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TO ODD-NUMBERED SECTION EXERCISES 710(and all Quick Quizzes, all Review Exercises,
and all Cumulative Review Exercises)Credits 752 Index 756PREFACEStatistics permeates
nearly every aspect of our lives. From opinion polls, to clinical trials in medicine, self-driving cars,
drones, and biometric security, statistics influences and shapes the world around us. Elementary
Statistics forges the relationship between statistics and our world through extensive use of a
wide variety of real applications that bring life to theory and methods.Goals of This Thirteenth
Edition■ Foster personal growth of students through critical thinking, use of technology,
collaborative work, and development of communication skills.■ Incorporate the latest and best
methods used by professional statisticians.■ Include features that address all of the
recommendations included in the Guidelines for Assessment and Instruction in Statistics
Education (GAISE) as recommended by the American Statistical Association.■ Provide an
abundance of new and interesting data sets, examples, and exercises, such as those involving
biometric security, cybersecurity, drones, and smartphone data speeds.■ Enhance teaching
and learning with the most extensive and best set of supplements and digital
resources.Audience ,PrerequisitesElementary Statistics is written for students majoring in any
subject. Algebra is used minimally. It is recommended that students have completed at least an
elementary algebra course or that students should learn the relevant algebra components
through an integrated or co-requisite course available through MyStatLab. In many cases,
underlying theory is included, but this book does not require the mathematical rigor more
appropriate for mathematics majors.Hallmark FeaturesGreat care has been taken to ensure that
each chapter of Elementary Statistics will help students understand the concepts presented.
The following features are designed to help meet that objective of conceptual
understanding.Real DataHundreds of hours have been devoted to finding data that are real,
meaningful, and interesting to students. 94% of the examples are based on real data, and 92%
of the exercises are based on real data. Some exercises refer to the 32 data sets listed in
Appendix B, and 12 of those data sets are new to this edition. Exercises requiring use of the
Appendix B data sets are located toward the end of each exercise set and are marked with a
special data set icon .Real data sets are included throughout the book to provide relevant and
interesting real-world statistical applications including biometric security, self-driving cars,
smartphone data speeds and use of drones for delivery. Appendix B includes descriptions of the
32 data sets that can be downloaded from the companion website www. pearsonhighered.com/
triola or www.TriolaStats.com.xii PrefaceThe companion website and TriolaStats.com include
downloadable data sets in formats for technologies including Excel, Minitab, JMP, SPSS, and
TI-83 84 Plus calculators. The data sets are also included in the free Statdisk software, which is
also available on the website.>ReadabilityGreat care, enthusiasm, and passion have been
devoted to creating a book that is readable, understandable, interesting, and relevant. Students
pursuing any major are sure to find applications related to their future work.WebsiteThis
textbook is supported by www.pearsonhighered.com/triola and the author’s website
www.TriolaStats.com which are continually updated to provide the latest digital resources for the



Triola Statistics Series, including:■ Statdisk: A free robust statistical software package designed
for this book. ■ Downloadable Appendix B data sets in a variety of technology formats.■
Downloadable textbook supplements including Section 4-5 Probabilities Through Simulations,
Glossary of Statistical Terms and Formulas and Tables. ■ Online instructional videos created
specifically for the 13th Edition that provide step-by-step technology instructions.■ Triola Blog
which highlights current applications of statistics, statistics in the news and online resources.■
Contact link providing one-click access for instructors and students to contact the author, Marty
Triola, with questions and comments.Chapter FeaturesChapter Opening Features■ Chapters
begin with a Chapter Problem that uses real data and motivates the chapter material.■ Chapter
Objectives provide a summary of key learning goals for each section in the chapter.Exercises
Many exercises require the interpretation of results. Great care has been taken to ensure their
usefulness, relevance, and accuracy. Exercises are arranged in order of increasing difficulty and
exercises are also divided into two groups: (1) Basic Skills and Concepts and (2) Beyond the
Basics. Beyond the Basics exercises address more difficult concepts or require a stronger
mathematical background. In a few cases, these exercises introduce a new concept.End-of-
Chapter Features■ Chapter Quick Quiz provides 10 review questions that require brief answers.
■ Review Exercises offer practice on the chapter concepts and procedures. ■ Cumulative
Review Exercises reinforce earlier material.■ Technology Project provides an activity that can
be used with a variety of technologies.■ From Data to Decision is a capstone problem that
requires critical thinking and writing.■ Cooperative Group Activities encourage active learning in
groups.Preface xiiiOther FeaturesMargin Essays There are 106 margin essays designed to
highlight real-world topics and foster student interest. There are also many Go Figure items that
briefly describe interesting numbers or statistics.Flowcharts The text includes flowcharts that
simplify and clarify more complex concepts and procedures. Animated versions of the text’s
flowcharts are available within MyStatLab and MathXL.Detachable Formula and Table Card This
insert, organized by chapter, gives students a quick reference for studying, or for use when
taking tests (if allowed by the instructor). It also includes the most commonly used tables. This is
also available for download at www.TriolaStats.com.Technology IntegrationAs in the preceding
edition, there are many displays of screens from technology throughout the book, and some
exercises are based on displayed results from technology. Where appropriate, sections end with
a new Tech Center subsection that includes new technology specific videos and detailed
instructions for Statdisk, Minitab®, Excel®, StatCrunch, or a TI-83 84 Plus® calculator.
(Throughout this text, “TI-83 84 Plus” is used to identify a TI-83 Plus or TI-84 Plus calculator).
The end-of-chapter features include a Technology Project.> >The Statdisk statistical software
package is designed specifically for this textbook and contains all Appendix B data sets.
Statdisk is free to users of this book and it can be downloaded at www.Statdisk.org.Changes in
This EditionNew FeaturesChapter Objectives provide a summary of key learning goals for each
section in the chapter.Your Turn: Many examples include a new “your turn” feature that directs
students to a relevant exercise so that they can immediately apply what they just learned from



the example.Tech Center: Improved technology instructions, supported by custom author
created instructional videos and downloadable content available at www.TriolaStats.com.
Technology Videos. New, author-driven technology videos provide step-by-step details for key
statistical procedures using Excel, TI-83 84 calculators, and Statdisk. Larger Data Sets: Some of
the data sets in Appendix B are much larger than in previ>ous editions. It is no longer practical to
print all of the Appendix B data sets in this book, so the data sets are described in Appendix B,
and they can be downloaded at www.TriolaStats.com.New Content: New examples, exercises
and Chapter Problems provide relevant and interesting real-world statistical applications
including biometric security, self-driving cars, smartphone data speeds, and use of drones for
delivery.ExercisesExamplesChapter ProblemsNumber New to This Edition Use Real Data 1756
81% (1427) 92% (1618) 211 73% (153) 94% (198) 14 93% (13) 100% (14)Organization
ChangesNew Chapter Objectives: All chapters now begin with a list of key learning goals for that
chapter. Chapter Objectives replaces the former Review and Preview numbered section. The
first numbered section of each chapter now covers a major topic. New Subsection 1-3, Part 2:
Big Data and Missing Data: Too Much and Not Enough New Section 2-4: Scatterplots,
Correlation, and RegressionThe previous edition included scatterplots in Chapter 2, but this new
section includes scatterplots in Part 1, the linear correlation coefficient r in Part 2, and linear
regression in Part 3. These additions are intended to greatly facilitate coverage for those
professors who prefer some early coverage of correlation and regression concepts. Chapter 10
continues to include these topics discussed with much greater detail.New Subsection 4-3, Part
3: Bayes’ TheoremNew Section 7-4: Bootstrapping: Using Technology for EstimatesCombined
Sections:■ 4-2: Addition Rule and Multiplication RuleCombines 12th edition Section 4-3
(Addition Rule) and Section 4-4 (Multiplication Rule: Basics).■ 5-2: Binomial Probability
DistributionsCombines 12th edition Section 5-3 (Binomial Probability Distributions) and Section
5-4 (Parameters for Binomial Distributions)Removed Sections:Section 15-2 (Projects) has been
changed to an insert in the Instructor’s Edition and has been moved to accompany the first set of
Cooperative Group Activities in Chapter 1. Section 15-3 (Procedures) and Section 15-4
(Perspectives) have been removed.Changed TerminologySignificant: References in the previous
edition to “unusual” outcomes are now described in terms of “significantly low” or “significantly
high,” so that the link to hypothesis testing is further reinforced.Multiplication Counting Rule:
References in Section 4-4 (Counting) to the “fundamental counting rule” now use “multiplication
counting rule” so that the name of the rule better suggests how it is applied.Flexible SyllabusThis
book’s organization reflects the preferences of most statistics instructors, but there are two
common variations:■ Early Coverage of Correlation and Regression: Some instructors prefer to
cover the basics of correlation and regression early in the course. Section 2-4 now includes
basic concepts of scatterplots, correlation, and regression without the use of formulas and
greater depth found in Sections 10-1 (Correlation) and 10-2 (Regression).■ Minimum
Probability: Some instructors prefer extensive coverage of probability, while others prefer to
include only basic concepts. Instructors preferring minimum coverage can include Section 4-1



while skipping the remaining sections of Chapter 4, as they are not essential for the chapters
that follow. Many instructors prefer to cover the fundamentals of probability along with the basics
of the addition rule and multiplication rule (Section 4-2).Preface xvGAISE This book reflects
recommendations from the American Statistical Association and its Guidelines for Assessment
and Instruction in Statistics Education (GAISE). Those guidelines suggest the following
objectives and strategies.1. Emphasize statistical literacy and develop statistical thinking: Each
section exercise set begins with Statistical Literacy and Critical Thinking exercises. Many of the
book’s exercises are designed to encourage statistical thinking rather than the blind use of
mechanical procedures.2. Use real data: 94% of the examples and 92% of the exercises use
real data.3. Stress conceptual understanding rather than mere knowledge of procedures:
Instead of seeking simple numerical answers, most exercises and examples involve conceptual
understanding through questions that encourage practical interpretations of results. Also, each
chapter includes a From Data to Decision project.4. Foster active learning in the classroom:
Each chapter ends with several Cooperative Group Activities.5. Use technology for developing
conceptual understanding and analyzing data: Computer software displays are included
throughout the book. Special Tech Center subsections include instruction for using the software.
Each chapter includes a Technology Project. When there are discrepancies between answers
based on tables and answers based on technology, Appendix D provides both answers. The
website www.TriolaStats.com includes free text-specific software (Statdisk), data sets formatted
for several different technologies, and instructional videos for technologies.6. Use assessments
to improve and evaluate student learning: Assessment tools include an abundance of section
exercises, Chapter Quick Quizzes, Chapter Review Exercises, Cumulative Review Exercises,
Technology Projects, From Data to Decision projects, and Cooperative Group
Activities.AcknowledgmentsI would like to thank the thousands of statistics professors and
students who have contributed to the success of this book. I thank the reviewers for their
suggestions for this thirteenth edition: Eric Gorenstein, Bunker Hill Community College; Rhonda
Hatcher, Texas Christian University; Ladorian Latin, Franklin University; Joseph Pick, Palm
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Dan Kumpf, Ventura College; Mickey Levendusky, Pima County Community College; Mitch Levy,
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College; Kim McHale, Heartland Community College; Carla Monticelli, Camden County
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College; Chris Vertullo, Marist College; Dave Wallach, University of Findlay; Cheng Wang, Nova
Southeastern University; Barbara Ward, Belmont University; Richard Weil, Brown College; Gail
Wiltse, St. John River Community College; Claire Wladis, Borough of Manhattan Community
College; Rick Woodmansee, Sacramento City College; Yong Zeng, University of Missouri at
Kansas City; Jim Zimmer, Chattanooga State Technical Community College; Cathleen Zucco-
Teveloff, Rowan University; Mark Z. Zuiker, Minnesota State University, Mankato.This thirteenth
edition of Elementary Statistics is truly a team effort, and I consider myself fortunate to work with
the dedication and commitment of the Pearson team. I thank Suzy Bainbridge, Justin Billing,
Deirdre Lynch, Peggy McMahon, Vicki Dreyfus, Christine O’Brien, Joe Vetere, and Rose Kernan
of Cenveo Publisher Services.I extend special thanks to Marc Triola, M.D., New York University
School of Medicine, for his outstanding work on creating the new 13th edition of the Statdisk
software. I thank Scott Triola for his very extensive help throughout the entire production process
for this 13th edition.I thank the following for their help in checking the accuracy of text and
answers in this thirteenth edition: James Lapp, Paul Lorczak, and Dirk Tempelaar.M.F.T.
Madison, Connecticut September 2016MyStatLab® Online Course for Elementary Statistics,
13e by Mario F. Triola (access code required)MyStatLab is available to accompany Pearson’s
market leading text offerings. To give students a consistent tone, voice, and teaching method
each text’s flavor and approach is tightly integrated throughout the accompanying MyStatLab
course, making learning the material as seamless as possible.Expanded objective-based
MathXL coverage MathXL is newly mapped to improve student learning outcomes. Homework
reinforces and supports students’ understanding of key statistics topics.Enhanced video
program to meet Introductory Statistics needs:New! Tech-Specific Video Tutorials These short,
topical videos address how to use varying technologies to complete exercises.Updated!
Chapter Review Exercise Videos Watch the Chapter Review Exercises come to life with new
review videos that help students understand key chapter concepts.Updated! Section Lecture
Videos Watch author, Marty Triola, work through examples and elaborate on key objectives of
the chapter.Real-World Data Examples - Helpunderstand how statistics applies toeveryday life
through the extensivecurrent, real-world data examples andexercises provided throughout the
text.www.mystatlab.comxvii SupplementsStudent ResourcesThe following technology manuals
include instructions, examples from the main text, and interpretations to complement those



given in the text.Statdisk Student Laboratory Manual and Workbook (Download Only), by Mario
F. Triola. These files are available to instructors and students through the Triola Statistics Series
Web site, www.pearsonhighered. com/triola, and MyStatLab.SPSS Student Laboratory Manual
and Workbook (Download Only), by James J. Ball (Indiana State University). These files are
available to instructors and students through the Triola Statistics Series Web site,
www.pearsonhighered.com/triola, and MyStatLab.Instructor Resources® Computerized Test
Bank (www.pearsoned. com/testgen), enables instructors to build, edit, print, and administer
tests using a computerized bank of questions developed to cover all the objectives of the text.
TestGen is algorithmically based, allowing instructors to create multiple but equivalent versions
of the same question or test with the click of a button. Instructors can also modify test bank
questions or add new questions. The software and testbank are available for download from
Pearson Education’s online catalog at www.pearsonhighered.com. Test Forms (Download Only)
are also available from the online catalog. PowerPoint® Lecture Slides: Free to qualified
adopters, this classroom lecture presentation software is geared specifically to the sequence
and philosophy of Elementary Statistics. Key graphics from the book are included to help bring
the statistical concepts alive in the classroom. These files are available to qualified instructors
through Pearson Education’s online catalog at www.pearsonhighered.com/irc or within
MyStatLab. Learning Catalytics: Learning Catalytics is a webbased engagement and
assessment tool. As a “bringyour-own-device” direct response system, Learning Catalytics
offers a diverse library of dynamic question types that allow students to interact with and think
critically about statistical concepts. As a real-time resource, instructors can take advantage of
critical teaching moments both in the classroom or through assignable and gradeable
homework.www.mystatlab.comxviiiGet the Most Out ofMyStatLab®MyStatLab is the leading
online homework, tutorial, and assessment program for teaching and learning statistics, built
around Pearson’s best-selling content. MyStatLab helps students and instructors improve
results; it provides engaging experiences and personalized learning for each student so learning
can happen in any environment. Plus, it offers flexible and time-saving course management
features to allow instructors to easily manage their classes while remaining in complete control,
regardless of course format.PreparednessOne of the biggest challenges in many mathematics
and statistics courses is making sure students are adequately prepared with the prerequisite
skills needed to successfully complete their course work. Pearson offers a variety of content and
course options to support students with just-in-time remediation and key-concept
review.MyStatLab with Integrated ReviewMyStatLab with Integrated Review 449535-7 can be
used for just-in-time prerequisite review or co-requisite courses. These courses provide videos
on review topics, along with pre-made, assignable skills-check quizzes and personalized review
homework assignments. In recent years many new course models have emerged, as institutions
“redesign” to help improve retention and results. At Pearson, we’re focused on creating solutions
tailored to support your plans and programs. In addition to the new Integrated Review courses,
we offer new All-in-One solutions, non-STEM pathways, and STEM-track options.Used by more



than 37 million students worldwide, MyStatLab delivers consistent, measurable gains in student
learning outcomes, retention, and subsequent course success.www.mystatlab.comxix xx
PrefaceTechnology ResourcesThe following resources can be found at www.pearson
highered.com/triola, the author maintained Triola Statistics Series Web site (http://
www.triolastats.com), and MyStatLab■ Appendix B data sets formatted for Minitab, SPSS, SAS,
Excel, JMP, and as text files. Additionally, these data sets are available as an APP for the TI-83
84 Plus calculators, and supplemental programs for the TI-83/84 Plus calculator are also
available.>■ Statdisk statistical software instructions for download. New features include the
ability to directly use lists of data instead of requiring the use of their summary statistics.■ Extra
data sets, Probabilities Through Simulations, Bayes’ Theorem, an index of applications, and a
symbols table.Video Resources has been expanded, updated and now supplements most
sections in the book, with many topics presented by the author. The videos aim to support both
instructors and students through lecture, reinforcing statistical basics through technology, and
applying concepts:■ Section Lecture Videos■ Chapter Review Exercise Videos walk students
through the exercises and help them understand key chapter concepts.■ New! Technology
Video Tutorials - These short, topical videos address how to use Excel, StatDisk, and the TI
graphing calculator to complete exercises.■ StatTalk Videos: 24 Conceptual Videos to Help You
Actually Understand Statistics. Fun-loving statistician Andrew Vickers takes to the streets of
Brooklyn, NY, to demonstrate important statistical concepts through interesting stories and real-
life events. These fun and engaging videos will help students actually understand statistical
concepts. Available with an instructors user guide and assessment questions.Videos also
contain optional English and Spanish captioning. All videos are available through the MyStatLab
online course.MyStatLab™ Online Course (access code required) MyStatLab is a course
management system that delivers proven results in helping individual students succeed.■
MyStatLab can be successfully implemented in any environment—lab-based, hybrid, fully
online, traditional—and demonstrates the quantifiable difference that integrated usage has on
student retention, subsequent success, and overall achievement.■ MyStatLab’s comprehensive
online gradebook automatically tracks students’ results on tests, quizzes, homework, and in the
study plan. Instructors can use the gradebook to provide positive feedback or intervene if
students have trouble. Gradebook data can be easily exported to a variety of spreadsheet
programs, such as Microsoft Excel. You can determine which points of data you want to export,
and then analyze the results to determine success.MyStatLab provides engaging experiences
that personalize, stimulate, and measure learning for each student. In addition to the resources
below, each course includes a full interactive online version of the accompanying textbook.■
Tutorial Exercises with Multimedia Learning Aids: The homework and practice exercises in
MyStatLab align with the exercises in the textbook, and they regenerate algorithmically to give
students unlimited opportunity for practice and mastery. Exercises offer immediate helpful
feedback, guided solutions, sample problems, animations, videos, and eText clips for extra help
at point-of-use.■ Getting Ready for Statistics: A library of questions now appears within each



