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Table entry for z is the area
under the standard Normal
curve to the left of z.

Probability

TABLE A Standard Normal probabilities
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.0010
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Table entry for z is the area
under the standard Normal
curve to the left of z.

Probability

TABLE A Standard Normal probabilities (continued)

Z
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TO INSTRUCTORS: ABOUT THIS BOOK

Statistics is the science of data. The Practice of Statistics for Business and Eco-
nomics (PSBE) is an introduction to statistics for students of business and eco-
nomics based on this principle. We present methods of basic statistics in a way that
emphasizes working with data and mastering statistical reasoning. PSBE is elemen-
tary in mathematical level but conceptually rich in statistical ideas. After complet-
ing a course based on our text, we would like students to be able to think objectively
about conclusions drawn from data and use statistical methods in their own work.

In PSBE we combine attention to basic statistical concepts with a comprehen-
sive presentation of the elementary statistical methods that students will find useful
in their work. We believe that you will enjoy using PSBE for several reasons:

1. PSBE examines the nature of modern statistical practice at a level suitable for
beginners. We focus on the production and analysis of data as well as the tradi-
tional topics of probability and inference.

2. PSBE has alogical overall progression, so data production and data analysis are
a major focus, while inference is treated as a tool that helps us to draw conclu-
sions from data in an appropriate way.

3. PSBE presents data analysis as more than a collection of techniques for explor-
ing data. We emphasize systematic ways of thinking about data. Simple prin-
ciples guide the analysis: always plot your data; look for overall patterns and
deviations from them; when looking at the overall pattern of a distribution for
one variable, consider shape, center, and spread; for relations between two vari-
ables, consider form, direction, and strength; always ask whether a relationship
between variables is influenced by other variables lurking in the background.
We warn students about pitfalls in clear cautionary discussions.

4. PSBE uses real examples and exercises from business and economics to
illustrate and enforce key ideas. Students learn the technique of least-squares
regression and how to interpret the regression slope. But they also learn the con-
ceptual ties between regression and correlation and the importance of looking
for influential observations.

5. PSBE is aware of current developments both in statistical science and in teach-
ing statistics. Brief, optional “Beyond the Basics” sections give quick overviews
of topics such as density estimation, the bootstrap, scatterplot smoothers, data
mining, nonlinear regression, and meta-analysis.

Themes of This Book

Look at your data is a consistent theme in PSBE. Rushing to inference—often
automated by software—without first exploring the data is the most common source
of statistical error that we see in working with users from many fields. A second
theme is that where the data come from matters. When we do statistical inference,
we are acting as if the data come from a properly randomized sample or experi-
mental design. A basic understanding of these designs helps students grasp how
inference works. The distinction between observational and experimental data helps
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students understand the truth of the mantra that “association does not imply causa-
tion.” Moreover, managers need to understand the use of sample surveys for market
research and customer satisfaction and the use of statistically designed experiments
for product and process development and improvement.

Another strand that runs through PSBE is that data lead to decisions in a spe-
cific setting. A calculation or graph or “reject HO” is not the conclusion of an exer-
cise in statistics. We encourage students to state a conclusion in the specific problem
context, and we hope that you will require them to do so.

Finally, we think that a first course in any discipline should focus on the
essentials. We have not tried to write an encyclopedia, but to equip students to use
statistics (and learn more statistics as needed) by presenting the major concepts
and most-used tools of the discipline. Longer lists of procedures “covered” tend
to reduce student understanding and ability to use any procedures to deal with real
problems.

What's New in the Fourth Edition

*  Chapter opener questions Each chapter begins with a bulleted list of practical
business questions that can be addressed by the methods in the chapter.

e Data Chapter 1 now begins with a short section giving a basic overview of data.

e Categorical data The material on descriptive statistics for categorical data in
Chapter 2 as well as inference in Chapter 9 has been expanded to include mosaic
plots as a visual tool to understand relationships.

*  Producing data Chapter 3 now begins with a short section giving a basic over-
view of data sources.

*  Probability We have reorganized the sections on probability models, general
probability rules, and random variables so that they are now self-contained in
one chapter (Chapter 4).

* Distributions Our reorganization of probability topics allows for a natural tran-
sition to Chapter 5 to be devoted to distributions on counts and proportions.
New material has been added on the exploration of real data to check for com-
patibility with binomial and Poisson assumptions.

* Inference We have reorganized the sections on inference and sampling distri-
butions so that they now flow in sequence. Material that previously appeared
in Chapter 3 with a focus on proportions, concepts of sampling distributions,
and estimation now appears in the last section of Chapter 5 (“Toward Statistical
Inference”). This section is immediately followed by Chapter 6, which provides
a complete treatment on inference for the mean.

* Inference for means Chapter 7 is retitled (“Inference for Means”), and the
section on inference for population spread was moved to the one-way analysis
of variance chapter (Chapter 14). In addition, Section 7.1 was streamlined by
moving the discussion of inference for non-Normal populations to Section 7.3.

*  Sample size determination for means and proportions Additional material
on choosing sample sizes for one and two means or proportions using software
is included in Chapters 7 and 8, respectively.

*  Equivalence testing This topic is now included in Chapter 7, and the power
calculations now appear in a separate section in this chapter.
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* Inference for categorical data Chapter 9 is retitled (“Inference for Categori-
cal Data”), and now includes goodness of fit as well as inference for two-way
tables.

*  Quality control Chapter 12 (“Statistics for Quality: Control and Capability”)
introduces the new topic of the moving-range chart for the monitoring of indi-
vidual measurement processes. In addition, the calculations of process capabil-
ity indices are now presented in manner typically reported in statistical software.

*  Time series Chapter 13 (“Time Series Forecasting”) introduces several new
techniques, including the autocorrelation function (ACF) and partial autocor-
relation function (PACF). In addition, we have introduced a new section on ran-
dom walks. We also newly introduce to this chapter the use of moving averages
and centered moving averages to estimate seasonal ratios and show how to use
these ratios to deseasonalize a time series.

