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Preface

We are pleased that so many students and teachers have been recep-
tive to a text that attempts to focus on data and on statistical reasoning.
Our second edition has nonetheless been revised more thoroughly than
many new editions, though without altering the substance and style of
the text. In this preface we will first describe our overall philosophy and
then discuss the changes that appear in the new edition.

Introduction to the Practice of Statistics is an elementary but serious
introduction to modern statistics for general college audiences. This book
is elementary in the level of mathematics required and in the statistical
procedures presented. It is serious because our aim is to help readers
think about data and use statistical methods with understanding. Stu-
dents need only a working knowledge of algebra; that is, they must be
able to read and use formulas without a detailed explanation of each
step.

Statistics is interesting and useful because it is a means of using data
to gain insight into real problems. As the continuing revolution in com-
puting relieves the burden of calculating and graphing, an emphasis on
statistical concepts and on insight from data becomes both more im-
portant and more practical. We have seen many statistical mistakes, but
few that involved simply getting a calculation wrong. We therefore ask
students to think about the background of the data, the design of the
study that produced the data, the possible effect of outlying observations
on their conclusions, and the reasoning that lies behind standard meth-
ods of inference. Users of statistics who form these habits from the be-
ginning are well prepared to learn and use more advanced methods.

The title of the book expresses our intent to introduce readers to sta-
tistics as it is used in practice. Statistics in practice is concerned with
gaining understanding from data; it is focused on problem solving rather
than on methods that may be useful in specific settings. A text cannot
fully imitate practice, because it must teach specific methods in a logi-
cal order and must use data that are not the reader’s own. Nonetheless,
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our interest and experience in applying statistics have influenced the na-
ture of this book in several ways.

Focus on Statistical Reasoning and Data We share the emerging con-
sensus among statisticians that statistical education should focus on data
and on statistical reasoning rather than on either the presentation of as
many methods as possible or the mathematical theory of inference. Un-
derstanding statistical reasoning should be the most important objective
of any reader. We attempt to present statistics as a coherent discipline
with important modes of thought that recur in many specific settings.
The first two chapters, for example, concern the art of organizing and
exploring data. We hope that readers will draw from these chapters some
strategies for understanding data and not just a kit of useful tools. Later
chapters similarly attempt to make clear the fundamental modes of
thought in designs for data production and in the probabilistic reason-
ing of formal inference.

An emphasis on data accompanies the emphasis on conceptual un-
derstanding. Not all numbers are data. The number 10.3 alone is mean-
ingless; it acquires meaning when we are told that it is the birth weight
of a child in pounds or the percent of teenagers who are unemployed.
Because context makes numbers meaningful, our examples and exercises
are presented in the context of real-world problems. We often comment
on issues of statistical practice raised by particular examples. The data
presented in examples and in exercises are mostly real and, even when
not, are based on real problems. Many of these problems are drawn from
those brought to the statistical consulting service at Purdue University
by students and faculty from many disciplines. We hope that the pres-
ence of background information, even in exercises intended for routine
drill, will encourage readers to consider the meaning of their calcula-
tions as well as the calculations themselves.

