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MyLabTM 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.

Collect, crunch, and communicate with StatCrunch 
With StatCrunch®, Pearson’s powerful web-based statistical software, instructors and 
students can access tens of thousands of data sets including those from the textbook, 
perform complex analyses, and generate compelling reports. StatCrunch is integrated 
directly into MyLab Statistics.

Beyond StatCrunch, MyLab Statistics 
makes learning and using a variety of  
statistical software packages seamless 
and intuitive by allowing users to 
download and copy data sets directly 
into other programs. Students can  
access instructional tools including 
tutorial videos, and study cards.

Give every student a voice with  
Learning Catalytics
Learning Catalytics™ is an interactive classroom tool that allows  
every student to participate. Instructors ask a variety of questions 
that help students recall ideas, apply concepts, and develop  
critical-thinking skills. Students answer using their smartphones, 
tablets, or laptops to show that they do—or don’t—understand. 
Instructors monitor responses to adjust their teaching approach, 
and even set up peer-to-peer learning. More importantly, they use 
real-time analytics to address student misconceptions the moment 
they occur and ensure they hear from every student when it mat-
ters most.

Get the Most Out of
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Enrich assignments with question libraries 
MyLab Statistics includes a number of question libraries providing additional  
opportunities for students to practice statistical thinking. 

•	�StatCrunch Projects provide students with opportunities to analyze and  
interpret data. Each project consists of a series of questions about a large  
data set in StatCrunch.

•	�The Conceptual Question Library 
offers 1,000 conceptual-based 
questions to help students  
internalize concepts, make  
interpretations, and think critically 
about statistics. 

•	�The Getting Ready for Statistics Library contains more than 450 exercises on  
prerequisite topics. Assign these questions to students who may need a little  
extra practice on their prerequisite skills to be successful in your course. 

•	�The StatTalk Video Library is based  
on a series of 24 videos, hosted by 
fun-loving statistician Andrew Vickers, 
that demonstrate important statistical  
concepts through interesting stories 
and real-life events.

Incorporate additional author-created resources in class
Authors infuse their own voice, approach, and experiences teaching statistics into 
additional text-specific resources, such as interactive applets, technology manuals, 
workbooks, and more. Check out the Preface to learn more about what’s available 
for this specific title.
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Stats: Data and Models, fifth edition, has been especially exciting to develop. The 
book you hold steps beyond our previous editions in several important ways. Of 
course, we’ve kept our conversational style and anecdotes,1 but we’ve enriched 

that material with tools for teaching about randomness, sampling distribution models, 
and inference throughout the book. And we’ve expanded discussions of models for data 
to introduce models with more than two variables earlier in the text. We’ve taken our 
inspiration both from our experience in the classroom and from the 2016 revision of the 
Guidelines for Assessment and Instruction in Statistics Education (GAISE) report adopted 
by the American Statistical Association. As a result, we increased the text’s innovative uses 
of technology to encourage more statistical thinking, while maintaining its traditional core 
concepts and coverage. You’ll notice that, to expand our attention beyond just one or two 
variables, we’ve adjusted the order of some topics.

Innovations

Technology
One of the new GAISE guidelines states: Use technology to explore concepts and analyze 
data. We think a modern statistics text should recognize from the start that statistics is 
practiced with technology. And so should our students. You won’t find tedious calcula-
tions worked by hand. You will find equation forms that favor intuition over calculation. 
You’ll find extensive use of real data—even large datasets. Throughout, you’ll find a focus 
on statistical thinking rather than calculation. The question that motivates each of our 
hundreds of examples is not “How do you calculate the answer?” but “How do you think 
about the answer?”

For this edition of Stats: Data and Models, we’ve taken this principle still further. We 
have harnessed technology to improve the learning of two of the most difficult concepts in 
the introductory course: the idea of a sampling distribution and the reasoning of statistical 
inference.

Multivariable Thinking and Multiple Regression
GAISE’s first guideline is to give students experience with multivariable thinking. The 
world is not univariate, and relationships are not limited to two variables. This edition of 
Stats: Data and Models introduces a third variable as early as Chapter 3’s discussion of 
contingency tables and mosaic plots. Then, following the discussion of correlation and 
regression as a tool (that is, without inference) in Chapters 6, 7, and 8, we introduce mul-
tiple regression in Chapter 9.

Multiple regression may be the most widely used statistical method, and it is certainly 
one that students need to understand. It is easy to perform multiple regressions with any 
statistics program, and the exercise of thinking about more than two variables early in the 
course is worth the effort. We’ve added new material about interpreting what regression 
models say. The effectiveness of multiple regression is immediately obvious and makes 
the reach and power of statistics clear. The use of real data underscores the universal 
applicability of these methods.

When we return to regression in Chapters 23 and 24 to discuss inference, we can deal 
with both simple and multiple regression models together. There is nothing different to 
discuss. (For this reason we set aside the F-test until the chapter on ANOVA.)

PREFACE

1And footnotes
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12	 PREFACE

Innovative ways to teach the logic of statistical inference have received increasing 
attention. Among these are greater use of computer-based simulations and resampling meth-
ods (randomization tests and bootstrapping) to teach concepts of inference.

Bootstrap
The introduction to the new GAISE guidelines explicitly mentions the bootstrap method. 
The bootstrap is not as widely available or as widely understood as multiple regression. 
But it follows our presentation naturally. In this edition, we introduce a new feature, 
Random Matters. Random Matters elements in early chapters draw small samples repeat-
edly from large populations to illustrate how the randomness introduced by sampling leads 
to both sampling distributions and statistical reasoning for inference. But what can we 
do when we have only a sample? The bootstrap provides a way to continue this line of 
thought, now by resampling from the sample at hand.

Bootstrapping provides an elegant way to simulate sampling distributions that we 
might not otherwise be able to see. And it does not require the assumption of Normality 
expected by Student’s t-based methods. However, these methods are not as widely available 
or widely used in other disciplines, so they should not be the only—or even the principal—
methods taught. They may be able to enhance student understanding, but instructors may 
wish to downplay them if that seems best for a class. We’ve placed these sections strategi-
cally so that instructors can choose the level that they are comfortable with and that works 
best with their course.

Real Data
GAISE recommends that instructors integrate real data with a context and purpose. More 
and more high school math teachers are using examples from statistics to demonstrate 
intuitively how a little bit of math can help us say a lot about the world. So our readers 
expect statistics to be about real-world insights. Stats: Data and Models keeps readers 
engaged and interested because we show statistics in action right from the start. The 
exercises pose problems of the kind likely to be encountered in real life and propose 
ways to think about making inferences almost immediately—and, of course, always with 
real, up-to-date data.

Let us be clear. Stats: Data and Models comes with an archive of more than 500 
datasets used in more than 700 applications throughout the book. The datasets are avail-
able online at pearsonglobaleditions.com and in MyLab Statistics. Examples that use 
these datasets cite them in the text. Exercises are marked when they use one of them;  
exercise names usually indicate the name of the dataset. We encourage students to get 
the datasets and reproduce our examples using their statistics software, and some of the 
exercises require that.

Streamlined Content
Following the GAISE recommendations, we’ve streamlined several parts of the course: 
Introductory material is covered more rapidly. Today’s students have seen a lot of statistics 
in their K–12 math courses and in their daily contact with online and news sources. We still 
cover the topics to establish consistent terminology (such as the difference between a histo-
gram and a bar chart). Chapter 2 does most of the work that previously took two chapters.

The Random Matters features show students that statistics vary from sample to sample, 
show them (empirical) sampling distributions, note the effect of sample size on the shape 
and variation of the sampling distribution of the mean, and suggest that it looks Normal. As 
a result, the discussion of the Central Limit Theorem is transformed from the most difficult 
one in the course to a relatively short discussion (“What you think is true about means really 
is true; there’s this theorem.”) that can lead directly to the reasoning of confidence intervals.
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Finally, introducing multiple regression doesn’t really add much to the lesson on 
inference for multiple regression because little is new.

GAISE 2016
As we’ve said, all of these enhancements follow the new Guidelines for Assessment 
and Instruction in Statistics Education (GAISE) 2016 report adopted by the American 
Statistical Association:

1.	 Teach statistical thinking.
◆◆ Teach statistics as an investigative process of problem solving and decision making.
◆◆ Give students experience with multivariable thinking.

