper into regres-
sion modeling. The chapter Two-Way Analysis of Vari-
ance goes beyond Chapter 26 and looks at two-way (and 
higher) analysis of variance, including those with ran-
domized blocking and interactions. The chapter Regres-
sion Modeling with Big Data goes beyond Chapter 24 
and the Statistics in Action cases with coverage of how to 
build regression models when confronted by “big-data”  
issues that have become more common in business.

FEATURES
Motivating Examples. Each chapter opens with a 
business example that frames a question and motivates 
the contents of the chapter. We return to the example 
throughout the chapter, as we present the statistical 

PREFACE
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xiv

methods that provide answers to the question posed in 
the opening example.

The 4M (Motivation, 
Method, Mechanics, 

Message) problem-solving strategy gives students a clear 
outline for solving any business problem. Each 4M ex-
ample first expresses a business question in context, 
then guides students to determine the best statistical 
method for working the problem using statistical soft-
ware, and, finally, frames the analysis in terms that oth-
ers in the business world will understand.

Short question sets 
throughout each chapter 

give students the opportunity to check their under-
standing of what they’ve just read. These questions are 
intended to be a quick check of key concepts and ideas 
presented in the chapter; most questions involve very 
little calculation. Answers are located in a footnote so 
that students can easily check their answers before 
moving on in the text.

Tips. We highlight useful hints for applying sta-
tistical methods within the exposition so that 

students don’t miss them.

Caution. You’ll see the caution icon next 
to material that might be confusing. You 

should be extra careful to make sure you understand 
the material being discussed.

✓ Checklist. Some statistics presume that the informa-
tion presented satisfies several conditions or assump-
tions. For example, certain statistics only detect pat-
terns that resemble lines. You would not want to use 
these if you were looking for a curve. To help you keep 
track of the assumptions, the conditions are collected 
in a checklist.

 Best Practices. At the end of each chapter, we include 
a collection of tips for applying the chapter’s concepts 
successfully and ethically.

 Pitfalls. Most of the unintentional mistakes people make 
when learning statistics are avoidable and usually come 
from using the wrong method for the situation or misinter-
preting the results. This feature at the end of each chapter 
provides useful tips for avoiding common mistakes.

Data Analytics: The authors analyzed aggregated student 
usage and performance data from MyStatLab™ for the 
previous edition of this text. The results of this analysis 
helped improve the quality and quantity of exercises that 
matter the most to instructors and students.

 Software Hints. Each chapter includes hints on using 
Excel, Minitab, and JMP for calculations. These hints 
give students a jumping off point for getting started 
doing statistical analysis with software. Supplemental 
study cards for these and other software packages are 
available from the publisher.

 Behind the Math. At the end of most chapters, a Be-
hind the Math section provides interesting technical 
details that explain important results, such as the jus-
tification or interpretation for an underlying formula. 
If you are so inclined, they will help you appreciate the 
subtleties and logic behind the mechanics, but they are 
not necessary for using statistics.

Chapter Summary. These chapter-ending summaries 
provide a complete review of the content.

■■ Key Terms We provide an index of the chapter’s key 
terms at the end of each chapter to give students a 
quick and easy way to return to important definitions 
in the text.

■■ Objectives This new feature provides a list of what 
students should understand after having read a 
chapter.

■■ Formulas Important formulas introduced within the 
chapter are restated.

■■ About the Data This feature provides sources for the 
data used throughout the chapter with further back-
ground.

Exercises. Each chapter contains a variety of exercises 
at escalating levels of difficulty in order to give students 
a full complement of practice in problem solving using 
the skills they’ve learned in the chapter. Types of ex-
ercises include Matching, True/False, Think About It, 
You Do It, and 4M Exercises. You’ll find the data for the 
4M and You Do It exercises on Pearson’s Math and Sta-
tistics Resources Website: http://www.pearsonhighered 
.com/mathstats

■■ Matching and True/False exercises test students’ abil-
ity to recognize the basic mathematical symbols and 
terminology they have learned in the chapter. We 
avoid unnecessary formulas, but certain symbols 
and terminology show up so often that students are 
well served to recognize them.

■■ Think About It exercises ask students to pull together 
the chapter’s concepts in order to solve conceptual 
problems. You don’t need a computer or calculator 
for most of these.

■■ You Do It exercises give students practice solv-
ing problems that reinforce the mechanics they’ve 
learned in the chapter. These exercises apply the 
methods of the chapter to data related to a business 
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Student Resources
Student’s Solutions Manual
Student’s Solutions Manual, by Zhiwei Zhu, Univer-
sity of Louisiana, Lafayette

This manual provides detailed, worked-out solu-
tions to all odd-numbered text exercises. (ISBN-10: 
0-13-449736-8; ISBN-13: 978-0-13-449736-5)

Study Cards for Business 
Statistics Software
This series of study cards provides students with 
easy step-by-step instructions for using statistics 
software. Available for native Excel® 2016 (0-13-
457679-9) Excel 2016 with XLStat™ (0-13-457683-7),  
Minitab 17 (0-13-457681-0), Minitab Express for PC 
(0-13-457685-3), Minitab Express for Mac (0-13-
457691-8), JMP (0-321-64423-9), and StatCrunch™ 
(0-13-397513-4) 

Instructor Resources
Instructor’s Edition
This version of the text contains short answers to all 
of the exercises within the exercise sets. (ISBN-10: 
0-13-449738-4; ISBN-13: 978-0-13-449738-9)

Instructor’s Solutions Manual,
Instructor’s Solutions Manual, by Zhiwei Zhu, Uni-
versity of Louisiana, Lafayette

This manual provides detailed, worked-out solu-
tions to all of the book’s exercises. The Instruc-
tor’s Solutions Manual is available for download in 
MyStatLab and from Pearson Education’s online 
catalog (http://www.pearsonhighered.com/irc).

