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PART I  Producing Data

1 Where Do Data Come From?

Case Study

Talking about data: Individuals and variables
Observational studies
Sample surveys

Census

Experiments

Statistics in Summary

Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 1 Exercises
Exploring the Web

2 Samples, Good and Bad

Case Study

How to sample badly
Simple random samples
Can you trust a sample?
Statistics in Summary



Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 2 Exercises
Exploring the Web

What Do Samples Tell Us?

Case Study

From sample to population
Sampling variability

Margin of error and all that
Confidence statements

Sampling from large populations
Statistical Controversies: Should Election Polls Be Banned?
Statistics in Summary

Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 3 Exercises

Exploring the Web

Sample Surveys in the Real World

Case Study

How sample surveys go wrong

Sampling errors

Nonsampling errors

Wording questions

How to live with nonsampling errors
Sample design in the real world

The challenge of Internet surveys
Statistical Controversies: The Harris Online Poll
Probability samples

Questions to ask before you believe a poll
Statistics in Summary



Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 4 Exercises
Exploring the Web

Experiments, Good and Bad

Case Study

Talking about experiments

How to experiment badly
Randomized comparative experiments
The logic of experimental design
Statistical significance

How to live with observational studies
Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources

Check the Basics

Chapter 5 Exercises

Exploring the Web

Experiments in the Real World

Case Study

Equal treatment for all

Double-blind experiments

Refusals, nonadherers, and dropouts
Can we generalize?

Experimental design in the real world
Matched pairs and block designs
Statistical Controversies: Is It or Isn’t It a Placebo?
Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources
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Check the Basics
Chapter 6 Exercises
Exploring the Web

Data Ethics

Case Study

First principles

Institutional review boards

Informed consent

Confidentiality

Clinical trials

Statistical Controversies: Hope for Sale?
Behavioral and social science experiments
Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources

Check the Basics

Chapter 7 Exercises

Exploring the Web

Measuring

Case Study

Measurement basics

Know your variables

Measurements, valid and invalid
Statistical Controversies: SAT Exams in College Admissions
Measurements, accurate and inaccurate
Improving reliability, reducing bias
Pity the poor psychologist

Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources

Check the Basics

Chapter 8 Exercises
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Exploring the Web

Q0 Do the Numbers Make Sense?

Case Study

What didn’t they tell us?

Are the numbers consistent with each other?
Are the numbers plausible?

Are the numbers too good to be true?
Is the arithmetic right?

Is there a hidden agenda?

Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources

Check the Basics

Chapter 9 Exercises

Exploring the Web

Part I Review

Part [ Summary

Part I Review Exercises
Part I Projects

PART II  Organizing Data

10 Graphs, Good and Bad

Case Study

Data tables

Types of variables

Pie charts and bar graphs
Beware the pictogram

Change over time: Line graphs
Watch those scales!

Making good graphs

Statistics in Summary

Link It
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Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 10 Exercises
Exploring the Web

11 Displaying Distributions with Graphs

Case Study
Histograms
Interpreting histograms
Stemplots

Statistics in Summary
Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics
Chapter 11 Exercises
Exploring the Web

12 Describing Distributions with Numbers

Case Study

Median and quartiles

The five-number summary and boxplots
Statistical Controversies: Income Inequality
Mean and standard deviation

Choosing numerical descriptions
Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources

Check the Basics

Chapter 12 Exercises

Exploring the Web

13 Normal Distributions
Case Study

13



Density curves

The center and variability of a density curve
Normal distributions

The 68-95-99.7 rule

Standard scores

Percentiles of Normal distributions”
Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources
Check the Basics

Chapter 13 Exercises

Exploring the Web

Describing Relationships: Scatterplots and Correlation

Case Study

Scatterplots

Interpreting scatterplots
Correlation
Understanding correlation
Statistics in Summary
Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 14 Exercises
Exploring the Web