*  Exercises and examples Approximately 50% of the exercises and examples are
new or revised. We have placed additional emphasis on making the business or
economics relevance of the exercises clear to the reader.

* Increased emphasis on software We have increased our emphasis on graphical
displays of data. Software displays have been updated and are given additional
prominence.

* Reminders At key points in the text, Reminder margin notes direct the reader
to the first explanation of a topic, providing page numbers for easy reference.

*  Data file names Data file names now include a short description of the content
as well as the exercise or example number. Marginal icons show data set names
for examples and in-text icons show the data set names for exercises.

*  Software basics These have been expanded to include more software options
and moved from the appendices at the end of each chapter to our online re-
sources. These can now be found at www.macmillanhighered.com/psbe4e.

Content and Style

PSBE adapts to the business and economics statistics setting the approach to intro-
ductory instruction that was inaugurated and proved successful in the best-selling
general statistics texts Introduction to the Practice of Statistics (eighth edition,
Freeman 2014). PSBE features use of real data in examples and exercises and em-
phasizes statistical thinking as well as mastery of techniques. As the continuing
revolution in computing automates most tiresome details, an emphasis on statistical
concepts and on insight from data becomes both more practical for students and
teachers and more important for users who must supply what is not automated.

Chapters 1 and 2 present the methods and unifying ideas of data analysis. Stu-
dents appreciate the usefulness of data analysis, and realizing they can actually
do it relieves a bit of their anxiety about statistics. We hope that they will grow
accustomed to examining data and will continue to do so even when formal inference
to answer a specific question is the ultimate goal. Note in particular that Chapter 2
gives an extended treatment of correlation and regression as descriptive tools, with
attention to issues such as influential observations and the dangers posed by lurking
variables. These ideas and tools have wider scope than an emphasis on inference
(Chapters 10 and 11) allows. We think that a full discussion of data analysis for
both one and several variables before students meet inference in these settings both
reflects statistical practice and is pedagogically helpful.
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Teachers will notice some nonstandard ideas in these chapters, particularly
regarding the Normal distributions—we capitalize “Normal” to avoid suggesting
that these distributions are “normal” in the usual sense of the word. We introduce
density curves and Normal distributions in Chapter 1 as models for the overall pat-
tern of some sets of data. Only later (Chapter 4) do we see that the same tools can
describe probability distributions. Although unusual, this presentation reflects the
historical origin of Normal distributions and also helps break up the mass of prob-
ability that is so often a barrier that students fail to surmount.

We use the notation N(y, o) rather than N(u, ) for Normal distributions. The
traditional notation is, in fact, indefensible other than as inherited tradition. The
standard deviation, not the variance, is the natural measure of scale in Normal
distributions, visible on the density curve, used in standardization, and so on. We
want students to think in terms of mean and standard deviation, so we talk in these
terms.

In Chapter 3, we discuss random sampling and randomized comparative ex-
periments. The exposition pays attention to practical difficulties, such as nonre-
sponse in sample surveys, that can greatly reduce the value of data. We think that an
understanding of such broader issues is particularly important for managers who
must use data but do not themselves produce data. Discussion of statistics in prac-
tice alongside more technical material is part of our emphasis on data leading to
practical decisions. We include a section on data ethics, a topic of increasing im-
portance for business managers. Chapters 4 and 5 then present probability. We have
chosen an unusual approach: Chapter 4 contains only the probability material that
is needed to understand statistical inference, and this material is presented quite in-
formally. The sections on probability models, general probability rules, and random
variables have been reorganized so that they are now self-contained in this chapter.
Chapter 5 now focuses on distributions of counts and proportions with new material
on checking binomial and Poisson assumptions. It also concludes with a section
titled “Toward Statistical Inference,” which introduces the concepts of parameters
and statistics, sampling distributions, and bias and precision. This section provides
a nice lead in to Chapter 6, which provides the reasoning of inference.

The remaining chapters present statistical inference, still encouraging students
to ask where the data come from and to look at the data rather than quickly choosing
a statistical test from an Excel menu. Chapter 6, which describes the reasoning of
inference, is the cornerstone. Chapters 7 and 8 discuss one-sample and two-sample
procedures for means and proportions, respectively, which almost any first course
will cover. We take the opportunity in these core “statistical practice” chapters to dis-
cuss practical aspects of inference in the context of specific examples. Chapters 9, 10,
and 11 present selected and more advanced topics in inference: two-way tables and
simple and multiple regression. Chapters 12, 13, and 14 present additional advanced
topics in inference: quality control, time series forecasting, and one-way analysis of
variance.

Instructors who wish to customize a single-semester course or to add a second
semester will find a wide choice of additional topics in the Companion Chapters
that extend PSBE. These chapters are:

Chapter 15 Two-Way Analysis of Variance
Chapter 16 Nonparametric Tests
Chapter 17 Logistic Regression

Companion Chapters can be found on the book’s website:
www.macmillanhighered.com/psbe4e.


http://www.macmillanhighered.com/psbe4e

131ddV

TO INSTRUCTORS: ABOUT THIS BOOK Xix

Accessible Technology

Any mention of the current state of statistical practice reminds us that quick, cheap,
and easy computation has changed the field. Procedures such as our recommended
two-sample ¢ and logistic regression depend on software. Even the mantra “look at
your data” depends—in practice—on software because making multiple plots by
hand is too tedious when quick decisions are required. What is more, automating
calculations and graphs increases students’ ability to complete problems, reduces
their frustration, and helps them concentrate on ideas and problem recognition
rather than mechanics.

We therefore strongly recommend that a course based on PSBE be accompa-
nied by software of your choice. Instructors will find using software easier because
all data sets for PSBE can be found in several common formats on the website
www.macmillanhighered.com/psbe4e.

The Microsoft Excel spreadsheet is by far the most common program used for
statistical analysis in business. Our displays of output, therefore, emphasize Excel,
though output from several other programs also appears. PSBE is not tied to spe-
cific software. Even so, one of our emphases is that a student who has mastered the
basics of, say, regression can interpret and use regression output from almost any
software.

