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PREFACE

Welcome to Elementary Statistics: Picturing the World,
Fifth Edition. You will find that this textbook is written
with a balance of rigor and simplicity. It combines step-
by-step instruction, real-life examples and exercises,
carefully developed features, and technology that makes
statistics accessible to all.

We are grateful for the overwhelming acceptance of the
first four editions. It is gratifying to know that our vision
of combining theory, pedagogy, and design to exemplify
how statistics is used to picture and describe the world
has helped students learn about statistics and make
informed decisions.

The goal of the Fifth Edition was a thorough update of
the key features, examples, and exercises:

Examples This edition includes more than 210 exam-
ples, approximately 50% of which are new or revised.

Exercises Approximately 50% of the more than 2100
exercises are new or revised. We’ve also added 75 concep-
tual and critical thinking exercises throughout the text.

StatCrunch® Examples New to this edition are
more than 50 StatCrunch Reports. These interactive
reports, called out in the book with the @@ icon,
provide step-by-step instructions for how to use the
online statistical software StatCrunch to solve the exam-
ples. Note: Accessing these reports requires a MyStatLab
or StatCrunch account.

StatCrunch Exercises New to this edition are more
than 80 exercises that instruct students to solve the exer-
cise using StatCrunch. This allows students to practice
the software skills learned in the StatCrunch Examples.
Note: Solving the exercises using StatCrunch requires a
MyStatLab or StatCrunch account.

Extensive Feature Updates Approximately 50%
of the following key features have been replaced, making
this edition fresh and relevant to today’s students:

e Chapter Openers
e (ase Studies

e Putting It All Together: Real Statistics—Real
Decisions

Revised Content The following sections have been
changed:

e Section 2.2, More Graphs and Displays, now
defines misleading graphs.

e Section 2.5, Measures of Position, now defines the
modified boxplot.

e Section 9.1, Correlation, now defines perfect pos-
itive linear correlation and perfect negative linear
correlation.

Guiding Student Learning

Where You've Been and Where You're Going
Each chapter begins with a two-page visual description of a
real-life problem. Where You've Been shows students how
the chapter fits into the bigger picture of statistics by
connecting it to topics learned in earlier chapters. Where
You're Going gives students an overview of the chapter,
exploring concepts in the context of real-world settings.

What You Should Learn Each section is organized
by learning objectives, presented in everyday language in
What You Should Learn. The same objectives are then
used as subsection titles throughout the section.

Definitions and Formulas are clearly presented in
easy-to-locate boxes. They are often followed by
Guidelines, which explain In Words and In Symbols
how to apply the formula or understand the definition.

Margin Features help reinforce understanding:

e Study Tips show how to read a table, use technol-
ogy, or interpret a result or a graph. Round-off
Rules guide the student during calculations.

e Insights help drive home an important interpre-
tation or connect different concepts.

¢ Picturing the World Each section contains a real-
life “mini case study” called Picturing the World
illustrating important concepts in the section.
Each feature concludes with a question and can
be used for general class discussion or group
work. The answers to these questions are included
in the Annotated Instructor’s Edition.

Examples and Exercises

Examples Every concept in the text is clearly illus-
trated with one or more step-by-step examples. Most
examples have an interpretation step that shows the stu-
dent how the solution may be interpreted within the
real-life context of the example and promotes critical
thinking and writing skills. Each example, which is num-
bered and titled for easy reference, is followed by a sim-
ilar exercise called Try It Yourself so students can
immediately practice the skill learned. The answers to
these exercises are given in the back of the book, and the
worked-out solutions are given in the Student’s Solutions
Manual. The Videos on DVD show clips of an instructor
working out each Try It Yourself exercise.



StatCrunch Examples New to this edition are more
than 50 StatCrunch Reports. These interactive reports,
called out in the book with the icon, provide step-by-
step instructions for how to use the online statistical
software StatCrunch to solve the examples. Go to www.stat-
crunch.com, choose Explore ¥ Groups, and search for
“Larson Elementary Statistics 5/e” to access the StatCrunch
Reports. Note: Accessing these reports requires a
MyStatLab or StatCrunch account.

Technology Examples Many sections contain a worked
example that shows how technology can be used to calculate
formulas, perform tests, or display data. Screen displays from
MINITAB®, Excel®, and the TI-83/84 Plus graphing
calculator are given. Additional screen displays are presented
at the ends of selected chapters, and detailed instructions are
given in separate technology manuals available with the book.

Exercises The Fifth Edition includes more than 2100 exer-
cises, giving students practice in performing calculations,
making decisions, providing explanations, and applying
results to a real-life setting. Approximately 50% of these
exercises are new or revised. The exercises at the end of
each section are divided into three parts:

e Building Basic Skills and Vocabulary are short
answer, true or false, and vocabulary exercises careful-
ly written to nurture student understanding.

¢ Using and Interpreting Concepts are skill or word
problems that move from basic skill development to
more challenging and interpretive problems.

e Extending Concepts go beyond the material pre-
sented in the section. They tend to be more challeng-
ing and are not required as prerequisites for subse-
quent sections.

For the sections that contain StatCrunch examples, there are
corresponding StatCrunch exercises that direct students to use
StatCrunch to solve the exercises. Note: Using StatCrunch
requires a MyStatLab or StatCrunch account.

Technology Answers Answers in the back of the book
are found using tables. Answers found using technology are
also included when there are discrepancies due to rounding.

Review and Assessment

Chapter Summary Each chapter concludes with a
Chapter Summary that answers the question What did you
learn? The objectives listed are correlated to Examples in
the section as well as to the Review Exercises.

Chapter Review Exercises A set of Review Exercises
follows each Chapter Summary. The order of the exercises
follows the chapter organization. Answers to all odd-num-
bered exercises are given in the back of the book.

PREFACE Xl

Chapter Quizzes Each chapter ends with a Chapter
Quiz. The answers to all quiz questions are provided in the
back of the book. For additional help, see the step-by-step
video solutions on the companion DVD-ROM.

Cumulative Review A Cumulative Review at the end
of Chapters 2, 5, 8, and 11 concludes each part of the text.
Exercises in the Cumulative Review are in random order
and may incorporate multiple ideas. Answers to all odd-
numbered exercises are given in the back of the book.

Statistics in the Real World

Uses and Abuses: Statistics in the Real World
Each chapter features a discussion on how statistical tech-
niques should be used, while cautioning students about
common abuses. The discussion includes ethics, where
appropriate. Exercises help students apply their knowledge.

Applet Activities Selected sections contain activities
that encourage interactive investigation of concepts in the
lesson with exercises that ask students to draw conclusions.
The accompanying applets are contained on the DVD that
accompanies new copies of the text.

Chapter Case Study Each chapter has a full-page Case
Study featuring actual data from a real-world context and
questions that illustrate the important concepts of the chapter.

Putting It All Together: Real Statistics—-Real
Decisions This feature encourages students to think crit-
ically and make informed decisions about real-world data.
Exercises guide students from interpretation to drawing of
conclusions.

Chapter Technology Project Each chapter has a
Technology project using MINITAB, Excel, and the TI-
83/84 Plus that gives students insight into how technology is
used to handle large data sets or real-life questions.

Versatile Course Coverage The table of contents was
developed to give instructors many options. For instance, the
Extending Concepts exercises, applet activities, Real
Statistics—Real Decisions, and Uses and Abuses provide suf-
ficient content for the text to be used in a two-semester
course. More commonly, we expect the text to be used in a
three-credit semester course or a four-credit semester course
that includes a lab component. In such cases, instructors will
have to pare down the text’s 46 sections.

Graphical Approach As with most introductory statis-
tics texts, we begin the descriptive statistics chapter
(Chapter 2) with a survey of different ways to display data
graphically. A difference between this text and many others
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is that we continue to incorporate the graphical display of
data throughout the text. For example, see the use of stem-
and-leaf plots to display data on pages 385 and 386. This
emphasis on graphical displays is beneficial to all students,
especially those utilizing visual learning strategies.

Balanced Approach The text strikes a balance among
computation, decision making, and conceptual understand-
ing. We have provided many Examples, Exercises, and Try It
Yourself exercises that go beyond mere computation.

Variety of Real-Life Applications We have chosen
real-life applications that are representative of the majors of
students taking introductory statistics courses. We want sta-
tistics to come alive and appear relevant to students so they
understand the importance of and rationale for studying
statistics. We wanted the applications to be authentic—but
they also need to be accessible. See the Index of
Applications on page XVI.

Data Sets and Source Lines The data sets in the book
were chosen for interest, variety, and their ability to illus-
trate concepts. Most of the 240-plus data sets contain real
data with source lines. The remaining data sets contain
simulated data that are representative of real-life situations.
All data sets containing 20 or more entries are available in
a variety of formats; they are available electronically on the
DVD and Internet. In the exercise sets, the data sets that are
available electronically are indicated by the icon

Flexible Technology Although most formulas in the
book are illustrated with “hand” calculations, we assume
that most students have access to some form of technology
tool, such as MINITAB, Excel, the TI-83 Plus, or the TI-84
Plus. Because the use of technology varies widely, we have
made the text flexible. It can be used in courses with no
more technology than a scientific calculator—or it can be
used in courses that require sophisticated technology tools.
Whatever your use of technology, we are sure you agree
with us that the goal of the course is not computation.
Rather, it is to help students gain an understanding of the
basic concepts and uses of statistics.

Prerequisites Algebraic manipulations are kept to a
minimum—often we display informal versions of formulas
using words in place of or in addition to variables.

SUPPLEMENTS

Student Solutions Manual Includes complete worked-out solu-
tions to all of the Try It Yourself exercises, the odd-numbered
exercises, and all of the Chapter Quiz exercises.

(ISBN-13: 978-0-321-69373-0; ISBN-10: 0-321-69373-6)

Choice of Tables Our experience has shown that students
find a cumulative density function (CDF) table easier to use
than a “0-to-z” table. Using the CDF table to find the area
under a normal curve is a topic of Section 5.1 on pages
239-243. Because we realize that some teachers prefer to use
the “0-to-z” table, we have provided an alternative presenta-
tion of this topic using the “0O-to-z” table in Appendix A.

Page Layout Statistics is more accessible when it is care-
fully formatted on each page with a consistent open layout.
This text is the first college-level statistics book to be writ-
ten so that its features are not split from one page to the
next. Although this process requires extra planning, the
result is a presentation that is clean and clear.

MAA, AMATYC, NCTM Standards This text answers
the call for a student-friendly text that emphasizes the uses
of statistics. Our job as introductory instructors is not to
produce statisticians but to produce informed consumers of
statistical reports. For this reason, we have included exercis-
es that require students to interpret results, provide written
explanations, find patterns, and make decisions.

GAISE Recommendations Funded by the American
Statistical Association, the Guidelines for Assessment and
Instruction in Statistics Education (GAISE) Project devel-
oped six recommendations for teaching introductory statis-
tics in a college course. These recommendations are:

e Emphasize statistical literacy and develop statistical
thinking.
e Use real data.

e Stress conceptual understanding rather than mere
knowledge of procedures.

¢ Foster active learning in the classroom.

e Use technology for developing conceptual understand-
ing and analyzing data.

¢ Use assessments to improve and evaluate student learning.

The examples, exercises, and features in this text embrace all of
these recommendations.

Videos on DVD-ROM A comprehensive set of videos tied to the
textbook, containing short video clips of an instructor working
every Try It Yourself exercise. New to this edition are section
lecture videos.

(ISBN-13: 978-0-321-69374-7; ISBN-10: 0-321-69374-4)



A Companion DVD-ROM is bound in new copies of Elementary
Statistics: Picturing the World. The DVD holds a number of
supporting materials, including:

e Chapter Quiz Prep: video solutions to Chapter Quiz ques-
tions in the text, with English and Spanish captions

e Data Sets: selected data sets from the text, available in
Excel, MINITAB (v.14), TI-83 / TI-84 and txt (tab delimited)

e Applets: 15 applets by Webster West

e DDXL: an Excel add-in

Graphing Calculator Manual Tutorial instruction and worked out
examples for the TI-83/84 Plus graphing calculator.
(ISBN-13: 978-0-321-69379-2; ISBN-10: 0-321-69379-5)

Excel Manual Tutorial instruction and worked-out examples for
Excel. (ISBN-13: 978-0-321-69380-8; ISBN-10: 0-321-69380-9)

Minitab Manual Tutorial instruction and worked-out examples for
Minitab. (ISBN-13: 978-0-321-69377-8; ISBN-10: 0-321-69377-9)

Study Cards for the following statistical software products are
available: Minitab, Excel, SPSS, JMP, R, StatCrunch, and the TI-
83/84 Plus graphing calculator.

Annotated Instructor's Edition Includes suggested activities, addi-
tional ways to present material, common pitfalls, alternative for-
mats or approaches, and other helpful teaching tips. All answers to
the section and review exercises are provided with short answers
appearing in the margin next to the exercise.

(ISBN-13: 978-0-321-69365-5; ISBN-10: 0-321-69365-5)

Instructor Solutions Manual Includes complete solutions to all of
the exercises, Try It Yourself exercises, Case Studies, Technology
pages, Uses and Abuses exercises, and Real Statistics—Real
Decisions exercises.

(ISBN-13: 978-0-321-69366-2; ISBN-10: 0-321-69366-3)

TestGen® (www.pearsoned.com/testgen) Enables instructors to
build, edit, and 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 ques-
tions or add new questions. The software and testbank are avail-
able for download from Pearson Education’s online catalog
(www.pearsonhighered.com/irc).

Online Test Bank A test bank derived from TestGen® available
for download at www.pearsonhighered.com/irc.

PowerPoint Lecture Slides Fully editable and printable slides that
follow the textbook. Use during lecture or post to a website in an
online course. Most slides include notes offering suggestions for
how the material may effectively be presented in class. These
slides are available within MyStatLab or at www.pearsonhigh-
ered.com/irc.

Active Learning Questions Prepared in PowerPoint®, these
questions are intended for use with classroom response systems.
Several multiple-choice questions are available for each chapter
of the book, allowing instructors to quickly assess mastery of
material in class. The Active Learning Questions are available
to download from within MyStatLab or at
www.pearsonhighered.com/irc.

SUPPLEMENTS Xl

MyStatLab™ Online Course (access code required)
MyStatLab is a series of text-specific, easily customizable online
courses for Pearson Education's textbooks in statistics. For stu-
dents, MyStatLab™ provides students with a personalized interac-
tive learning environment that adapts to each student's learning
style and gives them immediate feedback and help. Because
MyStatLab is delivered over the Internet, students can learn at
their own pace and work whenever they want. MyStatLab provides
instructors with a rich and flexible set of text-specific resources,
including course management tools, to support online, hybrid, or
traditional courses. MyStatLab is available to qualified adopters
and includes access to StatCrunch. For more information, visit
www.mystatlab.com or contact your Pearson representative.

MathXL® for Statistics Online Course
(access code required)

MathXL® for Statistics is a powerful online homework, tutorial,
and assessment system that accompanies Pearson textbooks in
statistics. With MathXL for Statistics, instructors can:

e Create, edit, and assign online homework and tests using
algorithmically generated exercises correlated at the objec-
tive level to the textbook.

e Create and assign their own online exercises and import
TestGen tests for added flexibility.

e Maintain records of all student work, tracked in MathXL’s
online gradebook.

With MathXL for Statistics, students can:

e Take chapter tests in MathXL and receive personalized
study plans and/or personalized homework
assignments based on their test results.

e Use the study plan and/or the homework to link directly to
tutorial exercises for the objectives they need to study.

e Students can also access supplemental animations and
video clips directly from selected exercises.

MathXL for Statistics is available to qualified adopters. For more
information, visit our website at www.mathxl.com, or contact your
Pearson representative.

StatCrunch®

StatCrunch® is an online statistical software website that allows
users to perform complex analyses, share data sets, and generate
compelling reports of their data. Developed by programmers and
statisticians, StatCrunch currently has more than twelve thousand
data sets available for students to analyze, covering almost any
topic of interest. Interactive graphics are embedded to help users
understand statistical concepts and are available for export to
enrich reports with visual representations of data. Additional
features include:

e A full range of numerical and graphical methods that allow
users to analyze and gain insights from any data set.
e Flexible upload options that allow users to work with their
.txt or Excel® files, both online and offline.
e Reporting options that help users create a wide variety of
visually appealing representations of their data.
StatCrunch is available to qualified adopters. For more informa-

tion, visit our website at www.statcrunch.com,
or contact your Pearson representative.


www.mystatlab.com
www.pearsoned.com/testgen
www.mathxl.com
www.pearsonhighered.com/irc
www.pearsonhighered.com/irc
www.pearsonhighered.com/irc
www.pearsonhighered.com/irc
www.statcrunch.com
www.pearsonhighered.com/irc
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STUDY STRATEGIES

Congratulations! You are about to begin your study of
statistics. As you progress through the course, you
should discover how to use statistics in your everyday
life and in your career. The prerequisites for this course
are two years of algebra, an open mind, and a willing-
ness to study. When you are studying statistics, the mate-
rial you learn each day builds on material you learned
previously. There are no shortcuts—you must keep up
with your studies every day. Before you begin, read
through the following hints that will help you succeed.

Making a Plan Make your own course plan right now! A good
rule of thumb is to study at least two hours for every hour in class.
After your first major exam, you will know if your efforts were suf-
ficient. If you did not get the grade you wanted, then you should
increase your study time, improve your study efficiency, or both.

Preparing for Class Before every class, review your notes from
the previous class and read the portion of the text that is to be cov-
ered. Pay special attention to the definitions and rules that are
highlighted. Read the examples and work through the Try It
Yourself exercises that accompany each example. These steps
take self-discipline, but they will pay off because you will bene-
fit much more from your instructor’s presentation.

Attending Class Attend every class. Arrive on time with your
text, materials for taking notes, and your calculator. If you must
miss a class, get the notes from another student, go to a tutor or
your instructor for help, or view the appropriate Video on DVD.
Try to learn the material that was covered in the class you missed
before attending the next class.

Participating in Class When reading the text before class, review-
ing your notes from a previous class, or working on your homework,
write down any questions you have about the material. Ask your
instructor these questions during class. Doing so will help you (and
others in your class) understand the material better.

Taking Notes

Draw a vertical

During class, be ° line on your
sure to take notes note paper.
on definitions, — .

1TadKC T1IOLCS
examples, concepts, b

nere:

After class, reread

your notes and write
comments, questions,
or explanations here.

and rules. Focus on
the instructor’s cues —
to identify impor-
tant material. Then,
as soon after class
as possible, review your notes and add any explanations that will
help to make your notes more understandable to you.

Doing the Homework Learning statistics is like learning to
play the piano or to play basketball. You cannot develop skills just
by watching someone do it; you must do it yourself. The best time
to do your homework is right after class, when the concepts are
still fresh in your mind. Doing homework at this time increases
your chances of retaining the information in long-term memory.

Finding a Study Partner When you get stuck on a problem, you
may find that it helps to work with a partner. Even if you feel you
are giving more help than you are getting, you will find that teach-
ing others is an excellent way to learn.

Keeping Up with the Work Don’t let yourself fall behind in
this course. If you are having trouble, seek help immediately—from
your instructor, a statistics tutor, your study partner, or additional
study aids such as the Chapter Quiz Prep videos on DVD-ROM
and the Try It Yourself video clips on the videos on DVD-ROM.
Remember: If you have trouble with one section of your statistics
text, there’s a good chance that you will have trouble with later
sections unless you take steps to improve your understanding.

Getting Stuck Every statistics student has had this experience:
You work a problem and cannot solve it, or the answer you get
does not agree with the one given in the text. When this happens,
consider asking for help or taking a break to clear your thoughts.
You might even want to sleep on it, or rework the problem, or
reread the section in the text. Avoid getting frustrated or spending
too much time on a single problem.

Preparing for Tests Cramming for a statistics test seldom works.
If you keep up with the work and follow the suggestions given here,
you should be almost ready for the test. To prepare for the chapter
test, review the Chapter Summary and work the Review Exercises
and the Cumulative Review Exercises. Then set aside some time to
take the sample Chapter Quiz. Analyze the results of your Chapter
Quiz to locate and correct test-taking errors.

Taking a Test Most instructors do not recommend studying
right up to the minute the test begins. Doing so tends to make
people anxious. The best cure for test-taking anxiety is to pre-
pare well in advance. Once the test begins, read the directions
carefully and work at a reasonable pace. (You might want to
read the entire test first, then work the problems in the order in
which you feel most comfortable.) Don’t rush! People who hurry
tend to make careless errors. If you finish early, take a few
moments to clear your thoughts and then go over your work.

Learning from Mistakes After your test is returned to you, go
over any errors you might have made. Doing so will help you
avoid repeating some systematic or conceptual errors. Don’t dis-
miss any error as just a “dumb mistake.” Take advantage of any
mistakes by hunting for ways to improve your test-taking skills.
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Biology and Life
Sciences

Air pollution, 31, 471
Air quality, 115
Alligator, 125
Atlantic croaker fish, 49
Beagle, 48,253
Box turtle, 235
Brown trout, 220
Cats, 182,259, 402, 447
Dogs, 142,153, 182, 198, 200, 259,
402, 447
Elephants, 450, 527
Endangered species, 590
Environmentally friendly
product, 287
Fish, 13,526
Fisher’s Iris data set, 58
Florida panther, 339
Fruit flies, 110
Green turtle migration, 294-295
House flies, 62,276
Kitti’s hog-nosed bat, 294, 296
Koalas, 30
Oats, 629
Ostrich, 481
Pets, 94,215
Plants, 215
Rabbits, 220
Salmon, 135, 147
Sharks, 230
Snapdragon flowers, 142
Soil, 175, 570
Soybeans, 24
Swans, 369
Threatened species, 590
Trees, 13, 48, 170, 270, 368, 522,
527
Vertebrate groups, 590
Veterinarian, 447
Waste, 324, 389, 394
Water, 175, 385
conductivity, 391
consumption, 95
hardness, 343
pH level, 391
Wheat, 591, 629

Business

Advertisements, 228, 400, 585

Advertising and sales, 516

Bankruptcies, 223

Beverage company, 143

Board of directors, 169

Book sales, nonfiction, 14

Bookbinding defects, 154

Chief financial officers, survey of,
212

Clothing store purchases, 212

Consumer ratings, 459

Defective parts, 162, 176, 181,
185,223

Executives, 111, 184

Fortune 500 companies, 29, 191

Free samples, 402

Inventory shrinkage, 57

Manufacturer
claims, 246
earnings, 109
Product assembly, 175
Quality control, 7, 31, 34, 35, 129,
198
Sales, 2, 50, 64,119, 158,192, 194,
195,222,375, 520, 521, 528,
578
Salesperson, 76, 107
Shipping errors, 368
Small business
owners, 214
websites, 208
Telemarketing, 190
Wal-Mart shareholder’s equity,
528
Warehouses, 154,177
Website costs, 343

Combinatorics

Answer guessing, 154,212
Area code, 176

Letters, 172,175

License plates, 131, 176, 181
Password, 174,176

Security code, 169, 184, 185

Computers

Computer, 7, 8,201, 209, 253-255,
332,368

Computer software engineer
earnings, 343

Disk drive, 586

Internet, 31, 70, 152, 183, 229,
287,288, 369, 399, 429, 467,
497, 498, 506, 560

Microchips, 224

Monitor, 273, 445

Mozilla® Firefox®, 286

Operating system, 7

Printers, 96

Security, 297

Social networking sites, 61, 197,
203, 304, 306-308, 310, 605

Typing speed, 74

Videos, online, 349

Website, visitors per day, 600

Windows® Internet Explorer®,
286

Demographics

Age, 6,25,29,31, 60, 76,134, 157,
161, 496, 544, 546, 558

Birth weights in America, 265

Bride’s age, 90, 608

Cars per household, 94

Children per household, 88

City rent, 296

Drive to work, 197

Ear wiggling, 153

Education, 593

Employee, 21, 134, 136, 141, 176,
177,179,181, 184, 198, 276,
524-526

Eye color, 13, 150, 157

Groom’s age, 608
Height, 6, 13, 486, 496, 649
of men, 77, 86, 110, 253, 263,
277,507,515
of women, 48, 86, 253,263, 277,
401
Home, 7
Household, 200, 300, 419, 473
Left-handed, 164
Marriage, 5, 29
Most admired polls, 351
Moving out, 468
New car, 130
New home prices, 119
Population
Alaska, 87
Brazil, 96
cities, fastest growing, 1
cities, largest numerical
increase, 1
Florida, 87
US., 9,95
West Ridge County, 20-22
Retirement age, 51
Shoe size, 49, 507, 515
U.S. age distribution, 163, 181,
299
U.S. unemployment rate, 116
Weight of newborns, 13, 238, 480,
A6
Zip codes, 29

Earth Science

Alternative energy, 333, 349
Carbon footprint, 300
Clear days, May, San Francisco,
CA, 210
Climate conditions, 189
Cloudy days, June, Pittsburgh,
PA, 210
Cyanide levels, 350
Earthquakes, 260, 499
Global warming, 3, 334
Green products, 75
Hurricane, 200, 223, 231
relief efforts, 24
Ice thickness, 61
Lightning strikes, 231
Nitrogen dioxide, 384
Old Faithful,Yellowstone
National Park, 44, 94,279,
486, 489, 491, 503, 504, 514
Precipitation
Baltimore, MD, 223
Orlando, FL, 12
San Francisco, CA, 343
Tampa, FL, 222
Rain, 645
Saffir-Simpson Hurricane Scale,
231
Seawater, 312
Snowfall, 636
January average, 14
Mount Shasta, CA, 224
New York county, 275
Nome, AK, 197
Sunny and rainy days, 189, 193
Seattle, WA, 140

Temperature, 63, 638
Cleveland, OH, 47
Denver, CO, 12
Mohave, AZ,29
Pittsburgh, PA, 604
San Diego, CA, 605

Tornadoes, 125, 197

UV Index, 62

Water contamination, 350

Water temperatures, 622

Wet or dry, Seattle, WA, 140

Wildland fires, 531

Economics and Finance

Account balance, 75

Accounting, 199

Allowance, 589

ATM machine, 50, 52

Audit, 133,162,335

Bill payment, 332, 550

Book spending, 49

Charitable donations, 332, 499

Children’s savings accounts, 296

Commission, 113

Credit card, 29, 112,213, 273, 347,
396, 432, 605

Credit score, 475, 641

Debit card, 31

Debt and income, 628

Depression, 14

Dividends and earnings, 497, 498

Dow Jones Industrial Average, 77

Economic power, 8

Emergency savings, 153

Executive compensation, 417

Financial advice, 213

Financial debt, 605

Financial shape, 177

Forecasting earnings, 5

Gross domestic product, 485, 488,
493,502, 504, 514, 516, 518,
523

Home owner income, 7

Honeymoon financing, 213

Income, 125, 496, 592, 649

Investments, 63

IRAs, 521, 522

IRS tax filing wait times, 394

Manufacturing, 63

Missing tax deductions, 347, 348

Money managing, 7

Mortgages, 324

Mutual funds, 306, 648

Paycheck errors, 224

Primary investor in household, 7

Profit and loss analysis, 199

Raising a child, cost, 380, 418

Restaurant spending, 96, 437

Retirement income, 213

Salaries, 4,6, 7,29, 31,48, 63, 64,
72,75,80-83,91,97,117, 119,
124,201, 276, 296, 349, 379,
383,394, 395, 412,431, 439,
440, 471, 508, 523, 524-526,
535,572,582, 583, 586, 595,
615,616, 622, 623, 643

Baltimore, MD, 593
Boston, MA, 92



Chicago, IL, 83,92
Dallas, TX, 92
Jacksonville, FL, 593
New York, NY, 92
San Francisco, CA, 593
Savings, 213, 548
more money, 348
Spending before traveling, 89
Stock, 113, 143, 181, 228, 229, 315,
519,521,570
McDonald’s, 535
Stock market, 144
Tax preparation methods, 540,
541,543
Taxes, 521, 522
U.S. exports, 77
U.S. income and economic
research, 647
Utility bills, 105, 254, 255
Vacation cost, 7,395, 418, 421, 433

Education

Achievement, 558, 593

ACT, 8,247,253,294, 437

Ages of students, 68, 291, 309,
313,314, 480

Alumni, annual contributions by,
485, 489, 491, 503

Books, 197,312

Business schools, 10

Career counselors, 124

Class size, 395, 618

Classes, 181

College costs, 548, 649

College graduates, 288

jobs, 17

College president, 31

College professors, 162

College students, 161

per faculty member, 115

Continuing education, 560

Day care, 439

Degrees, 56, 400

Degrees and gender, 185

Doctorate degree, 627, 642, 643

Dormitory room prices, 117

Education, study plans, 468

Educational attainment and
work location, 553

Elementary school students, 183,
431

Enrollment, 201, 227, 466,
626-627

Expenditure per student, 419

Extracurricular activities, 199,
358,363, 364

Faculty hours, 394, 395

Final exam, 428

Final grade, 75, 76, 525, 526

Financial aid, 561

Genders of students, 634

GPA, 60, 74, 146, 324, 485, 494,
529,579, 586

Health-related fields, study plans,
468

Highest level, 141

Homework, 325

Law school, 396, 642

Mathematics assessment test, 444

MCAT scores, 49, 73, 383

Medical school, 149

Midterm scores, 428, 525, 526

Musical training, 443

Nursing major, 152, 156, 164

Online classes, opinion, 30

Physics minors, 29

Plus/minus grading, 182

Preschool, 439

Public schools, 163, 535

Quiz, 139,199, 203

Recess, 124

Reliability of testing, 155

SAT scores, 4,52, 92,104,201,
247,252,254,278, 324,421,
434,456, 481, 529, 591, 606,
607

Scholarship, 182

Science assessment tests, 411,
475,572

Secondary school teachers, 431

Student advisory board, 172

Student-athletes, 197

Student ID numbers, 13, 137

Student loans, 496, A29

Student safety, 558

Student sleep habits, 326

Study habits, 30, 438, 497, 498,
506

Teaching experience, 301, 590

Teaching methods, 449, 472

Test grades/scores, 51, 60, 61, 63,
69,72,75,76,107,109, 110,
116,118,125, 138, 238, 264,
428,497, 498, 506, 550, 638,
649

Test scores and GNI, 629

Tuition, 73, 101, 102, 369

U.S. history assessment tests, 411,
572

Vocabulary, 496

Engineering
Aerospace engineers, 349
Bolts, 341, 420
Brick mortar, 50
Building heights
Atlanta, GA, 506
Houston, TX, 115
Cooling capacity, 505
Flow rate, 368
Gears, 256
Horsepower, 31
Liquid dispenser, 256, 631
Machine
calibrations, 278
part supplier, 140
Nails, 256
Nut, 438
Petroleum engineering, 4
Plastic injection mold, 592
Plastic sheet cutting, 314
Repairs, 176
Resistors, 293
Tensile strength, 448
Washers, 255, 438

Entertainment

Academy Award, winning, 133
Best-selling novel, 133
Blu-ray™ players, 342, 644
Broadway tickets, 14
Concert, 634

attendance, 197

tickets, 73, 289

INDEX OF APPLICATIONS

Game show, 138
Games of chance, 143, 199, 200
Home theater system, 312, 358,
363,572
Horse race, 176
Lottery, 139,172, 175,177,179,
212,224
Magazine, 8,116, 184
Monopoly game, 146
Motion Picture Association,
ratings, 12, 161
Movie ticket prices, 117
Movies, 25, 31, 150, 183-184, 296,
558,559
budget and gross, 497
on phone, 213
MP3 player, 13,275, 368
Netbook, 185
New Year’s Eve, 116
News, 289
Nielsen Company ratings, 15,25
Oscar winners, ages, 106, 112
Political blog, 49
Powerball lottery, 186
Radio stations, 118
Raffle ticket, 135, 184, 196
Reading, 207, 333
Rock concert, fan age, 66
Satellite television, 117
Song lengths, 111
Summer vacation, 151
Television, 6, 10, 12, 108, 109, 118,
199, 228, 437, 439, 532,533
3D TV, 282,285
HDTYV, 282,284
late night, 582
LCD TV, 342
networks, Pittsburgh, PA, 10
The Price Is Right, 126,127
top-ranked programs, 15
Video games, 31,57, 174,209, 368

Food and Nutrition

Apple, 61,264

Beef, 627

Caffeine, 95, 384, 494, 624

Calories, 368, 507, 508, 572

Candy, 601

Carbohydrates, 316, 411, 573

Carrots, 264

Cereal, 247,507, 537

Cheese, 314

Chicken, 627

Chicken wings, 228

Coffee, 77,95, 159, 276, 320-321,
383, 546

Cookies, 213

Corn, toxin, 173

Dark chocolate, 413

Delivery, 547

Dried fruit, 417

Energy bar, 417

Fast food, 230, 384, 564

Fat, 505, 508

Fat substitute, 23

Food away from home, money
spent on, 419

Fruit consumption, 295

Hot chocolate, 508

Hot dogs, 206, 507

Ice cream, 264,277,333, 551, 552,
554-555,572

XVl

Jelly beans, 182
Juice drinks, 312
Leftovers, 331
M&M’s, 229, 544-545
Meat consumption, 295
Melons, 421
Menu, 139, 175
Milk
consumption, 246
containers, 277
processing, 407
production, 121, 532, 533
Multivitamin, 287
Oranges, 264
Peanuts, 255
Pepper pungencies, 50
Pizza, 176
Potatoes, 73, 527
Protein, 505
Restaurant, 466, 557, 569
Burger King, 573
Long John Silver’s, 471
McDonald’s, 573
serving, 420
Wendy’s, 471
Rye, 527
Salmonella, 359
Saturated fat intake, 51
Sodium, 316, 417, 471, 507
Soft drinks, 255, 422
Sports drink, 369, 407
Storing fish, 4
Sugar, 507, 531, 532
Supermarket, 95, 250
Tea drinker, 143
Vegetables, 276, 421
Vending machine, 264
Water, 314, 383, 496