Business Insight Video 
Assessment Questions 
Written to accompany the Business Insight Videos, 
these video-specific questions and answers can 
be used for assessment or classroom discussion. 
These are available for download from MyStatLab 
or at www.pearsonhighered.com/irc.

Online Test Bank
Online Test Bank, by Paul Lorczak

This test bank contains ready-to-use quizzes and 
tests that correlate to chapters in the text. The test-
bank is available for download from Pearson Educa-
tion’s online catalog (http://www.pearsonhighered 
.com/irc).

TestGen®

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 al-
gorithmically 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 ques-
tions. The software and testbank are available for 
download from Pearson Education’s online catalog 
(http://www.pearsonhighered.com/irc).

Technology Resources
Data Sets
Data sets formatted for Minitab, Excel, JMP, and text 
files can be downloaded from MyStatLab or www 
.pearsonhighered.com/mathstatsresources/.

Business Insight Videos
This series of ten 5- to 7- minute videos, each about 
a well-known business and the challenges it faces, 
focuses on statistical concepts as they pertain to 
the r eal world. The videos can be downloaded from 
within MyStatLab. Contact your Pearson represen-
tative for details.

MyStatLab™ Online Course 
(access code required)
MyStatLab from Pearson is the world’s leading on-
line resource for teaching and learning statistics; 
integrating interactive homework, assessment, and 
media in a flexible, easy-to-use format. MyStatLab is 

Resources for Success

www.mystatlab.com
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a course management system that helps individual 
students succeed.

■■ MyStatLab can be implemented successfully in 
any environment—lab-based, traditional, fully 
online, or hybrid—and demonstrates the quan-
tifiable difference that integrated usage has on 
student retention, subsequent success, and 
overall achievement.

■■ MyStatLab’s comprehensive gradebook automat-
ically tracks students’ results on tests, quizzes, 
homework, and in the study plan. Instructors can 
use the gradebook to provide positive feedback 
or intervene if students have trouble. Gradebook 
data can be easily exported to a variety of spread-
sheet programs, such as Microsoft Excel.

MyStatLab provides engaging experiences that per-
sonalize, stimulate, and measure learning for each 
student. In addition to the resources below, each 
course includes a full interactive online version of 
the accompanying textbook.

■■ Personalized Learning: MyStatLab’s personal-
ized homework, and adaptive and companion 
study plan features allow your students to work 
more efficiently spending time where they really  
need to.

■■ Tutorial Exercises with Multimedia Learning Aids: 
The homework and practice exercises in MyStat-
Lab align with the exercises in the textbook, and 
most regenerate algorithmically to give students 
unlimited opportunity for practice and mastery. 
Exercises offer immediate helpful feedback, 
guided solutions, sample problems, animations, 
videos, statistical software tutorial videos and 
eText clips for extra help at point-of-use.

■■ Learning Catalytics™: MyStatLab now provides 
Learning Catalytics—an interactive student re-
sponse tool that uses students’ smartphones, 
tablets, or laptops to engage them in more so-
phisticated tasks and thinking.

■■ Videos tie statistics to the real world.
■■ StatTalk Videos: Fun-loving statistician An-

drew Vickers takes to the streets of Brooklyn, 

NY, to demonstrate important statistical con-
cepts through interesting stories and real-life 
events. This series of 24 fun and engaging vid-
eos will help students actually understand sta-
tistical concepts. Available with an instructor’s 
user guide and assessment questions.

■■ Business Insight Videos [for Business Statis-
tics only]: 10 engaging videos show managers 
at top companies using statistics in their ev-
eryday work. Assignable question encourage  
discussion.

■■ Additional Question Libraries: In addition to al-
gorithmically regenerated questions that are 
aligned with your textbook, MyStatLab courses 
come with two additional question libraries:

■■ 450 exercises in Getting Ready for Statistics 
cover the developmental math topics stu-
dents need for the course. These can be as-
signed as a prerequisite to other assignments, 
if desired.

■■ 1000 exercises in the Conceptual Question Li-
brary require students to apply their statistical 
understanding.

■■ StatCrunch™: MyStatLab integrates the web-based 
statistical software, StatCrunch, within the online 
assessment platform so that students can eas-
ily analyze data sets from exercises and the text. 
In addition, MyStatLab includes access to www 
.statcrunch.com, a vibrant online community where 
users can access tens of thousands of shared data 
sets, create and conduct online surveys, perform 
complex analyses using the powerful statistical 
software, and generate compelling reports.

■■ Statistical Software, Support and Integration: 
We make it easy to copy our data sets, from both 
the eText and the MyStatLab questions, into soft-
ware such as StatCrunch, Minitab®, Excel®, and 
more. Students have access to a variety of sup-
port tools—Technology Tutorial Videos, Technol-
ogy Study Cards, and Technology Manuals for 
select titles—to learn how to effectively use sta-
tistical software.

www.mystatlab.com
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MathXL® for Statistics Online 
Course (access code required)
MathXL® is the homework and assessment engine 
that runs MyStatLab. (MyStatLab is MathXL plus a 
learning management system.)

With MathXL for Statistics, instructors can:

■■ Create, edit, and assign online homework and 
tests using algorithmically generated exercises 
correlated at the objective level to the textbook.

■■ Create and assign their own online exercises and 
import TestGen tests for added flexibility.

■■ Maintain records of all student work, tracked in 
MathXL’s online gradebook.

With MathXL for Statistics, students can:

■■ Take chapter tests in MathXL and receive person-
alized study plans and/or personalized home-
work assignments based on their test results.