We are well aware that Excel lacks many advanced statistical procedures. More
seriously, Excel’s statistical procedures have been found to be inaccurate, and they
lack adequate warnings for users when they encounter data for which they may
give incorrect answers. There is good reason for people whose profession requires
continual use of statistical analysis to avoid Excel. But there are also good, practi-
cal reasons why managers whose life is not statistical prefer a program that they
regularly use for other purposes. Excel appears to be adequate for simpler analyses
of the kind that occur most often in business applications.

Some statistical work, both in practice and in PSBE, can be done with a calcula-
tor rather than software. Students should have at least a “two-variable statistics” cal-
culator with functions for correlation and the least-squares regression line as well as
for the mean and standard deviation. Graphing calculators offer considerably more
capability. Because students have calculators, the text doesn’t discuss “computing
formulas” for the sample standard deviation or the least-squares regression line.

Technology can be used to assist learning statistics as well as doing statistics.
The design of good software for learning is often quite different from that of soft-
ware for doing. We want to call particular attention to the set of statistical applets
available on the PSBE website: www.macmillanhighered.com/psbe4e. These in-
teractive graphical programs are by far the most effective way to help students grasp
the sensitivity of correlation and regression to outliers, the idea of a confidence
interval, the way ANOVA responds to both within-group and among-group varia-
tion, and many other statistical fundamentals. Exercises using these applets appear
throughout the text, marked by a distinctive icon. We urge you to assign some of
these, and we suggest that if your classroom is suitably equipped, the applets are
very helpful tools for classroom presentation as well.

Carefully Structured Pedagogy

Few students find statistics easy. An emphasis on real data and real problems helps
maintain motivation, and there is no substitute for clear writing. Beginning with
data analysis builds confidence and gives students a chance to become familiar with
your chosen software before the statistical content becomes intimidating. We have
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adopted several structural devices to aid students. Major settings that drive the expo-
sition are presented as cases with more background information than other examples.
(But we avoid the temptation to give so much information that the case obscures the
statistics.) A distinctive icon ties together examples and exercises based on a case.

The exercises are structured with particular care. Short “Apply Your Knowl-
edge” sections pose straightforward problems immediately after each major new
idea. These give students stopping points (in itself a great help to beginners) and
also tell them that “you should be able to do these things right now.” Most num-
bered sections in the text end with a substantial set of exercises, and more appear as
review exercises at the end of each chapter.
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MEDIA AND SUPPLEMENTS

he following electronic and print supplements are available with The Practice
of Statistics for Business and Economics, Fourth Edition:

W. H. Freeman’s new online homework system, LaunchPad, offers our qual-
ity content curated and organized for easy assignability in a simple but powerful
interface. We have taken what we have learned from thousands of instructors and
hundreds of thousands of students to create a new generation of W. H. Freeman/
Macmillan technology.

Curated units. Combining a curated collection of videos, homework sets, tutorials,
applets, and e-Book content, LaunchPad’s interactive units give instructors a build-
ing block to use as-is or as a starting point for customized learning units. A majority
of exercises from the text can be assigned as online homework, including an abun-
dance of algorithmic exercises. An entire unit’s worth of work can be assigned in
seconds, drastically reducing the amount of time it takes for instructors to have their
course up and running.

Easily customizable. Instructors can customize the LaunchPad units by adding
quizzes and other activities from our vast wealth of resources. They can also add a
discussion board, a dropbox, and an RSS feed, with a few clicks. LaunchPad allows
instructors to customize the student experience as much or as little as desired.

Useful analytics. The gradebook quickly and easily allows instructors to look up
performance metrics for classes, individual students, and individual assignments.

Intuitive interface and design. The student experience is simplified. Students’
navigation options and expectations are clearly laid out, ensuring they never get lost
in the system.

Assets integrated into LaunchPad include the following:

Interactive e-Book Every LaunchPad e-Book comes with powerful study tools for
students, video and multimedia content, and easy customization for instructors. Stu-
dents can search, highlight, and bookmark, making it easier to study and access key
content. And teachers can ensure that their classes get just the book they want to
deliver: customizing and rearranging chapters; adding and sharing notes and discus-
sions; and linking to quizzes, activities, and other resources.

LearningCurve provides students and instructors with powerful adaptive quizzing,
a game-like format, direct links to the e-Book, and instant feedback. The quizzing
system features questions tailored specifically to the text and adapts to students’
responses, providing material at different difficulty levels and topics based on
student performance.

SolutionMaster offers an easy-to-use Web-based version of the instructor’s
solutions, allowing instructors to generate a solution file for any set of homework
exercises.
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Statistical Video Series consists of StatClips, StatClips Examples, and Statisti-
cally Speaking “Snapshots.” View animated lecture videos, whiteboard lessons, and
documentary-style footage that illustrate key statistical concepts and help students
visualize statistics in real-world scenarios.

NEW Video Technology Manuals available for TI-83/84 calculators, Minitab, Excel,
JMP, SPSS (an IBM Company),* R (with and without Remdr), and Crunchlt!®
provide 50 to 60 brief videos for using each specific statistical software in conjunc-
tion with a variety of topics from the textbook.

NEW StatBoards videos are brief whiteboard videos that illustrate difficult topics
through additional examples, written and explained by a select group of statistics
educators.

UPDATED StatTutor Tutorials offer multimedia tutorials that explore important
concepts and procedures in a presentation that combines video, audio, and interac-
tive features. The newly revised format includes built-in, assignable assessments
and a bright new interface.

UPDATED Statistical Applets give students hands-on opportunities to familiarize
themselves with important statistical concepts and procedures, in an interactive set-
ting that allows them to manipulate variables and see the results graphically. Icons
in the textbook indicate when an applet is available for the material being covered.

CrunchIt!® is W. H. Freeman’s Web-based statistical software that allows users to
perform all the statistical operations and graphing needed for an introductory busi-
ness statistics course and more. It saves users time by automatically loading data
from PSBE, and it provides the flexibility to edit and import additional data.