2.	 Focus on conceptual understanding.
3.	 Integrate real data with a context and purpose.
4.	 Foster active learning.
5.	 Use technology to explore concepts and analyze data.
6.	 Use assessments to improve and evaluate student learning.

The result is a course that is more aligned with the skills needed in the 21st century, one 
that focuses even more on statistical thinking and makes use of technology in innovative 
ways, while retaining core principles and topic coverage.

The challenge has been to use this modern point of view to improve learning without 
discarding what is valuable in the traditional introductory course. Many first statistics 
courses serve wide audiences of students who need these skills for their own work in dis-
ciplines where traditional statistical methods are, well, traditional. So we have not reduced 
our emphasis on the concepts and methods you expect to find in our texts.

Chapter Order
We’ve streamlined the presentation of basic topics that most students have already seen. 
Pie charts, bar charts, histograms, and summary statistics all appear in Chapter 2. Chapter 3  
introduces contingency tables, and Chapter 4 discusses comparing distributions. Chapter 5  
introduces the Normal model and the 68–95–99.7 Rule. The four chapters of Part II then 
explore linear relationships among quantitative variables—but here we introduce only the 
models and how they help us understand relationships. We leave the inference ques-
tions until later in the book. Part III discusses how data are gathered by survey and 
experiment.

Part IV provides background material on probability, random variables, and probabil-
ity models. In Part V, Chapter 16 introduces confidence intervals for proportions as soon 
as we’ve reassured students that their intuition about the sampling distribution of propor-
tions is correct. Chapter 17 formalizes the Central Limit Theorem and introduces Student’s 
t-models. Chapter 18 is then about testing hypotheses, and Chapter 19 elaborates further, 
discussing alpha levels, Type I and Type II errors, power, and effect size. The chapters 
in Part VI deal with comparing groups (both with proportions and with means), paired 
samples, chi-square. Finally, Part VII discusses inferences for regression models (both 
simple and multiple), intelligent uses of multiple regression, and Analysis of Variance, 
both one- and two-way. A final chapter on data mining looks to the future.

We’ve found that one of the challenges students face is how to know what technique 
to use when. In the real world, questions don’t come at the ends of the chapters. So, as 
always, we’ve provided summaries at the end of each part along with a series of exercises 
designed to stretch student understanding. These Part Reviews are a mix of questions 
from all the chapters in that part. The final set are “book-level” review problems that ask 
students to integrate what they’ve learned from the entire course. The questions range 

A01_DEV2212_05_GE_FM.indd   13 10/12/2020   14:57



14	 PREFACE

from simple questions about what method to use in various situations to a more complete 
data analyses from real data. We hope that these will provide a useful way for students to 
organize their understanding at the end of the course.

Our Approach
We’ve discussed how this book is different, but there are some things we haven’t changed.

◆◆ Readability. This book doesn’t read like other statistics texts. Our style is both collo-
quial and informative, engaging students to actually read the book to see what it says.

◆◆ Humor. You will find quips and wry comments throughout the narrative, in margin 
notes, and in footnotes.

◆◆ Informality. Our informal diction doesn’t mean that we treat the subject matter lightly 
or informally. We try to be precise and, wherever possible, we offer deeper explana-
tions and justifications than those found in most introductory texts.

◆◆ Focused lessons. The chapters are shorter than in most other texts so that instructors 
and students can focus on one topic at a time.

◆◆ Consistency. We try to avoid the “do what we say, not what we do” trap. Having taught 
the importance of plotting data and checking assumptions and conditions, we model 
that behavior through the rest of the book. (Check out the exercises in Chapter 24.)

◆◆ The need to read. Statistics is a consistent story about how to understand the world 
when we have data. The story can’t be told piecemeal. This is a book that needs to be 
read, so we’ve tried to make the reading experience enjoyable. Students who start with 
the exercises and then search back for a worked example that looks the same but with 
different numbers will find that our presentation doesn’t support that approach.

Mathematics
Mathematics can make discussions of statistics concepts, probability, and inference clear 
and concise. We don’t shy away from using math where it can clarify without intimidat-
ing. But we know that some students are discouraged by equations, so we always provide 
a verbal description and a numerical example as well.

Nor do we slide in the opposite direction and concentrate on calculation. Although sta-
tistics calculations are generally straightforward, they are also usually tedious. And, more 
to the point, today, virtually all statistics are calculated with technology. We have selected 
the equations that focus on illuminating concepts and methods rather than for hand calcula-
tion. We sometimes give an alternative formula, better suited for hand calculation, for those 
who find that following the calculation process is a better way to learn about the result.

Technology and Data
We assume that computers and appropriate software are available—at least for demonstra-
tion purposes. We hope that students have access to computers and statistics software for 
their analyses.

We discuss generic computer output at the end of most chapters, but we don’t adopt 
any particular statistics software. The Tech Support sections at the ends of chapters offer 
guidance for seven common software platforms: Data Desk, Excel, JMP, Minitab, SPSS, 
StatCrunch, and R. We also offer some advice for TI-83/84 Plus graphing calculators, 
although we hope that those who use them will also have some access to computers and 
statistics software.

We don’t limit ourselves to small, artificial datasets, but base most examples and exer-
cises on real data with a moderate number of cases. Machine-readable versions of the data 
are available at the book’s website at pearsonglobaleditions.com.
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Features

Enhancing Understanding
Where Are We Going? Each chapter starts with a paragraph that raises the kinds of ques-
tions we deal with in the chapter. A chapter outline organizes the major topics and sections.

New! Random Matters. This new feature travels along a progressive path of understand-
ing randomness and our data. The first Random Matters element begins our thinking about 
drawing inferences from data. Subsequent Random Matters draw histograms of sample 
means, introduce the thinking involved in permutation tests, and encourage judgment 
about how likely the observed statistic seems when viewed against the simulated sampling 
distribution of the null hypothesis (without, of course, using those terms).

Margin and in-text boxed notes. Throughout each chapter, boxed margin and in-text 
notes enhance and enrich the text.

Reality Check. We regularly remind students that statistics is about understanding the 
world with data. Results that make no sense are probably wrong, no matter how carefully 
we think we did the calculations. Mistakes are often easy to spot with a little thought, so 
we ask students to stop for a reality check before interpreting their result.

Notation Alert. Throughout this book, we emphasize the importance of clear communica-
tion, and proper notation is part of the vocabulary of statistics. We’ve found that it helps 
students when we are clear about the letters and symbols statisticians use to mean very 
specific things, so we’ve included Notation Alerts whenever we introduce a special nota-
tion that students will see again.

Each chapter ends with several elements to help students study and consolidate what 
they’ve seen in the chapter.

◆◆ What Can Go Wrong? sections highlight the most common errors that people make 
and the misconceptions they have about statistics. One of our goals is to arm students 
with the tools to detect statistical errors and to offer practice in debunking misuses of 
statistics, whether intentional or not.

◆◆ Connections specifically ties the new topics to those learned in previous chapters.

◆◆ The Chapter Review summarizes the story told by the chapter and provides a bullet 
list of the major concepts and principles covered.

◆◆ A Review of Terms is a glossary of all of the special terms introduced in the chap-
ter. In the text, these are printed in bold and underlined. The Review provides page 
references, so students can easily turn back to a full discussion of the term if the brief 
definition isn’t sufficient.

The Tech Support section provides the commands in each of the supported statistics 
packages that deal with the topic covered by the chapter. These are not full documentation, 
but should be enough to get a student started in the right direction.

Learning by Example
Step-by-Step Examples. We have expanded and updated the examples in our innovative 
Step-by-Step feature. Each one provides a longer, worked example that guides students 
through the process of analyzing a problem. The examples follow our three-step Think, 
Show, Tell organization for approaching a statistics task. They are organized with general 
explanations of each step on the left and a worked-out solution on the right. The right side 
of the grid models what would be an “A” level solution to the problem. Step-by-Steps illus-
trate the importance of thinking about a statistics question (What do we know? What do we 
hope to learn? Are the assumptions and conditions satisfied?) and reporting our findings 
(the Tell step). The Show step contains the mechanics of calculating results and conveys 
our belief that it is only one part of the process. Our emphasis is on statistical thinking, and 
the pedagogical result is a better understanding of the concept, not just number crunching.
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Examples. As we introduce each important concept, we provide a focused example that 
applies it—usually with real, up-to-the-minute data. Many examples carry the discussion 
through the chapter, picking up the story and moving it forward as students learn more 
about the topic.