■■ Use the study plan and/or the homework to link 
directly to tutorial exercises for the objectives 
they need to study.

■■ Students can also access supplemental anima-
tions directly from selected exercises.

■■ Knowing that students often use external statisti-
cal software, we make it easy to copy our data 
sets, both from the eText and the MyStatLab 
questions, into software like StatCrunch™, Minitab, 
Excel and more.

MathXL for Statistics is available to qualified 
adopters. For more information, visit our Web 
site at www.mathxl.com, or contact your Pearson 
representative.

MyStatLab Accessibility 
■■ MyStatLab is compatible with the JAWS screen 

reader, and enables multiple-choice, fill-in-the-
blank and free-response problem-types to be 
read, and interacted with via keyboard controls 
and math notation input. MyStatLab also works 
with screen enlargers, including ZoomText, 
MAGic®, and SuperNova. And all MyStatLab vid-

eos accompanying texts with copyright 2009 and 
later have closed captioning.

■■ More information on this functionality is avail-
able at http://mystatlab.com/accessibility.

And, MyStatLab comes from an experienced partner 
with educational expertise and an eye on the future.

■■ Knowing that you are using a Pearson product 
means knowing that you are using quality content. 
That means that our eTexts are accurate and our 
assessment tools work. It means we are commit-
ted to making MyStatLab as accessible as possible.

■■ Whether you are just getting started with 
MyStatLab, or have a question along the way, we’re 
here to help you learn about our technologies and 
how to incorporate them into your course.

To learn more about how MyStatLab combines prov-
en learning applications with powerful assessment, 
visit www.mystatlab.com or contact your Pearson 
representative.

PowerPoint Lecture Slides
PowerPoint Lecture Slides provide an outline for 
use in a lecture setting, presenting definitions, key 
concepts, and figures from the text. These slides 
are available within MyStatLab or at www.pearson-
highered.com/irc.

StatCrunch
StatCrunch is powerful Web-based statistical soft-
ware that allows users to perform complex analyses, 
share data sets, and generate compelling reports of 
their data. The vibrant online community offers tens 
of thousands of data sets for students to analyze.

■■ Collect. Users can upload their own data to Stat-
Crunch or search a large library of publicly shared 
data sets, spanning almost any topic of interest. 
Also, an online survey tool allows users to quickly 
collect data via Web-based surveys.

■■ Crunch. A full range of numerical and graphical 
methods allow users to analyze and gain insights 
from any data set. Interactive graphics help users 
understand statistical concepts, and are available 

www.mystatlab.com
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for export to enrich reports with visual represen-
tations of data.

■■ Communicate. Reporting options help users cre-
ate a wide variety of visually appealing represen-
tations of their data.

Full access to StatCrunch is available with a 
MyStatLab and StatCrunch is available by itself to 
qualified adopters. For more information, visit our 
Web site at www.StatCrunch.com, or contact your 
Pearson representative.

Minitab® 17 and Minitab Express™
Minitab 17 and Minitab Express make learning 
statistics easy and provide students with a skill-set 
that’s in demand in today’s data-driven workforce. 
Bundling Minitab® software with educational 
materials ensures students have access to the soft-
ware they need in the classroom, around campus, and 
at home. And having 12-month versions of Minitab 17  

and Minitab Express available ensures students can 
use the software for the duration of their course. 
(ISBN-10: 0-13-445640-8; ISBN-13: 978-0-13-445640-9)

JMP Student Edition
JMP Student Edition is an easy-to-use, streamlined 
version of JMP desktop statistical discovery soft-
ware from SAS Institute, Inc., and is available for 
bundling with the text. Check with your Pearson 
sales representative for order information. (ISBN-
10: 0-13-467979-2; ISBN-13: 978-0-13-467979-2)

XLSTAT™ for Pearson
Used by leading businesses and universities, XL-
STAT is an Excel® add-in that offers a wide variety 
of functions to enhance the analytical capabilities of 
Microsoft Excel, making it the ideal tool for your ev-
eryday data analysis and statistics requirements. XL-
STAT is compatible with all Excel versions. Available 
for bundling with the text. (ISBN-10: 0-321-75940-0;  
ISBN-13: 978-0-75940-5)

www.mystatlab.com
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xxi

INDEX OF APPLICATIONS

Accounting

Accounting Firm Filing Tax Forms (TAI) 295
Accounting Procedures (TAI) 332
Auditing a Business (4M) 178
Auditor Checking Transactions (WT) 368
Auditor Comparing Billable Invoices (TAI) 728
Budget Allocation of a New Business (4M) 701–702
Cost Accounting (4M) 139
Research and Development Expenses (YDI) 525, 593, 626, 663, 

699, 732

Advertising

Advertising Among Internet Hosts (CO) 83; (IE) 80–83, 180–185; 
(WT) 183

Advertising and Sales (IE) 559–561; (TAI) 591
Advertising Firm Renewing Contract (TAI) 175
App advertising 187–190
Direct Mail Advertising (4M) 418
Display Space (YDI) 553
Evaluating a Promotion (4M) 435–436
Financial Advisor (YDI) 804
Judging the Credibility of Advertisements (4M) 751–754; (AE) 

756–758
Monthly Sales and Advertising (P) 513
New Advertising Program (TAI) 449
Pharmaceutical Advertising (CO) 251–251
Priming in Advertising (4M) 723–725
Promotion Response (4M) 389–390
Television Advertising (TAI) 102
Television Commercials (4M) 403; (AE) 411; (TAI) 416

Agriculture

Blood Sample from Cattle (WT) 319
Dairy Farming (YDI) 267
Food-Safety Inspectors Visiting Dairy Farms  (TAI) 331
Grain Produced per Acre (CO) 736
Wheat Trials (IE) 737–742, 744–754; (TAI) 763

