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Preface

In a nutshell, statistics is about understanding the role that variability plays in draw-
ing conclusions based on data. Introduction to Statistics and Data Analysis, Fifth 
Edition, develops this crucial understanding of variability through its focus on the 
data analysis process.

Students are introduced early to the idea that data analysis is a process that begins 
with careful planning, followed by data collection, data description using graphical 
and numerical summaries, data analysis, and finally interpretation of results. This 
process is described in detail in Chapter 1, and the ordering of topics in the first ten 
chapters of the book mirrors this process: data collection, then data description, then 
statistical inference.

The logical order in the data analysis process can be pictured as shown in the 
following figure.

Unlike many introductory texts, Introduction to Statistics and Data Analysis, 
Fifth Edition, is organized in a manner consistent with the natural order of the data 
analysis process:

	� An Organization That Reflects the Data Analysis Process

Step 1:
Acknowledging
Variability—
Collecting
Data Sensibly

Step 2:
Describing
Variability
in the Data—
Descriptive
Statistics

Step 3:
Drawing
Conclusions
in a Way That 
Recognizes
Variability in
the Data

xiv

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



Statistics is not about numbers; it is about data—numbers in context. It is the context 
that makes a problem meaningful and something worth considering. For example, 
exercises that ask students to compute the mean of 10 numbers or to construct a 
dotplot or boxplot of 20 numbers without context are arithmetic and graphing exer-
cises. They become statistics problems only when a context gives them meaning and 
allows for interpretation. While this makes for a text that may appear “wordy” when 
compared to traditional mathematics texts, it is a critical and necessary component of 
a modern statistics text.

Examples and exercises with overly simple settings do not allow students to prac-
tice interpreting results in authentic situations or give students the experience neces-
sary to be able to use statistical methods in real settings. We believe that the exercises 
and examples are a particular strength of this text, and we invite you to compare the 
examples and exercises with those in other introductory statistics texts.

Many students are skeptical of the relevance and importance of statistics. Con-
trived problem situations and artificial data often reinforce this skepticism. A strategy 
that we have employed successfully to motivate students is to present examples and 
exercises that involve data extracted from journal articles, newspapers, and other pub-
lished sources. Most examples and exercises in the book are of this nature; they cover 
a very wide range of disciplines and subject areas. These include, but are not limited 
to, health and fitness, consumer research, psychology and aging, environmental re-
search, law and criminal justice, and entertainment.

Most chapters include a section titled “Interpreting and Communicating the Results 
of Statistical Analyses.” These sections include advice on how to best communicate 
the results of a statistical analysis and also consider how to interpret statistical 

Step 1:
Acknowledging
Variability—
Collecting Data
Sensibly

Step 2:
Describing 
Variability
in the Data—
Descriptive
Statistics

Probability Supports
the Connection

Step 3:
Drawing
Conclusions
in a Way That
Recognizes
Variability in
the Data

Chapters 1–2 Chapters 3–5 Chapters 8–15Chapters 6–7

	T he Importance of Context and Real Data

	 A Focus on Interpretation and Communication
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xvi  ●  Preface

summaries found in journals and other published sources. A subsection titled “A 
Word to the Wise” reminds readers of things that must be considered in order to 
ensure that statistical methods are employed in reasonable and appropriate ways.

In 2005, the American Statistical Association endorsed the report “College Guide-
lines in Assessment and Instruction for Statistics Education (GAISE Guidelines),” 
which included the following six recommendations for the introductory statistics 
course:

	1.	E mphasize statistical literacy and develop statistical thinking.
	2.	 Use real data.
	3.	 Stress conceptual understanding rather than mere knowledge of procedures.
	4.	 Foster active learning in the classroom.
	5.	 Use technology for developing conceptual understanding and analyzing data.
	6.	 Use assessments to improve and evaluate student learning.

Introduction to Statistics and Data Analysis, Fifth Edition, is consistent with these 
recommendations and supports the GAISE guidelines in the following ways:

	1.	 Emphasize statistical literacy and develop statistical thinking.
		  Statistical literacy is promoted throughout the text in the many examples and 

exercises that are drawn from the popular press. In addition, a focus on the role 
of variability, consistent use of context, and an emphasis on interpreting and 
communicating results in context work together to help students develop skills 
in statistical thinking.

	2.	 Use real data.
		  The examples and exercises from Introduction to Statistics and Data Analysis, 

Fifth Edition, are context driven, and the reference sources  include the popular 
press as well as journal articles.

	3.	 Stress conceptual understanding rather than mere knowledge of procedures.
		  Nearly all exercises in Introduction to Statistics and Data Analysis, Fifth Edition, 

are multipart and ask students to go beyond just computation. They focus on 
interpretation and communication, not just in the chapter sections specifically 
devoted to this topic, but throughout the text. The examples and explanations 
are designed to promote conceptual understanding. Hands-on activities in each 
chapter are also constructed to strengthen conceptual understanding. Which 
brings us to . . .

	4.	 Foster active learning in the classroom.
		  While this recommendation speaks more to pedagogy and classroom practice, Intro-

duction to Statistics and Data Analysis, Fifth Edition, provides more than 30 hands-
on activities in the text and additional activities in the accompanying instructor re-
sources that can be used in class or assigned to be completed outside of class.

	5.	 Use technology for developing conceptual understanding and analyzing 
data.

		  The computer brings incredible statistical power to the desktop of every investi-
gator. The wide availability of statistical computer packages such as Minitab, 

	� Consistent with Recommendations for the Introductory 
Statistics Course Endorsed by the American Statistical 
Association
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JMP, and SPSS, and the graphical capabilities of the modern microcomputer 
have transformed both the teaching and learning of statistics. To highlight the 
role of the computer in contemporary statistics, we have included sample output 
throughout the book. In addition, numerous exercises contain data that can eas-
ily be analyzed using statistical software. However, access to a particular statistical 
package is not assumed. Technology manuals for specific software packages and 
for the graphing calculator are available in the online materials that accompany 
this text.

			   The appearance of handheld calculators with significant statistical and graph-
ing capability has also changed statistics instruction in classrooms where access to 
computers is still limited. There is not universal or even wide agreement about 
the proper role for the graphing calculator in college statistics classes, where ac-
cess to a computer is more common. At the same time, for tens of thousands of 
students in Advanced Placement Statistics in our high schools, the graphing cal-
culator is the only dependable access to statistical technology.

			   This text allows the instructor to balance the use of computers and calcula-
tors in a manner consistent with his or her philosophy and presents the power of 
the calculator in a series of Graphing Calculator Explorations. These are part of 
the online materials that accompany this text. As with computer packages, our 
exposition avoids assuming the use of a particular calculator and presents the 
calculator capabilities in a generic format. For those using a TI graphing calcula-
tor, there is a technology manual available in the online materials that accompany 
this text. As much as possible, the calculator explorations are independent of each 
other, allowing instructors to pick and choose calculator topics that are most 
relevant to their particular courses.

	6.	 Use assessments to improve and evaluate student learning.
		  Assessment materials in the form of a test bank, quizzes, and chapter exams are 

available in the instructor resources that accompany this text. The items in the 
test bank reflect the data-in-context philosophy of the text’s exercises and 
examples.

We have designed this book with a particular eye toward the syllabus of the Ad-
vanced Placement Statistics course and the needs of high school teachers and stu-
dents. Concerns expressed and questions asked in teacher workshops and on the AP 
Statistics Teacher Community have strongly influenced our explanation of certain 
topics, especially in the area of experimental design and probability. We have taken 
great care to provide precise definitions and clear examples of concepts that Advanced 
Placement Statistics instructors have acknowledged as difficult for their students. We 
have also expanded the variety of examples and exercises, recognizing the diverse 
potential futures envisioned by very capable students who have not yet focused on a 
college major.

Our book can be used in courses as short as one quarter or as long as one year in dura-
tion. Particularly in shorter courses, an instructor will need to be selective in deciding 
which topics to include and which to set aside. The book divides naturally into four 
major sections: collecting data and descriptive methods (Chapters 1–5), probability 

	 Advanced Placement Statistics

	�T opic Coverage

	 Preface  ●  xvii

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



(Chapters 6–8), the basic one- and two-sample inferential techniques (Chapters 
9–12), and more advanced inferential methodology (Chapters 13–16).

We include an early chapter (Chapter 5) on descriptive methods for bivariate nu-
merical data. This early exposure raises questions and issues that should stimulate stu-
dent interest in the subject. It is also advantageous for those teaching courses in which 
time constraints preclude covering advanced inferential material. However, this chap-
ter can easily be postponed until the basics of inference have been covered, and then 
combined with Chapter 13 for a unified treatment of regression and correlation.

With the possible exception of Chapter 5, Chapters 1 through 10 should be 
covered in order. We anticipate that most instructors will then continue with two-
sample inference (Chapter 11) and methods for categorical data analysis (Chapter 12), 
although regression could be covered before either of these topics. Optional portions of 
Chapter 14 (multiple regression) and Chapter 15 (analysis of variance) and Chapter 16 
(nonparametric methods) are included in the online materials that accompany this text.

The content of the probability chapters is consistent with the Advanced Placement 
Statistics course description. It includes both a traditional treatment of probability and 
probability distributions at an introductory level, as well as a section on the use of simu-
lation as a tool for estimating probabilities. For those who prefer a briefer and more 
informal treatment of probability, two chapters previously from the book Statistics: The 
Exploration and Analysis of Data, by Roxy Peck and Jay Devore are available as a 
custom option. Please contact your Cengage learning consultant for more information 
about this alternative and other alternative customized options available to you.

Look for the following in the Fifth Edition:

●	 NEW A more informal writing style. In this revision, an effort was made to 
accommodate a broader range of student reading levels.

●	 NEW Helpful hints in exercises. To help students who might be having 
trouble getting started, hints have been added to many of the exercises directing 
students to relevant examples in the text.

●	 NEW Changes in exercise layout. Many of the multistep exercises carried over 
from the previous edition have now been broken into parts to make them more 
manageable and to help students organize their thinking about the solution.

●	 NEW Margin notes to highlight the importance of context and the process 
of data analysis. Margin notations have been added in appropriate places in 
the examples. These include Understanding the context, Consider the data, Formu-
late a plan, Do the work, and Interpret the results. These notes are designed to 
increase student awareness of the steps in the data analysis process.