MyStatLab course to offer the developmental math topics students need for the course. These
can be assigned as a prerequisite to other assignments, if desired.■ Conceptual Question
Library: In addition to algorithmically regenerated questions that are aligned with your textbook,
there is a library of 1000 Conceptual Questions available in the assessment manager that
require students to apply their statistical under-standing.■ StatCrunch™: MyStatLab integrates
the Web-based statistical software, StatCrunch, within the online assessment platform so that
students can easily analyze data sets from exercises and the text. In addition, MyStatLab
includes access to www.StatCrunch.com, a Web site where users can access more than 15,000
shared data sets, conduct online surveys, perform complex analyses using the powerful
statistical software, and generate compelling reports.■ Statistical Software Support: Knowing
that students often use external statistical software, we make it easy to copy our data sets, both
from the ebook and the MyStatLab questions, into software such as StatCrunch, Minitab, Excel,
and more. Students have access to a variety of support tools— Technology Tutorial Videos,
Technology Study Cards, and Technology Manuals for select titles—to learn how to effectively
use statistical software.MathXL® for Statistics Online Course (access code required)MathXL®
is the homework and assessment engine that runs MyStatLab. (MyStatLab is MathXL plus a
learning management system.)With MathXL for Statistics, instructors can:■ Create, edit, and
assign online homework and tests using algorithmically generated exercises correlated at the
objective level to the textbook.■ Create and assign their own online exercises and import
TestGen tests for added flexibility.■ Maintain records of all student work, tracked in MathXL’s
online gradebook.With MathXL for Statistics, students can:■ Take chapter tests in MathXL and
receive personalized study plans and or personalized homework assignments based on their
test results.>■ Use the study plan and/or the homework to link directly to tutorial exercises for
the objectives they need to study.■ Students can also access supplemental animations and
video clips directly from selected exercises.■ Knowing that students often use external
statistical software, we make it easy to copy our data sets, both from the ebook and the
MyStatLab questions, into software like StatCrunch™, Minitab, Excel, and more.MathXL for
Statistics is available to qualified adopters. For more information, visit our web site at www.
mathxl.com, or contact your Pearson representative.StatCrunch™StatCrunch is powerful, web-
based statistical software that allows users to perform complex analyses, share data sets, and
generate compelling reports. A vibrant online community offers more than 15,000 data sets for
students to analyze.■ Collect. Users can upload their own data to StatCrunch or search a large
library of publicly shared data sets, spanning almost any topic of interest. Also, an online survey
tool allows users to quickly collect data via web-based surveys.■ Crunch. A full range of
numerical and graphical methods allow users to analyze and gain insights from any data set.
Interactive graphics help users understand statistical concepts and are available for export to
enrich reports with visual representations of data.■ Communicate. Reporting options help users
create a wide variety of visually appealing representations of their data.Full access to
StatCrunch is available with a MyStatLab kit, and StatCrunch is available by itself to qualified



adopters. StatCrunch Mobile is now available to access from your mobile device. For more
information, visit our Web site at www.StatCrunch.com, or contact your Pearson
representative.13thEDITIONELEMENTARY STATISTICS1-1 Statistical and Critical Thinking 1-2
Types of Data 1-3 Collecting Sample Data1INTRODUCTION TO STATISTICSCHAPTER Survey
Question: Do you prefer to read a printed book or an electronic book?PROBLEMSurveys
provide data that enable us to improve products orservices. Surveys guide political candidates,
shape businesspractices, influence social media, and affect many aspects ofour lives. Surveys
give us insight into the opinions and viewsof others. Let’s consider one USA Today survey in
which respondents were asked if they prefer to read a printed book oran electronic book. Among
281 respondents, 65% preferred aprinted book and 35% preferred an electronic book. Figure
1-1on the next page includes graphs that depict these results.The survey results suggest that
people overwhelmingly prefer reading printed books to reading ebooks. The graphs in Figure 1-1
visually depict the survey results, and they support a claim that people prefer printed books to
ebooks by a wide margin. One of the most important objectives in this book is to encourage the
use of critical thinking so that such results are not blindly accepted. We might question whether
the survey results are valid. Who conducted the survey? How were respondents selected? Do
the graphs in Figure 1-11depict the results well, or are those graphs somehow misleading?The
survey results presented here have major flaws that are among the most commonly used, so
they are especially important to recognize. Here are brief descriptions of each of the major
flaws:Flaw 1: Misleading Graphs The bar chart in Figure 1-1(a) is very deceptive. By using a
vertical scale that does not start at zero, the difference between the two percentages is grossly
exaggerated. Figure 1-1(a) makes it appear that about eight times as many people choose a
printed book over an ebook, but with response rates of 65% and 35%, that ratio is very roughly
2:1, not 8:1.The illustration in Figure 1-1(b) is also deceptive. Again, the difference between the
actual response rates of 65% for printed books and 35% for ebooks is a difference that is grossly
distorted. The picture graph (or “pictograph”) in Figure 1-1(b) makes it appear that people prefer
printed books to ebooks by a ratio of roughly 4:1 instead of being the correct ratio of 65:35, or
roughly 2:1. (Objects with area or volume can distort perceptions because they can be drawn to
be disproportionately larger or smaller than the data indicate.)Deceptive graphs are discussed in
more detail in Section 2-3, but we see here that the illustrations in Figure 1-1 grossly exaggerate
the preference for printed books.(a)ElementaryStatisticsby TriolaReaders Preferring Printed
Books Readers Preferring eBooks (b)FIGURE 1-1 Survey ResultsFlaw 2: Bad Sampling Method
The aforementioned survey responses are from a USA Today survey of Internet users. The
survey question was posted on a website and Internet users decided whether to respond. This is
an example of a voluntary response sample—a sample in which respondents themselves
decide whether to participate. With a voluntary response sample, it often happens that those
with a strong interest in the topic are more likely to participate, so the results are very
questionable. In this case, it is reasonable to suspect that Internet users might prefer ebooks at a
rate higher than the rate in the general population. When using sample data to learn something



about a population, it is extremely important to obtain sample data that are representative of the
population from which the data are drawn. As we proceed through this chapter and discuss
types of data and sampling methods, we should focus on these key concepts:Sample data must
be collected in an appropriate way, such as through a process of random selection. If sample
data are not collected in an appropriate way, the data may be so completely useless that no
amount of statistical torturing can salvage them.It would be easy to accept the preceding survey
results and blindly proceed with calculations and statistical analyses, but we would miss the two
critical flaws described above. We could then develop conclusions that are fundamentally wrong
and misleading. Instead, we should develop skills in statistical thinking and critical thinking so
that we can understand how the survey is so seriously flawed.CHAPTER OBJECTIVESHere is
the single most important concept presented in this chapter: When using methods of statistics
with sample data to form conclusions about a population, it is absolutely essential to collect
sample data in a way that is appropriate. Here are the chapter objectives:1-1 Statistical and
Critical ThinkingAnalyze sample data relative to context, source, and sampling
method.Understand the difference between statistical significance and practical
significance.Define and identify a voluntary response sample and know that
statisticalconclusions based on data from such a sample are generally not valid.1-2 Types of
DataDistinguish between a parameter and a statistic.Distinguish between quantitative data and
categorical (or qualitative or attribute) data.Distinguish between discrete data and continuous
data.Determine whether basic statistical calculations are appropriate for a particular data set.1-3
Collecting Sample DataDefine and identify a simple random sample.Understand the importance
of sound sampling methods and the importance ofgood design of experiments.1-1Statistical and
Critical ThinkingKey Concept In this section we begin with a few very basic definitions, and then
we consider an overview of the process involved in conducting a statistical study. This process
consists of “prepare, analyze, and conclude.” “Preparation” involves consideration of the context,
the source of data, and sampling method. In future chapters we construct suitable graphs,
explore the data, and execute computations required for the statistical method being used. In
future chapters we also form conclusions by determining whether results have statistical
significance and practical significance.Statistical thinking involves critical thinking and the ability
to make sense of results. Statistical thinking demands so much more than the ability to execute
complicated calculations. Through numerous examples, exercises, and discussions, this text will
help you develop the statistical thinking skills that are so important in today’s world.We begin
with some very basic definitions.Go Figure78%: The percentage of female veterinarian students
who are women, according to The Herald in Glasgow, Scotland.DEFINITIONSData are
collections of observations, such as measurements, genders, or survey responses. (A single
data value is called a datum, a term rarely used. The term “data” is plural, so it is correct to say
“data are . . .” not “data is . . .”) Statistics is the science of planning studies and experiments;
obtaining data; and organizing, summarizing, presenting, analyzing, and interpreting those data
and then drawing conclusions based on them.A population is the complete collection of all



measurements or data that are being considered. Typically, a population is the complete
collection of data that we would like to make inferences about.A census is the collection of data
from every member of the population. A sample is a subcollection of members selected from a
population.Because populations are often very large, a common objective of the use of statistics
is to obtain data from a sample and then use those data to form a conclusion about the
population.EXAMPLE 1 Residential Carbon Monoxide DetectorsIn the journal article
“Residential Carbon Monoxide Detector Failure Rates in the United States” (by Ryan and Arnold,
American Journal of Public Health, Vol. 101, No. 10), it was stated that there are 38 million
carbon monoxide detectors installed in the United States. When 30 of them were randomly
selected and tested, it was found that 12 of them failed to provide an alarm in hazardous carbon
monoxide conditions. In this case, the population and sample are as follows:Population: All 38
million carbon monoxide detectors in the United States Sample: The 30 carbon monoxide
detectors that were selected and tested The objective is to use the sample data as a basis for
drawing a conclusion about the population of all carbon monoxide detectors, and methods of
statistics are helpful indrawing such conclusions.YOUR TURN Do part (a) of Exercise 2
“Reported Versus Measured.”We now proceed to consider the process involved in a statistical
study. See Figure 1-2 for a summary of this process and note that the focus is on critical thinking,
not mathematical calculations. Thanks to wonderful developments in technology, we have
powerful tools that effectively do the number crunching so that we can focus on understanding
and interpreting results.PrepareContext Figure 1-2 suggests that we begin our preparation by
considering the context of the data, so let’s start with context by considering the data in Table
1-1. Table 1-1 includes the numbers of registered pleasure boats in Florida (tens of thousands)
and the numbers of manatee fatalities from encounters with boats in Florida for each of several
recent years. The format of Table 1-1 suggests the following goal: Determine whether there is a
relationship between numbers of boats and numbers of manatee deaths fromTABLE 1-1
Pleasure Boats and Manatee Fatalities from Boat Encounters Pleasure Boats(tens of
thousands)Manatee Fatalities 92 73 90 97 83 88 81 73 68 99 99 97 95 90 90 87 90 90boats.
This goal suggests a reasonable hypothesis: As the numbers of boats increase, the numbers of
manatee deaths increase.Source of the Data The second step in our preparation is to consider
the source (as indicated in Figure 1-2). The data in Table 1-1 are from the Florida Department of
Highway Safety and Motor Vehicles and the Florida Marine Research Institute. The sources
certainly appear to be reputable.Sampling Method Figure 1-2 suggests that we conclude our
preparation by considering the sampling method. The data in Table 1-1 were obtained from
official government records known to be reliable. The sampling method appears to be
sound.Sampling methods and the use of randomization will be discussed in Section 1-3, but for
now, we stress that a sound sampling method is absolutely essential for good results in a
statistical study. It is generally a bad practice to use voluntary response (or self-selected)
samples, even though their use is common.1. ContextPrepare2. Source of the Data3. Sampling
Method1. Graph the Data 2. Explore the DataAnalyzeIn World War II,statisticianAbraham



Waldsaved manylives withhis work onthe AppliedMathematics Panel. Military leaders asked the
panel how they could improve the chances of aircraft bombers returning after missions. They
wanted to add some armor for protection, and they recorded locations on the bombers where
damaging holes were found. They reasoned that armor should be placed in locations with the
most holes, but Wald said that strategy would be a big mistake. He said that armor should be
placed where returning bombers were not damaged. His reasoning was this: The bombers that
made it back with damage were survivors, so the damage they suffered could be survived.
Locations on the aircraft that were not damaged were the most vulnerable, and aircraft suffering
damage in those vulnerable areas were the ones that did not make it back. The military leaders
would have made a big mistake with survivorship bias by studying the planes that survived
instead of thinking about the planes that did not survive.3. Apply Statistical MethodsConclude 1.
SignificanceFIGURE 1-2 Statistical and Critical ThinkingSurvivorship Bias Go Figure17%: The
percentage of U.S. men between 20 and 40 years of age and taller than 7 feet who play
basketball in the NBA.Origin of “Statistics”The wordstatistics isderived from the Latin word
status (meaning “state”). Early uses ofstatistics involved compilations of data and graphs
describing various aspects of a state or country. In 1662, John Graunt published statistical
information about births and deaths. Graunt’s work was followed by studies of mortality and
disease rates, population sizes, incomes, and unemployment rates. Households, governments,
and businesses rely heavily on statistical data for guidance. For example, unemployment rates,
inflation rates, consumer indexes, and birth and death rates are carefully compiled on a regular
basis, and the resulting data are used by business leaders to make decisions affecting future
hiring, production levels, and expansion into new markets.DEFINITIONA voluntary response
sample (or self-selected sample) is one in which the respondents themselves decide whether to
be included.The following types of polls are common examples of voluntary response samples.
By their very nature, all are seriously flawed because we should not make conclusions about a
population on the basis of samples with a strong possibility of bias:■ Internet polls, in which
people online can decide whether to respond ■ Mail-in polls, in which people can decide
whether to reply■ Telephone call-in polls, in which newspaper, radio, or television
announcements ask that you voluntarily call a special number to register your opinion The
Chapter Problem involves a USA Today survey with a voluntary response sample. See also the
following Example 2.EXAMPLE 2 Voluntary Response SampleThe ABC television show
Nightline asked viewers to call with their opinion about whether the United Nations headquarters
should remain in the United States. Viewers then decided themselves whether to call with their
opinions, and 67% of 186,000 respondents said that the United Nations should be moved out of
the United States. In a separate and independent survey, 500 respondents were randomly
selected and surveyed, and 38% of this group wanted the United Nations to move out of the
United States. The two polls produced dramatically different results. Even though the Nightline
poll involved 186,000 volunteer respondents, the much smaller poll of 500 randomly selected
respondents is more likely to provide better results because of the far superior sampling



method.YOUR TURN Do Exercise 1 “Online Medical Info.”AnalyzeFigure 1-2 indicates that after
completing our preparation by considering the context, source, and sampling method, we begin
to analyze the data.Graph and Explore An analysis should begin with appropriate graphs and
explorations of the data. Graphs are discussed in Chapter 2, and important statistics are
discussed in Chapter 3.Apply Statistical Methods Later chapters describe important statistical
methods, but application of these methods is often made easy with technology (calculators and
or statistical software packages). A good statistical analysis does not require strong
computational skills. A good statistical analysis does require using common>sense and paying
careful attention to sound statistical methods.ConcludeFigure 1-2 shows that the final step in our
statistical process involves conclusions, and we should develop an ability to distinguish between
statistical significance and practical significance.Statistical Significance Statistical significance
is achieved in a study when we get a result that is very unlikely to occur by chance. A common
criterion is that we have statistical significance if the likelihood of an event occurring by chance is
5% or less.■ Getting 98 girls in 100 random births is statistically significant because such an
extreme outcome is not likely to result from random chance.■ Getting 52 girls in 100 births is not
statistically significant because that event could easily occur with random chance.Practical
Significance It is possible that some treatment or finding is effective, but common sense might
suggest that the treatment or finding does not make enough of a difference to justify its use or to
be practical, as illustrated in Example 3.EXAMPLE 3 Statistical Significance Versus Practical
SignificanceProCare Industries once supplied a product named Gender Choice that supposedly
increased the chance of a couple having a baby with the gender that they desired. In the
absence of any evidence of its effectiveness, the product was banned by the Food and Drug
Administration (FDA) as a “gross deception of the consumer.” But suppose that the product was
tested with 10,000 couples who wanted to have baby girls, and the results consist of 5200 baby
girls born in the 10,000 births. This result is statistically significant because the likelihood of it
happening due to chance is only 0.003%, so chance doesn’t seem like a feasible explanation.
That 52% rate of girls is statistically significant, but it lacks practical significance because 52% is
only slightly above 50%. Couples would not want to spend the time and money to increase the
likelihood of a girl from 50% to 52%. (Note: In reality, the likelihood of a baby being a girl is about
48.8%, not 50%.)YOUR TURN Do Exercise 15 “Gender Selection.”Analyzing Data: Potential
PitfallsHere are a few more items that could cause problems when analyzing data.Misleading
Conclusions When forming a conclusion based on a statistical analysis, we should make
statements that are clear even to those who have no understanding of statistics and its
terminology. We should carefully avoid making statements not justified by the statistical analysis.
For example, later in this book we introduce the concept of a correlation, or association between
two variables, such as numbers of registered pleasure boats and numbers of manatee deaths
from encounters with boats. A statistical analysis might justify the statement that there is a
correlation between numbers of boats and numbers of manatee fatalities, but it would not justify
a statement that an increase in the number of boats causes an increase in the number of



manatee fatalities. Such a statement about causality can be justified by physical evidence, not
by statistical analysis.Correlation does not imply causation.Sample Data Reported Instead of
Measured When collecting data from people, it is better to take measurements yourself instead
of asking subjects to report results. Ask people what they weigh and you are likely to get their
desired weights, not their actual weights. People tend to round, usually down, sometimes way
down. When asked, someone with a weight of 187 lb might respond that he or she weighs 160
lb. Accurate weights are collected by using a scale to measure weights, not by asking people
what they weigh.Publication BiasThere is a “publication bias” inprofessional journals. It is the
tendency to publishpositive results(such as showing that sometreatment iseffective) muchmore
often thannegative results(such as showing that some treatment has no effect).In the article
“Registering Clinical Trials” (Journal of the American Medical Association, Vol. 290, No. 4),
authors Kay Dickersin and Drummond Rennie state that “the result of not knowing who has
performed what (clinical trial) is loss and distortion of the evidence, waste and duplication of
trials, inability of funding agencies to plan, and a chaotic system from which only certain
sponsors might benefit, and is invariably against the interest of those who offered to participate
in trials and of patients in general.” They support a process in which all clinical trials are
registered in one central system, so that future researchers have access to all previous studies,
not just the studies that were published.Statistics Is SexyCareerCast.com is a job website,and
its organizers analyzed professionsusing fivecriteria: environment, income, employment
prospects, physical demands, and stress. Based on that study, here are the top 10 jobs: (1)
mathematician, (2) actuary, (3) statistician (author’s emphasis), (4) biologist, (5) software
engineer, (6) computer system analyst, (7) historian, (8) sociologist, (9) industrial designer, (10)
accountant. Lumberjacks are at the bottom of the list with very low pay, dangerous work, and
poor employment prospects.Reporter Steve Lohr wrote the article “For Today’s Graduate, Just
One Word: Statistics” in the New York Times. In that article he quoted the chief economist at
Google as saying that “the sexy job in the next 10 years will be statisticians. And I’m not
kidding.”Loaded Questions If survey questions are not worded carefully, the results of a study
can be misleading. Survey questions can be “loaded,” or intentionally worded to elicit a desired
response. Here are the actual rates of “yes” responses for the two different wordings of a
question:97% yes: “Should the President have the line item veto to eliminate waste?” 57% yes:
“Should the President have the line item veto, or not?”Order of Questions Sometimes survey
questions are unintentionally loaded by such factors as the order of the items being considered.
See the following two questions from a poll conducted in Germany, along with the very different
response rates:“Would you say that tra ffic contributes more or less to air pollution than
industry?” (45% blamed traffic; 27% blamed industry.)“Would you say that industry contributes
more or less to air pollution than traffic?” (24% blamed traffic; 57% blamed industry.)In addition
to the order of items within a question, as illustrated above, the order of separate questions
could also affect responses.Nonresponse A nonresponse occurs when someone either refuses
to respond to a survey question or is unavailable. When people are asked survey questions,



some firmly refuse to answer. The refusal rate has been growing in recent years, partly because
many persistent telemarketers try to sell goods or services by beginning with a sales pitch that
initially sounds as though it is part of an opinion poll. (This “selling under the guise” of a poll is
called sugging.) In Lies, Damn Lies, and Statistics, author Michael Wheeler makes this very
important observation:People who refuse to talk to pollsters are likely to be different from those
who do not. Some may be fearful of strangers and others jealous of their privacy, but their refusal
to talk demonstrates that their view of the world around them is markedly different from that of
those people who will let poll-takers into their homes.Percentages Some studies cite misleading
or unclear percentages. Note that 100% of some quantity is all of it, but if there are references
made to percentages that exceed 100%, such references are often not justified. In an ad for The
Club, a device used to discourage car thefts, it was stated that “The Club reduces your odds of
car theft by 400%.” If the Club eliminated all car thefts, it would reduce the odds of car theft by
100%, so the 400% figure is misleading and doesn’t make sense.The following list identifies
some key principles to apply when dealing with percentages. These principles all use the basic
concept that % or “percent” really means “divided by 100.” The first principle that follows is used
often in this book.Percentage of: To find a percentage of an amount, replace the % symbol with
division by 100, and then interpret “of” to be multiplication. This example shows that 6% of 1200
is 72:6% of 1200 responses =6 * 1200 = 72100Decimal u Percentage: To convert from a decimal
to a percentage, multiply by 100%. This example shows that 0.25 is equivalent to 25%:0.25 S
0.25 * 100% = 25%Fraction u Percentage: To convert from a fraction to a percentage, divide the
denominator into the numerator to get an equivalent decimal number; then multiply by 100%.
This example shows that the fraction 3 4 is equivalent to 75%:3 = 0.75 S 0.75 * 100% =>
75%4Percentage u Decimal: To convert from a percentage to a decimal number, replace the %
symbol with division by 100. This example shows that 85% is equivalent to 0.85:85% =85 =
0.851001-1 Basic Skills and ConceptsStatistical Literacy and Critical Thinking1. Online Medical
Info USA Today posted this question on its website: “How often do you seek medical information
online?” Of 1072 Internet users who chose to respond, 38% of them responded with “frequently.”
What term is used to describe this type of survey in which the people surveyed consist of those
who decided to respond? What is wrong with this type of sampling method?2. Reported Versus
Measured In a survey of 1046 adults conducted by Bradley Corporation, subjects were asked
how often they wash their hands when using a public restroom, and 70% of the respondents
said “always.”a. Identify the sample and the population.b. Why would better results be obtained
by observing the hand washing instead of asking about it?3. Statistical Significance Versus
Practical Significance When testing a new treatment, what is the difference between statistical
significance and practical significance? Can a treatment have statistical significance, but not
practical significance?4. Correlation One study showed that for a recent period of 11 years,
there was a strong correlation (or association) between the numbers of people who drowned in
swimming pools and the amounts of power generated by nuclear power plants (based on data
from the Centers for Disease Control and Prevention and the Department of Energy). Does this