Just Checking. Just Checking questions are quick checks throughout the chapter; most 
involve very little calculation. These questions encourage students to pause and think about 
what they’ve just read. The Just Checking answers are at the end of the exercise sets in 
each chapter so students can easily check themselves.

Assessing Understanding
Our Exercises have some special features worth noting. First, you’ll find relatively simple, 
focused exercises organized by chapter section. After that come more extensive exercises 
that may deal with topics from several parts of the chapter or even from previous chapters 
as they combine with the topics of the chapter at hand. All exercises appear in pairs. The 
odd-numbered exercises have answers in the back of student texts. Each even-numbered 
exercise hits the same topic (although not in exactly the same way) as the previous odd 
exercise. But the even-numbered answers are not provided. If a student is stuck on an even 
exercise, looking at the previous odd one (and its answer) can often provide the help needed.

More than 600 of our exercises have a T  tag next to them to indicate that the dataset 
referenced in the exercise is available electronically. The exercise title or a note provides 
the dataset title. Some exercises have a  tag to indicate that they call for the student to 
generate random samples or use randomization methods such as the bootstrap. Although 
we hope students will have access to computers, we provide ample exercises with full 
computer output for students to read, interpret, and explain.

We place all the exercises—including section-level exercises—at the end of the chap-
ter. Our writing style is colloquial and encourages reading. We are telling a story about 
how to understand the world when you have data. Interrupting that story with exercises 
every few pages would encourage a focus on the calculations rather than the concepts.

Part Reviews. The book is partitioned into seven conceptual parts; each ends with a Part 
Review. The part review discusses the concepts in that part of the text, tying them together 
and summarizing the story thus far. Then there are more exercises. These exercises have the 
advantage (for study purposes) of not being tied to a chapter, so they lack the hints of what 
to do that would come from that identification. That makes them more like potential exam 
questions and a good tool for review. Unlike the chapter exercises, these are not paired.

Parts I-VII Cumulative Review Exercises. Cumulative Review exercises are longer and 
cover concepts from the book as a whole.

Additional Resources Online
Most of the supporting materials can be found online:

◆◆ At the book’s website at pearsonglobaleditions.com

◆◆ Within the MyLab Statistics course at pearsonmylabandmastering.com

New tools that provide interactive versions of the distribution tables at the back of the 
book and tools for randomization inference methods such as the bootstrap and for repeated 
sampling from larger populations can be found online at astools.datadesk.com.
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MyLab Statistics for Stats: Data & 
Models, 5e  
(access code required)

MyLab Statistics is available to accompany Pearson’s market-leading 
text offerings. To give students a consistent tone, voice, and teaching 
method, each text’s flavor and approach are tightly integrated through-
out the accompanying MyLab course, making learning the material as 
seamless as possible.

NEW! StatCrunch Projects
StatCrunch Projects provide opportunities for 

students to explore data beyond the class-
room. In each project, students analyze a data 

set in StatCrunch® and answer assignable 
MyLab questions for immediate feedback. Stat-

Crunch Projects span the entire curriculum or 
focus on certain key concepts. Questions from 
each project can also be assigned individually.

UPDATED! Real-World Data
Statistical concepts are applied to eve-
ryday life through the extensive current, 
real-world data examples and exercises 
provided throughout the text.

pearsonmylabandmastering.com
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Instructor Resources
Instructor’s Solutions Manual (Download  
Only)
This manual contains detailed solutions to all of the exer-
cises. These files can be downloaded from within MyLab 
Statistics or from www.pearsonglobaleditions.com.

TestGen
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 question 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 available for download from Pearson’s 
online catalog, www.pearsonglobaleditions.com. The 
questions are also assignable in MyLab Statistics.

PowerPoint Lecture Slides
PowerPoint Lecture Slides provide an overview of each 
chapter, stressing important definitions and offering 
additional examples. They can be downloaded from 
MyLab Statistics or from www.pearsonglobaleditions 
.com.

Learning Catalytics
Now included in all MyLab Statistics courses, this student 
response tool uses students’ smartphones, tablets, or laptops 
to engage them in more interactive tasks and thinking during 
lecture. Learning Catalytics™ fosters student engagement and 
peer-to-peer learning with real-time analytics. Access pre-built 
exercises created specifically for statistics.

Question Libraries
In addition to Statcrunch Projects, MyLab Statistics also 
includes a Getting Ready for Statistics library that contains 
more than 450 exercises on prerequisite topics and a 
Conceptual Question Library with 1000 questions that 
assess conceptual understanding.

Resources for Success
Accessibility
Pearson works continuously to ensure our products are 
as accessible as possible to all students. We are working 
toward achieving WCAG 2.0 Level AA and Section 508 
standards, as expressed in the Pearson Guidelines for 
Accessible Educational Web Media, www.pearson.com/
mylab/statistics/accessibility.

Student Resources
Video Resources
Step-by-Step Example videos guide students through the 
process of analyzing a problem using the “Think, Show, 
and Tell” strategy from the textbook. StatTalk Videos, 
hosted by fun-loving statistician Andrew Vickers, demon-
strates important statistical concepts through interesting 
stories and real-life events. StatTalk videos come with 
accompanying MyLab assessment questions.

StatCrunch
StatCrunch® is powerful web-based statistical software 
that allows users to collect, crunch, and communicate 
with data. The vibrant online community offers tens  
of thousands of shared datasets for students and  
instructors to analyze, in addition to all of the datasets 
in the text or online homework. StatCrunch is integrated 
directly into MyLab Statistics.

Datasets Available Online
Datasets can be found at the book’s webpage on 
pearsonglobaleditions.com. Datasets can be easily 
transferred to any statistics program.

Statistical Software Support
Instructors and students can copy datasets from the 
text and MyLab exercises directly into software such 
as StatCrunch, Data desk, or Excel®. Students can also 
access instructional support tools including tutorial 
videos, Study Cards, and manuals for a variety of 
statistical software programs including StatCrunch, Excel, 
Minitab®, JMP®, R, SPSS, and TI 83/84 calculators.
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Many people have contributed to this book throughout all of its editions. This edition never 
would have seen the light of day without the assistance of the incredible team at Pearson. 
Director, Portfolio Management Deirdre Lynch was central to the genesis, development, 
and realization of this project from day one. Our Portfolio Manager, Patrick Barbera, has 
been invaluable in his support of this edition. Tara Corpuz, Content Producer, kept the 
cogs from getting into the wheels, where they often wanted to wander. Product Marketing 
Manager Emily Ockay and Field Marketing Manager Andrew Noble made sure the word 
got out. Morgan Danna, Portfolio Management Assistant, and Shannon McCormack, 
Marketing Assistant, were essential in managing all of the behind-the-scenes work. 
Associate Producer Shannon Bushee put together a top-notch media package for this book. 
Bob Carroll, Manager of Content Development, for working to ensure digital content 
meets the mark.” Senior Project Manager Chere Bemelmans of the Content Services 
Centre led us expertly through every stage of production. Manufacturing Buyer Carol 
Melville, LSC Communications, worked miracles to get this book in your hands.

We would like to draw attention to three people who provided substantial help and support 
on this edition. First, we would like to acknowledge Nick Horton of Amherst College for 
his in-depth discussions, guidance, and insights. Nick was invaluable in helping us find the 
balance between the poles of Normal-based inference and resampling methods. Second, 
we would like to thank Corey Andreasen of Qatar Academy Doha, Doha, Qatar, and Jared 
Derksen of Rancho Cucamonga High School for their help with updating the exercises, 
answers, and datasets.