●	 Updated examples and exercises that use data from current newspapers and 
journals are included. In addition, more of the exercises specifically ask students 
to write (for example, by requiring students to explain their reasoning, interpret 
results, and comment on important features of an analysis).

●	 Activities at the end of each chapter. These activities can be used as a chapter 
capstone or can be integrated at appropriate places as the chapter material is 
covered in class.

	� A Note on Probability

	� In This Edition
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●	 Students can now go online with Aplia and CourseMate to further their un-
derstanding of the material covered in each chapter.

●	 Advanced topics that are often omitted in a one-quarter or one-semester course, 
such as survey design (Section 2.6), logistic regression (Section 5.6), inference 
based on the estimated regression line (Sections 13.4 and 13.5), inference and 
variable selection methods in multiple regression (Sections 14.3 and 14.4), analy-
sis of variance for randomized block and two-factor designs (Sections 15.3 and 
15.4), and distribution-free procedures (Chapter 16) are available in the online 
materials that accompany this text.

●	 Updated materials for instructors are included. In addition to the usual instruc-
tor supplements such as a complete solutions manual and a test bank, the follow-
ing are also available to instructors:
●	 An Instructor’s Resource Binder, which contains additional examples that 

can be incorporated into classroom presentations and cross-references to re-
sources such as Fathom, Workshop Statistics, and Against All Odds. Of par-
ticular interest to those teaching Advanced Placement Statistics, the binder 
also includes additional data analysis questions of the type encountered on the 
free response portion of the Advanced Placement exam, as well as a collection 
of model responses.

●	 For those who use student-response systems in class, a set of “clicker” ques-
tions (see JoinIn™ on TurningPoint® under Instructor Resources—Media) 
for assessing student understanding is available.

Instructor and Student Resources

MindTap™
New for the fifth edition, available via Aplia, is MindTapTM Reader, Cengage 
Learning’s next-generation eBook. MindTap Reader provides robust opportunities 
for students to annotate, take notes, navigate, and interact with the text (e.g., Read-
Speaker). Annotations captured in MindTap Reader are automatically tied to the 
Notepad app, where they can be viewed chronologically and in a cogent, linear 
fashion. Instructors also can edit the text and assets in the Reader, as well as add 
videos or URLs.
  Go to http://www.cengage.com/mindtap for more information.

Aplia™
Content
Aplia™ is an online interactive learning solution that improves comprehension and 
outcomes by increasing student effort and engagement. Founded by a professor to 
enhance his own courses, Aplia provides automatically graded assignments with 
detailed, immediate explanations for every question, along with innovative teaching 
materials. Our easy-to-use system has been used by more than 1,000,000 students at 
over 1,800 institutions. Exercises are taken directly from text.

Aplia homework engages students in critical thinking, requiring them to synthe-
size and apply knowledge, not simply recall it. The diverse types of questions reflect 
the types of exercises that help students learn. All homework is written by subject 
matter experts in the field who have taught the course before.

Aplia contains a robust course management system with powerful analytics, en-
abling professors to track student performance easily.
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Service
Your adoption of Aplia® includes CourseCare, Cengage Learning’s industry leading 
service and training program designed to ensure that you have everything that you need 
to make the most of your use of Aplia. CourseCare provides one-on-one service, from 
finding the right solutions for your course to training and support. A team of Cengage 
representatives, including Digital Solutions Managers and Coordinators as well as 
Service and Training Consultants assist you every step of the way. For additional infor-
mation about CourseCare, please visit http://www.cengage.com/coursecare.

Our Aplia training program provides a comprehensive curriculum of beginner, 
intermediate, and advanced sessions, designed to get you started and effectively inte-
grate Aplia into your course. We offer a flexible online and recorded training program 
designed to accommodate your busy schedule. Whether you are using Aplia for the 
first time or are an experienced user, there is a training option to meet your needs.

JMP Statistical Software
JMP is a statistics software for Windows and Macintosh computers from SAS, the 
market leader in analytics software and services for industry. JMP Student Edition is 
a streamlined, easy-to-use version that provides all the statistical analysis and graphics 
covered in this textbook. Once data is imported, students will find that most proce-
dures require just two or three mouse clicks. JMP can import data from a variety of 
formats, including Excel and other statistical packages, and you can easily copy and 
paste graphs and output into documents. 

JMP also provides an interface to explore data visually and interactively, which 
will help your students develop a healthy relationship with their data, work more 
efficiently with data, and tackle difficult statistical problems more easily. Because 
its output provides both statistics and graphs together, the student will better see 
and understand the application of concepts covered in this book as well. JMP 
Student Edition also contains some unique platforms for student projects, such as 
mapping and scripting. JMP functions in the same way on both Windows and 
Mac platforms and instructions contained with this book apply to both 
platforms.

Access to this software is available for free with new copies of the book and avail-
able for purchase standalone at CengageBrain.com or http://www.jmp.com/getse. 
Find out more at www.jmp.com.

Digital
To access additional course materials and companion resources, please visit  
www.cengagebrain.com. At the CengageBrain.com home page, search for the ISBN 
of your title (from the back cover of your book) using the search box at the top of 
the page. This will take you to the product page where free companion resources can 
be found.

  	 Complete step-by-step instructions for JMP, TI-84 Graphing Calculators, Excel, 
Minitab, and SPSS indicated by the  icon throughout the text.

Access to JMP is free with 
the purchase of a new book.
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  	 Data sets in JMP, TI-84, Excel, Minitab, SPSS, SAS, and ASCII file formats indicated 
by the  icon throughout the text.

  	 Applets used in the Activities found in the text.

Print
Student Solutions Manual (ISBN: 978-1-3052-6582-0): The Student Solutions 
Manual, prepared by Michael Allwood, contains fully worked-out solutions to all of the 
odd-numbered exercises in the text, giving students a way to check their answers and 
ensure that they took the correct steps to arrive at an answer.

Print
Annotated Instructor’s Edition (ISBN: 978-1-3052-5252-3): The Annotated In-
structor’s Edition contains answers for all exercises, including those not found in the 
answer section of the student edition. There also are suggested assignments and teach-
ing tips for each section in the book written by Kathy Fritz, an experienced AP Sta-
tistics teacher, along with an annotated table of contents with comments written by 
Roxy Peck.

Teacher’s Resource Binder (ISBN: 978-1-3052-6605-6): The Teacher’s Resource 
Binder, prepared by Chris Olsen, is full of wonderful resources for both college pro-
fessors and AP Statistics teachers. These include

●	 Additional examples from published sources (with references), classified by chap-
ter in the text. These examples can be used to enrich your classroom discussions.

●	 Model responses—examples of responses that can serve as a model for work that 
would be likely to receive a high mark on the AP exam.

●	 A collection of data explorations written by Chris Olsen that can be used 
throughout the year to help students prepare for the types of questions that they 
may encounter on the investigative task on the AP Statistics Exam.

●	 Advice to AP Statistics teachers on preparing students for the AP Exam, written 
by Brian Kotz.

●	 Activity worksheets, prepared by Carol Marchetti, that can be duplicated and 
used in class.

●	 A list of additional resources for activities, videos, and computer demonstrations, 
cross-referenced by chapter.

●	 A test bank that includes assessment items, quizzes, and chapter exams written by 
Chris Olsen, Josh Tabor, and Peter Flannigan-Hyde.

Online
●	 Instructor Companion Site: Everything you need for your course in one place! 

This collection of book-specific lecture and class tools is available online via 
www.cengage.com/login. Access and download PowerPoint presentations, 
images, instructor’s manual, and more. 
●	 JoinIn™ on TurningPoint®: The easiest student classroom response system to 

use, JoinIn features instant classroom assessment and learning.
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●	 Cengage Learning Testing Powered by Cognero (ISBN: 978-1-3052-6589-9) 
is a flexible, online system that allows you to author, edit, and manage test bank 
content, create multiple test versions in an instant, and deliver tests from your 
LMS, your classroom or wherever you want. This is available online via www 
.cengage.com/login.

●	 Complete Solutions Manual  This manual contains solutions to all exercises 
from the text, including Chapter Review Exercises and Cumulative Review Ex-
ercises. This manual can be found on the Instructors Companion Site.

We are grateful for the thoughtful feedback from the following reviewers that has 
helped to shape this text over the last three editions:

Reviewers for the Fifth Edition
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Context-Driven Applications
Real data examples and exercises throughout 
the text are drawn from the popular press, 
as well as journal articles. Data sources are 
in a colored font for easy identification.

Focus on Interpreting 
and Communicating
Chapter sections on interpreting and communicat-
ing results are designed to emphasize the impor-
tance of being able to interpret statistical output 
and communicate its meaning to non-statisticians. 
A subsection titled “A Word to the Wise” reminds 
students of things that must be considered in order 
to ensure that statistical methods are used in rea-
sonable and appropriate ways.

. . . Emphasizes Statistical Literacy 
and Statistical Thinking 

Page 33
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TaBLE 2.1 Drawing Conclusions from Statistical Studies

Study description

reasonable to Generalize 
Conclusions about Group 
Characteristics to the 
Population?

reasonable to draw 
Cause-and-effect Conclusion?

observational study with sample 
selected at random from population 
of interest

Yes no

observational study based on conve-
nience or voluntary response sample 
(poorly designed sampling plan)

no no

experiment with groups formed by 
random assignment of individuals or 
objects to experimental conditions

   •   Individuals or objects used in study 
are volunteers or not randomly 
selected from some population of 
interest

no Yes

   •   Individuals or objects used in study 
are randomly selected from some 
population of interest

Yes Yes

experiment with groups not formed by 
random assignment to experimental 
conditions (poorly designed experiment)

no no

E X E R C I S E S  2 . 1  -  2 . 1 2

2.1 The article “How Dangerous Is a Day in the Hospital?” 
(Medical Care [2011]: 1068–1075) describes a study to 
determine if the risk of an infection is related to the 
length of a hospital stay. The researchers looked at a 
large number of hospitalized patients and compared 
the proportion who got an infection for two groups 
of patients—those who were hospitalized overnight 
and those who were hospitalized for more than one 
night. Indicate whether the study is an observational 
study or an experiment. Give a brief explanation for 
your choice.

