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Preface

“Statistics . .. the most important science in the whole world: forupon it
depends the practical application of every other science and of every art, the
one science essential to all political and social administration, all education,
all organization based upon experience, for it only gives the results of our
experience.”

FLORENCE NIGHTINGALE (1820-1910)

One of Florence Nightingale’s achievements as a nurse was to promote
improved health care by using the art and science of statistics to help people
learn from data. She was one of the individuals who helped to develop a new
way of looking at the world that is now vital in this modern information age.
Today, everyone from students and teachers to workers and employers has to
be able to interpret data.

Why Did We Write This Book?

We have each taught introductory statistics for more than 25 years, and have
witnessed the welcome evolution from the traditional formula-driven watered-
down mathematical statistics course to a concept-driven approach. This con-
cept-driven approach places more emphasis on why statistics is important in
the real world and places less emphasis on probability. Our book’s content and
approach reflect our philosophy of teaching, our classroom experience, recent
advances in technology, and student feedback about how they believe that they
learn most easily. One of our main purposes in writing this book was to help
make the conceptual approach more interesting and more readily accessible to
the average college student. At the end of the course, we want more students
to look back at their statistics course and think that they learned many worth-
while ideas that will serve them well for the rest of their lives.

What Approach Does This Book Take?

In 2005, the American Statistical Association (ASA) endorsed guidelines and
recommendations for the introductory statistics course as described in the report,
“Guidelines for Assessment and Instruction in Statistics Education (GAISE) for
the College Introductory Course” (www.amstat.org/education/gaise). The reports
states that the overreaching goal of all introductory statistics courses is to pro-
duce statistically educated students which means that students should develop
statistical literacy and the ability to think statistically. The report gives six key rec-
ommendations for the college introductory course:

* Emphasize statistical literacy and develop statistical thinking.

e Use real data.

e Stress conceptual understanding rather than mere knowledge of procedures.
e Foster active learning in the classroom.

e Use technology for developing concepts and analyzing data.

* Use assessment to evaluate and improve student learning.
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We wholeheartedly endorse these recommendations and have endeav-
ored to write a textbook that supports these guidelines.

Here are the main ways that Statistics: The Art and Science of Learning
from Data attempts to provide an improved context for teaching introductory
statistics:

Learn to ask and answer interesting questions:

In presenting concepts and methods, we encourage students to think about the
data and the appropriate analyses by continually posing questions. Our
approach, learning by framing questions, is carried out in various ways, includ-
ing (1) presenting a structured approach to examples that separates the ques-
tion and the analysis from the scenario presented, (2) providing lots of home-
work problems that encourage students to think and write, (3) requesting that
students perform simulations and hands-on activities to help them learn by
doing, and (4) posing information in the form of questions in the section titles
and in the figure captions that are answered within the text.

Keep students’ needs in mind and reduce confusion:

In many class tests, our students have told us that this book is more “read-
able” than other introductory statistics texts. To achieve this readability, we
have included a wide array of interesting real-data examples and exercises
that intrigue students. We have also attempted to simplify our prose wherev-
er possible, without sacrificing any of the accuracy that instructors expect in a
textbook.

A serious source of confusion for students is the multiplicity of inference
methods that derive from the many combinations of confidence intervals and
tests, means and proportions, large sample and small sample, variance known
and unknown, two-sided and one-sided inference, independent and dependent
samples, and so on. We’ve placed the main emphasis on the most important
cases for practical application of inference: large sample, variance unknown,
two-sided inference, and independent samples. The many other cases are also
covered (except for known variances), but more briefly, with the exercises
focusing mainly on the way inference is commonly conducted in practice. We
believe that this approach will help to reduce students’ confusion.

Connect statistics to the real world through a more balanced presenta-
tion of means and proportions:

Every day in the media, we see and hear percentages and rates being used
to summarize results of opinion polls, outcomes of medical studies, and
economic reports. Less often do we hear about outcomes that are in any
sense normally distributed or even continuous, yet that’s the main empha-
sis of most statistics texts. In this text, we have increased the attention paid
to the analysis of proportions. For example, we use contingency tables early
in the text to illustrate the concept of association between two categorical
variables and to show the potential influence of a lurking variable. When
introducing sampling distributions and inference methods, we first explain
using proportions for a binary outcome.

