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for the principles in this book will

help you to understand how to be
a better decision maker.

Pretface

A Challenge

The seven stories were meant to bring life to our definition of statistics. Let’s con-
sider that definition again:

e Collection of procedures and principles for gathering data and analyzing
information to help people make decisions when faced with uncertainty.

* Make decisions when faced with uncertainty.

Think back over the seven stories. In every story, data are used to make a judgment
about a situation. This common theme is what statistics is all about.

What Is Statistics and Who Should Care?

Each story illustrates part of the process of discovery of new knowledge, for which
statistical methods can be very useful. The basic steps in this process are as fol-
lows:

1. Asking the right question(s).

2. Collecting useful data, which includes deciding how much is needed.

3. Summarizing and analyzing data, with the goal of answering the ques-
tions.

4. Making decisions and generalizations based on the observed data.

5. Turning the data and subsequent decisions into new knowledge.

We'll explore these five steps throughout the book, concluding with a chapter on
“Turning Information into Wisdom.” We're confident that your active participa-
tion in this exploration will benefit you in your everyday life and in your future
professional career.

How Is this Book Different?
Two Basic Premises of Learning

Example: What percentage of college students favors the legalization of marijua-
na, and what percentage of college students opposes legalization of marijuana?

Opinion about the legalization of marijuana is a categorical variable with two pos-
sible response categories (favor or oppose). In general, for one categorical vari-
able, it is useful to ask what percentage of individuals fall into each category.

New to this Edition

Example: In Case Study 1.6, we asked if the risk of having a heart attack was differ-
ent for the physicians who took aspirin than for those who took a placebo.

vii
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Updated! Techincal Notes In
either case, the principles in this
book will help you to understand
how to be a better decision
maker.

New!

Does the likelihood of a male physician having a heart attack depend onwhether
he has been taking aspirin or a placebo?

In a practical sense, almost all decisions in life are based on knowledge
obtained by gathering and assimilating data. Sometimes the data are quantitative,
as when an instructor must decide what grades to give on the basis of a collection
of homework and exam scores. Sometimes the information is more qualitative
and the process of assimilating it is informal, such as when you decide what you
are going to wear to a party. In either case, the principles in this book will help you
to understand how to be a better decision maker.

Student Resources:
Tools for Expanded Learning

The Empirical applet on the CD accompanying this book can be used to explore
how well the Empirical Rule works for each of eight variables, some with bell-
shaped distributions and some with skewed distributions. The data are from the
UCDavisl and pennstatel datasets on the CD for this book. A general description
of the eight variables is given at the top of the Web page that includes the applet.
For each variable, the applet will display a histogram along with information
about the intervals mean=s and mean=2s. The percent of the sample contained
in each interval is reported. When the Empirical Rule applies, these two percents
should be about 68% and 95%, respectively.

Tools for Conceptual Understanding

Open the Empirical applet. Figure 2.20 shows the initial applet display, a summa-
ry of the hours of sleep the previous night for n = 173 students in a UC Davis sta-
tistics class. A histogram of the hours of sleep data is displayed with superimposed
vertical lines indicating the intervals mean=s and mean=2s. Notice that the his-
togram has approximately a bell shape. Below the histogram, we see that the sam-
ple mean = 6.935 hours and the standard deviation is s = 1.705. Notice also that
the interval meanxs = (5.23, 8.64) contains 114 of the 173 data values, which is
65.9%. The interval mean=2s = (3.525, 10.35) contains 166/173 = 95.95% of the
data values. These percents are consistent with the Empirical Rule —not surpris-
ing since the distribution is approximately bell-shaped.

After examining the results for the hours of sleep variable, click on TVHours,
the second variable in the menu at the left of the applet display. Figure 2.21 dis-
plays the result, a summary of self-reported weekly hours of watching television
for the same 173 students in the hours of sleep example. Notice that the distribu-
tion is skewed to the right, and there is an extreme outlier at 100 hours, so the
Empirical Rule won’t work well. Here, the interval mean=s, given as — 1.484 to
19.26 hours, contains about 89% of the dataset, much more than the (approxi-
mate) 68% that would be in this interval if the Empirical Rule applied. Another dif-
ficulty is that the lower value of the interval is negative, an impossible value for
weekly hours of watching television. This also is the case for the interval mean=2s
= (— 11.86, 29.63).

Investigating Real-Life Questions

Open the Empirical applet. Figure 2.20 shows the initial applet display, a summa-
ry of the hours of sleep the previous night for n = 173 students in a UC Davis sta-
tistics class. A histogram of the hours of sleep data is displayed with superimposed
vertical lines indicating the intervals mean=s and mean=2s. Notice that the his-
togram has approximately a bell shape. Below the histogram, we see that the sam-
ple mean = 6.935 hours and the standard deviation is s = 1.705. Notice also that
the interval meanxs = (5.23, 8.64) contains 114 of the 173 data values, which is
65.9%. The interval mean=2s = (3.525, 10.35) contains 166/173 = 95.95% of the
data values. These percents are consistent with the Empirical Rule —not surpris-
ing since the distribution is approximately bell-shaped.
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After examining the results for the hours of sleep variable, click on TVHours,
the second variable in the menu at the left of the applet display. Figure 2.21 dis-
plays the result, a summary of self-reported weekly hours of watching television
for the same 173 students in the hours of sleep example. Notice that the distribu-
tion is skewed to the right, and there is an extreme outlier at 100 hours, so the
Empirical Rule won't work well. Here, the interval mean=s, given as — 1.484 to
19.26 hours, contains about 89% of the dataset, much more than the (approxi-
mate) 68% that would be in this interval if the Empirical Rule applied. Another dif-
ficulty is that the lower value of the interval is negative, an impossible value for
weekly hours of watching television. This also is the case for the interval mean=2s
= (— 11.86, 29.63).

After examining the results for the hours of sleep variable, click on TVHours, the
second variable in the menu at the left of the applet display. Figure 2.21 displays
the result, a summary of self-reported weekly hours of watching television for the
same 173 students in the hours of sleep example. Notice that the distribution is
skewed to the right, and there is an extreme outlier at 100 hours, so the Empirical
Rule won't work well. Here, the interval mean=s, given as — 1.484 to 19.26 hours,
contains about 89% of the dataset, much more than the (approximate) 68% that
would be in this interval if the Empirical Rule applied. Another difficulty is that the
lower value of the interval is negative, an impossible value for weekly hours of
watching television. This also is the case for the interval mean+2s = (— 11.86,
29.63).

Acknowledgments

Let’s face it. You're a busy person. Why should you spend your time learning about
a subject that sounds as dull as statistics? In this chapter, we give seven examples
of situations in which statistics either provided enlightenment or misinformation.
With these examples, we hope to convince you that learning about this subject
will be interesting and useful.

Each of the stories in this chapter illustrates one or more concepts that will be
developed throughout the book. These concepts are given as “the moral of the
story” after a case is presented. Definitions of some terms used in the story also
are provided following each case. By the time you read all of these stories, you
already will have an overview of what statistics is all about.

When you hear the word statistics you probably think of lifeless or gruesome
numbers, such as the population of your state or the number of violent crimes
committed in your city last year. The word statistics, however, actually is used to
mean two different things. The better-known definition is that statistics are num-
bers measured for some purpose.



Is a male or a female more likely to be behind the wheel of this
speeding car?

See Case Study 1.1 (p. 2)
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DEFINITION

The seven stories in this chapter are meant to bring life to the term statistics. When you are
finished reading these stories, if you still think the subject of statistics is lifeless or gruesome,
check your pulse!

ing about a subject that sounds as dull as statistics? In this chapter, we

give seven examples of situations in which statistics either provided
enlightenment or misinformation. With these examples, we hope to con-
vince you that learning about this subject will be interesting and useful.

Each of the stories in this chapter illustrates one or more concepts that

will be developed throughout the book. These concepts are given as “the
moral of the story” after a case is presented. Definitions of some terms used
in the story also are provided following each case. By the time you read all of
these stories, you already will have an overview of what statistics is all about.