2.2 The authors of the paper “Fudging the Numbers: 
Distributing Chocolate Influences Student Evaluations 
of an Undergraduate Course” (Teaching in Psychology 
[2007]: 245–247) carried out a study to see if events 
unrelated to an undergraduate course could affect 
student evaluations. Students enrolled in statistics 
courses taught by the same instructor participated 
in the study. All students attended the same lectures 
and one of six discussion sections that met once a 
week. At the end of the course, the researchers chose 
three of the discussion sections to be the “chocolate 
group.” Students in these three sections were offered 

chocolate prior to having them fill out course evalu-
ations. Students in the other three sections were not 
offered chocolate. 

The researchers concluded that “Overall, students 
offered chocolate gave more positive evaluations than 
students not offered chocolate.” Indicate whether the 
study is an observational study or an experiment. 
Give a brief explanation for your choice.

2.3 The article “Why We Fall for This” (AARP Magazine, 
May/June 2011) described a study in which a busi-
ness professor divided his class into two groups. He 
showed students a mug and then asked students in 
one of the groups how much they would pay for the 
mug. Students in the other group were asked how 
much they would sell the mug for if it belonged to 
them. Surprisingly, the average value assigned to the 
mug was quite different for the two groups! Indicate 
whether the study is an observational study or an 
experiment. Give a brief explanation for your choice.

2.4 ▼ The article “Television’s Value to Kids: It’s all in  
How They Use It” (Seattle Times, July 6, 2005)  
described a study in which researchers analyzed 
standardized test results and television viewing  

Bold exercises answered in back ● Data set available online  ▼ Video Solution available
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Selection Bias
Tendency for samples to differ from the corresponding population as a result 
of systematic exclusion of some part of the population.

Measurement or Response Bias
Tendency for samples to differ from the corresponding population because the 
method of observation tends to produce values that differ from the true value.

Nonresponse Bias
Tendency for samples to differ from the corresponding population because 
data are not obtained from all individuals selected for inclusion in the sample.

Types of Bias

It is important to note that bias is introduced by the way in which a sample is 
selected or by the way in which the data are collected from the sample. Increas-
ing the size of the sample, although possibly desirable for other reasons, does 
nothing to reduce bias if the method of selecting the sample is flawed or if the 
nonresponse rate remains high.

Potential sources of bias are illustrated in the following examples.

E X a M P L E  2 . 1  are Cell Phone Users Different?

Many surveys are conducted by telephone and participants are often selected from phone 
books that include only landline telephones. For many years, it was thought that this was 
not a serious problem because most cell phone users also had a landline phone and so 
they still had a chance of being included in the survey. But the number of people with cell 
phones only is growing, and this trend is a concern for survey organizations.

The article “Omitting Cell Phone Users May affect Polls” (Associated Press, September 25, 
2008) described a study that examined whether people who only have a cell phone are 
different from those who have landline phones. One finding from the study was that for 
people under the age of 30 with only a cell phone, 28% were Republicans compared to 
36% of landline users. This suggests that researchers who use telephone surveys need to 
worry about how selection bias might influence the ability to generalize the results of a 
survey if only landlines are used. ■

E X a M P L E  2 . 2  Think Before You Order That Burger!

The article “What People Buy from Fast-Food Restaurants: Caloric Content and Menu Item 
Selection” (Obesity [2009]: 1369–1374) reported that the average number of calories con-
sumed at lunch in New York City fast-food restaurants was 827. The researchers selected 
267 fast-food locations at random. The paper states that at each of these locations “adult 
customers were approached as they entered the restaurant and asked to provide their food 
receipt when exiting and to complete a brief survey.”

Approaching customers as they entered the restaurant and before they ordered may have 
influenced what they purchased. This introduces the potential for response bias. In addi-
tion, some people chose not to participate when approached. If those who chose not to 
participate differed from those who did participate, the researchers also need to be con-
cerned about nonresponse bias. Both of these potential sources of bias limit the researchers’ 
ability to generalize conclusions based on data from this study. ■

understand the context ❭

understand the context ❭
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Percent Who Smoke

Year

not a High 
School 

Graduate

High School 
Graduate but 

no College
Some 

College

Bachelor's 
degree or 

Higher

1975 41 42 43 33

1980 38 40 39 28

1985 36 37 36 23

1990 34 34 32 19

1995 32 31 29 16

2000 30 28 26 14

2005 29 27 21 10

a. Construct a time series plot for people who did 
not graduate from high school and comment on 
any trend over time.

b. Construct a time series plot that shows trend over 
time for each of the four education levels. Graph 
each of the four time series on the same set of 
axes, using different colors to distinguish the dif-
ferent education levels. Either label the time series 
in the plot or include a legend to indicate which 
time series corresponds to which education level.

c. Write a paragraph about your plot from Part (b). 
Discuss the similarities and differences for the four 
different education levels.

3.45 The accompanying time series plot of movie box 
office totals (in millions of dollars) over 18 weeks of 
summer for both 2001 and 2002 is similar to one 
that appeared in USA Today (Sep tem ber 3, 2002):

$300

$250

$200

$150

$100

$50

0

Giving at the box of�ce
Box of�ce comparisons for the
summer of 2002 vs. 2001:

Week 1
1 – projected

Source: Nielsen

Week 18

2001
2002

Week 181

$109.0

Week 18
$136.6

Week 1
$215.1

Week 1
$139.6

(in millions)

Patterns that tend to repeat on a regular basis over 
time are called seasonal patterns. Describe any 
seasonal patterns that you see in the summer box 
of fice data. (Hint: Look for patterns that seem to be 
consistent from year to year.)

 

Bold exercises answered in back ● Data set available online  ▼ Video Solution available

 3.5   Interpreting and Communicating the Results  
of Statistical Analyses

A graphical display, when used appropriately, can be a powerful tool for organizing and 
summarizing data. By sacrificing some of the detail of a complete listing of a data set, 
important features of the data distribution are more easily seen and more easily communi-
cated to others.

Communicating the Results of Statistical Analyses
When reporting the results of a data analysis, a good place to start is with a graphical dis-
play of the data. A well-constructed graphical display is often the best way to highlight the 
essential characteristics of the data distribution, such as shape and spread for numerical 
data sets or the nature of the relationship between the two variables in a bivariate numeri-
cal data set.

For effective communication with graphical displays, some things to remember are

 ● Be sure to select a display that is appropriate for the given type of data.

 ● Be sure to include scales and labels on the axes of graphical displays.

 ● In comparative plots, be sure to include labels or a legend so that it is clear which 
parts of the display correspond to which samples or groups in the data set.

 ● Although it is sometimes a good idea to have axes that do not cross at (0, 0) in a 
scatterplot, the vertical axis in a bar chart or a histogram should always start at 0 
(see the cautions and limitations later in this section for more about this).
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 ● Keep your graphs simple. A simple graphical display is much more effective than one 
that has a lot of extra “junk.” Most people will not spend a great deal of time studying 
a graphical display, so its message should be clear and straightforward.

 ● Keep your graphical displays honest. People tend to look quickly at graphical displays, 
so it is important that a graph’s first impression is an accurate and honest portrayal of 
the data distribution. In addition to the graphical display itself, data analysis reports 
usually include a brief discussion of the features of the data distribution based on the 
graphical display.

 ● For categorical data, the discussion of the graphical display might be a few sentences 
on the relative proportion for each category, possibly pointing out categories that were 
either common or rare compared to other categories.

 ● For numerical data sets, the discussion of the graphical display usually summarizes the 
information that the display provides on three characteristics of the data distribution: 
center or location, spread, and shape.

 ● For bivariate numerical data, the discussion of the scatterplot would typically focus on 
the nature of the relationship between the two variables used to construct the plot.

 ● For data collected over time, any trends or patterns in the time series plot would be described.

Interpreting the Results of Statistical Analyses
When someone uses a web search engine, do they rely on the ranking of the search results 
returned or do they first scan the results looking for the most relevant? The authors of the 
paper “learning User Interaction models for predicting Web Search Result preferences” (Proceed-
ings of the 29th Annual ACM Conference on Research and Development in Information Retrieval, 2006) 
attempted to answer this question by observing user behavior when they varied the position 
of the most relevant result in the list of resources returned in response to a web search. 

They concluded that people clicked more often on results near the top of the list, even 
when they were not relevant. They supported this conclusion with the comparative bar 
graph in Figure 3.37.

PTR = 1
PTR = 2
PTR = 3
PTR = 5
PTR = 10
Background

Relative click frequency

Result position

1 2 3 5 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

Figure 3.37
Comparative bar graph 
for click frequency data.

Although this comparative bar chart is a bit complicated, we can learn a great deal 
from this graphical display. Let’s start by looking at the first group of bars. The different 
bars correspond to where in the list of search results the result that was considered 
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3. There do not appear to be any outliers on the high side.

4. A “typical” average math score for the 37 states would be somewhere around 260.

5. There is quite a bit of variability in average score from state to state.

How would the displays have been different if the two territories and the District of 
Columbia had not participated in the testing? The resulting histogram is shown in 
Figure 3.39. Note that the display is now more symmetric, with no noticeable outliers. 
The display still reveals quite a bit of state-to-state variability in average score, and 260 still 
looks reasonable as a “typical” average score. 

Now suppose that the two highest values among the 37 states (Montana and North 
Dakota) had been even higher. The stem-and-leaf display might then look like the 
one given in Figure 3.40. In this stem-and-leaf display, two values stand out from the 
main part of the display. This would catch our attention and might cause us to look 
carefully at these two states to determine what factors may be related to high math 
scores.

Figure 3.39
Histogram for the modi fied math 
score data.
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Figure 3.40
Stem-and-leaf display for modi fied 
math score data.
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What to Look for in Published Data
Here are some questions you might ask yourself when attempting to extract information 
from a graphical data display:

 ● Is the chosen display appropriate for the type of data collected?

 ● For graphical displays of univariate numerical data, how would you describe the shape 
of the distribution, and what does this say about the variable being  summarized?

 ● Are there any outliers (noticeably unusual values) in the data set? Is there any 
plausible explanation for why these values differ from the rest of the data? (The 
presence of outliers often leads to further avenues of investigation.)

 ● Where do most of the data values fall? What is a typical value for the data set? What 
does this say about the variable being summarized?

