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PREFACE

The authors strongly believe that the most effective way for beginning statistics students to
learn statistics well is for them to directly experience itscentral concepts and standard pro-
cedures by closely observing and actively interacting withsimulated and real data sets. The
particular advantage of having a student simulate data setsis that the student then actually
experiences the underlying mechanism—that is, the probability model—producing his or her
data. Then students experience firsthand the process of statistically analyzing data, and in
this way their statistical expertise develops. Actively learning statistics by direct contact and
interaction with data is facilitated in this textbook by thedemonstration of statistical concepts
using the five-step simulation method throughout. Carryingout these five steps, students
design simulation studies, and often also solve their statistical problems, facilitated by the
textbook’s powerful supporting software. This software isfast, Web-based, point-and-click,
and instructional. It produces data-driven demonstrations of fundamental statistical concepts
and illustrates highly accurate simulationbased statistical analyses that are heavily used by
professional statisticians in the modern era of statistics.

A vital complement to the experiential, simulation-based,data-driven presentation of sta-
tistical concepts and methods is a clear and understandablecombined verbal and formula-
based presentation of the formal, logical, and deductive aspects of the subject, using only the
moderate amount of mathematical formalism required to makethe concepts and procedures
understandable. In particular, the normal population sampling and the central limit theorem
and other large-sample approaches to statistical inference are given prominence just as they
are in a traditional statistics textbook. However, the modern simulation-based approach to in-
ference is also clearly and completely presented. Inference thus has three distinct approaches:
normal population, central limit theorem/large-sample, and simulation-based.

In the textbook, the theoretical formal aspects of each major topic are intermingled with
rich real-data-based and, when appropriate, simulation-based examples of concepts and meth-
ods. The basic aspects of probability that are so important to a statistics course (and often very
difficult for beginning students to master) are introduced as empirical phenomena and only
then are abstracted and expanded into a body of useful probability concepts and accompany-
ing formulas in Chapters 4, 5, and 6. The capstone of this empirical emphasis is the five-step
computer-based simulation that is used throughout. Simulation allows students to transcend
(and often avoid) abstract mathematical formalism and yet gain a deep understanding of the
empirical role that probability plays in statistical thinking. In Chapter 6 the core probability
models (normal, binomial, geometric, and Poisson) are thoroughly discussed with an empha-
sis on their role in providing descriptions or models of realworld random phenomena.

Pedagogically, the textbook stands on three legs: (1) carefully crafted and thorough ver-
bal explanations of concepts and procedures; (2) clear, formula-based descriptions and ex-
planations of statistical concepts and procedures, including both traditional procedures and
the more recently emphasized simulation-based procedures; and (3) immersion in the world
of numerical chance phenomena and their statistical analyses. This immersion is achieved
through (i) textbook-supplied and student-created simulation studies, made possible by the
textbook’s fast, sophisticated, and easy-to-use software, and (ii) interesting and compelling
examples rich in real-world data.

To be most effective, an introductory statistics textbook must strike a balance: On the one
hand, it must help the student to learn basic statistical concepts in depth and, ultimately, to
think statistically; on the other hand, it must also expose the student to the evolving body of
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statistical procedures that are widely used in practice andare judged to constitute statistical
literacy. This balance, a central goal of this book, equips students with both real statisti-
cal discernment and the needed familiarity with the body of statistical procedures so widely
used in science, business, and government, and so often reported in the media. Without this
balance, the course becomes only a “liberal arts” introduction to statistics, failing to equip
students with the capability to analyze data sets. The textbook is divided into three parts:
(1) using numerical and graphical techniques to explore anddiscover possibly meaningful
and important patterns in data; (2)(i) obtaining quality data for a planned statistical study via
experimental designs that use randomization and via surveys that use random sampling; (ii)
actively experiencing the fundamental role of probabilitymodels in statistics, with the math-
ematical formalism of probability nicely interwoven with the rich and active experiencing of
randomness via simulations; and (3) using statistical inference as a tool to draw valid and
useful conclusions about important real-world settings from quality data via estimation and
hypothesis testing.

In today’s technology-rich learning environments, an introductory statistics textbook must
be designed to make profound and meaningful use of availablecomputer- based technology,
both to be pedagogically sound and to help students carry outstatistical inferences with real
and sometimes sizable data sets. Instructional software must be platform independent, ex-
tremely easy to use for all (point-andclick is vital, because there is no time available in a typi-
cal jam-packed statistical course syllabus for a week or more of computer software training!),
and thoroughly integrated with the textbook. In a statistics course, the software should make
the concepts and methods come alive, be a rich source of data,and make complex statistical
computations and large-scale, simulation-based demonstrations of concepts and simulation-
based inferences fast and easy to carry out. The software must be an “active learning” tool,
to use an overworked but apt phrase. The accompanying simulation-based, Web-delivered,
customized instructional software does all of these things, using the five-step method to allow
students to construct simulations that facilitate learning.

The textbook perhaps breaks new ground with its in-depth treatment of bootstrap-based
and other resampling inferential procedures that require simulation. The bootstrap approach
is one of the most important advances of the past 25 years in statistical methodology and
has become an essential component of the practicing statistician’s toolbox. Hence, it needs
to be taught at the elementary level. Consistent with the instructional approach of the book,
the bootstrap method is simulation-based and, as such, meshes seamlessly with the five-step
method used throughout. The bootstrap approach of this textbook is natural and intuitive,
which makes it easy for the beginning statistics student to understand. The bootstrap provides
the student with a powerful, cutting-edge, and widely used method of statistical inference. The
bootstrap together with the traditional small-sample, normalpopulation inferential approaches
(such as thet-test) and large-sample inferential approaches (based on the central limit theorem
and on the associated large-sample result for the chi-square statistic) provide the student with
enormous inferential power.