Describing Relationships: Regression, Prediction, and Causation

Case Study

Regression lines

Regression equations

Understanding prediction

Correlation and regression

The question of causation

Statistical Controversies: Gun Control and Crime
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Evidence for causation

Correlation, prediction, and big data
Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources
Check the Basics

Chapter 15 Exercises

Exploring the Web

The Consumer Price Index and Government Statistics

Case Study

Index numbers

Fixed market basket price indexes
Using the CPI

Understanding the CPI

Statistical Controversies: Does the CPI Overstate Inflation?
The place of government statistics
The question of social statistics
Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources
Check the Basics

Chapter 16 Exercises

Exploring the Web

Part Il Review

Part Il Summary

Part Il Review Exercises
Part Il Projects

PART III Chance
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Thinking about Chance
Case Study
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19

The idea of probability

The ancient history of chance
Myths about chance behavior
Personal probabilities
Probability and risk

Statistics in Summary

Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 17 Exercises
Exploring the Web

Probability Models

Case Study

Probability models
Probability rules

Probability and odds
Probability models for sampling
Statistics in Summary

Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 18 Exercises
Exploring the Web

Simulation

Case Study

Where do probabilities come from?
Simulation basics

Thinking about independence
More elaborate simulations
Statistics in Summary

Link It

Case Study Evaluated
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LaunchPad Online Resources
Check the Basics

Chapter 19 Exercises
Exploring the Web

20 The House Edge: Expected Values

Case Study

Expected values

The law of large numbers

Thinking about expected values
Statistical Controversies: The State of Legalized Gambling
Finding expected values by simulation
Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources

Check the Basics

Chapter 20 Exercises

Exploring the Web

Part III Review

Part Il Summary

Part Il Review Exercises
Part III Projects

PART IV Inference

21 What Is a Confidence Interval?

Case Study

Estimating

Estimating with confidence

Understanding confidence intervals

More on confidence intervals for a population proportion”
The sampling distribution of a sample mean”

Confidence intervals for a population mean”
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Statistics in Summary

Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 21 Exercises
Exploring the Web

What Is a Test of Significance?

Case Study

The reasoning of statistical tests of significance
Hypotheses and P-values
Statistical significance
Calculating P-values”

Tests for a population mean”
Statistics in Summary

Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 22 Exercises
Exploring the Web

Use and Abuse of Statistical Inference

Case Study

Using inference wisely

The woes of significance tests

The advantages of confidence intervals
Significance at the 5% level isn’t magical

Statistical Controversies: Should Hypothesis Tests Be Banned?

Beware of searching for significance
Inference as decision”

Statistics in Summary

Link It

Case Study Evaluated

LaunchPad Online Resources
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Check the Basics
Chapter 23 Exercises
Exploring the Web

24 Two-Way Tables and the Chi-Square Test"

Case Study

Two-way tables

Inference for a two-way table
The chi-square test

Using the chi-square test
Simpson’s paradox

Statistics in Summary

Link It

Case Study Evaluated
LaunchPad Online Resources
Check the Basics

Chapter 24 Exercises
Exploring the Web

Part IV Review

Part IV Summary

Part IV Review Exercises
Part IV Projects

Notes and Data Sources

Resolving the Controversy

Solutions to “Now It’s Your Turn” Exercises
Answers to Odd-Numbered Exercises

Index

Table A Random digits

Table B Percentiles of the Normal distributions

* This material is optional
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Statistics as a Liberal Discipline

Statistics: Concepts and Controversies (SCC) is a book on statistics as a
liberal discipline—that 1is, as part of the general education of
“nonmathematical” students. The book grew out of one of the author’s
experiences in developing and teaching a course for freshmen and
sophomores from Purdue University’s School of Liberal Arts. We are
pleased that other teachers have found SCC useful for unusually diverse
audiences, extending as far as students of philosophy and medicine. This
ninth edition is a revision of the text with several new features. It retains,
however, the goals of the original: to present statistics not as a technical
tool but as part of the intellectual culture that educated people share.

