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PREFACE

STATISTICS INTHE NEW MILLENIUM

This eighth edition of A First Course in Statistics is an introductory text emphasizing
inference, with extensive coverage of data collection and analysis as needed to
evaluate the reported results of statistical studies and make good decisions. As in
earlier editions, the text stresses the development of statistical thinking, the as-
sessment of credibility and value of the inferences made from data, both by those
who consume and those who produce them. This one-semester text covers basic sta-
tistical and probability topics through simple linear regression. It assumes a math-
ematical background of basic algebra.

NEW TO THE EIGHTH EDITION

e Exercise sets have been revised to provide a greater variety in level of difficulty.
In addition to “Learning the Mechanics” exercises, “Applied Exercises” are
categorized into “Basic,” “Intermediate,” and “Advanced” at the end of each
section.

e All printouts from statistical software (SAS, SPSS, MINITAB, and STATIS-
TIX) have been revised to reflect the latest versions of the software.

e The sections in Chapter 8 (Comparing Population Proportions) have been
reorganized with emphasis on whether one or two qualitative variables are
analyzed.

TRADITIONAL STRENGTHS

We have maintained the pedagogical features of A First Course in Statistics that we
believe make it unique among introductory statistics texts. These features, which
assist the student in achieving an overview of statistics and an understanding of its
relevance in the social and life sciences, business, and everyday life, are as follows:

e Use of Examples as a Teaching Device Almost all new ideas are introduced
and illustrated by data-based applications and examples. We believe that stu-
dents better understand definitions, generalizations, and abstractions after see-
ing an application.

e Exploring Data with Statistical Computer Software Each statistical analysis
method presented is demonstrated using output from four leading statistical
software packages: SAS, SPSS, MINITAB, or STATISTIX. In addition, output
and keystroke instructions for the TI-83 Graphing Calculator are covered in
optional boxes.

e Nonparametric Methods Integrated Throughout the text, optional sections
on alternative distribution-free (nonparametric) procedures follow the rele-
vant sections.

e Statistics in Action Each chapter concludes with a case study on a contem-
porary, controversial, or high-profile issue. Data from the study are presented
for analysis and questions, prompting the students to evaluate the findings and
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to think through the statistical issues involved. Additional cases appear on the
Web site.
¢ Real Data Exercises The text includes more than 800 exercises illustrated by
applications in almost all areas of research. All the applied exercises employ
the use of current real data extracted from a wide variety of publications (e.g.,
newspapers, magazines, journals, and the Internet). Many students have trouble
learning the mechanics of statistical techniques when all problems are couched
in terms of realistic applications. For this reason, all exercise sections are di-
vided into four parts:
Learning the Mechanics. Designed as straightforward applications of new
concepts, these exercises allow students to test their ability to comprehend
a mathematical concept or a definition.
Applying the Concepts—Basic. Based on applications taken from a wide va-
riety of journals, newspapers, and other sources, these short exercises help the
student begin developing the skills necessary to diagnose and analyze real-
world problems.
Applying the Concepts—Intermediate. Based on more detailed real-world
applications, these exercises require students to apply their knowledge of
the technique presented in the section.
Applying the Concepts—Advanced. These more challenging real-data exer-
cises require students to utilize their critical thinking skills.

* Quick Review Each chapter ends with a list of key terms and formulas, with
reference to the page number where they first appear.

e Language Lab Following the Quick Review is a pronunciation guide to Greek
letters and other special terms. Usage notes are also provided.

e Student Projects Presented at the end of each chapter, these projects em-
phasize gathering data, analyzing data, and/or report writing.

e Footnotes Although the text is designed for students with a non-calculus back-
ground, footnotes explain the role of calculus in various derivations. Footnotes
are also used to inform the student about some of the theory underlying certain
methods of analysis. These footnotes allow additional flexibility in the mathe-
matical and theoretical level at which the material is presented.
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SUPPLEMENTS FORTHE INSTRUCTOR
Annotated Instructor’s Edition (AIE) (ISBN 0-13-067423-0)