Automotive

Auto Dealer Attending Car Auctions (TAI) 592
Residual Car Values (4M) 665
Base Price and Horsepower of Cars (YDI) 525–526, 593, 627, 

663–664, 699–700, 732–733
Buying Tires at an Auto Service Center (WT) 205; (IE) 212
Car Theft (4M) 86–88; (AE) 98
Cars in 1989 (4M) 555
Customer Options When Ordering a New Car (YDI) 198

Dealer Earnings per Day (TAI) 266
Door Seam of a Vehicle (YDI) 359
Fatal Roll-Over Accidents (4M) 35–36; (AE) 40–41
Favorite Car Color (TAI) 103
Fuel Consumption in Cars (CO) 528; (IE) 529–538
Leasing Cars (4M) 390
Male Drivers Involved in Serious Accidents (YDI) 296
Motor Shafts in Automobile Engines (YDI) 359
Predicting Sales of New Cars (4M) 775–778; (AE) 792–793
Price of New Cars (WT) 632
Pricing of a Car (IE) 7–9
Rated Highway Gasoline Mileage (YDI) 77
Stopping Distances (YDI) 765
Trade in Asian Models (TAI) 44
Trade in Domestic Models (TAI) 44
Used Cars (WT) 14; (TAI) 76; (YDI) 449, 553–554

Banking

Adjustable Rate Mortgage (TAI) 74
ATM (YDI) 221
Bank Collecting Data on Customers (TAI) 23, 24
Banks Compete by Adding Special Services (YDI) 418
Basel II Standards for Banking (TAI) 386–387
Check Fees (TAI) 23
Credit Card Offer (CO) 362; (IE) 363, 366–367, 370–371, 374, 409
Credit Card Profit Earned from a Customer (IE) 375–376
Credit Cards (IE) 372; (AE) 472–473; (4M) 527
Credit Risk (IE) 185
Direct Deposits for Employees (TAI) 331
Federal Regulators Requiring Bank to Maintain Cash Reserves 

(IE) 373
Loan Approval (IE) 161; (WT) 166
Loan Balances (TAI) 74
Loan Defaults (YDI) 267–268
Manager Tracking Bank Transactions (YDI) 267
Mortgage Loan Defaults (WT) 161–161
On Time Loan Repayment (IE) 166–167
Profit for a Bank (IE) 374–375
Size of Credit Card Transactions (IE) 321–322
Subprime Mortgages (4M) 646–650; (AE) 651–653

Business (General)

Auto Dealer (TAI) 173
Bookstore (YD I) 804
Catalog Sales Companies (TAI) 387
Clothing Buyer for a Chain of Department Stores (TAI) 386
Company Free Giveaways (IE) 207–208
Company Stocking Shelves in Supermarkets (YDI) 416, 422

CO ∙ Chapter Opener; IE ∙ In-Text Example; WT ∙ What Do You Think?; 4M ∙ Motivation, Method, Mechanics, Message;  
P ∙ Pitfalls; BP ∙ Best Practices; AE ∙ Analytics in Excel; AD ∙ About the Data; BTM ∙ Behind the Math; TAI ∙ Think About It;  
YDI ∙ You Do It; SA ∙ Statistics in Action; QT ∙ Questions for Thought
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xxii INDEX OF APPLICATIONS

Customer Focus (4M) 19
Data-driven Culture (TAI) 45
Display Space (TAI) 765
Employee Absences (YDI) 48
Employee Drug Testing (TAI) 197–198
Fast-Food Restaurant Chains (YDI) 176, 177; (WT) 253
Forecasting Profits (4M) 787–790; (AE) 794–795
Gross Profit (YDI) 804
Growth Industries (4M) 49–50
Large Company Correlation (IE) 126–127
Mail-Order Catalog (TAI) 74
Multinational Retail Company (TAI) 523
Optimal Pricing (4M) 543–545; (AE) 546–548; (BTM) 550
Price and Weights of Diamonds (WT) 114; (TAI) 134, 591;  

(CO) 498; (IE) 499–504, 507–509, 529, 576
Price Scanners at Check-Out Registers (TAI) 76
Reams of Paper Used in an Office (YDI) 220
Repairing an Office Machine (YDI) 221
Restaurant Chain Choosing a Location (CO) 630
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Cost of Building Cars at Plants (TAI) 728
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Planning Operating Costs (4M) 249–250
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(TAI) 416
Internet Ad Spending (CO) 26

A01_STIN7167_03_SE_FM.indd   22 12/11/16   10:03 AM



xxiiiINDEX OF APPLICATIONS

Internet Browsers (YDI) 49
Internet Hosts (IE) 28–30, 32; (P) 40
Monitoring an E-mail system (4M) 360
Recipe Source (IE) 33
Web Purchases (4M) 50; (TAI) 266, 416
Web Hits (YDI) 360; (AE) 474–476
Web Site Monitoring the Number of Customer Visits (TAI) 

762–763
Web Site of a Photo Processor (TAI) 359
Web Site to Take Photography Lessons (TAI) 799
Web Site Visitors Clicking on an Ad (TAI) 174

Economics

Consumer Sentiment and Inflation (TAI) 134
Dollar/Euro Exchange Rate (IE) 229, 374
Economic Time Series (4M) 24
Estimating the Rise of Prices (4M) 324–326
Exchange Rate (YDI) 220, 221; (4M) 229–230
Expectations for the Economy (IE) 485
Forecasting Unemployment (4M) 784–787; (AE) 793–794
Gross Domestic Product (IE) 394–395
Housing and Stocks (YDI) 135
Macro Economics (YDI) 137–138
Organization for Economic Cooperation and Development (TAI) 