 ● Is there much variability in the data values? What does this say about the variable 
being summarized?
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Of course, you should always think carefully about how the data were collected. If the 
data were not gathered in a reasonable manner (based on sound sampling methods or 
experimental design principles), you should be cautious in formulating any conclusions 
based on the data.

Consider the histogram in Figure 3.41, which is based on data published by the National 
Center for Health Statistics. The data set summarized by this histogram consisted of infant 
mortality rates (deaths per 1000 live births) for the 50 states in the United States. A his-
togram is an appropriate way of summarizing these data (although with only 50 observa-
tions, a stem-and-leaf display would also have been reasonable). 

6

4

2

8

10

0
7.0 8.0 9.0 10.0 11.0 12.0 13.0

Mortality rate

Frequency

The histogram itself is slightly positively skewed, with most mortality rates between 
7.5 and 12. There is quite a bit of variability in infant mortality rate from state to state—
perhaps more than we might have expected. This variability might be explained by differ-
ences in economic conditions or in access to health care. We may want to look further into 
these issues. 

Although there are no obvious outliers, the upper tail is a little longer than the lower 
tail. The three largest values in the data set are 12.1 (Alabama), 12.3 (Georgia), and 12.8 
(South Carolina)—all Southern states. Again, this may suggest some interesting questions 
that deserve further investigation. 

A typical infant mortality rate would be about 9.5 deaths per 1000 live births. This rep-
resents an improvement, because researchers at the National Center for Health Statistics 
stated that the overall rate for 1988 was 10 deaths per 1000 live births. However, they also 
point out that the United States still ranked 22 out of 24 industrialized nations surveyed, 
with only New Zealand and Israel having higher infant mortality rates.

A Word to the Wise: Cautions and Limitations
When constructing and interpreting graphical displays, you need to keep in mind these 
things:

1. Areas should be proportional to frequency, relative frequency, or magnitude 
of the number being represented. The eye is naturally drawn to large areas in 
graphical displays, and it is natural for the observer to make informal compari-
sons based on area. Correctly constructed graphical displays, such as pie charts, 
bar charts, and histograms, are designed so that the areas of the pie slices or the 

Figure 3.41
Histogram of infant mortality rates.
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Hands-on Activities in  
Every Chapter
More than 30 hands-on activities 
in the text, and additional activities 
in the accompanying instructor  
resources, can be used to encourage 
active learning inside or outside the 
classroom.

. . . Encourages Conceptual 
Understanding and Active 
Learning
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interviewed first when the children were 30–33 months 

old and again when they were 5 
1
2, about their TV view-

ing and their behavior.

a. Is the study described an observational study or 
an experiment?

b. The article says that data from a sample of 2707 
parents were used in the study. What other infor-
mation about the sample would you want in order 
to evaluate the study?

c. The actual paper referred to in the USA Today 
article was “Children’s Television Exposure and 
Behavioral and Social Outcomes at 5.5 years: Does 
Timing of Exposure Matter?” (Pediatrics [2007]: 
762–769). The paper describes the sample as 
follows:

The study sample included 2707 children whose 
mothers completed telephone interviews at both 30 
to 33 months and 5.5 years and reported television 
exposure at both time points. Of those completing 
both interviewers, 41 children (1%) were excluded 
because of missing data on television exposure at 
one or both time points. Compared with those en-
rolled in the HS clinical trial, parents in the study 
sample were disproportionately older, white, more 
educated, and married.

The “HS clinical trial” referred to in the excerpt 
from the paper was a nationally representative sam-
ple used in the Healthy Steps for Young Children 
national evaluation. Based on the above description 
of the study sample, do you think that it is rea-
sonable to regard the sample as representative of 
parents of all children at age 5.5 years? Explain.

d. The USA Today article also includes the following 
summary paragraph:

The study did not examine what the children 
watched and can’t show TV was the cause of later 

problems, but it does “tell parents that even if kids 
are watching TV early in life, and they stop, it could 
reduce the risk for behavioral and social problems 
later,” Mistry says.

What potentially confounding variable is identified 
in this passage?

e. The passage in Part (d) says that the study cannot 
show that TV was the cause of later problems. Is 
the quote from Kamila Mistry (one of the study 
authors) in the passage consistent with the state-
ment about cause? Explain.

2.62 The short article “Developing Science-Based Food 
and Nutrition Information” (Journal of the American 
Dietetic Association [2001]: 1144–1145) includes some 
guidelines for evaluating a research paper. Obtain a 
copy of this paper through your university library 
or your instructor. Read this article and make a list 
of questions that can be used to evaluate a research 
study. Answers will vary.

2.63 An article titled “I Said, Not While You Study: Science 
Suggests Kids Can’t Study and Groove at the Same 
Time” appeared in the Washington Post (September 5, 
2006). This provides an example of a reporter sum-
marizing the result of a scientific study in a way that 
is designed to make it accessible to the newspaper’s 
readers. You can find the newspaper article online by 
searching on the title or by going to http://www 
.washingtonpost.com/wp-dyn/content/article/2006 
/09/03/AR2006090300592.html. The study refer-
enced in the newspaper article was published in the 
Proceedings of the National Academies of Science and 
can be found at http://www.pnas.org/content/103 
/31/11778.full.

Read the newspaper article and then take a look 
at the published paper. Comment on whether you 
think that the author was successful in commu-
nicating the findings of the study to the intended 
audience. Answers will vary.

Bold exercises answered in back ● Data set available online  ▼ Video Solution available

a C T I V I T Y  2 . 1  Facebook Friending

Background: The article “Professors Prefer Face Time to 
Facebook” appeared in the student newspaper at Cal Poly, 
San Luis Obispo (Mustang Daily, august 27, 2009). The arti-
cle examines how professors and students felt about using 
Facebook as a means of faculty-student communication. The 
student who wrote this article got mixed opinions when she 
interviewed students to ask whether they wanted to become 
Facebook friends with their professors. Two student com-
ments included in the article were

“I think the younger the professor is, the more you can 
relate to them and the less awkward it would be if you 
were to become friends on Facebook. The older the 
professor, you just would have to wonder, ‘Why are they 
friending me?’ ”

and

“I think becoming friends with professors on Facebook is really 
awkward. I don’t want them being able to see into my personal 

502 ● Chapter 9 estimation Using a Single Sample

9.67 When n is large, the statistic s is approximately 
unbiased for estimating s and has approximately a 
normal distribution. The standard deviation of this 
statistic when the population distribution is normal 

is ss < 
s

Ï2n
 which can be estimated by 

s

Ï2n
. An 

approximate large-sample confidence interval for the 
population standard deviation s is then

s 6 sz critical valued
s

Ï2n

Use the data of Example 9.9 to obtain a 95% con-
fidence interval for the true standard deviation of 
waiting time for angiography.    (8.571, 9.429)

9.68 The interval from 22.33 to 1.75 captures an area  
of .95 under the z curve. This implies that another 
large-sample 95% confidence interval for m has lower 

limit x 2 2.33
s

Ïn
 and upper limit x 1 1.75

s

Ïn
. 

Would you recommend using this 95% interval over 

the 95% interval x 6 1.96
s

Ïn
 discussed in the text? 

Explain. (Hint: Look at the width of each interval.) 

9.69 The eating habits of 12 bats were examined in the 
article “Foraging Behavior of the Indian False Vampire 
Bat” (Biotropica [1991]: 63– 67). These bats consume 
insects and frogs. For these 12 bats, the mean time 
to consume a frog was x 5 21.9 minutes. Suppose 
that the standard deviation was s 5 7.7 minutes. 
Construct and interpret a 90% confidence interval 
for the mean suppertime of a vampire bat whose 
meal consists of a frog. What assumptions must 
be reasonable for the one-sample t interval to be 
appropriate?    

 No, because this interval is wider (less precise).

Bold exercises answered in back ● Data set available online  ▼ Video Solution available

(17.9, 25.9)

T E C H N O l O G Y  N O T E S

Confidence Intervals for proportions

J m P

Summarized data

1.  Enter the data table into the JMP data table with catego-
ries in the first column and counts in the second column

2.  Click Analyze and select Distribution
3.  Click and drag the first column name from the box un-

der Select Columns to the box next to Y, Columns
4.  Click and drag the second column name from the box 

under Select Columns to the box next to Freq
5. Click OK
6.  Click the red arrow next to the column name and click 

Confidence Interval then select the appropriate level or 
select Other to input a level that is not listed

R aw Data

1. Enter the raw data into a column
2. Click Analyze and select Distribution

3.  Click and drag the first column name from the box un-
der Select Columns to the box next to Y, Columns

4. Click OK
5.  Click the red arrow next to the column name and click 

Confidence Interval then select the appropriate level or 
select Other to input a level that is not listed

m i n i t a b

Summarized data

1.  Click Stat then click Basic Statistics then click  
1 Proportion…

2. Click the radio button next to Summarized data
3.  In the box next to Number of Trials: type the value for 

n, the total number of trials
4.  In the box next to Number of events: type the value for 

the number of successes
5. Click Options…
6.  Input the appropriate confidence level in the box next to 

Confidence Level
7.  Check the box next to Use test and interval based on 

normal distribution
8. Click OK
9. Click OK

R aw data

1. Input the raw data into a column
2.  Click Stat then click Basic Statistics then click  

1 Proportion…
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Technology Notes
Technology Notes appear at the end of most 
chapters and give students helpful hints and 
guidance on completing tasks associated with a 
particular chapter. The following technologies 
are included in the notes: JMP, Minitab, 
SPSS, Microsoft Excel, and TI-83/84.
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Applets Allow Students to  
See the Concepts
Within the Activities, applets are 
used to illustrate and promote a
deeper understanding of the key 
statistical concepts.

. . . And Analyze Data
Real Data Sets
Real data sets promote statistical analysis, as 
well as technology use. They are formatted for 
JMP, Minitab, SPSS, Microsoft Excel, 
TI-83/84, and ASCII and are indicated by the 

 icon throughout the text.

. . . Uses Technology 
to Develop Conceptual 
Understanding

Page 497
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a. Construct a stem-and-leaf display of these data.

b. Based on the stem-and-leaf display, what do you 
notice about the center and spread of the data 
distribution?

c. Do any values in the data set stand out as 
unusual? If so, which states correspond to the 
unusual observations, and how do these values 
differ from the rest?