Marginal notes placed next to discussions of essential teaching concepts include:

e Teaching Tips—suggest alternative presentations or point out common student

errors
e Exercises—reference specific section and chapter exercises that reinforce the

concept
e Short Answers—section and chapter exercise answers are provided next to the

selected exercises

Instructor’s Solutions Manual by Nancy S. Boudreau
(ISBN 0-13-067419-2)

Solutions to all of the even-numbered exercises are given in this manual. Careful
attention has been paid to ensure that all methods of solution and notation are
consistent with those used in the core text. Solutions to the odd-numbered exer-
cises are found in the Student’s Solutions Manual.

Test Bank by Mark Dummeldinger (ISBN 0-13-067410-9)

The Test Bank includes more than 1,000 problems that correlate to problems pre-
sented in the text.

Instructor’s Notes by Mark Dummeldinger (ISBN 0-13-066074-4)

This printed resource contains suggestions for using the questions at the end of the
Statistics in Action cases as the basis for class discussion and a complete short
answer book with letter of permission to duplicate for student use.

TestGen-EQ (0-13-066078-7)

TestGen-EQ is a computerized test bank which allows you to view and edit test
bank questions, transfer them to exams, and print in a variety of formats. The pro-
gram offers many options for organizing and displaying test banks and tests and
a built-in random number and test generator allows instructors to create multiple
versions of exams.

WebCT/BlackBoard by Engin Sungur

The BlackBoard and WebCT sites offer course-compatible content including the
Student’s Solutions Manual, technology help, quizzes, and lecture content. These
sites also include Web-based statistical applets (STATLETS™) designed specifi-
cally for the text by StatPoint, LLC, which encourage students to develop their
conceptual understanding of statistics by providing accessible computational and
graphing capabilities matched with specific questions to reinforce understanding
of key concepts from the text.
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CourseCompass by Engin Sungur

CourseCompass is the perfect course management solution that combines quali-
ty Prentice Hall content with state-of-the-art BlackBoard technology! It is a dy-
namic, interactive online course management tool powered by BlackBoard. This
exciting product allows you to teach with market-leading Prentice Hall content in
an easy-to-use customizable format. This site offers course-compatible content,
including the Student’s Solutions Manual, technology help, quizzes, and lecture
content. This site also includes Web-based statistical applets (STATLETS™) de-
signed specifically for the eighth edition of the text by StatPoint, LLC, which en-
courage students to develop their conceptual understanding of statistics by
providing accessible computational and graphing capabilities matched with specific
questions to reinforce understanding of key concepts from the text.

Companion Website (0-13-066073-6)

Located at http://www.prenhall.com/mcclave, the Companion Website is an online,
interactive study guide, matched to each chapter of the text, with an online syl-
labus builder, technology help, quizzes, objectives, Internet destinations, Power-
Point downloads, and the text’s data files available for download.

SUPPLEMENTS AVAILABLE FORTHE STUDENT

Data CD

The text is accompanied by a CD which contains files for all of the data sets
marked with a CD icon in the text. These include data sets for text examples,
exercises, and Statistics in Action cases. All data files are saved in ASCII format
for easy importing into statistical software (e.g., SAS, SPSS, MINITAB, or
STATISTIX). A list of the data sets, with file names and variables, is provided

in Appendix B.

Student’s Solutions Manual by Nancy S. Boudreau
(ISBN 0-13-067418-4)

Fully worked-out solutions to all of the odd-numbered exercises are provided in
this manual. Careful attention has been paid to ensure that all methods of solution
and notation are consistent with those used in the core text.