JMP Student Edition (developed by SAS) is easy to learn and contains all the
capabilities required for introductory business statistics. JMP is the leading com-
mercial data analysis software of choice for scientists, engineers, and analysts at
companies throughout the world (for Windows and Mac).

Stats@Work Simulations put students in the role of the statistical consultant,
helping them better understand statistics interactively within the context of real-life
scenarios.

EESEE Case Studies (Electronic Encyclopedia of Statistical Examples and
Exercises), developed by The Ohio State University Statistics Department, teach stu-
dents to apply their statistical skills by exploring actual case studies using real data.

Data files are available in JMP, ASCII, Excel, TI, Minitab, SPSS, R, and CSV
formats.

Student Solutions Manual provides solutions to the odd-numbered exercises in
the text.

Instructor’s Guide with Full Solutions includes worked out solutions to all exer-
cises, teaching suggestions, and chapter comments.

*SPSS was acquired by IBM in October 2009.
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Test bank offers hundreds of multiple-choice questions and is available in Launch-
Pad. The test bank is also available at the website www.macmillanhighered.com
/psbede (user registration as an instructor required) for Windows and Mac, where
questions can be downloaded, edited, and resequenced to suit each instructor’s
needs.

Lecture slides offer a detailed lecture presentation of statistical concepts covered
in each chapter of PSBE.

Additional Resources Available with PSBE, 4e

Website www.macmillanhighered.com/psbe4e This open-access website includes
statistical applets, data files, and companion Chapters 15, 16, and 17. Instructor
access to the website requires user registration as an instructor and features all the
open-access student Web materials, plus

* Image slides containing all textbook figures and tables

e Lecture slides

Special Software Packages Student versions of JMP and Minitab are available
for packaging with the text. JMP is available inside LaunchPad at no additional
cost. Contact your W. H. Freeman representative for information, or visit www
.macmillanhighered.com.

i-clicker is a two-way radio-frequency classroom response solution developed by
educators for educators. Each step of i-clicker’s development has been informed by
teaching and learning. To learn more about packaging i-clicker with this textbook,
please contact your local sales rep, or visit www 1.iclicker.com.
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TO STUDENTS: WHAT IS STATISTICS?

tatistics is the science of collecting, organizing, and interpreting numerical facts,

which we call data. We are bombarded by data in our everyday lives. The news
mentions movie box-office sales, the latest poll of the president’s popularity, and the
average high temperature for today’s date. Advertisements claim that data show the
superiority of the advertiser’s product. All sides in public debates about economics,
education, and social policy argue from data. A knowledge of statistics helps sepa-
rate sense from nonsense in this flood of data.

The study and collection of data are also important in the work of many profes-
sions, so training in the science of statistics is valuable preparation for a variety of
careers. Each month, for example, government statistical offices release the latest
numerical information on unemployment and inflation. Economists and financial
advisers, as well as policymakers in government and business, study these data in
order to make informed decisions. Doctors must understand the origin and trust-
worthiness of the data that appear in medical journals. Politicians rely on data from
polls of public opinion. Business decisions are based on market research data that
reveal consumer tastes and preferences. Engineers gather data on the quality and
reliability of manufactured products. Most areas of academic study make use of
numbers and, therefore, also make use of the methods of statistics. This means it
is extremely likely that your undergraduate research projects will involve, at some
level, the use of statistics.

Learning from Data

The goal of statistics is to learn from data. To learn, we often perform calculations
or make graphs based on a set of numbers. But to learn from data, we must do more
than calculate and plot because data are not just numbers; they are numbers that
have some context that helps us learn from them.

Two-thirds of Americans are overweight or obese according to the Center for
Disease Control and Prevention (CDC) website (www.cdc.gov/nchs/nhanes.htm).
What does it mean to be obese or to be overweight? To answer this question, we need
to talk about body mass index (BMI). Your weight in kilograms divided by the square
of your height in meters is your BMI. A person who is 6 feet tall (1.83 meters) and
weighs 180 pounds (81.65 kilograms) will have a BMI of 81.65/(1.83)* = 24.4 kg/m?.
How do we interpret this number? According to the CDC, a person is classified as
overweight or obese if their BMI is 25 kg/m? or greater and as obese if their BMI is
30 kg/m? or more. Therefore, two-thirds of Americans have a BMI of 25 kg/m? or
more. The person who weighs 180 pounds and is 6 feet tall is not overweight or obese,
but if he gains 5 pounds, his BMI would increase to 25.1 and he would be classified as
overweight. What does this have to do with business and economics? Obesity in the
United States costs about $147 billion per year in direct medical costs!

When you do statistical problems, even straightforward textbook problems,
don’t just graph or calculate. Think about the context, and state your conclusions in
the specific setting of the problem. As you are learning how to do statistical calcula-
tions and graphs, remember that the goal of statistics is not calculation for its own
sake, but gaining understanding from numbers. The calculations and graphs can be
automated by a calculator or software, but you must supply the understanding. This
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book presents only the most common specific procedures for statistical analysis. A
thorough grasp of the principles of statistics will enable you to quickly learn more
advanced methods as needed. On the other hand, a fancy computer analysis carried
out without attention to basic principles will often produce elaborate nonsense. As
you read, seek to understand the principles as well as the necessary details of meth-
ods and recipes.

The Rise of Statistics

Historically, the ideas and methods of statistics developed gradually as society grew
interested in collecting and using data for a variety of applications. The earliest ori-
gins of statistics lie in the desire of rulers to count the number of inhabitants or mea-
sure the value of taxable land in their domains. As the physical sciences developed
in the seventeenth and eighteenth centuries, the importance of careful measure-
ments of weights, distances, and other physical quantities grew. Astronomers and
surveyors striving for exactness had to deal with variation in their measurements.
Many measurements should be better than a single measurement, even though they
vary among themselves. How can we best combine many varying observations?
Statistical methods that are still important were invented in order to analyze scien-
tific measurements.