L et’s face it. You're a busy person. Why should you spend your time learn-

What Is Statistics?

When you hear the word statistics you probably think of lifeless or gruesome
numbers, such as the population of your state or the number of violent crimes
committed in your city last year. The word statistics, however, actually is used to
mean two different things. The better-known definition is that statistics are num-
bers measured for some purpose. A more complete definition, and the one that
forms the substance of this book, is the following:

Statistics is a collection of procedures and principles for gathering data and
analyzing information to help people make decisions when faced with uncer-
tainty.
Procedures and principles for gathering data and analyzing information to
help people make decisions when faced with uncertainty.

The symbol is nearly always used to represent the mean of a sample.
Notation for calculating the sample mean of a list of values is:

2%

n

x=

The capitalGreek letter sigma, written as Z, is the universal symbol meaning
“add up whatever follows.” Therefore, for a dataset with individual values.
Principles for gathering data and analyzing information to help people

make decisions when faced with uncertainty.

The stories in this chapter are meant to bring life to this definition. When you are
finished reading them, if you still think the subject of statistics is lifeless or grue-
some, check your pulse!
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Chapter 1

1.2 Seven Statistical Stories with Morals

The best way to gain an understanding of some of the ideas and methods used in
statistical studies is to see them in action. Each of the seven stories presented in
this section includes interesting lessons about how to gain information from data.
The methods and ideas will be expanded throughout the book, but these seven
stories will give you an excellent overview of why it is useful to study statistics. To
help you understand some basic statistical principles, each case study is accom-
panied by a “moral of the story” and by some definitions. All of the ideas and def-
initions will be discussed in greater detail in subsequent chapters.

CASE sTUDY 1.1  Who Are Those Speedy Drivers?

A survey taken in a large statistics class at Penn State
University contained the question “What's the fastest
you have ever driven a car? ____mph.” The data provid-
ed by the 87 males and 102 females who responded are
listed here.

Males: 110 109 90 140 105 150 120 110 110 90 115 95
145 140 110 105 85 95 100 115 124 95 100 125 140 85
120 115 105 125 102 85 120 110 120 115 94 125 80 85
140 12092 130 12511090 110 1109595 110 105 80 100
110 130 105 105 120 90 100 105 100 120 100 100 80 100
120 105 60 125 120 100 11595 110 101 80 112 120 110
115 125 55 90

Females: 80 75 83 80 100 100 90 75 95 85 90 85 90 90
120 85 100 120 758580 70 85 110 85 75 105 95 75 70 90
70 82 85 100 90 75 90 110 80 80 110 110 95 75 130 95
110 110 80 90 10590 110 75 100 90 110 85 90 80 80 85
50 80 100 80 80 80 95 100 90 100 95 80 80 50 88 90 90
85 70 90 30 85 85 87 85 90 85 75 90 102 80 100 95 110
80 9590 80 90

From these numbers, can you tell which sex tends to
have driven faster and by how much? Notice how diffi-
cult it is to make sense of the data when you are simply
presented with a list. Even if the numbers had been pre-
sented in numerical order, it would be difficult to com-
pare the two sexes.

Your first lesson in statistics is how to formulate a
simple summary of a long list of numbers. The dotplot
shown in Figure 1.1 helps us see the pattern in the data.
In the plot, each dot represents the response of an indi-
vidual student. We can see that the men tend to claim
a higher “fastest ever driven” speed than do the
women.

The graph shows us a lot, and calculating some sta-
tistics that summarize the data will provide additional
insight. There are a variety of ways to do so, but for this
example, we examine a five-number summary of the
data for males and females. The five numbers are the
lowest value; the cutoff points for 1/4, 1/2, and 3/4 of
the data; and the highest value. The three middle val-

Males

Females

3
$
$
$s
T
75

Fastest speed (mph)

Figure 1.1 Responses to “What's the fastest
you've ever driven?”

ues of the summary (the cutoff points for 1/4, 1/2, and
3/4 of the data) are called the lower quartile, median,
and upper quartile, respectively. Five-number sum-
maries can be represented like this:

Females
(102 Students)

Males
(87 Students)

Median 110 89
Quartiles 95 120 80 95
Extremes 55 150 30 130

Some interesting facts become immediately obvious
from these summaries. By looking at the medians, you
see that half of the men have driven 110 miles per hour
or more, whereas the halfway point for the women is
only 89 miles per hour. In fact, 3/4 of the men have driv-
en 95 miles per hour or more, but only 1/4 of the
women have done so. These facts were not at all obvi-
ous from the original lists of numbers.

Table 1.1 The Effect of Aspirin on Heart Attacks

Heart Doctors in Attacks per
Treatment Attacks Group 1000 Doctors
Aspirin 104 11,037 9.42
Placebo 189 11,034 17.13
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1.3 The Common Elements in the
Seven Stories

The seven stories were meant to bring life to our definition of statistics. Let’s con-
sider that definition again:

Statistics is a collection of procedures and principles for gathering data
and analyzing information to help people make decisions when faced with
uncertainty.

Think back over the seven stories. In every story, data are used to make a judgment
about a situation. This common theme is what statistics is all about.

The Discovery of Knowledge

Each story illustrates part of the process of discovery of new knowledge, for which
statistical methods can be very useful. The basic steps in this process are as fol-
lows:

1. Asking the right question(s).

2. Collecting useful data, which includes deciding how much is needed.

3. Summarizing and analyzing data, with the goal of answering the ques-
tions.

4. Making decisions and generalizations based on the observed data.

5. Turning the data and subsequent decisions into new knowledge.

We'll explore these five steps throughout the book, concluding with a chapter on
“Turning Information into Wisdom.” We're confident that your active participa-
tion in this exploration will benefit you in your everyday life and in your future
professional career.

One Categorical Variable

Example: What percentage of college students favors the legalization of marijua-
na, and what percentage of college students opposes legalization of marijuana?

Opinion about the legalization of marijuana is a categorical variable with two pos-
sible response categories (favor or oppose). In general, for one categorical vari-
able, it is useful to ask what percentage of individuals fall into each category.

Two Categorical Variables

Example: In Case Study 1.6, we asked if the risk of having a heart attack was differ-
ent for the physicians who took aspirin than for those who took a placebo.

Does the likelihood of a male physician having a heart attack depend onwhether
he has been taking aspirin or a placebo?

In a practical sense, almost all decisions in life are based on knowledge
obtained by gathering and assimilating data. Sometimes the data are quantitative,
as when an instructor must decide what grades to give on the basis of a collection
of homework and exam scores. Sometimes the information is more qualitative
and the process of assimilating it is informal, such as when you decide what you
are going to wear to a party. In either case, the principles in this book will help you
to understand how to be a better decision maker.

THOUGHT QUESTION 1.1 Think about a decision that you recently had to make. What “data” did
you use to help you make the decision? Did you have as much information as you
would have liked? If you could freely use them, how would you use the principles in
this chapter to help you gain more useful information?*

*HINT: As an example, how did you decide to live where you are living? What addition-
al data, if any, would have been helpful?
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IN SUMMARY Some Important Statistical Principles

The “moral of the story” items for the case studies presented in this chapter
give a good overview of many of the important ideas covered in this book. Here
is a summary:

» Simple summaries of data can tell an interesting story and are easier to digest
than long lists.

* When discussing the change in the rate or risk of occurrence of something,
make sure you also include the base rate or baseline risk.

* A representative sample of only a few thousand, or perhaps even a few hun-
dred, can give reasonably accurate information about a population of many
millions.

° An unrepresentative sample, even a large one, tells you almost nothing about
the population.

* Cause-and-effect conclusions cannot generally be made on the basis of an
observational study.

* Cause-and-effect conclusions can generally be made on the basis of random-
ized experiments.

* A statistically significant finding does not necessarily have practical signifi-
cance or importance. When a study reports a statistically significant finding,
find out the magnitude of the relationship or difference.