133; (YDI) 526, 593, 627; (IE) 394
Seasonally Adjusted Civilian Unemployment Rate (YDI) 802
U.S. Gross National Product (TAI) 799

Education

Annual Tuition of Undergraduate Business Schools (TAI) 76–77
College Attended by CEOs (TAI) 46
College Graduate Debt (TAI) 198
Education and Income (CO) 179
High/Scope Perry Preschool Project (YDI) 389
Letter Grades (IE) 39
Multiple Choice Quiz (YDI) 176
Public College Tuition (WT) 65
SAT and Normality (4M) 277–279; (AE) 288
SAT Scores (TAI) 294
Test Scores (IE) 66

Energy

Annual Use of Natural Gas per Household (CO) 109; (WT) 120; 
(IE) 120–121

Daylight Savings Time and Reducing Energy Consumption (TAI) 
449

Electricity Supplied to Residences (TAI) 294
Energy Policy Act (TAI) 76
Heating Degree Days (IE) 110–117, 121–122
Lighting Efficiency (TAI) 44
Natural Gas and Electricity Use (YDI) 248
Steel Mill Monitoring Energy Costs (TAI) 697
U.S. Department of Energy (IE) 18, 130

Environment

Arctic Ice (YDI) 802
Carbon Dioxide Emissions (YDI) 138–139
Hurricane Bond (YDI) 296
Hurricane Katrina (IE) 4, 5, 6–7
January Average Temperatures (CO) 109
Polluting a Local River System (TAI) 415
Temperature (IE) 13
Weather at a Beachside Vacation Resort (TAI) 174
Weather Forecasts (4M) 628–629; (YDI) 664, 700

Finance and Investments

Apple Stock (YDI) 222, 526–527, 594, 628, 665, 701
Bond Ratings (TAI) 103
Calendar Effects on Stocks (4M) 767
Capital Asset Pricing Model (CO) 667; (IE) 668–669; (TAI) 697; 

(4M) 594–595
Cash or Credit Card (YDI) 137, 268
Climate Change (4M) 577–580; (AE) 583–586
Comparing Returns on Investments (4M) 406–408
Continuous Compound Interest (BTM) 489
Credit Rating Agency (TAI) 173
Credit Risk (4M) 766–767
Credit Scores (4M) 79, 223
Day Trading (CO) 202; (WT) 214
Defaults on Corporate Bonds (SA) 485
Disney Stock (YDI) 222
Disposable Income and Household Credit Debt (TAI) 696
Enron Stock Prices (SA) 140–145
Exxon Stock (YDI) 802
Familiar Stock (YDI) 78
FICO Score (YDI) 105
Financial Ratios (4M) 78
Fraud Detection (4M) 201; (AE) 473–474
General Motors Stock Return (TAI) 294
Hedge Funds (YDI) 296
High-Frequency Data (4M) 595
Historical Monthly Gross Returns of Stocks and Treasury Bills 

(SA) 304–305
Holdings of U.S. Treasury Bonds (TAI) 44
Household Credit Market Debt (TAI) 799–800
Household Incomes (TAI) 74, 75; (4M) 297
IBM Stock (IE) 206, 208–209, 225–227, 230–231, 233–234, 

236–238; (AE) 411–412; (AD) 217, 244–245
Investing in Stock (YDI) 219
Investment Risk (SA) 298
IRA (TAI) 23
Loan Status (TAI) 102
McDonalds Stock (IE) 214
Microsoft Stock (IE) 225–227, 230–231, 233–234, 237, 239; (AD) 

244–245
Monthly Prices of Shares in JCPenny (YDI) 802–803
Normality of Stock Returns (4M) 296–297
Pfizer Stock (QT) 146–147
Quality Control of Finance Data (4M) 360–361
Real Money (4M) 249
Sony Stock (IE) 668–678; (TAI) 697
Startup Technology Companies (YDI) 268
Stock Exchanges (CO) 224
Stock Market (IE) 66, 271–272, 275, 303; (4M) 138; (TAI) 591
Stock Returns (SA) 142–145
Student Budget (YDI) 247
Student Loan Debt (TAI) 198
Tech Stocks (YDI) 78
Value at Risk (4M) 281–282; (AE) 289; (YDI) 295–296; (SA) 145
Whole Stock Market and S&P 500 (TAI) 696

Food/Drink

Artificial Sweetener (YDI) 47–48, 763
Bread Volume (YDI) 764–765
Chocolate Snacks (YDI) 48–49
Fast Food Restaurant Customers (YDI) 247
Food and Drug Administration Vetoing Name Choices  

(YDI) 268
Frozen Food Package Weight (IE) 347–348
Gourmet Steaks (TAI) 295
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1 Introductionc h a p t e r  

statistic A property of data.

1.1 ❘  WHAT IS STATISTICS?
What do you think statistics is all about?

Statistics answers questions using data, or informa-
tion about the situation. A statistic is a property of 
data, be it a number such as an average or a graph 
that displays information. Statistics—the discipline—
is the science and art of extracting answers from data. 
Some of these answers do require putting numbers 
into formulas, but you can also do every statistical 
analysis with graphs and tables. It’s hard to be fooled 
when the answer stares you in the face.

Think of statistics as art. An artist must choose the 
right subject, and a good statistician finds the right 
picture. Rather than learning to paint, in this course 
you’ll learn how to use statistics to interpret data and 
answer interesting questions. Learning how to use 
data to solve problems is central to business analytics 
and data science.

Which questions are interesting? The answer is 
simple: those you care about. Of course, what inter-
ests one person may be of no interest to someone else. 
In this text we apply statistics to a mix of topics, rang-
ing from finance and marketing to personal choices. 
Most of the questions in this book concern business, 
but statistics applies more generally. We’ll help you 
appreciate the generality of statistics by solving prob-
lems from health and science, too.