By the nineteenth century, the agricultural, life, and behavioral sciences also
began to rely on data to answer fundamental questions. How are the heights of par-
ents and children related? Does a new variety of wheat produce higher yields than
the old and under what conditions of rainfall and fertilizer? Can a person’s mental
ability and behavior be measured just as we measure height and reaction time?
Effective methods for dealing with such questions developed slowly and with much
debate.

As methods for producing and understanding data grew in number and sophis-
tication, the new discipline of statistics took shape in the twentieth century. Ideas
and techniques that originated in the collection of government data, in the study of
astronomical or biological measurements, and in the attempt to understand heredity
or intelligence came together to form a unified “science of data.” That science of
data—statistics—is the topic of this text.

Business Analytics

The business landscape has become increasingly dominated with the terms of “busi-
ness analytics,” “predictive analytics,” “data science,” and “big data.” These terms
refer to the skills, technologies, and practices in the exploration of business perfor-
mance data. Companies (for-profit and nonprofit) are increasingly making use of
data and statistical analysis to discover meaningful patterns to drive decision mak-
ing in all functional areas including accounting, finance, human resources, market-
ing, and operations. The demand for business managers with statistical and analytic
skills has been growing rapidly and is projected to continue for many years to come.
In 2014, LinkedIn reported the skill of “statistical analysis™ as the number one hot-
test skill that resulted in a job hire.! In a New York Times interview, Google’s senior
vice president of people operations Laszlo Bock stated, “I took statistics at business
school, and it was transformative for my career. Analytical training gives you a skill
set that differentiates you from most people in the labor market.”> Our goal with
this text is to provide you with a solid foundation on a variety of statistical methods
and the way to think critically about data. These skills will serve you well in a data-
driven business world.



XXVi

TO STUDENTS: WHAT IS STATISTICS?

The Organization of This Book

The text begins with a discussion of data analysis and data production. The first
two chapters deal with statistical methods for organizing and describing data. These
chapters progress from simpler to more complex data. Chapter 1 examines data
on a single variable, and Chapter 2 is devoted to relationships among two or more
variables. You will learn both how to examine data produced by others and how to
organize and summarize your own data. These summaries will first be graphical,
then numerical, and then, when appropriate, in the form of a mathematical model
that gives a compact description of the overall pattern of the data. Chapter 3 outlines
arrangements (called designs) for producing data that answer specific questions.
The principles presented in this chapter will help you to design proper samples and
experiments for your research projects and to evaluate other such investigations in
your field of study.

The next part of this book, consisting of Chapters 4 through 8, introduces statis-
tical inference—formal methods for drawing conclusions from properly produced
data. Statistical inference uses the language of probability to describe how reliable
its conclusions are, so some basic facts about probability are needed to understand
inference. Probability is the subject of Chapters 4 and 5. Chapter 6, perhaps the
most important chapter in the text, introduces the reasoning of statistical inference.
Effective inference is based on good procedures for producing data (Chapter 3),
careful examination of the data (Chapters 1 and 2), and an understanding of the
nature of statistical inference as discussed in Section 5.3 and Chapter 6. Chapters 7
and 8 describe some of the most common specific methods of inference, for draw-
ing conclusions about means and proportions from one and two samples.

The five shorter chapters in the latter part of this book introduce somewhat
more advanced methods of inference, dealing with relations in categorical data,
regression and correlation, and analysis of variance. Supplementary chapters, avail-
able from the text website, present additional statistical topics.

What Lies Ahead

The Practice of Statistics for Business and Economics is full of data from many
different areas of life and study. Many exercises ask you to express briefly some
understanding gained from the data. In practice, you would know much more about
the background of the data you work with and about the questions you hope the
data will answer. No textbook can be fully realistic. But it is important to form the
habit of asking “What do the data tell me?” rather than just concentrating on making
graphs and doing calculations.

You should have some help in automating many of the graphs and calculations.
You should certainly have a calculator with basic statistical functions. Look for key-
words such as “two-variable statistics” or “regression”” when you shop for a calcula-
tor. More advanced (and more expensive) calculators will do much more, including
some statistical graphs. You may be asked to use software as well. There are many
kinds of statistical software, from spreadsheets to large programs for advanced
users of statistics. The kind of computing available to learners varies a great deal
from place to place—but the big ideas of statistics don’t depend on any particular
level of access to computing.

Because graphing and calculating are automated in statistical practice, the most
important assets you can gain from the study of statistics are an understanding of
the big ideas and the beginnings of good judgment in working with data. Ideas and
judgment can’t (at least yet) be automated. They guide you in telling the computer
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what to do and in interpreting its output. This book tries to explain the most impor-
tant ideas of statistics, not just teach methods. Some examples of big ideas that you
will meet are “always plot your data,” “randomized comparative experiments,” and
“statistical significance.”

You learn statistics by doing statistical problems. “Practice, practice, prac-
tice.” Be prepared to work problems. The basic principle of learning is persistence.
Being organized and persistent is more helpful in reading this book than knowing
lots of math. The main ideas of statistics, like the main ideas of any important sub-
ject, took a long time to discover and take some time to master. The gain will be
worth the pain.

NOTES

1. See blog.linkedin.com/2014/12/17/the-25-hottest-skills-that-got-people
-hired-in-2014/.

2. See www.nytimes.com/2014/04/20/opinion/sunday/friedman-how-to-get
-a-job-at-google-part-2.html?_r=0.
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Examining Distributions

Introduction

Statistics is the science of learning from data. Data are numerical or quali-
tative descriptions of the objects that we want to study. In this chapter, we
will master the art of examining data.

Data are used to inform decisions in business and economics in many
different settings.

Why has the AC Nielsen company been studying the habits of customers
since it was founded in 1923?

Who uses the databases of information maintained by the Better Business
Bureau to make business decisions?

How can data collected by the U.S. Chamber of Commerce be analyzed to
provide summaries used to evaluate business opportunities?

We begin in Section 1.1 with some basic ideas about data. We learn
about the different types of data that are collected and how data sets are
organized.