Key Terms

Every term in this chapter is discussed more extensively in later chapters, so don’t worry if you don’t understand all of
the terminology that has been introduced here. The following list indicates the page number(s) where the important
terms in this chapter are introduced and defined.

Section 1.1 Case Study 1.3 Case Study 1.5
statistics, 1 population, 3, 4 observational study, 5
random sample, 3, 4 variable, 5

Case Study 1.1
dotplot, 2
five-number summary, 2

sample survey, 4 confounding variable, 5

in of L 4 .
margin ot error Case Studies 1.6 and 1.7

data, 2, 3 Case Study 1.4 randomized experiment, 5, 6
median, 2, 3 nonresponse bias, 4 treatment, 5, 6

lower quartile, 2, 3 self-selected sample, 4 random assignment, 5, 6
upper quartile, 2, 3 volunteer sample, 4 placebo, 5, 6

base rate, 3

In Summary Boxes

dotplot, 2 base rate, 3 volunteer sample, 4
five-number summary, 2 baseline risk, 3 observational study, 5

data, 2, 3 population, 3, 4 variable, 5

median, 2, 3 random sample, 3, 4 confounding variable, 5
lower quartile, 2, 3 sample survey, 4 randomized experiment, 5, 6
upper quartile, 2, 3 margin of error, 4 treatment, 5, 6

rate, 3 nonresponse bias, 4 random assignment, 5, 6

risk, 3 self-selected sample, 4 placebo, 5, 6
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¢ Denotes dataset is available in StatisticsNow at http://
1pass.thomson.com or on your CD but is not required to
solve the exercise.

Bold-numbered exercises have answers in the back of the text
and fully worked solutions in the Student Solutions Manual.

Note: Many of these exercises will be repeated in later chapters
in which the relevant material is covered in more detail.

Section 1.2
Skills Exercises

1.1

1.2

1.3

A five-number summary for the heights in inches of the
women who participated in the survey in Case Study 1.1
is as shown.

Female Heights

(Inches)
Median 65
Quartiles 63.5 67.5
Extremes 59 71

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?

c. What is the interval of heights containing the shortest
1/4 of the women?

d. What is the interval of heights containing the middle
1/2 of the women?

In the year 2000, Viethamese American women had the
highest rate of cervical cancer in the country. Suppose
thatamong200,000Vietnamese Americanwomen, 86
developed cervical cancer.

a. Calculate the rate of cervical cancer for these women.

b. What is the estimated risk of developing cervical can-
cer forVietnamese Americanwomenin the next year?

c. Explain the conceptual difference between the rate
and the risk, in the context of this example.

Using Case Study 1.6 as an example, explain the differ-
ence between a population and a sample.

1.4 A telephone survey of 2000 Canadians conducted March

1.5

20-30, 2001, found that “Overall, about half of Canadians
in the poll say the right number of immigrants are com-
ing into the country and that immigration has a positive
effect on Canadian communities. Only 16 percent view it
as a negative impact while onethird said it had no impact
at all” (The Ottawa Citizen, August 17, 2001, p. A6.).

a. What is the population for this survey?

b. How many people were in the sample used for this
survey?

c. What is the approximate margin of error for this sur-
vey?

d. Provide an interval of numbers that is 95% certain to
cover the true percentage of Canadians who view
immigration as having a negative impact.

In Case Study 1.3, the margin of error for the sample of
496 teenagers was about 4.5%. How many teenagers

1.6

1.7

1.8

should be in the sample to produce each of the following
as the approximate margin of error?

a. Margin of error = .05 or 5%.
b. Margin of error = .30 or 30%.

A proposed study design is to leave 100 questionnaires
by the checkout line in a student cafeteria. The question-
naire can be picked up by any student and returned to
the cashier. Explain why this volunteer sample is a poor
study design.

For each of the examples given here, decide whether the
study was an observational study or a randomized
experiment.

a. A group of 100 students was randomly divided, with
50 assigned to receive vitamin C and the remaining 50
to receive a placebo, to determine whether vitamin C
helps to prevent colds.

b. All patients who received a hip transplant operation
at Stanford University Hospital during 1995 to 2005
will be followed for 10 years after their operation to
determine the success (or failure) of the transplant.

c. A group of students who were enrolled in an intro-
ductory statistics course were randomly assigned to
take a Web-based course or to take a traditional lec-
ture course. The two methods were compared by giv-
ing the same final examination in both courses.

d. A group of smokers and a group of nonsmokers who
visited a particular clinic were asked to come in for a
physical exam every 5 years for the rest of their lives
to monitor and compare their health status.

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.

c. Number of hours the student spent partying in a typ-
ical week.

Section Exercises

1.9

1.10

1.24

1.25

Explain the distinction between statistical significance
and practical significance. Can the result of a study be
statistically significant but not practically significant?

¢ A headline in a major newspaper read, “Breast-Fed
Youth Found to Do Better in School.”

Refer to the study in Exercise 1.23, in which there was a
statistically significant difference in the percentage of
smokers who quit using a nicotine patch and a placebo
patch. Now read the two cautions in the “moral of the
story” for Case Study 1.7. Discuss each of them in the
context of this study.

Refer to the study in Exercises 1.23 and 1.24, comparing
the percentage of smokers who quit using a nicotine
patch and a placebo patch. Refer to the definition of sta-

¢ Dataset available but not required

Bold-numbered exercises answered in the back
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1.25

Chapter 1

tistics given on page 1, and explain how it applies to this
study.

¢ Refer to the study in Exercises 1.23 and 1.24, compar-
ing the percentage of smokers who quit using a nicotine
patch and a placebo patch. Refer to the definition of sta-
tistics given on page 1, and explain how it applies to this
study.

Chapter Exercises

1.26

1.27

The Roper Organization conducted a poll in 1992 (Roper,
1992) in which one of the questions asked was whether
or not the respondent had ever seen a ghost. Of the 1525
people in the 18- to 29-year-old age group, 212 said “yes.”

a. What is the risk of someone in this age group having
seen a ghost?

b. What is the approximate margin of error that accom-
panies the proportion in part (a)?

c. What is the interval that is 95% certain to contain the
actual proportion of people in this age group who
have seen a ghost?

Refer to Exercise 1.26. The Roper Organization selected a
random sample of adults in the United States for this
poll. Suppose listeners to a late-night radio talk show
were asked to call and report whether or not they had
ever seen a ghost.

a. What is this type of sample called?

b. Do you think the proportion reporting that they had
seen a ghost for the radio poll would be higher or
lower than the proportion for the Roper poll? Explain.

Dataset Exercises

1.28

1.29

1.30

1.31

A popular Sunday newspaper magazine often includes a
yes-or-no survey question such as “Do you think there is
too much violence on television?” or “Do you think par-
ents should use physical discipline?” Readers are asked
to mail their answers to the magazine, and the results are
reported in a subsequent issue.

a. What is this type of sample called?
b. Do you think the results of these polls represent the
opinions of all readers of the magazine? Explain.

Refer to Case Study 1.6. Go through the five steps listed
under “The Discovery of Knowledge” in Section 1.3, and
show how each step was addressed in this study.

Refer to Case Study 1.5. Explain what mistakes were
made in the implementation of steps 4 and 5 of “The
Discovery of Knowledge” when USA Today reported the
results of this study.

A popular Sunday newspaper magazine often includes a
yes-or-no survey question such as “Do you think there is
too much violence on television?” or “Do you think par-
ents should use physical discipline?” Readers are asked
to mail their answers to the magazine, and the results are
reported in a subsequent issue.

a. What is this type of sample called?

b. Do you think the results of these polls represent the
opinions of all readers of the magazine? Explain.

1.32

Refer to Case Study 1.6. Go through the five steps listed
under “The Discovery of Knowledge” in Section 1.3, and
show how each step was addressed in this study.