Government

Better Business Bureau, 57
Congress, 167, 335
gender profile, 14, 161
issue when voting, 7
Department of Energy, gas
prices, 3
Federal bailout, 417
Federal funding, alternative
energy, 349
Federal income tax, 474
Federal pension plan, 521, 522
Governor, Democrats, 8
Home Security Advisory System,
29
Legal system in U.S., 359
Registered voters, 6, 35
Securities and Exchange
Commission, 35
Senate, 637
Senators, years of service, 124
Tax cut, 556
U.S. Census
accuracy, 401
participation, 347
undercount, 4
U.S. government system, 152

Health and Medicine

Allergy medicines, 23, 340
Alzheimer’s disease, 150
Appetite suppressant, 452
Arthritis, 24, 469
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Assisted reproductive
technology, 152,232
Asthma, 401
Bacteria vaccine, 27
Bariatric surgery, 375
Blood, 6,197
donations, 156, 159, 198, 214
pressure, 17, 31, 62, 150, 246,
357,428, 440, 458, 460, 496,
505
type, 139, 154, 214,296
BMI, 75,324
Body measurements, 512
Body temperature, 11, 13, 366,
386, 455, 496
BRCA gene, 151
Breast cancer, 27
Calcium supplements, 473, 615,
641
Cavities, 531, 532
Cholesterol, 6,73, 113,252,254,
255,261,314,459, 464, 573
Chronic medications, 481
Colds, 603
Cough syrup, 341, 343
Cyanosis, 212
Dentist, 213, 245, 332
Diabetes, 2, 150, 462
Diabetic, 16
Diet, 25, 31, 229, 440
Doctor, tell truth, 347
Drinking habits, 24
Drug testing, 140, 290, 460, 462,
466, 557,559, 562
Emergency room visits, 333
Emphysema, 146
Exercise, 17,24, 25,119, 146, 485,
556, 628
Flu, 135
Fluorouracil, 440
Gastrointestinal stromal tumor,
466
Growth of a virus, 23
Headaches, 457, 643
Health care costs, 347, 348
Health care coverage, 420
Health care rating, 300
Health care reform, 124
Health care visits, 369, 541
Health club, 254, 419
Health improvement program,
298
Healthy foods, 25
Heart disease, 413
Heart medication, 369
Heart rate, 11, 75, 270, 322, 434,
616
Heart rhythm abnormality, 7
Heart transplant, 263, 279, 450
Herbal medicine, 460, 642
HIV, 420
Hospital, 52
Hospital beds, 76
Hospital costs, 412
Hospital length of stay, 77, 325,
411,476,583, 624
Hospital waiting times, 325
Influenza vaccine, 7, 19
Irinotecan, 440
Kidney cancer survival rate, 296
Kidney transplant, 23, 223, 265,
450
Knee surgery, 148,204, 611
Lead levels, 31
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Length of visit, physician’s office,
589
Lower back pain, 606
Lung cancer, 368
Managed health care, 29
Maximal oxygen consumption,
447
Migraines, 466
MRI, 531, 532
Musculoskeletal injury, 559
Nausea, 557
No trouble sleeping, 214
Nutrients entering bloodstream,
569
Obesity, 8, 150
Organ donors, 287
Pain relievers, 577-578
Patient education material, 441
Personal hygiene, 23
Physical examination, 5
Physician assistant, 440
Physician’s intake form, 14
Physicians, leaving medicine, 29
Placebo, 557, 559, 562
Plantar heel pain, 465
Plaque buildup in arteries, 458
Pregnancy study, Cebu,
Philippines, 30
Prescription drugs, 24, 616
Prostate cancer, 31
Pulse rate, 51,342,471, 486
Recovery time, 366
Registered nurse, 119, 440, 508,
623
Rotator cuff surgery, 148
Sleep, 227,263, 507, 523, 532, 533
deprivation, 8, 24, 30
Sleep apnea, 150
Smoking, 19, 31, 143, 146, 230,
284,368, 383, 401, 427, 463,
464,534,559
Stem cell research, 22
Stress, 150
Sudden infant death syndrome, 7
Surgery, 212
corneal transplant, 231
procedure, 203
survival, 152
Triglyceride levels, 51, 251
Ulcers, 150
Vitamins, 124, 335, 341, 343
Weight, 72, 428
Weight loss, 18, 245, 384, 409, 452,
457,459, 473, 496

Housing and
Construction

City house value, 296

Construction, 322

Home insurance, 623

House size, 358, 363, 365, 549

Housing contract, 287

Monthly apartment rents, 120

Prices of condominiums, 67, 569

Prices of homes, 68,272, 437, 506,
585, 600, 604

Realty, 139

Residence, rent or own, 24

Room and board, 272

Sales price, new apartments, 645

Security system, 131, 140, 174,
368

Square footage, 506, 605
Subdivision, 170

Tacoma Narrows Bridge, 163,220
Unit size, 605

Law

Booster seat, 347, 348
California Peace Officer
Standards and Training test,
260
Case of the vanishing women,
423
Child support, 270
Crime, 497, 498, 621-622
Fraud, 133, 594, 597
Jury selection, 149, 173,175
Police officers, 368
Prison sentence, length of, 641
Repeat offenders, 603
Safe Drinking Water Act, 350
Seat belts, 463
Software piracy, 355
Speeding, 146, 395, 644
Theft, 645
identity, 133, 301, 597

Miscellaneous

911 calls, 199

Aggressive behavior, children,
469

Air conditioners, 206

Appliances, 571

Archaeology, 91

Bacteria, 510

Badge numbers, police officers,
31

Ball, numbered, 150

Bank, 343, 557, 641

Barrel of oil, 62

Battery, 153, 255, 394

Birthday, 129, 154, 155, 161, 549

Births, 279

Bracelets, 175

Breaking up, 222

Calculators, defects, 184

Camcorder, 63

Camping chairs, 199

Car dealership, 321

Car wash, 174

Carbon dioxide emission, 227,
413, 485, 488, 493, 502, 504,
516,518, 523, 536

Cards, 132, 138, 139, 143, 145-147,
150, 157,158,162,173,177,
181, 183, 184,202,204

Cellular phone, 7,29, 59, 61, 67,
205,228,249, 269, 399, 401

Charitable donations, CEOs in
Syracuse, NY, 30

Charity, 164

Chess, 368

Chlorine levels in a pool, 407

Chores, 229

Clocks, 368

Cloning, 400

Coffee shop, remodeling, 18

Coin toss, 35, 128, 129, 134, 137,
138,139, 146,147,179, 181,
182,229, 359, 477, 637

Consumption

energy, 584, 624
fuel, 572
Contact with parents, 607

Conversation, most annoying
phrase, 347, 348

Cordless drills, 342

Crawling, 514

Customer service, 24

Die roll, 35, 72,77,128,129, 132,
136, 138, 139, 140, 143, 146,
147,150, 156-158, 162, 166,
181, 183,185,197

Digital camera, 342, 348

Digital photo frames, 66

Dog microchips, 638

DVDs, 170, 275

DVRs, 138,313

Electricity consumption, 384

Electricity cost, 592

Employment and educational
attainment, 562-563

Energy cost, 584, 586

Energy efficiency, 505

Eye survey, contacts, glasses, 73,
165

Farm values, 93, 94,296, 504

Fire drill, 385

Floral arrangement, 301

Fluorescent lamps, 384

Full-body scanner, 413

Furnaces, 358, 363

Furniture store, 368

Garden hose, 368

Gas grill, 533-535

Gas station, 118,227

Gasoline, volume of, 191

Gasoline consumption, 50

Gender of children, 181

Ghost sighting, 332

Global positioning system (GPS)
navigators, 39, 41-46

Goals, 560

Grammatical errors, 456

Greeting cards, 227

Grip strength, 458

Grocery store waiting times, 13

Guitar, string tension, 197

Hats, 421

Hindenburg, 8

Hotel rooms, 74, 115, 313, 342,
412,591

Impression of past decade, 133

Lawn mowers, 369

Life on other planets, 474

Light bulbs, 325, 368, 384

Liquid volume of cans, 115

Living on your own survey, 73

Marbles, 203

Memory, 8

Metacarpal bone length, 649

Metal detector, 227

Microwave, 421

Middle initial, 138

Mozart, 187

Museum attendance, 601

Music downloads, 355

Nail polish, 333

NASA budget, 62

Natural gas, 2, 648

Nitrogen oxides emission, 536

Nuclear power plants, 100, 102,
103

Number generator, 638

0il, 29, 64, 520, 521

Opinion poll, 13

Pages, section, 228



Paint, 368, 644
cans, 277,314
sprayer, 315
Parachute assembly, 359
Phone numbers, 10, 13
Photo printers, 276
Pilot’s test, 222
Power failure, 73
Printing company departments,
30
Product warning label, 23
Puzzle, 17
Questionnaire, 7
Queuing models, 233
Random number selection, 138,
139
Recycling, 332
Refrigerator, 312, 313, 369
Salesperson, 13
Smartphones, 35
Social Security numbers, 29
Socks, 182
Space shuttle
flights, 118
fuel, 231
menu, 175
speed, 191
Speed of sound, 497
Spinner, 137, 140
Spray-on water repellent, 611
Spring break, 7, 30
Sprinkler system, 383
State troopers, 51
Statistics students, 20
Sudoku, 168
Survey of shoppers, 24
Survey of spectators, 6
Telephone, 76, 182, 408, 445
Terrorism, 475
Text messages, 25, 53-55, 205, 313
Toothbrush, 124
Toothpaste, 182, 225, 581
Transmission, 312, 313
Typographical error, 223,231
UFO sighting, 133
UFOs, belief in, 335
Vacation, 230, 332
Vacuum cleaners, 629
Volunteering, 645
Waking times, 346
Washing cars, 295
Washing machine, 139
Wealthy people, 37,40, 41, 43, 44,
46, 54, 55,70, 100, 102-104
Weigh station, 227
Well-being index, 583, 586
Wind energy, 6, 436
Winning a prize, 223
Yard sale, 77
Yoga, 64,419

Mortality

Airplane accidents, 217
Alcohol-related accidents, 561
Emergency response time, 49,
408
Heart disease, women, 125
Homicides, 547, 548
Motor vehicle
casualties, 197, 562, 590
crashes, 63

Shark attacks, 230
Tornado deaths, 230, 411

Motor Vehicles and
Transportation

Acceleration times, 348
Age of vehicles, 522, 601
Air travel, 30, 32, 65-67, 124
Airfare, 315
Airplanes, 17, 74,109, 118
Airport scanners, 116
ATV, 368
Auto parts, 224, 301
Automobile insurance, 390, 614
Automobiles, 366
battery, 301, 341, 358, 363, 581
Bicycle helmet, 285
Blood alcohol content, drivers, 30
Brakes, 278
Braking distance, 252, 260, 295,
434,436, 444, 498
Bumper, 447
Bus, 644
Car accident, 146, 193, 496
Car occupancy, 163,200, 220
Carpooling, 200, 208
Carrying capacities, 13
Carry-on luggage, 74, 222
Compact cars, consumer testing,
78
Crash test, 447,539
Department of Motor Vehicles
wait times, 392, 467
Diesel engines, 230
Drivers, 61, 330
Driver’s license exam, 182
Driving time, 271-272
Engine, 256, 532, 533, 632
Flights, 155
annoyances, 214
bird-aircraft collisions, 328
Footwell intrusion, 447
Fuel additive, 617
Fuel economy, 76, 118, 582, 586
ratings, 534
Fuel efficiency, 532, 533, 534
Gas prices, 276,279, 312
Hybrid vehicle, 356, 556, 572
Intersection accidents, 219-220
Mileage, 117, 356, 369, 379, 385,
396, 411, 480
Motor vehicles, 14, 61, 63, 522
Motorcycles, 343
fuel economy, 118, 466
helmet usage, 23, 466, 467
New highway, 171
Oil change, 346, 358, 363, 395
Oil tankers, 223
Parking ticket, 150
Pickup trucks, 151
Pit stop, 374
Power boats, 434
Price of a car, 9, 390, 533
Public transportation, 289
Speed of vehicles, 60, 73, 105,
112,249,374
Sports cars, 73, 325, 347
Taxi cab, 369
Tires, 110, 198, 264, 278, 301, 649
Towing capacities, 118
Traffic congestion, 334

INDEX OF APPLICATIONS XIX

Traffic signal, 274
Traffic tickets, 227
Travel concerns, 552, 555
Used car cost, 394
Vehicle
crashes, 560
eco-friendly, 215
manufacturers, 157
owned, 179, 558, 590
sales, 183, 585

Political Science

111th Congress, 13, 14
First Lady of the United States,
124
Gubernatorial Election, Virginia,
141
Officers, 176, 185, 300
Political analyst, 35
Political parties, 67
President’s approval ratings, 17
Supreme Court justice, ages, 117
U.S. Presidents
children, 51
greatest, 327, 329
political party, 6
Voters, 135, 141, 183, 216, 331,
454-455, 521,522

Psychology

Attention-deficit hyperactivity
disorder, 428

Depression, 17,78

Eating disorders, 74

Experimental group, 175

1Q, 107, 145,297, 303, 434, 531,
532

Mouthing behavior, 16

Obsessive-compulsive disorder,
559,562

Passive-aggressive traits, 192, 198,
195

Psychological tests, 30, 198, 428

Reaction times, 50

Self-perception, age, 607

Training dogs, 30

Sports

400-meter dash, women’s, 94
40-yard dash, 454
Baseball, 197, 212, 228, 369, 508
batting averages, 92, 457
games started, 125
home run totals, 11
Major League, 4,29, 119, 124,
251, 483, 486, 489, 493, 503,
510
World Series, 11, 199, 200, 333,
638
Basketball, 10, 184, 300, 349, 459,
460
Howard, Dwight, 230
heights, 6, 65, 96, A28-A29
James, LeBron, 218-219
NBA draft, 178
vertical jumps, 116
weights, 96
Bicycle race, 184
Boston marathon, 31
Curling, 402
Daytona 500, 169
Earnings, athlete, 99

Fishing, 207,227, 409
Football, 322, 531
college, 13, 142
defensive player weights, 118
Manning, Peyton, 223
National Football League, 73,
94,160
Super Bowl, 103, 636
weight, 112,118
yards per carry, 325
Golf, 6,78, 92,185,224, 368, 450,
589,607, 610, 638
Hockey, 125, 230, 481
Injury, 557
Jump height, 453, 478
Lacrosse, 174
Marathon training, 317
New York City marathon, 62
Olympics, 163
100-meter times, 648
Winter, 402
women’s hockey, 168
Running times, 52
Skiing, 174
Soccer, 13,107, 315
Softball, 174
Sporting goods, 119
Sports, 288, 289, 549, 584
Strength shoes®, 453, 454
Swimming, 313
Tennis, 325
Volleyball, 75
Weightlifting, 325, 434

Work

Annual wage, 432, 448,

Career placement, 642

CEO

ages, 61
compensation, 30

Committees, 174, 225

Driving distance, 323

Earnings, 324, 421, 444, 481, 579,
608, 613-614, 616

E-mail, 327, 329

Employee tenure, 261, 646

Employment, 14, 58

Genders of recent hires, 635-636

Happiness at work, 287

Hourly earnings, 62, 74, 109, 369,
605, 606, 607, 645

Industry workers, 142

Injuries, 630

Job offers, 624

Job opening, 139

Job seekers, 2

Leaving job, 547

Lumber cutter, 277

Night shift, 347

Office rentals, 84

Overtime hours, 199, 295

Sick days, 74,229

Time wasted, 578

Travel time, 47, 60, 74,312, 323,
346,434

Union, 645, 648

Vacation days, 109

Work days, 379

Work environment, 177, 553

‘Work time and leisure time, 505,
520,521

‘Work weeks, 289
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In 2008, the population of New
Orleans, Louisiana grew faster than
any other large city in the United
States. Despite the increase, the
population of 311,853 was still well
below the pre-Hurricane Katrina
population of 484,674.



4 WHERE YOU'VE BEEN

You are already familiar with many of the
practices of statistics, such as taking surveys,
collecting data, and describing populations. What
you may not know is that collecting accurate
statistical data is often difficult and costly.
Consider, for instance, the monumental task of

counting and describing the entire population of

the United States. If you were in charge of such
a census, how would you do it? How would you
ensure that your results are accurate? These and
many more concerns are the responsibility of the
United States Census Bureau, which conducts
the census every decade.

WHERE YOU'RE

In Chapter 1, you will be introduced to the basic
concepts and goals of statistics. For instance,
statistics were used to construct the following
graphs, which show the fastest growing U.S. cities
(population over 100,000) in 2008 by percent
increase in population, U.S. cities with the largest
numerical increases in population, and the
regions where the cities are located.

For the 2010 Census, the Census Bureau sent
short forms to every household. Short forms ask
all members of every household such things as
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their gender, age, race, and ethnicity. Previously,
a long form, which covered additional topics, was
sent to about 17% of the population. But for the
first time since 1940, the long form is being
replaced by the American Community Survey,
which will survey about 3 million households a
year throughout the decade. These 3 million
households will form a sample. In this course,
you will learn how the data collected from a
sample are used to infer characteristics about the
entire population.

Location of the 25 Fastest
Growing U.S. Cities

South
68%

Location of the 25 U.S. Cities with
Largest Numerical Increases

Northeast
4%
Midwest
8%




2 CHAPTER 1 INTRODUCTION TO STATISTICS

WHAT YOU SHOULD LEARN

» The definition of statistics

» How to distinguish between a
population and a sample and
between a parameter and a
statistic

» How to distinguish between
descriptive statistics and
inferential statistics

An Overview of Statistics

A Definition of Statistics » Data Sets » Branches of Statistics

» A DEFINITION OF STATISTICS

As you begin this course, you may wonder: What is statistics? Why should I study
statistics? How can studying statistics help me in my profession? Almost every day
you are exposed to statistics. For instance, consider the following.

e “The number of Americans with diabetes will nearly double in the next
25 years.” (Source: Diabetes Care)

e “The NRF expects holiday sales to decline 1% versus a 3.4% drop in holiday
sales the previous year.” (Source: National Retail Federation)

e “EIA projects total U.S. natural gas consumption will decline by 2.6 percent
in 2009 and increase by 0.5 percent in 2010.” (Source: Energy Information
Administration)

The three statements you just read are based on the collection of data.

DEFINITION

Data consist of information coming from observations, counts, measurements,
Or responses.

Sometimes data are presented graphically. If you have ever read
USA TODAY, you have certainly seen one of that newspaper’s most popular
features, USA TODAY Snapshots. Graphics such as this present information in a
way that is easy to understand.

Job seekers need a keen eye

How many typos in a résumé does it take for
you to decide not to consider a job candidate
for a position with your company? r

Two 36%

Don’t
know 3%

Four or more 7% Source: Accountemps

The use of statistics dates back to census taking in ancient Babylonia, Egypt,
and later in the Roman Empire, when data were collected about matters
concerning the state, such as births and deaths. In fact, the word statistics is derived
from the Latin word status, meaning “state.” So, what is statistics?

DEFINITION

Statistics is the science of collecting, organizing, analyzing, and interpreting
data in order to make decisions.




INSIGHT

A census consists of data

from an entire population.

But, unless a population
is small, it is usually
impractical to obtain

all the population

data. In most studies,
information must be
obtained from a sample.

SECTION 1.1 AN OVERVIEW OF STATISTICS 3

There are two types of data sets you will use when studying statistics. These data
sets are called populations and samples.

DEFINITION

A population is the collection of all outcomes, responses, measurements, or
counts that are of interest.

A sample is a subset, or part, of a population.

A sample should be representative of a population so that sample data
can be used to form conclusions about that population. Sample data must be
collected using an appropriate method, such as random sampling. (You will learn
more about random sampling in Section 1.3.) If they are not collected using an
appropriate method, the data are of no value.

EXAMPLE 1

» Identifying Data Sets

In a recent survey, 1500 adults in the United States were asked if they thought
there was solid evidence of global warming. Eight hundred fifty-five of the
adults said yes. Identify the population and the sample. Describe the sample
data set. (Adapted from Pew Research Center)

» Solution

The population consists of the responses of all adults in the United States, and
the sample consists of the responses of the 1500 adults in the United States in
the survey. The sample is a subset of the responses of all adults in the United
States. The sample data set consists of 855 yes’s and 645 no’s.

Responses of all adults in the
United States (population)

Responses of adults

in survey (sample)

» Try It Yourself 1

The U.S. Department of Energy conducts weekly surveys of approximately
900 gasoline stations to determine the average price per gallon of regular
gasoline. On January 11, 2010, the average price was $2.75 per gallon. Identify
the population and the sample. Describe the sample data set. (Source: Energy
Information Administration)

a. Identify the population and the sample.
b. What does the sample data set consist of? Answer: Page A30

Whether a data set is a population or a sample usually depends on the context
of the real-life situation. For instance, in Example 1, the population was the set of
responses of all adults in the United States. Depending on the purpose of the
survey, the population could have been the set of responses of all adults who live
in California or who have cellular phones or who read a particular magazine.
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STUDY TIP

The terms parameter and statistic
are easy to remember if you use
the mnemonic device of
matching the first

letters in population

parameter and the

first letters in sample

statistic.

PICTURING THE
WORLD

How accurate is the U.S. census?
According to a post-census
evaluation conducted by the
Census Bureau, the 1990 census
undercounted the U.S. popula-
tion by an estimated 4.0 million
people. The 1990 census was
the first census since at least
1940 to be less accurate than

its predecessor. Notice that the
undercount for the 2000 census
was —1.3 million people. This
means that the 2000 census
overcounted the U.S. population
by 1.3 million people.

U.S. Census Undercount

7.5

| L I L

(in millions)
1

Population undercount

=7t -13
1940 1960 1980 2000

Year

What are some difficulties in
collecting population data?

Two important terms that are used throughout this course are parameter and
statistic.

DEFINITION

A parameter is a numerical description of a population characteristic.

A statistic is a numerical description of a sample characteristic.

It is important to note that a sample statistic can differ from sample to
sample whereas a population parameter is constant for a population.

EXAMPLE 2

» Distinguishing Between a Parameter and a Statistic

Decide whether the numerical value describes a population parameter or a
sample statistic. Explain your reasoning.

1. A recent survey of 200 college career centers reported that the average
starting salary for petroleum engineering majors is $83,121. (Source: National
Association of Colleges and Employers)

2. The 2182 students who accepted admission offers to Northwestern
University in 2009 have an average SAT score of 1442. (Source: Northwestern
University)

3. In a random check of a sample of retail stores, the Food and Drug
Administration found that 34% of the stores were not storing fish at the
proper temperature.

» Solution

1. Because the average of $83,121 is based on a subset of the population, it is
a sample statistic.

2. Because the SAT score of 1442 is based on all the students who accepted
admission offers in 2009, it is a population parameter.

3. Because the percent of 34% is based on a subset of the population, it is a
sample statistic.

» Try It Yourself 2

In 2009, Major League Baseball teams spent a total of $2,655,395,194 on
players’ salaries. Does this numerical value describe a population parameter or
a sample statistic? (Source: USA Today)

a. Decide whether the numerical value is from a population or a sample.
b. Specify whether the numerical value is a parameter or a statistic.
Answer: Page A30

In this course, you will see how the use of statistics can help you make
informed decisions that affect your life. Consider the census that the U.S.
government takes every decade. When taking the census, the Census Bureau
attempts to contact everyone living in the United States. Although it is impossible
to count everyone, it is important that the census be as accurate as it can be,
because public officials make many decisions based on the census information.
Data collected in the 2010 census will determine how to assign congressional
seats and how to distribute public funds.



SECTION 1.1 AN OVERVIEW OF STATISTICS 5

The study of statistics has two major branches: descriptive statistics and
inferential statistics.

DEFINITION

Descriptive statistics is the branch of statistics that involves the organization,
summarization, and display of data.

Inferential statistics is the branch of statistics that involves using a sample to
draw conclusions about a population. A basic tool in the study of inferential
statistics is probability.

EXAMPLE 3

» Descriptive and Inferential Statistics

Decide which part of the study represents the descriptive branch of statistics.
What conclusions might be drawn from the study using inferential statistics?

1. A large sample of men, aged 48, was [IETFIH oo o
studied for 18 years. For unmarried Fh” AIVEIEH
men, approximately 70% were alive at ! 00
age 65. For married men, 90% were UnmarriGiy 1%
alive at age 65. (Source: The Journal of

Eﬁ JU%

Family Issues) Married Men

2. In a sample of Wall Street analysts, the percentage who incorrectly forecasted
high-tech earnings in a recent year was 44%. (Source: Bloomberg News)

» Solution

1. Descriptive statistics involves statements such as “For unmarried men,
approximately 70% were alive at age 65” and “For married men, 90% were
alive at 65.” A possible inference drawn from the study is that being
married is associated with a longer life for men.

2. The part of this study that represents the descriptive branch of statistics
involves the statement “the percentage [of Wall Street analysts] who
incorrectly forecasted high-tech earnings in a recent year was 44%.” A
possible inference drawn from the study is that the stock market is difficult
to forecast, even for professionals.

» Try It Yourself 3

A survey conducted among 1017 men and women by Opinion Research
Corporation International found that 76% of women and 60% of men had a
physical examination within the previous year. (Source: Men’s Health)

a. Identify the descriptive aspect of the survey.
b. What inferences could be drawn from this survey? Answer: Page A30

Throughout this course you will see applications of both branches. A major
theme in this course will be how to use sample statistics to make inferences about
unknown population parameters.
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CHAPTER 1

EXERCISES

1.
2.
3.
4.

INTRODUCTION TO STATISTICS

How is a sample related to a population?
Why is a sample used more often than a population?
What is the difference between a parameter and a statistic?

What are the two main branches of statistics?

True or False? In Exercises 5-10, determine whether the statement is true or
false. If it is false, rewrite it as a true statement.

5.
6.
7.

10.

A statistic is a measure that describes a population characteristic.
A sample is a subset of a population.

It is impossible for the Census Bureau to obtain all the census data about the
population of the United States.

Inferential statistics involves using a population to draw a conclusion about
a corresponding sample.

A population is the collection of some outcomes, responses, measurements,
or counts that are of interest.

A sample statistic will not change from sample to sample.

Classifying a Data Set In Exercises 11-20, determine whether the data set is
a population or a sample. Explain your reasoning.

11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

The height of each player on a school’s basketball team

The amount of energy collected from every wind turbine on a wind farm
A survey of 500 spectators from a stadium with 42,000 spectators

The annual salary of each pharmacist at a pharmacy

The cholesterol levels of 20 patients in a hospital with 100 patients

The number of televisions in each U.S. household

The final score of each golfer in a tournament

The age of every third person entering a clothing store

The political party of every U.S. president

The soil contamination levels at 10 locations near a landfill

Graphical Analysis In Exercises 21-24, use the Venn diagram to identify the
population and the sample.

21.

Parties of registered voters in 22. [Number of students who
Warren County donate at a blood drive

Number of
students who
donate that
have type Ot
blood

Parties of Warren
County voters who
respond to
online survey




23.
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Ages of adults in the United 24. Incomes of home
States who own cellular phones owners in Texas

Ages of adults
in the U.S. who
own Samsung
cellular phones

Incomes of home
owners in Texas
with mortgages

Identifying Populations and Samples In Exercises 25-34, identify the
population and the sample.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

A survey of 1000 U.S. adults found that 59% think buying a home is the best
investment a family can make. (Source: Rasmussen Reporis)

A study of 33,043 infants in Italy was conducted to find a link between a
heart rhythm abnormality and sudden infant death syndrome. (Source: New
England Journal of Medicine)

A survey of 1442 U.S. adults found that 36% received an influenza vaccine
for the current flu season. (Source: Zogby International)

A survey of 1600 people found that 76% plan on using the Microsoft
Windows 7™ operating system at their businesses. (Source: Information
Technology Intelligence Corporation and Sunbelt Software)

A survey of 800 registered voters found that 50% think economic stimulus is
the most important issue to consider when voting for Congress. (Source:
Diageo/Hotline Poll)

A survey of 496 students at a college found that 10% planned on traveling
out of the country during spring break.

A survey of 546 U.S. women found that more than 56% are the primary
investors in their households. (Adapied from Roper Starch Worldwide for Intuit)

A survey of 791 vacationers from the United States found that they planned
on spending at least $2000 for their next vacation.

A magazine mails questionnaires to each company in Fortune magazine’s
top 100 best companies to work for and receives responses from 85 of them.

At the end of the day, a quality control inspector selects 20 light bulbs from
the day’s production and tests them.

Distinguishing Between a Parameter and a Statistic In Exercises
35—42, determine whether the numerical value is a parameter or a statistic. Explain
your reasoning.

35.
36.

The average annual salary for 35 of a company’s 1200 accountants is $68,000.

In a survey of a sample of high school students, 43% said that their mothers
had taught them the most about managing money. (Source: Harris Poll for
Girls Incorporated)
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37.

38.

39.

40.

41.

42.

43.

44.

4s.

46.

47.

48.

49.

Sixty-two of the 97 passengers aboard the Hindenburg airship survived its
explosion.

In January 2010, 52% of the governors of the 50 states in the United States
were Democrats.

In a survey of 300 computer users, 8% said their computers had
malfunctions that needed to be repaired by service technicians.

In a recent year, the interest category for 12% of all new magazines was
sports. (Source: Oxbridge Communications)

In a recent survey of 2000 people, 44% said China is the world’s leading
economic power. (Source: Pew Research Center)

In a recent year, the average math scores for all graduates on the ACT
was 21.0. (Source: ACT, Inc.)

Which part of the survey described in Exercise 31 represents the descriptive
branch of statistics? Make an inference based on the results of the survey.

Which part of the survey described in Exercise 32 represents the descriptive
branch of statistics? Make an inference based on the results of the survey.

Identifying Data Sets in Articles Find a newspaper or magazine article that
describes a survey.

(a) Identify the sample used in the survey.

(b) What is the sample’s population?

(c) Make an inference based on the results of the survey.

Sleep Deprivation In a recent study, volunteers who had 8 hours of sleep
were three times more likely to answer questions correctly on a math test
than were sleep-deprived participants. (Source: CBS News)

(a) Identify the sample used in the study.

(b) What is the sample’s population?

(c) Which part of the study represents the descriptive branch of statistics?
(d) Make an inference based on the results of the study.

Living in Florida A study shows that senior citizens who live in Florida
have better memories than senior citizens who do not live in Florida.

(a) Make an inference based on the results of this study.

(b) What is wrong with this type of reasoning?

Increase in Obesity Rates A study shows that the obesity rate among boys
ages 2 to 19 has increased over the past several years. (Source: Washington Post)
(a) Make an inference based on the results of this study.

(b) What is wrong with this type of reasoning?

Writing Write an essay about the importance of statistics for one of the
following.

* A study on the effectiveness of a new drug

* An analysis of a manufacturing process

* Making conclusions about voter opinions using surveys
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Data Classification

WHAT YOU SHOULD LEARN Types of Data » Levels of Measurement

» How to distinguish between
qualitative data and

quantitative data

» How to classify data with
respect to the four levels
of measurement: nominal,
ordinal, interval, and ratio

City
Baltimore, MD
Jacksonville, FL.
Memphis, TN
Pasadena, CA
San Antonio, TX
Seattle, WA

Population

636,919
807,815
669,651
143,080
1,351,305
598,541

» TYPES OF DATA

When doing a study, it is important to know the kind of data involved. The nature
of the data you are working with will determine which statistical procedures can
be used. In this section, you will learn how to classify data by type and by level of
measurement. Data sets can consist of two types of data: qualitative data and
quantitative data.

DEFINITION

Qualitative data consist of attributes, labels, or nonnumerical entries.

Quantitative data consist of numerical measurements or counts.

EXAMPLE 1

» Classifying Data by Type
The suggested retail prices of several Ford vehicles are shown in the table.

Which data are qualitative data and which are quantitative data? Explain your
reasoning. (Source: Ford Motor Company)

Model Suggested retail price
Focus Sedan $15,995
Fusion $19,270
Mustang $20,995
Edge $26,920
Flex $28,495
Escape Hybrid $32,260
Expedition $35,085
F-450 $44,145

» Solution

The information shown in the table can be separated into two data sets.
One data set contains the names of vehicle models, and the other contains the
suggested retail prices of vehicle models. The names are nonnumerical entries,
so these are qualitative data. The suggested retail prices are numerical entries,
so these are quantitative data.

» Try It Yourself 1
The populations of several U.S. cities are shown in the table. Which data are
qualitative data and which are quantitative data? (Sowurce: U.S. Census Bureau)

a. Identify the two data sets.
b. Decide whether each data set consists of numerical or nonnumerical entries.
c. Specify the qualitative data and the quantitative data. Answer: Page A30
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PICTURING THE
WORLD

In 2009, Forbes Magazine chose
the 75 best business schools in
the United States. Forbes based
their rankings on the return on
investment achieved by the
graduates from the class of 2004.
Graduates of the top five M.B.A.
programs typically earn more
than $200,000 within five years.
(Source: Forbes)

Forbes Top Five U.S.
Business Schools

. Stanford

. Dartmouth

Harvard

. Chicago

(7 I NI SR

. Pennsylvania

In this list, what is the level of
measurement?