Variation

What kinds of questions can be answered with statistics? Let’s start with an example. In 
November 2011, Barnes and Noble debuted its entry into the market for tablet computers 
called the Nook Tablet™ and joined the field of challengers to the Apple iPad. A question fac-
ing Barnes and Noble was, What’s the right price for the Nook Tablet?

That’s a hard question. To find an answer, you need to know basic economics, particularly 
the relationship among price, supply, and demand. A little finance and accounting determine 
the cost of development and production. Then come questions about the customers. Which 
customers are interested in a tablet computer? How much are they willing to pay? The Nook 
Tablet was smaller than an iPad with less technology, making it cheaper to produce. It could 
be sold at a profit for less than the $499 iPad, but how much less? Should it cost more than 
the competing $199 Kindle Fire?

Suddenly, the initial pricing question branches into several questions, and the answers 
depend on whom you ask. There’s variation among customers; customers react differently. 
One customer might be willing to pay $300, whereas another would pay only $200. Once you 
recognize these differences among customers, how are you going to set one price? Statistics 

 1.1 WHAT IS STATISTICS?

 1.2 PREVIEWS
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shows how to use your data—what you know about your product and your 
customers—to set a price that will attract business and earn a profit. That you 
likely have not heard of the Nook tells you Barnes and Noble didn’t find the 
right combination of price and technology.

Here’s another interesting question: Why does a shopper choose a partic-
ular box of cereal? Modern grocers have become information-rich retailers, 
tracking every item purchased by each patron. That’s why they give out per-
sonalized shopping cards; they’re paying customers with discounts in return 
for tracking purchases. Customers keep retailers off balance because they 
don’t buy the same things every time they shop. Did the customer buy that 
box of cereal because it was conveniently positioned at the end of an aisle, 
because he or she had a discount coupon, or simply because a six-year-old just 
saw a commercial while watching Sponge Bob? Variation makes the question 
harder to answer.

Patterns and Models

Statistics helps you answer questions by providing methods designed to han-
dle variation. These methods filter out the clutter by revealing patterns. A 
pattern in data is a systematic, predictable feature. If customers who receive 
coupons typically buy more cereal than customers without coupons, there’s a 
pattern.

Patterns form one part of a statistical model. A statistical model describes 
the variation in data as the combination of a pattern plus a background of 
remaining, unexplained variation. The pattern in a statistical model describes 
the variation that we claim to understand. The pattern tells us what we can 
anticipate in new data and thus goes beyond describing the data we observe. 
Often, an equation summarizes the pattern in a precise mathematical form. 
The remaining variation represents the effects of other factors we cannot 
explain because we lack enough information to do so. For instance, retail sales 
increase during holiday seasons. Retailers recognize this pattern and prepare 
by increasing inventories and hiring extra employees. It’s impossible, though, 
for retailers to know exactly which items customers will want and how much 
they will spend. The pattern does not explain everything.

Good statistical models simplify reality to help us answer questions. 
Indeed, the word model once meant the blueprints, the plans, for a building. 
Plans answer some questions about the building. How large is the building? 
Where are the bathrooms? The blueprint isn’t the building, but we can learn a 
lot from this model. A model of an airplane in a wind tunnel provides insights 
about flight even though it doesn’t mimic every detail of flight. Models of data 
provide answers to questions even though those answers may not be entirely 
right. A famous statistician, George Box, once said, “All models are wrong, 
but some are useful.”

A simple model that we understand is generally better than a complex 
model that we do not understand. A challenge in learning statistics is to recog-
nize when a model can be trusted. Models based on physics and engineering 
often look impressively complex, but don’t confuse complexity with being cor-
rect. Complex models fail when the science does not mimic reality. For exam-
ple, NASA used the following elaborate equation to estimate the chance of 
foam insulation breaking off during take-off and damaging the space shuttle:

p =
0.01951L>d2 0.451d2rF

0.271V - V *2 .67

ST
.25rT

.16

The model represented by this equation failed to anticipate the risk of dam-
age from faulty insulation. Damage from insulation caused the space shuttle 
Columbia to break apart on reentry in 2003.

variation Differences among 
individuals or items; also fluc-
tuations over time.

pattern A systematic,  
predictable feature in data.

statistical model A breakdown 
of variation into a predictable 
pattern and the remaining 
variation.

3
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Models also fail if we mistake random variation for a pattern. People are 
great at finding patterns. Ancient people looked into the sky and found patterns 
among the stars. Psychiatrists use the Rorschach ink blot test to probe deep 
feelings. People even find patterns in clouds, imagining shapes or faces float-
ing in the sky. The phenomenon of perceiving something familiar in a place 
where it does not occur is so common that it even has a name: pareidolia.1 A 
key task in statistics is deciding whether the pattern we have discovered is real 
or something that we’ve imagined. Finding a pattern allows us to anticipate 
what is most likely to happen next, to understand the data in order to plan for 
the future and make better decisions. But if we imagine a pattern when there is 
none, we become overconfident and make poor decisions.

 1.2 ❘ PREVIEWS
The following two examples preview the use of statistics to answer questions. 
Movie theaters show previews of coming attractions with lots of action and 
explosions, and save the character development for later. These examples in-
troduce recurring themes and showcase several methods that are fully devel-
oped in later chapters. The point is to advertise the types of analyses you will 
be able to do after you finish this book.

Each example begins with a question motivated by a story in the news, and 
then uses a statistical model to formulate an answer to the question. The first 
example uses a model to predict the future, and the second uses a model to fill 
in for an absence of data. These are previews, so we emphasize the results and 
skip the details.