Section 1.3
Section Exercises

1.33

1.34

1.35

1.36

¢ Refer to Case Study 1.5. Explain what mistakes were
made in the implementation of steps 4 and 5 of “The
Discovery of Knowledge” when USA Today reported the
results of this study. A popular Sunday newspaper maga-
zine often includes a yes-or-no survey question such as
“Do you think there is too much violence on television?”
or “Do you think parents should use physical discipline?”
Readers are asked to mail their answers to the magazine,
and the results are reported in a subsequent issue.

a. What is this type of sample called?
b. Do you think the results of these polls represent the
opinions of all readers of the magazine? Explain.

Refer to Case Study 1.6. Go through the five steps listed
under “The Discovery of Knowledge” in Section 1.3, and
show how each step was addressed in this study.

Refer to Case Study 1.5. Explain what mistakes were
made in the implementation of steps 4 and 5 of “The
Discovery of Knowledge” when USA Today reported the
results of this study.

Refer to the study in Exercises 1.23 and 1.24, comparing
the percentage of smokers who quit using a nicotine
patch and a placebo patch. Refer to the definition of sta-
tistics given on page 1, and explain how it applies to this
study.

Thought Questions

1.37

1.38

1.39

Refer to the study in Exercises 1.23 and 1.24, comparing
the percentage of smokers who quit using a nicotine
patch and a placebo patch. Refer to the definition of sta-
tistics given on page 1, and explain how it applies to this
study.

Refer to the study in Exercises 1.23 and 1.24, comparing
the percentage of smokers who quit using a nicotine
patch and a placebo patch. Refer to the definition of sta-
tistics given on page 1, and explain how it applies to this
study.

Refer to the study in Exercises 1.23 and 1.24, comparing
the percentage of smokers who quit using a nicotine
patch and a placebo patch. Refer to the definition of sta-
tistics given on page 1, and explain how it applies to this
study.

¢ Dataset available but not required

Bold-numbered exercises answered in the back
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Example 2.1

Table 2.1 Seatbelt Use by
Twelfth-Graders When Driving

Response Count Percent
Always 1686 55.4%
Most times 578 19.0%
Sometimes 414 13.6%
Rarely 249 8.2%
Never 115 3.8%
Total 3042 100.00%

2.8 Exercises are on page 66
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Summarizing One or Two Categorical
Variables

Numerical Summaries

To summarize a categorical variable, the first step is to count how many individu-
als fall into each possible category. Percentages usually are more informative than
counts, so the second step is to calculate the percentage in each category. These
two easy steps can also be used to summarize a combination of two categorical
variables.

Seatbelt Use by Twelfth-Graders How often do you wear a seatbelt when
driving a car? This is one of many questions asked in a biennial nationwide survey
of American high school students. The survey, conducted as part of a federal pro-
gram called the Youth Risk Behavior Surveillance System, is sponsored and organ-
ized by the U.S. Centers for Disease Control. Survey questions concern potentially
risky behaviors such as cigarette smoking, alcohol use, and so on. For the question
about seatbelt use when driving, possible answers were Always, Most times,
Sometimes, Rarely, and Never. An additional choice allowed respondents to say
that they don’t drive, which often was the case because many survey participants
were under the minimum legal driving age.

Table 2.1 summarizes responses in the 2003 survey given by twelfth-grade stu-
dents who said that they drive. The total sample size for the table is n = 3042 stu-
dents. Notice that a majority, 1686/3042 = .554, or 55.4%, said that they always
wear a seatbelt when driving, while just 115/3042 = .038, or 3.8%, said that they
never wear a seatbelt. Because 55.4% said that they always wear a seatbelt, we can
calculate the percentage who don’t always wear a seatbelt as 100% — 55.4% =
44.6%. Alternatively, the percentage saying that they don’t always wear a seatbelt
could be determined as 19.0% + 13.6% + 8.2% + 3.8%, the sum of the percentages
for all categories other than Always.

One stereotype about males and females is that males are more likely to
engage in risky behaviors than females are. Do you think the percentage who
never wear a seatbelt is greater for males than it is for females? Are females more
likely to say that they always wear a seatbelt? Table 2.2 summarizes seatbelt use for
twelfth-grade males and females in the sample. To facilitate comparison, percent-
ages are given within each sex. Using these percentages, we see that females were
more likely than males to respond Always.

Explanatory and Response Variables for
Categorical Variables

In both Example 2.1 and Example 2.2, percentages were given across rows. For
instance, Table 2.3 in Example 2.2 shows that 90% (100% X 155/172) of children
who had slept in darkness were free of myopia but only 45% of those who had
slept in full light were free of myopia. The table does not provide “column percent-
ages” such as the fact that 34/342 or about 10% of those who were free of myopia
had slept in full light.

In summarizing two categorical variables, it may be possible to identify one
variable as a response variable (or outcome variable), and the other as an explana-
tory variable. In Example 2.1, the outcome variable is how often a student wears
a seatbelt when driving, and the explanatory variable is gender (male or female).
In Example 2.2, the outcome variable is degree of myopia, and the explanatory
variable is the amount of sleeptime lighting.

Notice that in both examples, the categories of the explanatory variable
defined the rows of the table and the categories of the response variable defined
the columns. Tables often are formed this way, and when they are, the row per-
centages are of more interest than the column percentages. No matter how the
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table is constructed, you should determine whether one variable is a response
variable and the other is an explanatory variable. Within each explanatory group,
we are interested in knowing what percentage fell into each response or outcome
category.

MINITAB T1IP

Numerically Describing One or Two Categorical Variables

* To determine how many and what percentage fall into the categories of a sin-
gle categorical variable, use Stat>Tables>Tally Individual Variables. In the
dialog box, specify a column containing the raw data for a categorical vari-
able. Click on any desired options for counts and percentages under
“Display.”

* To create a two-way table for two categorical variables, use Stat>Tables>
Crosstabulation and Chi-Square. Specify a categorical variable in the “For
rows” box and another categorical variable in the “For columns” box. Select
any desired percentages (row, column, and/or total) under “Display.”

Numerically Describing One or Two Categorical Variables

To create a frequency table for one categorical variable, use Analyze>
Descriptive Statistics>Frequencies.

To create a two-way table for two categorical variables, use
Analyze>Descriptive Statistics>Crosstabs. Use the Cells button to request
row and/or column percentages.

Example 2.3

Visual Summaries for Categorical Variables
There are two simple visual summaries that are used for categorical data:

 Pie charts are useful for summarizing a single categorical variable if there are
not too many categories.

¢ Pie charts are useful for summarizing a single categorical variable if there are
not too many categories.

e Bar graphs are useful for summarizing one or two categorical variables and
are particularly useful for making comparisons when there are two categorical
variables.

Both of these simple graphical displays are easy to construct and interpret, as the
following examples demonstrate.

Humans Are Not Good Randomizers Question 5 in the class survey
described in Section 2.1 asked students to “Randomly pick a number between 1
and 10.” The pie chart shown in Figure 2.1 illustrates that the results are not even
close to being evenly distributed across the numbers. Notice that almost 30% of
the students chose 7, while only just over 1% chose the number 1.

Figure 2.2 illustrates the same results with a bar graph. This bar graph shows
the actual frequencies of responses on the vertical axis. The display makes it even
more obvious that the number of students who chose 7 was more than double
that of the next most popular choice. We also see that very few students chose
either 1 or 10.
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Numerical Summaries of Quantitative
Variables

In this section, we learn how to compute numerical summaries of these features
for quantitative data. Recall from Section 2.1 that the numbers in a data set are
called raw data. To write formulas for some of the summaries in this section, we
need notation for the raw data.

Describing the Location of a Dataset

The word location is used as a synonym for the “middle” or “center” of a dataset.
There are two common ways to describe this feature.

e The mean is the usual numerical average, calculated as the sum of the data
values divided by the number of values. It is nearly universal to represent the
mean of a sample with the symbol X read as “x-bar.”

e The median of a sample is the middle data value for an odd number of obser-
vations, after the sample has been ordered from smallest to largest. It is the
average of the middle two values, in an ordered sample, for an even number of
observations. We will use the letter M to represent the median of a sample.