Another characteristic of data is its level of measurement. The level of
measurement determines which statistical calculations are meaningful. The four
levels of measurement, in order from lowest to highest, are nominal, ordinal,
interval, and ratio.

DEFINITION

Data at the nominal level of measurement are qualitative only. Data at this
level are categorized using names, labels, or qualities. No mathematical
computations can be made at this level.

Data at the ordinal level of measurement are qualitative or quantitative. Data
at this level can be arranged in order, or ranked, but differences between data
entries are not meaningful.

When numbers are at the nominal level of measurement, they simply
represent a label. Examples of numbers used as labels include Social Security
numbers and numbers on sports jerseys. For instance, it would not make sense
to add the numbers on the players’ jerseys for the Chicago Bears.

EXAMPLE 2

» Classifying Data by Level

Two data sets are shown. Which data set consists of data at the nominal level?
Which data set consists of data at the ordinal level? Explain your reasoning.
(Source: The Nielsen Company)

Top Five TV Programs Network Affiliates

(from 5/4/09 to 5/10/09) in Pittsburgh, PA
1. American Idol-Wednesday WTAE (ABC)
2. American Idol-Tuesday WPXI (NBC)
3. Dancing with the Stars KDKA (CBS)
4. NCIS WPGH (FOX)

5. The Mentalist

» Solution

The first data set lists the ranks of five TV programs. The data set consists of
the ranks 1, 2, 3, 4, and 5. Because the ranks can be listed in order, these data
are at the ordinal level. Note that the difference between a rank of 1 and 5 has
no mathematical meaning. The second data set consists of the call letters of
each network affiliate in Pittsburgh. The call letters are simply the names of
network affiliates, so these data are at the nominal level.

» Try It Yourself 2

Consider the following data sets. For each data set, decide whether the data are
at the nominal level or at the ordinal level.

1. The final standings for the Pacific Division of the National Basketball
Association

2. A collection of phone numbers

a. Identify what each data set represents.
b. Specify the level of measurement and justify your answer.
Answer: Page A30
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The two highest levels of measurement consist of quantitative data only.

DEFINITION

Data at the interval level of measurement can be ordered, and meaningful
differences between data entries can be calculated. At the interval level, a
zero entry simply represents a position on a scale; the entry is not an inherent
Zero.

Data at the ratio level of measurement are similar to data at the interval level,
with the added property that a zero entry is an inherent zero. A ratio of two
data values can be formed so that one data value can be meaningfully
expressed as a multiple of another.

An inherent zero is a zero that implies “none.” For instance, the amount
of money you have in a savings account could be zero dollars. In this case,
the zero represents no money; it is an inherent zero. On the other hand, a
temperature of 0°C does not represent a condition in which no heat is present.
The 0°C temperature is simply a position on the Celsius scale; it is not an
inherent zero.

To distinguish between data at the interval level and at the ratio level,
determine whether the expression “twice as much” has any meaning in the
context of the data. For instance, $2 is twice as much as $1, so these data are at
the ratio level. On the other hand, 2°C is not twice as warm as 1°C, so these data

New York Yankees’ are at the interval level.

World Series Victories (Years)

1923, 1927, 1928, 1932, 1936,
1937, 1938, 1939, 1941, 1943, EXAMPLE 3

1947, 1949, 1950, 1951, 1952,

1953, 1956, 1958, 1961, 1962, » Classifying Data by Level
1977, 1978, 1996, 1998, 1999, Two data sets are shown at the left. Which data set consists of data at the
2000, 2009 interval level? Which data set consists of data at the ratio level? Explain your

reasoning. (Source: Major League Baseball)

2009 American League » Solution
Home Run Totals (by Team) Both of these data sets contain quantitative data. Consider the dates of the
Baltimore 160 Yankees’ World Series victories. It makes sense to find differences between
Boston 212 specific dates. For instance, the time between the Yankees’ first and last World
. Series victories is
Chicago 184
Cleveland 161 2009 — 1923 = 86 years.
Detroit 183 But it does not make sense to say that one year is a multiple of another. So,
Kansas City 144 these data are at the interval level. However, using the home run totals, you
Los Angeles 173 can find differences and write ratios. From the data, you can see that Texas hit
. 63 more home runs than Cleveland hit and that New York hit about 1.5 times
Minnesota 172 . .
as many home runs as Seattle hit. So, these data are at the ratio level.
New York 244
Oakland 135 » Try It Yourself 3
Seattle 160 Decide whether the data are at the interval level or at the ratio level.
Tampa Bay 199 1. The body temperatures (in degrees Fahrenheit) of an athlete during an
Texas 224 exercise session
Toronto 209

2. The heart rates (in beats per minute) of an athlete during an exercise session

a. Identify what each data set represents.
b. Specity the level of measurement and justify your answer.
Answer: Page A30
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INTRODUCTION TO STATISTICS

The following tables summarize which operations are meaningful at each
of the four levels of measurement. When identifying a data set’s level of
measurement, use the highest level that applies.

Level of Put data in
measurement categories
Nominal Yes
Ordinal Yes
Interval Yes
Ratio Yes

Summary of Four Levels of Measurement

Nominal Level
(Qualitative data)

Ordinal Level
(Qualitative or
quantitative data)

Interval Level
(Quantitative data)

Ratio Level
(Quantitative data)

Example of a Data Set

Types of Shows Televised by a Network

Comedy Documentaries
Drama Cooking
Reality Shows  Soap Operas
Sports Talk Shows

Motion Picture Association of America Ratings
Description

G General Audiences
PG Parental Guidance Suggested
PG-13 Parents Strongly Cautioned
R Restricted
NC-17 No One Under 17 Admitted

Average Monthly Temperatures (in degrees
Fahrenheit) for Denver, CO

Jan 292 Jul 734
Feb 332 Aug 71.7
Mar 39.6 Sep 624
Apr 47.6 Oct 51.0
May 57.2 Nov 37.5
Jun 67.6 Dec 303

(Source: National Climatic Data Center)

Average Monthly Precipitation (in inches)
for Orlando, FL

Jan 24 Jul 72
Feb 2.4 Aug 6.3
Mar 3.5 Sep 5.8
Apr 24 Oct 2.7
May 3.7 Nov 2.3
Jun 74 Dec 23

(Source: National Climatic Data Center)

Arrange Subtract Determine if one
data in data data value is a
order values multiple of another
No No No
Yes No No
Yes Yes No
Yes Yes Yes

Meaningful Calculations

Put in a category.

For instance, a show televised by
the network could be put into
one of the eight categories shown.

Put in a category and put in order.

For instance, a PG rating has
a stronger restriction than a
G rating.

Put in a category, put in order, and
find differences between values.

For instance, 57.2 — 47.6 = 9.6°F.
So, May is 9.6° warmer than April.

Put in a category, put in order, find
differences between values, and find

ratios of values.

For instance, % = 2. So, there

is twice as much rain in June as
in May.
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EXERCISES

1. Name each level of measurement for which data can be qualitative.

2. Name each level of measurement for which data can be quantitative.

True or False? In Exercises 3-6, determine whether the statement is true or
false. If it is false, rewrite it as a true statement.

3. Data at the ordinal level are quantitative only.

4. For data at the interval level, you cannot calculate meaningful differences
between data entries.

5. More types of calculations can be performed with data at the nominal level
than with data at the interval level.

6. Data at the ratio level cannot be put in order.

Classifying Data by Type In Exercises 7-18, determine whether the data are
qualitative or quantitative. Explain your reasoning.

7. telephone numbers in a directory 8. heights of hot air balloons

9. body temperatures of patients 10. eye colors of models
11. lengths of songs on MP3 player 12. carrying capacities of pickups
13. player numbers for a soccer team 14. student ID numbers
15. weights of infants at a hospital 16. species of trees in a forest
17. responses on an opinion poll 18. wait times at a grocery store

Classifying Data by Level In Exercises 19-24, determine whether the data
are qualitative or quantitative, and identify the data set’s level of measurement.
Explain your reasoning.

19. Football The top five teams in the final college football poll released in
January 2010 are listed. (Source: Associated Press)

1.Alabama 2.Texas 3.Florida 4. Boise State 5. Ohio State
20. Politics The three political parties in the 111th Congress are listed below.
Republican  Democrat  Independent

21. Top Salespeople The regions representing the top salespeople in a
corporation for the past six years are given.

Southeast Northwest  Northeast
Southeast  Southwest  Southwest

22. Fish Lengths The lengths (in inches) of a sample of striped bass caught in
Maryland waters are listed. (Adapted from National Marine Fisheries Service,
Fisheries Statistics and Economics Division)

16 1725 19 1875 21 203 198 24 21.82
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23.

24,

Best Seller List The top five hardcover nonfiction books on The New York
Times Best Seller List on January 19, 2010 are shown. (Source: The New York
Times)
1. Committed 2. Have a Little Faith 3. The Checklist Manifesto
4. Going Rogue 5. Stones Into Schools

Ticket Prices The average ticket prices for 10 Broadway shows in 2009 are
listed. (Adapted from The Broadway League)

$149 $128 $124 $91 $96 $106 $112 $95 $86 $74

Graphical Analysis In Exercises 25-28, identify the level of measurement of

the
25.

217.

29.

30.

31.

32.

data listed on the horizontal axis in the graph.
Over the Next Few Years, How 26. Average January Snowfall
Likely Is It That the United States for 15 Cities
Will Enter a 1930s-Like Depression?
5 - —
40 .
35 .8 i
= 30 5 4
5 25 5 3
Q
5 20 5
A~ 15 S 5
10 E
5 Z 1+
p2 E2 252 B I:l I:l
g i § L 29 = 2 2 L R B E—
2T 57 27 3 13 5 7 9 11
3 Z z Snowfall (in inches)
Response
(Source: Rasmussen Reports) (Source: National Climatic Data Center)
Gender Profile of the 28. Motor Vehicle Accidents
111th Congress by Year
500 z 120
=]
. 400+ é 1.5
8 11.0+
E 300+ £
= T 105+
Z 500 5]
200 '@ 10.0+
100 + ,—I 2 95+
Wor‘nen M‘en 2003 2004 2005 2006 2007
Gender Year
(Source: Congressional Research Service) (Source: National Safety Council)

The following items appear on a physician’s intake form. Identify the level of
measurement of the data.

a. Temperature b. Allergies
c. Weight d. Pain level (scale of 0 to 10)

The following items appear on an employment application. Identify the level
of measurement of the data.

a. Highest grade level completed b. Gender

c¢. Year of college graduation d. Number of years at last job

Writing What is an inherent zero? Describe three examples of data sets
that have inherent zeros and three that do not.

Writing Describe two examples of data sets for each of the four levels of
measurement. Justify your answer.



Rating Television Shows
United States

in the

The Nielsen Company has been rating television programs
for more than 60 years. Nielsen uses several sampling
procedures, but its main one is to track the viewing
patterns of 20,000 households. These contain more than
45,000 people and are chosen to form a cross section of
the overall population. The households represent various
locations, ethnic groups, and income brackets. The data
gathered from the Nielsen sample of 20,000 households
are used to draw inferences about the population of all
households in the United States.

TV programs viewed by all households
in the United States (114.5 million households)

TV programs viewed
by Nielsen sample
(20,000 households)

Top-Ranked Programs in Overall Viewing for the Week of 11/23/09-11/29/09

Rank

Rank Last Week Program Name

2 ABC
CBS
ABC
NBC
CBS
CBS
CBS
NBC
CBS

CBS

Dancing with the Stars

NCIS

Dancing with the Stars Results
NBC Sunday Night Football
NCIS: Los Angeles

60 Minutes

The Big Bang Theory

Sunday Night NFL Pre-Kick
Two and a Half Men

Criminal Minds

1
2
3
4
5
6
7
8
9

—
=)

Network

Day, Time Rating Share Audience

Mon., 8:00 P.M.
Tues., 8:00 p.M.
Tues., 9:00 p.M.
Sun., 8:15 pM.
Tues., 9:00 p.M.
Sun., 7:00 p.M.
Mon., 9:30 P.M.
Sun., 8:00 p.M.
Mon., 9:00 p.M.
Wed., 9:00 p.M.

12.9
123
12.0
11.5
10.4
9.0
8.4
8.4
8.3
8.2

19
20
20
18
16
14
13
13
12
14

20,411,000
20,348,000
19,294,000
19,210,000
17,221,000
14,377,000
14,129,000
13,927,000
13,877,000
13,605,000

Copyrighted information of The Nielsen Company, licensed for use herein.

B EXERCISES

1. Rating Points FEach rating point represents 5.
1,145,000 households, or 1% of the households in
the United States. Does a program with a rating

of 8.4 have twice the number of households as

Interval Level of Measurement Which
column in the table contains data at the interval
level? How can these data be ordered?

. Ratio Level of Measurement Which columns

a program with a rating of 4.2? Explain your
reasoning.

. Sampling Percent What percentage of the
total number of U.S. households is used in the
Nielsen sample?

. Nominal Level of Measurement Which
columns in the table contain data at the nominal
level?

. Ordinal Level of Measurement Which
columns in the table contain data at the ordinal
level? Describe two ways that the data can be
ordered.

contain data at the ratio level?

. Rankings The column listed as “Share” gives

the percentage of televisions in use at a given
time. The 11th ranked program for this week is
CSI: Miami with a rating of 8.4 and share of 14.
Using this information, how does Nielsen rank
the programs? Why do you think they do it this
way? Explain your reasoning.

. Inferences What decisions (inferences) can be

made on the basis of the Nielsen ratings?
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WHAT YOU SHOULD LEARN

» How to design a statistical
study

» How to collect data by
doing an observational study,
performing an experiment,
using a simulation, or using
a survey

» How to design an experiment

» How to create a sample using
random sampling, simple
random sampling, stratified
sampling, cluster sampling,
and systematic sampling
and how to identify a
biased sample

INSIGHT

In an observational study,
a researcher does not
influence the responses.
In an experiment, a
researcher deliberately
applies a treatment
before observing

the responses.

Data Collection and Experimental Design

Design of a Statistical Study » Data Collection » Experimental Design
Sampling Techniques

The goal of every statistical study is to collect data and then use the data to make
a decision. Any decision you make using the results of a statistical study is only
as good as the process used to obtain the data. If the process is flawed, then the
resulting decision is questionable.

Although you may never have to develop a statistical study, it is likely that

you will have to interpret the results of one. And before you interpret the results
of a study, you should determine whether the results are valid, as well as reliable.
In other words, you should be familiar with how to design a statistical study.

Designing a Statistical Study

1.

Identify the variable(s) of interest (the focus) and the population
of the study.

Develop a detailed plan for collecting data. If you use a sample, make
sure the sample is representative of the population.

Collect the data.
Describe the data, using descriptive statistics techniques.

Interpret the data and make decisions about the population using
inferential statistics.

Identify any possible errors.

There are several ways you can collect data. Often, the focus of the study dictates
the best way to collect data. The following is a brief summary of four methods of
data collection.

Do an observational study In an observational study, a researcher observes
and measures characteristics of interest of part of a population but does
not change existing conditions. For instance, an observational study was
performed in which researchers observed and recorded the mouthing
behavior on nonfood objects of children up to three years old. (Source:
Pediatrics Magazine)

Perform an experiment In performing an experiment, a treatment is applied
to part of a population and responses are observed. Another part of the
population may be used as a control group, in which no treatment is applied.
In many cases, subjects (sometimes called experimental units) in the control
group are given a placebo, which is a harmless, unmedicated treatment, that
is made to look like the real treatment. The responses of the treatment group
and control group can then be compared and studied. In most cases, it is a
good idea to use the same number of subjects for each treatment. For
instance, an experiment was performed in which diabetics took cinnamon
extract daily while a control group took none. After 40 days, the diabetics
who took the cinnamon reduced their risk of heart disease while the control
group experienced no change. (Source: Diabetes Care)



PICTURING THE
WORLD

The Gallup Organization conducts
many polls (or surveys) regarding
the president, Congress, and
political and nonpolitical issues.
A commonly cited Gallup poll

is the public approval rating of
the president. For instance, the
approval ratings for President
Barack Obama throughout 2009
are shown in the following
graph. (The rating is from the
poll conducted at the end of
each month.)

President’s Approval
Ratings, 2009
70+ 67 65
60+ 56 55

50+
40
30+
201

Percent approving

L

Jan  Apr Jul  Oct
Month

Discuss some ways that
Gallup could select a biased
sample to conduct a poll. How
could Gallup select a sample
that is unbiased?
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Use a simulation A simulation is the use of a mathematical or physical
model to reproduce the conditions of a situation or process. Collecting data
often involves the use of computers. Simulations allow you to study situations
that are impractical or even dangerous to create in real life, and often they
save time and money. For instance, automobile manufacturers use simulations
with dummies to study the effects of crashes on humans. Throughout this
course, you will have the opportunity to use applets that simulate statistical
processes on a computer.

Use a survey A survey is an investigation of one or more characteristics
of a population. Most often, surveys are carried out on people by asking
them questions. The most common types of surveys are done by interview,
mail, or telephone. In designing a survey, it is important to word the questions
so that they do not lead to biased results, which are not representative
of a population. For instance, a survey is conducted on a sample of female
physicians to determine whether the primary reason for their career choice
is financial stability. In designing the survey, it would be acceptable to
make a list of reasons and ask each individual in the sample to select her
first choice.

EXAMPLE 1

» Deciding on Methods of Data Collection

Consider the following statistical studies. Which method of data collection
would you use to collect data for each study? Explain your reasoning.

1. A study of the effect of changing flight patterns on the number of airplane
accidents

2. A study of the effect of eating oatmeal on lowering blood pressure
3. A study of how fourth grade students solve a puzzle

4. A study of U.S. residents’ approval rating of the U.S. president

» Solution
1. Because it is impractical to create this situation, use a simulation.

2. In this study, you want to measure the effect a treatment (eating oatmeal)
has on patients. So, you would want to perform an experiment.

3. Because you want to observe and measure certain characteristics of part of
a population, you could do an observational study.

4. You could use a survey that asks, “Do you approve of the way the president
is handling his job?”

» Try It Yourself 1

Consider the following statistical studies. Which method of data collection
would you use to collect data for each study?

1. A study of the effect of exercise on relieving depression

2. A study of the success of graduates of a large university in finding a job
within one year of graduation

a. Identify the focus of the study.
b. Identify the population of the study.

c. Choose an appropriate method of data collection. Answer: Page A30
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INSIGHT

The Hawthorne effect
occurs in an experiment
when subjects change
their behavior simply
because they know
they are participating
in an experiment.

30-39
years old
40-49
years old
Over 50
years old

Randomized Block Design

In order to produce meaningful unbiased results, experiments should be carefully
designed and executed. It is important to know what steps should be taken to
make the results of an experiment valid. Three key elements of a well-designed
experiment are control, randomization, and replication.

Because experimental results can be ruined by a variety of factors, being able
to control these influential factors is important. One such factor is a confounding
variable.

DEFINITION

A confounding variable occurs when an experimenter cannot tell the
difference between the effects of different factors on a variable.

For instance, to attract more customers, a coffee shop owner experiments by
remodeling her shop using bright colors. At the same time, a shopping mall
nearby has its grand opening. If business at the coffee shop increases, it cannot be
determined whether it is because of the new colors or the new shopping mall. The
effects of the colors and the shopping mall have been confounded.

Another factor that can affect experimental results is the placebo effect. The
placebo effect occurs when a subject reacts favorably to a placebo when in fact
the subject has been given no medicated treatment at all. To help control or
minimize the placebo effect, a technique called blinding can be used.

DEFINITION

Blinding is a technique where the subjects do not know whether they are
receiving a treatment or a placebo. In a double-blind experiment, neither
the experimenter nor the subjects know if the subjects are receiving a
treatment or a placebo. The experimenter is informed after all the data
have been collected. This type of experimental design is preferred by
researchers.

Another technique that can be used to obtain unbiased results is
randomization.

DEFINITION

Randomization is a process of randomly assigning subjects to different
treatment groups.

In a completely randomized design, subjects are assigned to different
treatment groups through random selection. In some experiments, it may be
necessary for the experimenter to use blocks, which are groups of subjects with
similar characteristics. A commonly used experimental design is a randomized
block design. To use a randomized block design, you should divide subjects with
similar characteristics into blocks, and then, within each block, randomly assign
subjects to treatment groups. For instance, an experimenter who is testing the
effects of a new weight loss drink may first divide the subjects into age categories
such as 30-39 years old, 40—49 years old, and over 50 years old, and then, within
each age group, randomly assign subjects to either the treatment group or the
control group as shown.



INSIGHT

The validity of an
experiment refers to the
accuracy and reliability
of the experimental
results. The results of

a valid experiment

are more likely to

be accepted in the
scientific community.
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Another type of experimental design is a matched-pairs design, where
subjects are paired up according to a similarity. One subject in the pair is
randomly selected to receive one treatment while the other subject receives a
different treatment. For instance, two subjects may be paired up because of their
age, geographical location, or a particular physical characteristic.

Sample size, which is the number of subjects, is another important part of
experimental design. To improve the validity of experimental results, replication
is required.

DEFINITION

Replication is the repetition of an experiment under the same or similar
conditions.

For instance, suppose an experiment is designed to test a vaccine against a
strain of influenza. In the experiment, 10,000 people are given the vaccine and
another 10,000 people are given a placebo. Because of the sample size, the
effectiveness of the vaccine would most likely be observed. But, if the subjects in
the experiment are not selected so that the two groups are similar (according to
age and gender), the results are of less value.

EXAMPLE 2

» Analyzing an Experimental Design

A company wants to test the effectiveness of a new gum developed to help
people quit smoking. Identify a potential problem with the given experimental
design and suggest a way to improve it.

1. The company identifies ten adults who are heavy smokers. Five of the
subjects are given the new gum and the other five subjects are given a
placebo. After two months, the subjects are evaluated and it is found that
the five subjects using the new gum have quit smoking.

2. The company identifies one thousand adults who are heavy smokers. The
subjects are divided into blocks according to gender. Females are given the
new gum and males are given the placebo. After two months, a significant
number of the female subjects have quit smoking.

» Solution

1. The sample size being used is not large enough to validate the results of the
experiment. The experiment must be replicated to improve the validity.

2. The groups are not similar. The new gum may have a greater effect on
women than on men, or vice versa. The subjects can be divided into blocks
according to gender, but then, within each block, they must be randomly
assigned to be in the treatment group or in the control group.

» Try It Yourself 2

Using the information in Example 2, suppose the company identifies
240 adults who are heavy smokers. The subjects are randomly assigned to be
in a treatment group or in a control group. Each subject is also given a DVD
featuring the dangers of smoking. After four months, most of the subjects
in the treatment group have quit smoking.

a. Identify a potential problem with the experimental design.
b. How could the design be improved? Answer: Page A30
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INSIGHT

A biased sample is one that is not
representative of the population
from which it is drawn.

For instance, a sample

consisting of only

18- to 22-year-old

college students would

not be representative

of the entire 18- to

22-year-old population

in the country.

To explore this topic further,
see Activity 1.3 on page 26.

STUDY TIP

Here are instructions for using the
random integer generator on a
TI-83/84 Plus for Example 3.

[aTH]

Choose the PRB menu.
5: randInt(

OPEEOED
[ENTER)

FrandIntil. 731,52
537 33 249 Ve

Continuing to press

will generate

more random samples
of 8 integers.

INTRODUCTION TO STATISTICS

A census is a count or measure of an entire population. Taking a census provides
complete information, but it is often costly and difficult to perform. A sampling
is a count or measure of part of a population, and is more commonly used in
statistical studies. To collect unbiased data, a researcher must ensure that the
sample is representative of the population. Appropriate sampling techniques
must be used to ensure that inferences about the population are valid. Remember
that when a study is done with faulty data, the results are questionable. Even with
the best methods of sampling, a sampling error may occur. A sampling error is the
difference between the results of a sample and those of the population. When you
learn about inferential statistics, you will learn techniques of controlling sampling
errors.

A random sample is one in which every member of the population has an
equal chance of being selected. A simple random sample is a sample in which
every possible sample of the same size has the same chance of being selected.
One way to collect a simple random sample is to assign a different number to
each member of the population and then use a random number table like the one
in Appendix B. Responses, counts, or measures for members of the population
whose numbers correspond to those generated using the table would be in the
sample. Calculators and computer software programs are also used to generate
random numbers (see page 34).

Table T—Random Numbers

92630 78240 19267 95457 53497 23894 37708 79862
79445 78735 71549 44843 26104 67318 00701 34986
59654 71966 27386 50004 05358 94031 29281 18544
31524 49587 76612 39789 13537 48086 59483 60680
06348 76938 90379 51392 55887 71015 09209 79157

Portion of Table 1 found in Appendix B

Consider a study of the number of people who live in West Ridge County. To use
a simple random sample to count the number of people who live in West Ridge
County households, you could assign a different number to each household, use
a technology tool or table of random numbers to generate a sample of numbers,
and then count the number of people living in each selected household.

EXAMPLE 3 @9 Report 1

» Using a Simple Random Sample

There are 731 students currently enrolled in a statistics course at your school.
You wish to form a sample of eight students to answer some survey questions.
Select the students who will belong to the simple random sample.

» Solution

Assign numbers 1 to 731 to the students in the course. In the table of random
numbers, choose a starting place at random and read the digits in groups of
three (because 731 is a three-digit number). For instance, if you started in the
third row of the table at the beginning of the second column, you would group
the numbers as follows:

719|66 2|738|6 50004 053|58 9/403|1 29[281| 185|44

Ignoring numbers greater than 731, the first eight numbers are 719, 662,650, 4, 53,
589,403, and 129. The students assigned these numbers will make up the sample.
To find the sample using a TI-83/84 Plus, follow the instructions in the margin.
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For stratified sampling, each
of the strata contains members
with a certain characteristic (for

instance, a particular age group).

In contrast, clusters consist of
geographic groupings, and each
cluster should contain members
with all of the characteristics
(for instance, all age

groups). With stratified
samples, some of the

members of each group

are used. In a cluster

sampling, all of the

members of one or

more groups are used.
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» Try It Yourself 3
A company employs 79 people. Choose a simple random sample of five to survey.

a. In the table in Appendix B, randomly choose a starting place.
b. Read the digits in groups of two.
¢. Write the five random numbers. Answer: Page A30

When you choose members of a sample, you should decide whether it is
acceptable to have the same population member selected more than once. If it
is acceptable, then the sampling process is said to be with replacement. If it is not
acceptable, then the sampling process is said to be without replacement.

There are several other commonly used sampling techniques. Each has
advantages and disadvantages.

e Stratified Sample When it is important for the sample to have members
from each segment of the population, you should use a stratified sample.
Depending on the focus of the study, members of the population are divided
into two or more subsets, called strata, that share a similar characteristic such
as age, gender, ethnicity, or even political preference. A sample is then
randomly selected from each of the strata. Using a stratified sample ensures
that each segment of the population is represented. For instance, to collect a
stratified sample of the number of people who live in West Ridge County
households, you could divide the households into socioeconomic levels, and
then randomly select households from each level.

00t@s 40°049 Bang

e Group 2: Group 3:
Low income Middle income High income

Stratified Sampling

e Cluster Sample When the population falls into naturally occurring
subgroups, each having similar characteristics, a cluster sample may be the
most appropriate. To select a cluster sample, divide the population into
groups, called clusters, and select all of the members in one or more (but not
all) of the clusters. Examples of clusters could be different sections of the
same course or different branches of a bank. For instance, to collect a cluster
sample of the number of people who live in West Ridge County households,
divide the households into groups according to zip codes, then select all the
households in one or more, but not all, zip codes and count the number of
people living in each household. In using a cluster sample, care must be taken
to ensure that all clusters have similar characteristics. For instance, if one of
the zip code clusters has a greater proportion of high-income people, the data
might not be representative of the population.

Zip Code Zones in West Ridge County

< Zone 1 >
Zone 2

Cluster Sampling
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Systematic Sample A systematic sample is a sample in which each member
of the population is assigned a number. The members of the population are
ordered in some way, a starting number is randomly selected, and then
sample members are selected at regular intervals from the starting number.
(For instance, every 3rd, 5th, or 100th member is selected.) For instance, to
collect a systematic sample of the number of people who live in West Ridge
County households, you could assign a different number to each household,
randomly choose a starting number, select every 100th household, and count
the number of people living in each. An advantage of systematic sampling is
that it is easy to use. In the case of any regularly occurring pattern in the data,
however, this type of sampling should be avoided.

@0 a@0 aQe o®a a®o a

Systematic Sampling

A type of sample that often leads to biased studies (so it is not recommended)

is a convenience sample. A convenience sample consists only of available members
of the population.

EXAMPLE 4

» Identifying Sampling Techniques

You are doing a study to determine the opinions of students at your school
regarding stem cell research. Identify the sampling technique you are using if
you select the samples listed. Discuss potential sources of bias (if any). Explain.

1. You divide the student population with respect to majors and randomly
select and question some students in each major.

2. You assign each student a number and generate random numbers. You then
question each student whose number is randomly selected.

3. You select students who are in your biology class.

» Solution

1. Because students are divided into strata (majors) and a sample is selected
from each major, this is a stratified sample.

2. Each sample of the same size has an equal chance of being selected and
each student has an equal chance of being selected, so this is a simple
random sample.

3. Because the sample is taken from students that are readily available, this is
a convenience sample. The sample may be biased because biology students
may be more familiar with stem cell research than other students and may
have stronger opinions.

» Try It Yourself 4

You want to determine the opinions of students regarding stem cell research.
Identify the sampling technique you are using if you select the samples listed.
1. You select a class at random and question each student in the class.

2. You assign each student a number and, after choosing a starting number,
question every 25th student.

a. Determine how the sample is selected and identify the corresponding
sampling technique.
b. Discuss potential sources of bias (if any). Explain. Answer: Page A30
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4.
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What is the difference between an observational study and an experiment?
What is the difference between a census and a sampling?

What is the difference between a random sample and a simple random
sample?

What is replication in an experiment, and why is it important?

True or False? In Exercises 5-10, determine whether the statement is true or
false. If it is false, rewrite it as a true statement.

5.

In a randomized block design, subjects with similar characteristics are
divided into blocks, and then, within each block, randomly assigned to
treatment groups.

6. A double-blind experiment is used to increase the placebo effect.

10.

Using a systematic sample guarantees that members of each group within a
population will be sampled.

A census is a count of part of a population.

The method for selecting a stratified sample is to order a population in some
way and then select members of the population at regular intervals.

To select a cluster sample, divide a population into groups and then select all
of the members in at least one (but not all) of the groups.

Deciding on the Method of Data Collection In Exercises 11-16, explain
which method of data collection you would use to collect data for the study.

11.
12.
13.

14.

15.
16.

17.

A study of the health of 168 kidney transplant patients at a hospital
A study of motorcycle helmet usage in a city without a helmet law

A study of the effect on the human digestive system of potato chips made
with a fat substitute

A study of the effect of a product’s warning label to determine whether
consumers will still buy the product

A study of how fast a virus would spread in a metropolitan area

A study of how often people wash their hands in public restrooms

Allergy Drug A pharmaceutical company wants to test the effectiveness of
a new allergy drug. The company identifies 250 females 30-35 years old who
suffer from severe allergies. The subjects are randomly assigned into two
groups. One group is given the new allergy drug and the other is given a
placebo that looks exactly like the new allergy drug. After six months, the
subjects’ symptoms are studied and compared.

(a) Identify the experimental units and treatments used in this experiment.

(b) Identify a potential problem with the experimental design being used
and suggest a way to improve it.

(c) How could this experiment be designed to be double-blind?
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18.

Sneakers Nike developed a new type of sneaker designed to help delay the
onset of arthritis in the knee. Eighty people with early signs of arthritis
volunteered for a study. One-half of the volunteers wore the experimental
sneakers and the other half wore regular Nike sneakers that looked exactly
like the experimental sneakers. The individuals wore the sneakers every day.
At the conclusion of the study, their symptoms were evaluated and MRI tests
were performed on their knees. (Source: Washington Post)

(a) Identify the experimental units and treatments used in this experiment.

(b) Identify a potential problem with the experimental design being used
and suggest a way to improve it.

(c) The experiment is described as a placebo-controlled, double-blind study.
Explain what this means.

(d) Of the 80 volunteers, suppose 40 are men and 40 are women. How could
blocking be used in designing this experiment?

Identifying Sampling Techniques In Exercises 19-26, identify the sampling
technique used, and discuss potential sources of bias (if any). Explain.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

Using random digit dialing, researchers call 1400 people and ask what
obstacles (such as childcare) keep them from exercising.

Chosen at random, 500 rural and 500 urban persons age 65 or older are asked
about their health and their experience with prescription drugs.

Questioning students as they leave a university library, a researcher asks
358 students about their drinking habits.

After a hurricane, a disaster area is divided into 200 equal grids. Thirty of the
grids are selected, and every occupied household in the grid is interviewed to
help focus relief efforts on what residents require the most.

Chosen at random, 580 customers at a car dealership are contacted and
asked their opinions of the service they received.

Every tenth person entering a mall is asked to name his or her favorite store.

Soybeans are planted on a 48-acre field. The field is divided into one-acre
subplots. A sample is taken from each subplot to estimate the harvest.

From calls made with randomly generated telephone numbers, 1012
respondents are asked if they rent or own their residences.

Random Number Table Use the seventh row of Table 1 in Appendix B to
generate 12 random numbers between 1 and 99.

Random Number Table Use the twelfth row of Table 1 in Appendix B to
generate 10 random numbers between 1 and 920.