Statistics among the liberal arts

Statistics has a widespread reputation as the least liberal of subjects. When
statistics 1s praised, it is most often for its usefulness. Health professionals
need statistics to read accounts of medical research; managers need
statistics because efficient crunching of numbers will find its way to the
bottom line; citizens need statistics to understand opinion polls and
government statistics such as the unemployment rate and the Consumer
Price Index. Because data and chance are omnipresent, our propaganda
line goes like this: everyone will find statistics useful, and perhaps even
profitable.

This 1s true. We would even argue that for most students, the
conceptual and verbal approach in SCC is better preparation for future
encounters with statistical studies than the usual methods-oriented
introduction. The joint curriculum committee of the American Statistical
Association and the Mathematical Association of America recommends
that any first course in statistics “emphasize the elements of statistical
thinking” and feature “more data and concepts, fewer recipes and
derivations.” SCC does this, with the flavor appropriate to a liberal
education: more concepts, more thinking, only simple data, fewer recipes,
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and no formal derivations.

There 1s, however, another justification for learning about statistical
ideas: statistics belongs among the liberal arts. A liberal education
emphasizes fundamental intellectual skills—that is, general methods of
inquiry that apply in a wide variety of settings. The traditional liberal arts
present such methods: literary and historical studies, the political and
social analysis of human societies, the probing of nature by experimental
science, the power of abstraction and deduction in mathematics. The case
that statistics belongs among the liberal arts rests on the fact that reasoning
from uncertain empirical data is a similarly general intellectual method.
Data and chance, the topics of this book, are pervasive aspects of our
experience. Though we employ the tools of mathematics to work with data
and chance, the mathematics implements ideas that are not strictly
mathematical. In fact, psychologists argue convincingly that mastering
formal mathematics does little to improve our ability to reason effectively
about data and chance in everyday life.

SCC is shaped, as far as the limitations of the authors and the intended
readers allow, by the view that statistics is an independent and
fundamental intellectual method. The focus is on statistical thinking, on
what others might call quantitative literacy or numeracy.

The nature of this book

There are books on statistical theory and books on statistical methods. This
is neither. It is a book on statistical ideas and statistical reasoning and on
their relevance to public policy and to the human sciences from medicine
to sociology. We have included many elementary graphical and numerical
techniques to give flesh to the ideas and muscle to the reasoning. Students
learn to think about data by working with data. We have not, however,
allowed technique to dominate concepts. Our intention is to teach verbally
rather than algebraically, to invite discussion and even argument rather
than mere computation, though some computation remains essential. The
coverage 1s considerably broader than one might traditionally cover in a
one-term course, as the table of contents reveals. In the spirit of general
education, we have preferred breadth to detail.

Despite its informal nature, SCC is a textbook. It is organized for
systematic study and has abundant exercises, many of which ask students
to offer a discussion or make a judgment. Even those admirable
individuals who seek pleasure in uncompelled reading should look at the
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exercises as well as the text. Teachers should be aware that the book is
more serious than its low mathematical level suggests. The emphasis on
ideas and reasoning asks more of the reader than many recipe-laden
methods texts.

New in this edition

We welcome three new contributors to this edition of SCC. Professors
Jackie Miller (University of Michigan), Leslie Hendrix (University of
South Carolina), and Michelle Everson (The Ohio State University)
assisted with Chapters 3, 4, 8,9, 10, 11, 13, 21, 22, 23, and 24. They bring
a fresh perspective to SCC while being sensitive to the fundamental nature
of the book.

This new version of a classic text fits the current teaching environment
while continuing to present statistics to “nonmathematical” readers as an
aid to clear thinking in personal and professional life. The following new
features and enhancements build on SCC’s strong pedagogical foundation:

e Content

« Several users have encouraged us to emphasize the use of
technology for selecting an SRS rather than a table of random
digits. Thus, in Chapter 2, we first discuss selecting an SRS
using technology. The subsequent discussion of selecting an
SRS using a table of random digits 1s presented as an option for
students who do not have access to technology.