imply that increasing power from nuclear power plants is the cause of more deaths in swimming
pools? Why or why not?Consider the Source. In Exercises 5–8, determine whether the given
source has the potential to create a bias in a statistical study.5. Physicians Committee for
Responsible Medicine The Physicians Committee for Responsible Medicine tends to oppose
the use of meat and dairy products in our diets, and that organization has received hundreds of
thousands of dollars in funding from the Foundation to Support Animal Protection.6. Arsenic in
RiceAmounts of arsenic in samples of rice grown in Texas were measured by the Food and Drug
Administration (FDA).7. Brain Size A data set in Appendix B includes brain volumes from 10
pairs of monozygotic (identical) twins. The data were collected by researchers at Harvard
University, Massachusetts General Hospital, Dartmouth College, and the University of California
at Davis. 8. ChocolateAn article in Journal of Nutrition (Vol. 130, No. 8) noted that chocolate is
rich in flavonoids. The article notes “regular consumption of foods rich in flavonoids may reduce
the risk of coronary heart disease.” The study received funding from Mars, Inc., the candy
company, and the Chocolate Manufacturers Association.Sampling Method. In Exercises 9–12,
determine whether the sampling method appears to be sound or is flawed.9. Nuclear Power
Plants In a survey of 1368 subjects, the following question was posted on the USA Today
website: “In your view, are nuclear plants safe?” The survey subjects were Internet users who
chose to respond to the question posted on the electronic edition of USA Today.10. Clinical
Trials Researchers at Yale University conduct a wide variety of clinical trials by using subjects
who volunteer after reading advertisements soliciting paid volunteers. 11. Credit Card Payments
In an AARP, Inc. survey of 1019 randomly selected adults, each was asked how much credit
card debt he or she pays off each month.12. Smartphone Usage In a survey of smartphone
ownership, the Pew Research Center randomly selected 1006 adults in the United
States.Statistical Significance and Practical Significance. In Exercises 13–16, determine
whether the results appear to have statistical significance, and also determine whether the
results appear to have practical significance.13. Diet and Exercise Program In a study of the
Kingman diet and exercise program,40 subjects lost an average of 22 pounds. There is about a
1% chance of getting such results with a program that has no effect.14. MCAT The Medical
College Admissions Test (MCAT) is commonly used as part of the decision-making process for
determining which students to accept into medical schools. To test the effectiveness of the Siena
MCAT preparation course, 16 students take the MCAT test, then they complete the preparatory
course, and then they retake the MCAT test, with the result that the average (mean) score for
this group rises from 25 to 30. There is a 0.3% chance of getting those results by chance. Does
the course appear to be effective?15. Gender Selection In a study of the Gender Aide method of
gender selection used to increase the likelihood of a baby being born a girl, 2000 users of the
method gave birth to980 boys and 1020 girls. There is about a 19% chance of getting that many
girls if the method had no effect.16. IQ Scores Most people have IQ scores between 70 and 130.
For $39.99, you can purchase a PC or Mac program from HighIQPro that is claimed to increase
your IQ score by 10 to20 points. The program claims to be “the only proven IQ increasing



software in the brain training market,” but the author of your text could find no data supporting
that claim, so let’s suppose that these results were obtained: In a study of 12 subjects using the
program, the average increase in IQ score is 3 IQ points. There is a 25% chance of getting such
results if the program has no effect.In Exercises 17–20, refer to the sample of body temperatures
(degrees Fahrenheit) in the table below. (The body temperatures are from a data set in Appendix
B.)Subject 12345 8 AM 97.0 98.5 97.6 97.7 98.7 12 AM 97.6 97.8 98.0 98.4 98.417. Context of
the Data Refer to the table of body temperatures. Is there some meaningful way in which each
body temperature recorded at 8 AM is matched with the 12 AM temperature?18. Source The
listed body temperatures were obtained from Dr. Steven Wasserman, Dr. Philip Mackowiak, and
Dr. Myron Levine, who were researchers at the University of Maryland. Is the source of the data
likely to be biased?19. Conclusion Given the body temperatures in the table, what issue can be
addressed by conducting a statistical analysis of the data?20. Conclusion If we analyze the
listed body temperatures with suitable methods of statistics, we conclude that when the
differences are found between the 8 AM body temperatures and the12 AM body temperatures,
there is a 64% chance that the differences can be explained by random results obtained from
populations that have the same 8 AM and 12 AM body temperatures. What should we conclude
about the statistical significance of those differences?In Exercises 21–24, refer to the data in the
table below. The entries are white blood cell counts (1000 cells,ML) and red blood cell counts
(million cells,ML) from male subjects examined as part of a large health study conducted by the
National Center for Health Statistics. The data are matched, so that the first subject has a white
blood cell count of 8.7 and a red blood cell count of 4.91, and so on.Subject 12345 White 8.7 5.9
7.3 6.2 5.9 Red 4.91 5.59 4.44 4.80 5.1721. Context Given that the data are matched and
considering the units of the data, does it make sense to use the difference between each white
blood cell count and the corresponding red blood cell count? Why or why not?Given the context
of the data in the table, what issue can be addressed by conduct22. Analysising a statistical
analysis of the measurements?Considering the source of the data, does that source appear to
be 23. Source of the Databiased in some way?If we analyze the sample data and conclude that
there is a correlation between 24. Conclusionwhite blood cell counts and red blood cell counts,
does it follow that higher white blood cell counts are the cause of higher red blood cell counts?
What’s Wrong? In Exercises 25–28, identify what is wrong.25. Potatoes In a poll sponsored by
the Idaho Potato Commission, 1000 adults were asked to select their favorite vegetables, and
the favorite choice was potatoes, which were selected by26% of the respondents.In a USA
Today online poll, 951 Internet users chose to respond, and 57% 26. Healthy Waterof them said
that they prefer drinking bottled water instead of tap water.In recent years, there has been a
strong correlation be27. Motorcycles and Sour Creamtween per capita consumption of sour
cream and the numbers of motorcycle riders killed in noncollision accidents. Therefore,
consumption of sour cream causes motorcycle fatalities.The electronic cigarette maker V2 Cigs
sponsored a poll showing that 55% of 28. Smokerssmokers surveyed say that they feel
ostracized “sometimes,” “often,” or “always.”Percentages. In Exercises 29–36, answer the given



questions, which are related to percentages.29. Workplace Attire In a survey conducted by
Opinion Research Corporation, 1000 adults were asked to identify “what is inappropriate in the
workplace.” Of the 1000 subjects, 70% said that miniskirts were not appropriate in the
workplace.a. What is 70% of 1000?b. Among the 1000 respondents, 550 said that shorts are
unacceptable in the workplace. What percentage of respondents said that shorts are
unacceptable in the workplace?30. Checking Job Applicants In a study conducted by the
Society for Human Resource Management, 347 human resource professionals were surveyed.
Of those surveyed, 73% said that their companies conduct criminal background checks on all
job applicants.a. What is the exact value that is 73% of the 347 survey subjects?b. Could the
result from part (a) be the actual number of survey subjects who said that their companies
conduct criminal background checks on all job applicants? Why or why not? c. What is the
actual number of survey subjects who said that their company conducts criminal background
checks on all job applicants?d. Assume that 112 of the survey subjects are females. What
percentage of those surveyed are females?31. Marriage Proposals In a survey conducted by
TheKnot.com, 1165 engaged or married women were asked about the importance of a bended
knee when making a marriage proposal. Among the 1165 respondents, 48% said that the
bended knee was essential.a. What is the exact value that is 48% of 1165 survey respondents?
b. Could the result from part (a) be the actual number of survey subjects who said that a bended
knee is essential? Why or why not?c. What is the actual number of survey respondents saying
that the bended knee is essential? d. Among the 1165 respondents, 93 said that a bended knee
is corny and outdated. What percentage of respondents said that a bended knee is corny and
outdated?32. Chillax USA Today reported results from a Research Now for Keurig survey in
which1458 men and 1543 women were asked this: “In a typical week, how often can you kick
back and relax?”a. Among the women, 19% responded with “rarely, if ever.” What is the exact
value that is 19% of the number of women surveyed?b. Could the result from part (a) be the
actual number of women who responded with “rarely, if ever”? Why or why not?c. What is the
actual number of women who responded with “rarely, if ever”? d. Among the men who
responded, 219 responded with “rarely, if ever.” What is the percentage of men who responded
with “rarely, if ever.”?e. Consider the question that the subjects were asked. Is that question clear
and unambiguous so that all respondents will interpret the question the same way? How might
the survey be improved?33. Percentages in Advertising An ad for Big Skinny wallets included
the statement that one of their wallets “reduces your filled wallet size by 50%–200%.” What is
wrong with this statement?34. Percentages in Advertising Continental Airlines ran ads claiming
that lost baggage is “an area where we’ve already improved 100% in the past six months.” What
is wrong with this statement?35. Percentages in Advertising A New York Times editorial
criticized a chart caption that described a dental rinse as one that “reduces plaque on teeth by
over 300%.” What is wrong with this statement?36. Percentages in Negotiations When the
author was negotiating a contract for the faculty and administration at a college, a dean
presented the argument that if faculty receive a 4% raise and administrators receive a 4% raise,



that’s an 8% raise and it would never be approved. What’s wrong with that argument?1-1
Beyond the Basics37. What’s Wrong with This Picture? The Newport Chronicle ran a survey by
asking readers to call in their response to this question: “Do you support the development of
atomic weapons that could kill millions of innocent people?” It was reported that 20 readers
responded and that 87% said “no,” while 13% said “yes.” Identify four major flaws in this
survey.38. Falsifying Data A researcher at the Sloan-Kettering Cancer Research Center was
once criticized for falsifying data. Among his data were figures obtained from 6 groups of mice,
with 20 individual mice in each group. The following values were given for the percentage of
successes in each group: 53%, 58%, 63%, 46%, 48%, 67%. What’s wrong with those values?
1-2 Types of DataKey Concept A major use of statistics is to collect and use sample data to
make conclusions about populations. We should know and understand the meanings of the
terms statistic and parameter, as defined below. In this section we describe a few different types
of data. The type of data is one of the key factors that determine the statistical methods we use
in our analysis.In Part 1 of this section we describe the basics of different types of data, and then
in Part 2 we consider “big data” and missing data.PART 1 Basic Types of Data
Parameter,StatisticDEFINITIONSA parameter is a numerical measurement describing some
characteristic of a population.A statistic is a numerical measurement describing some
characteristic of a sample.HINT The alliteration in “population parameter” and “sample statistic”
helps us remember the meanings of these terms.If we have more than one statistic, we have
“statistics.” Another meaning of “statistics” was given in Section 1-1, where we defined statistics
to be the science of planning studies and experiments; obtaining data; organizing, summarizing,
presenting, analyzing, and interpreting those data; and then drawing conclusions based on
them. We now have two different definitions of statistics, but we can determine which of these
two definitions applies by considering the context in which the term statistics is used. The
following example uses the first meaning of statistics as given on the previous page.EXAMPLE 1
Parameter,StatisticThere are 17,246,372 high school students in the United States. In a study of
8505 U.S. high school students 16 years of age or older, 44.5% of them said that they texted
while driving at least once during the previous 30 days (based on data in “Texting While Driving
and Other Risky Motor Vehicle Behaviors Among US High School Students,” by Olsen, Shults,
Eaton, Pediatrics, Vol. 131, No. 6).1. Parameter: The population size of 17,246,372 high school
students is a parameter, because it is the entire population of all high school students in the
United States. If we somehow knew the percentage of all 17,246,372 high school students who
reported they had texted while driving, that percentage would also be a parameter.2. Statistic:
The sample size of 8505 surveyed high school students is a statistic, because it is based on a
sample, not the entire population of all high school students in the United States. The value of
44.5% is another statistic, because it is also based on the sample, not on the entire
population.YOUR TURN Do Exercise 1 “Parameter and Statistic.”Quantitative,CategoricalSome
data are numbers representing counts or measurements (such as an IQ score of 135), whereas
others are attributes (such as eye color of green or brown) that are not counts or measurements.



The terms quantitative data and categorical data distinguish between these
types.DEFINITIONSQuantitative (or numerical) data consist of numbers representing counts or
measurements.Categorical (or qualitative or attribute) data consist of names or labels (not
numbers that represent counts or measurements).CAUTION Categorical data are sometimes
coded with numbers, with those numbers replacing names. Although such numbers might
appear to be quantitative, they are actually categorical data. See the third part of Example 2 that
follows.Include Units of Measurement With quantitative data, it is important to use the
appropriate units of measurement, such as dollars, hours, feet, or meters. We should carefully
observe information given about the units of measurement, such as “all amounts are in
thousands of dollars” or “all units are in kilograms.” Ignoring such units of measurement can be
very costly. The National Aeronautics and Space Administration (NASA) lost its $125 million
Mars Climate Orbiter when the orbiter crashed because the controlling software had
acceleration data in English units, but they were incorrectly assumed to be in metric units.Go
Figure7 billion: The world populationthat was exceeded in early 2012,which is 13 years after it
passed6 billion.EXAMPLE 2 Quantitative,Categorical1. Quantitative Data: The ages (in years) of
subjects enrolled in a clinical trial2. Categorical Data as Labels: The genders (male female) of
subjects enrolled in a clinical trial>3. Categorical Data as Numbers: The identification numbers
1, 2, 3, . . . , 25 are assigned randomly to the 25 subjects in a clinical trial. Those numbers are
substitutes for names. They don’t measure or count anything, so they are categorical
data.YOUR TURN Do Exercise 2 “Quantitative Categorical Data.”
>Discrete,ContinuousQuantitative data can be further described by distinguishing between
discrete and continuous types.DEFINITIONSDiscrete data result when the data values are
quantitative and the number of values is finite, or “countable.” (If there are infinitely many values,
the collection of values is countable if it is possible to count them individually, such as the
number of tosses of a coin before getting tails.)Continuous (numerical) data result from infinitely
many possible quantitative values, where the collection of values is not countable. (That is, it is
impossible to count the individual items because at least some of them are on a continuous
scale, such as the lengths of distances from 0 cm to 12 cm.)CAUTION The concept of countable
data plays a key role in the preceding definitions, but it is not a particularly easy concept to
understand. Continuous data can be measured, but not counted. If you select a particular data
value from continuous data, there is no “next” data value. See Example 3.Continuous Data
Discrete DataMisleading Statistics in JournalismNew YorkTimes reporter Daniel Okrant wrote
thatalthough every sentence in his newspaper iscopyedited for clarity and good writing,
“numbers, so alien to so many, don’t get nearly this respect. The paper requires no specific
training to enhance numeracy and [employs] no specialists whose sole job is to foster it.” He
cites an example of the New York Times reporting about an estimate of more than $23 billion
that New Yorkers spend for counterfeit goods each year. Okrant writes that “quick arithmetic
would have demonstrated that $23 billion would work out to roughly $8000 per city household, a
number ludicrous on its face.”EXAMPLE 3 Discrete,Continuous1. Discrete Data of the Finite



Type: Each of several physicians plans to count the number of physical examinations given
during the next full week. The data are discrete data because they are finite numbers, such as
27 and 46, that result from a counting process.2. Discrete Data of the Infinite Type: Casino
employees plan to roll a fair die until the number 5 turns up, and they count the number of rolls
required to get a 5. It is possible that the rolls could go on forever without ever getting a 5, but the
numbers of rolls can be counted, even though the counting might go on forever. The collection of
the numbers of rolls is therefore countable.3. Continuous Data: When the typical patient has
blood drawn as part of a routine examination, the volume of blood drawn is between 0 mL and
50 mL. There are infinitely many values between 0 mL and 50 mL. Because it is impossible to
count the number of different possible values on such a continuous scale, these amounts are
continuous data.YOUR TURN Do Exercise 3 “Discrete Continuous Data.” >GRAMMAR: FEWER
VERSUS LESS When describing smaller amounts, it is correct grammar to use “fewer” for
discrete amounts and “less” for continuous amounts. It is correct to say that we drank fewer cans
of cola and that, in the process, we drank less cola. The numbers of cans of cola are discrete
data, whereas the volume amounts of cola are continuous data.Levels of MeasurementAnother
common way of classifying data is to use four levels of measurement: nominal, ordinal, interval,
and ratio, all defined below. (Also see Table 1-2 for brief descriptions of the four levels of
measurements.) When we are applying statistics to real problems, the level of measurement of
the data helps us decide which procedure to use. There will be references to these levels of
measurement in this book, but the important point here is based on common sense: Don’t do
computations and don’t use statistical methods that are not appropriate for the data. For
example, it would not make sense to compute an average (mean) of Social Security numbers,
because those numbers are data that are used for identification, and they don’t represent
measurements or counts of anything.TABLE 1-2 Levels of Measurement Level of Measurement
RatioIntervalOrdinalNominalBrief DescriptionThere is a natural zero starting point and ratios
make sense.Differences are meaningful, but there is no natural zero starting point and ratios are
meaningless.Data can be arranged in order, but differences either can’t be found or are
meaningless. Categories only. Data cannot be arranged in order.ExampleHeights, lengths,
distances, volumesBody temperatures in degrees Fahrenheit or CelsiusRanks of colleges in
U.S. News & World ReportEye colorsDEFINITIONThe nominal level of measurement is
characterized by data that consist of names, labels, or categories only. The data cannot be
arranged in some order (such as low to high).EXAMPLE 4 Nominal LevelHere are examples of
sample data at the nominal level of measurement. 1. Yes,No,Undecided: Survey responses of
yes, no, and undecided2. Coded Survey Responses: For an item on a survey, respondents are
given a choice of possible answers, and they are coded as follows: “I agree” is coded as 1; “I
disagree” is coded as 2; “I don’t care” is coded as 3; “I refuse to answer” is coded as 4; “Go away
and stop bothering me” is coded as 5. The numbers 1, 2, 3, 4, 5 don’t measure or count
anything.YOUR TURN Do Exercise 22 “Exit Poll.”Because nominal data lack any ordering or
numerical significance, they should not be used for calculations. Numbers such as 1, 2, 3, and 4



are sometimes assigned to the different categories (especially when data are coded for
computers), but these numbers have no real computational significance and any average
(mean) calculated from them is meaningless and possibly misleading.DEFINITIONData are at
the ordinal level of measurement if they can be arranged in some order, but differences
(obtained by subtraction) between data values either cannot be determined or are
meaningless.MeasuringDisobedienceHow are datacollected aboutsomething thatdoesn’t seem
tobe measurable,such aspeople’s levelof disobedience? PsychologistStanley Milgram
devisedthe following experiment: Aresearcher instructed a volunteersubject to operate a
controlboard that gave increasinglypainful “electrical shocks” to athird person. Actually, no
realshocks were given, and thethird person was an actor. Thevolunteer began with 15 voltsand
was instructed to increasethe shocks by increments of15 volts. The disobediencelevel was the
point at which thesubject refused to increase thevoltage. Surprisingly, two-thirdsof the subjects
obeyed orderseven when the actor screamedand faked a heart attack.EXAMPLE 5 Ordinal
LevelHere is an example of sample data at the ordinal level of measurement.Course Grades: A
college professor assigns grades of A, B, C, D, or F. These grades can be arranged in order, but
we can’t determine differences between the grades. For example, we know that A is higher than
B (so there is an ordering), but we cannot subtract B from A (so the difference cannot be
found).YOUR TURN Do Exercise 21 “College Rankings.”Ordinal data provide information about
relative comparisons, but not the magnitudes of the differences. Usually, ordinal data should not
be used for calculations such as an average (mean), but this guideline is sometimes ignored
(such as when we use letter grades to calculate a grade-point average).DEFINITIONData are at
the interval level of measurement if they can be arranged in order, and differences between data
values can be found and are meaningful. Data at this level do not have a natural zero starting
point at which none of the quantity is present.Six Degrees
ofSeparationSocialpsychologists,historians,political scientists, andcommunications
specialistsare interested in “The Small World Problem”: Given any two people in the world, how
many intermediate links are necessary to connect the two original people? In the 1950s and
1960s, social psychologist Stanley Milgram conducted an experiment in which subjects tried to
contact other target people by mailing an information folder to an acquaintance who they
thought would be closer to the target. Among 160 such chains that were initiated, only 44 were
completed, so the failure rate was 73%. Among the successes, the number of intermediate
acquaintances varied from 2 to 10, witha median of 6 (hence “six degrees of separation”). The
experiment has been criticized for its high failure rate and its disproportionate inclusion of
subjects with above-average incomes. A more recent study conducted by Microsoftresearcher
Eric Horvitz and Stanford Assistant Professor Jure Leskovec involved 30 billion instant
messages and 240 million people. This study found that for instant messages that used
Microsoft, the mean length of a path between two individuals is 6.6, suggesting “seven degrees
of separation.” Work continues in this important and interesting field.EXAMPLE 6 Interval
LevelThese examples illustrate the interval level of measurement.1. Temperatures: Body



temperatures of 98.2oF and 98.8oF are examples of data at this interval level of measurement.
Those values are ordered, and we can determine their difference of 0.6oF. However, there is no
natural starting point. The value of 0oF might seem like a starting point, but it is arbitrary and
does not represent the total absence of heat.2. Years: The years 1492 and 1776 can be
arranged in order, and the difference of 284 years can be found and is meaningful. However,
time did not begin in the year 0, so the year 0 is arbitrary instead of being a natural zero starting
point representing “no time.”YOUR TURN Do Exercise 25 “Baseball.”DEFINITIONData are at the
ratio level of measurement if they can be arranged in order, differences can be found and are
meaningful, and there is a natural zero starting point (where zero indicates that none of the
quantity is present). For data at this level, differences and ratios are both meaningful.EXAMPLE
7 Ratio LevelThe following are examples of data at the ratio level of measurement. Note the
presence of the natural zero value, and also note the use of meaningful ratios of “twice” and
“three times.”1. Heights of Students: Heights of 180 cm and 90 cm for a high school student and
a preschool student (0 cm represents no height, and 180 cm is twice as tall as 90 cm.)2. Class
Times: The times of 50 min and 100 min for a statistics class (0 min represents no class time,
and 100 min is twice as long as 50 min.)YOUR TURN Do Exercise 24 “Fast Food Service
Times.”HINT The distinction between the interval and ratio levels of measurement can be a bit
tricky. Here are two tools to help with that distinction:1. Ratio Test Focus on the term “ratio” and
know that the term “twice” describes theratio of one value to be double the other value. To
distinguish between the interval and ratio levels of measurement, use a “ratio test” by asking this
question: Does use of the term “twice” make sense? “Twice” makes sense for data at the ratio
level of measurement, but it does not make sense for data at the interval level of
measurement.2. True Zero For ratios to make sense, there must be a value of “true zero,” where
the value of zero indicates that none of the quantity is present, and zero is not simply an arbitrary
value on a scale. The temperature of 0°F is arbitrary and does not indicate that there is no heat,
so temperatures on the Fahrenheit scale are at the interval level of measurement, not the ratio
level.EXAMPLE 8 Distinguishing Between the Ratio Level and Interval LevelFor each of the
following, determine whether the data are at the ratio level of measurement or the interval level
of measurement:a. Times (minutes) it takes students to complete a statistics test. b. Body
temperatures (Celsius) of statistics students.SOLUTIONa. Apply the “ratio test” described in the
preceding hint. If one student completes the test in 40 minutes and another student completes
the test in 20 minutes, does it make sense to say that the first student used twice as much time?
Yes! So the times are at the ratio level of measurement. We could also apply the “true zero” test.
A time of 0 minutes does represent “no time,” so the value of 0 is a true zero indicating that no
time was used.b. Apply the “ratio test” described in the preceding hint. If one student has a body
temperature of 40oC and another student has a body temperature of 20oC, does it make sense
to say that the first student is twice as hot as the second student? (Ignore subjective amounts of
attractiveness and consider only science.) No! So the body temperatures are not at the ratio
level of measurement. Because the difference between 40oC and 20oC is the same as the