Section 1.2 starts our process of learning from data by looking at
graphs. These visual displays give us a picture of the overall patterns in a
set of data. We have excellent software tools that help us make these graphs.
However, it takes a little experience and a lot of judgment to study the
graphs carefully and to explain what they tell us about our data.

Section 1.3 continues our process of learning from data by computing
numerical summaries. These sets of numbers describe key characteristics
of the patterns that we saw in our graphical summaries.

A statistical model is an idealized framework that helps us to understand
variables and relationships between variables. In the first three sections, we
focus on numerical and graphical ways to describe data. In Section 1.4, the
final section of this chapter, we introduce the idea of a density curve as a
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way to describe the distribution of a variable. The most important statistical model
is the Normal distribution, which is introduced here. Normal distributions are used
to describe many sets of data. They also play a fundamental role in the methods that
we use to draw conclusions from many sets of data.

1.1 Data

A statistical analysis starts with a set of data. We construct a set of data by first
deciding what cases or units we want to study. For each case, we record information
about characteristics that we call variables.

Cases, Labels, Variables, and Values
Cases are the objects described by a set of data. Cases may be customers,
companies, subjects in a study, or other objects.

A label is a special variable used in some data sets to distinguish the
different cases.

A variable is a characteristic of a case.

Different cases can have different values for the variables.

COUPONS

FIGURE 1.1 Food discount
coupons, Example 1.1.

EXAMPLE 1.1 Restaurant Discount Coupons

A website offers coupons that can be used to get discounts for various items at local
restaurants. Coupons for food are very popular. Figure 1.1 gives information for
seven restaurant coupons that were available for a recent weekend. These are the
cases. Data for each coupon are listed on a different line, and the first column has the
coupons numbered from 1 to 7. The next columns gives the type of restaurant, the
name of the restaurant, the item being discounted, the regular price, and the discount
price.

e ™
@ Excel @Eﬁ
] A ] B c | D | E [ F |
1 |[ID Type MName Item RegPrice  DiscPrice
21 Italian Doma's Pizza 20 10
3 2 Italian Mama Rita's Pizza 20 12
4 (3 BEBQ Smokey McSween's Barbecue 30 17
5 |a BBQ Smokey Grill Ribs 20 11
B |5 Mexican Dos Amigos Tacos 16 8
7 |6 Mexican Holy Guacamole Steak fajitas 13 8
8 |7 seafood Sea Grille Shrimp platter 20 11
N J

Some variables, like the type of restaurant, the name of the restaurant, and the
item simply place coupons into categories. The regular price and discount price col-
umns have numerical values for which we can do arithmetic. It makes sense to give
an average of the regular prices, but it does not make sense to give an “average’’ type
of restaurant. We can, however, do arithmetic to compare the regular prices classified
by type of restaurant.
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Categorical and Quantitative Variables

A categorical variable places a case into one of several groups or categories.
A quantitative variable takes numerical values for which arithmetic

operations, such as adding and averaging, make sense.

EXAMPLE 1.2 Categorical and Quantitative Variables for Coupons

The restaurant discount coupon file has six variables: coupon number, type of
restaurant, name of restaurant, item, regular price, and discount price. The two price
variables are quantitative variables. Coupon number, type of restaurant, name of
restaurant, and item are categorical variables.

An appropriate label for your cases should be chosen carefully. In our food
coupon example, a natural choice of a label would be the name of the restaurant.
However, if there are two or more coupons available for a particular restaurant, or if
arestaurant is a chain with different discounts offered at different locations, then the
name of the restaurant would not uniquely label each of the coupons.

APPLY YOUR KNOWLEDGE

1.1 How much is the discount worth? Refer to Example 1.1. Add another
column to the spreadsheet that gives the value of the coupon. Explain how you
computed the entries in this column. Does the new column contain values for a
categorical variable or for a quantitative variable? Explain your answer.

In practice, any set of data is accompanied by background information that
helps us understand the data. When you plan a statistical study or explore data from
someone else’s work, ask yourself the following questions:

1. Who? What cases do the data describe? How many cases appear in
the data?

2. What? How many variables do the data contain? What are the exact
definitions of these variables? In what unit of measurement is each variable
recorded?

3. Why? What purpose do the data have? Do we hope to answer some specific
questions? Do we want to draw conclusions about cases other than the ones we
actually have data for? Are the variables that are recorded suitable for the intended
purpose?

APPLY YOUR KNOWLEDGE

1.2 Read the spreadsheet. Refer to Figure 1.1. Give the regular price and the
discount price for the Smokey Grill ribs coupon.

1.3 Who, what, and why for the restaurant discount coupon data. What
cases do the data describe? How many cases are there? How many variables are
there? What are their definitions and units of measurement? What purpose do the
data have?

The display in Figure 1.1 is from an Excel spreadsheet. Spreadsheets are
very useful for doing the kind of simple computations that you did in Exercise 1.1.
You can type in a formula and have the same computation performed for each
row.
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Note that the names we have chosen for the variables in our spreadsheet do
not have spaces. For example, we could have used the name “Restaurant Name”
for the name of the restaurant rather than Name. In some statistical software pack-
ages, however, spaces are not allowed in variable names. For this reason, when
creating spreadsheets for eventual use with statistical software, it is best to avoid
spaces in variable names. Another convention is to use an underscore (_) where you
would normally use a space. For our data set, we could have used Regular_Price and
Discount_Price for the two price variables.

EXAMPLE 1.3 Accounting Class Data

Suppose that you are a teaching assistant for an accounting class and one of your
jobs is to keep track of the grades for students in two sections of the course. The
cases are the students in the class. There are weekly homework assignments that are
graded, two exams during the semester, and a final exam. Each of these components
is given a numerical score, and the components are added to get a total score that
can range from 0 to 1000. Cutoffs of 900, 800, 700, etc., are used to assign letter
grades of A, B, C, etc.
The spreadsheet for this course will have seven variables:

° an identifier for each student

* the number of points earned for homework

* the number of points earned for the first exam

* the number of points earned for the second exam
* the number of points earned for the final exam

* the total number of points earned

* the letter grade earned.