3.20 ● ▼ A report from Texas Transportation Institute (Texas 
a&m University System, 2005) titled “Congestion Reduc-
tion Strategies” included the accompanying data on 
extra travel time for peak travel time in hours per 
year per traveler for different-sized urban areas.

Very large Urban Areas
extra Hours per Year 

per traveler

los Angeles, CA 93

San Francisco, CA 72

Washington dC, VA, Md 69

Atlanta, GA 67

Houston, tX 63

dallas, Fort Worth, tX 60

Chicago, Il-In 58

detroit, MI 57

Miami, Fl 51

Boston, MA, nH, rI 51

new York, nY-nJ-Ct 49

Phoenix, AZ 49

Philadelphia, PA-nJ-de-Md 38

large Urban Areas
extra Hours per Year  

per traveler

riverside, CA 55

orlando, Fl 55

San Jose, CA 53

San diego, CA 52

denver, Co 51

Baltimore, Md 50

Seattle, WA 46

tampa, Fl 46

Minneapolis, St Paul, Mn 43

Bold exercises answered in back ● Data set available online  ▼ Video Solution available

continued continued

State
Gasoline 

tax* 

Utah 24.5

Vermont 24.7

Virginia 19.6

Washington 37.5

State
Gasoline 

tax* 

West Virginia 32.2

Wisconsin 32.9

Wyoming 14.0

*Cents per gallon

large Urban Areas
extra Hours per Year  

per traveler

Sacramento, CA 40

Portland, or, WA 39

Indianapolis, In 38

St louis, Mo-Il 35

San Antonio, tX 33

Providence, rI, MA 33

las Vegas, nV 30

Cincinnati, oH-KY-In 30

Columbus, oH 29

Virginia Beach, VA 26

Milwaukee, WI 23

new orleans, lA 18

Kansas City, Mo-KS 17

Pittsburgh, PA 14

Buffalo, nY 13

oklahoma City, oK 12

Cleveland, oH 10

a. Construct a comparative stem-and-leaf plot for 
extra travel time per traveler for each of the two 
different sizes of  urban areas.

b. Is the following statement consistent with the 
display constructed in Part (a)? Explain.

  The larger the urban area, the greater the extra 
travel time during peak period travel.

3.21 ● The percentage of teens not in school or working 
in 2010 for the 50 states were given in the 2012 Kids 
Count Data Book (www.aecf.org) and are shown in the 
following table:

State rate

Alabama 11%

Alaska 11%

Arizona 12%

Arkansas 12%

California  8%

Colorado  7%

Connecticut  5%

delaware  9%

Florida 10%

Georgia 12%

Hawaii 12%

Idaho 11%

Illinois  8%

Indiana  8%

Iowa  6%

State rate

Kansas  6%

Kentucky 11%

louisiana 14%

Maine  7%

Maryland  8%

Massachusetts  5%

Michigan  9%

Minnesota  5%

Mississippi 13%

Missouri  9%

Montana  9%

nebraska  4%

nevada 15%

new Hampshire  6%

new Jersey  8%
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Step-by-Step Technology Instructions
Complete online step-by-step instructions for JMP, 
Minitab, SPSS, Microsoft Excel, and TI-83/84 are 
indicated by the  icon throughout the text.

a. The intervals reported in the quote from the paper 
were based on data from the mating flights of  
n  5  30 queen honeybees. One of the two intervals 
reported is stated to be a confidence interval for 
a population mean. Which interval is this? Justify 
your choice.

b. Use the given information to construct a 95% confi-
dence interval for the mean number of partners on 
a mating flight for queen honeybees. For purposes 
of this exercise, assume that it is reasonable to con-
sider these 30 queen honeybees as representative of 
the population of queen honeybees. 

Bold exercises answered in back ● Data set available online  ▼ Video Solution available

a C T I V I T Y  9 . 1  Getting a Feel for Confidence level

Technology activity (applet): Open the applet (avail-
able at www.cengagebrain.com) called ConfidenceIntervals. 
You should see a screen like the one shown here.

the interval is drawn in green; if 100 is not in the confidence 
interval, the interval is shown in red. Your screen should look 
something like the following.

part 1: Click on the “Sample” button several more times, 
and notice how the confidence interval estimate changes 
from sample to sample. Also notice that at the bottom of 
the left-hand side of the display, the applet is keeping track 
of the proportion of all the intervals calculated so far that 
include the actual value of m. If we were to construct a 
large number of intervals, this proportion should closely 
approximate the capture rate for the confidence interval 
method.

To look at more than one interval at a time, change the 
“Intervals” box from 1 to 100, and then click the sample but-
ton. You should see a screen similar to the one at the top left 
of the next page, with 100 intervals in the display on the 
right-hand side. Again, intervals containing 100 (the value 
of m in this case) will be green and those that do not contain 
100 will be red. Also note that the capture proportion on 
the left-hand side has also been updated to reflect what hap-
pened with the 100 newly generated intervals.

Getting Started: If the “Method” box does not say 
“Means,” use the drop-down menu to select Means. In the 
box just below, select “t’ from the drop-down menu. This 
applet will select a random sample from a specified nor-
mal population distribution and then use the sample to 
construct a confidence interval for the population mean. 
The interval is then plotted on the display, and you can 
see if the resulting interval contains the actual value of the 
population mean.

For purposes of this activity, we will sample from a normal 
population with mean 100 and standard deviation 5. We will 
begin with a sample size of n 5 10. In the applet window, set 
m 5 100, s 5 5, and n 5 10. Leave the conf-level box set 
at 95%. Click the “Recalculate” button to rescale the picture 
on the right. Now click on the sample button. You should 
see a confidence interval appear on the display on the right-
hand side. If the interval contains the actual mean of 100, 
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Comparative Stem-and-Leaf Displays
Frequently an analyst wishes to see whether two groups of data differ in some fundamental 
way. A comparative stem-and-leaf display, in which the leaves for one group are listed to 
the right of the stem values and the leaves for the second group are listed to the left, can 
provide preliminary visual impressions and insights.

E x a m p l E  3 . 1 1  progress for Children

● The report “progress for Children” (UNICEF, april 2005) included the accompanying data on 
the percentage of primary-school-age children who were enrolled in school for 19 coun-
tries in Northern Africa and for 23 countries in Central Africa.

Northern Africa

54.6 34.3 48.9 77.8 59.6 88.5 97.4 92.5 83.9 96.9 88.9

98.8 91.6 97.8 96.1 92.2 94.9 98.6 86.6

Central Africa

58.3 34.6 35.5 45.4 38.6 63.8 53.9 61.9 69.9 43.0 85.0

63.4 58.4 61.9 40.9 73.9 34.8 74.4 97.4 61.0 66.7 79.6

98.9

We will construct a comparative stem-and-leaf display using the first digit of each observa-
tion as the stem and the remaining two digits as the leaf. To keep the display simple the leaves 
will be truncated to one digit. For example, the observation 54.6 would be processed as

54.6 → stem 5 5, leaf 5 4 (truncated from 4.6)

and the observation 34.3 would be processed as

34.3 → stem 5 3, leaf 5 4 (truncated from 4.3)

The resulting comparative stem-and-leaf display is shown in Figure 3.16.
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From the comparative stem-and-leaf display we can see that there is quite a bit of vari-
ability in the percentage enrolled in school for both Northern and Central Afri can coun-
tries and that the shapes of the two data distributions are quite different. The percentage 
enrolled in school tends to be higher in Northern African countries than in Central African 
countries, although the smallest value in each of the two data sets is about the same. For 
Northern African countries the distribution of values has a single peak in the 90s with the 
number of observations declining as we move toward the stems corresponding to lower 
percentages enrolled in school. For Central African countries the distribution is more sym-
metric, with a typical value in the mid 60s. ■

Figure 3.15
Stem-and-leaf display for the 
projected median age data using 
repeated stems.

Understand the context ❭

Consider the data ❭

Formulate a plan ❭

do the work ❭

Figure 3.16
Comparative stem-and-leaf display 
for percentage of children enrolled in 
primary school.

Interpret the results ❭

● Data set available online
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Two people making reasonable and similar choices for the number of intervals, their 
width, and the starting point of the first interval will usually obtain histo grams that are 
similar in terms of shape, center, and spread.

E x a m p l E  3 . 1 6  TV Viewing Habits of Children

The article “Early Television Exposure and Subsequent attention problems in Children” (Pediat-
rics, april 2004) investigated the television viewing habits of children in the United States. 
Table 3.5 gives approximate relative frequencies (read from graphs that appeared in the 
article) for the number of hours spent watching TV per day for a sample of children at age 
1 year and a sample of children at age 3 years. The data summarized in the article were 
obtained as part of a large-scale national survey.

TaBlE 3.5  Relative Frequency Distribution for Number of Hours  
Spent Watching TV per Day

tV Hours
per day

Age 1 Year  
relative Frequency 

Age 3 Years  
relative Frequency

 0 to ,2 .270 .630

 2 to ,4 .390 .195

 4 to ,6 .190 .100

 6 to ,8 .085 .025

 8 to ,10 .030 .020

10 to ,12 .020 .015

12 to ,14 .010 .010

14 to ,16 .005 .005

Figure 3.21(a) is the relative frequency histogram for the 1-year-old children and 
Figure  3.21(b) is the relative frequency histogram for 3-year-old children. Because we 
would like to compare the distributions of TV hours for 1-year-old and 3-year-old children, 
it is important to use the same scales for the two histograms. Notice that both histograms 
have a single peak with the majority of children in both age groups concentrated in the 

Step-by-step technology  
instructions available online

Understand the data ❭

Consider the data ❭

When to Use  Continuous numerical data. Works well, even for large data sets.

How to Construct
1. Mark the boundaries of the class intervals on a horizontal axis.
2. Use either frequency or relative frequency on the vertical axis.
3. Draw a rectangle for each interval directly above the corresponding interval (so that the edges are at the class 

interval boundaries). The height of each rectangle is the corresponding frequency or relative frequency.