Computers and Statistical Calculations Statistical calculations are in
practice performed by software packages on a computer. Many instruc-
tors make use of statistical software in the first course. We use either
Minitab or SAS in our own teaching, the choice depending on the needs
of the students; many other packages are equally satisfactory. We have
included some topics that reflect the dominance of software in practice,
such as the interpretation of normal quantile plots and an explanation
of the two-sample ¢ statistic with approximate degrees of freedom. Some
exercises require graphs and calculations that are tedious without a com-
puter, and others present computer output as a basis for further work.
But we have been careful to make the book easily usable by students
without access to computing facilities. A scientific calculator with sta-
tistical functions is helpful, but any calculator that will give the mean
and standard deviation from keyed-in data is adequate.
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Judgment in Statistics Statistics in practice requires judgment. It is
easy to list the mathematical assumptions that justify use of a particu-
lar procedure, but not always easy to decide when the procedure can be
used in practice. Because judgment is developed by experience, an in-
troductory course should present firm guidelines and not make unrea-
sonable demands on the judgment of students. We have given guide-
lines—for example on using the ¢ procedures for means and avoiding the
F procedures for variances—that we follow ourselves. Although we have
cited the literature on which our recommendations rest, we recognize
that other statisticians may follow different guidelines. We prefer to give
imperfect rules rather than avoid the issue of when procedures are in
fact useful in analyzing real problems. Similarly, some exercises require
the use of judgment in addition to right-or-wrong calculations and con-
clusions. Both students and teachers should recognize that not every part
of every exercise has a single correct answer. We enjoy and encourage
classroom discussion of questions of interpretation. But, as is appropri-
ate in a first course, most exercises are straightforward even at the cost
of some oversimplification.

Teaching Experiences In writing this book, we drew on our experi-
ence with two groups of students. In teaching general undergraduates
from a variety of disciplines, we cover the first nine chapters omitting
all but a very few of the starred sections. This results in a modern in-
troduction to basic statistics that is quite standard in content, though
with some reordering of material and with a strong emphasis on data
and reasoning. The Annenberg/Corporation for Public Broadcasting tele-
course Against All Odds: Inside Statistics uses the text in this way. Our
second group of students are advanced undergraduates and beginning
graduate students in such fields as education, social sciences, and health
sciences. These students are more scientifically sophisticated than gen-
eral undergraduates, though not more mathematically advanced. In
teaching this second group, we cover nearly the entire text except for
Sections 4.4 and 10.2. The starred sections therefore help distinguish be-
tween two somewhat different courses that can be taught from this book.
Of course, any starred section can be omitted without impeding the read-
ing of later chapters.

The Second Edition

The focus of the changes in this Second Edition is to make the book
more accessible to students and more teachable for instructors. In un-
dertaking the revision, we have been guided by our own teaching expe-
rience and by comments from many students and teachers. There are
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numerous small improvements in the writing, simpler notation where
possible, and several interesting new real data sets. More important are
several major changes:

« Readers will find a substantial reorganization early in the book.
Chapter 2 of the first edition, which dealt with data on a vari-
able changing over time, has vanished. Because most teachers
were treating these topics only lightly, they are now integrated
with other material, resulting in a clearer path for students. The
most important improvement is a single unified treatment of fit-
ting lines to data early in the new Chapter 2. Plots against time
now appear in Chapter 1 as part of data analysis for a single
variable; exponential growth is an optional topic in Chapter 2, as
an example of transforming data to obtain linearity; and statisti-
cal control is discussed in Chapter 5 along with x control charts.
As a result, Chapters 1 and 2 present a more straightforward in-
troduction to the tools and tactics of data analysis.

» We have modified the presentation of probability in Chapter 4 at
the two points at which students encountered the most diffi-
culty: The introduction of random variables is now delayed until
the second section to allow better digestion of probability basics,
and the exposition of the rules for means and variances of ran-
dom variables has been slowed for easier comprehension. In ad-
dition, Bayes’s rule appears in an optional section for those who
need it. In Chapter 5, we make a clearer distinction between
sample counts and sample proportions in discussing sampling
distributions.

» We have completely rewritten the presentations of the chi-square
test for two-way tables in Section 8.3 and of inference in the
simple linear regression setting in Section 9.1. Students will now
find a more direct path to the main results, with refinements
placed in later optional subsections. Instructors and students
will enjoy new data sets such as the lean of the Tower of Pisa
over time and Florida manatees killed by power boats against
boat registrations.

+ We tried to help teachers who (as we recommend) use software.
A data disk available in several formats contains all large and
many moderate-size data sets. Exercises that are feasible only if
students use software are separated out as “computer exercises”
at the end of each chapter. Many of these exercises are new. A
completely new Minitab Guide is available.