We don’t neglect quantitative data, but we believe that students should
become comfortable with data in the form that they will most often see in
practice. This approach has pedagogical rewards. We have found that it is eas-
ier for a student to look at a sample of binary data or a distribution of sample
proportions with a small sample size and understand what that distribution
refers to than to do the same for a bell-shaped curve for a continuum of unob-
served values.
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How Have We Organized the Contents?

We’ve shaped the organization and content based on extensive feedback from
reviewers and class testers and our beliefs about what works in the classroom
and which topics merit inclusion in an introductory course. The main focus is on
concepts and interpretation rather than on blind plugging of numbers into for-
mulas. We also want students to come to appreciate that in practice, assumptions
are not perfectly satisfied, models are not exactly correct, distributions are not
exactly normal, and all sorts of factors should be considered in conducting a sta-
tistical analysis. The title of our book reflects the experience of data analysts,
who soon realize that statistics is an art as well as a science.

Here’s a brief chapter-by-chapter survey. We summarize the content of each
chapter and also point out ways in which our presentation may differ somewhat
from other texts:

Chapter I: Statistics: The Art and Science of Learning
from Data

Our first chapter gives an overview to students about how data and statisti-
cal analyses surround us in our everyday lives by presenting informative
examples of real studies. The General Social Survey (GSS) is introduced, and
instructions are given for downloading useful and interesting data that will
be used throughout the textbook. We also introduce the use of technology
through software and applets. An introductory overview of the field such as
this chapter provides is missing from many statistics texts.

Chapter 2: Exploring Data with Graphs and Numerical
Summaries

This first of two chapters on descriptive statistics introduces students to the uni-
variate case —graphical and numerical methods for exploring and summarizing
data on a single categorical or quantitative variable. The emphasis is on interpret-
ing graphs and numerical summaries produced by computer or calculator output,
rather than on constructing graphs and calculating numerical summaries by hand.

Chapter 3: Association: Contingency, Correlation, and
Regression

This second of two chapters on descriptive statistics focuses on bivariate
analyses. It introduces one of the most important topics of statistics—ana-
lyzing association between two variables. The chapter begins by exploring
categorical variables through contingency tables. Students often see such
summaries in their everyday lives, yet most books delay coverage of this
material until near the end. Discussing contingency tables facilitates tran-
sition into Chapter 4 on producing data for topics such as survey sampling
and comparisons in randomized experiments. It also provides background
for the discussion of conditional probability in Chapter 5. We next intro-
duce correlation and regression methods for quantitative variables. For
many students, the first time that they see correlation is a “light-bulb”
moment, the instant they understand the power and usefulness of statistics.
The final section emphasizes important cautions, such as association not
proving causation and the potential influence of lurking variables, two fun-
damental concepts that students must see early in the course.

Chapter 4: Gathering Data

This chapter introduces students to good ways and poor ways to sample and to
experiment. Why an entire chapter on producing data? Valid analysis and inter-
pretation of data depend on having an appropriate study design. When is it
appropriate to make conclusions about causes and effects? How could other
factors influence results? How important are issues such as nonresponse? What
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determines the extent to which conclusions can be generalized? Building on the
presentation from Chapter 3 with proportions, we informally introduce the con-
cept of margin of error—a concept and term seen daily by students reading
about sample surveys in the media. Regardless of how sophisticated a statistical
analysis is conducted, results may be nearly worthless if the study design is poor.
However, even though randomized experiments are ideal, they are often not
feasible or ethical. In practice, the types of studies we most often encounter are
observational. Thus, we also devote detailed coverage to types of observational
studies, with emphasis on sample surveys. The potential influence of lurking
variables is further illustrated with examples of observational studies.

Chapter 5: Probability in Our Daily Lives

This chapter introduces students to the basic idea of probability and to how it
can help us understand the forms that randomness takes in our lives. The uni-
fying theme is how probability relates to our daily lives, using applications such
as diagnostic disease testing and whether or not an apparent coincidence truly
is coincidental. It’s easy for students to get lost when probability is a major
component of the course or is presented in a mathematical manner. So we
attempt to offer “just enough” to help students understand probability distrib-
utions and sampling distributions in the following chapter and conditional
probability in the analyses of contingency tables. The early introduction of con-
tingency tables and conditional proportions in Chapter 3 lays the foundation
for students to understand more easily the difficult concept of conditional
probability. Students are also shown that simulation can estimate probabilities
not easily calculated by simple rules.