« We have added a web exercise to Chapter 7 (Data Ethics) that
raises the issue of experiments on animals.

« We have added a section on big data in Chapter 15. We discuss
big data in the context of prediction and address the perception
that big data, by virtue of being big, is free from pitfalls that
plague traditional smaller data.

« We have added an optional section on inference as decision in
Chapter 23. This includes a discussion of Type I and II errors.
This material appeared in the first edition of SCC but was
eliminated in subsequent editions. We restore that discussion
here.

e Check the Basics exercises. Each chapter ends with a series of
straightforward multiple-choice problems that test students’
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understanding of basic concepts. If students have difficulty with these
problems, we recommend they review the basic concepts in the
chapter before tackling the chapter exercises.

¢ LaunchPad Online Resources. At the end of each chapter, we
provide a list of resources available in LaunchPad that provide
additional discussion of topics in the chapter.

e Examples and exercises. More than one-third of the examples and
exercises are revised to reflect current data and a variety of topics.
They cover a wide range of application areas, adding interest and
relevance for students. New example and exercise topics include
Facebook and grades, low-fat foods and obesity, and texting.

¢ Design. The contemporary design incorporates colorful figures to aid
students’ understanding of text material. Sleek marginal notes invite
students to explore “Statistics in Your World.” Exploring the Web
exercises are labeled with a QR code icon, bringing students directly
to the book’s website for updated links and sources.

In addition to the new ninth edition enhancements, SCC has retained
the successful pedagogical features from previous editions:

e Applets. An applet icon signals where related, interactive statistical
applets can be found on the book’s website.

e Case Studies. Beginning each chapter, Case Studies engage students
in real-life scenarios related to the chapter concepts. The Case Study
Evaluated section at the end of each chapter revisits the chapter-
opening Case Study with follow-up questions, asking students to
evaluate what they have learned from the chapter and to apply their
knowledge to the Case Study.

e Statistical Controversies. These boxed features explore
controversial topics and relate them to the chapter material. There is a
follow-up discussion and a proposed resolution to each of these topics
in the back of the text, in the Resolving the Controversy section.

e Chapter summaries. The Statistics in Summary sections at the end
of each chapter consist of two sections. One, titled Chapter Specifics,
summarizes the material presented in the chapter. The second section,
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titled Link It, relates the chapter content to material in previous and
upcoming chapters. The goal of this format is to help students
understand how individual chapters relate to each other and to the
overall practice of statistics.

e In the News exercises. From popular news media outlets, these
exercises use current events and cite recent data sources.

e Now It’s Your Turn exercises. These appear after a worked
example, allowing students to test their understanding. Full solutions
to these exercises are provided in the back of the text.
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e Exploring the Web exercises. QR codes at the end of each chapter
point students to these exercises, located on the book’s website, that
direct students to the web to investigate topics and think critically
about statistical data and concepts.

e Technology output screenshots. Most statistical analyses rely
heavily on statistical software. In this book, we specifically discuss
the use of JMP 12 in some parts. Other software for conducting
statistical analysis includes Crunchlt!, Minitab, SPSS, and a TI-
83/-84 calculator. As specialized statistical packages, JMP, Minitab,
and SPSS are the most popular software choices both in industry and
in colleges and schools of business. As an all-purpose spreadsheet
program, Excel provides a limited set of statistical analysis options in
comparison. However, given its pervasiveness and wide acceptance in
industry and the computer world at large, we believe it is important to
give Excel proper attention. It should be noted that for users who
want more statistical capabilities but want to work in an Excel
environment, there are a number of commercially available add-on
packages (if you have JMP, for instance, it can be invoked from
within Excel). TI-83/-84 calculators are generally sufficient for an
introductory course, although most statistical analysis is beyond the
capabilities of even the best calculator, so those seeking to continue
their learning of statistics should consider learning one of the
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specialized statistical packages. Even though basic guidance for JMP
is provided in parts of this book, it should be emphasized that SCC is
not bound to any program. Computer output from statistical packages
is very similar, so you can feel quite comfortable using any one of
these packages.