Sleep Deprivation A researcher wants to study the effects of sleep
deprivation on motor skills. Eighteen people volunteer for the experiment:
Jake, Maria, Mike, Lucy, Ron, Adam, Bridget, Carlos, Steve, Susan, Vanessa,
Rick, Dan, Kate, Pete, Judy, Mary, and Connie. Use a random number
generator to choose nine subjects for the treatment group. The other nine
subjects will go into the control group. List the subjects in each group. Tell
which method you would use to generate the random numbers.

Random Number Generation Volunteers for an experiment are numbered
from 1 to 70. The volunteers are to be randomly assigned to two different
treatment groups. Use a random number generator different from the one you
used in Exercise 29 to choose 35 subjects for the treatment group. The other 35
subjects will go into the control group. List the subjects, according to number,
in each group. Tell which method you used to generate the random numbers.
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Choosing Between a Census and a Sampling In Exercises 31 and 32,
determine whether you would take a census or use a sampling. If you would
use a sampling, decide what sampling technique you would use. Explain your
reasoning.

31. The average age of the 115 residents of a retirement community

32. The most popular type of movie among 100,000 online movie rental subscribers

Recognizing a Biased Question In Exercises 33-36, determine whether the
survey question is biased. If the question is biased, suggest a better wording.

33. Why does eating whole-grain foods improve your health?
34. Why does text messaging while driving increase the risk of a crash?
35. How much do you exercise during an average week?

36. Why do you think the media have a negative effect on teen girls’ dieting
habits?

37. Writing A sample of television program ratings by The Nielsen Company
is described on page 15. Discuss the strata used in the sample. Why is it
important to have a stratified sample for these ratings?

@9 38. Use StatCrunch to generate the following random numbers.

a. 8 numbers between 1 and 50

b. 15 numbers between 1 and 150
¢. 16 numbers between 1 and 325
d. 20 numbers between 1 and 1000

39. Observational studies are sometimes referred to as natural experiments.
Explain, in your own words, what this means.

40. Open and Closed Questions Two types of survey questions are open
questions and closed questions. An open question allows for any kind of
response; a closed question allows for only a fixed response. An open
question, and a closed question with its possible choices, are given below. List
an advantage and a disadvantage of each question.

Open Question ~ What can be done to get students to eat healthier foods?
Closed Question How would you get students to eat healthier foods?
1. Mandatory nutrition course
2. Offer only healthy foods in the cafeteria and remove unhealthy foods
3. Offer more healthy foods in the cafeteria and raise the prices on
unhealthy foods

41. Who Picked These People? Some polling agencies ask people to call
a telephone number and give their response to a question. (a) List an
advantage and a disadvantage of a survey conducted in this manner.
(b) What sampling technique is used in such a survey?

42. Give an example of an experiment where confounding may occur.
43. Why is it important to use blinding in an experiment?

44. How are the placebo effect and the Hawthorne effect similar? How are they
different?

45. How is a randomized block design in experiments similar to a stratified sample?



Random Numbers

The random numbers applet is designed to allow you to generate random
numbers from a range of values. You can specify integer values for the minimum
value, maximum value, and the number of samples in the appropriate fields. You
should not use decimal points when filling in the fields. When SAMPLE is clicked,
the applet generates random values, which are displayed as a list in the text field.

Minimum value: |:|
Maximum value: |:|
Number of samples: |:|

Sample

m Explore

Step 1 Specify a minimum value.

Step 2 Specify a maximum value.

Step 3 Specify the number of samples.

Step 4 Click SAMPLE to generate a list of random values.

®m Draw Conclusions

m 1. Specify the minimum, maximum, and number of samples to be 1, 20, and 8,
respectively, as shown. Run the applet. Continue generating lists until you
obtain one that shows that the random sample is taken with replacement.
Write down this list. How do you know that the list is a random sample taken
with replacement?

Minimum value:
Maximum value:
Number of samples:

Sample

\s

>

2. Use the applet to repeat Example 3 on page 20. What values did you use for
the minimum, maximum, and number of samples? Which method do you
prefer? Explain.



USES AND ABUSES

Uses

Experiments with Favorable Results An experiment that began

in March 2003 studied 321 women with advanced breast cancer. All of the
women had been previously treated with other drugs, but the cancer had stopped
responding to the medications. The women were then given the opportunity to
take a new drug combined with a particular chemotherapy drug.

The subjects were divided into two groups, one that took the new drug
combined with a chemotherapy drug, and one that took only the chemotherapy
drug. After three years, results showed that the new drug in combination with
the chemotherapy drug delayed the progression of cancer in the subjects. The
results were so significant that the study was stopped, and the new drug was
offered to all women in the study. The Food and Drug Administration has
since approved use of the new drug in conjunction with a chemotherapy drug.

Abuses

Experiments with Unfavorable Results From 1988 to 1991, one hundred
eighty thousand teenagers in Norway were used as subjects to test a new vaccine
against the deadly bacteria meningococcus b. A brochure describing the possi-
ble effects of the vaccine stated, “it is unlikely to expect serious complications,”
while information provided to the Norwegian Parliament stated, “serious side
effects can not be excluded.” The vaccine trial had some disastrous results: More
than 500 side effects were reported, with some considered serious, and several
of the subjects developed serious neurological diseases. The results showed that
the vaccine was providing immunity in only 57% of the cases. This result was
not sufficient for the vaccine to be added to Norway’s vaccination program.
Compensations have since been paid to the vaccine victims.

Ethics

Experiments help us further understand the world that surrounds us. But, in
some cases, they can do more harm than good. In the Norwegian experiments,
several ethical questions arise. Was the Norwegian experiment unethical if the
best interests of the subjects were neglected? When should the experiment
have been stopped? Should it have been conducted at all? If serious side
effects are not reported and are withheld from subjects, there is no ethical
question here, it is just wrong.

On the other hand, the breast cancer researchers would not want to deny
the new drug to a group of patients with a life-threatening disease. But again,
questions arise. How long must a researcher continue an experiment that
shows better-than-expected results? How soon can a researcher conclude a
drug is safe for the subjects involved?

B EXERCISES

1. Unfavorable Results Find an example of a real-life experiment that had
unfavorable results. What could have been done to avoid the outcome of
the experiment?

2. Stopping an Experiment In your opinion, what are some problems that
may arise if clinical trials of a new experimental drug or vaccine are
stopped early and then the drug or vaccine is distributed to other subjects
or patients?
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() CHAPTER SUMMARY

REVIEW
What did you learn? EXAMPLE(S) | EXERCISES

Section 1.1

® How to distinguish between a population and a sample 1 1-4
® How to distinguish between a parameter and a statistic 2 5-8
®m How to distinguish between descriptive statistics and inferential statistics 3 9,10
Section 1.2

® How to distinguish between qualitative data and quantitative data 1 11-16
B How to classify data with respect to the four levels of measurement: 2,3 17-20

nominal, ordinal, interval, and ratio

Section 1.3

B How data are collected: by doing an observational study, performing an 1 21-24
experiment, using a simulation, or using a survey

® How to design an experiment 2 25,26

B How to create a sample using random sampling, simple random sampling, 3,4 27-34
stratified sampling, cluster sampling, and systematic sampling

® How to identify a biased sample 4 35-38
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REVIEW EXERCISES

In Exercises 1-4, identify the population and the sample.

1.

A survey of 1000 U.S. adults found that 83% think credit cards tempt people
to buy things they cannot afford. (Source: Rasmussen Reporis)

Thirty-eight nurses working in the San Francisco area were surveyed
concerning their opinions of managed health care.

A survey of 39 credit cards found that the average annual percentage rate
(APR) is 12.83%. (Source: Consumer Action)

A survey of 1205 physicians found that about 60% had considered leaving
the practice of medicine because they were discouraged over the state of U.S.
health care. (Source: The Physician Executive Journal of Medical Management)

In Exercises 5-8, determine whether the numerical value describes a parameter or
a statistic.

5.

10.

The 2009 team payroll of the Philadelphia Phillies was $113,004,046. (Source:
USA Today)

In a survey of 752 adults in the United States, 42% think there should be a
law that prohibits people from talking on cell phones in public places.
(Source: University of Michigan)

In a recent study of math majors at a university, 10 students were minoring in
physics.

Fifty percent of a sample of 1508 U.S. adults say they oppose drilling for oil
and gas in the Arctic National Wildlife Refuge. (Source: Pew Research Center)

Which part of the study described in Exercise 3 represents the descriptive
branch of statistics? Make an inference based on the results of the study.

Which part of the survey described in Exercise 4 represents the descriptive
branch of statistics? Make an inference based on the results of the survey.

In Exercises 11-16, determine which data are qualitative data and which are
quantitative data. Explain your reasoning.

11.
12.
13.
14.
15.
16.

The monthly salaries of the employees at an accounting firm

The Social Security numbers of the employees at an accounting firm
The ages of a sample of 350 employees of a software company

The zip codes of a sample of 350 customers at a sporting goods store
The 2010 revenues of the companies on the Fortune 500 list

The marital statuses of all professional golfers

In Exercises 17-20, identify the data set’s level of measurement. Explain your
reasoning.

17.

18.

The daily high temperatures (in degrees Fahrenheit) for Mohave, Arizona for
a week in June are listed. (Source: Arizona Meteorological Network)

93 91 8 94 103 104 103
The levels of the Homeland Security Advisory System are listed.
Severe High Elevated Guarded Low
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19. The four departments of a printing company are listed.
Administration Sales Production Billing
20. The total compensations (in millions of dollars) of the top ten female CEOs
in the United States are listed. (Sowrce: Forbes)
94 53 11.8 111 94 41 6.6 57 4.6 45

In Exercises 21-24, decide which method of data collection you would use to
collect data for the study. Explain your reasoning.

21. A study of charitable donations of the CEOs in Syracuse, New York

22. A study of the effect of koalas on the ecosystem of Kangaroo Island, Australia
23. A study of how training dogs from animal shelters affects inmates at a prison
24. A study of college professors’ opinions on teaching classes online

In Exercises 25 and 26, an experiment is being performed to test the effects of sleep
deprivation on memory recall. Two hundred students volunteer for the experiment.

The students will be placed in one of five different treatment groups, including the
control group.

25. Explain how you could design an experiment so that it uses a randomized
block design.

26. Explain how you could design an experiment so that it uses a completely
randomized design.

27. Random Number Table Use the fifth row of Table 1 in Appendix B to
generate 8 random numbers between 1 and 650.

28. Census or Sampling? You want to know the favorite spring break
destination among 15,000 students at a university. Decide whether you would
take a census or use a sampling. If you would use a sampling, decide what
technique you would use. Explain your reasoning.

In Exercises 29-34, identify the sampling technique used in the study. Explain your
reasoning.

29. Using random digit dialing, researchers ask 1003 U.S. adults their plans on
working during retirement. (Source: Princeton Survey Research Associates
International)

30. A student asks 18 friends to participate in a psychology experiment.

31. A pregnancy study in Cebu, Philippines randomly selects 33 communities from
the Cebu metropolitan area, then interviews all available pregnant women in
these communities. (Adapied from Cebu Longitudinal Health and Nutrition Survey)

32. Law enforcement officials stop and check the driver of every third vehicle for
blood alcohol content.

33. Twenty-five students are randomly selected from each grade level at a high
school and surveyed about their study habits.

34. A journalist interviews 154 people waiting at an airport baggage claim and
asks them how safe they feel during air travel.

In Exercises 35-38, identify a bias or error that might occur in the indicated survey
or study.

35. study in Exercise 29 36. experiment in Exercise 30

37. study in Exercise 31 38. sampling in Exercise 32



CHAPTER QUIZ

CHAPTER QUIZ 31

Take this quiz as you would take a quiz in class. After you are done, check your
work against the answers given in the back of the book.

1.

Identify the population and the sample in the following study.

A study of the dietary habits of 20,000 men was conducted to find a link
between high intakes of dairy products and prostate cancer. (Source: Harvard
School of Public Health)

Determine whether the numerical value is a parameter or a statistic.

(a) In a survey of 2253 Internet users, 19% use Twitter or another service to
share social updates. (Source: Pew Internet Project)

(b) At a college, 90% of the Board of Trustees members approved the
contract of the new president.

(c) A survey of 846 chief financial officers and senior comptrollers shows
that 55% of U.S. companies are reducing bonuses. (Source: Grant Thornton
International)

Determine whether the data are qualitative or quantitative.

(a) A list of debit card pin numbers

(b) The final scores on a video game

Identify each data set’s level of measurement. Explain your reasoning.
(a) A list of badge numbers of police officers at a precinct

(b) The horsepowers of racing car engines

(c) The top 10 grossing films released in 2010

(d) The years of birth for the runners in the Boston marathon

Decide which method of data collection you would use to gather data for each
study. Explain your reasoning.

(a) A study on the effect of low dietary intake of vitamin C and iron on lead
levels in adults

(b) The ages of people living within 500 miles of your home

An experiment is being performed to test the effects of a new drug on high
blood pressure. The experimenter identifies 320 people ages 35-50 years old
with high blood pressure for participation in the experiment. The subjects are
divided into equal groups according to age. Within each group, subjects are
then randomly selected to be in either the treatment group or the control
group. What type of experimental design is being used for this experiment?

Identify the sampling technique used in each study. Explain your reasoning.

(a) A journalist goes to a campground to ask people how they feel about air
pollution.

(b) For quality assurance, every tenth machine part is selected from an
assembly line and measured for accuracy.

(c) A study on attitudes about smoking is conducted at a college. The students
are divided by class (freshman, sophomore, junior, and senior). Then a
random sample is selected from each class and interviewed.

Which sampling technique used in Exercise 7 could lead to a biased study?



PUTTING IT ALL TOGETHER

Real Statistics — Real Decisions

You are a researcher for a professional research firm. Your firm has
won a contract to do a study for an air travel industry publication. The
editors of the publication would like to know their readers’ thoughts
on air travel factors such as ticket purchase, services, safety, comfort,
economic growth, and security. They would also like to know the
thoughts of adults who use air travel for business as well as for
recreation.

The editors have given you their readership database and 20
questions they would like to ask (two sample questions from a previous
study are given at the right). You know that it is too expensive to
contact all of the readers, so you need to determine a way to contact a
representative sample of the entire readership population.

B EXERCISES

1. How Would You Do Ir?

(a) What sampling technique would you use to select the sample for
the study? Why?

(b) Will the technique you choose in part (a) give you a sample that
is representative of the population?

(c) Describe the method for collecting data.
(d) Identify possible flaws or biases in your study.

2. Data Classification

(a) What type of data do you expect to collect: qualitative,
quantitative, or both? Why?

(b) At what levels of measurement do you think the data in the
study will be? Why?

(c) Will the data collected for the study represent a population or a
sample?

(d) Will the numerical descriptions of the data be parameters
or statistics?

. How They Did It

When the Resource Systems Group did a similar study, they used
an Internet survey. They sent out 1000 invitations to participate in
the survey and received 621 completed surveys.

(a) Describe some possible errors in collecting data by Internet
surveys.

(b) Compare your method for collecting data in Exercise 1 to this
method.

How did you acquire your ticket?

Response

Percent

Travel agent
Directly from airline
Online, using the airline’s website

Online, from a travel site other
than the airline

Other

351%
20.9%
21.0%

18.5%
4.5%

(Source: Resource Systems Group)

How many associates, friends, or family
members traveled together in your party?

Response

Percent

1 (traveled alone)

2 (traveled with one other person)
3 (traveled with 2 others)

4 (traveled with 3 others)

5 (traveled with 4 others)

6 or more (traveled with 5 or
more others)

48.7%
29.7%
7.1%
7.7%
3.0%

3.8%

(Source: Resource Systems Group)
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HISTORY OF STATISTICS

Studied records of deaths in London in the early 1600s. The first
to make extensive statistical observations from massive amounts of

data (Chapter 2), his work laid the foundation for modern statistics.

Pascal and Fermat corresponded about basic probability problems
(Chapter 3)—especially those dealing with gaming and gambling.

Studied probability (Chapter 3) and is credited with putting
probability on a sure mathematical footing.

Studied regression and the method of least squares (Chapter 9)
through astronomy. In his honor, the normal distribution is
sometimes called the Gaussian distribution.

Used descriptive statistics (Chapter 2) to analyze crime and mortality
data and studied census techniques. Described normal distributions
(Chapter 5) in connection with human traits such as height.

Used regression and correlation (Chapter 9) to study genetic
variation in humans. He is credited with the discovery of the Central
Limit Theorem (Chapter 5).

Studied natural selection using correlation (Chapter 9). Formed first
academic department of statistics and helped develop chi-square
analysis (Chapter 6).

Studied process of brewing and developed t-test to correct problems
connected with small sample sizes (Chapter 6).

British psychologist who was one of the first to develop intelligence
testing using factor analysis (Chapter 10).

Studied biology and natural selection and developed ANOVA
(Chapter 10), stressed the importance of experimental design
(Chapter 1), and was the first to identify the null and alternative
hypotheses (Chapter 7).

Biochemist who used statistics to study plant pathology. He
introduced two-sample tests (Chapter 8), which led the way to
the development of nonparametric statistics.

Worked at Princeton during World War II. Introduced exploratory
data analysis techniques such as stem-and-leaf plots (Chapter 2).
Also, worked at Bell Laboratories and is best known for his work
in inferential statistics (Chapters 6—11).

Worked at Princeton and Cambridge. Was a leading authority on
applied probability and data analysis (Chapters 2 and 3).
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USING TECHNOLOGY IN STATISTICS

With large data sets, you will find that calculators or computer software
programs can help perform calculations and create graphics. Of the
many calculators and statistical software programs that are available,
we have chosen to incorporate the T1-83/84 Plus graphing calculator, and
MINITAB and Excel software into this text.

to
be

The following example shows how to use these three technologies
generate a list of random numbers. This list of random numbers can
used to select sample members or perform simulations.

EXAMPLE

» Generating a List of Random Numbers

A quality control department inspects a random sample of 15 of the
167 cars that are assembled at an auto plant. How should the cars be
chosen?

» Solution

One way to choose the sample is to first number the cars from 1 to
167. Then you can use technology to form a list of random numbers
from 1 to 167. Each of the technology tools shown requires different
steps to generate the list. Each, however, does require that you
identify the minimum value as 1 and the maximum value as 167.
Check your user’s manual for specific instructions.

MINITAB T1-83/84 PLUS

v C1 A randint(1, 167, 15)

- S ; fllé {17 42 152 59 5 116 125
5 ¥ = 91 B4 122 55 58 60 82 152
3 74 4 58 105}

4 180 5 151

5 18 6 36

6 70 7 96

7 80 8 154

8 56 g 5

9 37 10 113

10 6 11 157

11 82 12 103

12 126 13 64

13 98 14 135

14 104 15 90

15 137




MINITAB

TECHNOLOGY

EXCEL

Recall that when you generate a list of random numbers, you
should decide whether it is acceptable to have numbers that repeat. If it
is acceptable, then the sampling process is said to be with replacement.
If it is not acceptable, then the sampling process is said to be without

replacement.

With each of the three technology tools shown on page 34, you have
the capability of sorting the list so that the numbers appear in order.
Sorting helps you see whether any of the numbers in the list repeat. If
it is not acceptable to have repeats, you should specify that the tool
generate more random numbers than you need.

. The SEC (Securities and Exchange Commission)
is investigating a financial services company.
The company being investigated has 86
brokers. The SEC decides to review the records
for a random sample of 10 brokers. Describe
how this investigation could be done. Then use
technology to generate a list of 10 random
numbers from 1 to 86 and order the list.

. A quality control department is testing
25 smartphones from a shipment of 300
smartphones. Describe how this test could be
done. Then use technology to generate a list of
25 random numbers from 1 to 300 and order
the list.

. Consider the population of ten digits: 0, 1, 2, 3,
4,5,6,7,8,and 9. Select three random samples
of five digits from this list. Find the average of
each sample. Compare your results with the
average of the entire population. Comment on
your results. (Hint: To find the average, sum
the data entries and divide the sum by the
number of entries.)

. Consider the population of 41 whole numbers
from 0 to 40. What is the average of these
numbers? Select three random samples of
seven numbers from this list. Find the average
of each sample. Compare your results with the
average of the entire population. Comment on
your results. (Hint: To find the average, sum
the data entries and divide the sum by the
number of entries.)

Extended solutions are given in the Technology Supplement.
Technical instruction is provided for MINITAB, Excel, and the T1-83/84 Plus.

. Use random numbers to simulate rolling a

six-sided die 60 times. How many times did you
obtain each number from 1 to 6? Are the
results what you expected?

. You rolled a six-sided die 60 times and got the

following tally.

20 ones 20 twos 15 threes
3 fours 2 fives 0 sixes

Does this seem like a reasonable result? What
inference might you draw from the result?

. Use random numbers to simulate tossing a coin

100 times. Let O represent heads, and let 1
represent tails. How many times did you
obtain each number? Are the results what you
expected?

. You tossed a coin 100 times and got 77 heads

and 23 tails. Does this seem like a reasonable
result? What inference might you draw from
the result?

. A political analyst would like to survey a

sample of the registered voters in a county.
The county has 47 election districts. How could
the analyst use random numbers to obtain a
cluster sample?
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and Their Graphs

2.2 More Graphs and
Displays
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Tendency
m ACTIVITY

2.4 Measures of Variation
m ACTIVITY
® CASE STUDY

2.5 Measures of Position
® USES AND ABUSES

B REAL STATISTICS-
REAL DECISIONS

B TECHNOLOGY

Brothers Sam and Bud Walton opened the

first Wal-Mart store in 1962. Today, the Walton
family is one of the richest families in the world.
Members of the Walton family held four spots

in the top 50 richest people in the world in 2009.



« WHERE YOU'VE BEEN

In Chapter 1, you learned that there are many
ways to collect data. Usually, researchers must
work with sample data in order to analyze
populations, but occasionally it is possible to
collect all the data for a given population. For
instance, the following represents the ages of the
50 richest people in the world in 2009.

WHERE YOU'RE GOING »

89, 89, 87, 86, 86, 85, 83, 83, 82, 81, 80, 78, 78, 77,
76,73,73,73,72, 69, 69, 68, 67, 66, 66, 65, 65, 64,
63, 61, 61, 60, 59, 58, 57, 56, 54, 54, 53, 53, 51, 51,
49,47, 46,44, 43, 42,36, 35

In Chapter 2, you will learn ways to organize and
describe data sets. The goal is to make the data
easier to understand by describing trends,
averages, and variations. For instance, in the raw

Make a frequency
distribution table.

Class Frequency, f
35-41 2
42-48 5
49-55 7
56-62 7
63-69 10
70-76 5
77-83 8
84-90 6

data showing the ages of the 50 richest people in
the world in 2009, it is not easy to see any
patterns or special characteristics. Here are some
ways you can organize and describe the data.

Draw a histogram. W

Frequency

345 41.5 485 55.5 62.5 69.5 76.5 83.5 90.5
Age

_ 89 +8 +87+86 +86 +---+43 +42 + 36 + 35

Mean 50

_ 3263
50
= 65.26 years old

Range = 89 — 35

Find an average.

= 54 years Find how the data vary.
~_
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WHAT YOU SHOULD LEARN

DESCRIPTIVE STATISTICS

Frequency Distributions and Their Graphs

» How to construct a frequency

Frequency Distributions » Graphs of Frequency Distributions

distribution including limits,
midpoints, relative frequen-
cies, cumulative frequencies,
and boundaries

» How to construct frequency
histograms, frequency
polygons, relative frequency
histograms, and ogives

Example of a
Frequency Distribution

Class  Frequency, f
1-5 5

6-10

11-15

16-20

21-25

26-30

A~ L 00 O

You will learn that there are many ways to organize and describe a data set.
Important characteristics to look for when organizing and describing a data set
are its center, its variability (or spread), and its shape. Measures of center and
shapes of distributions are covered in Section 2.3.

When a data set has many entries, it can be difficult to see patterns. In this
section, you will learn how to organize data sets by grouping the data into
intervals called classes and forming a frequency distribution. You will also learn
how to use frequency distributions to construct graphs.

DEFINITION

A frequency distribution is a table that shows classes or intervals of data
entries with a count of the number of entries in each class. The frequency f of
a class is the number of data entries in the class.

In the frequency distribution shown at the left there are six classes. The
frequencies for each of the six classes are 5, 8, 6, 8,5, and 4. Each class has a lower
class limit, which is the least number that can belong to the class, and an upper
class limit, which is the greatest number that can belong to the class. In the
frequency distribution shown, the lower class limits are 1,6, 11,16,21, and 26, and
the upper class limits are 5, 10, 15, 20, 25, and 30. The class width is the distance
between lower (or upper) limits of consecutive classes. For instance, the class
width in the frequency distribution shownis 6 — 1 = 5.

The difference between the maximum and minimum data entries is called
the range. In the frequency table shown, suppose the maximum data entry is 29,
and the minimum data entry is 1. The range then is 29 — 1 = 28. You will learn
more about the range of a data set in Section 2.4.

Constructing a Frequency Distribution from a Data Set

STUDY TIP

In a frequency distribution,
it is best if each class has the
same width. Answers shown
will use the minimum

data value for the lower
limit of the first class.
Sometimes it may be

more convenient to

choose a lower limit

that is slightly lower

than the minimum value.
The frequency distribution
produced will vary slightly.

1.

Decide on the number of classes to include in the frequency distribution.
The number of classes should be between 5 and 20; otherwise, it may be
difficult to detect any patterns.

. Find the class width as follows. Determine the range of the data, divide

the range by the number of classes, and round up to the next convenient
number.

. Find the class limits. You can use the minimum data entry as the lower

limit of the first class. To find the remaining lower limits, add the class
width to the lower limit of the preceding class. Then find the upper limit
of the first class. Remember that classes cannot overlap. Find the
remaining upper class limits.

. Make a tally mark for each data entry in the row of the appropriate class.
. Count the tally marks to find the total frequency f for each class.



INSIGHT

If you obtain a whole number
when calculating the class
width of a frequency
distribution, use the

next whole number

as the class width.

Doing this ensures

that you will have
enough space in your
frequency distribution

for all the data values.

Lower limit Upper limit
59 114
115 170
171 226
227 282
283 338
339 394
395 450

STUDY TIP

The uppercase Greek
letter sigma (X)) is used
throughout statistics to
indicate a summation
of values.

SECTION 2.1

FREQUENCY DISTRIBUTIONS AND THEIR GRAPHS 39

EXAMPLE 1

» Constructing a Frequency Distribution from a Data Set

The following sample data set lists the prices (in dollars) of 30 portable global
positioning system (GPS) navigators. Construct a frequency distribution that
has seven classes.

90 130 400 200 350 70 325 250 150 250
275 270 150 130 59 200 160 450 300 130
220 100 200 400 200 250 95 180 170 150

» Solution

1.
2.

5.

The number of classes (7) is stated in the problem.

The minimum data entry is 59 and the maximum data entry is 450, so the
range is 450 — 59 = 391. Divide the range by the number of classes and
round up to find the class width.

391 Range
1 idth = — -
Class widt 7 Number of classes
~ 55.86 Round up to 56.

. The minimum data entry is a convenient lower limit for the first class. To

find the lower limits of the remaining six classes, add the class width of 56
to the lower limit of each previous class. The upper limit of the first class
is 114, which is one less than the lower limit of the second class. The upper
limits of the other classes are 114 + 56 = 170, 170 + 56 = 226, and so on.
The lower and upper limits for all seven classes are shown.

. Make a tally mark for each data entry in the appropriate class. For instance,

the data entry 130 is in the 115-170 class, so make a tally mark in that class.
Continue until you have made a tally mark for each of the 30 data entries.

The number of tally marks for a class is the frequency of that class.

The frequency distribution is shown in the following table. The first class,
59-114, has five tally marks. So, the frequency of this class is 5. Notice that the
sum of the frequencies is 30, which is the number of entries in the sample data
set. The sum is denoted by X f, where X is the uppercase Greek letter sigma.

Frequency Distribution for
Prices (in dollars) of GPS Navigators

Prices” X 4 Number of
Class Tally Frequency, f GPS navigators

59-114  H4 5

115-170 = 4 ||| 8

171226 = M | 6

227282 Wi 5

283-338 || 2

339-394 | 1 Check that the sum
395-450 ||| 3 of the frequencies

equals the number
2f =30 in the sample.

N
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» Try It Yourself 1

Construct a frequency distribution using the ages of the 50 richest people data
set listed in the Chapter Opener on page 37. Use eight classes.

a. State the number of classes.

b. Find the minimum and maximum values and the class width.

¢. Find the class limits.

d. Tally the data entries.

e. Write the frequency f of each class. Answer: Page A30

After constructing a standard frequency distribution such as the one in
Example 1, you can include several additional features that will help provide
a better understanding of the data. These features (the midpoint, relative
frequency, and cumulative frequency of each class) can be included as
additional columns in your table.

DEFINITION

The midpoint of a class is the sum of the lower and upper limits of the class
divided by two. The midpoint is sometimes called the class mark.

(Lower class limit) + (Upper class limit)
2

Midpoint =

The relative frequency of a class is the portion or percentage of the data that
falls in that class. To find the relative frequency of a class, divide the frequency
f by the sample size n.
) Class frequency  f
Relative frequency = —(——————— = —
Sample size n
The cumulative frequency of a class is the sum of the frequencies of that class
and all previous classes. The cumulative frequency of the last class is equal to
the sample size n.

After finding the first midpoint, you can find the remaining midpoints by
adding the class width to the previous midpoint. For instance, if the first midpoint
is 86.5 and the class width is 56, then the remaining midpoints are

86.5 + 56 = 142.5

2

142.5 + 56 = 198.5

2

198.5 + 56 = 254.5

2

254.5 + 56 = 310.5

and so on.

You can write the relative frequency as a fraction, decimal, or percent. The
sum of the relative frequencies of all the classes should be equal to 1, or 100%.
Due to rounding, the sum may be slightly less than or greater than 1. So, values
such as 0.99 and 1.01 are sufficient.



Prices

Number
of GPS
navigators
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EXAMPLE 2

» Finding Midpoints, Relative Frequencies, and Cumulative
Frequencies

Using the frequency distribution constructed in Example 1, find the midpoint,
relative frequency, and cumulative frequency of each class. Identify any
patterns.

» Solution

The midpoints, relative frequencies, and cumulative frequencies of the first
three classes are calculated as follows.

Relative Cumulative
Class f  Midpoint frequency frequency
so-114 s 2P _gos S o7 5
2 0
115-170 8 115 + 170 = 1425 8 ~ 0.27 5+8=13
2 30
171-226 6 % ~ 1985 % —02 13+6=19

The remaining midpoints, relative frequencies, and cumulative frequencies are
shown in the following expanded frequency distribution.

Frequency Distribution for Prices (in dollars) of GPS Navigators

Relative Cumulative Portion
Class Frequency, f Midpoint Ly @lﬂ/ of GPS

59-114 5 86.5 0.17 5 navigators
115-170 8 142.5 0.27 13
171-226 6 198.5 02 19
227-282 5 254.5 0.17 24
283-338 2 310.5 0.07 26
339-394 1 366.5 0.03 27
395-450 3 4225 0.1 30
>f =30 2% ~ 1

Interpretation There are several patterns in the data set. For instance, the
most common price range for GPS navigators was $115 to $170.

» Try It Yourself 2

Using the frequency distribution constructed in Try It Yourself 1, find the
midpoint, relative frequency, and cumulative frequency of each class. Identify
any patterns.

a. Use the formulas to find each midpoint, relative frequency, and cumulative
frequency.

b. Organize your results in a frequency distribution.

c. Identify patterns that emerge from the data. Answer: Page A31
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Class

Class boundaries

59-114 = 58.5-114.5
115-170 | 114.5-170.5
171-226 | 170.5-226.5
227282 226.5-282.5
283-338  282.5-338.5
339-394  338.5-394.5
395-450 @ 394.5-450.5

INSIGHT

It is customary in
bar graphs to have
spaces between the
bars, whereas with
histograms, it is
customary that the
bars have no spaces
between them.

DESCRIPTIVE STATISTICS

Frequency,

W = N Lt N0

Sometimes it is easier to identify patterns of a data set by looking at a graph of
the frequency distribution. One such graph is a frequency histogram.

DEFINITION

A frequency histogram is a bar graph that represents the frequency
distribution of a data set. A histogram has the following properties.

1. The horizontal scale is quantitative and measures the data values.

2. The vertical scale measures the frequencies of the classes.
3. Consecutive bars must touch.

Because consecutive bars of a histogram must touch, bars must begin and
end at class boundaries instead of class limits. Class boundaries are the numbers
that separate classes without forming gaps between them. If data entries are
integers, subtract 0.5 from each lower limit to find the lower class boundaries. To
find the upper class boundaries, add 0.5 to each upper limit. The upper boundary
of a class will equal the lower boundary of the next higher class.

EXAMPLE 3 @9 Report 2

» Constructing a Frequency Histogram

Draw a frequency histogram for the frequency distribution in Example 2.
Describe any patterns.

» Solution

First, find the class boundaries. Because the data entries are integers,
subtract 0.5 from each lower limit to find the lower class boundaries and add
0.5 to each upper limit to find the upper class boundaries. So, the lower and
upper boundaries of the first class are as follows.

First class lower boundary = 59 — 0.5 = 58.5

First class upper boundary = 114 + 0.5 = 114.5
The boundaries of the remaining classes are shown in the table. To construct
the histogram, choose possible frequency values for the vertical scale. You can

mark the horizontal scale either at the midpoints or at the class boundaries.
Both histograms are shown.