Chapter 6: Probability Distributions

This chapter focuses on two of the most important probability distributions—
the normal for continuous random variables and the binomial for discrete ran-
dom variables—and introduces the fundamental concept of sampling distribu-
tions. The sampling distribution is a topic that students find hard to grasp, yet
understanding it is crucial to their understanding of statistical inference. We
believe sampling distributions are simplest to explain first for categorical data—
using proportions in a small-sample example that identifies easily all the possi-
ble samples of binary data. The sampling distribution for a sample proportion is
developed using a natural progression moving from the binomial distribution of
counts. We believe that students who work through these sections and also the
applet-related activities will have a stronger understanding of sampling distrib-
utions than students usually achieve in introductory-statistics courses. The end
of the chapter links sampling distributions to the basic ideas of statistical infer-
ence, which is the focus of the following two chapters.

Chapter 7: Statistical Inference: Confidence Intervals

We believe that more emphasis should be placed on interval estimation than
on significance testing in an introductory statistics course. We learn less from
testing that a parameter takes some specific value than from finding a range
of plausible values for it. Statisticians increasingly share the belief that signif-
icance tests have been overemphasized. For instance, many psychology jour-
nals now forbid reporting P-values without accompanying information about
effect sizes, such as confidence intervals. Moreover, confidence intervals are
simpler than tests for students to understand, especially with the use of an
applet for simulation. Consequently, we devote this first inference chapter
solely to estimation. An activity using simulation helps students visualize the
role of the sampling distribution in forming confidence intervals. We begin the
chapter with forming a confidence interval for a proportion. We believe that
this is an easier transition for the students, because this method uses the nor-
mal distribution. We then move to the confidence interval for a mean, intro-
ducing the ¢ distribution. We do not cover the case in which the population
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standard deviation is known, as this is very rarely true in practice and increas-
es the profusion of methods that leads to student confusion.

Chapter 8: Statistical Inference: Significance Tests About
Hypotheses

Although we believe it’s important to emphasize interval estimation for infer-
ence, significance tests do play an important role in statistical inference. The
main goal in many research studies is to check whether the data support certain
statements, claims, or predictions. A significance test is a method of using data to
summarize evidence about a claim or prediction. This chapter emphasizes the
P-value approach, which is the common way to perform tests in practice and is
more informative than simply making a reject-or-not-reject decision at an artifi-
cial alpha-level with a rejection region. Most journals prefer using P-values to
report statistical results. As in the previous two chapters, we begin by introduc-
ing the significance test for a proportion, then move to the significance test for
amean. Both one-sided and two-sided alternatives are presented. We encourage
more use of the two-sided alternative, however, because this is commonly seen
in practice and because the results of using a two-sided alternative parallel (two-
sided) confidence intervals. Also, in that case, t methods are robust to violations
of the normality assumption. In this chapter, we also stress the limitations of sig-
nificance tests. In doing so, we emphasize the distinction between practical sig-
nificance and statistical significance, and we show the possible difficulties result-
ing when only “significant” results are reported. We also discuss Type I error,
Type II error, and the power of a test.

Chapter 9: Comparing Two Groups

The chapter explains that a comparison of two groups is actually a bivariate analy-
sis, in which the explanatory variable defines the groups to be compared. We avoid
the case of known population standard deviation and we de-emphasize the analy-
sis that assumes equal variances, showing how software can find the df value with
the less restrictive analysis. We present methods for independent and for depen-
dent samples (matched pairs), with our main emphasis on the independent sam-
ples. Because this text does not short-change categorical data, we also present
methods for analyzing proportions using matched pairs. This topic is relatively
simple to present but is rarely treated in introductory texts. This chapter also revis-
its the importance of taking into account potential lurking variables when com-
paring two groups, illustrating with an example showing Simpson’s paradox.