Predicting Employment

In early November 2005, national broadcasts announced surprising and disturbing 
economic results. The big story was not a recession, but rather the U.S. economy’s slower 
than expected growth. The Labor Department reported that only 56,000 jobs had been 
created in October 2005, far short of the 100,000 additional jobs expected by Wall Street 
forecasters.

Financial markets react to surprises. If everyone on Wall Street expects the 
Labor Department to report large numbers of new jobs, the stock market can 
tumble if the report announces only modest growth. What should we have 
expected? What made Wall Street economists expect 100,000 jobs to be cre-
ated in October? Surely they didn’t expect exactly 100,000 jobs to be created. 
Was the modest growth a fluke? These are serious questions. If the shortfall 
in jobs is the start of a downward trend, it could indicate the start of an eco-
nomic recession. Businesses need to anticipate where the economy is headed 
in order to schedule production and supplies.

Was the weather responsible for the modest growth? On August 29, 2005, 
Hurricane Katrina slammed into Louisiana, devastating the Gulf Coast (see 
Figure 1.1). Packing sustained winds of 175 miles per hour, Katrina over-
whelmed levees in New Orleans, flooded the city, and wrecked the local econ-
omy. Estimates of damages reached $130 billion, the highest ever attributed 
to a hurricane in the United States, with more than 1,000 deaths. Katrina 
and the hurricanes that followed during the 2005 season devastated the oil 
industry concentrated along the Gulf of Mexico and disrupted energy supplies 
around the country. Did Katrina wipe out the missing jobs?

Let’s see if we can build our own forecast. Back in September 2005, how 
could you forecast employment in October?

1The New York Times article “Is That Jesus in Your Toast” (April 4, 2014) discusses the underlying psychol-
ogy and offers several more examples.
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 1.2 PREVIEWS 5

We need two things to get started: relevant data and a method for using 
these data to address the question at hand. Virtually every statistical analysis 
proceeds in this way. Let’s start with data. At a minimum, we need the number 
employed before October. For example, if the number of jobs had been steady 
from January through the summer of 2005, our task would be easy; it’s easy to 
forecast something that doesn’t change.

The problem is that employment does change. Table 1.1 shows the number of 
thousands employed each month since 2003. These are the data behind the story.

FIGURE 1.1 Hurricane Katrina 
on August 29, 2005.

TABLE 1.1 Nonfarm employ-
ment in the United States, in 
thousands on payrolls.

2003 2004 2005

Jan 130,247 130,372 132,573

Feb 130,125 130,466 132,873

Mar 129,907 130,786 132,995

Apr 129,853 131,123 133,287

May 129,827 131,373 133,413

Jun 129,854 131,479 133,588

Jul 129,857 131,562 133,865

Aug 129,859 131,750 134,013

Sep 129,953 131,880 134,005

Oct 130,076 132,162 134,061

Nov 130,172 132,294

Dec 130,255 132,449

Each column gives the monthly counts for a year. The first number in the table 
represents 130,247,000 jobs on payrolls in January 2003. The following number 
shows that payrolls in February 2003 fell by 122,000. At the bottom of the third 
column, we can see that employment increased by 56,000 from September to 
October 2005, as reported by Reuters. This variation complicates the task of fore-
casting. We’ve got to figure out how we expect employment to change next month.

We won’t replicate the elaborate models used by Wall Street economists, 
but we can go a long way toward understanding their models by plotting the 
data. Plots are among the most important tools of statistics. Once we see the 
plot, we can decide how to make a forecast.

The graph in Figure 1.2 charts employment over time, a common type of 
display that we’ll call a timeplot. To keep the vertical axis nicely scaled and 
avoid showing extraneous digits, we labeled the employment counts in millions 

timeplot A chart of values 
ordered in time, usually with 
the values along the y-axis and 
time along the x-axis.
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rather than thousands. When displaying numerical information, showing fewer digits 
often produces a better presentation.

Once you’ve seen this timeplot, you can probably come up with your own 
forecast. Employment grew steadily during 2004 into 2005. This steady growth 
is a pattern. Employment varies from month to month, but the upward trend 
suggests a way to extrapolate the pattern into the future. The line drawn in the 
next figure summarizes the pattern we see in the data and suggests a forecast 
for October.

Models help us simplify complicated phenomena, but that does not make 
them correct. Good models convey the possibility of an error. The data on 
employment follow a line after 2004, but that does not mean that this pat-
tern will continue. It’s not as though the economy knows about the line in 
Figure 1.3 and must stick to this trend. This line allows us to anticipate where 
employment is headed.
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FIGURE 1.2 Timeplot of 
employment.
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FIGURE 1.3 Linear pattern 
and region of uncertainty.

Reality may not match our forecast, so we use ranges to convey the uncer-
tainty associated with using a statistical model. Ranges are used in many 
fields to indicate uncertainty. For example, Figure 1.4 shows the uncertainty 
surrounding the projected path for Katrina before it made landfall. The wider 
the cone, the more doubt about the path of the storm.

Similarly, the shaded region around the line in Figure 1.3 indicates how 
closely the historic data stick to this pattern. In addition, this region suggests 
the amount of unexplained variation around the pattern. The more closely the 
data follow the pattern, the narrower this region becomes. The employment 
data track the line very closely during the period summarized by the line.
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To get a forecast, we extend the pattern. It is easy to extend the line beyond 
the data, as in Figure 1.3. The line passes above the count for October. This 
model predicts employment to be near 134,150,000 in October 2005, about 
90,000 more than the reported count. That’s close to the value claimed in 
the news reports mentioned at the beginning of this subsection. We can also 
extend the region of uncertainty around the line. We should not expect counts 
of employment in the future to be closer to the line than those in the past. The 
line—our pattern—forecasts employment to be near that predicted by Wall 
Street economists. On the basis of this pattern, we would forecast employ-
ment in October to lie between 134,130,000 and 134,533,000 jobs.