We’d also like to thank our accuracy checker, Dirk Tempelaar, whose monumental task 
was to make sure we said what we thought we were saying.
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Accounting
Double-checking procedures, 373
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Radio ads, 620
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TV ads, 595
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Apples, 492
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Oranges, 307, 371
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Women executives, 594
Women-owned businesses, 498, 625, 627
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239–240, 242, 259, 295, 324, 788–792, 814
Casualty Actuarial Society, 445
Consumer Reports, 30, 33, 41, 666
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266–267
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Grocery shopping, 39
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Age and political party, 191, 403
Age of athletes, 663
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Age of spouses, 682, 685
Birthrates, 260–261, 932
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Deaths, 145
Fertility rates, 302
Foreign-born citizens, 662
Glasgow’s population, 116
Hispanics, 594
Life expectancy, 80
Marriage trends, 78, 270–271, 295,  

299–301, 526, 592, 625, 766, 767
Population growth, 88, 145
Religion, 422, 626
State populations, 86
Stay-at-home dads, 666

Distribution and 
Operations Management
Delivery service, 119
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Parcel deliveries, 178
Refurbished computers, 449–450
Shipments, 528

E-Commerce
Earnings, 393
Online insurance, 694, 695
Online shopping, 39, 110, 257, 493, 494, 528
Website sales, 490, 565

Economics
Boomtowns, 88
Cost of living, 55–56, 143–144, 151, 260
Earnings of college graduates, 762, 763
Earnings predictions, 764
GDP, 220–221, 304, 305
Global comparisons, 195–196, 201
Human Development Index, 296
Incomes, 177, 221, 256, 814–815
Inflation, 302
Interest rates, 221–222, 256, 299, 300, 304
Labor status, 77
Living conditions, 303, 304
Market amounts, 146
Market segments, 293
Nest Egg Index, 123
Stock market, 341, 463, 464
Wealth redistribution, 782

Education
Absenteeism, 594
ACT scores, 158, 177, 178
Age and educational attainment, 730
Birth order and college, 441–443
Cartoons and test performance, 113
Cheating on tests, 625
College admission rates, 106
College attendance, 370
College graduation, 443
College homecoming, 402
College majors, 442
College meal plans, 498, 555, 627
College retention rate, 530, 531
College tuition, 697
Computer lab fees, 558, 595–596
Computer software, 400
Cost, 774
Dorm amenities, 440
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Earnings of college graduates, 762, 763
Education and employment patterns, 114
Emotional well-being, 400
Financial aid, 763
French vocabulary tests, 346
Grade levels, 39
Grades, 87, 258, 298, 336, 337, 340, 342, 

375–377, 559, 627, 729, 730, 771–772, 
814

Graduate admissions, 119
Graduation rates, 147
GRE scores, 591, 592
High school dropout rates, 595
High school graduation rates, 528, 531, 664
International students, 492
IQ tests, 176, 177, 180, 181, 218, 396
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LSAT, 553–554
Major choice, 190
Math instruction, 667, 785, 854–855, 934
Mortality and education rate, 772–773
Mothers’ education levels, 594
Multiple choice tests, 497
Music students, 375–377
Post-graduation plans, 116, 708–711
Private tuition, 530
Reading instruction, 397
Reading tests, 221, 298, 669
Regulation amendments, 110–112
SAT scores, 157, 158, 162–163, 165–167, 

178, 257, 258, 336, 397
Schools, 190, 440, 442
Statistics courses, 420, 497, 620, 783
Student commencements, 117
Student evaluations, 387–388
Student/faculty ratio, 339
Studying, 186, 190, 342, 673, 786–787, 

930–931
Summer school, 671, 696
Teachers, 555, 780
Technology on campus, 499
Test scores, 84, 88, 147, 148, 176, 177, 

179, 333, 335, 393, 527, 595
True–false tests, 493
University admission rates, 419–420
University education, 370
Value of college education, 119

Energy
Batteries, 442, 463, 465, 628–629, 891, 892
Nuclear plants, 928
Wind power, 562, 694, 695

Environment
Acid rain, 87, 185–186, 595
Asteroids, 113
Active volcanoes, 79
Blizzards, 218
Cloud seeding, 148, 150, 693
Earthquakes and tsunamis, 50–51, 401, 493

Fish, 373, 374
Global climate change, 39, 83, 261, 519, 

764–765, 768–770, 815
Hard water, 187, 220, 262, 670, 673–674, 

782, 928
Hopkins Forest, 121–125, 130–132, 134, 

179, 192, 303, 332
Hurricanes, 130, 193–195, 197, 220, 246, 

297, 319, 401, 492–493, 726
Old Faithful, 188, 344, 785, 931
Ozone, 146, 770
Pesticides, 934
Rain, 560, 935
Smokestack scrubbers, 853–854
Snow, 419, 556
Soil samples, 371
Streams, 41, 186, 220, 341, 342, 628, 669, 

767–768
Temperatures, 176, 178, 187–188, 220, 

345, 419, 695, 770
Trees, 254, 344–345
Volcanoes, 499
Weather, 39, 86, 419
Wildfires, 258
Williams College Center for Environmental 

Studies, 121
Wind speed, 121–125, 129–132, 134, 179, 

220, 226, 246, 303, 319, 332, 694, 695

Famous People
Archimedes, 273
Aristotle, 800
Armstrong, Lance, 33
Bacon, Francis, 273
Bayes, Thomas, 437
Bernoulli, Daniel, 469
Bernoulli, Jacob, 407
Berra, Yogi, 194, 408, 412
Bohr, Niels, 268
Bonferroni, Carlo, 842
Box, George, 161, 227
Boyle, Robert, 305
Brahe, Tycho, 34
Buchanan, Pat, 272–273
Bush, George W., 272–273
Carroll, Lewis, 27, 434
Ceci, Stephen, 387–388
Clinton, Hillary, 624
Cobb, George, 863
De Moivre, Abraham, 159, 503, 504
Descartes, René, 196
Drake, Frank, 499–500
Efron, Bradley, 546
Fechner, Gustav, 376, 378
Fisher, Ronald Aylmer, 207, 540, 567, 603, 

609, 781, 835
Gallup, George, 353
Galton, Francis, 31–34, 234
Gauss, Carl Friedrich, 159, 534
Gore, Al, 272–273
Gosset, W. S., 537

Gretzky, Wayne, 86
Halifax, Lord, 376
Harroun, Ray, 41
Harvey, William, 272
Howe, Gordie, 86
Hume, David, 601
Jastrow, J., 378
Johnson, Gary, 624
Johnson-Thompson, Katarina, 152–154
Kanaan, Tony, 41
Kendall, Maurice, 205
Kepler, 34, 306
Klassen, Cindy, 679
Landers, Ann, 365
Landon, Alf, 352
Laplace, Pierre-Simon, 533
Legendre, Adrien-Marie, 228
Ligety, Ted, 154
Likert, Rensis, 205
Lister, Joseph, 778
Lowell, James Russell, 571
Michelson, Albert Abraham, 557
Miller, Bode, 154
Mulford, Ralph, 41
Munchausen, Baron, 546n
Nader, Ralph, 272–273
Newton, Isaac, 35, 196
Obama, Barack, 618, 626–627
Peirce, C. S., 378, 383n
Poisson, Simeon Denis, 481
Pynchon, Thomas, 482
Quenouille, Maurice, 546
Rodriguez, Alex, 86
Roosevelt, Franklin Delano, 352
Saunderson, Nicholas, 438
Solo, Hope, 468, 472, 476, 490
Sophocles, 339
Spearman, Charles Edward, 206
Spicer, Sean, 93
Stein, Jill, 624
Stigler, Steven, 438
Thiam, Nafissatou, 152–154
Trump, Donald, 351, 624
Truzzi, Marcello, 583
Tukey, John W., 52, 125, 281, 512, 546, 649
Van Buren, Abigail, 408
Venn, John, 410
Wanamaker, John, 563
Wayne, John, 595
Wunderlich, Carl, 577

Finance and Investments
Assets of corporations, 149, 150, 348, 463
Corporate profits, 192
Investments, 40
Mutual funds, 927
Nest Egg Index, 123
Retirement planning, 783
Satisfaction with financial situation, 115
Stock market, 341, 464, 497
Treasury bill rates, 299, 300, 304
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Food/Drink
Bananas, 184
Blood pressure, 396
Bread, 185, 628
Caffeine, 147
Calories vs. carbohydrates in Burger King 

menu, 324
Campus food, 359
Candy, 331, 337, 414–416, 421, 593, 725
Carbohydrates, 666
Cereal, 83, 144, 168–170, 192, 243–245, 

253, 267–268, 271, 325, 336–337, 466, 
468, 472, 476, 490, 668, 769, 784–785, 
815–817, 855–856

Chicken, 260, 442
Chromatography, 890
Coffee cups, 126–127, 889, 892
Coffee sales, 219
College meal plans, 498
Cookies, 402, 561, 596, 621–622,  

