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| A CHALLENGE

Before you continue, think about how you would answer the question in the first
bullet, and read the statement in the second bullet. We will return to them a little
later in this Preface.

¢ What do you really know is true, and how do you know it?
¢ The diameter of the moon is about 2160 miles.

| WHAT IS STATISTICS AND WHO SHOULD CARE?

Because people are curious about many things, chances are that your interests
include topics to which statistics has made a useful contribution. As written in
Chapter 17, “information developed through the use of statistics has enhanced
our understanding of how life works, helped us learn about each other, allowed
control over some societal issues, and helped individuals make informed deci-
sions. There is almost no area of knowledge that has not been advanced by sta-
tistical studies.”

Statistical methods have contributed to our understanding of health, psy-
chology, ecology, politics, music, lifestyle choices, and dozens of other topics. A
quick look through this book, especially Chapters 1 and 17, should convince you
of this. Watch for the influences of statistics in your daily life as you learn this
material.

Although statistics courses are often offered through a mathematics depart-
ment, statistics is not a branch of mathematics. Mathematics is to statistics as
wood, hammer, and nails are to building a house: a partial set of materials and
tools. Statistics also draws materials and tools from philosophy, graphics, com-
puting, psychology, and language.




XVIII  PREFACE

Turn On Your Mind boxes appear
throughout each chapter to help
you develop your statistical
reasoning and intuition. Hints are
now provided to help you develop
these skills.

HOW IS THIS BOOK DIFFERENT?
TWO0 BASIC PREMISES OF LEARNING

We wrote this book because we were tired of being told that what statisticians
do is boring and difficult. We think statistics is useful and not difficult to learn,
and yet the majority of college graduates we've met seemed to have had a nega-
tive experience taking a statistics class in college. We hope this book will help to
overcome these misguided stereotypes.

Let’s return to the two bullets at the beginning of this Preface. Without look-
ing, do you remember the diameter of the moon? Unless you already had a
pretty good idea, or have an excellent memory for numbers, you probably don’t
remember. One premise of this book is that new material is much easier to learn
and remember if it is related to something interesting or previously known. The
diameter of the moon is about the same as the air distance between Atlanta
and Los Angeles, San Francisco and Chicago, London and Cairo, or Moscow
and Madrid. Picture the moon sitting between any of those pairs of cities, and
you are not likely to forget the size of the moon again. Throughout this book,
new material is presented in the context of interesting and useful examples. The
first and last chapters (1 and 17) are exclusively devoted to examples and case
studies, which illustrate the wisdom that can be generated through statistical
studies.

Now answer the question asked in the first bullet: What do you really know
is true and how do you know it? If you are like most people, you know because
it's something you have experienced or verified for yourself. It is not likely to be
something you were told or heard in a lecture. The second premise of this book
is that new material is easier to learn if you actively ask questions and answer
them for yourself. Mind on Statistics is designed to help you learn statistical ideas
by actively thinking about them. Throughout most of the chapters there are
boxes entitled Turn On Your Mind. Thinking about the questions in those boxes
will help you to discover and verify important ideas for yourself. We encourage
you to think and question, rather than simply read and listen.

| TOOLS FOR EXPANDED LEARNING

There are a number of tools provided in this book and beyond to enhance your
learning of statistics.

(AlInjEs320n8 Op sAemiE Juwd noA Jey) uuojiad AUSNnbal) NOA YSWI ¥ 51 IRYM LARSN.




New to this edition: Turn On Your
Computer features provide
additional opportunities for
independent, hands-on
exploration of key statistical
concepts.

Examples throughout the
chapters tie statistical concepts
to everyday life occurrences.

Key Terms at the end of each
chapter, organized by section, can
be used as a “quick-finder” and as
a review tool.

PREFACE  XIX

It should be obvious to you by now that each time you take a random sample
from a population you are likely to get a different group of individuals, even

though the IF fixed. The applet on the CD for this text
allows us to watch what happens when we rep dly take rand: ples from
the same population. Figure 4.1 illustrates how the applet appears when it starts.
Each stick figure rep one ber of a p I of 100 college

55 females (blue) and 45 males (red). Their heights have been recorded as well,
and if you look carefully you will see that the little stick figures are all of slightly
different heights. The mean height for the population Is 68 inches.

IIIFFIIIIIIIE1
fR222222202
2283283858
$282838228
22222282282
2243828228

2228822822
2222802242

POPULATION Waan « 680 whee saE
\ ek

FIGURE 4.1 The sampling applet starting point

EXAMPLE 10.2
I I Won the Lottery I'd
Consider Quitting

What would you do for the rest of your life if you won a lot of money in a lottery?
In a 1997 poll conducted by the Gallup Organization, one of the questions was “If
you won 10 million dollars in the lottery would you continue to work, or would
you stop working?” The results were reported at the Gallup Organization's web-
site (www.gallup.com).

Surprisingly, 59% of the 616 employed respond d that they
would continue working, 40% said they would stop working, and 1% had no opin-
lon. The website article also gave this information about the poll:

The current results are based on telephone interviews with a randomly
selected sample of 1,014 adults, conducted August 22-25, 1997. Among
this group, 616 are employed full-time or part-time. For results based on
this sample of “workers,” one can say with 95% confidence that the error
attributable to sampling could be plus or minus 4 percentage points.