TI-83 Manual by Singh Kelly (0-13-066919-9)
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MINITAB Manual by Augustin Vukov (0-13-066922-9)

Microsoft Excel Manual by Anne Drougas (0-13-066921-0)

Each spiral-bound companion manual works hand-in-glove with the text. Step-
by-step keystroke-level instructions, with screen captures, provide detailed help
for using the technology to work pertinent exercises. A cross-reference chart in-
dicates which text examples are included and the exact page reference in both the
text and technology manual. Output with brief instruction is provided for selected
odd-numbered exercises to reinforce the examples.

WebCT/BlackBoard by Engin Sungur

The BlackBoard and WebCT sites offer course-compatible content including the
Student’s Solutions Manual, technology help, quizzes, and lecture content. These
sites also include Web-based statistical applets (STATLETS™) designed specifi-
cally for the text by StatPoint, LLC, which encourage students to develop their
conceptual understanding of statistics by providing accessible computational and
graphing capabilities matched with specific questions to reinforce understanding
of key concepts from the text.

CourseCompass by Engin Sungur

CourseCompass is the perfect course management solution that combines quali-
ty Prentice Hall content with state-of-the-art BlackBoard technology! It is a
dynamic, interactive online course management tool powered by BlackBoard. This
exciting product allows you to learn with market-leading Prentice Hall content in
an easy-to-use customizable format. This site offers course-compatible content,
including the Student’s Solutions Manual, technology help, quizzes, and lecture
content. This site also includes Web-based statistical applets (STATLETS™)
designed specifically for the text by StatPoint, LLC, which encourage students to
develop their conceptual understanding of statistics by providing accessible
computational and graphing capabilities matched with specific questions to rein-
force understanding of key concepts from the text.

Companion Website

Located at http.//www.prenhall.com/mcclave, the Companion Website is an online,
interactive study guide, matched to each chapter of the text, with technology help,
quizzes, objectives, Internet destinations, PowerPoint downloads, and the text’s
data files available for download.
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HOW TO USE THIS BOOK

To the Student

The following pages will demonstrate how to use this text in the most effective way to make
studying easier and to understand the connection between statistics and your world.

Chapter Openers Show
Links Between OIld and
New Topics

CHAPTER

s * Where We’ve Been
PrObab'hty quickly reviews how infor-
mation learned previously
applies to the chapter at

Contents

3.1 Events, Sample Spaces, and Probability hand.

3.2 Unions and Intersections

3.3 Complementary Events N . .

3.4 The Additive Rule and Mutually Exclusive ® Whel'e We re GOlng hlgh-

Events 4

3.5 Condirional Probability llghts how the Chapter

3.6 The l\r(ulri‘pllcan\\' Rule and Independent Events [Opics fit into your grow-

3.7 Random Sampling r [
ing understanding of
statistics.

Statistics in Action

Game Show Straregy: To Switch or Not to Switch?

@ Where We’ve Been @ Where We’re Going

Now thar we know how ro phrase an inference about a
population, we turn to the problem of making the infer-
goal, we must be able to describe a ser of measurements. ence. What is it that permits us ro make the inferential
Thus, we explored the use of graphical and numerical ~ jump from sample to population and then to give a mea-
sure of reliability for the inference? As you'll see, the an-
swer is probability. This chapter is devoted to a study of
probabilicy - whar it is and some of the basic concepts of
the theory behind ir.

We've idennfied inference, from a sample to a population,
as the goal of staristics. And we've seen thar to reach this

methods for describing both quantitacive and qualitative

data secs and for phrasing inferences.

Page 107



Easy to Locate Boxes Highlight
Important Information

e Definitions, Strategies, Key Formulas,
and other important information is
highlighted for quick reference.

e Helps students to prepare for quizzes
and tests by reviewing the highlighted

information.
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¥ EXAMPLE 5.5
%

According to True Odds: How Risk Affects Your Everyday Life (Walsh, 1997), the
probability of being the victim of a violent crime is less than .01. Suppose that in
a random sample of 200 Americans, 3 were victims of a violent crime. Estimate
the true proportion of Americans who were victims of a violent crime using a 95%
confidence interval.