There are no units of measurement for student identifier and the letter grade. These
are categorical variables. The student identifier is a label. The other variables are
measured in “points.” Because we can do arithmetic with their values, these vari-
ables are quantitative variables.

EXAMPLE 1.4 Accounting Class Data for a Different Purpose

Suppose the data for the students in the accounting class were also to be used to
study relationships between student characteristics and success in the course. For
this purpose, we might want to use a data set that includes other variables such as
Gender, PrevAcct (whether or not the student has taken an accounting course in
high school), and Year (student classification as first, second, third, or fourth year).
The label, student identifier, is a categorical variable, variables involving points are
quantitative, and the remaining variables are all categorical.

In our examples of accounting class data, the possible values for the grade vari-
able are A, B, C, D, and F. When computing grade point averages, many colleges and
universities translate these letter grades into numbers using A = 4,B = 3,C = 2,
D =1, and F = 0. The transformed variable with numeric values is considered to be
quantitative because we can average the numerical values across different courses to
obtain a grade point average.
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Sometimes, experts argue about numerical scales such as this. They ask whether
or not the difference between an A and a B is the same as the difference between a
D and an F. Similarly, many questionnaires ask people to respond on a 1 to 5 scale,
with 1 representing strongly agree, 2 representing agree, etc. Again we could ask
whether or not the five possible values for this scale are equally spaced in some
sense. From a practical point of view, the averages that can be computed when we
convert categorical scales such as these to numerical values frequently provide a
very useful way to summarize data.

APPLY YOUR KNOWLEDGE

1.4 Apartment rentals for students. A data set lists apartments available for
students to rent. Information provided includes the monthly rent, whether or
not a fitness center is provided, whether or not pets are allowed, the number of
bedrooms, and the distance to the campus. Describe the cases in the data set,
give the number of variables, and specify whether each variable is categorical or
quantitative.

Knowledge of the context of data includes an understanding of the
variables that are recorded. Often, the variables in a statistical study are easy to
understand: height in centimeters, study time in minutes, and so on. But each
area of work also has its own special variables. A marketing research depart-
ment measures consumer behavior using a scale developed for its customers.
A health food store combines various types of data into a single measure that
it will use to determine whether or not to put a new store in a particular loca-
tion. These kinds of variables are measured with special instruments. Part of
mastering your field of work is learning what variables are important and how
they are best measured.

Be sure that each variable really does measure what you want it to. A poor
choice of variables can lead to misleading conclusions. Often, for example, the
rate at which something occurs is a more meaningful measure than a simple count
of occurrences.

EXAMPLE 1.5 Comparing Colleges Based on Graduates

Think about comparing colleges based on the numbers of graduates. This view tells
you something about the relative sizes of different colleges. However, if you are
interested in how well colleges succeed at graduating students whom they admit, it
would be better to use a rate. For example, you can find data on the Internet on the
six-year graduation rates of different colleges. These rates are computed by exam-
ining the progress of first-year students who enroll in a given year. Suppose that at
College A there were 1000 first-year students in a particular year, and 800 graduated
within six years. The graduation rate is

or 80%. College B has 2000 students who entered in the same year, and 1200 gradu-
ated within six years. The graduation rate is

1200

——=10.60

2000
or 60%. How do we compare these two colleges? College B has more graduates, but
College A has a better graduation rate.
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SECTION 1.1 Exercises

For Exercises 1.1 to 1.3, see page 3; for 1.4, see page 5;

and for 1.5, see page 6.

1.6 Summer jobs. You are collecting information
about summer jobs that are available for college
students in your area. Describe a data set that

you could use to organize the information that you

collect.
(a) What are the cases?

CHAPTER 1 Examining Distributions
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1.5 Which variable would you choose? Refer to the previous example on col-
leges and their graduates.

(a) Give a setting where you would prefer to evaluate the colleges based on the
numbers of graduates. Give a reason for your choice.

(b) Give a setting where you would prefer to evaluate the colleges based on the
graduation rates. Give a reason for your choice.

In Example 1.5, when we computed the graduation rate, we used the total num-
ber of students to adjust the number of graduates. We constructed a new variable by
dividing the number of graduates by the total number of students. Computing a rate is
just one of several ways of adjusting one variable to create another. In Exercise 1.1
(page 3), you computed the value of the discount by subtracting the discount price
from the regular price. We often divide one variable by another to compute a more
meaningful variable to study.

Exercise 1.5 illustrates an important point about presenting the results of your
statistical calculations. Always consider how to best communicate your results to
a general audience. For example, the numbers produced by your calculator or by
statistical software frequently contain more digits than are needed. Be sure that you
do not include extra information generated by software that will distract from a clear
explanation of what you have found.

SECTION 1.1 Summary

« A data set contains information on a number of cases. Cases may be customers,
companies, subjects in a study, units in an experiment, or other objects.

» For each case, the data give values for one or more variables. A variable describes
some characteristic of a case, such as a person’s height, gender, or salary. Vari-
ables can have different values for different cases.

« A label is a special variable used to identify cases in a data set.

» Some variables are categorical and others are quantitative. A categorical variable
places each individual into a category, such as male or female. A quantitative vari-
able has numerical values that measure some characteristic of each case, such as
height in centimeters or annual salary in dollars.

» The key characteristics of a data set answer the questions Who?, What?, and Why?

e A rate is sometimes a more meaningful measure than a count.

1.7 Employee application data. The personnel
department keeps records on all employees in a
company. Here is the information kept in one of the
data files: employee identification number, last name,
first name, middle initial, department, number of years
with the company, salary, education (coded as high
school, some college, or college degree), and age.

(a) What are the cases for this data set?

(b) Identify each item in the data file as a label, a

(b) Identify the variables and their possible values.

(c) Classify each variable as categorical or quantitative.

Be sure to include at least one of each.
(d) Use a label and explain how you chose it.
(e) Summarize the key characteristics of your data set.

quantitative variable, or a categorical variable.