Determining the Mean and Median

The Mean

The symbol X is nearly always used to represent the mean of a sample.
Notation for calculating the sample mean of a list of values is
2%

n

x=

The capital Greek letter sigma, written as 2, is the universal symbol meaning
“add up whatever follows.” Find M by averaging the values that are (n/2) and
(n/2) + 1 from the top or the bottom of the ordered list.

Therefore, for a dataset with individual values, the notation is the same as
saying “add together all the values.”

The Median
It would require more notation than is convenient to write a formula for the
median, so we simply write the rule:

e If nis odd, the median M is the middle of the ordered values. Find M by
counting (n + 1)/2 up from the bottom or down from the top of the ordered
list.

e Ifnis even, the median Mis the average of the middle two of the values.

Note: If you are determining a median “by hand,” your first step should be to
put the data in order from lowest to highest.

The first of the next two examples illustrates how to find the median when the
sample size is odd; the second shows how to find the median when the sample
size is even. The second example also demonstrates how an outlier can cause the
values of the mean and median to differ.

Percentiles

The quartiles and the median are special cases of percentiles for a dataset. In gen-
eral, the kth percentile is a number that has k% of the data values at or below it
and (100 — k)% of the data values at or above it. The lower quartile, median, and
upper quartile are also the 25th percentile, 50th percentile, and 75th percentile,
respectively. If you are told that you scored at the 90th percentile on a standard-
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ized test (such as the SAT), it indicates that 90% of the scores were at or below your
score, while 10% were at or above your score.

Suppose the dataset has been stored in a range of cells, which we represent by
the word [list in what follows. For instance, if the dataset is in column A, rows 1
to 30, then “list” is A1:A30. You can also “list” the actual numerical values them-
selves, rather than the range of cells containing them. All of these commands
are part of the “statistical functions” provided by Excel. You can insert them
directly into a cell by preceding the command with the symbol @. Some values
have multiple options.
Average(list) = mean
Quartile(list, 0) = Min(list) = minimum value
Quartile(list, 1) = lower quartile
Quartile(list, 2) = Median(list) = median
Quartile(list, 3) = upper quartile
Quartile(list, 4) = Max(list) = maximum value
Small(list, k) gives the kth-smallest value, for example, small(list,1) = mini-
mum
Large(list, k) gives the kth-largest value, for example, large(list,n) = mini-
mum
Percentile(list,p) gives the kth percentile, where p = k/100. In other words,
you must express the desired percentile as a proportion rather than a
percent. For instance, to find the 90th percentile, use percentile(list,.9).

Count(list) = n, the number of values in the dataset.
Note: As with most computer programs, Excel uses a more precise algorithm to

find the upper and lower quartiles than the one we recommend using if you are
finding them “by hand,” so your values may differ slightly.

Population Mean and Standard Deviation

For reasons that will become clear later in this book, datasets are commonly
treated as if they represent a sample from a larger population. However, in situ-
ations in which the dataset includes measurements for an entire population,
the notations for the mean and standard deviation are different, and the formu-
la for the standard deviation is also slightly different. A population mean is rep-
resented by the Greek letter m (“mu”), and a population standard deviation is
represented by the Greek letter s (“sigma”). The formula for the population stan-
dard deviation is

S — I~L)2
o=
n
Notice that the difference between this formula and the sample version is that

the denominator is now n instead of n — 1. Also, the appropriate notation for
the mean (population) is used.

Numerical Summaries of a Quantitative Variable
First store the data values into a list, say L1.

Press [STAT]. Scroll horizontally to CALC, then scroll vertically to 1:1-Var Stats
and press [ENTER]. Assuming the data are in list L1, complete the expression as
1-Var Stats L1 followed by [ENTER]. The display will show the mean, standard
deviation (both sample and population), the five-number summary, the sam-
ple size, the sum of x-values, and the sum of x2 values.
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SKILLBUILDER APPLET

The Empirical Rule in Action

The Empirical applet on the CD accompanying this book can be used to explore
how well the Empirical Rule works for each of eight variables, some with bell-
shaped distributions and some with skewed distributions. The data are from the
UCDavisl and pennstatel datasets on the CD for this book. A general description
of the eight variables is given at the top of the Web page that includes the applet.
For each variable, the applet will display a histogram along with information
about the intervals mean=s and mean=2s. The percent of the sample contained
in each interval is reported. When the Empirical Rule applies, these two percents
should be about 68% and 95%, respectively.

What to Do

Open the Empirical applet. Figure 2.20 shows the initial applet display, a summa-
ry of the hours of sleep the previous night for n = 173 students in a UC Davis sta-
tistics class. A histogram of the hours of sleep data is displayed with superimposed
vertical lines indicating the intervals mean=s and mean=2s. Notice that the his-
togram has approximately a bell shape. Below the histogram, we see that the sam-
ple mean = 6.935 hours and the standard deviation is s = 1.705. Notice also that
the interval meanxs = (5.23, 8.64) contains 114 of the 173 data values, which is
65.9%. The interval mean=2s = (3.525, 10.35) contains 166/173 = 95.95% of the
data values. These percents are consistent with the Empirical Rule —not surpris-
ing since the distribution is approximately bell-shaped.

After examining the results for the hours of sleep variable, click on TVHours,
the second variable in the menu at the left of the applet display. Figure 2.21 dis-
plays the result, a summary of self-reported weekly hours of watching television
for the same 173 students in the hours of sleep example. Notice that the distribu-
tion is skewed to the right, and there is an extreme outlier at 100 hours, so the
Empirical Rule won’t work well. Here, the interval mean=s, given as — 1.484 to
19.26 hours, contains about 89% of the dataset, much more than the (approxi-
mate) 68% that would be in this interval if the Empirical Rule applied. Another dif-
ficulty is that the lower value of the interval is negative, an impossible value for
weekly hours of watching television. This also is the case for the interval mean=2s
= (— 11.86, 29.63).

Males

Females

a — eocecceee

T
100 125 150
Fastest speed (mph)

Figure 2.20 The Empirical applet display of hours of
sleep reported by n = 173 students

Lessons Learned

You'll see that the Empirical Rule works well when the distribution is more or less
bell-shaped. But when the distribution is skewed or an extreme outlier is present,
you will see that the interval mean=2stends to include noticeably more than 68%
of the dataset, and the values in the interval mean=2s generally don’t match the
characteristics of the actual data.



pendix o

Table A.1
Table A.2

Table A.3

Table A.4
Table A.5

Standard Normal Probabilities

t* Multipliers for Confidence Intervals and Rejection
Region Critical Values

One-Sided p-Values for Significance Tests Based on a
t-Statistic

Critical Values for F-Test

Chi-Square Distribution



Appendix of Tables 13
Table A.1 Standard Normal Probabilities (for z > 0)
Table
probability
|
4
z .0 .01 .02 .03 .04 .05 .06 .07 .08 .09
—-3.4 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0003 .0002
-3.3 .0005 .0005 .0005 .0004 .0004 .0004 .0004 .0004 .0004 .0003
-3.2 .0007 .0007 .0006 .0006 .0006 .0006 .0006 .0005 .0005 .0005
—-3.1 .0010 .0009 .0009 .0009 .0008 .0008 .0008 .0008 .0007 .0007
-3.0 .0013 .0013 .0013 .0012 .0012 .0011 .0011 .0011 .0010 .0010
-2.9 .0019 .0018 .0018 .0017 .0016 .0016 .0015 .0015 .0014 .0014
—-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036
—-2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048
—2.4 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064
-2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084
—-2.2 .0139 .0136 .0132 .0129 .0125 .0122 .0119 .0116 .0113 .0110
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183
-1.9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0239 .0233
-1.8 .0359 .0351 .0344 .0336 .0329 .0322 .0314 .0307 .0301 .0294
-1.7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367
-1.6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455
-1.5 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0571 .0559
-1.4 .0808 .0793 .0778 .0764 .0749 .0735 .0721 .0708 .0694 .0681
-1.3 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823
-1.2 .1151 1131 112 .1093 .1075 .1056 .1038 .1020 .1003 .0985
-1.1 .1357 .1335 1314 .1292 1271 .1251 .1230 1210 .1190 .1170
-1.0 .1587 .1562 .1539 .1515 .1492 .1469 .1446 .1423 .1401 .1379
-0.9 .1841 .1814 .1788 1762 .1736 711 .1685 .1660 .1635 L1611
-0.8 .2119 .2090 .2061 .2033 .2005 1977 .1949 .1922 .1894 .1867
-0.7 .2420 .2389 .2358 .2327 .2296 .2266 .2236 .2206 2177 .2148
—-0.6 .2743 .2709 .2676 .2643 .2611 .2578 .2546 .2514 .2483 .2451
-0.5 .3085 .3050 .3015 .2981 .2946 2912 .2877 .2843 .2810 .2776
-0.4 .3446 .3409 .3372 .3336 .3300 .3264 .3228 3192 .3156 3121
-0.3 .3821 .3783 .3745 .3707 .3669 .3632 .3594 .3557 .3520 .3483
-0.2 4207 .4168 4129 .4090 .4052 .4013 .3974 .3936 .3897 .3859
-0.1 .4602 .4562 .4522 .4483 4443 .4404 .4364 4325 .4286 4247
-0.0 .5000 .4960 .4920 .4880 .4840 .4801 4761 4721 .4681 4641
In the Extreme (for z < 0)
z -3.09 -3.79 -4.26 -4.75 -5.20 -5.61 -6.00
Probabbility .001 0.0001 0.00001 0.000001  0.0000001 0.00000001 0.000000001