Solution

Let p represent the true proportion of Americans who were victims of a violent
crime. Since p is near 0, an “extremely large” sample is required to estimate its value
using the usual large-sample method. Since we are unsure whether the sample size
of 200 is large enough, we will apply Wilson’s adjustment outlined in the box.

The number of “successes” (i.e., number of violent crime victims) in the sam-
ple is x = 3. Therefore, the adjusted sample proportion is

x+'2 32 5

= - = — 025
PP a4 200+4 204

Note that this adjusted sample proportion is obtained by adding a total of four
observations—Iwo “successes” and two “failures"—to the sample data. Substitut-
ing p* = 025 into the equation for a 95% contidence interval, we obtain

025)(.975)

[l = )

P+ 1.96\/ = 025 + 1.96

n+4 204
=025 £ .021

or (.004,.046). Consequently, we are 95% confident that the true proportion of
Americans who are victims of a violent crime falls between .004 and .046. =

Page 262

4.3 THE BINOMIAL DISTRIBUTION

Many experiments result in dichotomous responses- esponses for which there
exisl two possible alternatives, such as Yes—No, Pass—Fail, Defective-Nondefec-
tive, or Male-Female. A simple example of such an experiment is the coin-toss ex-
periment. A coin is tossed a number of times, say 10. Each toss results in one of two
outcomes, Head or Tail, and the probability of observing each of these two out-
comes remains the same for each of the 10 tosses. Ultimately, we are interested in
the probability distribution of x, the number of heads observed. Many other ex-
periments are equivalent to lossing a coin (either balanced or unbalanced) a fixed
number # of times and observing the number x of times that one of the two pos-
sible outcomes oceurs. Random variables that possess these characteristics are
called binomial random variables,

Public opinion and consumer preference polls (e.g., the CNN, Gallup, and Har-
ris polls) frequently yield observations on binomial random variables. For exam-
ple, suppose a sample of 100 students is selected from a large student body and each
person is asked whether he or she favors (a Head) or opposes (a Tail) a certain cam-
pus issue. Suppose we are interested in x. the number of students in the sample who
e. Sampling 100 students is analogous to lossing the coin 100 times.

see that opinion polls that record the number of people who favor
real-life equivalents of coin-toss experiments. We have been de-
scribing a binomial experiment; it is identified by the following characteristics.

Characteristics of a Bi ial Random Variable

1. The experiment consists of n identical trials.

. There are only two possible outcomes on each trial. We will denote one
outeome by S (for Success) and the other by F (for Failure).

The probability of S remains the same from trial to trial. This probability is
denoted by p, and the probability of Fis denoted by ¢. Note thatg = 1 — p.
‘The trials are independent.

The binomial random variable x is the number of §'s in 7 trials.

%3
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Learn by Example Approach

e New ideas are introduced and illus-
trated with data-based applications
and examples. Complete solutions and
explanations are also provided to help
students prepare for end-of-section
exercises.

e Tangible applications and examples
help students to digest theory
because they are always provided
before definitions, generalizations,
or abstractions.

¢ All examples are numbered for easy
reference.

e The end of the solution is marked with
a M symbol.
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Step2

Using the T1-83 Graphing Calculator
Making & Box Plot on the TI-83

Enter the data
Press STAT I for STAT Edit
Exnter the data set into L1

Set up the box plot
Press 2nd ¥ = for STAT PLOT

Press 1 for  Plor 1

Use the arrow and ENTER keys 10 s¢t up the screen as shown
below

T1-83 Graphing Calculator
Key Stroke Level Instruction
Contained in Boxes

¢ Gives students step-by-step instruction
on how to use the TI-83.

e Helps students to see how technology
can be used as a substitute for hand
computation.