difference between 90oC and 70oC, the differences are meaningful, but because ratios do not
make sense, the body temperatures are at the interval level of measurement. Also, the
temperature of 0oC does not represent “no heat” so the value of 0 is not a true zero indicating
that no heat is present.Big Data Insteadof a Clinical TrialNicholasTatonetti of Columbia
University searchedFood and DrugAdministrationdatabases foradverse reactions in patients
thatresulted from different pairingsof drugs. He discovered that thePaxil (paroxetine) drug for
depression and the pravastatin drugfor high cholesterol interactedto create increases in
glucose(blood sugar) levels. When takenseparately by patients, neitherdrug raised glucose
levels, butthe increase in glucose levelsoccurred when the two drugswere taken together. This
findingresulted from a general databasesearch of interactions from manypairings of drugs, not
from aclinical trial involving patients using Paxil and pravastatin.PART 2 Big Data and Missing
Data:Too Much and Not EnoughWhen working with data, we might encounter some data sets
that are excessively large, and we might also encounter some data sets with individual elements
missing. Here in Part 2 we briefly discuss both cases.Big DataSome considered him to be a hero
whistleblower while others thought of him as a traitor, but Edward Snowden used his
employment at the NSA (National Security Agency) to reveal substantial top secret documents
that led to the realization that the NSA was conducting telephone and Internet surveillance of
U.S. citizens as well as world leaders. The NSA was collecting massive amounts of data that
were analyzed in an attempt to prevent terrorism. Monitoring telephone calls and Internet
communications is made possible with modern technology. The NSA can now compile big data,
and such ginormous data sets have led to the birth of data science. There is not universal
agreement on the following definitions, and various other definitions can be easily found
elsewhere.Statistics for Online DatingThe fourfounders of the online dating site OkCupid are
mathematicians who use methods of statistics to analyze results from their website. The chief
executive officer of OkCupid has been quoted as saying, “We’re not psychologists. We’re math
guys” (from “Looking for a Date? A Site SuggestsYou Check the Data,” by Jenna Wortham, New
York Times). The OkCupid website is unique in its use of methods of statistics to match people
more effectively.By analyzing the photos and responses of 7000 users, analysts at OkCupid
found that when creating a profile photo, men should not look directly at the camera, and they
should not smile. For women, the appearance of being interesting produces much better results
than the appearance of being sexy. They found that brevity is good for the first posted message;
the ideal length of the first posted message is 40 words— about what a typical person can type
in 1 minute.DEFINITIONSBig data refers to data sets so large and so complex that their analysis
is beyond the capabilities of traditional software tools. Analysis of big data may require software
simultaneously running in parallel on many different computers. Data science involves
applications of statistics, computer science, and software engineering, along with some other
relevant fields (such as sociology or finance).Examples of Data Set Magnitudes We can see
from the above definition of big data that there isn’t a fixed number that serves as an exact
boundary for determining whether a data set qualifies as being big data, but big data typically



involves amounts of data such as the following:■ Terabytes (1012 or 1,000,000,000,000 bytes)
of data■ Petabytes (1015 bytes) of data■ Exabytes (1018 bytes) of data■ Zettabytes (1021
bytes) of data■ Yottabytes (1024 bytes) of dataExamples of Applications of Big Data The
following are a few examples involving big data:■ Google provides live traffic maps by recording
and analyzing GPS (global positioning system) data collected from the smartphones of people
traveling in their vehicles.■ Attempts to forecast flu epidemics by analyzing Internet searches of
flu symptoms.■ The Sloan Digital Sky Survey started in the year 2000, and it quickly collected
more astronomy data than in the history of mankind up to 2000. It now has more than 140
terabytes of astronomy data.■ Walmart has a sales database with more than 2.5
petabytes(2,500,000,000,000,000 bytes) of data. For online sales, Walmart developed the
Polaris search engine that increased sales by 10% to 15%, worth billions of dollars.■ Ebook
Tops monitors and tracks 1.4 billion items in its store that are distributed across hundreds of
fulfillment centers around the world.Examples of Jobs According to Analytic Talent, there are
6000 companies hiring data scientists, and here are some job posting examples:■ Facebook:
Data Scientist■ IBM: Data Scientist■ PayPal: Data Scientist■ The College Board: SAS
Programmer Data Scientist■ Netflix: Senior Data Engineer Scientist>Statistics in Data Science>
The modern data scientist has a solid background in statistics and computer systems as well as
expertise in fields that extend beyond statistics. The modern data scientist might be skilled with
Hadoop software, which uses parallel processing on many computers for the analysis of big
data. The modern data scientist might also have a strong background in some other field such
as psychology, biology, medicine, chemistry, or economics. Because of the wide range of
disciplines required, a data science project might typically involve a team of collaborating
individuals with expertise in different fields. An introductory statistics course is a great first step
in becoming a data scientist.Missing DataWhen collecting sample data, it is quite common to
find that some values are missing. Ignoring missing data can sometimes create misleading
results. If you make the mistake of skipping over a few different sample values when you are
manually typing them into a statistics software program, the missing values are not likely to have
a serious effect on the results. However, if a survey includes many missing salary entries
because those with very low incomes are reluctant to reveal their salaries, those missing low
values will have the serious effect of making salaries appear higher than they really are.For an
example of missing data, see the following table. The body temperature for Subject 2 at 12 AM
on Day 2 is missing. (The table below includes the first three rows of data from Data Set 3 “Body
Temperatures” in Appendix B.)Body Temperatures (in degrees Fahrenheit) of Healthy
AdultsTemperature Day 1 Temperature Day 2Subject Age Sex Smoke 8 AM 12 AM 8 AM 12
AM1 22 M Y 98.0 98.0 98.0 98.62 23 M Y 97.0 97.6 97.4 ---3 22 M Y 98.6 98.8 97.8 98.6There
are different categories of missing data. See the following definitions.DEFINITIONA data value is
missing completely at random if the likelihood of its being missing is independent of its value or
any of the other values in the data set. That is, any data value is just as likely to be missing as
any other data value.( NOTE: More complete discussions of missing data will distinguish



between missing completely at random and missing at random, which means that the likelihood
of a value being missing is independent of its value after controlling for another variable. There is
no need to know this distinction in this book.)Example of Missing Data—Random: When using a
keyboard to manually enter ages of survey respondents, the operator is distracted by a
colleague singing “Daydream Believer” and makes the mistake of failing to enter the age of 37
years. This data value is missing completely at random.DEFINITIONA data value is missing not
at random if the missing value is related to the reason that it is missing.Example of Missing Data
—Not at Random A survey question asks each respondent to enter his or her annual income,
but respondents with very low incomes skip this question because they find it
embarrassing.Biased Results? Based on the two definitions and examples from the previous
page, it makes sense to conclude that if we ignore data missing completely at random, the
remaining values are not likely to be biased and good results should be obtained. However, if we
ignore data that are missing not at random, it is very possible that the remaining values are
biased and results will be misleading.Correcting for Missing Data There are different methods
for dealing with missing data.1. Delete Cases: One very common method for dealing with
missing data is to delete all subjects having any missing values.■ If the data are missing
completely at random, the remaining values are not likely to be biased and good results can be
obtained, but with a smaller sample size.■ If the data are missing not at random, deleting
subjects having any missing values can easily result in a bias among the remaining values, so
results can be misleading.2. Impute Missing Values: We “impute” missing data values when we
substitute values for them. There are different methods of determining the replacement values,
such as using the mean of the other values, or using a randomly selected value from other
similar cases, or using a method based on regression analysis (which will make more sense
after studying Chapter 10).In this book we do not work much with missing data, but it is
important to understand this:When analyzing sample data with missing values, try to determine
why they are missing, then decide whether it makes sense to treat the remaining values as being
representative of the population. If it appears that there are missing values that are missing not
at random (that is, their values are related to the reasons why they are missing), know that the
remaining data may well be biased and any conclusions based on those remaining values may
well be misleading.1-2 Basic Skills and ConceptsStatistical Literacy and Critical Thinking1.
Parameter and Statistic In a Harris Interactive survey of 2276 adults in the United States, it was
found that 33% of those surveyed never travel using commercial airlines. Identify the population
and sample. Is the value of 33% a statistic or a parameter?2. Quantitative,Categorical Data
Identify each of the following as quantitative data or categorical data.a. The platelet counts in
Data Set 1 “Body Data” in Appendix Bb. The cigarette brands in Data Set 13 “Cigarette
Contents” in Appendix Bc. The colors of the M&M candies in Data Set 27 “M&M Weights” in
Appendix B d. The weights of the M&M candies in Data Set 27 “M&M Weights” in Appendix B 3.
Discrete,Continuous Data Which of the following describe discrete data?a. The numbers of
people surveyed in each of the next several years for the National Health and Nutrition



Examination Surveysb. The exact foot lengths (measured in cm) of a random sample of statistics
students c. The exact times that randomly selected drivers spend texting while driving during the
past 7 days4. Health Survey In a survey of 1020 adults in the United States, 44% said that they
wash their hands after riding public transportation (based on data from KRC Research).a.
Identify the sample and population.b. Is the value of 44% a statistic or parameter?c. What is the
level of measurement of the value of 44%? (nominal, ordinal, interval, ratio) d. Are the numbers
of subjects in such surveys discrete or continuous?In Exercises 5–12, identify whether the given
value is a statistic or a parameter.5. On-time Flights In a study of American Airlines flights from
JFK in New York to LAX in Los Angeles, 48 flights are randomly selected and the average
(mean) arrival time is8.9 minutes late.6. CHIS A recent California Health Interview Survey (CHIS)
included 2799 adolescent residents of California.7. Housing Units According to the Census
Bureau, the total number of housing units in the United States is 132,802,859.8. Triangle Fire
Fatalities A deadly disaster in the United States was the Triangle Shirtwaist Factory Fire in New
York City. A population of 146 garment workers died in that fire. 9. Birth Weight In a study of 400
babies born at four different hospitals in New York State, it was found that the average (mean)
weight at birth was 3152.0 grams.10. Birth Genders In the same study cited in the preceding
exercise, 51% of the babies were girls.11. Titanic A study was conducted of all 2223 passengers
aboard the Titanic when it sank. 12. Periodic Table The average (mean) atomic weight of all
elements in the periodic table is 134.355 unified atomic mass units.In Exercises 13–20,
determine whether the data are from a discrete or continuous data set.13. Freshman 15 In a
study of weight gains by college students in their freshman year, researchers record the
amounts of weight gained by randomly selected students (as in Data Set 6 “Freshman 15” in
Appendix B).14. CHIS Among the subjects surveyed as part of the California Health Interview
Survey (CHIS), several subjects are randomly selected and their heights are recorded. 15.
McDonald’s In a study of service times at a McDonald’s drive-up window, the numbers of cars
serviced each hour of several days are recorded.16. House Attendance The Clerk of the U.S.
House of Representatives records the number of representatives present at each session.17.
CorvettesA shift manager records the numbers of Corvettes manufactured during each day of
production.18. Criminal Forensics When studying the relationship between lengths of feet and
heights so that footprint evidence at a crime scene can be used to estimate the height of the
suspect, a researcher records the exact lengths of feet from a large sample of random
subjects.19. Smartphones Students in a statistics class record the exact lengths of times that
they surreptitiously use their smartphones during class.20. Texting Fatalities The Insurance
Institute for Highway Safety collects data consisting of the numbers of motor vehicle fatalities
caused by driving while texting.In Exercises 21–28, determine which of the four levels of
measurement (nominal, ordinal, interval, ratio) is most appropriate.21. College Rankings U.S.
News & World Report periodically provides its rankings of national universities, and in a recent
year the ranks for Princeton, Harvard, and Yale were 1, 2, and3, respectively.22. Exit Poll For the
presidential election of 2016, ABC News conducts an exit poll in which voters are asked to



identify the political party (Democratic, Republican, and so on) that they registered with.23.
M&Ms Colors of M&Ms (red, orange, yellow, brown, blue, green) listed in Data Set 27 “M&M
Weights” in Appendix B24. Fast Food Service Times In a study of fast food service times, a
researcher records the time intervals of drive-up customers beginning when they place their
order and ending when they receive their order.25. Baseball Baseball statistician Bill James
records the years in which the baseball World Series is won by a team from the National
League.26. Movie Ratings The author rated the movie Star Wars: The Force Awakens with 5
stars on a scale of 5 stars.27. Lead in Blood Blood lead levels of low, medium, and high used to
describe the subjects in Data Set 7 “IQ and Lead” in Appendix B28. Body Temperatures Body
temperatures (in degrees Fahrenheit) listed in Data Set 3 “Body Temperatures” in Appendix BIn
Exercises 29–32, identify the level of measurement of the data as nominal, ordinal, interval, or
ratio. Also, explain what is wrong with the given calculation.29. Super Bowl The first Super Bowl
attended by the author was Super Bowl XLVIII. On the first play of the game, the Seattle defense
scored on a safety. The defensive players wore jerseys numbered 31, 28, 41, 56, 25, 54, 69, 50,
91, 72, 29, and the average (mean) of those numbers is 49.6.30. Social Security Numbers As
part of a project in a statistics class, students report the last four digits of their Social Security
numbers, and the average (mean) of those digits is computed to be 4.7.31. Temperatures As this
exercise is being written, it is 80oF at the author’s home and it is40°F in Auckland, New Zealand,
so it is twice as warm at the author’s home as it is in Auckland, New Zealand.32. College Ranks
As of this writing, U.S. News & World Report ranked national universities, including these results:
Princeton (1), Harvard (2), Yale (3), and Columbia (4). The difference between Princeton and
Harvard is the same as the difference between Yale and Columbia.1-2 Beyond the Basics33.
Countable For each of the following, categorize the nature of the data using one of these three
descriptions: (1) discrete because the number of possible values is finite; (2) discrete because
the number of possible values is infinite but countable; (3) continuous because the number of
possible values is infinite and not countable.a. Exact lengths of the feet of members of the band
the Monkeesb. Shoe sizes of members of the band the Monkees (such as 9, 9½, and so on) c.
The number of albums sold by the Monkees bandd. The numbers of monkeys sitting at
keyboards before one of them randomly types the lyrics for the song “Daydream Believer.”1-3
Collecting Sample DataKey Concept When using statistics in a study, planning is very important,
and it is essential to use an appropriate method for collecting the sample data. This section
includes comments about various methods and sampling procedures. Of particular importance
is the method of using a simple random sample. We will make frequent use of this sampling
method throughout the remainder of this book.As you read this section, remember this:If sample
data are not collected in an appropriate way, the data may be so utterly useless that no amount
of statistical torturing can salvage them.PART 1 Basics of Design of Experiments and Collecting
Sample DataThe Gold Standard Randomization with placebo treatment groups is sometimes
called the “gold standard” because it is so effective. (A placebo such as a sugar pill has no
medicinal effect.) The following example describes how the gold standard was >used in the



largest health experiment ever conducted.EXAMPLE 1 The Salk Vaccine ExperimentIn 1954, an
experiment was designed to test the effectiveness of the Salk vaccine in preventing polio, which
had killed or paralyzed thousands of children. By random selection, 401,974 children were
randomly assigned to two groups: (1) 200,745 children were given a treatment consisting of Salk
vaccine injections; (2) 201,229 children were injected with a placebo that contained no drug.
Children were assigned to the treatment or placebo group through a process of random
selection, equivalent to flipping a coin. Among the children given the Salk vaccine, 33 later
developed paralytic polio, and among the children given a placebo, 115 later developed
paralytic polio.Example 1 describes an experiment because subjects were given a treatment,
but ethical, cost, time, and other considerations sometimes prohibit the use of an experiment.
We would never want to conduct a driving texting experiment in which we ask subjects
to>Clinical Trials Versus Observational StudiesIn a New York Times article about hormone
therapy for women, reporter Denise Gradywrote about randomized clinical trials that involve
subjects who were randomly assigned to a treatment group and another group not given the
treatment. Such randomized clinical trials are often referred to as the “gold standard” for medical
research. In contrast, observational studies can involve patients who decide themselves to
undergo some treatment. Subjects who decide themselves to undergo treatments are often
healthier than other subjects, so the treatment group might appear to be more successful simply
because it involves healthier subjects, not necessarily because the treatment is effective.
Researchers criticized observational studies of hormone therapy for women by saying that
results might appear to make the treatment more effective than it really is.text while driving—
some of them could die. It would be far better to observe past crash results to understand the
effects of driving while texting. See the following definitions.DEFINITIONSIn an experiment, we
apply some treatment and then proceed to observe its effects on the individuals. (The
individuals in experiments are called experimental units, and they are often called subjects when
they are people.)In an observational study, we observe and measure specific characteristics, but
we don’t attempt to modify the individuals being studied.Experiments are often better than
observational studies because well-planned experiments typically reduce the chance of having
the results affected by some variable that is not part of a study. A lurking variable is one that
affects the variables included in the study, but it is not included in the study.EXAMPLE 2 Ice
Cream and DrowningsObservational Study: Observe past data to conclude that ice cream
causes drownings (based on data showing that increases in ice cream sales are associated with
increases in drownings). The mistake is to miss the lurking variable of temperature and the
failure to see that as the temperature increases, ice cream sales increase and drownings
increase because more people swim.Experiment: Conduct an experiment with one group
treated with ice cream while another group gets no ice cream. We would see that the rate of
drowning victims is about the same in both groups, so ice cream consumption has no effect on
drownings.Here, the experiment is clearly better than the observational study.Design of
ExperimentsGood design of experiments includes replication, blinding, and randomization.■



Replication is the repetition of an experiment on more than one individual. Good use of
replication requires sample sizes that are large enough so that we can see effects of treatments.
In the Salk experiment in Example 1, the experiment used sufficiently large sample sizes, so the
researchers could see that the Salk vaccine was effective.■ Blinding is used when the subject
doesn’t know whether he or she is receiving a treatment or a placebo. Blinding is a way to get
around the placebo effect, which occurs when an untreated subject reports an improvement in
symptoms. (The reported improvement in the placebo group may be real or imagined.) The Salk
experiment in Example 1 was double-blind, which means that blinding occurred at two levels: (1)
The children being injected didn’t know whether they were getting the Salk vaccine or a placebo,
and (2) the doctors who gave the injections and evaluated the results did not know either. Codes
were used so that the researchers could objectively evaluate the effectiveness of the Salk
vaccine.■ Randomization is used when individuals are assigned to different groups through a
process of random selection, as in the Salk vaccine experiment in Example 1. The logic behind
randomization is to use chance as a way to create two groups that are similar. The following
definition refers to one common and effective way to collect sample data in a way that uses
randomization.DEFINITIONA simple random sample of n subjects is selected in such a way that
every possible sample of the same size n has the same chance of being chosen. (A simple
random sample is often called a random sample, but strictly speaking, a random sample has the
weaker requirement that all members of the population have the same chance of being selected.
That distinction is not so important in this text. See Exercise 37 “Simple Random Sample vs.
Random Sample”.)Throughout, we will use various statistical procedures, and we often have a
requirement that we have collected a simple random sample, as defined above.Unlike careless
or haphazard sampling, random sampling usually requires very careful planning and execution.
Wayne Barber of Chemeketa Community College is quite correct when he tells his students that
“randomness needs help.”Other Sampling Methods In addition to simple random sampling, here
are some other sampling methods commonly used for surveys. Figure 1-3 illustrates these
different sampling methods.555-867-5309555-606-0842555-777-9311Simple Random
SampleA sample of n subjects is selected so that every sample of the same size n has the same
chance of being selected.Systematic Sample Select every kth subject.Hawthorne and
Experimenter EffectsThe well-knownplacebo effectoccurs when anuntreated subject
incorrectlybelieves that heor she is receiving a real treatment and reports an improvement in
symptoms. The Hawthorne effect occurs when treated subjects somehow respond differently
simply because they are part of an experiment. (This phenomenon was called the “Hawthorne
effect” because it was first observed in a study of factory workers at Western Electric’s
Hawthorne plant.) An experimenter effect (sometimes called a Rosenthal effect) occurs when
the researcher or experimenter unintentionally influences subjects through such factors as facial
expression, tone of voice, or attitude.3rd 6thConvenience SampleUse data that are very easy to
get.Men WomenStratified SampleSubdivide population into strata (groups) with the
samecharacteristics, then randomly sample within those strata.Park St. North St.1st St. 2nd St.