The practice of even elementary statistics is more intellectually chal-
lenging than is suggested by the limited mathematics that is required.
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We present real or realistic data and at least hint at the complexities of
statistics in practice; we regularly ask students to draw a substantial con-
clusion rather than simply report the result of a calculation, and we try
to explain the reasoning (but not the mathematics) behind recipes. Most
students and teachers report that the added effort is rewarded by added
understanding. In this new edition we have done our best to remove un-
necessary challenges. There is, to paraphrase Euclid’s advice to King
Ptolemy of Egypt long ago, no royal road to learning. We hope that this
road to learning is now a bit smoother.

Supplements

Several supplements are available free to adopters of the Second Edition
of Introduction to the Practice of Statistics:

» The Instructor’s Guide contains the following: overviews and
teaching suggestions for each chapter; suggested excerpts from
the telecourse Against All Odds and tips for using these videos in
a nontelecourse environment; sample examinations with solu-
tions; and worked-out solutions to all exercises.

» A data disk, available in several formats, enables instructors to
easily enter all our larger data sets and many moderate-size data
sets into their local computer system.

¢ A test bank, available both in computerized and printed versions,
for generating quizzes and exams.

» Transparency masters of many of the text’s figures and tables.

In addition, students may purchase a Minitab Guide, written by Betsy
Greenberg and Mark Serva of the University of Texas, Austin, that ac-
companies the text and gives detailed instructions in using the Minitab
statistical software.

We have not developed software specifically to accompany this text
because we strongly encourage the use of professionally written software,
which is both more capable and more transportable to other settings.
W. H. Freeman and Company offers a special discount on the student
version of Data Desk, Learning Data Analysis with Data Desk, by Paul F.
Velleman, to users of this text.

The Telecourse
Against All Odds

Against All Odds: Inside Statistics is a 26-program telecourse on statis-
tics and its applications sponsored by the Annenberg/Corporation for
Public Broadcasting Project. This telecourse, developed by David S.
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Moore, offers a visual introduction to modern statistics that closely par-
allels Introduction to the Practice of Statistics. In addition to broadcast
of the series by public television stations, the programs are inexpensively
available on videotape to individuals and institutions. Instructors who
do not follow the telecourse format may find excerpts from this unique
video series valuable as supplements to classroom instruction. More in-
formation and demonstration videotapes can be obtained by telephon-
ing 1-800-LEARNER.

Two supplements are available that link the television programs to
this text.

+ The Telecourse Faculty Guide contains an overview of the mater-
ial in each video program and provides detailed advice on imple-
menting a telecourse.

» The Telecourse Study Guide, available for sale to students, guides
students in their study of the course material. Each unit in the
study guide corresponds to a video program, and provides an
overview of the content, learning objectives, assigned reading
and exercises from this text, and self-test questions with fully
worked solutions. The Study Guide also contains sample exami-
nations with worked solutions. Instructors who are not using the
video material may find the large number of additional exercises
in the Study Guide useful.
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Introduction:
What Is Statistics?

Statistics is the science of collecting, organizing, and interpreting nu-
merical facts, which we call data. We are bombarded by data in our
everyday life. Most of us associate “statistics” with the bits of data that
appear in news reports: baseball batting averages, imported car sales,
the latest poll of the president’s popularity, and the average high tem-
perature for today’s date. Advertisements often 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. Yet the use-
fulness of statistics goes far beyond these everyday examples.

The study and collection of data are important in the work of many
professions, so that training in the science of statistics is valuable prepa-
ration for a variety of careers. Each month, for example, government sta-
tistical offices release the latest numerical information on unemployment
and inflation. Economists and financial advisors as well as policy mak-
ers in government and business study these data in order to make
informed decisions. Doctors must understand the origin and trustwor-
thiness of the data that appear in medical journals if they are to offer
their patients the most effective treatment. Politicians rely on data from
polls of public opinion. Business decisions are based on market research
data that reveal consumer tastes. Farmers study data from field trials of
new crop varieties. 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.