S-PLUS was used to determine information for the “In the Extreme” portion of the table.
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Answers to Selected
Exercises

The following are partial or complete answers to the exercises num-
bered in bold in the text.

Chapter 1

1.2 a..00043

1.5 a.400

1.7 c. Randomized experiment. d. Observational study.

1.11  189/11,034, or about 17/1000, based on placebo group.

1.15 a. 150 mph. b. 55 mph. c. 95 mph. d. 1/2 e. 51

1.19 No.

1.22  The base rate for that type of cancer.

1.26 a.212/1525=.139.b. 1/ =.026.

c..113 to .165.

1.28 a. Self-selected or volunteer. b. No. Readers with strong
opinions will respond.

Chapter 2

2.1  a.4b. State in the United States. c. n=50.

2.3 a.Whole population. b. Sample.

2.5  a.Population parameter. b. Sample statistic.

c. Sample statistic.

2.11 a. Categorical. b. Quantitative. c. Quantitative.
d. Categorical.

2.12  a. Categorical. b. Ordinal.

2.14 a. Not continuous.

2.15 a. Explanatory is amount of walking or running; response is
lung function.

2.16 a. Support ban or not; categorical. b. Gain on verbal and
math SATs after program; quantitative. c. Smoker or not and
Alzheimer sufferer or not; both categorical.

2.17 a.Pulse rate and gender.

2.19 Example: Letter grades (A, B, etc.) converted to GPA.

2.22  a.1427/2530 = .564, or 56.4%.

b. 100% = 56.4% = 43.6%.

2.23  a.1700/2470 = .688, or 68.8%. b. 1056/1700 = .621, or 62.1%.

2.24  c. Overweight = 26.57%; about right = 69.23%; underweight
=4.20%.

2.26 a. Explanatory is smoked or not; response is developed
Alzheimer’s disease or not.

2.30 Either could be justified as being more informative.

2.33 a. 150 mph. b. 55 mph. c. 95 mph. d. 1/2 e. 51

2.34 a.Median is greater for males. b. Spread between extremes
is about the same; spread between quartiles is slightly
greater for males.

2.37 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
or so.

2.39 a. Roughly symmetric. b. Highest = 92.

2.44  Yes. Values inconsistent with the bulk of the data will be
obvious.

2.46 a. Shape is better evaluated by using a histogram.

2.48 Skewed to the left.

2.50 a.Median = (72 + 76)/2 = 74; mean = 74.33.
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b. Median = 7; mean = 25.

2.52 a.Range =225-123 =102. b. IQR = 35. c. 50%

2.53 a.Median = 12.

2.54 d. There are no outliers.

2.59 The median is 16.72 inches. The data values vary from 6.14
to 37.42 inches. The middle 1/2 of the data is between 12.05
and 25.37 inches, so “typical” annual rainfall covers quite a
wide range.

2.60 The shape is somewhat skewed to the right; this increases
the value of the mean compared to the median.

2.62 Median is located between 21 and 25 words.

2.64 a.ll10

2.67 32,45.5,50, 57, 74.

2.71 Example: The age of a person who is 80 years old would be
an outlier at a traditional college but not at a retirement
home.

2.72 Whether it is the male author (then not an outlier) or the
female author (then an outlier)

2.76 a.Between 5.3 and 8.7 hours. b. Between 3.6 and 10.4 hours.

2.78 a.z=(200-170)/20 =1.5.

2.79 a.x=20;s=1.581.

2.80 a.Range=98-41=57.b.s=57/6=9.5.

2.82 The Empirical Rule predicts about 68%, 95%, 99.7% within
1, 2, and 3 standard deviations of the mean, respectively.
Data show 72%, 97%, 98%, so the set of measurements fits
well.

2.83 b.s?=208.857.

2.86 a.Somewhat unusual. Only about 2.5% of adult males will
have a smaller measurement because 52 cm is two standard
deviations below the mean.

2.90 a.Population. b. Population, 14.77.

2.94 a.Would hold without the two outliers; should still be close.
b. Yes, range is 10.75 cm, close to 6 standard deviations.
Expect between 4 and 6 standard deviations.

2.98 a.z=-0.5;.3085.b. z=2.5;.9938.

2.100 50, 50, 50, 50, 50, 50, 50; no.

2.103 a. Mean = 51.47 years; standard deviation = 8.92 years (pop-
ulation standard deviation - 8.85). b. Range is 42 years, 4.7
standard deviations, so it holds. c. z for youngest CEO is
—2.18, z for oldest CEO is 2.53; about as expected from the
Empirical Rule.

2.110 a. This is a personal preference; some may prefer a large
family. b. An outlier in the high direction.

2.111 a. Categorical. b. Quantitative.

2.113 a.Yes; night light use, for example. b. No.

2.117 a. Set 2—it covers a much wider range of heights.

2.119 a. Amount of beer consumed per unit of time (week, etc.)
and systolic blood pressure. b. Calories of protein consumed
per day on average and whether or not they had colon can-
cer.

2.122 Do the students who studied the most last week tend to be
the students with the highest grade point averages?

Chapter 3

3.3 a.Yes. The heights of women in the class probably are simi-



lar to the heights of all women at the college.
b. No. The sample of daycare parents is likely to be more
supportive than the general population.

3.4  a.All registered voters in the community.

3.9 c. Nonresponse bias.

3.11 For example, testing manufactured parts and the test dam-
ages the products.

3.13 a. Selection bias. b. Nonresponse bias.

3.15 a.Does not hold. Professional basketball players do not rep-
resent any larger population. b. Probably holds. Students
taking statistics most likely have representative pulse rates.

3.17 No. All possible sets of four songs do not have the same
probability to be a sample. For example, a sample consisting
of the first four songs on the first CD is impossible.

3.19 .014 or 1.4%.

3.24 b.40% + 3.15% or 36.85% to 43.15%.

3.28 a..49 +.03 = .46 t0 .52. b. .47 + .03 = .44 to .50.

3.37 a.Use 01 to 49 as is and subtract 50 from 51 to 99 to get 15,
23,20, 21, 29, 5. b. It doesn’t matter.

3.40 Simple random sample.

3.43 a. Stratified sample: Use the three types of schools as strata.
Create a list of all students for each of the three strata; draw
a simple random sample from each of the three lists. b.
Cluster sample: Use individual schools or individual classes
as clusters. Take a random sample of clusters; measure all
students in those clusters. c. Simple random sample: Obtain
a list of all students in the classes at all schools; take a sim-
ple random sample from that combined list.

3.46 Cluster sample because a sample of exchanges is found and
then only numbers within those exchanges are sampled.

3.48 a. All taxpayers. b. Parents of all the school children.