3rd St.MAIN4th St. 5th St.FIGURE 1-3 Common Sampling MethodsCluster SamplePartition the
population in clusters (groups), then randomly select some clusters, then select all members of
the selected clusters.DEFINITIONSIn systematic sampling, we select some starting point and
then select every kth (such as every 50th) element in the population.With convenience
sampling, we simply use data that are very easy to get. In stratified sampling, we subdivide the
population into at least two different subgroups (or strata) so that subjects within the same
subgroup share the same characteristics (such as gender). Then we draw a sample from each
subgroup (or stratum).In cluster sampling, we first divide the population area into sections (or
clusters). Then we randomly select some of those clusters and choose all the members from
those selected clusters.Multistage Sampling Professional pollsters and government researchers
often collect data by using some combination of the preceding sampling methods. In a
multistage sample design, pollsters select a sample in different stages, and each stage might
use different methods of sampling, as in the following example.EXAMPLE 3 Multistage Sample
DesignThe U.S. government’s unemployment statistics are based on surveys of households. It is
impractical to personally survey each household in a simple random sample, because they
would be scattered all over the country. Instead, the U.S. Census Bureau and the Bureau of
Labor Statistics collaborate to conduct a survey called the Current Population Survey. A recent
survey incorporates a multistage sample design, roughly following these steps:1. The entire
United States is partitioned into 2,007 different regions called primary sampling units (PSUs).
The primary sampling units are metropolitan areas, large counties, or combinations of smaller
counties. The 2,007 primary sampling units are then grouped into 824 different strata.2. In each
of the 824 different strata, one of the primary sampling units is selected so that the probability of
selection is proportional to the size of the population in each primary sampling unit.3. In each of
the 824 selected primary sampling units, census data are used to identify a census enumeration
district, with each containing about 300 households. Enumeration districts are then randomly
selected.4. In each of the selected enumeration districts, clusters of about four addresses
(contiguous whenever possible) are randomly selected.5. A responsible person in each of the
60,000 selected households is interviewed about the employment status of each household
member of age 16 or older.This multistage sample design includes a combination of random,
stratified, and cluster sampling at different stages. The end result is a very complicated sampling
design, but it is much more practical, less expensive, and faster than using a simpler design,
such as a simple random sample.PART 2 Beyond the Basics of Design of Experiments and
Collecting Sample DataIn Part 2 of this section, we discuss different types of observational
studies and differ- ent ways of designing experiments.Observational Studies The following
definitions identify the standard terminology used in professional journals for different types of
observational studies. These definitions are illustrated in Figure 1-4.Observational Study:
Observe and measure, but do not modify.Whenare theobservations made?Past period of time
One point in time Forward in timeRetrospective(or case-control) study: Go back in time to collect
data over some past period.Cross-sectional study:Data aremeasured at one point in time.



Prospective(or longitudinal or cohort) study: Go forward in time and observe groups sharing
common factors, such as smokers and nonsmokers.FIGURE 1-4 Types of Observational
StudiesDEFINITIONS In a cross-sectional study, data are observed, measured, and collected at
one point in time, not over a period of time.In a retrospective (or case-control) study, data are
collected from a past time period by going back in time (through examination of records,
interviews, and so on). In a prospective (or longitudinal or cohort) study, data are collected in the
future from groups that share common factors (such groups are called cohorts).Experiments In
an experiment, confounding occurs when we can see some effect, but we can’t identify the
specific factor that caused it, as in the ice cream and drowning observational study in Example
2. See also the bad experimental design illustrated in Figure 1-5(a), where confounding can
occur when the treatment group of women shows strong positive results. Because the treatment
group consists of women and the placebo group consists of men, confounding has occurred
because we cannot determine whether the treatment or the gender of the subjects caused the
positive results. The Salk vaccine experiment in Example 1 illustrates one method for controlling
the effect of the treatment variable: Use a completely randomized experimental design,Do
Women EarnLess Than Men?Evidence fromthe Census andthe Bureau ofLabor
Statisticsindicates thatwomen earnabout 77% asmuch as men. Jillian Bermanreported in the
Huffington Postthat the PayScale company usedsalary data from its millions ofwebsite users to
conclude thatmen and women earn about thesame when they begin theircareers, but men tend
to earnmore as they advance. She statedthat according to the study,“women working in
variousnon-managerial jobs earn about98 percent of what men do onaverage.” Berman notes
that thisconclusion is based on the PayScale data, which website usersreport in online surveys,
insteadof on data obtained from government bureaus. The PayScalestudy accounts for factors
suchas education and job responsibilities. This study does appearto confirm that women hold
disproportionately fewer high-leveljobs and disproportionately morelow-level jobs, so there is
clearlya gender gap.Value of a Statistical LifeThe value of a statistical life (VSL) is a measure
routinely calculated and used for making decisionsin fields such as medicine, insurance,
environmental health, and transportation safety. As of this writing, the value of a statistical life is
$6.9 million.Many people oppose the concept of putting a value on a human life, but the word
statistical in the “value of a statistical life” is used to ensure that we don’t equate it with the true
worth of a human life. Some people legitimately argue that every life is priceless, but others
argue that there are conditions in which it is impossible or impractical to save every life, so a
value must be somehow assigned to a human life in order that sound and rational decisions can
be made. Not far from the author’s home, a parkway was modified at a cost of about $3 million to
improve safety at a location where car occupants had previously died in traffic crashes. In the
cost-benefit analysis that led to this improvement in safety, the value of a statistical life was
surely considered.whereby randomness is used to assign subjects to the treatment group and
the placebo group. A completely randomized experimental design is one of the following
methods that are used to control effects of variables.(a) Treatment Group: WomenTreat all



women subjects.Placebo Group: Men (b)Give all men a placebo Treat these randomly selected
subjects and give the others a placebo.Bad experimental design: Treat all women subjects and
give the men a placebo. (Problem: We don’t know if effects are due to sex or to
treatment.)Completely randomized experimental design: Use randomness todetermine who
gets the treatment and who gets the placebo.(c) Block of Women (d) Before AfterTreat randomly
selected women.Block of Men AlexBobTreat randomly selected men. ChrisRandomized block
design: 1. Form a block of women and a block of men.2. Within each block,randomly select
subjects to be treated.Matched pairs design:Get measurements from the same subjects before
and after some treatment.FIGURE 1-5 Designs of ExperimentsCompletely Randomized
Experimental Design: Assign subjects to different treatment groups through a process of random
selection, as illustrated in Figure 1-5(b).Randomized Block Design: See Figure 1-5c. A block is a
group of subjects that are similar, but blocks differ in ways that might affect the outcome of the
experiment. Use the following procedure, as illustrated in Figure 1-5(c):1. Form blocks (or
groups) of subjects with similar characteristics. 2. Randomly assign treatments to the subjects
within each block.For example, in designing an experiment to test the effectiveness of aspirin
treatments on heart disease, we might form a block of men and a block of women, because it is
known that the hearts of men and women can behave differently. By controlling for gender, this
randomized block design eliminates gender as a possible source of confounding.A randomized
block design uses the same basic idea as stratified sampling, but randomized block designs are
used when designing experiments, whereas stratified sampling is used for surveys.Matched
Pairs Design: Compare two treatment groups (such as treatment and placebo) by using subjects
matched in pairs that are somehow related or have similar characteristics, as in the following
cases.■ Before After: Matched pairs might consist of measurements from subjects before and
after some treatment, as illustrated in Figure 1-5(d). Each subject >yields a “before”
measurement and an “after” measurement, and eachbefore after pair of measurements is a
matched pair.■ > Twins: A test of Crest toothpaste used matched pairs of twins, where one twin
used Crest and the other used another toothpaste.Rigorously Controlled Design: Carefully
assign subjects to different treatment groups, so that those given each treatment are similar in
the ways that are important to the experiment. This can be extremely difficult to implement, and
often we can never be sure that we have accounted for all of the relevant factors.Sampling
ErrorsIn statistics, you could use a good sampling method and do everything correctly, and yet it
is possible to get wrong results. No matter how well you plan and execute the sample collection
process, there is likely to be some error in the results. The different types of sampling errors are
described here.Survey PitfallsSurveys constitute a huge andgrowing business in the
UnitedStates, butsurvey resultscan be compromised bymany factors. Agrowing numberof
people refuseto respond; theaverage response rate is nowabout 22%, compared to 36%around
the year 2000. A growing number of people are moredifficult to reach because theyuse cell
phones (no directories);about 15% of adults now havecell phones and no landlines,and they
tend to be younger thanaverage. There are obvious problems associated with surveysthat ask



respondents about druguse, theft, or sexual behavior,and a social desirability bias occurs when
survey respondentsare not honest because theydon’t want to be viewed negatively by the
person conductingthe interview.DEFINITIONSA sampling error (or random sampling error)
occurs when the sample has been selected with a random method, but there is a discrepancy
between a sample result and the true population result; such an error results from chance
sample fluctuations.A nonsampling error is the result of human error, including such factors as
wrong data entries, computing errors, questions with biased wording, false data provided by
respondents, forming biased conclusions, or applying statistical methods that are not
appropriate for the circumstances.A nonrandom sampling error is the result of using a sampling
method that is not random, such as using a convenience sample or a voluntary response
sample.Experimental design requires much more thought and care than we can describe in this
relatively brief section. Taking a complete course in the design of experiments is a good start in
learning so much more about this important topic.1-3 Basic Skills and ConceptsStatistical
Literacy and Critical Thinking1. Back Pain Treatment In a study designed to test the
effectiveness of paracetamol (or acetaminophen) as a treatment for lower back pain, 1643
patients were randomly assigned to one of three groups: (1) the 547 subjects in the placebo
group were given pills containing no medication; (2) 550 subjects were in a group given pills with
paracetamol taken at regular intervals; (3) 546 subjects were in a group given pills with
paracetamol to be taken when needed for pain relief. (See “Efficacy of Paracetamol for Acute
Low-Back Pain,” by Williams, et al., Lancet, doi:10.1016 S0140-6736(14)60805-9.) Is this study
an experiment or an observational study? Explain.>2. Blinding What does it mean when we say
that the study cited in Exercise 1 was “doubleblind”?3. Replication In what specific way was
replication applied in the study cited in Exercise 1?4. Sampling Method The patients included in
the study cited in Exercise 1 were those “who sought care for low-back pain directly or in
response to a community advertisement.” What type of sampling best describes the way in
which the 1643 subjects were chosen: simple random sample, systematic sample, convenience
sample, stratified sample, cluster sample? Does the method of sampling appear to adversely
affect the quality of the results?Exercises 5–8 refer to the study of an association between which
ear is used for cell phone calls and whether the subject is left-handed or right-handed. The study
is reported in “Hemispheric Dominance and Cell Phone Use,” by Seidman et al., JAMA
Otolaryngology— Head & Neck Surgery, Vol. 139, No. 5. The study began with a survey e-
mailed to 5000 people belonging to an otology online group, and 717 surveys were returned.
(Otology relates to the ear and hearing.)5. Sampling Method What type of sampling best
describes the way in which the 717 subjects were chosen: simple random sample, systematic
sample, convenience sample, stratified sample, cluster sample? Does the method of sampling
appear to adversely affect the quality of the results?6. Experiment or Observational Study Is the
study an experiment or an observational study? Explain.7. Response Rate What percentage of
the 5000 surveys were returned? Does that response rate appear to be low? In general, what is
a problem with a very low response rate?8. Sampling Method Assume that the population



consists of all students currently in your statistics class. Describe how to obtain a sample of six
students so that the result is a sample of the given type.a. Simple random sampleb. Systematic
samplec. Stratified sampled. Cluster sampleIn Exercises 9–20, identify which of these types of
sampling is used: random, systematic, convenience, stratified, or cluster.9. Cormorant Density
Cormorant bird population densities were studied by using the “line transect method” with
aircraft observers flying along the shoreline of Lake Huron and collecting sample data at
intervals of every 20 km (based on data from Journal of Great Lakes Research).10. Sexuality of
Women The sexuality of women was discussed in Shere Hite’s book Women and Love: A
Cultural Revolution. Her conclusions were based on sample data that consisted of4500 mailed
responses from 100,000 questionnaires that were sent to women.11. UFO Poll In a Kelton
Research poll, 1114 Americans 18 years of age or older were called after their telephone
numbers were randomly generated by a computer, and 36% of the respondents said that they
believe in the existence of UFOs.12. Class Survey The author surveyed a sample from the
population of his statistics class by identifying groups of males and females, then randomly
selecting five students from each of those two groups.13. DrivingA student of the author
conducted a survey on driving habits by randomly selecting three different classes and
surveying all of the students as they left those classes.14. Acupuncture Study In a study of
treatments for back pain, 641 subjects were randomly assigned to the four different treatment
groups of individualized acupuncture, standardized acupuncture, simulated acupuncture, and
usual care (based on data from “A Randomized Trial Comparing Acupuncture, Simulated
Acupuncture, and Usual Care for Chronic Low Back Pain,” by Cherkin et al., Archives of Internal
Medicine, Vol. 169, No. 9).15. Dictionary The author collected sample data by randomly
selecting five books from each of the categories of science, fiction, and history. The numbers of
pages in the books were then identified.16. Deforestation Rates Satellites are used to collect
sample data for estimating deforestation rates. The Forest Resources Assessment of the United
Nations (UN) Food and Agriculture Organization uses a method of selecting a sample of a 10-
km-wide square at every 1o intersection of latitude and longitude.17. Testing Lipitor In a clinical
trial of the cholesterol drug Lipitor (atorvastatin), subjects were partitioned into groups given a
placebo or Lipitor doses of 10 mg, 20 mg, 40 mg, or 80 mg. The subjects were randomly
assigned to the different treatment groups (based on data from Pfizer, Inc.).18. Exit Polls During
the last presidential election, CNN conducted an exit poll in which specific polling stations were
randomly selected and all voters were surveyed as they left the premises.19. Literary Digest Poll
In 1936, Literary Digest magazine mailed questionnaires to 10 million people and obtained
2,266,566 responses. The responses indicated that Alf Landon would win the presidential
election. He didn’t.20. Highway Strength The New York State Department of Transportation
evaluated the quality of the New York State Thruway by testing core samples collected at regular
intervals of 1 mile.Critical Thinking: What’s Wrong? In Exercises 21–28, determine whether the
study is an experiment or an observational study, and then identify a major problem with the
study.21. Online News In a survey conducted by USA Today, 1465 Internet users chose to



respond to this question posted on the USA Today electronic edition: “Is news online as
satisfying as print and TV news?” 52% of the respondents said “yes.”22. Physicians’ Health
Study The Physicians’ Health Study involved 22,071 male physicians. Based on random
selections, 11,037 of them were treated with aspirin and the other11,034 were given placebos.
The study was stopped early because it became clear that aspirin reduced the risk of myocardial
infarctions by a substantial amount.23. Drinking and Driving A researcher for a consortium of
insurance companies plans to test for the effects of drinking on driving ability by randomly
selecting 1000 drivers and then randomly assigning them to two groups: One group of 500 will
drive in New York City after no alcohol consumption, and the second group will drive in New York
City after consuming three shots of Jim Beam bourbon whiskey.24. Blood Pressure A medical
researcher tested for a difference in systolic blood pressure levels between male and female
students who are 12 years of age. She randomly selected four males and four females for her
study.25. Driver Aggression In testing a treatment designed to reduce driver aggression in the
United States, the original plan was to use a sample of 500 drivers randomly selected
throughout the country. The program managers know that they would get a biased sample if they
limit their study to drivers in New York City, so they planned to compensate for that bias by using
a larger sample of 3000 drivers in New York City.26. Atkins Weight Loss Program An
independent researcher tested the effectiveness of the Atkins weight loss program by randomly
selecting 1000 subjects using that program. Each of the subjects was called to report their
weight before the diet and after the diet.27. Crime Research A sociologist has created a brief
survey to be given to 2000 adults randomly selected from the U.S. population. Here are her first
two questions: (1) Have you ever been the victim of a felony crime? (2) Have you ever been
convicted of a felony?28. Medications The Pharmaceutical Research and Manufacturers of
America wants information about the consumption of various medications. An independent
researcher conducts a survey by mailing 10,000 questionnaires to randomly selected adults in
the United States, and she receives 152 responses.1-3 Beyond the BasicsIn Exercises 29–32,
indicate whether the observational study used is cross-sectional, retrospective, or
prospective.29. Nurses’ Health Study II Phase II of the Nurses’ Health Study was started in 1989
with 116,000 female registered nurses. The study is ongoing.Samples of subjects with and
without heart disease were selected, 30. Heart Health Studythen researchers looked back in
time to determine whether they took aspirin on a regular basis.Researchers from the National
Institutes of Health want to determine the 31. Marijuana Studycurrent rates of marijuana
consumption among adults living in states that have legalized the use of marijuana. They
conduct a survey of 500 adults in those states.The Framingham Heart Study was started in 1948
and is ongo32. Framingham Heart Studying. Its focus is on heart disease.In Exercises 33–36,
identify which of these designs is most appropriate for the given experiment: completely
randomized design, randomized block design, or matched pairs design. 33. Lunesta Lunesta is
a drug designed to treat insomnia. In a clinical trial of Lunesta, amounts of sleep each night are
measured before and after subjects have been treated with the drug. A clinical trial of Lipitor



treatments is being planned to determine whether its effects 34. Lipitoron diastolic blood
pressure are different for men and women.Currently, there is no approved vaccine for the
prevention of infection 35. West Nile Vaccineby West Nile virus. A clinical trial of a possible
vaccine is being planned to include subjects treated with the vaccine while other subjects are
given a placebo.The HIV Trials Network is conducting a study to test the e ffectiveness of two 36.
HIV Vaccinedifferent experimental HIV vaccines. Subjects will consist of 80 pairs of twins. For
each pair of twins, one of the subjects will be treated with the DNA vaccine and the other twin
will be treated with the adenoviral vector vaccine.CHAPTER 1 Review Exercises 3537. Simple
Random Sample vs. Random Sample Refer to the definition of simple random sample on page
27 and its accompanying definition of random sample enclosed within parentheses. Determine
whether each of the following is a simple random sample and a random sample.a. A statistics
class with 36 students is arranged so that there are 6 rows with 6 students in each row, and the
rows are numbered from 1 through 6. A die is rolled and a sample consists of all students in the
row corresponding to the outcome of the die.b. For the same class described in part (a), the 36
student names are written on 36 individual index cards. The cards are shuffled and six names
are drawn from the top.c. For the same class described in part (a), the six youngest students are
selected.Chapter Quick QuizIn a study of births in New York State, data were collected from four
hospitals 1. Hospitalscoded as follows: (1) Albany Medical Center; (1438) Bellevue Hospital
Center; (66) OleanGeneral Hospital; (413) Strong Memorial Hospital. Does it make sense to
calculate the average(mean) of the numbers 1, 1438, 66, and 413?2. Hospitals Which of the
following best describes the level of measurement of the numbers 1,1438, 66, and 413 from
Exercise 1: nominal, ordinal, interval, ratio?3. Birth Weights In the same study cited in Exercise
1, birth weights of newborn babies aregiven in grams. Are these birth weights discrete data or
continuous data?4. Birth Weights Are the birth weights described in Exercise 3 quantitative data
or categorical data?5. Birth Weights Which of the following best describes the level of
measurement of the birthweights described in Exercise 3: nominal, ordinal, interval, ratio?6.
Statistic,Parameter In an AARP survey of 1019 randomly selected adults, the respondents were
asked to identify the number of credit cards they have, and 26% of them said theyhad no credit
cards. Is the value of 26% a statistic or a parameter?7. AARP Survey Refer to the survey
described in Exercise 6. Because the 1019 subjectsagreed to respond, do they constitute a
voluntary response sample?8. Observational Study or Experiment Are the data described in
Exercise 6 the result of anobservational study or an experiment?9. Physicians’ Health Study In
the Physicians’ Health Study, some of the subjects were treatedwith aspirin while others were
given a placebo. For the subjects in this experiment, what is blinding?10. Sampling In a
statistical study, which of the following types of samples is generally best:convenience sample,
voluntary response sample, simple random sample, biased sample?Review Exercises1. What’s
Wrong? In an American Optometric Association survey, 1009 adults were randomlyselected and
asked to identify what they worry most about losing. 51% of the respondents chose“vision.”
What’s wrong here?2. Paying for First Dates USA Today posted this question on the electronic



version of itsnewspaper: “Should guys pay for the first date?” Of the 1148 subjects who decided
to respond,85% of them said “yes.”a. What is wrong with this survey?b. Is the value of 85% a
statistic or a parameter?c. Does the survey constitute an experiment or an observational study?
3. Sample Design Literacy In “Cardiovascular Effects of Intravenous Triiodothyronine in Patients
Undergoing Coronary Artery Bypass Graft Surgery” [Journal of the American Medical
Association (JAMA), Vol. 275, No. 9], the authors explain that patients were assigned to one of
three groups: (1) a group treated with triidothyronine, (2) a group treated with normal saline
bolus and dopamine, and (3) a placebo group given normal saline. The authors summarize the
sample design as “randomized and double-blind.” Describe the meaning of “randomized” and
“double-blind” in the context of this study.4. Divorces and Margarine One study showed that
there is a very high correlation between the divorce rate in Maine and per capita consumption of
margarine in the United States. Can we conclude that either one of those two variables is the
cause of the other?5. Simple Random Sample Which of the following is are simple random
samples? a. As Lipitor pills are being manufactured, a quality control plan is to select every
500th pill >and test it to confirm that it contains 80 mg of atorvastatin.b. To test for a gender
difference in the way that men and women make online purchases, Gallup surveys 500
randomly selected men and 500 randomly selected women.c. A list of all 10,877 adults in Trinity
County, California, is obtained; the list is numbered from1 to 10,877; and then a computer is
used to randomly generate 250 different numbers between1 and 10,877. The sample consists of
the adults corresponding to the selected numbers.6. Defense of Marriage Act Both of the
following questions are essentially the same. Does the difference in wording seem as though it
could affect the way that people respond? Are you in favor of the “Defense of Marriage Act”?Are
you in favor of an act that for federal and state aid, only heterosexual marriages should be
recognized?7. Colleges in United States Currently, there are 4612 colleges in the United States,
and the number of full-time students is 13,203,477.a. Are the numbers of full-time students at
different colleges discrete or continuous? b. What is the level of measurement for the numbers of
full-time students at colleges? (nominal, ordinal, interval, ratio)c. What is wrong with surveying
college students by mailing questionnaires to 10,000 of them who are randomly selected?d. If
we randomly select 50 full-time college students in each of the 50 states, what type of sample is
obtained? (random, systematic, convenience, stratified, cluster)e. If we randomly select four
colleges and survey all of their full-time students, what type of sample is obtained? (random,
systematic, convenience, stratified, cluster)8. Percentagesa. The labels on U-Turn protein
energy bars include the statement that these bars contain “125% less fat than the leading
chocolate candy brands” (based on data from Consumer Reports magazine). What is wrong
with that claim?b. In a Pew Research Center poll on driving, 58% of the 1182 respondents said
that they like to drive. What is the actual number of respondents who said that they like to drive?
c. In a Pew Research Center poll on driving, 331 of the 1182 respondents said that driving is a
chore. What percentage of respondents said that driving is a chore?9. Types of Data In each of
the following, identify the level of measurement of the sample data (nominal, ordinal, interval,