885, 886
Cranberry juice, 728–729
Diet and politics, 111, 112, 114, 118
Drinking water, 187
Eggs, 465, 625, 854
Fast food, 40, 222, 226–229, 231,  

236, 237, 239–240, 242, 259, 260,  
666, 814

Fat and protein in Burger King menu, 
226–229, 231, 236, 237, 239–240, 242, 
295, 788–792

Fat vs. calories in fast food, 259, 260
Fish, 729
Food preferences, 666
GM foods, 420
Hot beverage containers, 838–840
Hot dogs, 666–667, 765, 766
Insulin and diet, 781
Irradiated food, 530
Ketchup, 463
Lunch bags, 400, 467
Mealtimes, 347
Melons, 498
Nuts, 726
Pizza, 151, 558, 592, 595, 819–821
Popcorn, 561, 596, 851, 886
Potato/corn chips, 560–561, 596, 628
Salmon, 539, 541, 553, 558, 574–575, 622
Salt, 192
Seafood, 529
Serving sizes, 671
Snack foods, 371
Soft drinks, 40, 422
Soup, 527, 641, 643–644
Sprouts, 887, 889
Tea, 399
Thirst, 671
Veggie burgers, 259, 558, 595
Wine, 396, 852
Yeast, 851–852
Yogurt, 561, 596, 696, 853

Games
Bowling, 928
Cards, 186, 422, 441, 442
Coin flips/tosses/spins, 407–408, 418, 491, 

492, 499, 528, 583, 593, 618, 621
Contests, 464
Darts, 851, 858, 860–865, 872–875
Door prizes, 500
Frisbee, 851–852
Gambling, 530
Keno, 408
Lottery, 39, 422, 560, 726–727
Paper airplanes, 831, 859, 869, 876, 880, 929
Racehorse, 464
Rolling dice, 418, 421, 490, 498–499, 725
Roulette, 419, 491
Scrabble, 624
Slot machines, 421
Spinners, 419, 496
Video pinball, 934–935
Video racing, 928
Winnings, 496

Government, Labor, 
and Law
Casualities, 84
City police, 726
Constitutional amendment, 531
Corporal punishment, 527
Death penalty, 517–518, 530
Full moon, 730
Juries, 594
Judicial activity, 82
Juvenile offenders, 786
Kidnappings, 84
NYPD officers, 728
Parole, 529
Playgrounds, 371
Prisons, 142, 530
Property assessments, 773
Real estate taxes, 419
Roadblocks, 371, 444
Shootings, 420
Trials, 565–567
U.S. Census, 129, 355, 895
Women in labor force, 693
Zip codes, 87, 853

Human Resource 
Management/Personnel
Absenteeism, 443, 444
Career success, 114
College students with part-time jobs, 583
Dishwashers, 444
Employment rates, 146
Hiring, 120, 528, 531
Internship, 440
Job discrimination, 620

Job performance, 252
Job satisfaction, 115, 370, 373, 662, 670, 696
Polygraphs, 444
Resume fraud, 928
Sick leave, 84
Tenure on job, 560
Unemployment, 87
Union membership, 422
Women in labor force, 693
Workers, 440–441, 495
Work hours, 51
Working parents, 729

Insurance
Auto insurance, 419, 496
Death and disability policies, 445–448, 

450–452
Fire insurance, 465
Insurance premiums, 84, 85
Life insurance, 497
Online insurance, 694, 695

Manufacturing
Ceramics, 219
Chips, 348
Component suppliers, 444
Ingot cracking, 563–565, 567–568, 614–615
Ketchup, 463
Machine settings, 148–149
Metal plates, 179
Rivets, 180
Safety switches, 397, 496
Shirts, 911, 913–920
Shoes, 80
Smokestack scrubbers, 853–854
Soup, 527
Tableware, 781–782
Wine production, 852

Marketing
Cold calling, 491
Demographic surveys, 441
Direct mail, 530
Telemarketing, 492
Women in samples, 525

Media and Entertainment
Books, 808
Club attendance, 180
Concerts, 293, 294
Donations, 465
Game show, 463, 464
Movie budgets, 296
Movie earnings, 85, 192, 331, 332
Movie genres, 77, 81, 82, 112
Moviegoer ethnicity, 113
Movie length, 85
Movie MPAA categories, 116, 192
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Movie ratings, 77–78, 81–82, 112, 192
Music, 673, 693, 779, 784, 930
New England Journal of Medicine, 727, 728
News, 39, 81, 113, 516, 624, 663, 787
Parental controls, 663
Park visitors, 177, 179, 180, 182
Rock concerts, 144
Sex and violence, 671
Social networking, 28
WebZines, 594

Pharmaceuticals, 
Medicine, and Health
Acupuncture, 403
Alcohol use, 347, 402–403, 434–435, 626
Alternative medicine, 371, 372, 385, 395, 

669–670, 778
Alzheimer’s disease, 402, 619
Analgesics, 856
Anorexia, 118, 627, 664, 665
Antacids, 402, 593
Antidepressants, 118, 220, 400, 592
Aristolochia fangchi, 778
Arthritis, 664
Avandia, 598–599, 602, 603, 606–607, 

609–610, 613
Baldness, 221, 888
Bipolar disorder, 495–496
Birth days, 778
Birthweight, 357–358, 532, 542–543, 545, 

624, 665
Bladder cancer, 400
Blood glucose, 531
Blood pressure, 117, 201–202, 298, 396, 

443, 771
Blood types, 421, 471, 474–476, 491
Body fat, 79, 80, 85, 261–262, 298, 

308–312, 318, 336, 732–734, 738–740, 
743–744, 749–751, 802–806

Body mass index, 183, 507, 597
Body temperature, 145, 183, 556–557, 

579–580, 595
Bone fractures, 118
Breast cancer, 394
Cancer, 97, 111, 207, 394, 400, 628, 664, 

778, 888
Cardiac catheterization, 621
Carpal tunnel syndrome, 664
Causes of death, 82
Cesarean sections, 780
Childbirth, 727, 728
Cholesterol, 148, 149, 181, 443, 555, 556, 

597, 669, 674, 766
Color and memory, 671
Colorectal cancer, 400
Congenital abnormalities, 593–594
Contrast bath treatments, 396, 824, 826, 

830, 840
Crawling by babies, 556, 771, 779
Deaths, 145, 397, 490, 771, 931–932

Depression, 346, 395, 665
Dialysis, 185
Diastolic blood pressure, 183
Diet, 786
Drug development, 592
Drug use/abuse, 222, 259, 764
Ear infections, 664, 665
Eating disorders, 780
Eclampsia, 771
Emotional well-being, 400
Exercise, 40, 117, 696
Family planning, 785
Family growth, 39
Fish and prostate cancer, 97, 111, 888
Freshman 15, 693, 698–699
Gender of children, 440, 477, 571–573
Gene therapy, 400
Gestation times, 501–503
Greek medicine, 725
Hamstring injuries, 395, 396
Handwashing, 823–824, 827–829, 834–835, 

841–843
Hearing aids, 787
Hearing assessment, 852–853
Heart bears, 147
Heart disease, 221, 393, 399, 591, 780, 888
Height, 177, 185, 197–199, 221, 234–235, 

278, 311–312, 314–315, 393, 496–497
Herbal medicine, 40–41, 190
HIV testing, 444
Hospitals, 119, 397, 490
Insomnia, 394, 395
Insulin and diet, 781
Legionnaires’ disease, 780
Leukemia, 480–481
Live births, 80
Life expectancy, 80, 221, 254, 275, 294, 

295, 302, 306, 307, 350, 394–395, 814
Life satisfaction, 112
Mammograms, 665
Measles vaccinations, 617
Memory, 669–670, 673, 674
Menopause, 394
Men’s weights, 155–157
Mortality and education rate, 772–773
Multiple sclerosis, 394
Newborn baby weights, 177
Nightmares, 99
Obesity, 117, 593
Omega-29, 395
Pain medications, 666
Patient calls, 79
Performance-enhancing drugs, 371, 393
Poison ivy treatment, 618
Pregnancy, 560, 771
Pregnancy tests, 500
Premature births, 399, 513–514, 730
Prenatal care, 40, 184–185
Prostate cancer, 664
Public health, 442 
Pulse rates, 556, 668
Rickets, 493, 530