3.52 a.Dentists who subscribe to one of two dental magazines.
Yes, because not all dentists subscribe to those two maga-
zines. b. Nonresponse. c. Send a reminder or call those who
didn't respond.

3.61 Anonymous testing.

3.64 Any two questions in which one changes the way respon-
dents would think about the other. An example: “Are you
aware that over 30% of homeless people in this city are
mothers with children?”i and “iDo you think more public
money should be used to help homeless people?”

3.66 Desire to please; confidentiality and anonymity.

3.69 a.Open-form question. b. Yes, because of all the publicity he
had just received. c. Probably lower.

3.76 Any list that contains the two-digit strings in any order: 00,
07, 15, 19, 24, 33, 44, 51, 65, 99. For instance, 24190 03351
99076 54415.

3.79 a.Putan ad in the local paper asking people to fill out the
survey. b. Ask “Don’t you agree that there is too much trash
in our streets and that more public trash containers are
needed?”

3.85 a.All students at the university. b. All students enrolled in
statistics classes. c. The 500 students to whom the survey
was mailed.

3.87 The sample sizes or margin of error. The 20% versus 25%
may be within the margin of error for the surveys.

3.89 The quickie poll would probably be most representative.

3.91 Nonresponse.

3.92 b. Send the survey to a legitimate random sample, but make
the questions so outrageous that only those who support
the position would respond; others would not take it seri-
ously.

3.96 No, only those who are likely to vote should be used.

3.99 Larger; the sample size for Republicans only would be
smaller.

3.101 a..078;.66 +.078 or 58.2% to 73.8%. b. .066; .38 — .066 or
31.4% to 44.6%. c. Yes, intervals do not overlap.

Chapter 4

4.3  c. Observational study.

4.4  a.Response variable is daughter’s height.
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4.7  c.Randomized experiment. d. Observational study.

4.9  a.Probably not, because long-term meditation is a matter of
choice, not easily randomly assigned. b. Yes, volunteers
could be randomly assigned to attend the program or not.

4.10 a.The explanatory variable is long-term practice of medita-
tion; the response is blood pressure.

4.11 a. Amount of salt and sodium in the diet or other dietrelated
factors.

420 a.Yesb.No

4.25 Completely randomized design.

4.29 a. Single-blind; customers knew what plan they had, but the
technician did not.

4.30 a.Matched pairs.

4.31 a.The explanatory variable is the rate plan; the response is
usage during peak hours.

4.32  a. A control group was used (matched with the treatment
group); a placebo was not.

4.38 a.Yes.b. No. c. No.

4.42 a. Observational study. b. The explanatory variable was
whether or not the couple owned a pet, and the response
variables were marriage satisfaction and stress levels. c. An
example is the amount of business travel they do. Couples
who travel frequently may be less likely to own pets and also
have more stress.

4.46 a.Interacting variable.

4.49 The explanatory variable is taking the new medication or
not; the response variable is weight gain or loss; the inter-
acting variable is gender.

4.53 a.Yes.b.Yes. c. No.

4.57 c. Confounding variables and the implication of causation
(e.g., current diet). Relying on memory; it would be hard for
people to remember how high in fat their childhood diet
was.

4.60 Observational study.

4.63 Postmenopausal women who did not use hormone therapy
atall.

4.67 Extending results inappropriately. If women today take
lower levels of hormones than the women in the study;,
these results might not apply to women currently on hor-
mone therapy.

4.72 This is an example of an interacting variable, since the effect
on self-esteem of thinking about their bad hair is different
for men than for women.

4.78 a.Individual unit is a tomato plant. Two variables were the
number of tomatoes produced and whether the tomato
plant was raised in full sunlight or partial shade.

4.80 a.Yes.b.Yes. c. No.

4.87 a.Arandom sample was used, so results can be extended to
all customers.

Chapter 5

5.1  a.Negative association. b. No association.

5.2 a.Negative association. b. Roughly linear. c. Highest average
math SAT is about 600; fewer than 5% took the test. d.
Lowest average math SAT is about 475; about 60% took the
test.

5.3 a. Yes, both variables are quantitative.

5.7  a.The speed of the car is the explanatory variable, and the
stopping distance is the response variable. b. Positive asso-
ciation, somewhat linear but possibly curvilinear.

5.9 a. Average weight =-250 + 6(70) = 170 lb. b. On average,
weight increases 6 pounds per each 1-inch increase in
height.

5.11 b. Predicted average =575 -1.11(8) = 566.12. c. Residual _
573 -566.12 = 6.88.

5.12 Deterministic relationship.

5.14 a. Height increases an average of 0.7 inch for each centime-
ter increase in handspan. b. 65.1 in. c. Residual = 66.5 - 65.1
=1.4in.

5.19 a. Forline 1, SSE = 10; for line 2, SSE = 4. b. Line 2 is better

because SSE is smaller.
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A

Addition rule for probability, 244— 45, 250
Additive model for two-way ANOVA, S4-
7-9
defined, S4-7
for each observation, S4-8
hypotheses about, S4-10
a-level (level of significance), 501, 503
probability of type 1 error and, 508, 510
probability of type 2 error and, 509, 510
p-values close to .05 and, 651-52
Alternative hypothesis, 497-98
defined, 497
for Kruskal-Wallis Test, S2-16
for one-sample t-test, 554
one-sided, 498
for paired t-test, 562
p-value areas for types of, 517
for regression coefficient, S3-9-10
for sign test, S2-3
with discrete random variable, S2-7
for two-sample rank-sum test, S2-8
for two-sample t-test, 566
two-sided, 498
for two-way ANOVA, S4-10
for two-way contingency table, 208,
636-38
for Wilcoxon signed-rank test, S2-13
for z-test for one proportion, 513
for z-test of differences in two propor-
tions, 528, 530
American Psychological Association, S5-2,
S5-3, §5-4, S5-9
American Statistical Association, S5-2
Analysis of variance (ANOVA), 669-703
defined, 669
one-way, 669-85
analysis of variance table, 679-80,
682
assumptions and necessary condi-
tions for, 672-74
comparing two-way ANOVA and, S4-
3-4
defined, 669
family of F-distributions, 674-75
F-test for comparing means, 669-79
measuring total variation, 681-82
measuring variation between
groups, 680
measuring variation within groups,
680-81
model, S4-4
multiple comparisons, 676-79
95% confidence intervals for popula-
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Index

tion means in, 684
notation for summary statistics, 672
p-value, 670, 675-76
steps in, 685
transforming response variable for,
689
other methods for comparing popula-
tions, 685-89
hypotheses about medians, 686
Kruskal-Wallis Test for comparing
medians, 687-88, S2-16-19
Mood’s Median Test, 688-89
two-way, 669, 689-93, S4-2-23
assumptions and conditions for, S4-
3-4
balanced versus unbalanced design,
$4-9-10, S4-11
defined, 689
F-tests and, 692-93
hypothesis testing in, S4-9-20
interaction effects, 689-90, 692,
S4-3, S4-7, S4-8
main effect, 690, 692, S4-3, S4-7,
S4-8
models, S4-5-9
nonsignificant results, cautions
about, S4-19-20
notation for, S4-6
Analysis of variance table, 679-80
for multiple regression, S3-10-11
one-way, general format of, 682
two-way, S4-13
Animal research, ethics in, S5-8-9
Anonymity of survey, 98-99
Appropriate statistical analyses, S5-14-16
for inference, 576-580
Approximate 95% confidence intervals, 77,
460-61
defined, 77, 460
for difference in population means,
472
for large samples, 460-61
for proportion p, 420-21
using multiplier z, 460-61, 472
Association
negative, 152, 153
no, 152
observed, interpretation of, 176-77
positive, 152, 152-53
Attitudes, measuring, 101
Automated data recording, S5-12