Media and Supplements
1 aunchisd

LaunchPad, our online course space, combines an interactive e-Book with
high-quality multimedia content and ready-made assessment options,
including LearningCurve adaptive quizzing and coded machine-gradable
exercises from the textbook. Content is easy to assign or adapt with your
own material, such as readings, videos, quizzes, discussion groups, and
more. LaunchPad also provides access to a Gradebook that offers a
window into your students’ performance—either individually or as a
whole. Use LaunchPad on its own or integrate it with your school’s
learning management system so your class is always on the same page. To
learn more about LaunchPad for Statistics: Concepts and Controversies,
Ninth Edition, or to request access, go to launchpadworks.com.

Assets integrated into LaunchPad include:

Interactive e-Book. Every LaunchPad e-Book comes with powerful study
tools for students, video and multimedia content, and easy customization
for instructors. Students 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: they can customize and
rearrange chapters; add and share notes and discussions; and link to
quizzes, activities, and other resources.

ﬂ LearningCurve

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.
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Jmp

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

Register inside LaunchPad at no additional cost.

Crunchlt!® is a Web-based statistical program that allows users to
perform all the statistical operations and graphing needed for an
introductory statistics course and more. It saves users time by
automatically loading data from Statistics: Concepts and Controversies,
Ninth Edition, and it provides the flexibility to edit and import additional
data.

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

Stepped Tutorials are centered on algorithmically-generated quizzing
with step-by-step feedback to help students work their way toward the
correct solution. These exercise tutorials (two to three per chapter) are
easily assignable and assessable.

Statistical Video Series consists of StatClips, StatClips Examples, and
Statistically 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.

Video Technology Manuals, available for TI-83/84 calculators, Minitab,
Excel, JMP, SPSS, R, Rcmdr, and Crunchlt!®, provide brief instructions
for using specific statistical software.

StatTutor Tutorials offer multimedia tutorials that explore important
concepts and procedures in a presentation that combines video, audio, and
interactive features. The newly revised format includes built-in, assignable
assessments and a bright new interface.
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Statistical Applets give students hands-on opportunities to familiarize
themselves with important statistical concepts and procedures, in an
interactive setting 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. Applets are assessable and
assignable in LaunchPad.

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 students to apply their statistical skills by exploring
actual case studies using real data.

ﬁzlutinnM aster

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.

Data files are available in JMP, ASCII, Excel, TI, Minitab, SPSS (an IBM
Company)’, R, and CSV formats.

Lab and Activities Manual by Dennis Pearl, The Ohio State University.
This manual provides a variety of projects and exercises to help students
develop a fuller appreciation of statistical concepts. It features computer
lab and hands-on activities illustrating key concepts in the text as well as
additional end-of-chapter-type problems and activities. Additionally, there
are exercises based on the statistical applets and EESEE Case Studies
(both accessed through LaunchPad).

Instructor’s Guide with Solutions includes teaching suggestions, chapter
comments, and detailed solutions to all exercises and is available
electronically in LaunchPad.

Test Bank offers hundreds of multiple-choice questions and is available in
LaunchPad.

Lecture Slides offer a customizable, detailed lecture presentation of
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statistical concepts covered in each chapter of SCC. Image Slides contain
all textbook figures and tables. Lecture slides and images slides are
available in LaunchPad.

Additional Resources Available with Statistics: Concepts and
Controversies, Ninth Edition

Special Software Package A student version of JMP is available for
packaging with the printed text. JMP is also available inside LaunchPad at
no additional cost.

iclicker
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.
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