Chapter 10: Analyzing the Association Between Categorical
Variables

In our opinion, introductory statistics books place way too much emphasis on the
chi-squared test. Like any significance test, it gives limited information. It should
not be the sole or even the primary method taught in the inference chapter about
bivariate categorical data. The chi-squared test addresses whether an association
exists between categorical variables; however, it does not address the strength or
the pattern of the association. We have included follow-up analyses such as mea-
suring association using the difference and the ratio of proportions (relative risk),
and inspecting residuals to detect which cells are responsible for a large chi-
squared statistic. Doing so connects this material with regression methods pre-
sented in the following chapter for bivariate quantitative data.

Chapter |1: Analyzing Association Between Quantitative
Variables: Regression Analysis

This chapter expands on the concepts of simple straight-line regression intro-
duced in Chapter 3. After reviewing the introductory material from Chapter 3
on straight-line regression equations and correlation, this chapter explains
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what is meant by a model, connects this with the notion of residual unex-
plained variation around a regression line (and the related ANOVA table and
r-squared measure and F statistic), discusses “regression toward the mean,”
and presents inference methods. The chapter also discusses ways of checking
model assumptions.

Chapter 12-14: Advanced Topics

Chapters 12-14 contain more advanced topics for the first course or for a fol-
low-up course. Chapter 12 covers multiple regression. It also shows how a
regression model can include categorical explanatory variables (using indicator
variables) or categorical response variables (logistic regression). Chapter 13
covers one-way and two-way ANOVA and shows their connection with multi-
ple regression. Chapter 14 introduces nonparametric statistics.

How Do We Promote Student Learning?

In an effort to motivate students to think about the material, to ask appropri-
ate questions, and to develop good problem-solving skills, we have created
special features that distinguish this text.

A Vivid Chapter-Opening Example

Each chapter begins with a high-interest example that establishes some key
questions and themes that are woven throughout the chapter. Illustrated
with engaging photographs, this example is designed to ‘grab students’
attention and to draw them into the chapter. The issues discussed in the
chapter’s opening example are referred to and revisited in examples within
the chapter.

Our Innovative Example Format

Recognizing that the worked examples are the key vehicle for engaging and
teaching students, we have developed a unique structure to help students learn
to model the question-posing and investigative thought process required to
examine issues intelligently using statistics. The five components in this struc-
ture are as follow:

e Picture the Scenario: Background information is presented so stu-
dents can visualize the situation. This step places the data to be investi-
gated in context and often provides a link back to previous examples.

e Questions to Explore: Questions are posed that follow directly from
information in the scenario. This step helps the student to focus on what
is to be learned from the example and what types of questions are useful
to ask.

e Think It Through: This step is the heart of each example as the ques-
tions posed are investigated and answered using appropriate statistical
methods. Each solution is clearly matched to the questions so students can
easily find the response to each posed Question to Explore.

e Insight: The overarching goal of the Insight step is to clarify the central
ideas investigated in the example and to place them in a broader context.
Many of the Insights also provide connections between seemingly dis-
parate topics in the text by referring back to concepts learned previously
and/or foreshadowing techniques and ideas to come later.

e To Practice This Concept, Try Exercise XX: Each example concludes
by directing students to an end of section exercise that allows immediate
practice of the concept or technique within the example, requiring the stu-
dent to use similar reasoning as that employed in the example.
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This example, from Chapter 2, demonstrates our example format:

EXAMPLE 9

Is There a Trend

‘Toward Warming

in New York City?

Picture the Scenario: Background infor-
mation is presented so students can visual-
ize the situation. This step places the data to
be investigated in context and often pro-
vides a link back to previous examples.

/

Questions to Explore: Questions are posed
that follow directly from information in the
scenario. Posing questions helps the stu-
dent to focus on what is to be learned from
the example and what types of questions
are useful to ask about the data.

Think It Through: This step is the heart of
each example as the questions posed are
investigated and answered using appropri-
ate statistical methods. Each solution is
clearly matched to the question so students
can easily find the response to each posed
Question to Explore.

/

Fi:Lz.Lz
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Picture the Scenario

Each day, weather stations around the §
world record the daily average tem-
perature, defined as the average of
the maximum and minimum temperature over a midnight-to-midnight time
frame. In a given year, the annual average temperature is the average of the
daily average temperatures for that year. Let’s analyze data on annual aver-
age temperature (in degrees Fahrenheit) in Central Park, New York City
from 1901 to 2000. This is a continuous quantitative variable. The data are in
the “Central Park Yearly Temps” data file on the text CD.