What to Look For
 ● Center or typical value
 ● Extent of spread, variability
 ● General shape
 ● Location and number of peaks
 ● Presence of gaps and outliers

Histogram for Continuous Numerical Data When the Class Interval Widths are Equal

Histograms for Continuous Numerical Data
When the class intervals in a frequency distribution are all of equal width, it is easy to con-
struct a histogram using the information in a frequency distribution.


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Evaluate as You Teach  
Using Clickers
Using clicker content authored by Roxy 
Peck, evaluate your students’ understanding 
immediately—in class—after teaching a con-
cept. Whether it’s a quick quiz, a poll to be 
used for in-class data, or just checking in to 
see if it is time to move on, our quality, tested 
content creates truly interactive classrooms 
with students’ responses shaping the lecture  
as you teach.

APLIATM Online Interactive Learning 
Solution
Aplia provides automatically graded assignments 
with detailed, immediate explanations for every 
question, along with innovative teaching materials.

. . . Evaluates Students’ 
Understanding

Page 90





Video Solutions Motivate Student 
Understanding
More than 90 exercises have video solutions,  
presented by Brian Kotz of Montgomery College, which 
can be viewed online or downloaded for later viewing. 
These exercises are designated by the ▼ in the text.

90 ● Chapter 3 Graphical Methods for describing data

c. Construct a dotplot of the overall score data. 
Based on the dotplot, suggest an alternate 
assignment of grades (top of class, passing, etc.) to 
the 20 school districts. Explain the reasoning you 
used to make your assignment. (Hint: Dotplots 
were covered in Section 1.4.)

3.7 The article “Housework around the World” (USA Today, 
September 15, 2009) included the percentage of wom-
en who say their spouses never help with household 
chores for five different countries.

Country Percentage

Japan 74

France 44

United Kingdom 40

United States 34

Canada 31

a. Display the information in the accompanying 
table in a bar chart.

b. The article did not state how the author arrived at the 
given percentages. What are two questions that you 
would want to ask the author about how the data 
used to compute the percentages were collected?

c. Assuming that the data that were used to compute 
these percentages were collected in a reasonable 
way, write a few sentences describing how the five 
countries differ in terms of spouses helping their 
wives with housework.

3.8 The report “Findings from the 2009 administration of 
the College Senior Survey” (Higher Education Research 
Institute, 2010) asked a large number of college 
seniors how they would rate themselves compared 
to the average person of their age with respect to 
physical health. The accompanying relative frequency 
table summarizes the responses for men and women.

rating of Physical Health

relative Frequency

Men Women

Highest 10% .359 .227

Above average .471 .536

Average .160 .226

Below average .009 .007

lowest 10% .001 .004

a. Construct a comparative bar graph of the responses 
that allows you to compare the responses of men 
and women.

b. There were 8110 men and 15,260 women 
who responded to the survey. Explain why it 
is important that the comparative bar graph 
be constructed using the relative frequencies 

rather than the actual numbers of people (the 
frequencies) responding in each category.

c. Write a few sentences commenting on how 
college seniors perceive themselves with respect to 
physical health and how men and women differ in 
their perceptions.

3.9 The article “Rinse Out Your mouth” (associated press, 
march 29, 2006) summarized results from a survey 
of 1001 adults on the use of profanity. When asked 
“How many times do you use swear words in con-
versations?” 46% responded a few or more times per 
week, 32% responded a few times a month or less, 
and 21% responded never. Use the given information 
to construct a segmented bar chart.

3.10 The survey on student attitude toward e-books 
described in Exercise 3.5 was conducted in 2011. 
A similar survey was also conducted in 2012 (The 
Chronicle of Higher Education, august 23, 2013). Data 
from 1588 students who participated in the 2012 
survey are summarized in the accompanying table.

response Percentage in this Category

Strongly disagree 19.1

disagree 27.5

Agree 26.3

Strongly agree 16.0

don’t know 11.1

a. Use these data and the data from Exercise 3.5 to 
construct a comparative bar chart that shows the 
distribution of responses for the two years. (Hint: 
See Example 3.1.)

b. Based on your graph from part (a), do you think 
there was much of a change in attitude toward 
e-books from 2011 to 2012? 

3.11 ▼ Poor fit ness in adolescents and adults increases 
the risk of cardiovascular disease. In a study of 3110 
adolescents and 2205 adults (Journal of the American 
Medical Association, De cem ber 21, 2005), researchers 
found 33.6% of adolescents and 13.9% of adults 
were unfit; the percentage was similar in adolescent 
males (32.9%) and females (34.4%), but was 
higher in adult females (16.2%) than in adult males 
(11.8%).

a. Summarize this information using a comparative 
bar graph that shows differences between males 
and females within the two different age groups.

b. Comment on the interesting features of your 
graphical display.

3.12 A survey of 1001 adults taken by Associated Press–
Ipsos asked “How accurate are the weather forecasts 

Bold exercises answered in back ● Data set available online  ▼ Video Solution available


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Resources for Students*

Digital

MindTapTM

 Cengagebrain.com

• � Step-by-step instructions for JMP, TI-84 
Graphing Calculators, Excel, Minitab, and SPSS

• � Data sets formatted for JMP, TI-84, Excel, 
Minitab, SPSS, SAS, and ASCII

• � Video solutions

• � Applets used in the Activities

 Aplia™

 Enhanced WebAssign

JMP statistical software

Print

Student Solutions Manual
(978-1-3052-6582-0)

Resources for Instructors*

Digital

MindTapTM

 Aplia™

Companion website: cengage.com/login

•  PowerPoint presentations
•  Images
•  Complete solutions manual
•  Cengage Learning Testing by Cognero
•  JoinIn on TurningPoint

JMP statistical software

Print

Annotated Instructor’s Edition
(978-1-3052-5252-3)

Teacher’s Resource Binder
(978-1-3052-6605-6)

* ���See the full preface for complete descriptions.
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Options That SAVE Your Students Money

ONLINE LEARNING 
WITH INTERACTIVE 

EBOOK

BOOK RENTALS 
UP TO 60% OFF

CUSTOM 
SOLUTIONS

Teach more, grade less 
with Aplia.

Aplia™ is an online interactive 
learning solution that improves 
comprehension and outcomes 
by increasing student effort and 
engagement. 
 
Founded by a professor to 
enhance his own courses, Aplia 
provides automatically graded 
assignments with detailed, 
immediate explanations on 
every question, and innovative 
teaching materials. Our easy to 
use system has been used by 
more than 1,000,000 students 
at over 1800 institutions.

Students have the CHOICE to 
purchase the eBook 

or rent the text at 
CengageBrain.com

OR

an eTextbook in PDF format is 
also available for instant access 

for your students at   
www.coursesmart.com.

Custom Solutions to Fit 
Every Need

2-Semester Slim Pack
ISBN: 0-538-73475-2

Aplia can be bundled with the text.
Contact your Cengage Learning 
representative to find out more 
about bundling options.

Students can rent Peck/Olsen/ 
Devore’s Introduction to Statistics 
and Data Analysis,  Fifth Edition , for  
up to 60% off list price. 

•  Adapt existing Cengage Learning 
content by adding or removing  
chapters

 
•  Incorporate your own materials
 

Source Code: 12M-MA0010

Contact your Cengage Learning 
representative to learn more 
about what custom solutions are 
available to meet your course 
needs.
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1

We encounter data and make conclusions based on  
data every day. Statistics is the scientific discipline that 
provides methods to help us make sense of data. Statistical 
methods, used intelligently, offer a set of powerful tools for 
gaining insight into the world around us. The widespread 
use of statistical analyses in diverse fields such as business, 
medicine, agriculture, social sciences, natural sciences, and 
engineering has led to increased recognition that statisti-
cal literacy—a familiarity with the goals and methods of 
statistics—should be a basic component of a well-rounded 
educational program.

The field of statistics helps us to make intelligent judg-
ments and informed decisions in the presence of uncer-
tainty and variation. In this chapter, we consider the nature 
and role of variability in statistical settings, introduce some 
basic terminology, and look at some simple graphical dis-
plays for summarizing data.

The Role of Statistics  
and the Data Analysis Process

Chapter 1: Learning Objectives

Students will understand:
●● the steps in the data analysis process.

Students will be able to:
●● distinguish between a population and a sample.
●● distinguish between categorical, discrete numerical, and continuous 

numerical data.
●● construct a frequency distribution and a bar chart and describe the 

distribution of a categorical variable.
●● construct a dotplot and describe the distribution of a numerical variable.
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2  ●  Chapter 1  The Role of Statistics and the Data Analysis Process

 1.1   Why Study Statistics?

There is an old saying that “without data, you are just another person with an opinion.” 
While anecdotes and coincidences may make for interesting stories, you wouldn’t want to 
make important decisions on the basis of anecdotes alone. For example, just because a 
friend of a friend ate 16 apricots and then experienced relief from joint pain doesn’t mean 
that this is all you need to know to help one of your parents choose a treatment for arthritis! 
Before recommending apricots, you would definitely want to consider relevant data—that 
is, data that would allow you to investigate the effectiveness of apricots as a treatment for 
arthritis.

It is difficult to function in today’s world without a basic understanding of statistics. For 
example, here are just a few headlines from articles that draw conclusions based on data 
that all appeared over two days in USA Today (December 19 and 20, 2013):

●● The article “American Attitudes Toward Global Warming” summarized data from a nation-
wide survey of adults. A variety of graphs and charts provide information on opinions 
regarding the existence of global warming, the impact of global warming, and what 
actions should be taken in response to global warming.

●● “Standardized Testing Fails College Students” is the title of an article describing the use 
of standardized tests to place college students into appropriate college mathematics 
courses. The article concludes that many students are not aware of the importance of 
these exams and do not prepare for them. This results in many students being placed 
in developmental mathematics courses that slow their progress toward getting their 
degree.

●● The article “Shoppers Say Ho-Hum to Discounts” describes conclusions drawn from 
a study of how consumers respond to e-mail advertising campaigns that offer 
discounts. The article concludes that this practice has become so widespread that 
shoppers largely ignore these e-mails and delete them without even reading them. 
This is information that retailers should consider when planning future advertising 
campaigns.

●● “Older Americans Could Opt Out of Blood Pressure Meds” is the title of an article describ-
ing a study of the effect of high blood pressure on health for those over age 60. Data 
from this study lead to the conclusion that for older Americans, there is no further 
benefit to reducing blood pressure below 150/90. This is of interest to doctors because 
the previous recommendation was that blood pressure should be 140/90 or lower.