Step 3 Select your window vettings
Fress WINDOW and adjust the seffings as follows

Xmin = smallest data value (or smaller)
Xmax = largest data valve (or larger)

i Xsed = approximately (xmax -~ xmun)/ It
i Ymin =

| Ymax = 1)

{ Yod =1

{

| Swepd View e graph

| Press GRAPH

Optional  Rewil the five smber summary
Step  Prews TRACE

O3 and maxX,

Txample: Make i box plot for the given duta

Use the left and right arrow keys to move between minX. Q1 Med,

6, 70,02, 9K, 73, 56, 53, U2, 86, 37, 2. K3, 7K. 49, T8, 37 6779, 57

The window seftinges and harizantal bos plol are shown below

Emphasis on Real Data

* Most of the 1200+ exercises con-
tain data or information taken
from current newspaper articles,
magazines, journals, and the inter-
net. Statistics are all around you.

e Real data is also integrated into
examples, chapter content, graphs,
tables, etc.

Computer Output Integrated
Throughout

Exploring Data with Statistical Com-
puter Software

e Statistical software packages, such
as SPSS, MINITAB, SAS, or STA-
TISTIX, crunch data quickly so
students can spend time analyzing
the results. Learning how to inter-
pret statistical output will prove
helpful in future classes or on the
job.

e When computer output appears in
examples, the solution explains how
to read and interpret the output.

e QOutput and instructions for the TI-83
graphing calculator are also provided.

® Teaches students valuable skills they
may use in later careers.
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Sample Youngest Tertile Middle Tertile  Oldest Tertile
Size Mean Height Mean Height ~ Mean Height  F Value p-Value
Boys 1439 033 033 457 0.01
Girls 1409 0.27 0.18 0.85 0.43

Source: Wake.M.. Coghlan, D, and Hesketh, K. “Does height influence progression through primary school grades?”
The Archives of Disease in Childhood Vol 82, Apr. 2000 (Table 2).

7.82

a. What is the null hypothesis for the ANOVA of the
boys™ data?
b. Interpret the results of the test. part a. Use a = .05.
¢. Repeat parts a and b for the girls’ data.
d. Summarize the results of the hypothesis tests in the
waords of the problem.
The Journal of Hazardous Materials (July 1995) published
the results of a study of the chemical properties of three
different types of hazardous organic solvents used to clean
metal parts: aromatics, chloroalkanes, and esters. One
variable studied was sorption rate, measured as mole per-
centage. Independent samples of solvents from each type
were tested and their sorption rates were recorded, as
shown in the table. A MINITAB analysis of variance of
the data is provided.

@ SORPRATE
Aromatics Chloroalkanes Esters

L06 95 1.58 L12 29 43 06
79 65 145 5 6 Sl 09
82 115 57 83 B A0 A7
89 112 116 43 .61 34 .60

105 S5 53 17

Source: Reprinted from Journal of Hazardous Materiuls, Vol 42.No. 2.1, D.

Ortego eral. “A review of polymeric geosynthetics used in b
facilities” p. 142 (Table 9), July 1995, Elsevier Science-NL, S

ardous waste

25, 1055 KV A dam. The N

MINITAB Output for Exercise 7.82

Analysis of Variance for SCRPRATE

Source DF ss Ms 4 B
SOLVENT 2 3.3084 1.6527 24.51 0.000
EBrror 29 1.9553 0.0674

Total 31 5.2608

a. Construct an ANOVA table from the MINITAB
printout.

b. Is there evidence of differences among the mean
sorption rates of the three organic solvent types?
Test using & = ,10.

Applying the Concepts—Intermediate
7.83 Studies conducted at the University of Melbourne (Aus-

tralia) indicate that there may be a difference between
the pain thresholds of blondes and brunettes. Men and
women of various ages were divided into four categories
according to hair color: light blond, dark blond, light
brunette, and dark brunette. The purpose of the experi-
ment was to determine whether hair color is related to
the amount of pain evoked by common types of mishaps
and assorted types of trauma. Each person in the experi-
ment was given a pain threshold score based on his or her
performance in a pain sensitivity test (the higher the score,
the higher the person’s pain tolerance). SAS was used to
conduct the analysis of variance of the data listed in the
table on p. 385. The SAS printout provided below.