Gallup describes the margin of error with the phrase “could be plus or minus
4 percentage points,” but the phrase “could be as large as plus or minus 4 per-
centage points” would have been more informative. The margin of error is a
likely upper limit on the sampling error. Here, there Is a 95% chance that the
sampling error is actually smaller than 4 percentage points. ¢

| KEY TERMS

Section 9.1 sampling distribution of X, 304 Section 8.7
statistic, 294, 296 sampling distribution of the mean, Student’s t-distribution, 314
parameter, 294, 296 304 t-distribution, 314
sampling distribution, 294 -295, 296 standard deviation of the sample degrees of freedom, (df), 315
92 mean, 304 standardized t-statistic, 315
standard error of the mean, 305 s 98

sample proportion, 296

normal curve approximation rule for

lawiot largeinumbers,206 statistical inference, 316

sample proportions, 297, 298 Section 9.4 confidence interval, 317
sampling distribution of p, 298 central limit theorem, 309 hypothesis testing, 317

standard deviation of p, 300

standard error of g, 300

Section 9.3

significance testing, 317

Section 9.6 statistical significance, 317

standardized statistic, 313-314
standardized z-statistic, 313-314, 315

normal curve approximation rule for
sample means, 302-303, 304




XX PREFACE

Special Tech Note boxes provide
additional technical discussion
as well as details about using
MINITABE® statistical software*
and Microsoft® Excel®.

New to this edition: Mind on the
Basics Exercises focus on practice
and review; these exercises,
color-coded in blue and appearing
at the beginning of each exercise
section, complement the
conceptual and data-analysis
exercises.

A Student’s Suite CD provided
with the book includes the

Turn On Your Computer applets,
tutorial quizzes, InfoTrac® College
Edition and Internet exercises,
Microsoft PowerPoint®
presentation slides, links to both
the Book Companion Web Site
and Internet Companion for
Statistics by Michael Larsen,
Supplemental Topics identified in
the Table of Contents, datasets
formatted for MINITAB, Microsoft
Excel, SPSS®, SAS®, JMP®, and
ASCII, and technology manuals
designed for use with MINITAB,
SPSS, Excel, and the TI-83.

Additional Notes on
Creating Histograms

EXERCISES

A fiveenumber summary for the heights in inches of the
women who participated in the survey in Case Study 1.1 Is

Fomale Heights |
. _ (inches)
Medion 65
Quartiles 835 675 |

o T I

a. What is the median height for these women”

b. What Is the range of heights. that is. the difference in
heights between the shortest and the tallest women”

¢. What is the interval of heights containing the shortest
14 of the women?

d. What is the interval of heights containing the middle
1.2 of the women?

In the year 2000, Vietnaniese American women had the

highest rate of cervical cancer in the country. Suppose

that among 200.000 Vietnamese American women. 86 de-

veloped cervical cancer

110

Suppose that an observational study showed that stu-

dents who get at least 7 hours of sleep performed better

on exams than students who didn’t. Which of the follow-

ing are possible confounding variables. and which are not”

Explain why in each case.

a. Number of courses the student took that term

b. Weight of the student.

¢. Number of hours the student spent partving in a typi-
cal week.

Explain the distinction between statistical significance

and practical significance. Can the result of a study be sta-

tistically significant but not practically significant?

A headline in a major newspaper read, “Breast-Fed Youth

Found to Do Better in School.”

a. Do you think this statement was based on an obser-
vational study or a randomized experiment” Explain

b. Given your answer in part (a). which of these two al-
ternative headlines do you think would be preferable:
“Breast-feeding Leads to Better School Performance™
or “Link Found Between Breast-feeding and School Per-
formance™? Explain.

2 ST
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Case Studies apply statistical ideas
to intriguing news stories. As the
Case Studies are developed, they
model the statistical reasoning
process.

In Summary boxes appear at
appropriate points to enhance
key concepts and calculations;
many are new in this edition.
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Many Exercises (indicated by

bold numbers) have complete

or partial solutions, found in the
Answers to Selected Exercises at
the back of the book, to check
your answers on those exercises
and guide your thinking on similar
exercises.

S

1.26

21

d. Observational study.

a. 212/1525 = .139.
b. 1/V1525 = .026.
c. 11310165,

Chapter 2

a. Categorical.
b. Quantitative.

2.29

0 Answers to Selected Exercises

c. Smoker or not and Alzheimer sufferer or not: both cate-

mm 1 gorical.

1.2 a. .00043 29 a. Question la.

15 a. 400 2.11 Example: Letter grades (A, B, etc.) converted to GPA.
1.7 c. Randomized experiment. 2.14 a. 1427/2530 = .564, or 56.4'.

b.100% — 56.4% = 43.6%.