B
Balanced ANOVA (balanced design), S4-9,

S4-11
Bar graphs, 22, 23-24
Baseline risk, 3, 198, 203
Base rate, 3
confusion of the inverse and, 262, 263
Bayesian statistics, 502
Bayes Rule, 252
Bell-shaped curves, 33, 49-57. See also
Normal curve (normal distribution)
Empirical Rule for, 52-57, 279, 303
in action, example of, 56-57
applied to z-scores, 54-55
Bell-shaped curves (continued) defined, 55
range and standard deviation and, 54
interpreting standard deviation for,
52-53
Bell-shaped dataset, 33
Bernoulli random variable, 295
Beta coefficients/parameters (regression
coefficients), S3-3, S3-5, S3-9-10
Beta (probability of type 2 error), 509, 510
Bias
defined, 74
experimenter effects, 139, S5-12-13
nonresponse, 4-5, 74, 91, 92
personal, S5-12-13
randomization to protect against, 126
response, 75, 95-99
selection, 74, 90
in surveys, 74-75, 91-92
systematic sampling and, 87-88
Big Five parameters, 335— 44
computing confidence intervals for,
407-10
examples of, 336-43
hypothesis tests for, 496-504
Bimodal dataset, 33, 34
Binomial distribution, 296
multinomial distributions and, S1-12
normal approximation to, 311-14
Binomial experiments, 294-95, 339, 348—
49
finding exact p-value for binomial pro-
portion, 521-23
Binomial random variable(s), 281,
294-300, 349
binomial experiments and, 294-95,
339, 348-49
cumulative probabilities for, approxi-
mating, 312-14
expected value (mean) for, 298-99, S1-6
independent, combining, 318-20
Poisson approximation for, S1-11
probabilities for, 295-98



standard deviation for, 298-99
variance of, 299
Blinding, 128, 129
Block designs, 130-31, 132
Blocks, 130
number of units per, 133
Boxplot (box-and-whisker plot), 29, 33-35,
43-46
comparative, 34, 35, 36
outlier detection on, 33, 34, 43— 46
picturing location and spread with,
33-35
strengths and weaknesses, 36
Bureau of Transportation Statistics (BTS),
S5-11
data collection principles from, S5-
10-11

C

Case-control studies, 134-35, 136
advantages of, 135
example of, 134
Categorical data, estimating probabilities
from observed, 234-35
Categorical variable(s), 15-16, 17, 336-37
case study involving, 657
defined, 15, 193, 635
explanatory and response variables
for, 21
forming two groups using, 365-66
frequency distribution for, 20
hypothesis testing about one, 652-56
chi-square goodness-of-fit test,
652-56
parameters for, 336
examples of, 336- 40
questions to ask about, 17-18
raw data from, 15, 17
sample proportions of, 348-54, 382
summarizing one or two, 19-24
numerical summaries, 19-20
visual summaries, 22-24
Categorical variables, relationship
between, 193-227, 635-67
case study involving, 657
chi-square test for two-way tables,
208-16, 635- 46
alternative hypothesis, 208, 636-38
critical values, 643- 45
expected counts, interpreting and
calculating, 208-9, 639- 40, 646
necessary conditions and, 209, 638—
40
notation for, 640
null hypothesis, 208, 636-38
p-value for, 210, 213, 215, 216, 641-
43
supporting analysis, 645
column percentages, 194, 195, 196, 197,
636, 639
conditional percentages, 194, 196
displaying, 193-97
risk, 198-204
row percentages, 194, 195, 196, 197,
636, 639
third variable, effect of, 204-6
Simpson’s Paradox caused by, 205-6
2 2 table, analyzing, 206-16, 646-52
chi-square statistic, 208-10, 646—47
chi-square test vs. z-test for differ-
ence in two proportions, 647— 49

Fisher’s Exact Test for, 650-52
shortcut for computing chi-square
statistics for, 646-47
Cause-and-effect relationship, 117, 720
correlation vs. causation, 176-77
nonstatistical considerations to assess,
using, 707-8
in observational studies, 5, 118, 136-37,
706-7, 708
randomized experiments and, 5-6, 118,
124, 176-77, 706-7
Rule for Concluding Cause and Effect,
137, 176, 706-7
Cells of two-way contingency table, 194,
635
Census, 73, 74
advantages of sample survey over, 74
data, 718
decennial United States, S5-11
defined, 73
Central Limit Theorem, 374-76
Certificate of Confidentiality, S5-6
Chi-square distribution, 641
Chi-square statistic, 208-11, 638- 40
calculating, 210, 640
for goodness-of-fit test, 652
statistical significance and, deciding
on, 210-11, 216
for 2 2 tables, 208-11, 216, 646— 47
for two-way tables, 208-9, 638-39, 640
Chi-square test, 635— 46
for goodness-of-fit, 652-56
mathematical notation for, 655
steps in, 653-54
for two-way tables, 208-16, 635— 46
alternative hypothesis, 208, 636-38
critical values, 643— 45
expected counts, 208-9, 638- 40, 646
homogeneity hypothesis, 638
independence hypothesis, 638
making decision and reporting con-
clusions, 643- 45
necessary conditions and, 209, 640
notation for, 640
observed counts, 638, 640, 647
p-value for, 210-11, 213, 215, 216,
641-43
rejection region, 643- 45
steps in, 208-13, 645- 46
supporting analysis, 645
z-test vs., for difference in two propor-
tions, 647-49
Closed questions, 101-2
Clusters, 85-86, 89
Cluster sampling, 85-87
stratified sampling vs., 86
Codes of ethics, S5-2, S5-3, S5-17
Coefficient(s)
correlation. See Correlation
of determination, multiple, S3-8
regression, S3-3
estimating, using sample data, S3-5
testing null and alternative hypothe-
ses for, S3-9-10
Coherent probabilities, 236
Coincidences, 264-67
Column percentages, 194, 195, 196, 197,
636, 639
Complement, 239, 243, 252
rule to find probability of, 243 44, 250,
S1-8
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Complementary events, 239, 240, 243
Completely randomized design, 131, 132
Complexity of survey questions, 97
Computer, reading results for regression
on, 170-71
Computer-assisted information collection,
S5-10-11
Computer-assisted self-interviews, 98-99
Computer-assisted telephone interviewing
system (CATI), 89
Concepts in survey questions, illdefined,
101
Conclusions, making stronger or weaker
than justified, S5-19
Conditional percentages, 194, 196
Conditional probability, 241- 42, 243, 246
defined, 242
determining, 247- 49, 251, 252
p-value, 501, 502
tree diagram and, 256-58
type 1 or type 2 errors, 507-8
Confidence interval(s), 76-79, 206-7,
332-33, 401-93, S5-16
in action, example of, 480-82
approximate 95%, 460-61, 472
defined, 460
for difference in population means,
472
for large samples, 460-61
for proportion p, 420-21
case studies, 429-31, 478-79
curiosity and, 401-2
decisions and, 428-29
defined, 332, 401, 403, 405, 443
for difference between two population
means, 466-77
equal variance assumption of,
473-76
general format for, 467
interpreting, 470-72
pooled, 473- 475, 477
pooled standard error for, 473-76
pooled vs. unpooled, 475-76
calculating, 210, 640
for goodness-of-fit test, 652
statistical significance and, deciding
on, 210-11, 216
for 2 2 tables, 208-11, 216, 646— 47
for two-way tables, 208-9, 638-39, 640
Chi-square test, 635—- 46
for goodness-of-fit, 652-56
mathematical notation for, 655
steps in, 653-54
for two-way tables, 208-16, 635— 46
alternative hypothesis, 208, 636-38
critical values, 643— 45
expected counts, 208-9, 638- 40, 646
homogeneity hypothesis, 638
independence hypothesis, 638
making decision and reporting con-
clusions, 643- 45
estimating, using sample data, S3-5
testing null and alternative hypothe-
ses for, $3-9-10
Coherent probabilities, 236
Coincidences, 264-67
Column percentages, 194, 195, 196, 197,
636, 639
Complement, 239, 243, 252
rule to find probability of, 243 44, 250,
S1-8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 72
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 72
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 72
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU (Use these settings to create Adobe PDF on Website.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