ratio) and the type of sampling used to obtain the data (random, systematic, convenience,
stratified, cluster).a. At Albany Medical Center, every 10th newborn baby is selected and the
body temperature is measured (degrees Fahrenheit).CHAPTER 1 Cumulative Review Exercises
37b. In each of the 50 states, 50 voters are randomly selected and their political party affiliations
are identified.c. A pollster stops each person passing her office door and asks the person to rate
the last movie that he or she saw (on a scale of 1 star to 4 stars).10. Statistical Significance and
Practical Significance The Technogene Research Group has developed a procedure designed
to increase the likelihood that a baby will be born a girl. In a clinical trial of their procedure, 236
girls were born to 450 different couples. If the method has no effect, there is about a 15% chance
that such extreme results would occur. Does the procedure appear to have statistical
significance? Does the procedure appear to have practical significance?Cumulative Review
ExercisesFor Chapter 2 through Chapter 14, the Cumulative Review Exercises include topics
frompreceding chapters. For this chapter, we present a few calculator warm-up exercises,
withexpressions similar to those found throughout this book. Use your calculator to find
theindicated values.1. Birth Weights Listed below are the weights (grams) of newborn babies
from Albany Medical Center Hospital. What value is obtained when those weights are added
and the total is divided by the number of weights? (This result, called the mean, is discussed in
Chapter 3.) What is notable about these values, and what does it tell us about how the weights
were measured?3600 1700 4000 3900 3100 3800 2200 30002. Six Children Jule Cole is a
founder of Mabel’s Labels, and she is the mother of six children. The probability that six
randomly selected children are all girls is found by evaluating 0.56. Find that value.3. Tallest
Person Robert Wadlow (1918–1940) is the tallest known person to have lived. The expression
below converts his height of 272 cm to a standardized score. Find this value and round the result
to two decimal places. Such standardized scores are considered to be significantly high if they
are greater than 2 or 3. Is the result significantly high?272 17664. Body Temperature The given
expression is used for determining the likelihood that the average (mean) human body
temperature is different from the value of 98.6oF that is commonlyused. Find the given value and
round the result to two decimal places.98.2 98.60.6210625. Determining Sample Size The given
expression is used to determine the size of the sample necessary to estimate the proportion of
college students who have the profound wisdom to take a statistics course. Find the value and
round the result to the nearest whole number.1.962# 0.250.0326. Standard Deviation One way
to get a very rough approximation of the value of a standard deviation of sample data is to find
the range, then divide it by 4. The range is the difference between the highest sample value and
the lowest sample value. In using this approach, what value is obtained from the sample data
listed in Exercise 1 “Birth Weights”?7. Standard Deviation The standard deviation is an
extremely important concept introduced in Chapter 3. Using the sample data from Exercise 1
“Birth Weights,” part of the calculation of the standard deviation is shown in the expression
below. Evaluate this expression. (Fortunately, calculators and software are designed to
automatically execute such expressions, so our future work with standard deviations will not be



burdened with cumbersome calculations.)(3600 3162.5)278. Standard Deviation The given
expression is used to compute the standard deviation of three randomly selected body
temperatures. Perform the calculation and round the result to two decimal places.98.4 98.62 +
98.6 98.62 + 98.8 98.62 C1 2 13 1 2 1 2Scientific Notation. In Exercises 9–12, the given
expressions are designed to yield results expressed in a form of scientific notation. For example,
the calculator-displayed result of 1.23E5 can be expressed as 123,000, and the result of
1.23E-4 can be expressed as 0.000123. Perform the indicated operation and express the result
as an ordinary number that is not in scientific notation.9. 0.48 10. 911 11. 614 12.
0.312Technology Project1. Missing Data The focus of this project is to download a data set and
manipulate it to work around missing data.a. First, download Data Set 3 “Body Temperatures” in
Appendix B from TriolaStats.com. Choose the download format that matches your technology.b.
Some statistical procedures, such as those involved with correlation and regression (discussed
in later chapters) require data that consist of matched pairs of values, and those procedures
ignore pairs in which at least one of the data values in a matched pair is missing. Assume that
we want to conduct analyses for correlation and regression on the last two columns of data in
Data Set 3: body temperatures measured at 8 AM on day 2 and again at 12 AM on day 2. For
those last two columns, identify the rows with at least one missing value. Note that in some
technologies, such as TI-83 84 Plus calculators, missing data must be represented by a
constant such as -9 or 999.c.> Here are two different strategies for reconfiguring the data set to
work around the missing data in the last two columns (assuming that we need matched pairs of
data with no missing values):i. Manual Deletion Highlight rows with at least one missing value in
the last two columns, then delete those rows. This can be tedious if there are many rows with
missing data and those rows are interspersed throughout instead of being adjacent rows.ii. Sort
Most technologies have a Sort feature that allows you to rearrange all rows using one particular
column as the basis for sorting (TI-83 84 Plus calculators do not have this type of sort feature).
The result is that all rows remain the same but they are in a different order. First use
the>technology’s Sort feature to rearrange all rows using the “8 AM day 2” column as the basis
for sorting (so that all missing values in the “8 AM day 2” column are at the beginning); then
highlight and delete all of those rows with missing values in the “8 AM day 2” column. Next, use
the technology’s Sort feature to rearrange all rows using the “12 AM day 2” column as the basis
for sorting (so that all missing values in the “12 AM day 2” column are at the beginning); then
highlight and delete all of those rows with missing values in the “12 AM day 2” column. The
remaining rows will include matched pairs of body temperatures, and those rows will be suitable
for analyses such as correlation and regression. Print the resulting reconfigured data
set.CHAPTER 1 Cooperative Group Activities 39FROM DATA TO DECISIONCritical
Thinking:Do Male Symphony Conductors Really Live Longer? Several media reports made the
interesting observation that male symphony conductors live longer than other males. John
Amaral wrote in Awaken that orchestra conductors “live longer than almost any other group of
people by three to seven years.” Robert Levine wrote in Polyphonic.org that they live longer



“because they stand up while working.” Some provided other explanations for this phenomenon,
often referring to cardiovascular activity. But do male symphony conductors really live longer
than other groups of males? The Internet can be researched for possible answers. Let’s also
consider the following.Analysis1. Consider the statement that “male symphony conductors live
longer.” Identify the specific group that they supposedly live longer than. Does that other group
consist of males randomly selected from the general population?2. It is reasonable to assume
that males do not become symphony conductors until they have reached at least the age of 40
years. When comparing life spans of male conductors, should we compare them to other males
in the general population, or should we compare them to other males who lived until at least 40
years of age? Explain.3. Without any disabilities, males qualify for Medicare if they are 65 or
older and meet a few other requirements. If we compare life spans of males on Medicare to life
spans of males randomly selected from the general population, why would we find that males on
Medicare have longer life spans?4. Explain in detail how to design a study for collecting data to
determine whether it is misleading to state that male symphony conductors live longer. Should
the study be an experiment or an observational study?Cooperative Group ActivitiesWorking in
groups of three or four, design an experiment to determine 1. In-class activitywhether pulse rates
of college students are the same while the students are standing and sitting.Conduct the
experiment and collect the data. Save the data so that they can be analyzed withmethods
presented in the following chapters.2. In-class activity Working in groups of three or four,
construct a brief survey that includesonly a few questions that can be quickly asked. Include
some objective questions along withsome that are biased, such as the first question
below.Should your college force all students to pay a $100 activity fee?Should your college fund
activities by collecting a $100 fee?Conduct the survey and try to detect the effect that the biased
wording has on the responses.3. In-class activity Identify problems with a mailing from
Consumer Reports magazine thatincluded an annual questionnaire about cars and other
consumer products. Also included werea request for a voluntary contribution of money and a
voting ballot for the board of directors.Responses were to be mailed back in envelopes that
required postage stamps.4. Out-of-class activity Find a report of a survey that used a voluntary
response sample. Describe how it is quite possible that the results do not accurately reflect the
population.5. Out-of-class activity Find a professional journal with an article that includes a
statisticalanalysis of an experiment. Describe and comment on the design of the experiment.
Identify oneparticular issue addressed by the study, and determine whether the results were
found to be statistically significant. Determine whether those same results have practical
significance.22-1 FrequencyDistributions forOrganizing andSummarizing Data2-2
Histograms2-3 Graphs ThatEnlighten andGraphs That Deceive2-4 Scatterplots,Correlation,
andRegressionEXPLORING DATA WITH TABLES AND GRAPHSCHAPTER Fast food
restaurants: Which one is fastest?PROBLEMOne attractive feature of fast food restaurants is
that they arefast! To remain competitive, fast food restaurants must notonly provide a good
culinary experience but also must do itas quickly as their competitors. Data Set 25 “Fast Food”



inAppendix B lists measured service times (seconds) obtainedfrom samples of drive-through
customers at different restaurants. Table 2-1 lists the 50 service time measurements from the
first column of Data Set 25. It is an exceptionally rare person who can simply look at those data
and form meaningful conclusions. We mere mortals must work at describing, exploring, and
comparing the different lists of service times to gain meaningful insights. In this chapter we
present methods40Chapter Objectives 41that focus on organizing and summarizing the data
and using graphs that enable us to understand important characteristics of the data, especially
the distribution of the data. These methods will help us compare the restaurants.TABLE 2-1
Drive-Through Service Times (seconds) for McDonald’s Lunches107 139 197 209 281 254 163
150 127 308 206 187 169 83 127 133 140143 130 144 91 113 153 255 252 200 117 167 148
184 123 153 155 154100 117 101 138 186 196 146 90 144 119 135 151 197 171 190
169CHAPTER OBJECTIVESThis chapter and the following chapter focus on important
characteristics of data, including the following:Characteristics of Data1. Center: A representative
value that shows us where the middle of the data set is located.2. Variation: A measure of the
amount that the data values vary.3. Distribution: The nature or shape of the spread of the data
over the range of values (such as bell-shaped).4. Outliers: Sample values that lie very far away
from the vast majority of the other sample values.5. Time: Any change in the characteristics of
the data over time.This chapter provides tools that enable us to gain insight into data by
organizing, summarizing, and representing them in ways that enable us to see important
characteristics of the data. Here are the chapter objectives:2-1 Frequency Distributions for
Organizing and Summarizing Data Develop an ability to summarize data in the format of a
frequency distribution and a relative frequency distribution.For a frequency distribution, identify
values of class width, class midpoint, class limits, and class boundaries.2-2 HistogramsDevelop
the ability to picture the distribution of data in the format of a histogram or relative frequency
histogram.Examine a histogram and identify common distributions, including a uniform
distribution and a normal distribution.2-3 Graphs That Enlighten and Graphs That
DeceiveDevelop an ability to graph data using a dotplot, stemplot, time-series graph, Pareto
chart, pie chart, and frequency polygon.Determine when a graph is deceptive through the use of
a nonzero axis or a pictograph that uses an object of area or volume for one-dimensional
data.2-4 Scatterplots, Correlation, and RegressionDevelop an ability to construct a scatterplot of
paired data.Analyze a scatterplot to determine whether there appears to be a correlation
between two variables.Frequency Distributions for Organizing 2-1 and Summarizing DataTABLE
2-2 McDonald’s Lunch Drive-Through Service TimesTime(seconds) Frequency75–124 11125–
174 24175–224 10225–274 3275–324 2Key Concept When working with large data sets, a
frequency distribution (or frequency table) is often helpful in organizing and summarizing data. A
frequency distribution helps us to understand the nature of the distribution of a data
set.DEFINITIONA frequency distribution (or frequency table) shows how data are partitioned
among several categories (or classes) by listing the categories along with the number
(frequency) of data values in each of them.Let’s use the McDonald’s lunch drive-through service



times (in seconds) listed in Table 2-1. Table 2-2 is a frequency distribution summarizing those
service times. The frequency for a particular class is the number of original values that fall into
that class. For example, the first class in Table 2-2 has a frequency of 11, so 11 of the service
times are between 75 seconds and 124 seconds, inclusive.The following standard terms are
often used in constructing frequency distributions and graphs.DEFINITIONSLower class limits
are the smallest numbers that can belong to each of the different classes. (Table 2-2 has lower
class limits of 75, 125, 175, 225, and 275.) Upper class limits are the largest numbers that can
belong to each of the different classes. (Table 2-2 has upper class limits of 124, 174, 224, 274,
and 324.) Class boundaries are the numbers used to separate the classes, but without the gaps
created by class limits. Figure 2-1 shows the gaps created by the class limits from Table 2-2. In
Figure 2-1 we see that the values of 124.5, 174.5, 224.5, and 274.5 are in the centers of those
gaps. Following the pattern of those class boundaries, we see that the lowest class boundary is
74.5 and the highest class boundary is 324.5. The complete list of class boundaries is 74.5,
124.5, 174.5, 224.5, 274.5, and 324.5.Class midpoints are the values in the middle of the
classes. Table 2-2 has class midpoints of 99.5, 149.5, 199.5, 249.5, and 299.5. Each class
midpoint can be found by adding the lower class limit to the upper class limit and dividing the
sum by 2.Class width is the difference between two consecutive lower class limits (or two
consecutive lower class boundaries) in a frequency distribution. Table 2-2 uses a class width of
50. (The first two lower class boundaries are 75 and 125, and their difference is 50.)CAUTION
Finding the correct class width can be tricky. For class width, don’t make the most common
mistake of using the difference between a lower class limit and an upper class limit. See Table
2-2 and note that the class width is 50, not 49.CAUTION For class boundaries, remember that
they split the difference between the end of one class and the beginning of the next class, as
shown in Figure 2-1.STEP 1:List the class limits from Table 2-2. 75 124 125 174 175 224 225
274 275 324STEP 2:Split the difference as shown.124.5 174.5 224.5 274.5STEP 3:Find the first
and last values of 74.5 and 324.5 byprojecting thesame pattern.74.5 324.5FIGURE 2-1 Finding
Class Boundaries from Class Limits in Table 2-2No Phones or BathtubsMany statisticalanalyses
mustconsider changingcharacteristics ofpopulations overtime. Here aresome observationsof life
in the United States from100 years ago:8% of homes had a telephone.14% of homes had a
bathtub.The mean life expectancy was47 years.The mean hourly wage was22 cents.There were
approximately230 murders in the entireUnited States.Although these observationsfrom 100
years ago are in starkcontrast to the United States oftoday, statistical analyses shouldalways
consider changing population characteristics that mighthave more subtle effects.Procedure for
Constructing a Frequency DistributionWe construct frequency distributions to (1) summarize
large data sets, (2) see the distribution and identify outliers, and (3) have a basis for constructing
graphs (such as histograms, introduced in Section 2-2). Technology can generate frequency
distributions, but here are the steps for manually constructing them:1. Select the number of
classes, usually between 5 and 20. The number of classes might be affected by the
convenience of using round numbers. (According to “Sturges’ guideline,” the ideal number of



classes for a frequency distribution can be approximated by 1 + log n log 2 where n is the
number of data values. We don’t use this guideline in this book.)2. Calculate the class width.1
2>1 2Class width ≈ maximum data value - minimum data value 12 1number of classes2Round
this result to get a convenient number. (It’s usually best to round up.) Using a specific number of
classes is not too important, and it’s usually wise to change the number of classes so that they
use convenient values for the class limits.3. Choose the value for the first lower class limit by
using either the minimum value or a convenient value below the minimum.4. Using the first lower
class limit and the class width, list the other lower class limits. (Do this by adding the class width
to the first lower class limit to get the second lower class limit. Add the class width to the second
lower class limit to get the third lower class limit, and so on.)Authors IdentifiedHamilton,John
Jay, and James Madison anonymouslypublished the famous Federalist Papers in an attempt to
convinceidentity of most of the papers’authorship of 12 of the papers-cal analysis of the
frequenciesconclude that James Madison is likely to have been the author ofdisputed papers,
the evidence in favor of Madison’s authorshipbeing correct. Coincidentally, the75– 125– 175–
225– 275–5. List the lower class limits in a vertical column and then determine and enter the
upper class limits.6. Take each individual data value and put a tally mark in the appropriate class.
Add the tally marks to find the total frequency for each class.When constructing a frequency
distribution, be sure the classes do not overlap. Each of the original values must belong to
exactly one class. Include all classes, even those with a frequency of zero. Try to use the same
width for all classes, although it is sometimes impossible to avoid open-ended intervals, such as
“65 years or older.”EXAMPLE 1 McDonald’s Lunch Service TimesUsing the McDonald’s lunch
service times in Table 2-1, follow the above procedure to construct the frequency distribution
shown in Table 2-2. Use five classes.SOLUTIONStep 1: Select 5 as the number of desired
classes.Step 2: Calculate the class width as shown below. Note that we round 45 up to 50, which
is a more convenient number.maximum data value - minimum data valueClass width ≈ number
of classes 2= 3081 2 183 = 45 ≈ 50 rounded up to a more convenient number5Step 3:1 The
minimum data value is 83, which is not a very convenient starting 2 point, so go to a value below
83 and select the more convenient value of 75 as the first lower class limit. (We could have used
80 or 50 instead.)Step 4: Add the class width of 50 to the starting value of 75 to get the second
lower class limit of 125. Continue to add the class width of 50 until we have five lower class
limits. The lower class limits are therefore 75, 125, 175, 225, and 275.Step 5: List the lower class
limits vertically, as shown in the margin. From this list, we identify the corresponding upper class
limits as 124, 174, 224, 274, and 324. Step 6: Enter a tally mark for each data value in the
appropriate class. Then add the tally marks to find the frequencies shown in Table 2-2.YOUR
TURNCategorical Data So far we have discussed frequency distributions using only quantitative
data sets, but frequency distributions can also be used to summarize categorical (or qualitative
or attribute) data, as illustrated in Example 2.EXAMPLE 2 Emergency Room Visits for Injuries
from Sports and RecreationTable 2-3 lists data for the highest seven sources of injuries resulting
in a visit to a hospital emergency room (ER) in a recent year (based on data from the Centers for