(c) Set up a spreadsheet that could be used to record the
data. Give appropriate column headings, and include
three sample cases.



1.8 Where should you locate your business? You are
interested in choosing a new location for your business.
Create a list of criteria that you would use to rank cities.
Include at least six variables, and give reasons for your
choices. Will you use a label? Classify each variable as
quantitative or categorical.

1.9 Survey of customers. A survey of customers of a
restaurant near your campus wanted opinions regarding
the following variables: (a) quality of the restaurant;

(b) portion size; (c) overall satisfaction with the
restaurant; (d) respondent’s age; (e) whether the
respondent is a college student; (f) whether the respondent
ate there at least once a week. Responses for items (a), (b),
and (c) are given a scale of 1 (very dissatisfied) to 5 (very
satisfied). Classify each of these variables as categorical
or quantitative, and give reasons for your answers.

1.10 Your survey of customers. Refer to the
previous exercise. Make up your own customer
survey with at least six questions. Include at least

two categorical variables and at least two quantitative
variables. Tell which variables are categorical and
which are quantitative. Give reasons for your answers.

1.11 Study habits of students. You are planning a
survey to collect information about the study habits of
college students. Describe two categorical variables
and two quantitative variables that you might measure
for each student. Give the units of measurement for the
quantitative variables.
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1.12 How would you rate colleges? Popular
magazines rank colleges and universities on their
“academic quality” in serving undergraduate students.
Describe five variables that you would like to see
measured for each college if you were choosing where
to study. Give reasons for each of your choices.

1.13 Attending college in your state or in another
state. The U.S. Census Bureau collects a large amount
of information concerning higher education.! For
example, the bureau provides a table that includes the
following variables: state, number of students from the
state who attend college, and number of students who
attend college in their home state.

(a) What are the cases for this set of data?

(b) Is there a label variable? If yes, what is it?

(c) Identify each variable as categorical or
quantitative.

(d) Consider a variable computed as the number of
students in each state who attend college in the state
divided by the total number of students from the state
who attend college. Explain how you would use this
variable to describe something about the states.

1.14 Alcohol-impaired driving fatalities. A report
on drunk-driving fatalities in the United States gives
the number of alcohol-impaired driving fatalities for
each state.” Discuss at least two different ways that
these numbers could be converted to rates. Give the
advantages and disadvantages of each.

1.2 Displaying Distributions with Graphs

Statistical tools and ideas help us examine data to describe their main features.

exploratory data analysis

This examination is called exploratory data analysis. Like an explorer crossing

unknown lands, we want first to simply describe what we see. Here are two basic
strategies that help us organize our exploration of a set of data:

* Begin by examining each variable by itself. Then move on to study the relation-
ships among the variables.

* Begin with a graph or graphs. Then add numerical summaries of specific aspects

of the data.

We follow these principles in organizing our learning. The rest of this chapter pres-
ents methods for describing a single variable. We study relationships among two or
more variables in Chapter 2. Within each chapter, we begin with graphical displays,
then add numerical summaries for a more complete description.

Categorical variables: Bar graphs and pie charts
The values of a categorical variable are labels for the categories, such as “Yes” and

distribution of a
categorical variable

“No.” The distribution of a categorical variable lists the categories and gives
either the count or the percent of cases that fall in each category.
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EXAMPLE 1.6 How Do You Do Online Research?

A study of 552 first-year college students asked about their preferences for online
resources. One question asked them to pick their favorite.? Here are the results:

Resource Count (17)
Google or Google Scholar 406
Library database or website 75
Wikipedia or online encyclopedia 52
Other 19
Total 552

Resource is the categorical variable in this example, and the values are the names
of the online resources.

Note that the last value of the variable resource is “Other,” which includes all
other online resources that were given as selection options. For data sets that have
a large number of values for a categorical variable, we often create a category such
as this that includes categories that have relatively small counts or percents. Careful
Jjudgment is needed when doing this. You don’t want to cover up some important
piece of information contained in the data by combining data in this way.

EXAMPLE 1.7 Favorites as Percents

When we look at the online resources data set, we see that Google is the clear win-
ner. We see that 406 reported Google or Google Scholar as their favorite. To interpret
this number, we need to know that the total number of students polled was 552.
When we say that Google is the winner, we can describe this win by saying that
73.6% (406 divided by 552, expressed as a percent) of the students reported Google
as their favorite. Here is a table of the preference percents:

Resource Percent (%)
Google or Google Scholar 73.6
Library database or website 13.6
Wikipedia or online encyclopedia 9.4
Other 34
Total 100.0

The use of graphical methods will allow us to see this information and other
characteristics of the data easily. We now examine two types of graphs.

EXAMPLE 1.8 Bar Graph for the Online Resource Preference Data

Figure 1.2 displays the online resource preference data using a bar graph. The
heights of the four bars show the percents of the students who reported each of the
resources as their favorite.

The categories in a bar graph can be put in any order. In Figure 1.2, we
ordered the resources based on their preference percents. For other data sets, an



FIGURE 1.2 Bar graph for the
online resource preference
data, Example 1.8.
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FIGURE 1.3 Pie chart for the
online resource preference
data in Example 1.9.
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alphabetical ordering or some other arrangement might produce a more useful
graphical display.

You should always consider the best way to order the values of the categorical
variable in a bar graph. Choose an ordering that will be useful to you. If you have
difficulty, ask a friend if your choice communicates what you expect.

EXAMPLE 1.9 Pie Chart for the Online Resource Preference Data

The pie chart in Figure 1.3 helps us see what part of the whole each group forms.
Here it is very easy to see that Google is the favorite for about three-quarters of the
students.

Google
73.6

Wikipedia
9.4

Other
3.4

Library
13.6

APPLY YOUR KNOWLEDGE

1.15 Compare the bar graph with the pie chart. Refer to the bar graph in
Figure 1.2 and the pie chart in Figure 1.3 for the online resource preference data.
Which graphical display does a better job of describing the data? Give reasons
for your answer.

We use graphical displays to help us learn things from data. Here is another
example.





