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[ Preface

This twelfth edition of Statistics for Business and Economics is an introductory text
emphasizing inference, with extensive coverage of data collection and analysis as needed
to evaluate the reported results of statistical studies and make good decisions. As in ear-
lier editions, the text stresses the development of statistical thinking, the assessment of
credibility, and the value of the inferences made from data, both by those who consume
and those who produce them. It assumes a mathematical background of basic algebra.

The text incorporates the following features, developed from the American
Statistical Association (ASA)-sponsored conferences on Making Statistics More Effec-
tive in Schools of Business (MSMESB) and the ASA’s Guidelines for Assessment and
Instruction in Statistics Education (GAISE) Project:

s Emphasize statistical literacy and develop statistical thinking

Use real data in applications
Use technology for developing conceptual understanding and analyzing data
Foster active learning in the classroom
Stress conceptual understanding rather than mere knowledge of procedures
Emphasize intuitive concepts of probability

New in the Twelfth Edition

o New Statistics in Action Cases. Four of the 14 Statistics in Action cases are new, each
based on real data from a recent business study.

o Continued Emphasis on Ethics. Where appropriate, boxes have been added empha-
sizing the importance of ethical behavior when collecting, analyzing, and interpreting
data with statistics.

Content-Specific Changes to This Edition

a Chapter 1 (Statistics, Data, and Statistical Thinking). Material on all basic sampling
concepts (e.g.,random sampling and sample survey designs) has been streamlined and
moved to Section 1.6 (Collecting Data: Sampling and Related Issues).

o Chapter 2 (Methods for Describing Sets of Data). The section on summation notation
has been moved to the appendix (Appendix A). Also, recent examples of mislead-
ing graphics have been added to Section 2.10 (Distorting the Truth with Descriptive
Techniques).

o Chapter 4 (Random Variables and Probability Distributions). Use of technology for
computing probabilities of random variables with known probability distributions
(e.g., binomial, Poisson, normal, and exponential distributions) has been incorpo-
rated into the relevant sections of this chapter. Also, the section on approximating a
binomial distribution with a normal distribution has been incorporated into
Section 4.6 (The Normal Distribution).

o Chapter 5 (Sampling Distributions). Material on the sampling distribution of the
sample mean (originally in Part III of Chapter 4) has been moved to create this new
chapter. Also, two new sections have been added, Section 5.2 (Properties of Sampling
Distributions: Unbiasedness and Minimum Variance) and Section 5.4 (The Sampling
Distribution of the Sample Proportion).



ii PREFACE

o Chapter 6 (Inferences Based on a Single Sample: Estimation with Confidence
Intervals). An optional section (Section 6.7) on estimating a population variance has
been added.

o Chapter 7 (Inferences Based on a Single Sample: Tests of Hypotheses). The section
on p-values in hypothesis testing (Section 7.3) has been moved up to emphasize the
importance of their use in business-related studies. Throughout the remainder of the
text, conclusions from a test of hypothesis are based on p-values.

o Chapter 10 (Categorical Data Analysis). A subsection on contingency tables with fixed
marginals has been added to Section 10.3.

Hallmark Strengths

We have maintained the pedagogical features of Statistics for Business and Economics
that we believe make it unique among introductory business statistics texts. These fea-
tures, which assist the student in achieving an overview of statistics and an understand-
ing of its relevance in both the business world and everyday life, are as follows:

o Use of Examples as a Teaching Device Almost all new ideas are introduced and illu-
strated by data-based applications and examples. We believe that students better
understand definitions, generalizations, and theoretical concepts after seeing an appli-
cation. All examples have three components: (1) Problem, (2) Solution, and (3) Look
Back (or Look Ahead). This step-by-step process provides students with a defined
structure by which to approach problems and enhances their problem-solving skills.
The Look Back/Look Ahead feature often gives helpful hints to solving the problem
and/or provides a further reflection or insight into the concept or procedure that is
covered.

o Statistics in Action Cases Each chapter begins with a case study based on an actual
contemporary, controversial, or high-profile issue in business. Relevant research ques-
tions and data from the study are presented and the proper analysis demonstrated in
short Statistics in Action Revisited sections throughout the chapter. These motivate
students to critically evaluate the findings and think through the statistical issues
involved.

@ Making Business Decisions Cases Seven extensive real-world business problem-
solving cases, with real data and assignments for the student, serve as a good capstone
and review of the material that precedes it. Typically, these cases follow two or three
chapters and require the student to apply the methods presented in these chapters.

o Biographies Brief descriptions of famous statisticians and their achievements are
presented in side boxes. With these profiles, students will develop an appreciation of
the statistician’s efforts and the discipline of statistics as a whole.

o Exploring Data with Statistical Software Each statistical analysis method presented is
demonstrated using output from Excel/XLSTAT, SPSS, Minitab, and the TI-84 graph-
ing calculator. Students are exposed early and often to computer printouts they will
encounter in today’s high-tech business world.