Disease Control). The activity names are categorical data at the nominal level of measurement,
but we can create the frequency distribution as shown. It might be surprising to see that bicycling
is at the top of this list, but this doesn’t mean that bicycling is the most dangerous of these
activities; many more people bicycle than play football or ride an all-terrain vehicle or do any of
the other listed activities.TABLE 2-3 Annual ER Visits for Injuries from Sports and
RecreationActivityBicyclingFootballPlaygroundBasketballSoccerBaseballAll-terrain
vehicleFrequency26,21225,37616,70613,98710,4369,6346,337Go Figure14: The number of
differentshapes of human noses, froma study by Abrahim Tamir thatwas published in the Journal
ofCraniofacial Surgery.Relative Frequency DistributionA variation of the basic frequency
distribution is a relative frequency distribution or percentage frequency distribution, in which
each class frequency is replaced by a relative frequency (or proportion) or a percentage. In this
text we use the term “relative frequency distribution” whether we use relative frequencies or
percentages. Relative frequencies and percentages are calculated as follows.Relative frequency
for a class =Percentage for a class = frequency for a classsum of all frequenciesfrequency for a
class * 100%sum of all frequenciesTable 2-4 is an example of a relative frequency distribution. It
is a variation of Table 2-2 in which each class frequency is replaced by the corresponding
percentage value. Because there are 50 data values, divide each class frequency by 50, and
then multiply by 100%. The first class of Table 2-2 has a frequency of 11, so divide 11 by 50 to
get 0.22, and then multiply by 100% to get 22%. The sum of the percentages should be 100%,
with a small discrepancy allowed for rounding errors, so a sum such as 99% or 101% is
acceptable. The sum of the percentages in Table 2-4 is 100%.The sum of the percentages in a
relative frequency distribution must be very close to 100% (with a little wiggle room for rounding
errors).Cumulative Frequency DistributionAnother variation of a frequency distribution is a
cumulative frequency distribution in which the frequency for each class is the sum of the
frequencies for that class and all previous classes. Table 2-5 is the cumulative frequency
distribution found from Table 2-2. Using the original frequencies of 11, 24, 10, 3, 2, we add 11 +
24 to get the second cumulative frequency of 35, then we add 11 + 24 + 10 to get the third, and
so on. See Table 2-5, and note that in addition to the use of cumulative frequencies, the class
limits are replaced by “less than” expressions that describe the new ranges of values.TABLE 2-5
Cumulative Frequency Distribution of McDonald’s Lunch Service TimesCritical Thinking: Using
Frequency Distributions to Understand DataAt the beginning of this section we noted that a
frequency distribution can help us understand the distribution of a data set, which is the nature
or shape of the spread of the data over the range of values (such as bell-shaped). In statistics
we are often interested in determining whether the data have a normal distribution. (Normal
distributions areTABLE 2-4 Relative Frequency Distribution of McDonald’s Lunch Service
TimesTime Relative (seconds) Frequency75–124 22% 125–174 48% 175–224 20% 225–274
6% 275–324 4%Time(seconds)Less than 125Less than 175Less than 225Less than 275Less
than 325Cumulative Frequency1135454850Growth Charts Updateddiscussed extensively in
Chapter 6.) Data that have an approximately normal distribution are characterized by a



frequency distribution with the following features.Pediatricians typically use standardized growth
charts to compare their patient’s weight andheight to a sample of other children. Children are
considered to be in the normal range if their weight and height fall between the 5th and 95th
percentiles. If they fall outside that range, they are often given tests to ensure that there are no
serious medical problems. Pediatricians became increasingly aware of a major problem with the
charts: Because they were based on children living between 1929 and 1975, the growth charts
had become inaccurate. To rectify this problem, the charts were updated in 2000 to reflect the
current measurements of millions of children. The weights and heights of children are good
examples of populations that change over time. This is the reason for including changing
characteristics of data over time as an important consideration for a population.Normal
Distribution1. The frequencies start low, then increase to one or two high frequencies, and then
decrease to a low frequency.2. The distribution is approximately symmetric: Frequencies
preceding the maximum frequency should be roughly a mirror image of those that follow the
maximum frequency.Table 2-6 satisfies these two conditions. The frequencies start low, increase
to the maximum of 30, and then decrease to a low frequency. Also, the frequencies of 2 and 8
that precede the maximum are a mirror image of the frequencies 8 and 2 that follow the
maximum. Real data sets are usually not so perfect as Table 2-6, and judgment must be used to
determine whether the distribution comes “close enough” to satisfying those two conditions.
(There are more objective procedures included later.)TABLE 2-6 Frequency Distribution
Showing a Normal DistributionTime Frequency Normal Distribution 75–124 2 d Frequencies
start low, . . . 125–174 8175–224 30 d Increase to this maximum, . . . 225–274 8275–324 2 d
Decrease to become low again.Analysis of Last Digits Example 3 illustrates this
principle:Frequencies of last digits sometimes reveal how the data were collected or
measured.EXAMPLE 3 Exploring Data: How Were the Pulse Rates Measured?TABLE 2-7 Last
Digits of Pulse Rates from the National Health and Examination SurveyLast Digit ofPulse Rate
Frequency0 4551 02 4613 04 4795 06 4257 08 3999 0Upon examination of measured pulse
rates from 2219 adults included in the National Health and Examination Survey, the last digits of
the recorded pulse rates are identified and the frequency distribution for those last digits is as
shown in Table 2-7. Here is an important observation of those last digits: All of the last digits are
even numbers. If the pulse rates were counted for 1 full minute, there would surely be a large
number of them ending with an odd digit. So what happened?One reasonable explanation is
that even though the pulse rates are the number of heartbeats in 1 minute, they were likely
counted for 30 seconds and the number of beats was doubled. (The original pulse rates are not
all multiples of 4, so we can rule out a procedure of counting for 15 seconds and then multiplying
by 4.) Analysis of these last digits reveals to us the method used to obtain these data.In many
surveys, we can determine that surveyed subjects were asked to report some values, such as
their heights or weights, because disproportionately many values end in 0 or 5. This is a strong
clue that the respondent is rounding instead of being physically measured. Fascinating stuff!
YOUR TURN Do Exercise 17 “Analysis of Last Digits.”Gaps Example 4 illustrates this



principle:The presence of gaps can suggest that the data are from two or more different
populations.The converse of this principle is not true, because data from different populations do
not necessarily result in gaps.EXAMPLE 4 Exploring Data: What Does a Gap Tell Us?Table 2-8
is a frequency distribution of the weights (grams) of randomly selected pennies. Examination of
the frequencies reveals a large gap between the lightest pennies and the heaviest pennies. This
suggests that we have two different populations: Pennies made before 1983 are 95% copper
and 5% zinc, but pennies made after 1983 are 2.5% copper and 97.5% zinc, which explains the
large gap between the lightest pennies and the heaviest pennies represented in Table 2-8.Do
Exercise 18 “Analysis of Last Digits” and determine whether YOUR TURN there is a gap. If so,
what is a reasonable explanation for it?Comparisons Example 5 illustrates this
principle:Combining two or more relative frequency distributions in one table makes
comparisons of data much easier.TABLE 2-8 Randomly Selected PenniesWeight(grams)
ofPenny Frequency2.40–2.49 182.50–2.59 192.60–2.69 02.70–2.79 02.80–2.89 02.90–2.99
23.00–3.09 253.10–3.19 8EXAMPLE 5 Comparing McDonald’s and Dunkin’ DonutsTable 2-9
shows the relative frequency distributions for the drive-through lunch service times (seconds) for
McDonald’s and Dunkin’ Donuts. Because of the dramatic differences in their menus, we might
expect the service times to be very different. By comparing the relative frequencies in Table 2-9,
we see that there are major differences. The Dunkin’ Donuts service times appear to be lower
than those at McDonald’s. This is not too surprising, given that many of the Dunkin’ Donuts
orders are probably for coffee and a donut.TABLE 2-9 McDonald’s and Dunkin’ Donuts Lunch
Service TimesTime (seconds) McDonald’s Dunkin’ Donuts25–74 22%75–124 22% 44% 125–
174 48% 28% 175–224 20% 6% 225–274 6%275–324 4%YOUR TURN Do Exercise 19 “Oscar
Winners.”TECH CENTER Frequency DistributionsAccess tech supplements, videos, and data
sets at www.TriolaStats.com Frequency distributions are often easy to obtain after generating a
histogram, as described in Section 2-2. With Statdisk, for example, we can generate a histogram
with a desired starting point and class width, then check “Bar Labels” to see the frequency for
each class. If histograms are not used, “sort” the data (arrange them in order) so that we can see
the maximum data value and the minimum data value used for computing the class width. Once
the class limits are established, it is easy to find the frequency for each class using sorted data.
Every statistics software package includes a sort feature.Table for Exercise 1McDonald’s Dinner
Service TimesTime (sec) Frequency 60–119 7120–179 22180–239 14240–299 2300–359
5Table for Exercise 4 Relative Height (cm) Frequency130–144 23%145–159 25%160–174
22%175–189 27%190–204 28%2-1 Basic Skills and ConceptsStatistical Literacy and Critical
Thinking1. McDonald’s Dinner Service Times Refer to the accompanying table summarizing
service times (seconds) of McDonald’s dinners. How many individuals are included in the
summary? Is it possible to identify the exact values of all of the original service times?2.
McDonald’s Dinner Service Times Refer to the accompanying frequency distribution. What
problem would be created by using classes of 60–120, 120–180, . . . , 300–360?3. Relative
Frequency Distribution Use percentages to construct the relative frequency distribution



corresponding to the accompanying frequency distribution for McDonald’s dinner service
times.4. What’s Wrong? Heights of adult males are known to have a normal distribution, as
described in this section. A researcher claims to have randomly selected adult males and
measured their heights with the resulting relative frequency distribution as shown here. Identify
two major flaws with these results.In Exercises 5–8, identify the class width, class midpoints, and
class boundaries for the given frequency distribution. Also identify the number of individuals
included in the summary. The frequency distributions are based on real data from Appendix B.5.
Age (yr) of Best ActressWhen Oscar Was Won Frequency20–29 2930–39 3440–49 1450–59
360–69 570–79 180–89 16. Age (yr) of Best ActorWhen Oscar Was Won Frequency20–29 130–
39 2840–49 3650–59 1560–69 670–79 17. Blood Platelet Countof Males Frequency0–99 1100–
199 51200–299 90300–399 10400–499 0500–599 0600–699 18. Blood Platelet Countof
Females Frequency100–199 25200–299 92300–399 28400–499 0500–599 2Normal
Distributions. In Exercises 9 and 10, using a loose interpretation of the criteria for determining
whether a frequency distribution is approximately a normal distribution, determine whether the
given frequency distribution is approximately a normal distribution. Give a brief explanation.9.
Best Actresses Refer to the frequency distribution from Exercise 5. 10. Best Actors Refer to the
frequency distribution from Exercise 6.Constructing Frequency Distributions. In Exercises 11–
18, use the indicated data to construct the frequency distribution. (The data for Exercises 13–16
can be downloaded at TriolaStats.com.)11. Old Faithful Listed below are sorted duration times
(seconds) of eruptions of the Old Faithful geyser in Yellowstone National Park. Use these times
to construct a frequency distribution. Use a class width of 25 seconds and begin with a lower
class limit of 125 seconds.125 203 205 221 225 229 233 233 235 236 236 237 238 238 239 240
240240 240 241 241 242 242 242 243 243 244 245 245 245 245 246 246 248248 248 249 249
250 251 252 253 253 255 255 256 257 258 262 26412. Tornadoes Listed below are the F-scale
intensities of recent tornadoes in the United States. Construct a frequency distribution. Do the
intensities appear to have a normal distribution? 04001110001201101011110
010010011130002030000013. Burger King Lunch Service Times Refer to Data Set 25 “Fast
Food” and use the drivethrough service times for Burger King lunches. Begin with a lower class
limit of 70 seconds and use a class width of 40 seconds.14. Burger King Dinner Service Times
Refer to Data Set 25 “Fast Food” and use the drivethrough service times for Burger King dinners.
Begin with a lower class limit of 30 seconds and use a class width of 40 seconds.15. Wendy’s
Lunch Service Times Refer to Data Set 25 “Fast Food” and use the drivethrough service times
for Wendy’s lunches. Begin with a lower class limit of 70 seconds and use a class width of 80
seconds. Does the distribution appear to be a normal distribution?16. Wendy’s Dinner Service
Times Refer to Data Set 25 “Fast Food” and use the drivethrough service times for Wendy’s
dinners. Begin with a lower class limit of 30 seconds and use a class width of 40 seconds. Using
a loose interpretation of a normal distribution, does this distribution appear to be a normal
distribution?17. Analysis of Last Digits Heights of statistics students were obtained by the author
as part of an experiment conducted for class. The last digits of those heights are listed below.



Construct a frequency distribution with 10 classes. Based on the distribution, do the heights
appear to be reported or actually measured? What do you know about the accuracy of the
results?0 0 0 0 0 0 0 0 0 1 1 2 3 3 3 4 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 6 6 8 8 8 918. Analysis of Last
Digits Weights of respondents were recorded as part of the California Health Interview Survey.
The last digits of weights from 50 randomly selected respondents are listed below. Construct a
frequency distribution with 10 classes. Based on the distribution, do the weights appear to be
reported or actually measured? What do you know about the accuracy of the results?
5010205050385050560000008 5504500400000809530500058 Relative Frequencies for
Comparisons. In Exercises 19 and 20, construct the relative frequency distributions and answer
the given questions.19. Oscar Winners Construct one table (similar to Table 2-9 on page 47) that
includes relative frequencies based on the frequency distributions from Exercises 5 and 6, and
then compare the ages of Oscar-winning actresses and actors. Are there notable differences?
20. Blood Platelet Counts Construct one table (similar to Table 2-9 on page 47) that includes
relative frequencies based on the frequency distributions from Exercises 7 and 8, and then
compare them. Are there notable differences?Cumulative Frequency Distributions. In Exercises
21 and 22, construct the cumulative frequency distribution that corresponds to the frequency
distribution in the exercise indicated.21. Exercise 5 (Age of Best Actress When Oscar Was Won)
22. Exercise 6 (Age of Best Actor When Oscar Was Won)Categorical Data. In Exercises 23 and
24, use the given categorical data to construct the relative frequency distribution.23. Clinical Trial
When XELJANZ (tofacitinib) was administered as part of a clinical trial for this rheumatoid
arthritis treatment, 1336 subjects were given 5 mg doses of the drug, and here are the numbers
of adverse reactions: 57 had headaches, 21 had hypertension, 60 had upper respiratory tract
infections, 51 had nasopharyngitis, and 53 had diarrhea. Does any one of these adverse
reactions appear to be much more common than the others? (Hint: Find the relative frequencies
using only the adverse reactions, not the total number of treated subjects.)24. Births Natural
births randomly selected from four hospitals in New York State occurred on the days of the week
(in the order of Monday through Sunday) with these frequencies: 52,66, 72, 57, 57, 43, 53. Does
it appear that such births occur on the days of the week with equal frequency?Large Data Sets.
Exercises 25–28 involve large sets of data, so technology should be used. Complete lists of the
data are not included in Appendix B, but they can be downloaded from the website
TriolaStats.com. Use the indicated data and construct the frequency distribution.25. Systolic
Blood Pressure Use the systolic blood pressures of the 300 subjects included in Data Set 1
“Body Data.” Use a class width of 20 mm Hg and begin with a lower class limit of80 mm Hg.
Does the frequency distribution appear to be a normal distribution?26. Diastolic Blood Pressure
Use the diastolic blood pressures of the 300 subjects included in Data Set 1 “Body Data.” Use a
class width of 15 mm Hg and begin with a lower class limit of40 mm Hg. Does the frequency
distribution appear to be a normal distribution?27. Earthquake Magnitudes Use the magnitudes
of the 600 earthquakes included in Data Set21 “Earthquakes.” Use a class width of 0.5 and
begin with a lower class limit of 1.00. Does the frequency distribution appear to be a normal



distribution?28. Earthquake Depths Use the depths (km) of the 600 earthquakes included in
Data Set 21 “Earthquakes.” Use a class width of 10.0 km and begin with a lower class limit of 0.0
km. Does the frequency distribution appear to be a normal distribution?2-1 Beyond the
Basics29. Interpreting Effects of Outliers Refer to Data Set 30 “Aluminum Cans” in Appendix B
for the axial loads of aluminum cans that are 0.0111 in. thick. An axial load is the force at which
the top of a can collapses. The load of 504 lb is an outlier because it is very far away from all of
the other values. Construct a frequency distribution that includes the value of 504 lb, and then
construct another frequency distribution with the value of 504 lb excluded. In both cases, start
the first class at 200 lb and use a class width of 20 lb. State a generalization about the effect of
an outlier on a frequency distribution.2-2 HistogramsPART 1 Basic Concepts of HistogramsKey
Concept While a frequency distribution is a useful tool for summarizing dataand investigating the
distribution of data, an even better tool is a histogram, which is agraph that is easier to interpret
than a table of numbers.DEFINITIONA histogram is a graph consisting of bars of equal width
drawn adjacent to each other (unless there are gaps in the data). The horizontal scale
represents classes of quantitative data values, and the vertical scale represents frequencies.
The heights of the bars correspond to frequency values.Important Uses of a Histogram■
Visually displays the shape of the distribution of the data■ Shows the location of the center of
the data■ Shows the spread of the data■ Identifies outliersA histogram is basically a graph of a
frequency distribution. For example, Figure 2-2 shows the Minitab-generated histogram
corresponding to the frequency distribution given in Table 2-2 on page 42.Class frequencies
should be used for the vertical scale and that scale should be labeled as in Figure 2-2. There is
no universal agreement on the procedure for selecting which values are used for the bar
locations along the horizontal scale, but it is common to use class boundaries (as shown in
Figure 2-2) or class midpoints or class limits or something else. It is often easier for us mere
mortals to use class midpoints for the horizontal scale. Histograms can usually be generated
using technology.Relative Frequency HistogramA relative frequency histogram has the same
shape and horizontal scale as a histogram, but the vertical scale uses relative frequencies (as
percentages or proportions) instead of actual frequencies. Figure 2-3 is the relative frequency
histogram corresponding to Figure 2-2.FIGURE 2-2 Histogram of McDonald’s Drive-Through
Lunch Service Times (seconds)FIGURE 2-3 Relative Frequency Histogram of McDonald’s Drive-
Through Lunch Service Times (seconds)Critical Thinking: Interpreting HistogramsEven though
creating histograms is more fun than human beings should be allowed to have, the ultimate
objective is to understand characteristics of the data. Explore the data by analyzing the
histogram to see what can be learned about “CVDOT”: the center of the data, the variation
(which will be discussed at length in Section 3-2), the shape of the distribution, whether there
are any outliers (values far away from the other values), and time (whether there is any change in
the characteristics of the data over time). Examining Figure 2-2, we see that the histogram is
centered around 160 sec or 170 sec, the values vary from around 75 sec to 325 sec, and the
distribution is very roughly bell-shaped. There aren’t any outliers, and any changes in time are



irrelevant for these data.Common Distribution ShapesThe histograms shown in Figure 2-4
depict four common distribution shapes.(a)(c)FIGURE 2-4 Common DistributionsNormal
Distribution(b)(d)When graphed as a histogram, a normal distribution has a “bell” shape similar
to the one superimposed in Figure 2-5. Many statistical methods require that sample data come
from a population having a distribution that is approximately a normal distribution, and we can
often use a histogram to judge whether this requirement is satisfied. There are more advanced
and less subjective methods for determining whether the distribution is a normal distribution.
Normal quantile plots are very helpful for assessing normality: see Part 2 of this section.FIGURE
2-5 Bell-Shaped Distribution of Arm Circumferences Because this histogram is roughly bell-
shaped, we say that the data have a normal distribution. (A more rigorous definition will be given
in Chapter 6.)Uniform DistributionThe different possible values occur with approximately the
same frequency, so the heights of the bars in the histogram are approximately uniform, as in
Figure 2-4(b). Figure 2-4(b) depicts outcomes of digits from state lotteries.SkewnessA
distribution of data is skewed if it is not symmetric and extends more to one side than to the
other. Data skewed to the right (also called positively skewed) have a longer right tail, as in
Figure 2-4(c). Annual incomes of adult Americans are positively skewed. Data skewed to the left
(also called negatively skewed) have a longer left tail, as in Figure 2-4(d). Life span data in
humans are skewed to the left. (Here’s a mnemonic for remembering skewness: A distribution
skewed to the right resembles the toes on your right foot, and one skewed to the left resembles
the toes on your left foot.) Distributions skewed to the right are more common than those skewed
to the left because it’s often easier to get exceptionally large values than values that are
exceptionally small. With annual incomes, for example, it’s impossible to get values below zero,
but there are a few people who earn millions or billions of dollars in a year. Annual incomes
therefore tend to be skewed to the right.PART 2 Assessing Normality withNormal Quantile
PlotsSome really important methods presented in later chapters have a requirement that sample
data must be from a population having a normal distribution. Histograms can be helpful in
determining whether the normality requirement is satisfied, but they are not very helpful with
small data sets. Section 6-5 discusses methods for assessing normality—that is, determining
whether the sample data are from a normally distributed population. Section 6-5 includes a
procedure for constructing normal quantile plots, which are easy to generate using technology
such as Statdisk, Minitab, XLSTAT, StatCrunch, or a TI-83 84 Plus calculator. Interpretation of a
normal quantile plot is based on the following criteria:>Criteria for Assessing Normality with a
Normal Quantile PlotNormal Distribution: The population distribution is normal if the pattern of
the points in the normal quantile plot is reasonably close to a straight line, and the points do not
show some systematic pattern that is not a straight-line pattern.Go Figure2.5 quintillion bytes:
Amount ofRemembering Skewness: Skewed Left: Resembles toes on left footSkewed Right:
Resembles toes on right footNot a Normal Distribution: The population distribution is not normal
if the normal quantile plot has either or both of these two conditions:systematic pattern that is not
a straight-line pattern. The following are examples of normal quantile plots. Procedures for



creating such plots are described in Section 6-5.Normal Distribution: The points are reasonably
close to a straight-line pattern, and there is no other systematic pattern that is not a straight-line
pattern.HistogramsAccess tech supplements, videos, and data sets at www.TriolaStats.comNot
a Normal Distribution: The points do not lie reasonably close to a straight line.Statdisk1. Click
Data in top menu.2. Select Histogram from the dropdown menu.3. Select the desired data
column.4. Click Plot.5. Check Bar Labels under Plot Options to see the frequency for each
class.6. Check User Defined under Plot Options to use your own class width and starting
point.Tip: This procedure is also an easy way to identify frequencies in a frequency
distribution.Minitab1. Click Graph in top menu.2. Select Histogram from the dropdown menu.3.
Select Simple histogram and click OK.4. Click on the desired data column, then click Select and
click OK.5. Change default class width and starting point as needed by right-clicking the
horizontal axis and selecting Edit X Scale.– Select the Scale tab to enter the location of the tick
marks.– Select the Binning tab to enter the class midpoints.StatCrunch1. Click Graph in the top
menu.2. Select Histogram from the dropdown menu.3. Select the desired data column.4. To
customize the histogram enter desired starting point and class width under Bins.5. Click
Compute!.TI-83 ,84 Plus CalculatorNot a Normal Distribution: The points show a systematic
pattern that is not a straight-line pattern.1. Open the STAT PLOTS menu by pressing F, E .2.
Press [ to access the Plot 1 settings screen as shown:a. Select ON and press [.b. Select the bar
chart option, then press [.c. Enter the name of list containing data.3. Press B , then 9 (ZoomStat)
to generate the default histogram.4. Press C and use fg to view the class boundaries and
frequencies for each class.5. Press A to customize class width and boundaries. Press D to
viewhistogram.TECH CENTER continued HistogramsAccess tech supplements, videos, and
data sets at www.TriolaStats.com ExcelIt is extremely difficult to generate histograms in Excel;
the XLSTAT add-in should be used:1. Select the XLSTAT tab in the Ribbon.2. Click the
Visualizing Data button.3. Select Histograms from the dropdown menu. 4. Enter the range of
cells containing the desired data. Click Sample labels if the first cell contains a data name. 5.
Click OK to generate a default histogram.Tip: To customize, enter the desired class boundaries
in a column, select the Options tab, click User Defined, and enter the range of cells containing
the boundaries in the box.2-2 Basic Skills and ConceptsStatistical Literacy and Critical
Thinking1. Heights Heights of adult males are normally distributed. If a large sample of heights
of adult males is randomly selected and the heights are illustrated in a histogram, what is the
shape of that histogram?2. More Heights The population of heights of adult males is normally
distributed. If we obtain a voluntary response sample of 5000 of those heights, will a histogram
of the sample heights be bell-shaped?3. Blood Platelet Counts Listed below are blood platelet
counts (1000 cells/mL) randomly selected from adults in the United States. Why does it not
make sense to construct a histogram for this data set?191 286 263 193 193 215 162 646 250
3864. Blood Platelet Counts If we collect a sample of blood platelet counts much larger than the
sample included with Exercise 3, and if our sample includes a single outlier, how will that outlier
appear in a histogram?Interpreting a Histogram. In Exercises 5–8, answer the questions by