Page 384




Lots of Exercises for Practice

Every section in the book is followed by
an Exercise Set divided into four parts:

¢ Learning the Mechanics Designed as

straightfoward applications of new

concepts, these exercises allow students
to test their ability to comprehend a
mathematical concept or presentation.

* Applying the Concepts—Basic Based
on applications taken from a wide vari-
ety of journals, newspapers, and other
sources, these short exercises help the
student to begin developing the skills
necessary to diagnose and analyze real-

world problems.

Preface

of the statistical | you use in solving all these exercises. Starred (*)

exercises refer to the optional section in this chaprer.

690 Complete the following statement: The larger the p-value
associated with a test of hypothesis, the stronger the sup-
port for the hypothesis. Explain your answer.

A random sample of # = 200 observations [rom a bi-
nomial population yields p = .29.

Learning the Mechanics

6.86 Specify the differences between a large-sample and
small-sample test of hypothesis about a population mean
. Focus on the assumptions and tesl statistics.

Which of the elements of a test of hypothesis can and

6.91

3

6.8

A : A a. Test Hy: p = .35 against H,: p < .35. Use 5
should be specified prior 10 analyzing the data that are b. Test ”“::7 =35 u§ st H. ;7 2 U\': :r
Lo be utilized to conduet the test? ] ¢. Form a 95% conlidence interval for p.
6.88 A random sample of 20 observations selected from a d. Form a 99% confidence interval for p.
> . and s2 = !
normal population produced ¥ = 72.6 and 5* = 19.4. e. How large a sample would be required Lo estimate p
a, Form a 90% conlidence interval for the population to within .05 with 99% confidence?
mean. . 6.92 A random sample of 175 measurements possessed a
b. TL*\\( Hy: = 80 against H,: e < 80, Use o = 05, mean ¥ = 8.2 and a standard deviation s = .79,
¢ Test Hyp = 80 against H:p # 80. Use a = .01 a. Form a 95% confidence interval for p.
d. Form a99% conlidence interval for p. b, Test Hy:p = 8.3 against H,:p # 8.3. Use ar ;
e. How large a sample would be required 1o estimate ¢ Test Hyp = 8.4 against /I:,:p # 84 Use a = 05,
10 within 1 unit with 95% confidence? 6.93 A r-test is conducted for the null hypothesis Hy:p = 10
6.89 Complete the following statement: The smaller the p-value versus the allernative H,: u > 10 for a random sample

of n = 17 abservations, The dala are analyzed using
MINTTAB, with the results shown below.

associated with a test of hypothesis, the stronger the support
for the hypothesis. Explain your answer.

MINITAB Output for Exercise 6.93

Test of mu = 10 vs mu > 10

Variable N Mean StDev SE Mean
x 17 12.50 8.78 33
Variable 95.0% Cr Gl B
X { 8.00, 17.00) 1.1% L1288
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a. Interpret the p-value.

b. Whal assumptions are nec
this test?

. Caleulate and interpret the p-value assuming the al-
ternative hypothesis was instead H,:p # 10,

ssary for the validity of

-

Applying the Concepts—Basic

6.94

*6.96

An article in the Annals of the Association of American

Geographers (June 1992) revealed that only 133 of 337

randomly selected residences in Los Angeles County

were protected by earthquake insurance.

a. What are the appropriate null and alternative hy-
potheses to test the research hypothesis that less than
40% of the residents of Los Angeles County were
protected by earthquake insurance

. Do the data provide sufficient evidence Lo support
the rch hypothesis? Use e = .10,

. Caleulate and interpret the p-value for the test.