Prices of GPS Navigators Prices of GPS Navigators
(labeled with class midpoints) (labeled with class boundaries)

GPS navigators)

Frequency (number of
Frequency (number of
GPS navigators)

J\/ T T T T T T T
5 5 5 5 LS 8
NS SN SN T BN

}/ SR %

Broken axis Price (in dollars) Price (in dollars)

Interpretation From either histogram, you can see that more than half of the
GPS navigators are priced below $226.50.
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» Try It Yourself 3

Use the frequency distribution from Try It Yourself 2 to construct a frequency
histogram that represents the ages of the 50 richest people. Describe any
patterns.

a. Find the class boundaries.

b. Choose appropriate horizontal and vertical scales.

¢. Use the frequency distribution to find the height of each bar.

d. Describe any patterns in the data. Answer: Page A31

Another way to graph a frequency distribution is to use a frequency polygon.
A frequency polygon is a line graph that emphasizes the continuous change in
frequencies.

EXAMPLE 4

STUDY TIP

A histogram and its corresponding
frequency polygon are often drawn
together. If you have not already
constructed the histogram, begin
constructing the frequency
polygon by choosing

appropriate horizontal

and vertical scales. The

horizontal scale should

consist of the class

midpoints, and the

vertical scale should

consist of appropriate

frequency values.

» Constructing a Frequency Polygon

Draw a frequency polygon for the frequency distribution in Example 2.
Describe any patterns.

» Solution

To construct the frequency polygon, use the same horizontal and vertical scales
that were used in the histogram labeled with class midpoints in Example 3.
Then plot points that represent the midpoint and frequency of each class and
connect the points in order from left to right. Because the graph should begin
and end on the horizontal axis, extend the left side to one class width before
the first class midpoint and extend the right side to one class width after the
last class midpoint.

Prices of GPS Navigators

Frequency (number of
GPS navigators)

| | | | | | |
h 4 T T T T T T T hd

30.5 86.5 1425 198.5 2545 310.5 366.5 422.5 478.5
Price (in dollars)

Interpretation You can see that the frequency of GPS navigators increases
up to $142.50 and then decreases.

» Try It Yourself 4

Use the frequency distribution from Try It Yourself 2 to construct a
frequency polygon that represents the ages of the 50 richest people. Describe
any patterns.

a. Choose appropriate horizontal and vertical scales.
b. Plot points that represent the midpoint and frequency of each class.
c. Connect the points and extend the sides as necessary.

d. Describe any patterns in the data. Answer: Page A31
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PICTURING THE
WORLD

Old Faithful, a geyser at
Yellowstone National Park,
erupts on a regular basis.
The time spans of a sample
of eruptions are given in the
relative frequency histogram.
(Source: Yellowstone National Park)

Old Faithful Eruptions

e 2 2

Dow B

S S o
} } }

0.10+

Relative frequency

T T T T T

20 2.6 32 38 44

Duration of eruption
(in minutes)

Fifty percent of the eruptions
last less than how many
minutes?

A relative frequency histogram has the same shape and the same horizontal

scale as the corresponding frequency histogram. The difference is that the
vertical scale measures the relative frequencies, not frequencies.

EXAMPLE 5 @9 Rreport 3

» Constructing a Relative Frequency Histogram

Draw a relative frequency histogram for the frequency distribution in
Example 2.

» Solution

The relative frequency histogram is shown. Notice that the shape of the
histogram is the same as the shape of the frequency histogram constructed in
Example 3. The only difference is that the vertical scale measures the relative
frequencies.

Prices of GPS Navigators

0.30 +

0.25 +

0.20 +

0.15 +

0.10 +

Relative frequency
(portion of GPS navigators)

0.05 +

58.5 1145 1705 2265 2825 3385 3945 4505

Price (in dollars)

Interpretation From this graph, you can quickly see that 0.27 or 27% of
the GPS navigators are priced between $114.50 and $170.50, which is not as
immediately obvious from the frequency histogram.

» Try It Yourself 5

Use the frequency distribution in Try It Yourself 2 to construct a relative
frequency histogram that represents the ages of the 50 richest people.

a. Use the same horizontal scale that was used in the frequency histogram in
the Chapter Opener.
b. Revise the vertical scale to reflect relative frequencies.
c. Use the relative frequencies to find the height of each bar.
Answer: Page A31

If you want to describe the number of data entries that are equal to or below

a certain value, you can easily do so by constructing a cumulative frequency graph.

DEFINITION

A cumulative frequency graph, or ogive (pronounced 0’jive), is a line graph
that displays the cumulative frequency of each class at its upper class
boundary. The upper boundaries are marked on the horizontal axis, and the
cumulative frequencies are marked on the vertical axis.



Upper class
boundary

114.5
170.5
226.5
282.5
338.5
394.5
450.5

/
5
8
6
5
2
1
3

Cumulative
frequency

5
13
19
24
26
27
30
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Constructing an Ogive (Cumulative Frequency Graph)

1. Construct a frequency distribution that includes cumulative frequencies
as one of the columns.

2. Specity the horizontal and vertical scales. The horizontal scale consists
of upper class boundaries, and the vertical scale measures cumulative
frequencies.

3. Plot points that represent the upper class boundaries and their
corresponding cumulative frequencies.

4. Connect the points in order from left to right.

5. The graph should start at the lower boundary of the first class
(cumulative frequency is zero) and should end at the upper boundary
of the last class (cumulative frequency is equal to the sample size).

EXAMPLE 6

» Constructing an Ogive

Draw an ogive for the frequency distribution in Example 2. Estimate how
many GPS navigators cost $300 or less. Also, use the graph to estimate when
the greatest increase in price occurs.

» Solution

Using the cumulative frequencies, you can construct the ogive shown. The upper
class boundaries, frequencies, and cumulative frequencies are shown in the
table. Notice that the graph starts at 58.5, where the cumulative frequency is 0,
and the graph ends at 450.5, where the cumulative frequency is 30.

Prices of GPS Navigators

25 +

20 +

Cumulative frequency
(number of GPS navigators)

| | | | | | |
L4

T T T T T T T
58.5 1145 1705 226.5 2825 3385 3945 4505
Price (in dollars)

Interpretation From the ogive, you can see that about 25 GPS navigators
cost $300 or less. It is evident that the greatest increase occurs between
$114.50 and $170.50, because the line segment is steepest between these two
class boundaries.

Another type of ogive uses percent as the vertical axis instead of frequency
(see Example 5 in Section 2.5).
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STUDY TIP

Detailed instructions for

using MINITAB, Excel, and the
TI-83/84 Plus are shown in the
Technology Guide that accom-
panies this text. For instance,
here are instructions for creating
a histogram on a TI-83/84 Plus.

Enter midpoints in L1.
Enter frequencies in L2.

[2nd| [STATPLOT]

Turn on Plot 1.
Highlight Histogram.

3 =
Q4
—
N —

ZooM] [9]
WINDOW

x
[7)

@,
U1
(o)}

» Try It Yourself 6

Use the frequency distribution from Try It Yourself 2 to construct an ogive that
represents the ages of the 50 richest people. Estimate the number of people
who are 80 years old or younger.

a. Specify the horizontal and vertical scales.

b. Plot the points given by the upper class boundaries and the cumulative
frequencies.

c. Construct the graph.

d. Estimate the number of people who are 80 years old or younger.

e. Interpret the results in the context of the data. Answer: Page A31

EXAMPLE 7

» Using Technology to Construct Histograms

Use a calculator or a computer to construct a histogram for the frequency
distribution in Example 2.

» Solution

MINITAB, Excel, and the TI-83/84 Plus each have features for graphing
histograms. Try using this technology to draw the histograms as shown.

MINITAB EXCEL

10

g

Frequency
O~ NMWwHUOON®DO

Frequency

|_

865 1425 198.5 254.5 310.5 366.5 422.5 865 1425 1985 2545 3105 366.5 422.5
Price (in dollars) Price (in dollars)

T1-83/84 PLUS

[

» Try It Yourself 7

Use a calculator or a computer and the frequency distribution from Try It
Yourself 2 to construct a frequency histogram that represents the ages of the
50 richest people.

a. Enter the data

b. Construct the histogram. Answer: Page A31
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EXERCISES

1. What are some benefits of representing data sets using frequency distribu-
tions? What are some benefits of using graphs of frequency distributions?

2. Why should the number of classes in a frequency distribution be between
5 and 20?

3. What is the difference between class limits and class boundaries?
4. What is the difference between relative frequency and cumulative frequency?

5. After constructing an expanded frequency distribution, what should the sum
of the relative frequencies be? Explain.

6. What is the difference between a frequency polygon and an ogive?

True or False? In Exercises 7-10, determine whether the statement is true or
false. If it is false, rewrite it as a true statement.

7. In a frequency distribution, the class width is the distance between the lower
and upper limits of a class.

8. The midpoint of a class is the sum of its lower and upper limits divided by two.
9. An ogive is a graph that displays relative frequencies.

10. Class boundaries are used to ensure that consecutive bars of a histogram touch.

In Exercises 11-14, use the given minimum and maximum data entries and the
number of classes to find the class width, the lower class limits, and the upper
class limits.

11. min = 9, max = 64, 7 classes 12. min = 12, max = 88, 6 classes

13. min = 17, max = 135, 8 classes 14. min = 54, max = 247, 10 classes

Reading a Frequency Distribution In Exercises 15 and 16, use the given
frequency distribution to find the (a) class width, (b) class midpoints, and
(c) class boundaries.

15. Cleveland, OH 16.  Travel Time to Work

High Temperatures (°F) (in minutes)
Class  Frequency, f Class  Frequency, f
20-30 19 0-9 188
31-41 43 10-19 372
42-52 68 20-29 264
53-63 69 30-39 205
64-74 74 40-49 83
75-85 68 50-59 76
86-96 24 60-69 32

17. Use the frequency distribution in Exercise 15 to construct an expanded
frequency distribution, as shown in Example 2.

18. Use the frequency distribution in Exercise 16 to construct an expanded
frequency distribution, as shown in Example 2.
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Graphical Analysis In Exercises 19 and 20, use the frequency histogram to
(a) determine the number of classes.
(b) estimate the frequency of the class with the least frequency.
(c) estimate the frequency of the class with the greatest frequency.

(d) determine the class width.

19. Employee Salaries 20. Tree Heights
300+ — 900 - —
250 - 750 -
) >
2200 2 600
Q o
= =
g 150+ g 450
|53 1
100 300
50 - 150+
1 ]

U U U U U U U
18 23 28 33 38 43 48
Height (in inches)

24.5
34.54
44.5
54.54
64.5
74.5
84.5

Salary (in thousands of dollars)

Graphical Analysis In Exercises 21 and 22, use the ogive to approximate
(a) the number in the sample.

(b) the location of the greatest increase in frequency.

21. Male Beagles 22. Adult Females, Ages 20-29
55+ 55 -
50+ 50+
g 45+ g 45+
S, 40+ S, 40+

o o

L2 35 8 35+
o 07T S 30+
2 25 Z 25+
S 20 = 20+
2 15+ Z 15+
E 0+ E 10+
O 5L O 5L

185 215 245 275 305 335 58 60 62 64 66 68 70 72 T4

Weight (in pounds) Height (in inches)

23. Use the ogive in Exercise 21 to approximate

(a) the cumulative frequency for a weight of 27.5 pounds.
(b) the weight for which the cumulative frequency is 45.

(c) the number of beagles that weigh between 22.5 pounds
and 29.5 pounds.

(d) the number of beagles that weigh more than 30.5 pounds.

24. Use the ogive in Exercise 22 to approximate

(a) the cumulative frequency for a height of 72 inches.
(b) the height for which the cumulative frequency is 25.

(c) the number of adult females that are between 62 and
66 inches tall.

(d) the number of adult females that are taller than 70 inches.
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Graphical Analysis In Exercises 25 and 26, use the relative frequency
histogram to

28S.

(a) identify the class with the greatest, and the class with the least, relative frequency.
(b) approximate the greatest and least relative frequencies.

(c) approximate the relative frequency of the second class.

Atlantic Croaker Fish 26. Emergency Response Times
0.20 - — 40% -

) 1 >
g 016 g
s 2 30%
T o
S o012t &
° © 20%
Z 008+ Z
= =
& 0.04- = 10%

A

VT T T T T T T T T T T T T T T T T T

55 7.5 95 115 135 155 175 175 185 195 205 215

Length (in inches) Time (in minutes)

Graphical Analysis In Exercises 27 and 28, use the frequency polygon to
identify the class with the greatest, and the class with the least, frequency.

27.

Raw MCAT Scores 28. Shoe Sizes for 50 Females
for 60 Applicants

—_ )
w (=}
I I
T T

Frequency
-
(=]
}

Frequency

w
I
T

6.0 7.0 8.0 9.0 10.0

Size

10 13 16 19 22 25 28 31 34 37 40 43
Score

Constructing a Frequency Distribution In Exercises 29 and 30, construct
a frequency distribution for the data set using the indicated number of classes. In
the table, include the midpoints, relative frequencies, and cumulative frequencies.
Which class has the greatest frequency and which has the least frequency?

29. Political Blog Reading Times
Number of classes: 5
Data set: Time (in minutes) spent reading a political blog in a day

7 3 13 9 25 8 22 0 2 18 2 30 7
35 12 15 8 6 5 29 0 11 39 16 15

30. Book Spending
Number of classes: 6
Data set: Amount (in dollars) spent on books for a semester

91 472 279 249 530 376 188 341 266 199
142 273 189 130 489 266 248 101 375 486
190 398 188 269 43 30 127 354 84

indicates that the data set for this exercise is available electronically.
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Constructing a Frequency Distribution and a Frequency Histogram
In Exercises 31-34, construct a frequency distribution and a frequency histogram
for the data set using the indicated number of classes. Describe any patterns.

31. Sales

32.

33.

34.

Number of classes: 6
Data set: July sales (in dollars) for all sales representatives at
a company

2114 2468 7119 1876 4105 3183 1932 1355
4278 1030 2000 1077 5835 1512 1697 2478
3981 1643 1858 1500 4608 1000

Pepper Pungencies
Number of classes: 5
Data set: Pungencies (in 1000s of Scoville units) of 24 tabasco

peppers

35 51 44 42 37 38 36 39
44 43 40 40 32 39 41 38
42 39 40 46 37 35 41 39

Reaction Times

Number of classes: 8

Data set: Reaction times (in milliseconds) of a sample of 30 adult
females to an auditory stimulus

507 389 305 291 336 310 514 442
373 428 387 454 323 441 388 426
411 382 320 450 309 416 359 388
307 337 469 351 422 413

Fracture Times

Number of classes: 5

Data set: Amounts of pressure (in pounds per square inch) at fracture
time for 25 samples of brick mortar

2750 2862 2885 2490 2512 2456 2554
2872 2601 2877 2721 2692 2888 2755
2867 2718 2641 2834 2466 2596 2519
2532 2885 2853 2517

Constructing a Frequency Distribution and a Relative Frequency
Histogram In Exercises 35-38, construct a frequency distribution and a relative
frequency histogram for the data set using five classes. Which class has the greatest
relative frequency and which has the least relative frequency?

3s.

36.

Gasoline Consumption
Data set: Highway fuel consumptions (in miles per gallon) for a sample
of cars

32 35 28 40 30 42 55 40 45 24
28 34 40 36 34 40 30 25 28 32
40 35 25 44 26 39 38 42 45 32

ATM Withdrawals
Data set: A sample of ATM withdrawals (in dollars)

35 10 30 25 75 10 30 20 20 10 40
50 40 30 60 70 25 40 10 60 20 80
40 25 20 10 20 25 30 50 80 20
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37. Triglyceride Levels
Data set: Triglyceride levels (in milligrams per deciliter of blood) of a
sample of patients

209 140 155 170 265 138 180 295 250
320 270 225 215 390 420 462 150 200
400 295 240 200 190 145 160 175

38. Years of Service
Data set: Years of service of a sample of New York state troopers

2 7 9 8 9 8 12 10 9
10 6 8 13 12 10 11 7 14
12 9 8 10 9 11 13 8

Constructing a Cumulative Frequency Distribution and an Ogive
In Exercises 39 and 40, construct a cumulative frequency distribution and an ogive
for the data set using six classes. Then describe the location of the greatest increase
in frequency.

39. Retirement Ages
Data set: Retirement ages for a sample of doctors

70 54 55 71 57 58 63 65
60 66 57 62 63 60 63 60
66 60 67 69 69 52 61 73

40. Saturated Fat Intakes
Data set: Daily saturated fat intakes (in grams) of a sample of people

38 32 34 39 40 54 32 17 29 33
57 40 25 36 33 24 42 16 31 33

Constructing a Frequency Distribution and a Frequency Polygon
In Exercises 41 and 42, construct a frequency distribution and a frequency polygon
for the data set. Describe any patterns.

41. Exam Scores
Number of classes: 5
Data set: Exam scores for all students in a statistics class

83 92 94 82 73 98 78 8 72 90
89 92 96 89 75 8 63 47 75 &2

42. Children of the Presidents
Number of classes: 6
Data set: Number of children of the U.S. presidents
(Source: presidentschildren.com)

05603 40410 1506230
4 5487353 2 63312
2 6 123 224 4 46122

In Exercises 43 and 44, use the data set to construct (a) an expanded frequency
distribution, (b) a frequency histogram, (c) a frequency polygon, (d) a relative
frequency histogram, and (e) an ogive.

43. Pulse Rates

Number of classes: 6
Data set: Pulse rates of students in a class

68 105 95 80 90 100 75 70 &4 98 102 70
65 8 90 75 78 94 110 120 95 80 76 108
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44,

Hospitals

Number of classes: 8

Data set: Number of hospitals in each state (Source: American
Hospital Directory)

15 100 56 74 360 53 34 8 213 116
15 38 21 143 97 59 76 110 83 51
23 116 55 91 75 19 108 14 25 14
73 40 30 213 154 97 36 181 12 63
29 121 378 36 91 7 61 71 40 15

@ 45. Use StatCrunch to construct a frequency histogram and a relative

46.

47.

48.

frequency histogram for the following data set that shows the finishing
times (in minutes) for 25 runners in a marathon. Use seven classes.

159 164 165 170 215 200 167 225 192 185 235 240 225
191 194 175 167 234 158 172 180 240 176 159 231

Writing What happens when the number of classes is increased for a
frequency histogram? Use the data set listed and a technology tool to
create frequency histograms with 5, 10, and 20 classes. Which graph
displays the data best?

2 7 3 2 11 31
7 11 10 1 2 12

What Would You Do? You work at a bank and are asked to
recommend the amount of cash to put in an ATM each day. You don’t
want to put in too much (security) or too little (customer irritation).
Here are the daily withdrawals (in 100s of dollars) for 30 days.

72 84 61 76 104 76 86 92 80 88
98 76 97 82 84 67 70 81 82 &9
74 73 8 81 8 78 82 80 91 83

(a) Construct a relative frequency histogram for the data using 8 classes.

(b) If you put $9000 in the ATM each day, what percent of the days
in a month should you expect to run out of cash? Explain your
reasoning.

(c) If you are willing to run out of cash for 10% of the days, how much
cash should you put in the ATM each day? Explain your reasoning.

What Would You Do? You work in the admissions department for a
college and are asked to recommend the minimum SAT scores that the
college will accept for a position as a full-time student. Here are the
SAT scores for a sample of 50 applicants.

1760 1502 1375 1310 1601 1942 1380 2211 1622 1771
1150 1351 1682 1618 2051 1742 1463 1395 1860 1918
1882 1996 1525 1510 2120 1700 1818 1869 1440 1235

976 1513 1790 2250 2102 1905 1979 1588 1420 1730
2175 1930 1965 1658 2005 2125 1260 1560 1635 1620

(a) Construct a relative frequency histogram for the data using
10 classes.

(b) If you set the minimum score at 1616, what percent of the applicants
will meet this requirement? Explain your reasoning.

(c) If you want to accept the top 88% of the applicants, what should the
minimum score be? Explain your reasoning.



» How to graph and interpret
quantitative data sets using
stem-and-leaf plots and
dot plots

» How to graph and interpret

qualitative data sets using pie

charts and Pareto charts

» How to graph and interpret
paired data sets using scatter
plots and time series charts

STUDY TIP

It is important to include a key
for a stem-and-leaf plot to
identify the values of

the data. This is done

by showing a value
represented by a

stem and one leaf.
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More Graphs and Displays

WHAT YOU SHOULD LEARN

Graphing Quantitative Data Sets » Graphing Qualitative Data Sets
Graphing Paired Data Sets

In Section 2.1, you learned several traditional ways to display quantitative data
graphically. In this section, you will learn a newer way to display quantitative
data, called a stem-and-leaf plot. Stem-and-leaf plots are examples of exploratory
data analysis (EDA), which was developed by John Tukey in 1977.

In a stem-and-leaf plot, each number is separated into a stem (for instance,
the entry’s leftmost digits) and a leaf (for instance, the rightmost digit). You
should have as many leaves as there are entries in the original data set and the
leaves should be single digits. A stem-and-leaf plot is similar to a histogram but
has the advantage that the graph still contains the original data values. Another
advantage of a stem-and-leaf plot is that it provides an easy way to sort data.

EXAMPLE 1 @9 Rreport 4

» Constructing a Stem-and-Leaf Plot

The following are the numbers of text messages sent last week by the cellular
phone users on one floor of a college dormitory. Display the data in a
stem-and-leaf plot. What can you conclude?

155 159 144 129 105 145 126 116 130 114 122 112 112 142
126 118 118 108 122 121 109 140 126 119 113 117 118 109
109 119 139 139 122 78 133 126 123 145 121 134 124 119
132 133 124 129 112 126 148 147

» Solution Because the data entries go from a low of 78 to a high of 159,
you should use stem values from 7 to 15. To construct the plot, list these
stems to the left of a vertical line. For each data entry, list a leaf to the right
of its stem. For instance, the entry 155 has a stem of 15 and a leaf of 5.
The resulting stem-and-leaf plot will be unordered. To obtain an ordered
stem-and-leaf plot, rewrite the plot with the leaves in increasing order from
left to right. Be sure to include a key.

Number of Text Messages Sent Number of Text Messages Sent

718 Key: 15|5 = 155 718 Key: 15|5 =155
8 8

9 9

10 | 58999 10 | 58999

11 | 6422889378992 11 | 2223467888999

121 962621626314496 12| 112223446666699
1310993423 1310233499

14 | 4520587 14 | 0245578

15159 15159

Unordered Stem-and-Leaf Plot Ordered Stem-and-Leaf Plot

Interpretation From the display, you can conclude that more than 50% of the
cellular phone users sent between 110 and 130 text messages.
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INSIGHT

You can use stem-and-leaf
plots to identify unusual
data values called
outliers. In Examples 1
and 2, the data value

78 is an outlier. You will
learn more about outliers
in Section 2.3.

» Try It Yourself 1

Use a stem-and-leaf plot to organize the ages of the 50 richest people data set
listed in the Chapter Opener on page 37. What can you conclude?

a. List all possible stems.

b. List the leaf of each data entry to the right of its stem and include a key.

¢. Rewrite the stem-and-leaf plot so that the leaves are ordered.

d. Use the plot to make a conclusion. Answer: Page A31

EXAMPLE 2

» Constructing Variations of Stem-and-Leaf Plots

Organize the data given in Example 1 using a stem-and-leaf plot that has two
rows for each stem. What can you conclude?

» Solution

Use the stem-and-leaf plot from Example 1, except now list each stem twice.
Use the leaves 0, 1, 2, 3, and 4 in the first stem row and the leaves 5, 6, 7, 8, and
9 in the second stem row. The revised stem-and-leaf plot is shown. Notice that
by using two rows per stem, you obtain a more detailed picture of the data.

Number of Text Messages Sent Number of Text Messages Sent

7 Key: 15|5 = 155 7 Key: 15|5 = 155
71 8 71 8

8 8

8 8

9 9

9 9

10 10

10 | 58999 10 | 58999

11 | 42232 11 | 22234

11 | 68897899 11 | 67888999

12 | 22123144 12 | 11222344

12 1 9666696 12| 6666699

13 |1 03423 13| 02334

131 99 131 99

14 | 420 14 | 024

14 | 5587 14 | 5578

15 15

151 59 15159

Unordered Stem-and-Leaf Plot Ordered Stem-and-Leaf Plot

Interpretation From the display, you can conclude that most of the cellular
phone users sent between 105 and 135 text messages.

» Try It Yourself 2

Using two rows for each stem, revise the stem-and-leaf plot you constructed in
Try It Yourself 1. What can you conclude?

a. List each stem twice.
b. List all leaves using the appropriate stem row.
c. Use the plot to make a conclusion. Answer: Page A32
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You can also use a dot plot to graph quantitative data. In a dot plot, each data
entry is plotted, using a point, above a horizontal axis. Like a stem-and-leaf plot,
a dot plot allows you to see how data are distributed, determine specific data
entries, and identify unusual data values.

EXAMPLE 3 @9 Report 5

» Constructing a Dot Plot

Use a dot plot to organize the text messaging data given in Example 1. What
can you conclude from the graph?

155 159 144 129 105 145 126 116 130 114 122 112
112 142 126 118 118 108 122 121 109 140 126 119
113 117 118 109 109 119 139 139 122 78 133 126
123 145 121 134 124 119 132 133 124 129 112 126
148 147

» Solution

So that each data entry is included in the dot plot, the horizontal axis should
include numbers between 70 and 160. To represent a data entry, plot a point
above the entry’s position on the axis. If an entry is repeated, plot another
point above the previous point.

Number of Text Messages Sent

A
70 75 8 8 9 95 100 105 110 115 120 125 130 135 140 145 150 155 160

Interpretation From the dot plot, you can see that most values cluster
between 105 and 148 and the value that occurs the most is 126. You can also
see that 78 is an unusual data value.

» Try It Yourself 3

Use a dot plot to organize the ages of the 50 richest people data set listed in
the Chapter Opener on page 37. What can you conclude from the graph?

a. Choose an appropriate scale for the horizontal axis.
b. Represent each data entry by plotting a point.
¢. Describe any patterns in the data. Answer: Page A32

Technology can be used to construct stem-and-leaf plots and dot plots.
For instance, a MINITAB dot plot for the text messaging data is shown below.

Number of Text Messages Sent

80 S0 100 110 120 130 140 150 160
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Pie charts provide a convenient way to present qualitative data graphically as
percents of a whole. A pie chart is a circle that is divided into sectors that
represent categories. The area of each sector is proportional to the frequency of
each category. In most cases, you will be interpreting a pie chart or constructing
one using technology. Example 4 shows how to construct a pie chart by hand.

EXAMPLE 4 @9 Report 6

Earned Degrees Conferred in 2007

Number
Type of degree (thousands)
Associate’s 728
Bachelor’s 1525
Master’s 604
First professional 90
Doctoral 60
STUDY TIP

Here are instructions for
constructing a pie chart using
Excel. First, enter the degree
types and their corresponding
frequencies or relative frequencies
in two separate columns. Then
highlight the two columns, click
on the Chart Wizard, and select
Pie as your chart type. Click Next
throughout the Chart Wizard
while constructing your pie chart.

Earned Degrees Conferred
in 2007

First professional
3%

Bachelor’'s

51%

Master’s
20%

Associate's Doctoral
24% 2%

» Constructing a Pie Chart

The numbers of earned degrees conferred (in thousands) in 2007 are shown
in the table. Use a pie chart to organize the data. What can you conclude?
(Source: U.S. National Center for Education Statistics)

» Solution

Begin by finding the relative frequency, or percent, of each category. Then
construct the pie chart using the central angle that corresponds to each
category. To find the central angle, multiply 360° by the category’s relative
frequency. For instance, the central angle for associate’s degrees is
360°(0.24) =~ 86°. To construct a pie chart in Excel, follow the instructions in
the margin.

Relative Earned Degrees Conferred in 2007

Type of degree S frequency Angle

Doctoral 2%

Associate’s 728 0.24 86° fFifS_t 1 Associate’s
Bachelor’s 1525 051 1840 PROCTIOM 24%
Master’s 604 0.20 72° Master’s

. . 20%
First professional 90 0.03 11° Bachelor’s
Doctoral 60 0.02 7° 51%

Interpretation From the pie chart, you can see that over one half of the
degrees conferred in 2007 were bachelor’s degrees.
» Try It Yourself 4

The numbers of earned degrees conferred (in thousands) in 1990 are shown in
the table. Use a pie chart to organize the data. Compare the 1990 data with the
2007 data. (Source: U.S. National Center for Education Statistics)

Earned Degrees Conferred in 1990

Number
Type of degree (thousands)
Associate’s 455
Bachelor’s 1052
Master’s 325
First professional 71
Doctoral 38

a. Find the relative frequency and central angle of each category.
b. Use the central angle to find the portion that corresponds to each category.
¢. Compare the 1990 data with the 2007 data. Answer: Page A32



PICTURING THE
WORLD

The six top-selling video games
of 2009 through November are
shown in the following Pareto
chart. Publishers are in
parentheses. (Source: NPD Group)

Six Top-Selling Video Games
of 2009 Through November

T 42

4T 3.5

i

Units sold (in millions)

Game

Of the six top-selling video
games, how many units did
Nintendo sell?
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Another way to graph qualitative data is to use a Pareto chart. A Pareto
chart is a vertical bar graph in which the height of each bar represents frequency
or relative frequency. The bars are positioned in order of decreasing height, with
the tallest bar positioned at the left. Such positioning helps highlight important
data and is used frequently in business.

EXAMPLE 5 @9 Rreport 7

» Constructing a Pareto Chart

In a recent year, the retail industry lost $36.5 billion in inventory shrinkage.
Inventory shrinkage is the loss of inventory through breakage, pilferage,
shoplifting, and so on. The main causes of inventory shrinkage are administrative
error ($5.4 billion), employee theft ($15.9 billion), shoplifting ($12.7 billion),
and vendor fraud ($1.4 billion). If you were a retailer, which causes of inventory
shrinkage would you address first? (Sowrce: National Retail Federation and the
University of Florida)

» Solution
Using frequencies for the vertical axis, you can construct the Pareto chart as

shown.
Main Causes of Inventory Shrinkage

16+
14+

4
= 124
S
= 10+
o 8T
=
LS 6T
& 41
2Ak
I I I I
Employee Shoplifting Administrative ~ Vendor
theft error fraud

Cause

Interpretation From the graph, it is easy to see that the causes of inventory
shrinkage that should be addressed first are employee theft and shoplifting.

» Try It Yourself 5

Every year, the Better Business Bureau (BBB) receives complaints from
customers. In a recent year, the BBB received the following complaints.

7792 complaints about home furnishing stores

5733 complaints about computer sales and service stores
14,668 complaints about auto dealers

9728 complaints about auto repair shops

4649 complaints about dry cleaning companies

Use a Pareto chart to organize the data. What source is the greatest cause of
complaints? (Source: Council of Better Business Bureaus)

a. Find the frequency or relative frequency for each data entry.

b. Position the bars in decreasing order according to frequency or relative
frequency.

c. Interpret the results in the context of the data. Answer: Page A32
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Length of

employment Salary
(in years) (in dollars)

5 32,000

4 32,500

8 40,000

4 27,350

2 25,000

10 43,000

7 41,650

6 39,225

9 45,100

3 28,000

DESCRIPTIVE STATISTICS

When each entry in one data set corresponds to one entry in a second data set,
the sets are called paired data sets. For instance, suppose a data set contains the
costs of an item and a second data set contains sales amounts for the item at each
cost. Because each cost corresponds to a sales amount, the data sets are paired.
One way to graph paired data sets is to use a scatter plot, where the ordered pairs
are graphed as points in a coordinate plane. A scatter plot is used to show the
relationship between two quantitative variables.

EXAMPLE 6

» Interpreting a Scatter Plot

The British statistician Ronald Fisher (see page 33) introduced a famous data
set called Fisher’s Iris data set. This data set describes various physical
characteristics, such as petal length and petal width (in millimeters), for three
species of iris. In the scatter plot shown, the petal lengths form the first data set
and the petal widths form the second data set. As the petal length increases,
what tends to happen to the petal width? (Source: Fisher, R. A., 1936)

Fisher’s Iris Data Set
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‘5 0000 © L]
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Nad o ococooo LY
= oo o
— [ ) L]
=) 10+ eeeo o 3
z
= .
c‘B 5T ° oo: °
000 &

o 000000 o

o % % % % %

10 20 30 40 50 60 70

Petal length (in millimeters)

» Solution

The horizontal axis represents the petal length, and the vertical axis represents
the petal width. Each point in the scatter plot represents the petal length and
petal width of one flower.

Interpretation From the scatter plot, you can see that as the petal length
increases, the petal width also tends to increase.

» Try It Yourself 6

The lengths of employment and the salaries of 10 employees are listed in
the table at the left. Graph the data using a scatter plot. What can you
conclude?

a. Label the horizontal and vertical axes.
b. Plot the paired data.
¢. Describe any trends. Answer: Page A32

You will learn more about scatter plots and how to analyze them in Chapter 9.



See MINITAB and TI-83/84 Plus
steps on pages 122 and 123.
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A data set that is composed of quantitative entries taken at regular intervals
over a period of time is called a time series. For instance, the amount of
precipitation measured each day for one month is a time series. You can use a
time series chart to graph a time series.