referring to the following Minitab-generated histogram, which depicts the weights (grams) of all
quarters listed in Data Set 29 “Coin Weights” in Appendix B. (Grams are actually units of mass
and the values shown on the horizontal scale are rounded.)5. Sample Size What is the
approximate number of quarters depicted in the three bars farthest to the left?6. Class Width
and Class Limits Give the approximate values of the class width, and the lower and upper class
limits of the class depicted in the bar farthest to the left. 7. Relative Frequency Histogram How
would the shape of the histogram change if the vertical scale uses relative frequencies
expressed in percentages instead of the actual frequency counts as shown here?8. Gap What is
a reasonable explanation for the gap between the quarters with weights between 5.5 grams and
5.8 grams and the group of quarters with weights between 6.0 grams and 6.4 grams? (Hint:
Refer to the columns of quarters in Data Set 29 “Coin Weights” in Appendix B.)Constructing
Histograms. In Exercises 9–16, construct the histograms and answer the given questions.9. Old
Faithful Use the frequency distribution from Exercise 11 in Section 2-1 on page 49 to construct a
histogram. Does it appear to be the graph of data from a population with a normal distribution?
10. Tornadoes Use the frequency distribution from Exercise 12 in Section 2-1 on page 49 to
construct a histogram. Does the histogram appear to be skewed? If so, identify the type of
skewness.11. Burger King Lunch Service Times Use the frequency distribution from Exercise 13
in Section 2-1 on page 49 to construct a histogram. Does the histogram appear to be skewed? If
so, identify the type of skewness.12. Burger King Dinner Service Times Use the frequency
distribution from Exercise 14 in Section 2-1 on page 49 to construct a histogram. Using a strict
interpretation of the criteria for being a normal distribution, does the histogram appear to depict
data from a population with a normal distribution?13. Wendy’s Lunch Service Times Use the
frequency distribution from Exercise 15 in Section 2-1 on page 49 to construct a histogram.
Does the histogram appear to be skewed? If so, identify the type of skewness.14. Wendy’s
Dinner Service Times Use the frequency distribution from Exercise 16 in Section 2-1 on page 49
to construct a histogram. In using a strict interpretation of the criteria for being a normal
distribution, does the histogram appear to depict data from a population with a normal
distribution?15. Analysis of Last Digits Use the frequency distribution from Exercise 17 in
Section 2-1 on page 49 to construct a histogram. What can be concluded from the distribution of
the digits? Specifically, do the heights appear to be reported or actually measured?16. Analysis
of Last Digits Use the frequency distribution from Exercise 18 in Section 2-1 on page 49 to
construct a histogram. What can be concluded from the distribution of the digits? Specifically, do
the heights appear to be reported or actually measured?2-2 Beyond the BasicsWhen using
histograms to com17. Back-to-Back Relative Frequency Histogramspare two data sets, it is
sometimes difficult to make comparisons by looking back and forth between the two histograms.
A back-to-back relative frequency histogram has a format that makes the comparison much
easier. Instead of frequencies, we should use relative frequencies (percentages or proportions)
so that the comparisons are not difficult when there are different sample sizes. Use the relative
frequency distributions of the ages of Oscarwinning actresses and actors from Exercise 19 in



Section 2-1 on page 49, and complete the back-to-back relative frequency histograms shown
below. Then use the result to compare the two data
sets.Age89.579.569.559.549.539.529.519.550% 40% 30% 20% 10% 0% 0% 10% 20% 30%
40% 50%Actresses Actors 18. Interpreting Normal Quantile Plots Which of the following normal
quantile plots appear to represent data from a population having a normal distribution? Explain.
a.c.b.d.2-3Graphs That Enlighten and Graphs That DeceiveKey Concept Section 2-2 introduced
the histogram, and this section introduces other common graphs that foster understanding of
data. We also discuss some graphs that are deceptive because they create impressions about
data that are somehow misleading or wrong.The era of charming and primitive hand-drawn
graphs has passed, and technology now provides us with powerful tools for generating a wide
variety of graphs. Here we go.Graphs That EnlightenDotplotsA dotplot consists of a graph of
quantitative data in which each data value is plotted as a point (or dot) above a horizontal scale
of values. Dots representing equal values are stacked.Features of a Dotplot■ Displays the
shape of the distribution of data.■ It is usually possible to recreate the original list of data
values.The Power of a Graphsales around $13 billion andEXAMPLE 1 Dotplot of Pulse Rates of
MalesFigure 2-6 shows a dotplot of the pulse rates (beats per minute) of males from Data Set 1
“Body Data” in Appendix B. The two stacked dots above the position at 50 indicate that two of
the pulse rates are 50. (In this dotplot, the horizontal scale allows even numbers only, but the
original pulse rates are all even numbers.)50 millionpeople using it, Pfizer’sthe most profitable
and mostever marketed. In the early(Zocor [simvastatin], MevacorFIGURE 2-6 Dotplot of Pulse
Rates of MalesYOUR TURNprocess that involved controlled-curve that had a steeper rise than
the curves for the other drugs,cholesterol than the other drugs.each prescription. Pfizer sales
personnel also distributed the graph to physicians.Stemplots A stemplot (or stem-and-leaf plot)
represents quantitative data by separating each value into two parts: the stem (such as the
leftmost digit) and the leaf (such as the rightmost digit). Better stemplots are often obtained by
first rounding the original data values. Also, stemplots can be expanded to include more rows
and can be condensed to include fewer rows, as in Exercise 21 “Expanded Stemplots”.Features
of a Stemplot■ Shows the shape of the distribution of the data.■ Retains the original data
values.■ The sample data are sorted (arranged in order).EXAMPLE 2 Stemplot of Male Pulse
RatesThe following stemplot displays the pulse rates of the males in Data Set 1 “Body Data” in
Appendix B. The lowest pulse rate of 40 is separated into the stem of 4 and the leaf of 0. The
stems and leaves are arranged in increasing order, not the order in which they occur in the
original list. If you turn the stemplot on its side, you can see distribution of the IQ scores in the
same way you would see it in a histogram or dotplot.Pulse rates are 40 and 42Pulse rates are
90, 92, 94, 96, 96YOUR TURNTime-Series GraphA time-series graph is a graph of time-series
data, which are quantitative data that have been collected at different points in time, such as
monthly or yearly.Feature of a Time-Series Graph■ Reveals information about trends over
timeEXAMPLE 3 Time-Series Graph of Fatalities of Law Enforcement OfficersThe time-series
graph shown in Figure 2-7 depicts the yearly number of fatalities of law enforcement officers in



the United States. See that a spike occurred in 2001, the year of the September 11, 2001,
terrorist attacks. Except for the data from 2001, there appears to be a slight downward
trend.FIGURE 2-7 Time-Series Graph of Law Enforcement FatalitiesYOUR TURNFlorence
NightingaleNightingaleas the founder of the nursing profession, but she also saved thousands
ofshe encountered an unsanitary and undersupplied hospital, she improved those conditions
and then used statistics to convince others of the need for moredeveloped original graphs to
illustrate that during the Crimean- sult of unsanitary conditions thanNightingale pioneered the
use of-ics techniques.Bar GraphsA bar graph uses bars of equal width to show frequencies of
categories of categorical (or qualitative) data. The bars may or may not be separated by small
gaps.Feature of a Bar Graph■ Shows the relative distribution of categorical data so that it is
easier to compare the different categoriesPareto ChartsA Pareto chart is a bar graph for
categorical data, with the added stipulation that the bars are arranged in descending order
according to frequencies, so the bars decrease in height from left to right.Features of a Pareto
Chart■ Shows the relative distribution of categorical data so that it is easier to compare the
different categories■ Draws attention to the more important categoriesEXAMPLE 4 Pareto
Chart of Boat TheftsFor the boats stolen in a recent year, Figure 2-8 shows the types most often
stolen. We can see that for boat thefts, jet skis are the most serious problem.FIGURE 2-8 Pareto
Chart of Stolen BoatsYOUR TURNPie ChartsA pie chart is a very common graph that depicts
categorical data as slices of a circle, in which the size of each slice is proportional to the
frequency count for the category. Although pie charts are very common, they are not as effective
as Pareto charts.Feature of a Pie Chart■ Shows the distribution of categorical data in a
commonly used format.EXAMPLE 5 Pie Chart of Stolen BoatsFigure 2-9 is a pie chart of the
same boat-theft data from Example 4. Construction of a pie chart involves slicing up the circle
into the proper proportions that represent relative frequencies. For example, the category of jet
skis accounts for 46% of the total, so the slice representing jet skis should be 46% of the total
(with a central angle of 0.46 * 360o = 166o).FIGURE 2-9 Pie Chart of Stolen BoatsThe Pareto
chart in Figure 2-8 and the pie chart in Figure 2-9 depict the same data in different ways, but the
Pareto chart does a better job of showing the relative sizes of the different components.
Graphics expert Edwin Tufte makes the following suggestion:Never use pie charts because they
waste ink on components that are not data, and they lack an appropriate scale.Frequency
PolygonA frequency polygon uses line segments connected to points located directly above
class midpoint values. A frequency polygon is very similar to a histogram, but a frequency
polygon uses line segments instead of bars.A variation of the basic frequency polygon is the
relative frequency polygon, which uses relative frequencies (proportions or percentages) for the
vertical scale. An advantage of relative frequency polygons is that two or more of them can be
combined on a single graph for easy comparison, as in Figure 2-11 (page 62).EXAMPLE 6
Frequency Polygon of McDonald’s Lunch Service TimesSee Figure 2-10 for the frequency
polygon corresponding to the McDonald’s lunch service times summarized in the frequency
distribution of Table 2-2 on page 42. The heights of the points correspond to the class



frequencies, and the line segments are extended to the right and left so that the graph begins
and ends on the horizontal axis.FIGURE 2-10 Frequency Polygon of McDonald’s Lunch Service
TimesYOUR TURNEXAMPLE 7 Relative Frequency Polygon: McDonald’s Lunch Service
TimesFigure 2-11 shows the relative frequency polygons for the drive-through lunch service
times from McDonald’s and Dunkin’ Donuts. Figure 2-11 shows that the Dunkin’ Donuts service
times are generally lower (farther to the left in the graph) than those from McDonald’s. This is
expected, given the nature of their different menus.Go FigureFIGURE 2-11 Relative Frequency
Polygons for McDonald’s and Dunkin’ DonutsGraphs That DeceiveDeceptive graphs are
commonly used to mislead people, and we really don’t want statistics students to be among
those susceptible to such deceptions. Graphs should be constructed in a way that is fair and
objective. The readers should be allowed to make their own judgments, instead of being
manipulated by misleading graphs. We present two of the ways in which graphs are commonly
used to misrepresent data.Nonzero Vertical AxisA common deceptive graph involves using a
vertical scale that starts at some value greater than zero to exaggerate differences between
groups.NONZERO AXIS: Always examine a graph carefully to see whether a vertical axis begins
at some point other than zero so that differences are exaggerated.EXAMPLE 8 Nonzero
AxisFigure 2-12(a) and Figure 2-12(b) are based on the same data from a clinical trial of
OxyContin (oxycodone), a drug used to treat moderate to severe pain. The results of that clinical
trial included the percentage of subjects who experienced nausea in an OxyContin treatment
group and the percentage in a group given a placebo.By using a vertical scale that starts at 10%
instead of 0%, Figure 2-12(a) grossly exaggerates the difference between the two groups.
Figure 2-12(a) makes it appear that those using OxyContin experience nausea at a rate that is
about 12 times higher than the rate for those using a placebo, but Figure 2-12(b) shows that the
true ratio is about 2:1, not 12:1. Perhaps someone wants to discourage recreational use of
OxyContin by misleading people into thinking that the problem with nausea is much greater than
it really is. The objective might be sincere, but the use of a misleading graph is not the way to
achieve that objective.(a)FIGURE 2-12 Nausea in a Clinical TrialPictographs(b)Drawings of
objects, called pictographs, are often misleading. Data that are one- dimensional in nature (such
as budget amounts) are often depicted with two- dimensional objects (such as dollar bills) or
three-dimensional objects (such as stacks of coins, homes, or barrels). By using pictographs,
artists can create false impressions that grossly distort differences by using these simple
principles of basic geometry: (1) When you double each side of a square, its area doesn’t merely
double; it increases by a factor of four. (2) When you double each side of a cube, its volume
doesn’t merely double; it increases by a factor of eight.PICTOGRAPHS: When examining data
depicted with a pictograph, determine whether the graph is misleading because objects of area
or volume are used to depict amounts that are actually one-dimensional. (Histograms and bar
charts represent one-dimensional data with two-dimensional bars, but they use bars with the
same width so that the graph is not misleading.)EXAMPLE 9 Pictograph of Cigarette
SmokersRefer to Figure 2-13 and see that the larger cigarette is about twice as long, twice as



tall, and twice as deep as the smaller cigarette, so the volume of the larger cigarette is about
eight times the volume of the smaller cigarette. (The data are from the Centers for Disease
Control and Prevention.) The larger cigarette appears to be eight times as large as the smaller
cigarette, but the actual percentages show that the 37% smoking rate in 1970 is about twice that
of the 18% rate in 2013.1970: 37% of U.S. adults smoked. 2013: 18% of U.S. adults
smoked.FIGURE 2-13 Smoking by U.S. AdultsConcluding ThoughtsIn addition to the graphs we
have discussed in this section, there are many other useful graphs—some of which have not yet
been created. The world desperately needs more people who can create original graphs that
enlighten us about the nature of data. In The Visual Display of Quantitative Information, Edward
Tufte offers these principles:■ For small data sets of 20 values or fewer, use a table instead of a
graph. ■ A graph of data should make us focus on the true nature of the data, not on other
elements, such as eye-catching but distracting design features.■ Do not distort data; construct a
graph to reveal the true nature of the data. ■ Almost all of the ink in a graph should be used for
the data, not for other design elements.TECH CENTER Graphing CapabilitiesAccess tech
supplements, videos, and data sets at www.TriolaStats.comInstead of listing instructions for
each type of graph, the following lists identify the graphs that can be generated with the different
technologies.Statdisk Minitab StatCrunchTI-83 ,84 Plus Calculator Excel2-3 Basic Skills and
ConceptsStatistical Literacy and Critical Thinking1. Body Temperatures Listed below are body
temperatures (oF) of healthy adults. Why is it that a graph of these data would not be very
effective in helping us understand the data?98.6 98.6 98.0 98.0 99.0 98.4 98.4 98.4 98.4 98.6 2.
Voluntary Response Data If we have a large voluntary response sample consisting of weights of
subjects who chose to respond to a survey posted on the Internet, can a graph help to overcome
the deficiency of having a voluntary response sample?3. Ethics There are data showing that
smoking is detrimental to good health. Given that people could be helped and lives could be
saved by reducing smoking, is it ethical to graph the data in a way that is misleading by
exaggerating the health risks of smoking?4. CVDOT Section 2-1 introduced important
characteristics of data summarized by the acronym CVDOT. What characteristics do those
letters represent, and which graph does the best job of giving us insight into the last of those
characteristics?Dotplots. In Exercises 5 and 6, construct the dotplot.5. Pulse Rates Listed below
are pulse rates (beats per minute) of females selected from Data Set 1 “Body Data” in Appendix
B. All of those pulse rates are even numbers. Is there a pulse rate that appears to be an outlier?
What is its value?80 94 58 66 56 82 78 86 88 56 36 66 84 76 78 64 66 78 60 646. Diastolic
Blood Pressure Listed below are diastolic blood pressure measurements (mm Hg) of females
selected from Data Set 1 “Body Data” in Appendix B. All of the values are even numbers. Are
there any outliers? If so, identify their values.62 70 72 88 70 66 68 70 82 74 90 6270 76 90 86 60
78 82 78 84 76 60 64Stemplots. In Exercises 7 and 8, construct the stemplot. 7. Pulse Rates
Refer to the data listed in Exercise 5. How are the data sorted in the stemplot?8. Diastolic Blood
Pressure Refer to the data listed in Exercise 6. Identify the two values that are closest to the
middle when the data are sorted in order from lowest to highest. (These values are often used to



find the median, which is defined in Section 3-1.)Time-Series Graphs. In Exercises 9 and 10,
construct the time-series graph.9. Gender Pay Gap Listed below are women’s median earnings
as a percentage of men’s median earnings for recent years beginning with 1990. Is there a
trend? How does it appear to affect women?71.6 69.9 70.8 71.5 72.0 71.4 73.8 74.2 73.2 72.3
73.7 76.3 76.6 75.5 76.6 77.0 76.9 77.8 77.1 77.0 77.4 77.010. Home Runs Listed below are the
numbers of home runs in Major League Baseball for each year beginning with 1990 (listed in
order by row). Is there a trend?3317 3383 3038 4030 3306 4081 4962 4640 5064 5528 5693
5458 5059 5207 5451 5017 5386 4957 4878 5042 4613 4552 4934 4661Pareto Charts. In
Exercises 11 and 12 construct the Pareto chart.11. Journal Retractions In a study of retractions
in biomedical journals, 436 were due to error, 201 were due to plagiarism, 888 were due to
fraud, 291 were duplications of publications, and 287 had other causes (based on data from
“Misconduct Accounts for the Majority of Retracted Scientific Publications,” by Fang, Steen,
Casadevall, Proceedings of the National Academy of Sciences of the United States of America,
Vol. 110, No. 3). Among such retractions, does misconduct (fraud, duplication, plagiarism)
appear to be a major factor?12. Getting a Job In a survey, subjects seeking a job were asked to
whom they should send a thank-you note after having a job interview. Results were as follows:
40 said only the person they spent the most time with, 396 said everyone they met, 40 said only
the most senior-level person, 15 said the person that they had the best conversation with, and
10 said that they don’t send thank-you notes (based on data from TheLadders.com). Comment
on the results.Pie Charts. In Exercises 13 and 14, construct the pie chart.13. Journal Retractions
Use the data from Exercise 11 “Journal Retractions.”14. Getting a Job Use the data from
Exercise 12 “Getting a Job.”Frequency Polygon. In Exercises 15 and 16, construct the frequency
polygons.15. Old Faithful Use the frequency distribution from Exercise 11 in Section 2-1 on page
49 to construct a frequency polygon. Does the graph suggest that the distribution is skewed? If
so, how?16. Tornadoes Use the frequency distribution from Exercise 12 in Section 2-1 on page
49 to construct a frequency polygon. Does the graph suggest that the distribution is skewed? If
so, how?Deceptive Graphs. In Exercises 17–20, identify how the graph is deceptive.17. Self-
Driving Vehicles In a survey of adults, subjects were asked if they felt comfortable being in a self-
driving vehicle. The accompanying graph depicts the results (based on data from TE
Connectivity).18. Subway Fare In 1986, the New York City subway fare cost $1, and as of this
writing, the current cost is $2.50, so the 1986 price was multiplied by 2.5. In the accompanying
graph, the large bill is 2.5 times as tall and 2.5 times as wide as the smaller bill.1986 Subway
Fare Current Subway Fare19. Cost of Giving Birth According to the Agency for Healthcare
Research and Quality Healthcare Cost and Utilization Project, the typical cost of a C-section
baby delivery is $4500, and the typical cost of a vaginal delivery is $2600. See the following
illustration.Cost of C-Section Delivery: $45002-4 Scatterplots, Correlation, and Regression
67Cost of Vaginal Delivery: $2600 20. Incomes and Academic Degrees The accompanying
graph depicts workers with various academic degrees along with their income levels.$
$24,544No High SchoolDiploma$ $ $$33,852 $57,616 $80,877 High School Bachelor’s



AdvancedDiploma Degree Degree2-3 Beyond the BasicsA stemplot can be condensed by
combining adjacent rows. We 21. Expanded Stemplotscould use a stem of “6–7” instead of
separate stems of 6 and 7. Every row in the condensed stemplot should include an asterisk to
separate digits associated with the different stem values. A stemplot can be expanded by
subdividing rows into those with leaves having digits 0 through 4 and those with leaves having
digits 5 through 9. Using the body temperatures from 12 AM on Day 2 listed in Data Set 3 “Body
Temperatures” in Appendix B, we see that the first three rows of an expanded stemplot have
stems of 96 (for leaves between 5 and 9 inclusive), 97 (for leaves between 0 and 4 inclusive),
and 97 (for leaves between 5 and 9 inclusive). Construct the complete expanded stemplot for
the body temperatures from 12 AM on Day 2 listed in Data Set 3 “Body Temperatures” in
Appendix B.2-4
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