5 When a new drug is formulated, the pharmaceutical

company musl subject it to lengthy and involved testing

belore receiving the necessary permission from the Food

and Drug Adm ration (FDA) o market the drug,

The FDA requires the pharmaceutical company (o pro-

vide substantial evidence that the new drug is sale for

potential consumers,

a. 1f the new drug testing were 1o be placed in a test ol

hypothesis framework, would the null hypothesis be

that the drug is safe or unsafe? The alternative hy-
pothesis?

Given the choice of null and alternative hypotheses

in part a, describe Type I and Type II errors in terms

of this application. Define e and g in terms ol this
application.

. 1l the FDA wants Lo be very confident that the drug
is safe before permitting it to be marketed. is it more
important that « or 8 be small? Explain.

The American Cancer Society funds medical research

focused on finding treatments for various forms of

cancer. One new treatment is being tested to deter-
mine whether the average remission time for a par-
ticularly aggr: ¢ form of cancer is extended by the
treatment. Assume that current treatments have been
shown to provide a median remission time of 4.5 years.

Seven patients with this cancer are given the new

treatment, and their remission times (in years) are as

follows:

o

B REMISSION

53

7.3 3.6 52 6.1 4.8 8.4

6.97

Use the sign Lest to determine if the median remission
time is increased by the new treatment. Test al e = .05.
In a British study, 12 healthy college students, deprived
of one night's sleep, received an array of tests intended
to measure thinking time, fluency. flexibility, and origi-

6.98

Applying the Concepts—Intermediate

6.99

MINITAB Output for Exercise 6.99

nality of thought. The overall test scores of the sleep-de-
prived students were compared Lo the average score ex-
pected [rom students who received their accustomed
sleep (Sleep, Jan. 1989). Suppose the overall scores of
the 12 sleep-deprived students had a mean of ¥ = 63
and a standard deviation of 17. (Lower scores are asso-
ciated with a deereased ability Lo think ereatively.)

. Test the hypothesis that the true mean score of sleep-
deprived subjects is less than 80, the mean score of
subjects wha received sleep prior to taking the test.
Use a = .05,

‘What assumption is required for the hypothesis test
of part a o be valid?

“Take the Pepsi Challenge” was a markeling campaign
used by the Pepsi-Cola Company. Coca-Cola drinkers
participated in a blind taste test in which they tasted un-
marked cups of Pepsi and Coke and were asked 10 select
their favorite. Pepsi claimed that “in recent blind taste
tests, more than half the Diet Coke drinkers surveyed
said they preferred the taste of Diet Pepsi™ (Consumer’s
Research, May 1993). Suppose 100 Diet Coke drinkers
took the Pepsi Challenge and 56 preferred the taste of
Diet Pepsi. Test the hypoth that more than hall of
all Diet Coke drinkers will select Diet Pepsi in a blind
taste test. Use a = .05,

7

Based on more detailed real-world
applications, these exercises require
students to apply their knowledge
of the technique presented in the
section.

In order to be effective, a certain mechanical compo-
nent used in a spacecraft must have a mean length of
life greater than 1,100 hours, Owing to the prohibitive
cost of this component, only three were tested under
simulated space conditions. The lifetimes (hours) of the
components were recorded and the computed statistics
were ¥ = 1,173.6 and, s = 36.3. These data were ana-
Iyzed using MINTTAB, as shown below.

e Applying the Concepts—Advanced

cises require students to utilize their

Test of mu = 1100 vs mu > 1100
G L critical thinking skills.
X 8 1173.6 36.3 20.96
Varisble 95.0% CI T B
X { 1083.5, 1263.7) 3.51 0362
a. Verify that the software has correctly calculated the

1 statistic, and use Table IV of Appendix A to de-
termine whether the p-value is in the appropriate
range.

. Interpret the p-value.

. What assumptions are necessary for the validity of
this test?

. Which type of error, [ or 11, is of greater concern

for this test? Explain.