We can no more escape data than we can avoid the use of words.
Just as words on a page are meaningless to the illiterate or confusing to
the partially educated, so data do not interpret themselves but must be
read with understanding. Just as a writer can arrange words into con-
vincing arguments or incoherent nonsense, so data can be compelling,
misleading, or simply irrelevant. Numerical literacy, the ability to follow
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and understand numerical arguments, is important for everyone. The
ability to express yourself numerically, to be an author rather than just
a reader, is a vital skill in many professions and areas of study. The study
of statistics is therefore essential to a sound education. We must learn
how to read data, critically and with comprehension; we must learn how
to produce data that provide clear answers to important questions; and
we must learn sound methods for drawing trustworthy conclusions based
on data.

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 origins of statistics lie in the desire of rulers
to count the number of inhabitants or measure the value of taxable land
in their domains. As the physical sciences developed in the seventeenth
and eighteenth centuries, the importance of careful measurements of
weights, distances, and other physical quantities grew. Astronomers and
surveyors striving for exactness had to deal with variation in their mea-
surements. Many measurements should be better than a single mea-
surement, 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 scientific measurements.

By the nineteenth century, the agricultural, life, and behavioral sci-
ences also began to rely on data to answer fundamental questions. How
are the heights of parents 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 mea-
sured 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 sophistication, the new discipline of statistics took shape in the twen-
tieth century. Ideas and techniques that originated in the collection of
government data, in the study of astronomical or biclogical measure-
ments, and in the attempt to understand heredity or intelligence came
together to form a unified “science of data.” That science of data—sta-
tistics—is the topic of this text.

The first two chapters deal with statistical methods for organizing
and describing data. These chapters progress from simpler to more com-
plex data. Chapter 1 examines data on a single variable, Chapter 2 is de-
voted to relationships among two or more variables. You will learn both
how to examine data produced by others and how to organize and sum-
marize your own data. These summaries will be first graphical, then nu-
merical, then when appropriate in the form of a mathematical model
that gives a compact description of the overall pattern of the data. Chap-
ter 3 outlines arrangements (called designs) for producing data that an-
swer specific questions. The principles presented in this chapter will help
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vou to design proper samples and experiments, and to evaluate such in-
vestigations in vour field of study.

The remaining seven chapters discuss statistical inference—formal
methods for drawing conclusions from properly produced data. Statis-
tical 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. We emphasize that effective infer-
ence is based on good procedures for producing data (Chapter 3), care-
ful examination of the data (Chapters 1 and 2), and an understanding of
the nature of statistical inference as discussed in Chapter 6. Chapters 7
through 10 describe some of the most common specific methods of in-
ference: for drawing conclusions about means and proportions from one
and two samples, about relations in categorical data, regression and cor-
relation, and analysis of variance.

The practice of statistics involves the use of many recipes for nu-
merical calculation, some quite simple and some very complex. As you
learn how to use these recipes, remember that the goal of statistics is
not calculation for its own sake, but gaining understanding from num-
bers. Many of the calculations can be automated by a calculator or com-
puter, but you must supply the understanding. Chapters 7 to 10 present
only a few of the many specific procedures for inference. The more com-
plex procedures are always carried out by computers using specialized
software. 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 princi-
ples will often produce elaborate nonsense. As you read, seek to under-
stand the principles as well as the necessary details of methods and
recipes.

NOTE

1. The rise of statistics from the physical, life, and behavioral sciences is de-
scribed in detail by S. M. Stigler, The History of Statistics: The Measurement
of Uncertainty Before 1900, Harvard-Belknap, Cambridge, Mass. 1986. Much
of the information in the brief historical notes appearing throughout the text
is drawn from this book.
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