Rock concert deaths, 144
Shingles, 397
Sick kids, 442
Skin cancer, 628
Skinned knees, 294
Sleep, 576–577, 636–638, 930
Smoking, 113, 136–137, 149, 207, 255, 

256, 296–297, 345, 347, 400, 402, 497, 
527, 626, 664, 665, 780

Snoring, 443
Stress testing, 39
Surgery and germs, 766
Tablet dissolution, 39
Tattoos and hepatitis C, 713–716, 718
Tendon transfers, 144–145
Therapeutic touch, 602
Treatment modalities, 83
Tuberculosis, 436–437, 493
Twin births, 117, 340, 346, 496, 594,  

771, 783
Urinary tract cancer, 778
Vasectomies, 400
Vitamins, 394, 397, 400
Waist size, 558, 559, 732–734, 738–740, 

743–744, 750–751
Weight, 197–199, 278, 347, 936
Weight loss, 401, 936
Wrist circumference, 160
Youthful appearance, 402

Politics and Popular 
Culture
Bills in circulation, 423–424
Brexit, 527, 592
Ceramic glazes, 400
Diet and politics, 111, 112, 114, 118
Dirt bikes, 276–277, 323
ESP, 493
Governor’s approval rating, 531, 593
Iliad injuries and weapons, 725
Liberalism/conservatism, 115–116, 403
Nobel laureates, 39
Opinions about members of Congress, 46
Opinions on direction of United States, 527
Petitions, 627
Pet ownership, 91, 440, 463, 466, 499
Political candidates, 219
Political parties, 191, 403, 441, 443, 729, 783
Presidential bounce, 666
President’s approval rating, 618, 626–627
Reading mysteries, 400
Roller coasters, 125–126, 131, 220, 223, 224, 

254, 255, 320–323, 372, 747, 796–800, 814
Sock color, 499
Tattoos, 118
Titanic sinking, 728, 730
Titanic sinking, 43–45, 48–50, 53, 57–62, 

93–94, 101–102, 104–105, 192, 440
Travel, 498
Veterinary care, 466

24	 INDEX OF APPLICATIONS

A01_DEV2212_05_GE_FM.indd   24 10/12/2020   14:57



Voting and elections, 39, 272–273, 371, 
531, 624, 663, 665, 666

World data, 816, 818–822
Zodiac signs, 700, 704–706

Quality Control
Assembly line, 620
Car defects, 464, 495
Cell phones, 494
Chips, 621
Computers, 626
Contaminated chicken, 442
Eggs, 465
Fireworks, 400
LCD panels, 480
Light bulbs, 422
Oranges, 400
O-rings, 499
Pet food, 376, 378, 379, 388
Refrigerator ratings, 41
Salsa, 373
Scratch and dent, 594
Seeds, 465
Soft-drink bottling, 400
Toasters, 489
TV safety, 621

Real Estate
Heating costs, 298–299
Home ownership, 498, 619
Home sales, 349, 554, 792–794
Home values, 143, 559–560
Housing costs and income, 221, 256
Housing prices, 223–224, 254, 255, 310, 

312, 316–318, 331, 334, 335, 765
Mortgages, 221–222, 256
New construction, 668
Property assessments, 773
Racial steering, 730
Second homes, 765
Taxes, 419
Waterfront property, 668

Salary and Benefits
Administrative assistant salaries, 336
Age and salary, 221
Baseball players, 305
CEO compensation, 134–136, 160–161, 

181–182, 534–535, 556, 559
Earnings of college graduates, 762–764
Employment by age, 77
Incomes, 177, 221, 256, 393, 463, 762–764, 

814–815
Length of employment, 218
Payroll, 178
Police officers, 554
Salary data, 84
Wage differentials, 191
Weekly salaries, 463

Sales and Retail
Assets of corporations, 149, 150
Bookstore sales, 217, 252, 253
Buying from a friend, 640, 645–647
Candy sales, 331
Coffee sales, 219
Corporate assets and sales, 348–349
Customer service, 177, 192
Dairy sales, 786
Diamond prices, 325–326
Discounts, 419, 447–454
Grocery sales, 554, 618
Online shopping, 39, 110, 257, 493, 494, 528
Profits, 770
Purchase amount, 662, 663
Ticket sales, 293, 294
Tips, 345, 393, 401, 554
Washer testing, 666, 667

Science
Abalone, 294
Alligators, 263
Archaeology, 669, 779
Arm length, 373
Asteroids, 306
Birds, 83, 86–87, 254, 555, 618
Birth order, 190
Brain, 218
Brain age, 40
Brain size, 769
Brain waves, 696
Cameras, 208–209, 211
Canine hip dysplasia, 619
Cattle, 182, 554
Cloud seeding, 781
Coffee cups, 126–127, 889
Color blindness, 344, 491, 624
Crocodiles, 344
Deer ticks, 531
Diabetes in Pima Indians, 751–754
Dowsing, 397, 593
Draining a tank, 348
Eris, 306
ESP, 254–255
Extraterrestrial civilizations, 499–500
Eye and hair color, 147, 784, 853
Fires, 207
Fish, 780
Flowering dates, 400
Frogs, 492
Fruit flies, 708, 726
Genetics, 781
Gestation periods, 300, 301
Grant writing, 779
Hamsters, 624
Handedness, 419, 491–492, 508–509,  

675, 783
Herbicides and pets, 664
Horses, 927–928
Impact craters, 737–738, 745

Irises, 781
Judging time, 402
Language abilities, 496, 625–626
Manatees, 341, 342
Manual dexterity, 218, 280–281, 337, 677, 

683–684
Mazes and smells, 779
Music, 583
Nail polish, 380–381, 386
Nearsightedness, 492
Pendulums, 305
Penguins, 266–267, 283–286, 350
Pet food, 395, 399
Pi, 726
Planets, 143, 225, 306
Psychics, 591
Radon, 399
Rats in mazes, 561, 596–597
Research studies, 189
Sea ice, 764–765, 770
Seasons and births, 724
Shoe sizes, 177, 274, 555
Speed of light, 557
Statue of Liberty, 188
Storks and human population, 206–207
Tree growth, 307
Trees, 180
Typing speed, 932–934
Vitamin C and racing dogs, 395
Walking in circles, 41
Washing clothes, 888–889
Weighing bears, 40
Wild horses, 782

Service Industries and 
Social Issues
Appliances, 491
Cantril scale, 526
Customer database, 181
Drug abuse, 222
Families, 339, 785
Fundraising, 491, 525–526, 529, 594
Gender discrimination, 106
Honesty, 394, 648
Mealtimes, 347
Parenthood, 365, 527
Personal information, 663
Pet adoption, 441, 442
Sensitivity of men, 666
Social networking, 28, 39
Student involvement in relationships, 

424–425, 429
Television watching, 844–846
Vehicle searches and race, 716–718
Violence against women, 726

Sports
Archery, 624
Athletes’ ages, 663
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Baseball, 86, 149, 189, 222, 255, 256, 305, 
334, 371, 393, 403, 529, 580–582, 663, 
670, 673, 695, 698, 704, 712

Basketball, 146, 419, 440, 621,  
778, 888

Bicycling, 191–192, 302–303, 466–467
Boston Marathon, 699
Bowling, 928
Fishing, 625
Football, 181, 263–264, 347, 358–359, 440, 

558, 594, 619, 663, 927
Golf, 85, 463, 561–562, 592, 673, 927
Hamstring injuries, 395, 396
Helmet use, 600, 626
Heptathlon, 262
Hockey, 86, 762–764
Ice hockey, 493
Indy 500, 41, 42
Injuries, 83
Javelin, 935
Kentucky Derby, 52–53, 63, 148, 219
Long jump, 346
London Marathon, 41, 695
Marksman, 491–493
Olympics, 82–83, 144, 152–154, 157, 180, 

189, 262, 346, 492, 679
Running, 83, 333, 334, 337–338, 395, 672, 

695, 699, 817–818, 934
Skating, 157, 851
Skiing, 144, 561, 596
Skydiving, 398
Soccer, 442, 489, 498
Speed skating, 679–681, 684
Sports Illustrated jinx, 255
Student athletics, 935–936
Student involvement, 424–425, 429
Super Bowl, 84, 92, 95, 96, 394
Swimming, 301, 396, 397, 466, 672–673
Tennis, 865–872
Tour de France, 33, 302–303
Weightlifting, 306, 307, 466