●● The article “College Coaching Gender Gap Persists” reported data from a study of col-
leges in six large NCAA sports conferences. The study found that only 39.6% of the 
coaches of women’s sports teams in 2013 were women, which is even lower than in 
previous years. The article concluded that although Title IX increased opportunities 
for participation of women in collegiate sports, it has not yet resulted in increased 
opportunities for women as coaches.

To be an informed consumer of reports such as those described above, you 
must be able to do the following:

1.	 Extract information from tables, charts, and graphs.
2.	 Follow numerical arguments.
3.	 Understand the basics of how data should be gathered, summarized, and 

analyzed to draw statistical conclusions.

Your statistics course will help prepare you to perform these tasks.

Studying statistics will also enable you to collect data in a sensible way and then use 
the data to answer questions of interest. In addition, studying statistics will allow you to 
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 1.2   The Nature and Role of Variability  ●  3

We hope that this textbook will help you to understand the logic behind statistical rea-
soning, prepare you to apply statistical methods appropriately, and enable you to recognize 
when statistical arguments are faulty.

�Throughout your personal and professional life, you will need to understand and 
use data to make decisions. To do this, you must be able to

1.	 Decide whether existing data is adequate or whether additional information 
is required.

2.	 If necessary, collect more information in a reasonable and thoughtful way.
3.	 Summarize the available data in a useful and informative manner.
4.	 Analyze the available data.
5.	 Draw conclusions, make decisions, and assess the risk of an incorrect decision.

These are the steps in the data analysis process. These steps will be considered in 
more detail in Section 1.3.

 1.2   The Nature and Role of Variability

Statistical methods allow us to collect, describe, analyze, and draw conclusions from data. 
If we lived in a world where all measurements were identical for every individual, these 
tasks would be simple. Imagine a population consisting of all students at a particular uni-
versity. Suppose that every student was enrolled in the same number of courses, spent 
exactly the same amount of money on textbooks this semester, and favored increasing stu-
dent fees to support expanding library services. For this population, there is no variability 
in number of courses, amount spent on books, or student opinion on the fee increase. A 
researcher studying students from this population in order to draw conclusions about these 
three variables would have a particularly easy task. It would not matter how many students 
the researcher studied or how the students were selected. In fact, the researcher could col-
lect information on number of courses, amount spent on books, and opinion on the fee 
increase by just stopping the next student who happened to walk by the library. Because 
there is no variability in the population, this one individual would provide complete and 
accurate information about the population. The researcher could draw conclusions with 
no risk of error.

The situation just described is obviously unrealistic. Populations with no variability are 
rare. In fact, variability is almost universal. We need to understand variability to be able to 
collect, describe, analyze, and draw conclusions from data in a sensible way.

Examples 1.1 and 1.2 illustrate how describing and understanding variability are important.

E x amp   l e  1 . 1   If the Shoe Fits

The graphs in Figure 1.1 are examples of a type of graph called a histogram. (The con-
struction and interpretation of such graphs is discussed in Chapter 3.) Figure 1.1(a) 
shows the distribution of the heights of female basketball players who played at a par-
ticular university between 2005 and 2013. The height of each bar in the graph indicates 
how many players’ heights were in the corresponding interval. For example, 40 basketball 
players had heights between 72 inches and 74 inches, whereas only 2 players had heights 
between 66 inches and 68 inches. Figure 1.1(b) shows the distribution of heights for 
members of the women’s gymnastics team. Both histograms are based on the heights of 
100 women.

Understand the context ❭

Consider the data ❭

critically evaluate the work of others by providing you with the tools you need to make 
informed judgments.
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4  ●  Chapter 1  The Role of Statistics and the Data Analysis Process

The first histogram shows that the heights of female basketball players varied, with most 
heights falling between 68 inches and 76 inches. In the second histogram we see that the 
heights of female gymnasts also varied, with most heights in the range of 60 inches to 
72 inches. It is also clear that there is more variation in the heights of the gymnasts than 
in the heights of the basketball players, because the gymnast histogram spreads out more 
about its center than does the basketball histogram.

Now suppose that a tall woman (5 feet 11 inches) tells you she is looking for her sister 
who is practicing with her team at the gym. Would you direct her to where the basketball 
team is practicing or to where the gymnastics team is practicing? What reasoning would 
you use to decide? If you found a pair of size 6 shoes left in the locker room, would you 
first try to return them by checking with members of the basketball team or the gymnastics 
team?

You probably answered that you would send the woman looking for her sister  
to the basketball practice and that you would try to return the shoes to a gymnastics team 
member. To reach these conclusions, you informally used statistical reasoning that com-
bined your own knowledge of the relationship between heights of siblings and between 
shoe size and height with the information about the distributions of heights presented in 
Figure 1.1. You might have reasoned that heights of siblings tend to be similar and that a 
height as great as 5 feet 11 inches, although not impossible, would be unusual for a gym-
nast. On the other hand, a height as tall as 5 feet 11 inches would be a common occurrence 
for a basketball player. 

Similarly, you might have reasoned that tall people tend to have bigger feet and that short 
people tend to have smaller feet. The shoes found were a small size, so it is more likely that 
they belong to a gymnast than to a basketball player, because small heights are usual for 
gymnasts and unusual for basketball players.	 ■

E x amp   l e  1 . 2   Monitoring Water Quality

As part of its regular water quality monitoring efforts, an envi-
ronmental control board selects five water specimens from a par-
ticular well each day. The concentration of contaminants in parts 
per million (ppm) is measured for each of the five specimens, 
and then the average of the five measurements is calculated. The 
histogram in Figure 1.2 summarizes the average contamination 
values for 200 days.

Now suppose that a chemical spill has occurred at a manu-
facturing plant 1 mile from the well. It is not known whether a 
spill of this nature would contaminate groundwater in the area 

Interpret the results ❭

Understand the context ❭
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Histograms of heights (in inches) of 
female athletes:  
(a) 100 basketball players;  
(b) 100 gymnasts.
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 1.3   Statistics and the Data Analysis Process  ●  5

of the spill and, if so, whether a spill this distance from the well would affect the quality 
of well water.

One month after the spill, five water specimens are collected from the well, and the 
average contamination is 15.5 ppm. Considering the variation before the spill, would you 
interpret this as convincing evidence that the well water was affected by the spill? What 
if the calculated average was 17.4 ppm? 22.0 ppm? How is your reasoning related to the 
histogram in Figure 1.2?

18
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Frequency

Before the spill, the average contaminant concentration varied from day to day. An aver-
age of 15.5 ppm would not have been an unusual value, so seeing an average of 15.5 ppm 
after the spill isn’t necessarily an indication that contamination has increased. On the other 
hand, an average as large as 17.4 ppm is less common, and an average as large as 22.0 ppm 
is not at all typical of the pre-spill values. In this case, we would probably conclude that the 
well contamination level has increased.� ■

In these two examples, reaching a conclusion required an understanding of variability. 
Understanding variability allows us to distinguish between usual and unusual values. The 
ability to recognize unusual values in the presence of variability is an important aspect of 
most statistical procedures. It also enables us to quantify the chance of being incorrect 
when a conclusion is based on data. These concepts will be developed further in subse-
quent chapters.

Consider the data ❭

Interpret the results ❭

Figure  1.2
Average contamination 
concentration (in parts per million) 
measured each day for 200 days.

 1.3   Statistics and the Data Analysis Process

Statistics involves collecting, summarizing, and analyzing data. All three tasks are critical. 
Without summarization and analysis, raw data are of little value. Even sophisticated 
analyses can’t produce meaningful information from data that were not collected in a 
sensible way.

Statistical studies are undertaken to answer questions about our world. Is a new 
flu vaccine effective in preventing illness? Is the use of bicycle helmets on the rise? 
Are injuries that result from bicycle accidents less severe for riders who wear helmets 
than for those who do not? Do engineering students pay more for textbooks than 
psychology students? Data collection and analysis allow researchers to answer such 
questions.

The data analysis process can be viewed as a sequence of steps that lead from planning 
to data collection to making informed conclusions based on the resulting data. The process 
can be organized into six steps described in the following box.

Copyright 2016 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s). 
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.



6  ●  Chapter 1  The Role of Statistics and the Data Analysis Process

1.	 Understanding the nature of the problem. Effective data analysis 
requires an understanding of the research problem. We must know the 
goal of the research and what questions we hope to answer. It is important 
to have a clear direction before gathering data to ensure that we will be 
able to answer the questions of interest using the data collected.

2.	 Deciding what to measure and how to measure it. The next step in the pro-
cess is deciding what information is needed to answer the questions of interest. 
In some cases, the choice is obvious. For example, in a study of the relationship 
between the weight of a Division I football player and position played, you 
would need to collect data on player weight and position. In other cases the 
choice of information is not as straightforward. For example, in a study of the 
relationship between preferred learning style and intelligence, how would you 
define learning style and measure it? What measure of intelligence would you 
use? It is important to carefully define the variables to be studied and to develop 
appropriate methods for determining their values.

3.	 Data collection. The data collection step is crucial. The researcher must 
first decide whether an existing data source is adequate or whether new data 
must be collected. If a decision is made to use existing data, it is important 
to understand how the data were collected and for what purpose, so that 
any resulting limitations are also fully understood. If new data are to be 
collected, a careful plan must be developed, because the type of analysis that 
is appropriate and the subsequent conclusions that can be drawn depend 
on how the data are collected.

4.	 Data summarization and preliminary analysis. After the data are collected, 
the next step is usually a preliminary analysis that includes summarizing the 
data graphically and numerically. This initial analysis provides insight into 
important characteristics of the data and can provide guidance in selecting 
appropriate methods for further analysis.

5.	 Formal data analysis. The data analysis step requires the researcher to 
select and apply statistical methods. Much of this textbook is devoted to 
methods that can be used to carry out this step.

6.	 Interpretation of results. Several questions should be addressed in this final 
step. Some examples are: What can we learn from the data? What conclusions 
can be drawn from the analysis? How can our results guide future research? The 
interpretation step often leads to the formulation of new research questions. 
These new questions lead back to the first step. In this way, good data analysis 
is often an iterative process.