EXAMPLE 7 @9 Report 8

» Constructing a Time Series Chart

The table lists the number of cellular
telephone subscribers (in millions) and
subscribers’ average local monthly bills

Subscribers  Average bill
Year (in millions) (in dollars)

for service (in dollars) for the years 1998 69.2 39.43
1998 through 2008. Construct a time 1999 86.0 41.24
series chart for the number of cellular 2000 109.5 45.27
subscribers. What can you conclude? 2001 128.4 4737
(Source: Cellular Telecommunications &
.. 2002 140.8 48.40
Internet Association)
2003 158.7 4991
2004 182.1 50.64
2005 207.9 49.98
2006 233.0 50.56
2007 255.4 49.79
2008 270.3 50.07

» Solution

Let the horizontal axis represent the years and let the vertical axis represent
the number of subscribers (in millions). Then plot the paired data and connect
them with line segments.

Cellular Telephone Subscribers

275 +
250 +
225 +
200 +
175 +
150
125 +
100 -+
75
50 +
25+

Subscribers (in millions)

| | | | | | | | | | |
T T T T T T T T T T T

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
Year

Interpretation The graph shows that the number of subscribers has been
increasing since 1998.

» Try It Yourself 7

Use the table in Example 7 to construct a time series chart for subscribers’
average local monthly cellular telephone bills for the years 1998 through 2008.
What can you conclude?

a. Label the horizontal and vertical axes.
b. Plot the paired data and connect them with line segments.
¢. Describe any patterns you see. Answer: Page A32
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EXERCISES

1. Name some ways to display quantitative data graphically. Name some ways
to display qualitative data graphically.

2. What is an advantage of using a stem-and-leaf plot instead of a histogram?
What is a disadvantage?

3. In terms of displaying data, how is a stem-and-leaf plot similar to a dot plot?

4. How is a Pareto chart different from a standard vertical bar graph?

Putting Graphs in Context In Exercises 5-8, maich the plot with the
description of the sample.

508 Key: 0|8 = 0.8 6. 6|78 Key: 6|7 = 67
11568 71455888
211345 811355889
3109 9100024
4100

7 ° 8 °
< e o o o e o
5101520025 3003540 -

200 205 210 215 220

(a) Time (in minutes) it takes a sample of employees to drive to work
(b) Grade point averages of a sample of students with finance majors

(c) Top speeds (in miles per hour) of a sample of high-performance sports
cars

(d) Ages (in years) of a sample of residents of a retirement home

Graphical Analysis In Exercises 9-12, use the stem-and-leaf plot or dot plot to
list the actual data entries. What is the maximum data entry? What is the minimum
data entry?

9. Key: 2|7 =27 10. Key: 12|9 = 12.9
217 12
312 1219
411334778 133
5(0112333444456689 131677
6888 141111344
71388 141699
815 15/000124
151678889
16 | 1
16 | 67
11. . 12. .
314 15 16 17 18 19 A5 20 25 230 235
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Graphical Analysis In Exercises 13-16, give three conclusions that can be
drawn from the graph.

13. Average Time Spent on Top 5 14. Motor Vehicle Thefts in U.S.

Social Networking Sites
2 L5
23 % 2
=3 =
5E % TR ’_‘_'\‘\\
:% & 10 E/
B . R
& &
@@ &‘ggf{ O%QOQ ngo° &4&\\ =
@ & ! ! I I I I
& T T T T T T
< 2003 2004 2005 2006 2007 2008
Site Year
(Source: Experian Hitwise) (Source: Federal Bureau of Investigation)
15. How Other Drivers Irk Us 16. Driving and Cell Phone Use
Too cautious 2% Ignoring signals @ 501
. =
Speeding 3%. 5 .0
7% Using cell S
Driving slow phone 21% % 307
13% Using two é 201
No signals parking spots 2 107
13% 4%
. . Tailoati Swerved Sped Cutoff Almost
Other 10%~" Bright lights ~ +a1'8atng up  acar hitacar
4% 23% Incident
(Adapted from Reuters/Zogby) (Adapted from USA Today)

Graphing Data Sets In Exercises 17-30, organize the data using the
indicated type of graph. What can you conclude about the data?

17. Exam Scores Use a stem-and-leaf plot to display the data. The data
represent the scores of a biology class on a midterm exam.

75 85 90 80 87 67 82 88 95 91 73 80
83 92 94 68 75 91 79 95 87 76 91 &5

18. Highest Paid CEOs Use a stem-and-leaf plot that has two rows for
each stem to display the data. The data represent the ages of the top
30 highest paid CEOs. (Source: Forbes)

64 74 55 55 62 63 50 67 51 59 50
52 50 59 62 64 57 61 49 63 62 60
55 56 48 58 64 60 60 57

19. Ice Thickness Use a stem-and-leaf plot to display the data. The
data represent the thicknesses (in centimeters) of ice measured at
20 different locations on a frozen lake.

58 64 69 72 51 49 43 58 7.0 6.8
81 75 72 69 58 72 80 7.0 69 59

20. Apple Prices Use a stem-and-leaf plot to display the data. The data
represent the prices (in cents per pound) paid to 28 farmers for apples.

192 19.6 164 171 19.0 174 173
20.1 19.0 175 17.6 186 184 17.7
195 184 189 17.5 193 20.8 193
18.6 186 183 17.1 181 16.8 17.9
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Hours

33
37
34
40
35
33
40
33
28
45
37
28

TABLE FOR EXERCISE 27

Hourly wage

12.16

9.98
10.79
11.71
11.80
11.51
13.65
12.05
10.54
10.33
11.57
10.17

23.

24.

25.

26.

DESCRIPTIVE STATISTICS

21. Systolic Blood Pressures Use a dot plot to display the data. The data
represent the systolic blood pressures (in millimeters of mercury) of
30 patients at a doctor’s office.

120 135 140 145 130 150 120 170 145 125
130 110 160 180 200 150 200 135 140 120
120 130 140 170 120 165 150 130 135 140

22. Life Spans of Houseflies Use a dot plot to display the data. The data
represent the life spans (in days) of 40 houseflies.

9 9 4 4 & 11 10 5 &8 13 9

6 7 11 13 11 6 9 8 14 10 6
10 10 8 7 14 11 7 8 6 11 13
10 14 14 8 13 14 10

New York City Marathon Use a pie chart to display the data. The data
represent the number of men’s New York City Marathon winners from each
country through 2009. (Source: New York Road Runners)

United States 15 Mexico 4
Italy 4 Morocco 1
Ethiopia 1 Great Britain 1
South Africa 2 Brazil 2
Tanzania 1 New Zealand 1
Kenya 8

NASA Budget Use a pie chart to display the data. The data represent
the 2010 NASA budget request (in millions of dollars) divided among five
categories. (Source: NASA)

Science, aeronautics, exploration 8947

Space operations 6176
Education 126
Cross-agency support 3401
Inspector general 36

Barrel of Oil Use a Pareto chart to display the data. The data represent how
a 42-gallon barrel of crude oil is distributed. (Adapred from American Petroleum
Institute)

Gasoline 43%
Kerosene-type jet fuel 9%
Distillate fuel oil (home heating, diesel fuel, etc.) 24%
Coke 5%
Residual fuel oil (industry, marine transportation, etc.) 4%
Liquefied refinery gases 3%
Other 12%

UV Index Use a Pareto chart to display the data. The data represent the
ultraviolet indices for five cities at noon on a recent date. (Source: National
Oceanic and Atmospheric Administration)

Atlanta, GA  Boise,ID Concord, NH Denver, CO Miami, FL
9 7 8 7 10

27. Hourly Wages Use a scatter plot to display the data shown in the
table. The data represent the number of hours worked and the hourly
wages (in dollars) for a sample of 12 production workers. Describe any
trends shown.



Number of
students per
teacher

171
17.5
18.9
17.1
20.0
18.6
14.4
16.5
13.3
18.4

Average
teacher’s
salary

28.7
47.5
31.8
28.1
40.3
338
49.8
37.5
42.5
31.9

TABLE FOR EXERCISE 28
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28. Salaries Use a scatter plot to display the data shown in the table. The
data represent the number of students per teacher and the average
teacher salaries (in thousands of dollars) for a sample of 10 school
districts. Describe any trends shown.

29. Daily High Temperatures Use a time series chart to display the data. The
data represent the daily high temperatures for a city for a period of 12 days.

Mayl May2 May3 May4 May5  May 6

77° 77° 79° 81° 82° 82°
May7 May8 May9 Mayl0 Mayll May12
85° 87° 90° 88° 89° 82°

30. Manufacturing Use a time series chart to display the data. The data
represent the percentages of the U.S. gross domestic product (GDP)
that come from the manufacturing sector. (Source: U.S. Bureau of
Economic Analysis)

1997 1998 1999 2000 2001 2002
16.6% 154% 148% 145% 132% 12.9%

2003 2004 2005 2006 2007 2008
125% 122% 119% 12.0% 11.7% 11.5%

@ In Exercises 31-34, use StatCrunch to organize the data using the indicated
type of graph. What can you conclude about the data?

31. Use a stem-and-leaf plot to display the data. The data represent the scores of
an economics class on a final exam.

82 93 95 75 68 90 98 71 8 88 100 93
70 80 89 62 55 95 83 86 8 76 99 &7

32. Use a dot plot to display the data. The data represent the screen sizes (in
inches) of 20 DVD camcorders.

30 27 32 27 18 27 27 30 27 3.0
25 32 27 27 30 27 20 27 30 25

33. Use (a) a pie chart and (b) a Pareto chart to display the data. The data
represent the results of an online survey that asked adults which type of
investment they would focus on in 2010. (Adapted from CNN)

U.S. stocks 11,521 Emerging markets 5267
Bonds 3292 Commodities 1975
Bank accounts 10,533

34. The data represent the number of motor vehicles (in millions) registered
in the U.S. and the number of crashes (in millions). (Source: U.S. National
Highway Safety Traffic Administration)

Year 2000 = 2001 @ 2002 | 2003 | 2004 2005 @ 2006 @ 2007

Registrations = 221 230 230 231 237 241 244 247
Crashes 6.4 6.3 6.3 6.3 6.2 6.2 6.0 6.0

(a) Use a scatter plot to display the number of registrations.

(b) Use a scatter plot to display the number of crashes.

(c) Construct a time series chart for the number of registrations.
(d) Construct a time series chart for the number of crashes.
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Law Firm A Law Firm B
50 9103
8522211057
9970011 |005
111120335
1312259
14113339
155556
16 1499
9951017125
55521 (18|9
998751190
3120
Key: 5/19]0 = $195,000 for
Law Firm A and
$190,000 for Law Firm B

FIGURE FOR EXERCISE 39

DESCRIPTIVE STATISTICS

A Misleading Graph? A misleading graph is a statistical graph that is
not drawn appropriately. This type of graph can misrepresent data and lead to
false conclusions. In Exercises 35-38, (a) explain why the graph is misleading, and
(b) redraw the graph so that it is not misleading.

35.

37.

39.

40.

Sales for Company A 36. Results of a Survey

120
110
100

90

Percent that
responded “yes”
[=)}

B

Sales
(in thousands of dollars)

I I I
3rd 2nd Ist 4th Middle  High  College/

Quarter school  school university
Type of student
Sales for Company B 38. U.S. Crude Oil Imports by
4th quarter Ist quarter Country of Origin 2008
20% 38% é 2000 _
E 1500 =
£ 1000 L
5 500
3rd quarter 2nd quarter = on-OPEC OPEC
38% 4% countries countries
Law Firm Salaries A back-to-back stem-and-leaf plot compares two data

sets by using the same stems for each data set. Leaves for the first data set
are on one side while leaves for the second data set are on the other side. The
back-to-back stem-and-leaf plot shows the salaries (in thousands of dollars)
of all lawyers at two small law firms.

(a) What are the lowest and highest salaries at Law Firm A? at Law Firm B?
(b) How many lawyers are in each firm?

(¢) Compare the distribution of salaries at each law firm. What do you

notice?

Yoga Classes The data sets show the ages of all participants in two yoga

classes.
3:00 p.m. Class 8:00 p.M. Class
40 60 73 77 51 68 19 18 20 29 39 43
68 35 68 53 64 75 71 56 44 44 18 19
76 69 59 55 38 57 19 18 18 20 25 29
68 8 75 62 73 75 25 22 31 24 24 23
85 77 19 19 18 28 20 31

(a) Make a back-to-back stem-and-leaf plot to display the data.

(b) What are the lowest and highest ages of participants in the 3:00 P.M.
class? in the 8:00 p.M. class?

(c) How many participants are in each class?

(d) Compare the distribution of ages in each class. What conclusion(s) can
you make based on your observations?



» How to find the mean,
median, and mode of a
population and of a sample

v

How to find a weighted mean
of a data set and the mean of
a frequency distribution

v

How to describe the shape

of a distribution as symmetric,
uniform, or skewed and how
to compare the mean and
median for each

STUDY TIP

Notice that the mean in Example 1
has one more decimal
place than the original
set of data values. This
round-off rule will be
used throughout the
text. Another important
round-off rule is that
rounding should not

be done until the final
answer of a calculation.

Heights of Players

74 78 81 87 81 80 77 80
8 78 80 83 75 81 73
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Measures of Central Tendency

WHAT YOU SHOULD LEARN

Mean, Median, and Mode » Weighted Mean and Mean of Grouped Data
The Shapes of Distributions

In Sections 2.1 and 2.2, you learned about the graphical representations of
quantitative data. In Sections 2.3 and 2.4, you will learn how to supplement
graphical representations with numerical statistics that describe the center and
variability of a data set.

A measure of central tendency is a value that represents a typical, or central,
entry of a data set. The three most commonly used measures of central tendency
are the mean, the median, and the mode.

DEFINITION

The mean of a data set is the sum of the data entries divided by the number
of entries. To find the mean of a data set, use one of the following formulas.

> x >x

Population Mean: u = N Sample Mean: X = e

The lowercase Greek letter u (pronounced mu) represents the population
mean and x (read as “x bar”) represents the sample mean. Note that N
represents the number of entries in a population and n represents the
number of entries in a sample. Recall that the uppercase Greek letter sigma
(2) indicates a summation of values.

EXAMPLE 1 @9 Report 9

» Finding a Sample Mean

The prices (in dollars) for a sample of round-trip flights from Chicago, Illinois
to Cancun, Mexico are listed. What is the mean price of the flights?

872 432 397 427 388 782 397

» Solution
The sum of the flight prices is

>x = 872 + 432 + 397 + 427 + 388 + 782 + 397 = 3695.

To find the mean price, divide the sum of the prices by the number of prices in
the sample.

o 2X 3095 ong
n 7

So, the mean price of the flights is about $527.90.

» Try It Yourself 1
The heights (in inches) of the players on the 2009-2010 Cleveland Cavaliers
basketball team are listed. What is the mean height?

a. Find the sum of the data entries.
b. Divide the sum by the number of data entries.
c. Interpret the results in the context of the data. Answer: Page A32
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STUDY TIP

In a data set, there are the same
number of data values above
the median as there are below
the median. For instance,

in Example 2, three of

the prices are below

$427 and three are

above $427.

DEFINITION

The median of a data set is the value that lies in the middle of the data when
the data set is ordered. The median measures the center of an ordered data set
by dividing it into two equal parts. If the data set has an odd number of entries,
the median is the middle data entry. If the data set has an even number of
entries, the median is the mean of the two middle data entries.

EXAMPLE 2 @9 Report 10

» Finding the Median
Find the median of the flight prices given in Example 1.

» Solution
To find the median price, first order the data.

388 397 397 427 432 782 8§72

Because there are seven entries (an odd number), the median is the middle,
or fourth, data entry. So, the median flight price is $427.

» Try It Yourself 2
The ages of a sample of fans at a rock concert are listed. Find the median age.

24 27 19 21 18 23 21 20 19 33 30 29 21
18 24 26 38 19 35 34 33 30 21 27 30

a. Order the data entries.
b. Find the middle data entry.
c. Interpret the results in the context of the data. Answer: Page A32

EXAMPLE 3

» Finding the Median

In Example 2, the flight priced at $432 is no longer available. What is the
median price of the remaining flights?

» Solution

The remaining prices, in order, are 388, 397,397, 427,782, and 872.

Because there are six entries (an even number), the median is the mean of the
two middle entries.

Median = M — 412

So, the median price of the remaining flights is $412.

» Try It Yourself 3

The prices (in dollars) of a sample of digital photo frames are listed. Find the
median price of the digital photo frames.

25 100 130 60 140 200 220 80 250 97

a. Order the data entries.
b. Find the mean of the two middle data entries.
c. Interpret the results in the context of the data. Answer: Page A32



INSIGHT

The mode is the only
measure of central
tendency that can

be used to describe
data at the nominal
level of measurement.
But when working with
quantitative data, the
mode is rarely used.

Political party  Frequency, f

Democrat
Republican
Other

Did not respond

34
56
21

9
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DEFINITION

The mode of a data set is the data entry that occurs with the greatest frequency.
A data set can have one mode, more than one mode, or no mode. If no
entry is repeated, the data set has no mode. If two entries occur with the
same greatest frequency, each entry is a mode and the data set is called
bimodal.

EXAMPLE 4 @9 Rreport 11

» Finding the Mode
Find the mode of the flight prices given in Example 1.

» Solution
Ordering the data helps to find the mode.

388 397 397 427 432 782 872

From the ordered data, you can see that the entry 397 occurs twice, whereas
the other data entries occur only once. So, the mode of the flight prices is $397.

» Try It Yourself 4

The prices (in dollars per square foot) for a sample of South Beach (Miami
Beach, FL) condominiums are listed. Find the mode of the prices.

324 462 540 450 638 564 670 618 624 825
540 980 1650 1420 670 830 912 750 1260 450
975 670 1100 980 750 723 705 385 475 720

a. Write the data in order.
b. Identify the entry, or entries, that occur with the greatest frequency.
¢. Interpret the results in the context of the data. Answer: Page A32

EXAMPLE 5

» Finding the Mode

At a political debate, a sample of audience members were asked to name the
political party to which they belonged. Their responses are shown in the table.
What is the mode of the responses?

» Solution
The response occurring with the greatest frequency is Republican. So, the
mode is Republican.

Interpretation In this sample, there were more Republicans than people of
any other single affiliation.

» Try It Yourself 5

In a survey, 1000 U.S. adults were asked if they thought public cellular
phone conversations were rude. Of those surveyed, 510 responded “Yes,”
370 responded “No,” and 120 responded “Not sure.” What is the mode of the
responses? (Adapted from Fox TV/Rasmussen Reports)

a. Identify the entry that occurs with the greatest frequency.
b. Interpret the results in the context of the data. Answer: Page A32
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Ages in a Class

20 20 20 20 20 20 21
21 21 21 22 22 22 23
23 23 23 24 24 65

Outlier \)

PICTURING THE
WORLD

The National Association of
Realtors keeps a databank of
existing-home sales. One list

uses the median price of existing
homes sold and another uses

the mean price of existing homes
sold. The sales for the third
quarter of 2009 are shown

in the double-bar graph.

(Source: National Association of Realtors)

2009 U.S.
Existing-Home Sales

260 - |3 Median price

240 - |0 Mean price

220 +
200 +
180 +

160 -+

Existing-home price
(in thousands of dollars)

July  Aug. Sept.
Month

Notice in the graph that each
month the mean price is about
$45,000 more than the median
price. What factors would cause
the mean price to be greater
than the median price?

Although the mean, the median, and the mode each describe a typical entry
of a data set, there are advantages and disadvantages of using each. The mean is
a reliable measure because it takes into account every entry of a data set.
However, the mean can be greatly affected when the data set contains outliers.

DEFINITION

An outlier is a data entry that is far removed from the other entries in the
data set.

A data set can have one or more outliers, causing gaps in a distribution.
Conclusions that are drawn from a data set that contains outliers may be flawed.

EXAMPLE 6

» Comparing the Mean, the Median, and the Mode

Find the mean, the median, and the mode of the sample ages of students in
a class shown at the left. Which measure of central tendency best describes a
typical entry of this data set? Are there any outliers?

» Solution
: T 2% _ 45
Mean: X=""=50 F 23.8 years
+
Median: Median = ¥ = 21.5 years
Mode: The entry occurring with the greatest frequency is 20 years.

Interpretation The mean takes every entry into account but is influenced by
the outlier of 65. The median also takes every entry into account, and it is not
affected by the outlier. In this case the mode exists, but it doesn’t appear to
represent a typical entry. Sometimes a graphical comparison can help you
decide which measure of central tendency best represents a data set. The
histogram shows the distribution of the data and the locations of the mean, the
median, and the mode. In this case, it appears that the median best describes
the data set.

Ages of Students in a Class

6 —+
=0T
Q
g 4t
5l
=
o

1 -+

20 25 30 35 40 45 50 55 60 65
4 LL'Mean Ace )

Mode Median g Outlier

» Try It Yourself 6

Remove the data entry 65 from the data set in Example 6. Then rework the
example. How does the absence of this outlier change each of the measures?

a. Find the mean, the median, and the mode.
b. Compare these measures of central tendency with those found in Example 6.
Answer: Page A33
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Sometimes data sets contain entries that have a greater effect on the mean
than do other entries. To find the mean of such a data set, you must find the
weighted mean.

DEFINITION

A weighted mean is the mean of a data set whose entries have varying weights.
A weighted mean is given by

> (x-w)
>w

where w is the weight of each entry x.

EXAMPLE 7

» Finding a Weighted Mean

You are taking a class in which your grade is determined from five sources:
50% from your test mean, 15% from your midterm, 20% from your final exam,
10% from your computer lab work, and 5% from your homework. Your scores
are 86 (test mean), 96 (midterm), 82 (final exam), 98 (computer lab), and 100
(homework). What is the weighted mean of your scores? If the minimum
average for an A is 90, did you get an A?

=

» Solution
Begin by organizing the scores and the weights in a table.

Source Score, x Weight, w xw
Test mean 86 0.50 43.0
Midterm 96 0.15 144
Final exam 82 0.20 16.4
Computer lab 98 0.10 9.8
Homework 100 0.05 5.0

Sw=1 > (x-w) = 88.6

> (x-w)
>w

_ 886

1

= 88.6

X =

Your weighted mean for the course is 88.6. So, you did not get an A.

» Try It Yourself 7

An error was made in grading your final exam. Instead of getting 82, you
scored 98. What is your new weighted mean?

a. Multiply each score by its weight and find the sum of these products.

b. Find the sum of the weights.

c. Find the weighted mean.

d. Interpret the results in the context of the data. Answer: Page A33
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STUDY TIP

If the frequency distribution
represents a population,
then the mean of the
frequency distribution

is approximated by

_ 2 (x-f)

Y

where N = =f.
Class
midpoint, Frequency,

x f xf
12.5 6 75.0
24.5 10 245.0
36.5 13 474.5
48.5 8 388.0
60.5 5 302.5
72.5 6 435.0
84.5 2 169.0

n =50 > =2089.0

DESCRIPTIVE STATISTICS

If data are presented in a frequency distribution, you can approximate the

mean as follows.

DEFINITION

The mean of a frequency distribution for a sample is approximated by

S
)]

" Note that n = X f.

where x and f are the midpoints and frequencies of a class, respectively.

Finding the Mean of a Frequency Distribution

(Lower limit) + (Upper limit)
2

1. Find the midpoint of x =
each class.

2. Find the sum of the products
of the midpoints and the

2 (x-f)

frequencies.
3. Find the sum of the n = 2 f inconsistence
frequencies.
: __2(xf)
4. Find the mean of the X=—

frequency distribution.

EXAMPLE 8

» Finding the Mean of a Frequency Distribution

Use the frequency distribution at the left to approximate the mean number of
minutes that a sample of Internet subscribers spent online during their most
recent session.

» Solution
2(x-f)

}:7
n

_ 2089.0
50

~ 41.8

So, the mean time spent online was approximately 41.8 minutes.

» Try It Yourself 8

Use a frequency distribution to approximate the mean age of the 50 richest
people. (See Try It Yourself 2 on page 41.)

a. Find the midpoint of each class.
b. Find the sum of the products of each midpoint and corresponding frequency.
c. Find the sum of the frequencies.
d

. Find the mean of the frequency distribution. Answer: Page A33



To explore this topic further,
see Activity 2.3 on page 79.

INSIGHT

Be aware that there are many
different shapes of distributions.
In some cases, the shape cannot
be classified as symmetric,
uniform, or skewed. A
distribution can have

several gaps caused by

outliers, or clusters of

data. Clusters occur

when several types of

data are included in the

one data set.
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A graph reveals several characteristics of a frequency distribution. One such
characteristic is the shape of the distribution.

DEFINITION

A frequency distribution is symmetric when a vertical line can be drawn
through the middle of a graph of the distribution and the resulting halves are
approximately mirror images.

A frequency distribution is uniform (or rectangular) when all entries, or
classes, in the distribution have equal or approximately equal frequencies.
A uniform distribution is also symmetric.

A frequency distribution is skewed if the “tail” of the graph elongates more to
one side than to the other. A distribution is skewed left (negatively skewed) if
its tail extends to the left. A distribution is skewed right (positively skewed)
if its tail extends to the right.

When a distribution is symmetric and unimodal, the mean, median, and mode are
equal. If a distribution is skewed left, the mean is less than the median and the
median is usually less than the mode. If a distribution is skewed right, the mean
is greater than the median and the median is usually greater than the mode.
Examples of these commonly occurring distributions are shown.

40+ — 40+
35+ — — 35+
30 304
25+ 25
20+ 20
15+ 15
10+ 10+
5+ 5
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 3 5 7 9 11 13 15 1 3 5 7 9 11 13 15
—Mean —Mean
~Median “Median
~Mode

Symmetric Distribution Uniform Distribution

40+ ] 40 + ]
35+ — ] 35+ ] —
30+ 30+
25+ 25+
20+ 20
15+ 15+
10+ 10+
5+ 5+
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
1 3 5 7 9 t 13 15 1 3 5 JA 9 11 13 15
Mean Mode Mode Mean
Median Median

Skewed Left Distribution Skewed Right Distribution

The mean will always fall in the direction in which the distribution is skewed.
For instance, when a distribution is skewed left, the mean is to the left of
the median.
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CHAPTER 2

EXERCISES

DESCRIPTIVE STATISTICS

True or False? In Exercises 1-4, determine whether the statement is true or
false. If it is false, rewrite it as a true statement.

1. The mean is the measure of central tendency most likely to be affected by an
outlier.

2. Some quantitative data sets do not have medians.
3. A data set can have the same mean, median, and mode.

4. When each data class has the same frequency, the distribution is symmetric.

Constructing Data Sets In Exercises 5-8, construct the described data set.
The values in the data set cannot all be the same.

5. Median and mode are the same. 6. Mean and mode are the same.
7. Mean is not representative of a typical number in the data set.

8. Mean, median, and mode are the same.

Graphical Analysis In Exercises 9-12, determine whether the approximate
shape of the distribution in the histogram is symmetric, uniform, skewed lefft,
skewed right, or none of these. Justify your answer.

9.

22

20

éxwxwxwxwxwx

T T T T T T T T
25,000 45,000 65,000 85,000

11.

T T T
123456789101112

10.

12.

15+

12+

16

12

T T T T T T T T
85 95 105115125 135145155

525 625 725 825

Matching In Exercises 13-16, match the distribution with one of the graphs in

Exercises 9-12. Justify your decision.

13. The frequency distribution of 180 rolls of a dodecagon (a 12-sided die)

14. The frequency distribution of salaries at a company where a few executives
make much higher salaries than the majority of employees

15. The frequency distribution of scores on a 90-point test where a few students
scored much lower than the majority of students

16. The frequency distribution of weights for a sample of seventh grade boys



Type of lenses  Frequency, f
Contacts 40
Eyeglasses 570
Comaesand
None 210

TABLE FOR EXERCISE 23

How Do People Eat Their
Potatoes?

Home fries/
hash browns
120

Chips
50

French
fries
200

FIGURE FOR EXERCISE 26
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Finding and Discussing the Mean, Median, and Mode In Exercises
17-34, find the mean, median, and mode of the data, if possible. If any of these
measures cannot be found or a measure does not represent the center of the data,
explain why.

17.

18.

19.

20.

23.

24.

28S.

26.

Concert Tickets
last 13 purchases

4 25 8 6 6 43 2 47 85

The number of concert tickets purchased online for the

Tuition The 2009-2010 tuition and fees (in thousands of dollars) for the
top 10 liberal arts colleges (Source: U.S. News and World Report)

39 39 38 51 38 40 37 40 35 39

MCAT Scores The average medical college admission test (MCAT) scores
for a sample of seven medical schools (Source: Association of American Medical
Colleges)

11.0 11.7 103 11.7 11.7 10.7 9.7
Cholesterol
154 240 171

The cholesterol levels of a sample of 10 female employees

188 235 203 184 173 181 275

21. NFL The average points per game scored by each NFL team during
the 2009 regular season (Source: National Football League)

204 197 175 26.7 227 21.8 16.6 294
260 225 288 19.1 181 123 164 152
161 234 206 184 23.0 251 268 31.9

244 284 204 221 153 109 242 226

22. Power Failures The durations (in minutes) of power failures at a
residence in the last 10 years

18 26 45 75 125 80 33 40 44 49
89 80 96 125 12 61 31 63 103 28

Eyeglasses and Contacts The responses of a sample of 1000 adults who
were asked what type of corrective lenses they wore are shown in the table
at the left. (Adapted from American Optometric Association)

Living on Your Own The responses of a sample of 1177 young adults who
were asked what surprised them the most as they began to live on their own
(Adapted from Charles Schwab)

Amount of first salary: 63
Number of decisions: 163 ~ Money needed: 326
Paying bills: 150 Trying to save: 275
How hard it is breaking away from parents: 75

Trying to find a job: 125

Top Speeds
sports cars

187.3 181.8 180.0 169.3

The top speeds (in miles per hour) for a sample of seven

1622 158.1 155.7

Potatoes The pie chart at the left shows the responses of a sample of
1000 adults who were asked their favorite way to eat potatoes. (Adapted from
Idaho Potato Commission)
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27.

28.

29.

30.

31.

33.

Typing Speeds The typing speeds (in words per minute) for several
stenographers

125 140 170 155 132 175 225 210 125 230

Eating Disorders The number of weeks it took to reach a target weight for
a sample of five patients with eating disorders treated by psychodynamic
psychotherapy (Sowrce: The Journal of Consuliing and Clinical Psychology)

15.0 315 100 255 1.0

Eating Disorders The number of weeks it took to reach a target weight for
a sample of 14 patients with eating disorders treated by psychodynamic
psychotherapy and cognitive behavior techniques (Source: The Journal of
Consulting and Clinical Psychology)

25 200 11.0 105 175 165 130
155 265 25 270 285 15 50

Aircraft The number of aircraft that 15 airlines have in their fleets (Source:
Airline Transport Association)

136 110 38 625 350 755 52 32
142 9 537 28 409 354 28

Weights (in pounds) of 32. Grade Point Averages of
Carry-On Luggage on a Plane Students in a Class
067 Key: 3|2 = 32 08 Key: 0[8 = 0.8
112589 11568
210444589 211345
31223555689 3109
4101278 4100
511
Time (in minutes) It Takes 34. Prices (in dollars per night) of

Employees to Drive to Work Hotel Rooms in a City
~HHHHHH e o o

5 10 15 20 25 30 35 40

160 180 200 220 240

Graphical Analysis In Exercises 35 and 36, the letters A, B, and C are
marked on the horizontal axis. Describe the shape of the data. Then determine
which is the mean, which is the median, and which is the mode. Justify your

answers.
35. Sick Days Used by Employees 36. Hourly Wages of Employees
16+ 164
14 14
127 o 12+
210 5 10
s E
g7 Eal
£ 6T £ 0T
4+ 4+
2+ 2+
rrrrrrrrrrrrTr T T TTTT
1044 414 16 18 20 22 24 26 28 10 12 14 16 18 20 22} 426428

AB C Number of days Hourly wageA B C
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In Exercises 3740, without performing any calculations, determine which measure
of central tendency best represents the graphed data. Explain your reasoning.

37. What Do You Think 38. Heights of Players on Two
About “Green” Products? Opposing Volleyball Teams
200 7+
>
2 150 6
15} 2 5
2. 100 2
50 54T
= g 3+
T T T T [_‘ﬂ 2
4 Q &
<\~°‘ ] &5\\0“0& ob\@& Q\So\\& i
& T T S
O 4\~°0 @q,\ S &L W= T T T T T T T
& N & 70 71 72 73 74 75 76 77
Response Height (in inches)

(Adapted from Green Home
Furnishings Consumer Study)

39. Heart Rate of a Sample 40. Body Mass Index (BMI) of
of Adults People in a Gym
45 9-+
40 -+ 8+
- 35+ - 7+
g 30 2 6+
% 25+ % 5+
g 20+ g 4+
IL15+ £ 3+
10+ 2+
5+ 1+
J\I T T T T T T T A‘l T T T T T T T T T } } } g
55 60 65 70 75 80 85 18 20 22 24 26 28 30
Heart rate (beats per minute) BMI

Finding the Weighted Mean In Exercises 41-46, find the weighted mean of
the data.

41. Final Grade The scores and their percents of the final grade for a statistics
student are given. What is the student’s mean score?

Score Percent of final grade
Homework 85 5%
Quizzes 80 35%
Project 100 20%
Speech 90 15%
Final exam 93 25%

42. Salaries The average starting salaries (by degree attained) for 25 employees
at a company are given. What is the mean starting salary for these employees?

8 with MBAs: $92.500 17 with BAs in business: $68,000
43. Account Balance For the month of April, a checking account has a balance
of $523 for 24 days, $2415 for 2 days, and $250 for 4 days. What is the
account’s mean daily balance for April?