Surveys and Opinion Polls
American Community Survey, 625
American Time Use Survey, 51
Communication among teenagers, 114
Congressional election predictions, 927
Data sources, 221
Disclaimer, 625
Formula 1, 42
Gallup polls, 46, 92, 351, 371, 497–498, 

517–519, 526
GfK Roper, 441
Literary Digest polls, 352, 366
Living arrangements for young  

adults, 625
Margin of error, 528
Opinion on Occupy Wall Street, 628
Opinions on embrace or protect, 774

Pew Research Organization, 46–47, 110, 
113, 114, 191, 354, 395, 403, 421,  
426–427, 516, 526, 624, 783

Phone surveys, 373, 395, 418
Political polls, 663
Public opinion polls, 185, 352, 628
Referendum, 39
Roper surveys, 371
Sampling methods, 374
Student surveys, 89, 192, 371, 402, 526, 555
Survey/polling methods, 354, 362,  

370–373, 624

Technology
Area codes, 31
Cell phones, 28, 221, 294, 401, 418, 443, 

490, 494, 593
Character recognition, 526, 527
Chips, 348
College students’ use of, 499
Component lifetimes, 490
Computer games and violence, 298
Computer ownership, 419
Computer software, 400, 464
Computer use, 497–498
Customer database, 181
Digital music libraries, 150, 178, 418
Disk drives, 217, 252, 253
Downloading files, 856
E-books, 186
Electronic gadget use, 46–47
E-mails, 470, 474, 477, 619
E-readers, 443, 444
Internet, 32, 34, 39, 346, 403, 440,  

525–527, 529
Land lines, 443
LCD panels, 480
MP3 players, 179
Number of computers, 365
Online profiles, 632–633, 639
Online shopping, 39, 110, 257
Ping, 491
Smartphones, 113, 440
Social networking, 28, 39, 426–427,  

432–433, 596, 597, 663
Stereograms, 150, 151, 667
Tablets, 33, 770–771
Telephone numbers, 490
Television, 273–274, 295, 345, 350, 361–362, 

419, 443, 621, 877–879, 885, 935–936
Texting, 28, 102–104
WebZines, 594

Transportation
Aircraft accidents, 86
Air travel, 127, 141–143, 297, 303, 403, 

419, 444, 490–492, 495, 557–558, 583, 
595, 618, 795–796, 928

Auto engines, 190–191, 253
Auto noise filters, 854
Bridges, 232–234, 260, 302,  

401, 734
Bus, 464, 465
Car defects, 464, 495
Car ownership, 593
Car recalls, 500, 629
Car repairs, 420, 442
Car sales, 489, 664
Car speeds, 128–129, 179, 180, 299, 342, 

419, 605–606, 650
Car thefts, 219
Car values, 143
Car weight vs. length, 254
Commute times/distances, 66–67, 163–164, 

401, 547–548, 668, 676, 678–679, 
681–682, 685

Country of origin of cars, 443,  
529, 729

Cylinders, 146
Dirt bikes, 276–277, 323
Drivers’ licenses, 39, 118, 463, 464
Driving tests, 569–571
Electric scooters, 492
Emission standards, 531, 594, 619–620
Flight cancelled, 464
Fuel economy, 64–65, 142, 146, 177, 221, 

222, 263, 303, 304, 307, 313, 343–344, 
373, 397, 403, 558, 692, 696–697, 768, 
769, 772, 851, 852, 875, 886

Gas additives, 890, 891
Gasoline availability, 347
Gasoline prices, 86, 221
Horsepower of cars, 343, 801
Oil additives, 625, 779
Oil prices, 269–270
Parking lots/garages, 39, 117, 557
Parking tickets, 465
Plane crashes, 82
Racial bias and speeding tickets, 627
Roadblocks, 371
Salesman’s mileage traveled, 726
Seatbelt use, 437–438, 490, 618, 630–631, 

634–635, 780
Stopping times/distances, 294, 305,  

561, 697
Stop signs, 620
Texting while driving, 28
Tires, 181–182
Traffic, 219, 342, 693
Traffic accidents, 186–189, 529, 560, 694, 

886–887
Traffic-calming measures, 605–606
Traffic fatalities, 932
Traffic lights, 405–407, 411–413
Train, 421, 440
Used cars, 258–259, 454–455, 766–767
Vehicle weights, 224–225, 278–280,  

348, 692
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1.1 	What Is Statistics?
People around the world have one thing in common—they all want to figure out what’s 
going on. You’d think with the amount of information available to everyone today this 
would be an easy task, but actually, as the amount of information grows, so does our need 
to understand what it can tell us.

At the base of all this information, on the Internet and all around us, are data. We’ll 
talk about data in more detail in the next section, but for now, think of data as any collection 
of numbers, characters, images, or other items that provide information about something. 
What sense can we make of all this data? You certainly can’t make a coherent picture 
from random pieces of information. Whenever there are data and a need for understanding 
the world, you’ll find statistics.

This text will help you develop the skills you need to understand and communicate 
the knowledge that can be learned from data. By thinking clearly about the question you’re 
trying to answer and learning the statistical tools to show what the data are saying, you’ll 
acquire the skills to tell clearly what it all means. Our job is to help you make sense of the 
concepts and methods of statistics and to turn it into a powerful, effective approach to 
understanding the world through data.

Stats Starts 
Here1

1

WHERE ARE WE GOING?
Statistics gets no respect. People say things 
like “You can prove anything with statistics.” 
People will write off a claim based on data as 
“just a statistical trick.” And statistics courses 
don’t have the reputation of being students’ 
first choice for a fun elective.

But statistics is fun. That’s probably not what 
you heard on the street, but it’s true. Statistics  
is the science of learning from data. A little prac­
tice thinking statistically is all it takes to start 
seeing the world more clearly and accurately.

This is a text about understanding the 
world by using data. So we’d better start by 
understanding data. There’s more to that 
than you might have thought.

1.1	 What Is Statistics?

1.2	 Data

1.3	 Variables

1.4	 Models

But where shall I 
begin?” asked Alice. “Begin 
at the beginning,” the King 
said gravely, “and go on till 
you come to the end: then 
stop.

—Lewis Carroll,  
Alice’s Adventures  

in Wonderland

1We were thinking of calling this chapter “Introduction” but nobody reads the introduction, and we wanted you 
to read this. We feel safe admitting this down here in the footnotes because nobody reads footnotes either.
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1.2 	Data
Amazon.com opened for business in July 1995, billing itself as “Earth’s Biggest Bookstore.” 
By 1997, Amazon had a catalog of more than 2.5 million book titles and had sold books 
to more than 1.5 million customers in 150 countries. In 2017, the company’s sales 
reached almost $178 billion (more than 30% over the previous year). Amazon has sold a 
wide variety of merchandise, including a $400,000 necklace, yak cheese from Tibet, and 
the largest book in the world. How did Amazon become so successful and how can it 
keep track of so many customers and such a wide variety of products? The answer to both 
questions is data.

But what are data? Think about it for a minute. What exactly do we mean by “data”? 
You might think that data have to be numbers, but data can be text, pictures, web pages, 

Data vary. Ask different people the same question and you’ll get a variety of answers. 
Statistics helps us to make sense of the world described by our data by seeing past the 
underlying variation to find patterns and relationships. This text will teach you skills to 
help with this task and ways of thinking about variation that are the foundation of sound 
reasoning about data.

Consider the following:

◆◆ If you have a Facebook account, you have probably noticed that the ads you see 
online tend to match your interests and activities. Coincidence? Hardly. According 
to The Wall Street Journal (10/18/2010),2 much of your personal information has 
probably been sold to marketing or tracking companies. Why would Facebook give 
you a free account and let you upload as much as you want to its site? Because your 
data are valuable! Using your Facebook profile, a company might build a profile of 
your interests and activities: what movies and sports you like; your age, sex, educa-
tion level, and hobbies; where you live; and, of course, who your friends are and 
what they like. From Facebook’s point of view, your data are a potential gold mine. 
Gold ore in the ground is neither very useful nor pretty. But with skill, it can be 
turned into something both beautiful and valuable. What we’re going to talk about is 
how you can mine your own data and learn valuable insights about the world.

◆◆ Americans spend an average of 4.9 hours per day on their smartphones. Trillions of 
text messages are sent each year.3 Some of these messages are sent or read while the 
sender or the receiver is driving. How dangerous is texting while driving?