Our simple model confirms that the level of employment in October 2005 is 
surprising. Not only is the reported count of 134,061,000 for October less than 
expected, but it’s also outside the anticipated range. Even allowing for varia-
tion around the pattern, employment is smaller than expected. Something 
happened in October that reduced the number of jobs. This is a large break 
from the pattern and demands our attention. Do we know why the employ-
ment was less than expected?

Anticipating the impact of weather on employment is an ongoing concern. 
In the fall of 2008, Hurricanes Ike and Gustav were blamed for putting 50,000 
Americans out of work, and the Department of Commerce estimated that 
Hurricane Sandy put 65,000 out of work in New Jersey and New York in 2012. 
The only way to arrive at these estimates is to predict what would have hap-
pened had these hurricanes not struck. That’s a job for a statistical model.

Pricing a Car

For our second preview, let’s talk about cars. You may not be interested in 
cars, but, even so, you have almost certainly heard of the automaker BMW.

Writers for Car and Driver magazine love cars made by BMW, particularly the popular 
sporty sedans that go by numeric names like the 328 or the 335. According to these 
journalists, competitors have yet to figure out a way to beat the BMW 3-series. Competitors 
keep trying to knock BMW off the top of the pedestal but keep falling short in comparison.
Year after year, Car and Driver has included BMW 3-series models in its “top 10” list of best 
cars of the year.

What’s it going to cost to get behind the wheel of a BMW 3-series? The 
manufacturer’s suggested retail price for a basic 2016 BMW 328i is $38,350, 
excluding options like leather seats that add $1,500 to the bottom line. That’s a 
lot to spend, so let’s see what a used BMW costs. For example, a search on the 
Web turned up a 2013 BMW 328i advertised for $27,000. The car has 40,000 
miles, an automatic transmission, and a variety of options. On one hand, it 
sounds like a lot to spend $27,000 on a used car. On the other hand, its price 

FIGURE 1.4 Projected path 
for Katrina.
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is $11,350 less than the cost of a stripped-down new car that lacks options like 
the heated leather seats found on this car.

Companies face similar decisions: Should a company buy new equipment, or 
should it look for a deal on used substitutes? As for cars, auto dealerships face 
these questions every day. What should the dealership charge for a three-year 
lease? The ultimate resale value has a big effect. If, when the car comes back, the 
dealership can sell it for a good price, then it can offer a better deal on a lease.

Once again, we need to identify data and decide how to use them. To get 
data on the resale value of used BMWs, students in a class downloaded prices 
for used cars offered by BMW dealers. They gathered information about 153 
cars in the 328-series, from the 2011 through the 2016 model years. Table 1.2 
summarizes the prices of these cars, broken out by model year. Eighty-four of 
these cars are 2013 models, like the car in the online ad. On average, these sell 
for $29,784. That’s $2,784 more than the car in the ad.

TABLE 1.2  Average prices 
vary by year.

Model Year Number Average Price

2011 16 $22,967

2012  3 $25,993

2013 84 $29,784

2014 15 $34,409

2015 34 $38,385

2016  1 $38,999

Before we decide that the used car in the ad is a bargain, we ought to con-
sider other things that affect the price. You can probably name a few. We’ve 
taken into account the age (2013 model year) and style (328), but not the mile-
age. We’d guess you’d be willing to pay more for a car with 10,000 miles than 
an otherwise similar car with 100,000 miles.

The scatterplot in Figure 1.5 shows that mileage is related to price. Each 
point shows the mileage and price of one of these 84 cars. None of these cars 
has exactly the same mileage as the advertised car. We can use a statistical 
model to compensate for our lack of cars with the same mileage. The plot 
in Figure 1.6 shows a line that relates mileage to price. The plot includes 
the region of uncertainty around the line. The region of uncertainty is wide 
because other factors, such as the condition of the car and its options, affect 
the price. There’s much more variation around this pattern than around the 
line in Figure 1.3.

scatterplot A graph that 
shows pairs of values (x, y) laid 
out on a two-dimensional grid.
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0 10,000 30,000 50,000FIGURE 1.5 Scatterplot of 
price versus mileage.

In our first example, we extrapolated a pattern in historic data. In this exam-
ple, the pattern serves a different purpose. The line in Figure 1.6 allows us to 
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borrow strength. Borrowing strength refers to using a model to glean more 
from data for answering a question. Rather than search for used cars with 
exactly 40,000 miles, this model—the line—allows us to estimate the price of 
a car with 40,000 miles, even though we haven’t seen a car with exactly this 
mileage. Even though the mileage varies among these cars, the pattern allows 
us to “borrow” some of the information about each car to estimate the price 
of a car with specific mileage. The estimated value, reading off the height of 
the line, is about $28,900. As an added bonus, the negative slope of the line in 
Figure 1.6 shows how higher mileage reduces the value of a car. On average, 
these cars lose about 13 cents of value per mile.

Having seen this analysis, do you think the car in the classified ad is a bar-
gain? Its $27,000 price is less than the predicted price from this model, but 
well within the range for cars of this age and mileage. It might be worth a 
further look, particularly if you like the options that it includes!

The following chapters contain many more examples like these that illustrate 
the use of statistics in business. The only difference is that you will be doing 
the analysis, making the choices, and interpreting the results. The first step in 
learning these methods is to appreciate the importance of data, and that is the 
subject of the next chapter.

borrowing strength The 
use of a model to allow all of 
the data to answer a specific 
question.
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mileage to price for these cars.
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