Flexibility in Coverage

The text is written to allow the instructor flexibility in coverage of topics. Suggestions
for two topics, probability and regression, are given below.

o Probability and Counting Rules One of the most troublesome aspects of an introduc-
tory statistics course is the study of probability. Probability poses a challenge for in-
structors because they must decide on the level of presentation, and students find it



PREFACE 1}

a difficult subject to comprehend. We believe that one cause for these problems is
the mixture of probability and counting rules that occurs in most introductory texts.
Consequently, we have included the counting rules (with examples) in an appendix
(Appendix B) rather than in the body of Chapter 3. Thus, the instructor can control
the level of coverage of probability covered.

Multiple Regression and Model Building This topic represents one of the most useful
statistical tools for the solution of applied problems. Although an entire text could
be devoted to regression modeling, we believe that we have presented coverage that
is understandable, usable, and much more comprehensive than the presentations in
other introductory statistics texts. We devote two full chapters to discussing the major
types of inferences that can be derived from a regression analysis, showing how these
results appear in the output from statistical software, and, most important, selecting
multiple regression models to be used in an analysis. Thus, the instructor has the choice
of a one-chapter coverage of simple linear regression (Chapter 11), a two-chapter
treatment of simple and multiple regression (excluding the sections on model building
in Chapter 12), or complete coverage of regression analysis, including model build-
ing and regression diagnostics. This extensive coverage of such useful statistical tools
will provide added evidence to the student of the relevance of statistics to real-world
problems.

Role of Calculus in Footnotes Although the text is designed for students with a noncal-
culus background, footnotes explain the role of calculus in various derivations. Foot-
notes are also used to inform the student about some of the theory underlying certain
methods of analysis. These footnotes allow additional flexibility in the mathematical
and theoretical levels at which the material is presented.
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il A 20/20 View of Surveys: Fact or Fiction?

“Did you ever notice that, no matter where you stand on popular issues of the day,
you can always find statistics or surveys to back up your point of view—-whether to
take vitamins, whether daycare harms kids, or what foods can hurt you or save you?
There is an endless flow of information to help you make decisions, but is this infor-
mation accurate, unbiased? John Stossel decided to check that out, and you may be
surprised to learn if the picture you're getting doesn’t seem quite right, maybe it isn’t.”

Barbara Walters gave this introduction to a segment of the popular prime-time
ABC television program 20/20. The story was titled “Fact or Fiction? —Exposés
of So-Called Surveys.” One of the surveys investigated by ABC correspondent
John Stossel compared the discipline problems experienced by teachers in the
1940s and those experienced today. The results: In the 1940s, teachers worried
most about students talking in class, chewing gum, and running in the halls. Today,
they worry most about being assaulted! This information was highly publicized
in the print media—in daily newspapers, weekly magazines, gossip columns,
the Congressional Quarterly, and the Wall Street Journal, among others—and
referenced in speeches by a variety of public figures, including former first lady
Barbara Bush and former Education Secretary William Bennett.

“Hearing this made me yearn for the old days when life was so much simpler
and gentler, but was life that simple then?” asks Stossel. “Wasn’t there juvenile
delinquency [in the 1940s]? Is the survey true?” With the help of a Yale School of
Management professor, Stossel found the original source of the teacher survey—
Texas oilman T. Colin Davis—and discovered it wasn't a survey at all! Davis had
simply identified certain disciplinary problems encountered by teachers in a conser-
vative newsletter—a list he admitted was not obtained from a statistical survey, but
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from Davis’s personal knowledge of the problems in the 1940s. (“I was in school then™) and
his understanding of the problems today (“I read the papers™).

Stossel’s critical thinking about the teacher “survey” led to the discovery of research
that is misleading at best and unethical at worst. Several more misleading (and possibly
unethical) surveys, conducted by businesses or special interest groups with specific ob-
jectives in mind, were presented on the ABC program. These are listed below. Two other
studies are also discussed.

The 20/20 segment ended with an interview of Cynthia Crossen, author of Tainted
Truth: The Manipulation of Fact in America, an exposé of misleading and biased surveys.
Crossen warns, “If everybody is misusing numbers and scaring us with numbers to get
us to do something, however good [that something] is, we've lost the power of numbers.
Now, we know certain things from research. For example, we know that smoking ciga-
rettes is hard on your lungs and heart, and because we know that, many people’s lives
have been extended or saved. We don’t want to lose the power of information to help us

make decisions, and that’s what I worry about.”

1. Eating oat bran is a cheap and easy way

to reduce your cholesterol. (Quaker Oats)  to reduce your cholesterol count.

2. 150,000 women a year die from anorexia.
(Fominiskprpup)

3. Domestic violence causes more birth
defects than all medical issues combined.
(March ofrDiime_s)

4. Only 29% of high school girls are happy
with themselves, compared to 66% of
elementary school girls. (American
Association of University Women)

5. One in four American children under
age 12 is hungry or at risk of hunger.
(Food Research and Action Center)

6. There is a strong correlation between a
CEQ’s golf handicap and the company’s
stock performance: The lower the CEQO’s
handicap (i.e., the better the golfer), the
better the stock performs. (New York
Times, May 31, 1998)

7.

act is passed, 30% of employers are
predicted to “definitely” or “probably”
stop offering health coverage. (McKinsey
& Company Survey, Feb. 2011)

and “Sometimes true.”