How can we study the effect of texting while driving? One way is to measure 
reaction times of drivers faced with an unexpected event while driving and texting. 
Researchers at the University of Utah tested drivers on simulators that could present 
emergency situations. They compared reaction times of sober drivers, drunk drivers, 
and texting drivers.4 The results were striking. The texting drivers actually responded 
more slowly and were more dangerous than drivers who were above the legal limit for 
alcohol.

In this text, you’ll learn how to design and analyze experiments like this. You’ll learn 
how to interpret data and to communicate the message you see to others. You’ll also learn 
how to spot deficiencies and weaknesses in conclusions drawn by others that you see in 
newspapers and on the Internet every day. Statistics can help you become a more informed 
citizen by giving you the tools to understand, question, and interpret data.

Data is king at Amazon. 
Clickstream and purchase 
data are the crown jewels at 
Amazon. They help us build 
features to personalize the 
Web site experience.

—Ronny Kohavi,  
former Director of Data  

Mining and Personalization,  
Amazon.com

2blogs.wsj.com/digits/2010/10/18/referers-how-facebook-apps-leak-user-ids/
3informatemi.com/blog/?p=133
4“Text Messaging During Simulated Driving,” Drews, F. A., et al., Human Factors: hfs.sagepub.com/
content/51/5/762

Q:	 What is statistics?

A:	 Statistics is a way of 
reasoning, along with a 
collection of tools and 
methods, designed to help 
us understand the world.

Q:	 What are statistics?

A:	 Statistics (plural) are 
particular calculations 
made from data.

Q:	 So what is data?

A:	 You mean “what are data?” 
Data is the plural form. The 
singular is datum.

Q:	 OK, OK, so what are data?

A:	 Data are values along with 
their context.

The ads say, “Don’t drink 
and drive; you don’t want to 
be a statistic.” But you can’t 
be a statistic.

We say, “Don’t be a 
datum.”

STATISTICS IS ABOUT  .  .  .
• � Variation: Data vary 

because we don’t see 
everything, and even what 
we do see, we measure 
imperfectly.

• � Learning from data: We 
hope to learn about the 
world as best we can from 
the limited, imperfect data 
we have.

• � Making intelligent deci­
sions: The better we 
understand the world, the 
wiser our decisions will be.
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and even audio and video. If you can sense it, you can measure it. Data are now being col-
lected automatically at such a rate that IBM estimates that “90% of the data in the world 
today has been created in the last two years alone.”5

Let’s look at some hypothetical values that Amazon might collect:

B000001OAA 0.99 Chris G. 902 105-2686834- 
3759466

1.99 0.99 Illinois

Los Angeles Samuel R. Ohio N B000068ZVQ Amsterdam New York,  
New York

Katherine H.

Katherine H. 002-1663369- 
6638649

Beverly Hills N N 103-2628345- 
9238664

0.99 Massachusetts

312 Monique D. 105-9318443- 
4200264

413 B00000I5Y6 440 B000002BK9 0.99

Canada Detroit 440 105-1372500- 
0198646

N B002MXA7Q0 Ohio Y

Try to guess what they represent. Why is that hard? Because there is no context. If we 
don’t know what values are measured and what is measured about them, the values are 
meaningless. We can make the meaning clear if we organize the values into a data table 
such as this one:

Order Number Name State/Country Price Area Code Download Gift? ASIN Artist

105-2686834-3759466 Katherine H. Ohio 0.99 440 Amsterdam N B0000015Y6 Cold Play

105-9318443-4200264 Samuel R. Illinois 1.99 312 Detroit Y B000002BK9 Red Hot  
Chili Peppers

105-1372500-0198646 Chris G. Massachusetts 0.99 413 New York,  
New York

N B000068ZVQ Frank Sinatra

103-2628345-9238664 Monique D. Canada 0.99 902 Los Angeles N B0000010AA Blink 182

002-1663369-6638649 Katherine H. Ohio 0.99 440 Beverly Hills N B002MXA7Q0 Weezer

Now we can see that these are purchase records for album download orders from 
Amazon. The column titles tell what has been recorded. Each row is about a particular 
purchase.

What information would provide a context? Newspaper journalists know that the 
lead paragraph of a good story should establish the “Five W’s”: who, what, when, where, 
and (if possible) why. Often, we add how to the list as well. The answers to the first two 
questions are essential. If we don’t know what values are measured and who those values 
are measured on, the values are meaningless.

Who and What
In general, the rows of a data table correspond to individual cases about whom (or about 
which, if they’re not people) we record some characteristics. Cases go by different names, 
depending on the situation.

◆◆ Individuals who answer a survey are called respondents.
◆◆ People on whom we experiment are subjects or (in an attempt to acknowledge the 

importance of their role in the experiment) participants.

5www-01.ibm.com/software/data/bigdata/what-is-big-data.html
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◆◆ Animals, plants, websites, and other inanimate subjects are often called experimental 
units.

◆◆ Often we simply call cases what they are: for example, customers, economic quarters, 
or companies.

◆◆ In a database, rows are called records—in this example, purchase records. Perhaps the 
most generic term is cases, but in any event the rows represent the Who of the data.

Look at all the columns to see exactly what each row refers to. Here the cases are dif-
ferent purchase records. You might have thought that each customer was a case, but notice 
that, for example, Katherine H. appears twice, in both the first and the last rows. A com-
mon place to find out exactly what each row refers to is the leftmost column. That value 
often identifies the cases, in this example, it’s the order number. If you collect the data 
yourself, you’ll know what the cases are. But, often, you’ll be looking at data that some-
one else collected and you’ll have to ask or figure that out yourself.

Often the cases are a sample from some larger population that we’d like to under-
stand. Amazon doesn’t care about just these customers; it wants to understand the buying 
patterns of all its customers, and, generalizing further, it wants to know how to attract 
other Internet users who may not have made a purchase from Amazon’s site. To be able to 
generalize from the sample of cases to the larger population, we’ll want the sample to be 
representative of that population—a kind of snapshot image of the larger world.

We must know who and what to analyze data. Without knowing these two, we don’t 
have enough information to start. Of course, we’d always like to know more. The more we 
know about the data, the more we’ll understand about the world. If possible, we’d like to 
know the when and where of data as well. Values recorded in 1803 may mean something 
different than similar values recorded last year. Values measured in Tanzania may differ 
in meaning from similar measurements made in Mexico. And knowing why the data were 
collected can tell us much about its reliability and quality.

How the Data Are Collected
How the data are collected can make the difference between insight and nonsense. As we’ll 
see later, data that come from a voluntary survey on the Internet are almost always worthless. 
One primary concern of statistics, to be discussed in Part III, is the design of sound methods 
for collecting data. Throughout this text, whenever we introduce data, we’ll provide a margin 
note listing the W’s (and H) of the data. Identifying the W’s is a habit we recommend.

The first step of any data analysis is to know what you are trying to accomplish and 
what you want to know. To help you use statistics to understand the world and make deci-
sions, we’ll lead you through the entire process of thinking about the problem, showing 
what you’ve found, and telling others what you’ve learned. Every guided example in this 
text is broken into these three steps: Think, Show, and Tell. Identifying the problem and 
the who and what of the data is a key part of the Think step of any analysis. Make sure you 
know these before you proceed to Show or Tell anything about the data.

DATA BEATS INTUITION
Amazon monitors and 
updates its website to better 
serve customers and maxi­
mize sales. To decide which 
changes to make, analysts 
experiment with new designs, 
offers, recommendations, 
and links. Statisticians want 
to know how long you’ll 
spend browsing the site  
and whether you’ll follow  
the links or purchase the 
suggested items. As  
Ronny Kohavi, former  
director of Data Mining and 
Personalization for Amazon, 
said, “Data trumps intuition. 
Instead of using our intuition, 
we experiment on the live site 
and let our customers tell us 
what works for them.”

In 2015, Consumer Reports published an evaluation of 126 computer tablets from a 
variety of manufacturers.

QUESTION:  Describe the population of interest, the sample, and the Who of the study.

ANSWER:  The magazine is interested in the performance of tablets currently offered 
for sale. It tested a sample of 126 tablets, which are the Who for these data. Each 
tablet selected represents all similar tablets offered by that manufacturer.

EXAMPLE 1.1
Identifying the Who
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