44. Account Balance For the month of May, a checking account has a balance
of $759 for 15 days, $1985 for 5 days, $1410 for 5 days, and $348 for 6 days.
What is the account’s mean daily balance for May?

45. Grades A student receives the following grades, with an A worth 4 points,
a B worth 3 points, a C worth 2 points, and a D worth 1 point. What is the
student’s mean grade point score?

B in 2 three-credit classes D in 1 two-credit class
A in 1 four-credit class Cin 1 three-credit class
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46.

47.

48.

Scores The mean scores for students in a statistics course (by major) are
given. What is the mean score for the class?

9 engineering majors: 85
5 math majors: 90
13 business majors: 81

Final Grade In Exercise 41, an error was made in grading your final exam.
Instead of getting 93, you scored 85. What is your new weighted mean?

Grades In Exercise 45, one of the student’s B grades gets changed to an A.
What is the student’s new mean grade point score?

Finding the Mean of Grouped Data In Exercises 49-52, approximate the
mean of the grouped data.

49.

Fuel Economy The highway 50. Fuel Economy The city mileage
mileage (in miles per gallon) for (in miles per gallon) for 24 family
30 small cars sedans
Mileage Mileage
(miles per gallon) Frequency (miles per gallon) Frequency
29-33 11 22-27 16
34-38 12 28-33 2
39-43 2 34-39 2
44-48 5 40-45 3
46-51 1

51. Ages The ages of residents of a 52. Phone Calls The lengths of

town calls (in minutes) made by a
Age Frequency salesperson in one week
0-9 55 Length Number
10-19 70 of call of calls

20-29 35 1-5 12
30-39 56 6-10 26
40-49 74 11-15 20
50-59 42 16-20 7
60-69 38 21-25 11
70-79 17 26-30 7
80-89 10 31-35 4

36-40 4

41-45 1

Identifying the Shape of a Distribution In Exercises 53-56, construct a
frequency distribution and a frequency histogram of the data using the indicated
number of classes. Describe the shape of the histogram as symmetric, uniform,
negatively skewed, positively skewed, or none of these.

53. Hospital Beds
Number of classes: 5
Data set: The number of beds in a sample of 24 hospitals

149 167 162 127 130 180 160 167
221 145 137 194 207 150 254 262
244 297 137 204 166 174 180 151



U.S. Exports (in billions of dollars)

Canada: 261.1 Japan: 65.1
Mexico: 151.2 South Korea: 34.7
Germany: 54.5 Singapore: 27.9

Taiwan: 24.9 France: 28.8
Netherlands: 39.7 Brazil: 32.3
China: 69.7 Belgium: 28.9

Australia: 22.2 Italy: 15.5
Malaysia: 12.9 Thailand: 9.1
Switzerland: 22.0

Saudi Arabia: 12.5

United Kingdom: 53.6

TABLE FOR EXERCISE 58

57.

58.
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54. Hospitalization
Number of classes: 6
Data set: The number of days 20 patients remained hospitalized

6 9 7 14 45 6 8 4 11
10 6 8 6 5 7 6 6 3 11

55. Heights of Males
Number of classes: 5
Data set: The heights (to the nearest inch) of 30 males

67 76 69 68 72 68 65 63 75 69
66 72 67 66 69 73 64 62 71 73
68 72 71 65 69 66 74 72 68 69

56. Six-Sided Die
Number of classes: 6
Data set: The results of rolling a six-sided die 30 times

1461 532546124335
6 321156 2 44316 2 4

Coffee Contents During a quality assurance check, the actual coffee
contents (in ounces) of six jars of instant coffee were recorded as 6.03, 5.59,
6.40, 6.00, 5.99, and 6.02.

(a) Find the mean and the median of the coffee content.

(b) The third value was incorrectly measured and is actually 6.04. Find the
mean and median of the coffee content again.

(c) Which measure of central tendency, the mean or the median, was affected
more by the data entry error?

U.S. Exports The table at the left shows the U.S. exports (in billions of
dollars) to 19 countries for a recent year. (Source: U.S. Department of
Commerce)

(a) Find the mean and median.

(b) Find the mean and median without the U.S. exports to Canada. Which
measure of central tendency, the mean or the median, was affected more
by the elimination of the Canadian exports?

(c) The U.S. exports to India were $17.7 billion. Find the mean and median
with the Indian exports added to the original data set. Which measure of
central tendency was affected more by adding the Indian exports?

@ In Exercises 59 and 60, use StatCrunch to find the sample size, mean,
median, minimum data value, and maximum data value of the data.

59.

60.

The data represent the amounts (in dollars) made by several families during
a community yard sale.

95 120 12550 10525 82 102.75 130 151.50 14525 79 97

The data represent the prices (in dollars) of the stocks in the Dow Jones
Industrial Average during a recent session. (Source: CNN Money)

83.62 1590 42.61 2635 16.89 61.46 62.07 79.53 24.99 34.05
69.62 16.77 52.69 21.46 132.39 65.10 44.56 29.08 62.54 39.92
31.07 19.46 57.19 2830 61.49 4928 72.77 31.38 54.33 31.06
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61.

62.

63.

65.

Golf The distances (in yards) for nine holes of a golf course are listed.
336 393 408 522 147 504 177 375 360

(a) Find the mean and median of the data.

(b) Convert the distances to feet. Then rework part (a).

(c) Compare the measures you found in part (b) with those found in part
(a). What do you notice?

(d) Use your results from part (c) to explain how to find quickly the mean
and median of the given data set if the distances are measured in inches.

Data Analysis A consumer testing service obtained the following mileages
(in miles per gallon) in five test runs performed with three types of compact
cars.

Run 1 Run 2 Run 3 Run 4 Run 5

Car A: 28 32 28 30 34
Car B: 31 29 31 29 31
Car C: 29 32 28 32 30

(a) The manufacturer of Car A wants to advertise that its car performed
best in this test. Which measure of central tendency—mean, median, or
mode—should be used for its claim? Explain your reasoning.

(b) The manufacturer of Car B wants to advertise that its car performed
best in this test. Which measure of central tendency—mean, median, or
mode—should be used for its claim? Explain your reasoning.

(¢) The manufacturer of Car C wants to advertise that its car performed
best in this test. Which measure of central tendency—mean, median, or
mode—should be used for its claim? Explain your reasoning.

Midrange Another measure of central tendency that is rarely used but is
easy to calculate is the midrange. It can be found by the formula

(Maximum data entry) + (Minimum data entry)
> :

Which of the manufacturers in Exercise 62 would prefer to use the midrange
statistic in their ads? Explain your reasoning.

64. Data Analysis Students in an experimental psychology class did
research on depression as a sign of stress. A test was administered to a
sample of 30 students. The scores are given.

44 51 11 90 76 36 64 37 43 72 53 62 36 74 51
72 37 28 38 61 47 63 36 41 22 37 51 46 85 13
(a) Find the mean and median of the data.

(b) Draw a stem-and-leaf plot for the data using one row per stem.
Locate the mean and median on the display.

(c) Describe the shape of the distribution.
Trimmed Mean To find the 10% trimmed mean of a data set, order the
data, delete the lowest 10% of the entries and the highest 10% of the entries,
and find the mean of the remaining entries.
(a) Find the 10% trimmed mean for the data in Exercise 64.
(b) Compare the four measures of central tendency, including the midrange.

(c) What is the benefit of using a trimmed mean versus using a mean found
using all data entries? Explain your reasoning.



APPLET

APPLET

Mean Versus Median

The mean versus median applet is designed to allow you to investigate
interactively the mean and the median as measures of the center of a data set.
Points can be added to the plot by clicking the mouse above the horizontal axis.
The mean of the points is shown as a green arrow and the median is shown as a
red arrow. If the two values are the same, then a single yellow arrow is
displayed. Numeric values for the mean and median are shown above the plot.
Points on the plot can be removed by clicking on the point and then dragging the
point into the trash can. All of the points on the plot can be removed by
simply clicking inside the trash can. The range of values for the horizontal axis
can be specified by inputting lower and upper limits and then clicking UPDATE.

Mean: Median:

2 4 6 8

Lower Limit: Upper Limit: E Update

m Explore

Step 1 Specify a lower limit.

Step 2 Specify an upper limit.

Step 3 Add 15 points to the plot.

Step 4 Remove all of the points from the plot.

®m Draw Conclusions

1. Specity the lower limit to be 1 and the upper limit to be 50. Add at least 10
points that range from 20 to 40 so that the mean and the median are the same.
What is the shape of the distribution? What happens at first to the mean and
median when you add a few points that are less than 10? What happens over
time as you continue to add points that are less than 10?

2. Specify the lower limit to be 0 and the upper limit to be 0.75. Place 10 points
on the plot. Then change the upper limit to 25. Add 10 more points that are
greater than 20 to the plot. Can the mean be any one of the points that were
plotted? Can the median be any one of the points that were plotted? Explain.
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WHAT YOU SHOULD LEARN

» How to find the range of a
data set

» How to find the variance
and standard deviation of a
population and of a sample

» How to use the Empirical Rule
and Chebychev’s Theorem to
interpret standard deviation

» How to approximate the
sample standard deviation
for grouped data

INSIGHT

Both data sets in Example 1 have
a mean of 41.5, or $41,500, a
median of 41, or $41,000, and

a mode of 41, or $41,000.

And yet the two sets differ
significantly.

The difference is that

the entries in the

second set have

greater variation.

Your goal in this section

is to learn how to measure
the variation of a data set.

Measures of Variation

Range » Deviation, Variance, and Standard Deviation » Interpreting
Standard Deviation » Standard Deviation for Grouped Data

In this section, you will learn different ways to measure the variation of a data
set. The simplest measure is the range of the set.

DEFINITION

The range of a data set is the difference between the maximum and minimum
data entries in the set. To find the range, the data must be quantitative.

Range = (Maximum data entry) — (Minimum data entry)

EXAMPLE 1 @9 Report 12

» Finding the Range of a Data Set

Two corporations each hired 10 graduates. The starting salaries for each
graduate are shown. Find the range of the starting salaries for Corporation A.

Starting Salaries for Corporation A (1000s of dollars)
Salary 41 38 39 45 47 41 44 41 37 42

Starting Salaries for Corporation B (1000s of dollars)
Salary 40 23 41 50 49 32 41 29 52 58

» Solution
Ordering the data helps to find the least and greatest salaries.

37 38 39 41 41 41 42 44 45 47

Minimum \) &_/ Maximum

Range = (Maximum salary) — (Minimum salary)
=47 — 37
=10
So, the range of the starting salaries for Corporation A is 10, or $10,000.
» Try It Yourself 1
Find the range of the starting salaries for Corporation B.

a. Identify the minimum and maximum salaries.
b. Find the range.
c¢. Compare your answer with that for Example 1. Answer: Page A33



Deviations of Starting Salaries

for Corporation A

Salary
(1000s of
dollars)
X
41
38
39
45
47
41
44
41
37
42

>x = 415

Deviation
(1000s of
dollars)

x—p
=05
=35
-2.5

35
5.5
=05
2.5
-0.5
—4.5
0.5
S(x—u)=0

SECTION 2.4 MEASURES OF VARIATION 81

As a measure of variation, the range has the advantage of being easy to compute.
Its disadvantage, however, is that it uses only two entries from the data set.
Two measures of variation that use all the entries in a data set are the variance
and the standard deviation. However, before you learn about these measures of
variation, you need to know what is meant by the deviation of an entry in a
data set.

DEFINITION

The deviation of an entry x in a population data set is the difference between
the entry and the mean u of the data set.

Deviationof x = x — u

EXAMPLE 2

» Finding the Deviations of a Data Set
Find the deviation of each starting salary for Corporation A given in Example 1.

» Solution

The mean starting salary is u = 415/10 = 41.5, or $41,500. To find out how
much each salary deviates from the mean, subtract 41.5 from the salary. For
instance, the deviation of 41, or $41,000 is

41 — 41.5 = —0.5, or —$500. Deviation of x = x —

— A,

The table at the left lists the deviations of each of the 10 starting salaries.

» Try It Yourself 2
Find the deviation of each starting salary for Corporation B given in Example 1.

a. Find the mean of the data set.
b. Subtract the mean from each salary. Answer: Page A33

In Example 2, notice that the sum of the deviations is zero. Because this is
true for any data set, it doesn’t make sense to find the average of the deviations.
To overcome this problem, you can square each deviation. When you add the
squares of the deviations, you compute a quantity called the sum of squares,
denoted SS,. In a population data set, the mean of the squares of the deviations
is called the population variance.

DEFINITION

The population variance of a population data set of N entries is

S(x =)
=

Population variance = o =

The symbol o is the lowercase Greek letter sigma.
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DEFINITION

The population standard deviation of a population data set of NV entries is the
square root of the population variance.

Z(x—p)f

Population standard deviation = o = Vo? = N

Finding the Population Variance and Standard Deviation

1. Find the mean of the population data set. no= %

2. Find the deviation of each entry. X —u

3. Square each deviation. (x — w)?

4. Add to get the sum of squares. S, =3 (x — p)?

- . : s 2 —p)
5. Divide by N to get the population variance. o° = N
: . 3 (x - p)
Sum of Squares of Starting Salaries 6. Find the square root of the variance o= N
for Corporation A to get the population standard deviation.
Salary Deviation Squares
x x—p (x = p)?
41 -0.5 0.25
38 35 1225 EXAMPLE 3
39 =25 625 » Finding the Population Standard Deviation
45 33 1225 Find the population standard deviation of the starting salaries for Corporation A
47 5.5 30.25 given in Example 1.
41 -05 0.25  Soluti
44 25 625 olution . .
4l _05 025 The table at the left summarizes the steps used to find SS,.
37 w43 2025 §S, =885 N=10, o2=221g9 - [BIi3p
42 0.5 0.25 10 10
=0 S8, =885 So, the population variance is about 8.9, and the population standard deviation

is about 3.0, or $3000.

» Try It Yourself 3

STUDY TIP Find the population variance and standard deviation of the starting salaries for

orporation B given in Example 1.
Notice that the variance and Corp & p

standard deviation in Example 3
have one more decimal place
than the original set of

data values has. This

is the same round-off

rule that was used to

calculate the mean.

. Find the mean and each deviation, as you did in Try It Yourself 2.

. Square each deviation and add to get the sum of squares.

Divide by N to get the population variance.

. Find the square root of the population variance to get the population
standard deviation.

e. Interpret the results by giving the population standard deviation in dollars.

Answer: Page A33

s T



STUDY TIP

Note that when you find the
population variance,

you divide by N, the

number of entries,

but, for technical

reasons, when you find

the sample variance,

you divide by n — 1,

one less than the

number of entries.

Symbols in Variance and Standard

Deviation Formulas

Population Sample
Variance o? 52
Standard o P
deviation
Mean o X
Numbefr N "
of entries
Deviation X — M X — X
Sum of _ 2 =2
squares 2(x —p) 2(x - %)

See MINITAB and TI-83/84 Plus steps

on pages 122 and 123.
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DEFINITION

The sample variance and sample standard deviation of a sample data set of n
entries are listed below.

S(x —x)?
Sample variance = s? = g
n—1
S (x - Xx)?

Sample standard deviation = s = \/s? = —

Finding the Sample Variance and Standard Deviation

1. Find the mean of the sample data set. x = Tx

2. Find the deviation of each entry. K=

3. Square each deviation. (x —x)?

4. Add to get the sum of squares. 88, =3 (x — x)?
5. Divide by n — 1 to get the sample variance. 52 = = (’j __ 1x ?
6. Find the square root of the variance s = 2 (nx—_ f i

to get the sample standard deviation.

EXAMPLE 4 JNSCRNTREE

» Finding the Sample Standard Deviation

The starting salaries given in Example 1 are for the Chicago branches of
Corporations A and B. Each corporation has several other branches, and you
plan to use the starting salaries of the Chicago branches to estimate the
starting salaries for the larger populations. Find the sample standard deviation
of the starting salaries for the Chicago branch of Corporation A.

» Solution

2:%z9.s, s =222 4 31

SS, = 88.5, 5

n = 10, s
So, the sample variance is about 9.8, and the sample standard deviation is
about 3.1, or $3100.

» Try It Yourself 4

Find the sample standard deviation of the starting salaries for the Chicago
branch of Corporation B.

a. Find the sum of squares, as you did in Try It Yourself 3.
b. Divide by n — 1 to get the sample variance.
c. Find the square root of the sample variance to get the sample standard
deviation.
d. Interpret the results by giving the sample standard deviation in dollars.
Answer: Page A33
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Office Rental Rates

35.00 33.50 37.00
2375 26,50 31.25
36.50 40.00 32.00
39.25 3750 3475
3775 3725 36.75
27.00 3575 26.00
37.00 29.00 40.50
2450  33.00 38.00

STUDY TIP

Here are instructions for
calculating the sample mean

and sample standard deviation
on a TI-83/84 Plus for Example 5.

Choose the EDIT menu.

1: Edit

DESCRIPTIVE STATISTICS

EXAMPLE 5

» Using Technology to Find the Standard Deviation

Sample office rental rates (in dollars per square foot per year) for Miami’s
central business district are shown in the table. Use a calculator or a computer
to find the mean rental rate and the sample standard deviation. (Adapied from
Cushman & Wakefield Inc.)

» Solution

MINITAB, Excel, and the TI-83/84 Plus each have features that
automatically calculate the means and the standard deviations of data sets. Try
using this technology to find the mean and the standard deviation of the office
rental rates. From the displays, you can see that X ~ 33.73 and s ~ 5.09.

MINITAB

Descriptive Statistics: Rental Rates

Variable N SE Mean StDev \ Minimum
Rental Rates 24 1.04 5.09 23.75

Enter the sample office
rental rates into L1.

Choose the CALC menu.

1: 1-Var Stats

(200 L1 [ENTER]

Variable Q1 Median Q3 Maximum
Rental Rates 29.56 35.38 37.44 40.50
TI-83/84 PLUS

A B 1-Var Stats

1 ea 9 (x=33.72916667)

2 Standard Error 1.038864 >x=809.5

3 Median 35.375 EX2=27899.5

: S [l iy (5x=5.089373342)

6 | Sample Variance 25.80172 z’:;jBBEE’I 6639

7 Kurtosis -0.74282

8 Skewness -0.70345

9 Range 16.75 Sample Mean

10 Minimum 23.75 Sample Standard Deviation

11 Maximum 40.5

12 Sum 809.5

13 Count 24

» Try It Yourself 5

Sample office rental rates (in dollars per square foot per year) for Seattle’s
central business district are listed. Use a calculator or a computer to find the
mean rental rate and the sample standard deviation. (Adapied from Cushman &
Wakefield Inc.)

40.00 43.00 46.00 40.50 35.75 39.75 32.75
36.75 35.75 38.75 38.75 36.75 38.75 39.00
29.00 35.00 42.75 32.75 40.75 35.25

a. Enter the data.
b. Calculate the sample mean and the sample standard deviation.
Answer: Page A33
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INSIGHT When interpreting the standard deviation, remember that it is a measure of the
When all data values typical amount an entry deviates from the mean. The more the entries are spread
are equal, the standard out, the greater the standard deviation.

deviation is 0.

Otherwise, the
standard deviation T T T
must be positive. > 6l . x=5 > 6 x=5
o7 o7 s=12 ol 5=3.0
Q Q Q
&4 & 4 &4+
2+ 2+ 2+
1+ 1+ 1+
% % T T T T T % %
1234567809 123456789 123456789
Data value Data value Data value

EXAMPLE 6

» Estimating Standard Deviation
To explore this topic further, Without calculating, estimate the population standard deviation of each data set.

see Activity 2.4 on page 98.
Y pag Lot 2. .4 3.0
71 7+ N=8 7+ N=8
2 6+ 6+ | u=4 o6+ |u=4
£ 5+ £ 5+ g 5T
= 4 = 4 4
23l 2il 2il
=51 =51 =51
1+ 14 14
01234567 01234567 01234567
Data value Data value Data value
» Solution
1. Each of the eight entries is 4. So, each deviation is 0, which implies that
o =0.

2. Each of the eight entries has a deviation of +1. So, the population standard
deviation should be 1. By calculating, you can see that

o=1.
3. Each of the eight entries has a deviation of +1 or +3. So, the population

standard deviation should be about 2. By calculating, you can see that

o~ 224.

» Try It Yourself 6

Write a data set that has 10 entries, a mean of 10, and a population standard
deviation that is approximately 3. (There are many correct answers.)

a. Write a data set that has five entries that are three units less than 10 and
five entries that are three units more than 10.

b. Calculate the population standard deviation to check that o is
approximately 3. Answer: Page A33
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PICTURING THE
WORLD

A survey was conducted by

the National Center for Health
Statistics to find the mean height
of males in the United States. The
histogram shows the distribution
of heights for the 808 men exam-
ined in the 20-29 age group. In
this group, the mean was 69.9
inches and the standard deviation
was 3.0 inches. (Adapted from National
Center for Health Statistics)

Heights of Men in the U.S.
Ages 20-29

—_ ==

Relative frequency
(in percent)
[SSIE e e R el NS TSN

63 65 67 69 71 73 75 77 79
Height (in inches)

Roughly which two heights
contain the middle 95% of
the data?

Heights of Women in the U.S.
Ages 20-29

1
Il
T U
66.92 69.54 72.16
X+2s |
X+ 3s

=t f
56.44 59.06 61.68 64.3

I X=2s | X
x—3s xX-s X+s

Height (in inches)

INSIGHT

Data values that lie more than
two standard deviations from

the mean are considered unusual.
Data values that lie more than
three standard deviations from
the mean are very unusual.

DESCRIPTIVE STATISTICS

Many real-life data sets
have distributions that are
approximately symmetric
and bell-shaped. Later in the
text, you will study this type
of distribution in detail. For
now, however, the following
Empirical Rule can help
you see how valuable the
standard deviation can be
as a measure of variation.

~———— 95% within —— >
2 standard deviations

Bell-Shaped Distribution

3 standard deviations

~<— 68% within —-

99.7% within ————— >

1 standard
deviation
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1
1
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1
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I
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X+ 3s

For data with a (symmetric) bell-shaped distribution, the standard deviation
has the following characteristics.

1. About 68% of the data lie within one standard deviation of the mean.
2. About 95% of the data lie within two standard deviations of the mean.

3. About 99.7% of the data lie within three standard deviations of
the mean.

EXAMPLE 7

» Using the Empirical Rule

In a survey conducted by the National Center for Health Statistics, the sample
mean height of women in the United States (ages 20-29) was 64.3 inches, with
a sample standard deviation of 2.62 inches. Estimate the percent of women
whose heights are between 59.06 inches and 64.3 inches. (Adapted from National
Center for Health Statistics)

» Solution

The distribution of women’s heights is shown. Because the distribution is
bell-shaped, you can use the Empirical Rule. The mean height is 64.3, so when
you subtract two standard deviations from the mean height, you get

X — 25 =643 — 2(2.62) = 59.06.
Because 59.06 is two standard deviations below the mean height, the percent
of the heights between 59.06 and 64.3 inches is 13.5% + 34% = 47.5%.
Interpretation So,47.5% of women are between 59.06 and 64.3 inches tall.

» Try It Yourself 7

Estimate the percent of women’s heights that are between 64.3 and 66.92 inches
tall.

a. How many standard deviations is 66.92 to the right of 64.3?
b. Use the Empirical Rule to estimate the percent of the data between x and
X+ s.

c. Interpret the result in the context of the data. Answer: Page A33



INSIGHT

In Example 8, Chebychev’s
Theorem gives you an inequality
statement that says that at least
75% of the population of Florida
is under the age of 88.8. This is a
true statement, but it is not nearly
as strong a statement as could be
made from reading the histogram.

In general, Chebychev’s Theorem
gives the minimum percent
of data values that fall
within the given number
of standard deviations

of the mean.

Depending on the
distribution, there is
probably a higher percent
of data falling in the

given range.
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The Empirical Rule applies only to (symmetric) bell-shaped distributions.
What if the distribution is not bell-shaped, or what if the shape of the distribution
is not known? The following theorem gives an inequality statement that applies
to all distributions. It is named after the Russian statistician Pafnuti Chebychev
(1821-1894).

The portion of any data set lying within k standard deviations (k > 1) of
the mean is at least

1
1= ?
e k = 2: In any data set, at least 1 — ; = %, or 75%, of the data lie within
2 standard deviations of the mean.
e k = 3: In any data set, at least 1 — % = g, or 88.9%, of the data lie within

3 standard deviations of the mean.

EXAMPLE 8

» Using Chebychev’s Theorem

The age distributions for Alaska and Florida are shown in the histograms.
Decide which is which. Apply Chebychev’s Theorem to the data for Florida
using £k = 2. What can you conclude?

120+ > 2500
z E— _ =] —
T 100 u=316 s — =392
3 c=19.5 2 2000+ \— o=24.8
g 80 — — £ |
= =
= £ 1500
E - g
g £ 1000+
< 40 =
2 &
£ 20 _’_‘_‘ A 500+
T T T T T T T T T U T U T T T T
5 15 25 35 45 55 65 75 85 5 15 25 35 45 55 65 75 85
Age (in years) Age (in years)

» Solution

The histogram on the right shows Florida’s age distribution. You can tell
because the population is greater and older. Moving two standard
deviations to the left of the mean puts you below 0, because
pw—20 =392 —2(24.8) = —10.4. Moving two standard deviations to the
right of the mean puts you at u + 20 = 39.2 + 2(24.8) = 88.8. By
Chebychev’s Theorem, you can say that at least 75% of the population of
Florida is between 0 and 88.8 years old.

» Try It Yourself 8

Apply Chebychev’s Theorem to the data for Alaska using k = 2. What can
you conclude?

a. Subtract two standard deviations from the mean.
b. Add two standard deviations to the mean.
c. Apply Chebychev’s Theorem for k = 2 and interpret the results.
Answer: Page A33
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STUDY TIP

Remember that formulas
for grouped data
require you to multiply
by the frequencies.

Number of Children
in 50 Households

(O8]

O AN W R W
W = W N = O W =N

S =P O O O WO O N =
N N = = O Rk WO R =
2N R N R R OO O -

STUDY TIP

Here are instructions for
calculating the sample mean
and sample standard deviation
on a TI-83/84 Plus for the
grouped data in Example 9.

Choose the EDIT menu.
1: Edit
Enter the values of x into L1.

Enter the frequencies f into L2.

Choose the CALC menu.
1: 1-Var Stats

In Section 2.1, you learned that large data sets are usually best represented by
frequency distributions. The formula for the sample standard deviation for a
frequency distribution is

3 (x — %)%

Sample standard deviation = s = p—1

where n = X f is the number of entries in the data set.

EXAMPLE 9

» Finding the Standard Deviation for Grouped Data

You collect a random sample of the number of children per household in a
region. The results are shown at the left. Find the sample mean and the sample
standard deviation of the data set.

» Solution

These data could be treated as 50 individual entries, and you could use the
formulas for mean and standard deviation. Because there are so many
repeated numbers, however, it is easier to use a frequency distribution.

x f xf x—-x @x-x?% (x-%?*
0 10 0 -1.8 3.24 32.40
1 19 19 —0.8 0.64 12.16
2 7 14 0.2 0.04 0.28
3 7 21 1.2 1.44 10.08
4 2 8 2.2 4.84 9.68
5 1 32 10.24 10.24
6 4 24 4.2 17.64 70.56
=50 Z2=091 > = 14540
X = nf =3 ~ 1.8 Sample mean
Use the sum of squares to find the sample standard deviation.
(x —x) 2f o
=1 Sample standard deviation
n—

So, the sample mean is about 1.8 children, and the sample standard deviation
is about 1.7 children.

» Try It Yourself 9

Change three of the 6’s in the data set to 4’s. How does this change affect the
sample mean and sample standard deviation?

a. Write the first three columns of a frequency distribution.

b. Find the sample mean.

c¢. Complete the last three columns of the frequency distribution.

d. Find the sample standard deviation. Answer: Page A33
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When a frequency distribution has classes, you can estimate the sample mean
and the sample standard deviation by using the midpoint of each class.

EXAMPLE 10

» Using Midpoints of Classes

The circle graph at the right shows
the results of a survey in which
1000 adults were asked how much 60

they spend in preparation for 9 = ‘gg
personal travel each year. Make a
frequency distribution for the data.
Then use the table to estimate the
sample mean and the sample
standard deviation of the data set.
(Adapted  from Travel Industry
Association of America)

traveling

$100 - $199
230

» Solution
Begin by using a frequency distribution to organize the data.

Class x f xf x—% (x—-%)? (x — X)*f
0-99 49.5 380 18,810 —142.5  20,306.25 7,716,375.0
100-199  149.5 230 34,385 —42.5 1806.25 415,437.5
200-299 249.5 210 52,395 57.5 3306.25 694,312.5
300-399 349.5 50 17,475 157.5  24,806.25 1,240,312.5
400-499 449.5 60 26,970 257.5  66,306.25 3,978,375.0
500+  599.5 70 41,965 407.5  166,056.25 @ 11,623,937.5
2 = 1000 = = 192,000 > = 25,668,750.0
STUDY TIP //
When a class is open, as in the X = > xf = w =192 Sample mean
last class, you must assign a n 1000

single value to represent

the midpoint. For this

example, we selected \/2 x = f)zf
s =

25,668,750 L
599.5. — -~ = ,/—— = 1603  Sample standard deviation
n—1 999

Use the sum of squares to find the sample standard deviation.

So, the sample mean is $192 per year, and the sample standard deviation is
about $160.30 per year.

» Try It Yourself 10

In the frequency distribution, 599.5 was chosen to represent the class of $500
or more. How would the sample mean and standard deviation change if you
used 650 to represent this class?

a. Write the first four columns of a frequency distribution.

b. Find the sample mean.

c. Complete the last three columns of the frequency distribution.

d. Find the sample standard deviation. Answer: Page A34
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EXERCISES

1. Explain how to find the range of a data set. What is an advantage of using
the range as a measure of variation? What is a disadvantage?

2. Explain how to find the deviation of an entry in a data set. What is the sum
of all the deviations in any data set?

3. Why is the standard deviation used more frequently than the variance?
(Hint: Consider the units of the variance.)

4. Explain the relationship between variance and standard deviation. Can
either of these measures be negative? Explain.

5. Construct a sample data set for which n = 7, x = 9, and s = 0.
6. Construct a population data set for which N = 6, u = 5,and o = 2.

7. Describe the difference between the calculation of population standard
deviation and that of sample standard deviation.

8. Given a data set, how do you know whether to calculate o or s?

9. Discuss the similarities and the differences between the Empirical Rule and
Chebychev’s Theorem.

10. What must you know about a data set before you can use the Empirical
Rule?

In Exercises 11 and 12, find the range, mean, variance, and standard deviation of
the population data set.

11.9 5 9 10 11 12 7 7 8 12

12. 18 20 19 21 19 17 15
17 25 22 19 20 16 18

In Exercises 13 and 14, find the range, mean, variance, and standard deviation of
the sample data set.

13. 4 15 9 12 16 8 11 19 14

14. 28 25 21 15 7 14 9
27 21 24 14 17 16

Graphical Reasoning In Exercises 1518, find the range of the data set
represented by the display or graph.
15. 2 | 39 Key:2|3 =23 16. Bride’s Age at First Marriage
31002367
012338
0119
1299
59

4 8 T T T T T T T T T T T
0256 24 2526 27 2829 30 313233 34
Age (in years)

8+

[=2)
I

Frequency
¥

[
I

O 00 N N L B~



17.

19.

20.

21.

22.

23.
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° 18. 0 | 559 Key: 0|5 = 0.5
° : .: o0 1 13469
o o oo o oo o0 o000 o 2 25799
HHH 3 015555

75 80 85 90 95
41779
5
6 | 347

Archaeology The depths (in inches) at which 10 artifacts are found are
given below.

20.7 248 305 262 36.0 343 303 295 27.0 385
(a) Find the range of the data set.
(b) Change 38.5 to 60.5 and find the range of the new data set.

In Exercise 19, compare your answer to part (a) with your answer to part (b).
How do outliers affect the range of a data set?

Graphical Reasoning Both data sets have a mean of 165. One has a
standard deviation of 16, and the other has a standard deviation of 24. By
looking at the graphs, which is which? Explain your reasoning.

(a) 12|89 Key:12|8 =128 (b) 12 Key: 13|1 = 131
131558 131
14112 141235
1510067 15104568
16 | 459 16 | 112333
17 11368 17 | 1588
18 | 089 18 1 2345
1916 19102
20 | 357 20
Graphical Reasoning Both data sets represented below have a mean of 50.

One has a standard deviation of 2.4, and the other has a standard deviation
of 5. By looking at the graphs, which is which? Explain your reasoning.

(a) (b)
20+ 20
g 15T 5 15+
= =}
[} Q
= =
g 10+ g 10+
=~ 53
SAV 5,,
} } } } } } rrTrrrrrrrTrTT } } }
42 45 48 51 54 57 60 42 45 48 51 54 57 60
Data value Data value
Salary Offers You are applying for jobs at two companies. Company A

offers starting salaries with w = $31,000 and o = $1000. Company B offers
starting salaries with u = $31,000 and o = $5000. From which company are
you more likely to get an offer of $33,000 or more? Explain your reasoning.
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24.

Golf Strokes An Internet site compares the strokes per round for two
professional golfers. Which golfer is more consistent: Player A with
n = T71.5 strokes and o = 2.3 strokes, or Player B with u = 70.1 strokes and
o = 1.2 strokes? Explain your reasoning.