Would you rec i that this P be

passed as meeting specifications?

[

-3

®
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e Applying the Concepts—Intermediate

These more challenging real-data exer-
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Statistics In Action Case Studies Explore High Interest Issues

* Each chapter concludes with a data-based case study that showcases
controversial, contemporary, or high-profile issues.

¢ Focus questions are provided to help you evaluate the findings.

e Additional cases are available on the companion website located at
www.prenhall.com/mcclave

STATISTICS IN ACTION:

The “Eye Cue” Test: Does Experience Improve Performance?

In 1948, famous child psychologist Jean Piaget

devised a test of basic perceptual and concep-

tual skills dubbed the “water-level task.” Subjects

were shown a drawing of a glass being held perfectly still

(at a 45° angle) by an invisible hand so that any water in it
had to be at rest (see Figure 2.39).

FIGURE 2.39
Drawing of the Water-Level Task

The task for the subject was to draw a line representing
the surface of the water—a line that would touch the black
dot pictured on the right side of the glass. Piaget found that
young children typically failed the test. Fifty years later, re-
search psychologists still use the water-level task to test the
perception of both adults and children. Surprisingly, about
40% of the adult population also fail. In addition, males tend
to do better than females, and younger adults tend to do bet-
ter than older adults.

Will people with experience handling liquid-filled con-
tainers perform better on this “eye cue” test? This question
was the focus of research conducted by psychologists Heiko
Hecht (NASA) and Dennis R. Proffitt (University of Vir-
ginia) and published in Psychological Science (Mar. 1995).
The researchers presented the task to each of six different
groups: (1) male college students, (2) female college stu-
dents, (3) professional waitresses, (4) housewives, (5) male
bartenders, and (6) male bus drivers. A total of 120 subjects
(20 per group) participated in the study. Two of the groups,
waitresses and bartenders, were assumed to have consider-
able experience handling liquid-filled glasses.

After each subject completed the drawing task, the re-
searchers recorded the deviation* (in angle degrees) of the

judged line from the true line. If the deviation was within 5°
of the true water surface angle, the answer was considered
correct. Deviations of more than 5° in either direction were
considered incorrect answers.

The data for the water-level task (simulated based on
summary results presented in the journal article) are pro-
vided in the file EYECUE on the data disk that accompa-
nies this text. For each of the 120 subjects in the experiment,
the following variables (in the order they appear on the data
file) were measured:

@EvECUE
Variables

GENDER (F or M)

GROUP (Student, Waitres, Wife, Bartend, or Busdriv)
DEVIATION (angle, in degrees, of the judged line from
the true line)

JUDGE (Within5, More5Above, More5Below)

Focus

a. Use a graphical method to describe the qualitative re-
sponses for all 120 subjects.

b. Construct graphs that researchers could use to describe
the effect of gender on the qualitative measure of task
performance. Do the results tend to support or refute the
prevailing theory that males do better than females?

. Construct graphs that the researchers could use to describe
the effect of age on the qualitative measure of task per-
formance. [ Note: The college students in the study were
much younger than the subjects in the other four groups.|
Do the results tend to support or refute the prevailing the-
ory that younger adults do better than older adults?

. Construct graphs that the researchers could use to de-
scribe the effect of experience in handling liquid-filled
containers on the qualitative measure of task perfor-
mance. Comment on the theory that experience improves
task performance.

e. Refer to parts a-d. What are the drawbacks to using
graphical displays of sample data to infer the nature of
the population?

f. Repeat parts a—e, but use the quantitative measure of task
performance, i.e., the actual deviations in water-line angles
(in degrees) for each subject.

. Discuss which graphs—those of parts a—d or those of part
f—are more informative.

h. For each group of subjects, find and interpret numerical
descriptive measures of the data for the quantitative mea-
sure of task performance. What do you conclude from this
analysis?

o

[=%

e

*The true surface line is perfectly parallel to the table top.

Page 95