Diet must consist of nothing but oat bran

Approximately 1,000 women a year die from
_problems that were likely caused by anorexia.

No study-false report.

Of 3,000 high school girls, 29% responded,
“Always true” to the statement “I am happy
the way I am.” Most answered, “Sort of true”

Based on responses to questions:
“Do you ever cut the size of meals?”
“Do you ever eat less than you feel you should?”
“Did you ever rely on limited numbers of foods
to feed your children because you were running
out of money to buy food for a meal?”

Survey sent to CEOs of 300 largest U.S.
companies; only 51 revealed their golf

handicaps. Data for several top-ranking
CEOs were excluded from the analysis.

If the federal government’s health reform  Online survey of 1,329 private-sector

employers in the United States. Respondents
were asked leading questions that made it
logical to stop offering health insurance.

In the following Statistics in Action Revisited sections, we discuss several key statisti-
cal concepts covered in this chapter that are relevant to misleading surveys like those

exposed in the 20/20 program.
STATISTICS in ACTION REVISITED

o Identifying the population, sample, and inference
o Identifying the data-collection method and data type
o Critically assessing the ethics of a statistical study
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{ME The Science bf Statistics

m Types of Statistical Applications in Business

FLORENCE NIGHTINGALE
(1820-1910)
The Passionate Statistician

In Victorian England, the “Lady

of the Lamp” had a mission to
improve the squalid field hospi-

tal conditions of the British army
during the Crimean War. Today,
most historians consider Florence
Nightingale to be the founder of
the nursing profession. To convince
members of the British Parliament
of the need for supplying nursing
and medical care to soldiers in the
field, Nightingale compiled mas-
sive amounts of data from the army
files. Through a remarkable series
of graphs (which included the first
“pie chart”), she demonstrated that
most of the deaths in the war were
due to ilinesses contracted outside
the battlefield or long after battle
action from wounds that went
untreated. Florence Nightingale's
compassion and self-sacrificing
nature, coupled with her ability to
collect, arrange, and present large
amounts of data, led some to call
her the “Passionate Statistician.”

What does statistics mean to you? Does it bring to mind batting averages? Gallup polls,
unemployment figures, or numerical distortions of facts (lying with statistics!)? Or is
it simply a college requirement you have to complete? We hope to persuade you that
statistics is a meaningful, useful science whose broad scope of applications to business,
government, and the physical and social sciences is almost limitless. We also want to
show that statistics can lie only when they are misapplied. Finally, we wish to demon-
strate the key role statistics play in critical thinking—whether in the classroom, on the
job, or in everyday life. Our objective is to leave you with the impression that the time
you spend studying this subject will repay you in many ways.

Although the term can be defined in many ways, a broad definition of statistics is the
science of collecting, classifying, analyzing, and interpreting information. Thus, a statisti-
cian isn’t just someone who calculates batting averages at baseball games or tabulates the
results of a Gallup poll. Professional statisticians are trained in stafistical science—that is,
they are trained in collecting information in the form of data, evaluating it, and drawing
conclusions from it. Furthermore, statisticians determine what information is relevant in a
given problem and whether the conclusions drawn from a study are to be trusted.

Statistics is the science of dika ¢ Tnepives collectmg, classitytng,'s
orgamzmg, analyzing, and interpreting numerical and categorical information.

In the next section, you’'ll see several real-life examples ofsstatistical applications in
business and government that involve making decisions and drawing conclusions.

Statistics means “numerical descriptions” to most people. Monthly unemployment fig-
ures, the failure rate of startup companies, and the proportion of female executives in
a particular industry all represent statistical descriptions of large sets of data collected
on some phenomenon. Often the data are selected from some larger set of data whose
characteristics we wish to estimate. We call this selection process sampling. For example,
you might collect the ages of a sample of customers of an online DVD movie rental
company to estimate the average age of all customers of the company. Then you could
use your estimate to target the firm’s advertisements to the appropriate age group.
Notice that statistics involves two different processes: (1) describing sets of data and
(2) drawing conclusions (making estimates, decisions, predictions; etc.) about the sets of
data based on sampling. So, the applications of statistics can be divided into two broad
areas: descriptive statistics and inferential statistics.

Desmpnve mﬁsﬁu Gl numencai d graphioal methoda to e:tp!m’ _
~to look for patterns in a data set, to summarize the information revealed‘m a dafa ]
set, and to present the information in a ccmvementiorm ' 1

mfemﬁat staﬂsﬁcé utilizes sample &ata wmakeesnmates, dmmns, pre(ﬁcti
other general!za j abou 1’

Although we’ll discuss both descriptive and inferential statistics the primary
theme of the text is inference.

Let’s begin by examining some business studies that illustrate applications of statistics.

Study 1.1 “Best-Selling Girl Scout Cookies” (www.girlscouts.org): Since 1917, the Girl
Scouts of America have been selling boxes of cookies. Currently, there are eight varieties for