1.11 189/11,034, or about 17/1000, based on placebo group. 2.15 a. 1700/2470 = 688, or 67.8%.
15 a. 150 mph. b. 1056/1700 = .621, or 62.1%.

b. 55 mph. 2.16 c. Overweight = 26.57%; about right = 69.23%; under-
c. 80 mph. weight = 4.20%.
d. 1/2 2.18 a. Explanatory Is smoked or not: response is developed
e 51 Alzheimer's disease or not.

1.19 No. 2.21 Either could be justified as being more informative.

1.22 The base rate for that type of cancer. 2.23 a. Skewed to the right.

b. 13 ear pierces may be an outlier.

c. 2 ear pierces; about 45 women had this number.
d. About 32 8r so.

a

1.28 a. Self-selected or volunteer. 2.25 a. Roughly symmetric.
b. No. Readers with strong opinions will respond. b. Highest = 92.
c. Lowest = 64.

d. 5/20 = .25, or 25%

Example: The age of a person who is 80 years old would
be an outlier at a traditional college, but not at a retire-
ment home.

c. Quantitative. 2.31 Whether it's the male author (then not an outlier) or the
d. Categorical. female author (then an outlier).
2.2 a. Categorical. 2.34 Yes. Values inconsistent with the bulk of the data will be
b. Ordinal. obvious.
24 a. Not continuous. 2.36 a. This is personal preference; some may prefer a very
25 a. Explanatory is amount of walking or running; response large family.
is lung function. b. An outlier (in the high direction).
26 a. Population. 237 a. Median = (72 + 76)/2 = 74; mean = 74.33.
b. Sample. b. Median = 7: mean = 25.
2.8 a. Support ban or not; categorical. 239 a. Range = 225 - 123 = 102.
b. Gain on verbal and math SATs after program; quanti- b. IQR = 35,
tative. c. 50%

A Note to Instructors

The Instructor’s Suite CD includes everything featured on the Student’s Suite CD,
plus a Test Bank in Microsoft Word® format, sample course outlines and syllabi,
Web resources for examples and case studies, complete solutions to the exer-
cises found in the text, suggested answers for the Turn On Your Mind questions,
recommended in-class noncomputer-oriented projects, and information on how
to correlate text material with the AP Statistics curriculum. Additional Instruc-
tor’s Resources are available through your Duxbury/Thomson representative.

ACKNOWLEDGMENTS

We thank William Harkness, Professor of Statistics at Penn State University, for
continued support and feedback throughout our careers and during the writing
of this book, and for his remarkable dedication to undergraduate statistics edu-
cation. Preliminary editions of Mind on Statistics were used at Penn State, the
University of California at Davis, and Texas A & M University, and we thank the
many students who provided comments and suggestions on those and on the
first edition. Thanks to Dr. Melvin Morse (Valley Children’s Clinic and University



1
2
3
4
b
b
1
8

—_— e — ) ) e — —
~N O O B N —m O e

Statistics Success Stories and Cautionary Tales 1
Turning Data into Information 12

Gathering Useful Data 58

Sampling: Surveys and How to Ask Questions 88
Relationships Between Quantitative Variables 130
Relationships Between Categorical Variables 170
Probahility 202

Random Vaniables 248

Means and Proportions as Random Variables 292
Estimating Proportions with Confidence 328
Testing Hypotheses About Proportions 354

More About Confidence Intervals 390

More About Significance Tests 436

More About Regression 492

More About Categorical Variables 526

Analysis of Variance 560

Turning Information into Wisdom 592



of Washington) for suggesting the title for Chapter 17 and to Deb Niemeier, Uni-
versity of California, Davis, for suggesting that we add a supplemental chapter
on Ethics (on the CD). At Penn State, Dave Hunter, Steve Arnold, and Tom
Hettmansperger have provided many helpful insights. At the University of Cali-
fornia at Davis, Rodney Wong has provided insights as well as material for some
exercises and the Test Bank. The following reviewers offered valuable sugges-
tions: Patti B. Collings, Brigham Young University; James Curl, Modesto Junior
College; Donald Harden, Georgia State University; Rosemary Hirschfelder, Uni-
versity Sound; Sue Holt, Cabrillo Community College; Tom Johnson, North Caro-
lina University; Andre Mack, Austin Community College; D'Arcy Mays, Virginia
Commonwealth; Mary Murphy, Texas A & M University; N. Thomas Rogness,
Grand Valley State University; Heather Sasinouska, Clemson University; Robert
Alan Wolf, University of San Francisco; Elizabeth Clarkson, Wichita State Uni-
versity; Megan Meece, University of Florida; Thomas Nygren, Ohio State Univer-
sity; Wade Ellis, West Valley College; David Robinson, St. Cloud University; Jay
Gregg, Colorado State University; Mark Johnson, University of Central Florida;
and Nancy Pfenning, University of Pittsburgh.

Our sincere appreciation and gratitude goes to Carolyn Crockett and the
staff of Duxbury, without whom this book could not have been written, and to
Martha Emry who kept us on track throughout the editing and production of
both editions of the book. Finally, for their support, patience, and numerous pre-
pared dinners, we thank our families and friends, especially Candace Heckard,
Molly Heckard, Wes Johnson, Claudia Utts-Smith, and Dennis Smith.

Jessica Utts
Robert Heckard