The book is written to be accessible to all students having atleast a modest exposure to
algebra; intermediate algebra suffices. Although mathematical concepts and formulas appear
frequently, and students are encouraged to really think about what they are learning from
such formulas, the amount of formal mathematical background needed is minimal. The book
should work very well in any noncalculusbased introductorystatistics course. The instructor
has the luxury, if he or she desires, of downplaying large-sample and normal population-based
inference and the formal structure of probability theory. In fact, an instructor can even design
a course that puts most of its focus on the simulation-based approach to statistical inference.
The textbook provides a choice between the major stress being placed on simulation, and on
the other hand, a balanced approach to sampling from a simulation, normal population, and
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large sample theory.
Several influential, nationally circulated reports have stressed the need for new emphases

in the teaching of statistics. Most notably, the widely influential American Statistical Asso-
ciation/Mathematical Association of America Cobb report recommends that the teaching of
statistics be heavily based on data and proposes that more emphasis be placed on statistical
concepts than on abstract theory. Further, it stresses active learning and simulation-based
learning. This textbook is tailor-made to address these valid recommendations and require-
ments, not only because of its simulation-based approach but also because of numerous data-
driven examples and exercises (provided after each section), many encouraging students to
use the instructional software. Thus, students have ample opportunity to practice using the
concepts and methods learned in the text.

Part I of the book begins with three chapters describing how one explores and summa-
rizes important patterns occurring in data—data being the focus of statistics—with tables and
graphs and by means of numerical (statistical) indices. This includes a descriptive introduc-
tion to linear regression in Chapter 3.

Part II presents probability modeling empirically and formally. It also describes how statis-
ticians (and students) can plan a study whose goal is to collect quality data from which
valid statistical inferences can be made. Chapters 4 and 5 provide a heavily empirical and
simulation-based introduction to probability through emphasis on probability and probability
distributions, and on the mean and standard deviation of a random variable or of its probability
distribution. This is appropriate because probability is the logical underpinning of inferential
statistics. In particular, probability, expected value, and standard deviation are introduced
as empirical concepts, with large-scale simulated samples(routinely 10,000 simulations con-
ducted, and even 100,000 occasionally) often used to accurately estimate unknown theoretical
probabilities, expected values, and standard deviations.This is facilitated by student usage of
the supporting instructional software.

Chapter 6 supplements the basic introduction to probability in Chapters 4 and 5 with four
core probability distributions—normal, binomial, geometric, and Poisson—and the standard
large-sample relationships, involving them, such as the normal approximation to the binomial.
Some instructors may wish to de-emphasize or omit portions of Chapter 6. Chapter 7 tells the
student how one obtains good data for a planned statistical study through probability sampling
of real populations and by well-designed randomized experiments. One section of the chapter
provides information on how students can validly collect data for their own planned statistical
studies.

Part III then covers statistical inference, focusing on confidence intervals and hypothesis
testing. Chapter 8 presents an introduction to estimation,beginning with a discussion of the
two sources of estimation error, namely bias and chance variation. Then the large-sample
estimation of a population meanµ and of a population proportionp are developed using the
central limit theorem (CLT) forX.

Chapter 9 introduces hypothesis testing. After an explanation of fundamental concepts,
testing ofH0 : p = p0 is discussed via both the simulation approach and the large sample
CLT for p̂. approach. The chapter closes with a novel simulation approach to randomized
controlled experiment hypothesis testing when populationmembers each display one of two
characteristics (e.g., recover from illness or die).

Chapters 10 and 11 then cover the important confidence interval and hypothesis testing
procedures in the standard one- and two-population settings involving means and propor-
tions, stressing normal populations inference, large-sample inference, and simulation-based
inference.

Chapter 12 then presents chi-square testing, beginning with the more widely applicable
(not requiring a large sample) simulation-based approach.Then the traditional large-sample,
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chi-square distribution approach (using the chi-square distribution) is presented. Coverage in-
cludes both the usual multinominal distribution chi-square test (null hypothesis of a specified
many-sided, possibly unfair die) and contingency table-based chi-square tests of indepen-
dence and multiple-population homogeneity.

Chapter 13 complements the descriptive treatment of linearregression in Chapter 3 with
an inference-based treatment of linear regression.

The entire book can easily be covered in a two-semester course. However, a rich one-
semester course can be nicely carried out, with carefull planning and judicious choices of
topics covered. If desired, te instructor can omit Chapter 12 without loss of continuity, In this
regard, starred (*) sections or chapters can also be omittedwithout loss of continuity.

This textbook has been heavily influenced by instructor and student input based on class-
room use of earlier editions and other textbooks written by some of the authors. In particular,
Chapter 7 on data collection was developed in response to such input.

One unique aspect of the textbook is the integration of the printed material with easy-to-
use simulation software. They combine to enrich the learning experience as well as allow
easy access to a large set of simulation-based inferential procedures often used in modern
statistical practice. When use of the software is especially appropriate, a computer symbol
sometimes appears in the margin. A hand-held calculator will often prove useful for ordinary
data compilation, and, a symbol of a calculator may appear insuch contexts in the margin. A
key graphic indicates material related to the chapter’s KeyProblem.
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