The Data Analysis Process

To illustrate these steps, consider the following example. The admissions director at a 
large university might be interested in learning why some applicants who were accepted for 
the fall 2014 term failed to enroll at the university. The population of interest to the director 
consists of all accepted applicants who did not enroll in the fall 2014 term. Because this pop-
ulation is large and it may be difficult to contact all the individuals, the director might decide 
to collect data from only 300 selected students. These 300 students constitute a sample.

Population: The entire collection of individuals or objects about which 
information is desired is called the population of interest. 

Sample: A sample is a subset of the population, selected for study.

D E F I N I T I O N
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Deciding how to select the 300 students and what data should be collected from each 
student are steps 2 and 3 in the data analysis process. Step 4 in the process involves 
organizing and summarizing data. Methods for organizing and summarizing data, such 
as the use of tables, graphs, or numerical summaries, make up the branch of statistics 
called descriptive statistics. The second major branch of statistics, inferential statistics, 
involves generalizing from a sample to the population from which it was selected. When 
we generalize in this way, we run the risk of an incorrect conclusion, because a conclusion 
about the population is based on incomplete information. An important aspect in the devel-
opment of inferential techniques involves quantifying the chance of an incorrect conclusion.

Descriptive statistics: The branch of statistics that includes methods for 
organizing and summarizing data. 

Inferential statistics: The branch of statistics that involves generalizing from a 
sample to the population from which the sample was selected and assessing 
the reliability of such generalizations.

D E F I N I T I O N

Example 1.3 illustrates the steps in the data analysis process.

E x amp   l e  1 . 3   The Benefits of Acting Out

A number of studies have reached the conclusion that stimulating mental activities can lead 
to improved memory and psychological wellness in older adults. The article “A Short-Term In-
tervention to Enhance Cognitive and Affective Functioning in Older Adults” (Journal of Aging and 
Health [2004]: 562–585) describes a study to investigate whether training in acting has similar 
benefits. Acting requires a person to consider the goals of the characters in the story, to re-
member lines of dialogue, to move on stage as scripted, and to do all of this at the same time. 
The researchers conducting the study wanted to see if participation in this type of complex 
multitasking would lead to an improvement in the ability to function independently. 

Participants in the study were assigned to one of three groups. One group took part in 
an acting class for 4 weeks. One group spent a similar amount of time in a class on visual 
arts. The third group was a comparison group (called the “no-treatment group”) that did 
not take either class. A total of 124 adults age 60 to 86 participated in the study.

At the beginning of the 4-week study period and again at the end of the 4-week study pe-
riod, each participant took several tests designed to measure problem-solving ability, memory 
span, self-esteem, and psychological well-being. After analyzing the data from this study, the 
researchers concluded that those in the acting group showed greater gains than both the visual 
arts group and the no-treatment group in both problem solving and psychological well-being. 

Several new areas of research were suggested in the discussion that followed the analysis. 
The researchers wondered whether the effect of studying writing or music would be similar 
to what was observed for acting and described plans to investigate this further. They also 
noted that the participants in this study were generally well educated and recommended 
study of a more diverse group before generalizing conclusions about the benefits of study-
ing acting to the larger population of all older adults.

This study illustrates the nature of the data analysis process. A clearly defined research 
question and an appropriate choice of how to measure the variables of interest (the tests 
used to measure problem solving, memory span, self-esteem, and psychological well-being) 
preceded the data collection. Assuming that a reasonable method was used to collect the 
data (we will see how this can be evaluated in Chapter 2) and that appropriate methods of 
analysis were employed, the investigators reached the conclusion that the study of acting 
showed promise. However, they recognized the limitations of the study, which in turn led 
to plans for further research. As is often the case, the data analysis cycle led to new research 
questions, and the process began again.	 ■

Understand the context ❭

Interpret the results ❭
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owners is undertaken. Describe the population and 
sample for this problem.

1.8	 A consumer group conducts crash tests of new 
model cars. To determine the severity of damage to 
2014 Toyota Camrys resulting from a 10-mph crash 
into a concrete wall, the research group tests six 
cars of this type and assesses the amount of dam-
age. Describe the population and sample for this 
problem.

1.9	 A building contractor has a chance to buy an odd lot 
of 5000 used bricks at an auction. She is interested in 
determining the proportion of bricks in the lot that 
are cracked and therefore unusable for her current 
project, but she does not have enough time to inspect 
all 5000 bricks. Instead, she checks 100 bricks to 
determine whether each is cracked. Describe the 
population and sample for this problem.

1.10	 The article “Brain Shunt Tested to Treat Alzheimer’s” 
(San Francisco Chronicle, October 23, 2002) summa-
rizes the findings of a study that appeared in the 
journal Neurology. Doctors at Stanford Medical 
Center were interested in determining whether 
a new surgical approach to treating Alzheimer’s 
disease results in improved memory functioning. 
The surgical procedure involves implanting a thin 
tube, called a shunt, which is designed to drain 
toxins from the fluid-filled space that cushions the 
brain. Eleven patients had shunts implanted and 
were followed for a year, receiving quarterly tests of 
memory function. Another sample of Alzheimer’s 
patients was used as a comparison group. Those in 
the comparison group received the standard care 
for Alzheimer’s disease. After analyzing the data 
from this study, the investigators concluded that the 
“results suggested the treated patients essentially 
held their own in the cognitive tests while the pa-
tients in the control group steadily declined. How-
ever, the study was too small to produce conclusive 
statistical evidence.”

a.	 What were the researchers trying to learn? What 
questions motivated their research?

b.	Do you think that the study was conducted in 
a reasonable way? What additional information 
would you want in order to evaluate this study? 
(Hint: See Example 1.3.)

1.11	 In a study of whether taking a garlic supplement 
reduces the risk of getting a cold, participants were 
assigned to either a garlic supplement group or 
to a group that did not take a garlic supplement 

Bold exercises answered in back  ● Data set available online   ▼ Video Solution available

1.1	 Give a brief definition of the terms descriptive statistics 
and inferential statistics.

1.2	 Give a brief definition of the terms population and 
sample.

1.3	 The following conclusion from a study appeared 
in the article “Smartphone Nation” (AARP Bulletin, 
September 2009): “If you love your smart phone, 
you are not alone. Half of all boomers sleep with 
their cell phone within arm’s length. Two of three 
people age 50 to 64 use a cell phone to take 
photos, according to a 2010 Pew Research Center 
report.” Are the given proportions (half and two of 
three) population values, or were they calculated 
from a sample? 

1.4	 Based on a study of 2121 children between the 
ages of 1 and 4, researchers at the Medical College 
of Wisconsin concluded that there was an associa-
tion between iron deficiency and the length of time 
that a child is bottle-fed (Milwaukee Journal Sentinel, 
November 26, 2005). Describe the sample and the 
population of interest for this study.

1.5	 The student senate at a university with 15,000 stu-
dents is interested in the proportion of students who 
favor a change in the grading system to allow for plus 
and minus grades (e.g., B1, B, B2, rather than just 
B). Two hundred students are interviewed to deter-
mine their attitude toward this proposed change. 

a.	 What is the population of interest? 

b.	What group of students constitutes the sample in 
this problem?

1.6	 The increasing popularity of online shopping has 
many consumers using Internet access at work to 
browse and shop online. In fact, the Monday after 
Thanksgiving has been nicknamed “Cyber Monday” 
because of the large increase in online purchases 
that occurs on that day. Data from a large-scale 
survey by a market research firm (Detroit Free Press, 
November 26, 2005) was used to compute estimates 
of the percent of men and women who shop online 
while at work. The resulting estimates probably won’t 
make most employers happy—42% of the men and 
32% of the women in the sample were shopping 
online at work!

Are the estimates given computed using data from 
a sample or for the entire population? 

1.7	 The supervisors of a rural county are interested in the 
proportion of property owners who support the con-
struction of a sewer system. Because it is too costly 
to contact all 7000 property owners, a survey of 500 

E X E R C I S E S  1 . 1  -  1 . 1 1
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(“Garlic for the Common Cold,” Cochrane Database  
of Systematic Reviews, 2009). Based on the study, it  
was concluded that the proportion of people  
taking a garlic supplement who get a cold is lower 
than the proportion of those not taking a garlic 
supplement who get a cold.

a.	 What were the researchers trying to learn? What 
questions motivated their research?

b.	Do you think that the study was conducted in 
a reasonable way? What additional information 
would you want in order to evaluate this study?

Bold exercises answered in back  ● Data set available online   ▼ Video Solution available

 1.4   Types of Data and Some Simple Graphical Displays
Every discipline has its own particular way of using common words, and statistics is no 
exception. You will recognize some of the terminology from previous math and science 
courses, but much of the language of statistics will be new to you. In this section, you will 
learn some of the terminology used to describe data.

Types of Data
The individuals or objects in any particular population typically possess many character-
istics that might be studied. Consider a group of students currently enrolled in a statistics 
course at a particular college. One characteristic of the students in the population is the 
brand of calculator owned (Casio, Hewlett-Packard, Sharp, Texas Instruments, and so on). 
Another characteristic is the number of textbooks purchased that semester, and yet another 
is the distance from the college to each student’s permanent residence. A variable is any 
characteristic whose value may change from one individual or object to another. For ex-
ample, calculator brand is a variable, and so are number of textbooks purchased and distance to 
the college. Data result from making observations either on a single variable or simultane-
ously on two or more variables.

Variable: A characteristic whose value may change from one observation to 
another.

Data: A collection of observations on one or more variables.

D E F I N I T I O N

A univariate data set consists of observations on a single variable made on individu-
als in a sample or population. There are two types of univariate data sets: categorical and 
numerical. In the previous example, calculator brand is a categorical variable, because each 
student’s response to the query, “What brand of calculator do you own?” is a category. The 
collection of responses from all these students forms a categorical data set. The other two 
variables, number of textbooks purchased and distance to the college, are both numerical in 
nature. Determining the value of such a numerical variable (by counting or measuring) for 
each student results in a numerical data set.

Univariate data set: A data set consisting of observations on a single 
characteristic is a univariate data set.

Categorical data set: A univariate data set is categorical (or qualitative) if the 
individual observations are categorical responses. 

Numerical data set: A univariate data set is numerical (or quantitative) if each 
observation is a number.

D E F I N I T I O N
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