Question to Explore

What do we learn from a time plot of these annual average temperatures? Is
there a trend toward warming in the United States?

Think It Through

Figure 2.8 shows a time plot, constructed using MINITAB software. The
time plot constructed using the T1-83-84 calculator is in the margin. The ob-
servations fluctuate considerably, but the figure does suggest somewhat of
an increasing trend in the annual average temperatures at this location.
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A FIGURE 2.8 MINITAB output for a time plot of Central Park, New York City
average annual temperatures. The annual average temperatures are plotted against the
year from 1901 to 2000 A smoothing curve is superimposed. Question: Are the annual
average temperatures tending to increase, decrease, or stay the same over time?



Insight: This step clarifies the central ideas
investigated in the example and places them
in a broader context that often states the
conclusions in less technical terms. Many of
the Insights also provide connections
between seemingly disparate topics in the
text by referring back to concepts learned
previously and /or foreshadowing tech-
niques and ideas to come.

To Practice This Concept: Each example
concludes by directing students to an end-
of-section exercise that allows immediate
practice of the concept or technique within
the example.
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|, Insight

/ The short-term fluctuations in a time plot can mask an overall trend. It’s

- possible to get a clearer picture by “smoothing” the data. This is beyond our
scope here. MINITAB presents the option of smoothing the data to portray

- a general trend (Click on “data view” and choose the “lowess” option under

| “smoother™). This is the smooth curve passing through the data points in

. Figure 2.8. This curve goes from a level of about 52 degrees in 1901 to about

| 55 degrees in 2000.

The data reported in Figure 2.8 refer to one location in the United States.

In a study of climate change, it would be important to explore other locations

| around the world to see if similar trends are evident there.

TO PRACTICE THIS CONCEPT, TRY EXERCISES 2.26 AND 2.27

A Broad Array of Useful and Engaging Exercises

The text contains a strong emphasis on real data both in the examples and
exercises. Nearly all the chapters contain more than 100 exercises. These exer-
cises are realistic and ask students to provide interpretations of the data or
scenario rather than merely to find a numerical solution. We show how statis-
tics addresses a wide array of applications, from opinion polls, to market
research, to health and human behavior. Our goal is to have students come to
believe the comment by the author H. G. Wells (1866-1946), “Statistical think-
ing will one day be as necessary for efficient citizenship as the ability to read
and write.”

Exercises are placed at the end of each section for immediate reinforce-
ment, and a more comprehensive set of exercises is found at the end of the
chapter. Each exercise has a descriptive label. Exercises for which technology
is recommended are indicated with the icon, B Larger data sets used in
examples and exercises are referenced in text, listed in the back endpapers and
made available on the text CD. The exercises are divided into the following
categories:

e Practicing the Basics: The section exercises and the first group of end-
of-chapter exercises reinforce basic application of the methods.

e Concepts and Investigations: These exercises require that the student
explore real data sets and carry out investigations for mini-projects, and
explore concepts and related theory or extensions of the chapter’s methods.
This section contains some multiple-choice and true/false exercises to help
students check their understanding of the basic concepts and to prepare for
tests. It also contains a few more difficult, optional exercises (highlighted
with the ** icon) that present some additional concepts and methods.

e Class Explorations: A brief third section provides exercises that are
designed for group work based on investigations done by each of the stu-
dents in a team. Additional activities may be found here as well.

Applying Statistics to Real Situations: In Practice

One of our goals is to help students understand some of the differences
between proper “academic” statistics and what is actually done in practice.
Data analysis in practice is an art as well as a science. Although statistical the-
ory has foundations based on precise assumptions and conditions, in practice
the real world is not so simple. This dicotomy makes it difficult to give gener-
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al rules, always to be obeyed, for analyzing data. To that end, we have embed-
ded numerous in-text references and separate In Practice boxes that alert stu-
dents to the way statisticians actually analyze data in practice. These com-
ments are based on our extensive consulting experience and by observing
what well-trained statisticians do in practice.

Activities and Simulations for Hands-On Learning

Activities are an important pedagogical tool for promoting understanding by
helping the student to learn statistical concepts through hands-on exploration.
Although we believe the activities help to facilitate learning, we have made
them optional (and placed most of them at the ends of the chapters) so that
instructors may use them at their discretion. Each of Chapters 1-11 includes
at least one activity. A distinction is made between those activities that are to
be done in class and those activities that are to be done by students outside of
class. The activity often involves simulation, commonly using an applet avail-
able on the text CD and within MyMathLab. Additional activities are avail-
able on the text CD and MyMathLab. We encourage the use of these activities
and simulations to promote student learning.

Clearly Presented Definition and Summary Boxes

We highlight key definitions, guidelines, procedures, “In Practice” remarks,
and other summaries in boxes throughout the text.

Immediate Help for the Student

Material presented in the margins or boxed off from the main text offers at-a-
glance information to aid in comprehending material in the main text. During our
class tests, students have given high ratings to these features in making the book
user-friendly. The margin features include the following

e InWords: This box explains the definitions and symbolic notation found
in the body of the text itself (which, for technical accuracy, must be more
formal).

e Recall: As the student progresses through the book, concepts are pre-
sented that call back to information learned in previous chapters. The
Recall box directs the reader back to a previous presentation in the text to
review and reinforce concepts and methods already covered.

e Activity/Applet: The reader is directed to an activity or applet on the text
CD or within MyMathLab. Applets have great value, because they vividly
show students certain concepts visually. For example, creating a sampling
distribution is accomplished more readily with applets than with a static text
figure. As noted, the activities and applets are presented as optional explo-
rations in the text.

Enhanced Visuals and a Graphical Approach to Learning
Statistics

Increasingly, students are visual learners. Recognizing this fact, we have
taken extra care to make the text figures informative. For instance, we’ve
annotated many of the figures with labels that clearly identify the note-
worthy aspects of the illustration. Further, most figure captions include a
question (answered at the end of the chapter) designed to challenge the
student to interpret and think about the information being communicated
by the graphic. The graphics also feature a pedagogical use of color to help
students recognize patterns and to distinguish between statistics and para-
meters. The use of color is explained in the inside front cover for easy
access by students.
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Up-to-Date Use of Technology

The ready availability of technology helps instructors to provide instruction that
is less calculation based and more concepts oriented. Output from computer sofi-
ware and calculators is displayed throughout the textbook. The discussion focus-
es on interpretation of the output, rather than on the keystrokes needed to cre-
ate the output. We use the generic-looking, popular, and reliable MINITAB sta-
tistical software for most of our output examples but also include selected screen
captures from the TI-83+/84 graphing calculator, SPSS, and Microsoft EXCEL,
as appropriate. Technology specific manuals are also available with this text
(MINITAB, SPSS, Excel, and TI-83+/84). See the supplements listing within the
front matter for more information.

An Invitation Rather Than a Conclusion

We hope that students using this textbook will gain a lasting appreciation for
the vital role the art and science of statistics plays in analyzing data and helping
us make decisions in our lives. As evidenced by the approach we’ve outlined
above, our major goals for this textbook are that students should learn how:

* To produce data that can provide answers to properly posed questions

e To appreciate how probability helps us understand randomness in our
lives, as well as to grasp the crucial concept of a sampling distribution and
how it relates to inference methods

* To choose appropriate descriptive and inferential methods for examining
and analyzing data and drawing conclusions

e To communicate the conclusions of statistical analyses clearly and effectively

e To understand the limitations of most research, whether because it was
based on an observational study rather than a randomized experiment or
survey, or because a certain lurking variable was not measured that could
have explained the observed associations

We are excited about sharing through this text the insights that we have
learned from our experience as teachers and from our students. Many students
still enter statistics classes on the first day with dread because of its reputation
as a dry, sometimes difficult, course. It is our goal to inspire a classroom envi-
ronment that is filled with creativity, openness, realistic applications, and learn-
ing that students find inviting and rewarding. Many of our students have elect-
ed to take our second courses in statistics and even major or minor in statis-
tics. We hope that this textbook will help the instructor and the students to
experience a rewarding introductory course in statistics.

Alan Agresti,
University of Florida, Gainesville

Christine Franklin,
University of Georgia, Athens
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