Comparing Two Data Sets In Exercises 25-28, you are asked to compare
two data sets and interpret the results.

2S.

26.

27.

28.

Annual Salaries Sample annual salaries (in thousands of dollars) for
accountants in Dallas and New York City are listed.

Dallas: 41.6 50.0 495 387 399 458 44.7 47.8 405
New York City: 45.6 415 57.6 551 593 59.0 50.6 472 423

(a) Find the mean, median, range, variance, and standard deviation of each
data set.
(b) Interpret the results in the context of the real-life setting.

Annual Salaries Sample annual salaries (in thousands of dollars) for
electrical engineers in Boston and Chicago are listed.

Boston: 704 842 585 645 71.6 799 883 80.1 69.9
Chicago: 69.4 715 654 599 709 685 629 701 609

(a) Find the mean, median, range, variance, and standard deviation of each
data set.

(b) Interpret the results in the context of the real-life setting.
SAT Scores Sample SAT scores for eight males and eight females are listed.

Male SAT scores: 1520 1750 2120 1380 1982 1645 1033 1714
Female SAT scores: 1785 1507 1497 1952 2210 1871 1263 1588

(a) Find the mean, median, range, variance, and standard deviation of each
data set.
(b) Interpret the results in the context of the real-life setting.

Batting Averages Sample batting averages for baseball players from two
opposing teams are listed.

Team A: 0295 0310 0.325 0.272 0.256 0.297 0320 0.384 0.235
Team B: 0.285 0305 0.315 0.270 0.292 0.330 0.335 0.268 0.290

(a) Find the mean, median, range, variance, and standard deviation of each
data set.

(b) Interpret the results in the context of the real-life setting.

Reasoning with Graphs In Exercises 29-32, you are asked to compare three
data sets. (a) Without calculating, determine which data set has the greatest sample
standard deviation and which has the least sample standard deviation. Explain
your reasoning. (b) How are the data sets the same? How do they differ?

29.

(i) (ii) (iii)

Frequenc
W
}
Frequency
(98]
}
Frequency

J\/

| | | |

T T T T T T T
4567 8 910
ue Data value

=

Data value Data val
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30. 1)) 0 |9 @) 0 |9 (iii) 0

1158 115 115

2 13377 21333777 2133337777

3125 315 315

4 11 411 4

Key: 1|5 = 15 Key: 1|5 = 15 Key: 1|5 = 15
31. (i) (ii) (iii) .

Lo 1 b s oo 5 1 o 1 1 b
32. (i) . . (ii) (iii)

l2545678 12345678 123435673

Using the Empirical Rule In Exercises 33-38, you are asked to use the
Empirical Rule.

33.

34.

3s.

36.

37.

The mean value of land and buildings per acre from a sample of farms is
$1500, with a standard deviation of $200. Estimate the percent of farms
whose land and building values per acre are between $1300 and $1700.
(Assume the data set has a bell-shaped distribution.)

The mean value of land and buildings per acre from a sample of farms is
$2400, with a standard deviation of $450. Between what two values do about
95% of the data lie? (Assume the data set has a bell-shaped distribution.)

Using the sample statistics from Exercise 33, do the following. (Assume the
number of farms in the sample is 75.)

(a) Estimate the number of farms whose land and building values per acre
are between $1300 and $1700.

(b) If 25 additional farms were sampled, about how many of these farms
would you expect to have land and building values between $1300 per
acre and $1700 per acre?

Using the sample statistics from Exercise 34, do the following. (Assume the
number of farms in the sample is 40.)

(a) Estimate the number of farms whose land and building values per acre
are between $1500 and $3300.

(b) If 20 additional farms were sampled, about how many of these farms
would you expect to have land and building values between $1500 per
acre and $3300 per acre?

The land and building values per acre for eight more farms are listed. Using
the sample statistics from Exercise 33, determine which of the data values are
unusual. Are any of the data values very unusual? Explain.

$1150, $1775, $2180, $1000, $1475, $2000, $1850, $950
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38.

39.

40.

The land and building values per acre for eight more farms are listed. Using
the sample statistics from Exercise 34, determine which of the data values are
unusual. Are any of the data values very unusual? Explain.

$3325, $1045, $2450, $3200, $3800, $1490, $1675, $2950

Chebychev’s Theorem Old Faithful is a famous geyser at Yellowstone
National Park. From a sample with n = 32, the mean duration of
Old Faithful’s eruptions is 3.32 minutes and the standard deviation is
1.09 minutes. Using Chebychev’s Theorem, determine at least how many of
the eruptions lasted between 1.14 minutes and 5.5 minutes. (Source:
Yellowstone National Park)

Chebychev’s Theorem The mean time in a women’s 400-meter dash is
57.07 seconds, with a standard deviation of 1.05 seconds. Apply Chebychev’s
Theorem to the data using k = 2. Interpret the results.

Calculating Using Grouped Data In Exercises 41-48, use the grouped data
formulas to find the indicated mean and standard deviation.

41.

42.

Pets per Household The results of a random sample of the number of pets
per household in a region are shown in the histogram. Estimate the sample
mean and the sample standard deviation of the data set.

3 12—+

3 4 10

3 10+

g 8 7 7

=

5 615

Et

= o

Z
I I I I I
0 1 2 3 4

Number of pets

Cars per Household The results of a random sample of the number of cars
per household in a region are shown in the histogram. Estimate the sample
mean and the sample standard deviation of the data set.

ﬁ 25 |- 24

2

S 20

=3

S 15+ 15

g 104 8

=}

R

Z
I I I I
0 1 2 3

Number of cars

43. Football Wins The number of regular season wins for each National
Football League team in 2009 are listed. Make a frequency distribution
(using five classes) for the data set. Then approximate the population
mean and the population standard deviation of the data set. (Source:
National Football League)

10 9 7 6 10 9 9 5 14 9 8 7
13 8 5 4 11 11 8 4 12 11 7 2
13 9 8 3 10 8 5 1



45.

46.

47.
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44. Water Consumption The number of gallons of water consumed per
day by a small village are listed. Make a frequency distribution (using
five classes) for the data set. Then approximate the population mean
and the population standard deviation of the data set.

167 180 192 173 145 151 174 175 178 160
195 224 244 146 162 146 177 163 149 188

Amounts of Caffeine The amounts of caffeine in a sample of five-ounce
servings of brewed coffee are shown in the histogram. Make a frequency
distribution for the data. Then use the table to estimate the sample mean
and the sample standard deviation of the data set.

30+

251 25

20 +

15+ 12

1oL 10

Number of 5-ounce servings

5 —
1 2
J\/ 1 I I I I
705 925 1145 136.5 158.5

Caffeine (in milligrams)

Supermarket Trips Thirty people were randomly selected and asked how
many trips to the supermarket they had made in the past week. The responses
are shown in the histogram. Make a frequency distribution for the data. Then
use the table to estimate the sample mean and the sample standard deviation
of the data set.

14 13
en 12 -
A=
%10* 9
g 87
g osT 5
2+ 1 2
I I I I _\|
0 1 2 3 4

Number of supermarket trips

U.S. Population The estimated distribution (in millions) of the U.S. population
by age for the year 2015 is shown in the pie chart. Make a frequency distribution
for the data. Then use the table to estimate the sample mean and the sample
standard deviation of the data set. Use 70 as the midpoint for “65 years and
over.” (Source: Population Division, U.S. Census Bureau)

65 years
and over

45-64 Under
years 5 years
5-14
years
35-44 g @ 15-19
years years

25-34 years 20-24 years
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Heights  Weights
72 180
74 168
68 225
76 201
74 189
69 192
72 197
79 162
70 174
69 171
77 185
73 210

TABLE FOR EXERCISE 51

DESCRIPTIVE STATISTICS

48. Brazil’s Population
Brazil’s estimated popula-
tion for the year 2015 is
shown in the histogram.
Make a frequency distrib-
ution for the data. Then
use the table to estimate
the sample mean and the
sample standard deviation 45 145 245 345 445 545 645 745 845 945
of the data set. (Adapied ’ ST o T o
K . Age (in years)
from U.S. Census Bureau,

40+
35+
30+
25+
20+
15
10

354

353
335
33.6

Population (in millions)

International Data Base)

In Exercises 49 and 50, use StatCrunch to find the sample size, mean,
variance, standard deviation, median, range, minimum data value, and maximum
data value of the data.

49. The data represent the total amounts (in dollars) spent by several families at
a restaurant.

49 56 75 64 55 49 62 89 30 34 60 52 60 72 75

50. The data represent the prices (in dollars) of several Hewlett-Packard office
printers. (Source: Hewleit-Packard)

199.99 499.99 149.99 119.99 129.99 229.99
179.99  89.99 299.99 249.99 349.99  99.99

51. Coefficient of Variation The coefficient of variation CV describes
the standard deviation as a percent of the mean. Because it has no
units, you can use the coefficient of variation to compare data with
different units.

_ Standard deviation

= X %
cv Mean 100%

The table at the left shows the heights (in inches) and weights (in
pounds) of the members of a basketball team. Find the coefficient of
variation for each data set. What can you conclude?

52. Shortcut Formula You used SS, = 3 (x — X)? when calculating variance
and standard deviation. An alternative formula that is sometimes more
convenient for hand calculations is

(2])2
2
SSX—EX .

You can find the sample variance by dividing the sum of squares by n — 1
and the sample standard deviation by finding the square root of the sample
variance.

(a) Use the shortcut formula to calculate the sample standard deviations for
the data sets given in Exercise 27.

(b) Compare your results with those obtained in Exercise 27.
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54.
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56.

57.
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Scaling Data Sample annual salaries (in thousands of dollars) for
employees at a company are listed.

42 36 48 51 39 39 42 36 48 33 39 42 45

(a) Find the sample mean and sample standard deviation.

(b) Each employee in the sample is given a 5% raise. Find the sample mean
and sample standard deviation for the revised data set.

(c) To calculate the monthly salary, divide each original salary by 12. Find the
sample mean and sample standard deviation for the revised data set.

(d) What can you conclude from the results of (a), (b), and (c)?

Shifting Data Sample annual salaries (in thousands of dollars) for
employees at a company are listed.

40 35 49 53 38 39 40 37 49 34 38 43 47

(a) Find the sample mean and sample standard deviation.

(b) Each employee in the sample is given a $1000 raise. Find the sample
mean and sample standard deviation for the revised data set.

(¢) Each employee in the sample takes a pay cut of $2000 from their
original salary. Find the sample mean and sample standard deviation for
the revised data set.

(d) What can you conclude from the results of (a), (b), and (c)?

Mean Absolute Deviation Another useful measure of variation for a data
set is the mean absolute deviation (MAD). It is calculated by the formula

Slx — ¥
—

(a) Find the mean absolute deviations of the data sets in Exercise 27.
Compare your results with the sample standard deviation.

(b) Find the mean absolute deviations of the data sets in Exercise 28.
Compare your results with the sample standard deviation.

Chebychev’s Theorem At least 99% of the data in any data set lie within
how many standard deviations of the mean? Explain how you obtained your
answer.

Pearson’s Index of Skewness The English statistician Karl Pearson
(1857-1936) introduced a formula for the skewness of a distribution.
3(x — median)
= -y Pearson’s index of skewness

Most distributions have an index of skewness between —3 and 3. When
P > 0, the data are skewed right. When P < 0, the data are skewed left.
When P = 0, the data are symmetric. Calculate the coefficient of skewness
for each distribution. Describe the shape of each.

(a) x = 17,s = 2.3, median = 19
(b) x = 32,s = 5.1, median = 25
(¢) x=92,s = 1.8, median = 9.2
(d) x = 42,5 = 6.0, median = 40



Standard Deviation

The standard deviation applet is designed to allow you to investigate interactively

APPLET the standard deviation as a measure of spread for a data set. Points can be added
to the plot by clicking the mouse above the horizontal axis. The mean of the
points is shown as a green arrow. A numeric value for the standard deviation is
shown above the plot. Points on the plot can be removed by clicking on the point
and then dragging the point into the trash can. All of the points on the plot can
be removed by simply clicking inside the trash can. The range of values for the
horizontal axis can be specified by inputting lower and upper limits and then
clicking UPDATE.

2 4 6 8

Lower Limit: Upper Limit: |9 | Update

m Explore

Step 1 Specify a lower limit.

Step 2 Specify an upper limit.

Step 3 Add 15 points to the plot.

Step 4 Remove all of the points from the plot.

®m Draw Conclusions

APPLET 1. Specify the lower limit to be 10 and the upper limit to be 20. Plot 10 points
that have a mean of about 15 and a standard deviation of about 3. Write
the estimates of the values of the points. Plot a point with a value of 15. What
happens to the mean and standard deviation? Plot a point with a value of 20.
What happens to the mean and standard deviation?

2. Specify the lower limit to be 30 and the upper limit to be 40. How can you plot
eight points so that the points have the largest possible standard deviation?
Use the applet to plot the set of points and then use the formula for standard
deviation to confirm the value given in the applet. How can you plot eight
points so that the points have the lowest possible standard deviation? Explain.



Earnings of Athletes

The earnings of professional athletes in different sports can vary. An athlete can be paid a base salary,
earn signing bonuses upon signing a new contract, or even earn money by finishing in a certain
position in a race or tournament. The data shown below are the earnings (for performance only, no
endorsements) from Major League Baseball (MLB), Major League Soccer (MLS), the National
Basketball Association (NBA), the National Football League (NFL), the National Hockey League
(NHL), the National Association for Stock Car Auto Racing (NASCAR), and the Professional Golf
Association Tour (PGA) for a recent year.

Organization = Number of players

MLB 858
MLS 410
NBA 463
NFL 1861
NHL 722
NASCAR 76
PGA 262

Number of Players Separated into Earnings Ranges

$500,001-  $2,000,001-  $6,000,001-
Organization  $0-$500,000  $2,000,000  $6,000,000  $10,000,000  $10,000,001 +

MLB 353 182 164 85 74
MLS 403 5 1 1 0
NBA 35 157 137 77 57
NFL 554 746 438 85 38
NHL 42 406 237 37 0
NASCAR 23 16 31 6 0
PGA 110 115 36 1 0
B EXERCISES
1. Revenue Which organization had the 4. Standard Deviation Estimate the standard
greatest total player earnings? Explain deviation for the earnings of a player in
your reasoning. each organization. Use $19,000,000 as the

2. Mean Earnings Estimate the mean midpoint for $10,000,001+.

earnings of a player in each organization. 5. Standard Deviation Which organization
Use $19,000,000 as the midpoint for had the greatest standard deviation?
$10,000,001 +. Explain your reasoning.

3. Revenue Which organization had the 6. Bell-Shaped Distribution Of the seven
greatest earnings per player? Explain your organizations, which is most bell-shaped?

reasoning. Explain your reasoning.
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Measures of Position

WHAT YOU SHOULD LEARN Quartiles » Percentiles and Other Fractiles » The Standard Score

4

v

4

How to find the first,
second, and third quartiles
of a data set

How to find the interquartile
range of a data set

How to represent a data
set graphically using a
box-and-whisker plot

How to interpret other
fractiles such as percentiles

How to find and interpret
the standard score (z-score)

» QUARTILES

In this section, you will learn how to use fractiles to specify the position of a data
entry within a data set. Fractiles are numbers that partition, or divide, an ordered
data set into equal parts. For instance, the median is a fractile because it divides
an ordered data set into two equal parts.

DEFINITION

The three quartiles, Q;, O,, and O3, approximately divide an ordered data set
into four equal parts. About one quarter of the data fall on or below the first
quartile Q. About one half of the data fall on or below the second quartile O,
(the second quartile is the same as the median of the data set). About three
quarters of the data fall on or below the third quartile Q.

EXAMPLE 1 @9 report 14

» Finding the Quartiles of a Data Set

The number of nuclear power plants in the top 15 nuclear power-producing
countries in the world are listed. Find the first, second, and third quartiles of the
data set. What can you conclude? (Source: International Atomic Energy Agency)

7 18 11 6 59 17 18 54 104 20 31 8 10 15 19

» Solution

First, order the data set and find the median Q,. Once you find Q,, divide the
data set into two halves. The first and third quartiles are the medians of the
lower and upper halves of the data set.

Lower half Upper half

'a N 'a I
6 78 10 11 15 17 18 18 19 20 31 54 59 104

T T T

9 3 Qs

Interpretation About one fourth of the countries have 10 or fewer nuclear
power plants; about one half have 18 or fewer; and about three fourths have
31 or fewer.

» Try It Yourself 1

Find the first, second, and third quartiles for the ages of the 50 richest people
using the data set listed in the Chapter Opener on page 37. What can you
conclude?

a. Order the data set.

b. Find the median Q,.

c. Find the first and third quartiles, Q; and Qs.

d. Interpret the results in the context of the data. Answer: Page A34



STUDY TIP

There are several ways to find
the quartiles of a data set.
Regardless of how you find
the quartiles, the results are
rarely off by more than one
data entry. For instance,

in Example 2, the first
quartile, as determined

by Excel, is 22 instead

of 21.5.
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EXAMPLE 2

» Using Technology to Find Quartiles

The tuition costs (in thousands of dollars) for 25 liberal arts colleges are listed.
Use a calculator or a computer to find the first, second, and third quartiles.
What can you conclude?

23 25 30 23 20 22 21 15 25 24 30 25 30
20 23 29 20 19 22 23 29 23 28 22 28

» Solution

MINITAB, Excel, and the TI-83/84 Plus each have features that
automatically calculate quartiles. Try using this technology to find the first,
second, and third quartiles of the tuition data. From the displays, you can
see that Q; = 21.5, O, = 23, and Q5 = 28.

MINITAB

Descriptive Statistics: Tuition

Variable N Mean SEMean StDev  Minimum
Tuition 25 23.960 0.788 3.942 15.000
Variable Q1 Median QA3 Maximum
Tuition 21500 23.000 28.000 30.000

TI-83/84 PLUS

Al B c D 1-Var Stats
23 M=25

25 Quartile(A1:A25,1) minX=15
30 22 @,=215

1

2

3

4 |23 ~
Med=23

5 | 20 Quartile(A1:A25,2) Qye08

6

7

8

9

22 23 maxX=30

15 Quartile(A1:A25,3)
25 28

Interpretation About one quarter of these colleges charge tuition of $21,500
or less; one half charge $23,000 or less; and about three quarters charge
$28.,000 or less.
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» Try It Yourself 2

The tuition costs (in thousands of dollars) for 25 universities are listed. Use a
calculator or a computer to find the first, second, and third quartiles. What can
you conclude?

20 26 28 25 31 14 23 15 12 26 29 24 31
19 31 17 15 17 20 31 32 16 21 22 28

a. Enter the data.
b. Calculate the first, second, and third quartiles.
c. Interpret the results in the context of the data. Answer: Page A34

After finding the quartiles of a data set, you can find the interquartile range.

DEFINITION

The interquartile range (IQR) of a data set is a measure of variation that gives
the range of the middle 50% of the data. It is the difference between the third
and first quartiles.

Interquartile range (IQR) = Q3 — O

EXAMPLE 3

» Finding the Interquartile Range

Find the interquartile range of the data set given in Example 1. What can you
conclude from the result?

» Solution

From Example 1, you know that Q; = 10 and Q5 = 31. So, the interquartile
range is

IQR = Q; — Q, =31 — 10 = 21.

Interpretation The number of power plants in the middle portion of the data
set vary by at most 21.

» Try It Yourself 3

Find the interquartile range for the ages of the 50 richest people listed in the
Chapter Opener on page 37.

a. Find the first and third quartiles, Q1 and Q.
b. Subtract Q, from Q5.
c. Interpret the result in the context of the data. Answer: Page A34

The IQR can also be used to identify outliers. First, multiply the IQR by 1.5.
Then subtract that value from Q;, and add that value to Q3. Any data value
that is smaller than Q; — 1.5(IQR) or larger than Q5 + 1.5(IQR) is an outlier.
For instance, the IQR in Example 1 is 31 — 10 = 21 and 1.5(21) = 31.5. So,
adding 31.5 to Q3 gives Q53 + 31.5 = 31 + 31.5 = 62.5. Because 104 > 62.5,
104 is an outlier.

Another important application of quartiles is to represent data sets using
box-and-whisker plots. A box-and-whisker plot (or boxplot) is an exploratory
data analysis tool that highlights the important features of a data set. To graph a
box-and-whisker plot, you must know the following values.



PICTURING THE
WORLD

Of the first 44 Super Bowls
played, Super Bowl! XIV had the
highest attendance at about
104,000. Super Bowl! | had the
lowest attendance at about
62,000. The box-and-whisker
plot summarizes the attendances
(in thousands of people) at the
44 Super Bowls. (Source: National
Football League)

Super Bowl Attendance
72.5 75 80.5

\E/
62 104

60 70 80 90 100 110
Number of people (in thousands)

About how many Super Bowl
attendances are represented by
the right whisker? About how
many are represented by the
left whisker?

INSIGHT

You can use a box-and-whisker
plot to determine the

shape of a distribution.

Notice that the
box-and-whisker

plot in Example 4

represents a distribution

that is skewed right.
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1. The minimum entry 4. The third quartile Q5
2. The first quartile O 5. The maximum entry
3. The median Q,

These five numbers are called the five-number summary of the data set.

Drawing a Box-and-Whisker Plot

1. Find the five-number summary of the data set.

2. Construct a horizontal scale that spans the range of the data.
3. Plot the five numbers above the horizontal scale.
4

. Draw a box above the horizontal scale from Q; to Q5 and draw a
vertical line in the box at Q,.

5. Draw whiskers from the box to the minimum and maximum entries.

Box
Whisker ‘Whisker
\ ' /
Minimum \ Maximum
entry Q1 Median, Q2 Q3 entry

EXAMPLE 4 @9 Rreport 15

» Drawing a Box-and-Whisker Plot
See MINITAB and

Draw a box-and-whisker plot that represents | T1.83/34 Plus steps
the data set given in Example 1. What can you on pages 122 and 123.
conclude from the display?

» Solution

The five-number summary of the data set is displayed below. Using these five
numbers, you can construct the box-and-whisker plot shown.

Min=6, 0, =10, Q,=18, 0;=31, Max = 104,

Number of Power Plants

] | | | | | | | | | | | | | | | | | | | |
T

0 10 20 30 40 50 60 70 80 90 100 110

Interpretation You can make several conclusions from the display. One is
that about half the data values are between 10 and 31. By looking at the length
of the right whisker, you can also conclude that the data value of 104 is a
possible outlier.

» Try It Yourself 4

Draw a box-and-whisker plot that represents the ages of the 50 richest people
listed in the Chapter Opener on page 37. What can you conclude?

Find the five-number summary of the data set.

. Construct a horizontal scale and plot the five numbers above it.

Draw the box, the vertical line, and the whiskers.

. Make some conclusions. Answer: Page A34

ae T
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INSIGHT

Notice that the 25th
percentile is the same as
Q,; the 50th percentile
is the same as Q,, or
the median; and the
75th percentile is the
same as Qs.

STUDY TIP

It is important that you
understand what a percentile
means. For instance, if the weight
of a six-month-old infant is at
the 78th percentile, the infant
weighs more than 78%

of all six-month-old

infants. It does not

mean that the infant

weighs 78% of some

ideal weight.

Ages of the 50 Richest People

100 +
90 +
80 +
70 +
60 -+
50 +
40 +
30 +
20 +
10 +

Percentile

DESCRIPTIVE STATISTICS

In addition to using quartiles to specify a measure of position, you can also use
percentiles and deciles. These common fractiles are summarized as follows.

Fractiles Summary Symbols
Quartiles Divide a data set into 4 equal parts. 01, 0y, 03
Deciles Divide a data set into 10 equal parts. Dy, Dy, Ds,..., Dy
Percentiles = Divide a data set into 100 equal parts. = Py, Py, Ps,..., Py

Percentiles are often used in education and health-related fields to indicate
how one individual compares with others in a group. They can also be used to
identify unusually high or unusually low values. For instance, test scores and
children’s growth measurements are often expressed in percentiles. Scores or
measurements in the 95th percentile and above are unusually high, while those
in the 5th percentile and below are unusually low.

EXAMPLE 5

| | | | | | |

hd T T T T T T T T
5 5 055 0% o5 B aD P
DT RTDT QT QT AT DT

Age

» Interpreting Percentiles SAT Scores
The ogive at the right represents the 100 -
cumulative frequency distribution for 90

SAT test scores of college-bound
students in a recent year. What test
score represents the 62nd percentile?
How should you interpret this?
(Source: The College Board)

Percentile
—_— N W A NN 0
o O O O O O © O
Il Il Il Il Il Il Il Il

600 900 1200 1500 1800 2100 2400

Score

» Solution SAT Scores
From the ogive, you can see that the 100 -
62nd percentile corresponds to a test 90 -
score of 1600. 80
. 70 -
Interpretation This means that o . |
approximately 62% of the students § 50 4
had an SAT score of 1600 or Iess. 5 40+
30+
20+

10

600 900 1200 1500 1800 2100 2400
Score

» Try It Yourself 5

The ages of the 50 richest people are represented in the cumulative frequency
graph at the left. At what percentile is someone who is 66 years old? How
should you interpret this?

a. Use the graph to find the percentile that corresponds to the given age.
b. Interpret the results in the context of the data. Answer: Page A34



Very unusual scores

Unusual scores

Usual scores
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When you know the mean and standard deviation of a data set, you can measure
a data value’s position in the data set with a standard score, or z-score.

DEFINITION

The standard score, or z-score, represents the number of standard deviations
a given value x falls from the mean . To find the z-score for a given value,
use the following formula.

Value — Mean X —u

- Standard deviation o

A z-score can be negative, positive, or zero. If z is negative, the corresponding
x-value is less than the mean. If z is positive, the corresponding x-value is greater
than the mean. And if z = 0, the corresponding x-value is equal to the
mean. A z-score can be used to identify an unusual value of a data set that is
approximately bell-shaped.

EXAMPLE 6

» Finding z-Scores

The mean speed of vehicles along a stretch of highway is 56 miles per hour
with a standard deviation of 4 miles per hour. You measure the speeds of three
cars traveling along this stretch of highway as 62 miles per hour, 47 miles per
hour, and 56 miles per hour. Find the z-score that corresponds to each speed.
What can you conclude?

» Solution
The z-score that corresponds to each speed is calculated below.
X = 62 mph x = 47 mph x = 56 mph
62 — 56 47 — 56 56 — 56
=—=15 =——=-225 =—=
. 4 c 4 £ 4
Interpretation From the z-scores, you can conclude that a speed of 62 miles
per hour is 1.5 standard deviations above the mean; a speed of 47 miles per
hour is 2.25 standard deviations below the mean; and a speed of 56 miles per
hour is equal to the mean. If the distribution of the speeds is approximately

bell-shaped, the car traveling 47 miles per hour is said to be traveling unusually
slowly, because its speed corresponds to a z-score of —2.25.

» Try It Yourself 6

The monthly utility bills in a city have a mean of $70 and a standard deviation
of $8. Find the z-scores that correspond to utility bills of $60, $71, and $92.
What can you conclude?

0

a. Identify p and o. Transform each value to a z-score.

b. Interpret the results. Answer: Page A34

When a distribution is approximately bell-shaped, you know from the
Empirical Rule that about 95% of the data lie within 2 standard deviations of the
mean. So, when this distribution’s values are transformed to z-scores, about 95%
of the z-scores should fall between —2 and 2. A z-score outside of this range will
occur about 5% of the time and would be considered unusual. So, according to
the Empirical Rule, a z-score less than —3 or greater than 3 would be very
unusual, with such a score occurring about 0.3% of the time.
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In Example 6, you used z-scores to compare data values within the same
data set. You can also use z-scores to compare data values from different
data sets.

EXAMPLE 7

» Comparing z-Scores from Different Data Sets

In 2009, Heath Ledger won the Oscar for Best Supporting Actor at age 29
for his role in the movie The Dark Knight. Penelope Cruz won the Oscar for
Best Supporting Actress at age 34 for her role in Vicky Cristina Barcelona.
The mean age of all Best Supporting Actor winners is 49.5, with a standard
deviation of 13.8. The mean age of all Best Supporting Actress winners is 39.9,
with a standard deviation of 14.0. Find the z-scores that correspond to the ages
of Ledger and Cruz. Then compare your results.

» Solution
The z-scores that correspond to the ages of the two performers are calculated
below.
X — R
Heath Ledger 2=
29 — 495
13.8
~ —1.49
Penelope Cruz  z = a ; ~
_ 34 -399
14.0
~ —0.42

The age of Heath Ledger was 1.49 standard deviations below the mean, and
the age of Penelope Cruz was 0.42 standard deviation below the mean.

Interpretation Compared with other Best Supporting Actor winners, Heath
Ledger was relatively younger, whereas the age of Penelope Cruz was only
slightly lower than the average age of other Best Supporting Actress winners.
Both z-scores fall between —2 and 2, so neither score would be considered
unusual.

» Try It Yourself 7

In 2009, Sean Penn won the Oscar for Best Actor at age 48 for his role in the
movie Milk. Kate Winslet won the Oscar for Best Actress at age 33 for her role
in The Reader. The mean age of all Best Actor winners is 43.7, with a standard
deviation of 8.7. The mean age of all Best Actress winners is 35.9, with a
standard deviation of 11.4. Find the z-scores that correspond to the ages of
Penn and Winslet. Then compare your results.

a. Identify p and o for each data set.
b. Transform each value to a z-score.
c¢. Compare your results. Answer: Page A34
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The goals scored per game by a soccer team represent the first quartile for
all teams in a league. What can you conclude about the team’s goals scored
per game?

A salesperson at a company sold $6,903,435 of hardware equipment last
year, a figure that represented the eighth decile of sales performance at the
company. What can you conclude about the salesperson’s performance?

A student’s score on an actuarial exam is in the 78th percentile. What can you
conclude about the student’s exam score?

A counselor tells a child’s parents that their child’s IQ is in the 93rd
percentile for the child’s age group. What can you conclude about the
child’s 1Q?

Explain how the interquartile range of a data set can be used to identify
outliers.

Describe the relationship between quartiles and percentiles.

True or False? In Exercises 7-14, determine whether the statement is true or
false. If it is false, rewrite it as a true statement.

7.
8.
9.
10.

11.
12.
13.
14.

The mean and median of a data set are both fractiles.
About one quarter of a data set falls below Q;.
The second quartile is the median of an ordered data set.

The five numbers you need to graph a box-and-whisker plot are the
minimum, the maximum, Q;, O, and the mean.

The 50th percentile is equivalent to Q.
It is impossible to have a z-score of 0.
A z-score of —2.5 is considered very unusual.

A z-score of 1.99 is considered usual.

Graphical Analysis In Exercises 15-20, use the box-and-whisker plot to
identify (a) the five-number summary, and (b) the interquartile range.

15.

17.

4 3 | 16. It \
T_T_T - T T T L ]
10 13 15 17 20 100 130 205 270 320
lb 1‘1 1‘2 1‘3 1‘4 1‘5 1‘6 1‘7 1‘8 1‘9 2‘0 2‘1 1(‘)0‘ o ‘130‘ o ‘2(‘)0‘ a ‘25‘0‘ a ‘3(‘)0‘ ‘
. II II 11 . 18. { II }
900 1250 1500 1950 2100 25 50 6570 85
P e L 25 30 35 40 45 50 55 60 65 70 75 80 85
. —— . 20. . — .
~
-19 -0.5 0.1 0.7 2.1 -13 =03 02 04 2.1
_\2 T T \_i T T T (\) T T T i T T T \2 T T \_i T T T (\) T T T \1 T T T é T
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In Exercises 21-24, (a) find the five-number summary, and (b) draw a box-and-
whisker plot of the data.

21. 39 36 30 27 26 24 28 35 39 60 50 41 35 32 51
22. 171 176 182 150 178 180 173 170 174 178 181 180
23.4 77529768 58415287669
2.2 7131289925473 75417
2359563934988 239S5
Interpreting Graphs In Exercises 25-28, use the box-and-whisker plot to
determine if the shape of the distribution represented is symmetric, skewed lefft,

skewed right, or none of these. Justify your answer.

25, 1 26. !

—{— L

0 200 0 100

27. 1 28. 1

0 120 0 700
0 0

29. Graphical Analysis The letters A, B, and C are marked on the histogram.
Match them with Qy, O, (the median), and Q3. Justify your answer.

5 5

4 4

3 3

2 2

1 1

15 16 1;7 181 19 2;0 20 2 15 16Tf7 18 19120 2‘112‘2 23 24

B A C T R S

FIGURE FOR EXERCISE 29 FIGURE FOR EXERCISE 30

30. Graphical Analysis The letters R, S, and T are marked on the histogram.
Match them with Py, Py, and Fy,. Justify your answer.

Using Technology to Find Quartiles and Draw Graphs In Exercises
31-34, use a calculator or a computer to (a) find the data set’s first, second, and
third quartiles, and (b) draw a box-and-whisker plot that represents the data set.

31. TV Viewing The number of hours of television watched per day by a
sample of 28 people

2415 7 2
9

54 42 36 43
52035 4 52136 72
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36.
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32. Vacation Days The number of vacation days used by a sample of
20 employees in a recent year

39 21753226
4 010 0357 865

33. Airplane Distances The distances (in miles) from an airport of a
sample of 22 inbound and outbound airplanes

28 2.0 3.0 3.0 32 59 35 36
1.8 55 3.7 52 38 39 6.0 25
40 41 46 50 55 6.0

34. Hourly Earnings The hourly earnings (in dollars) of a sample of
25 railroad equipment manufacturers

15.60 18.75 14.60 15.80 14.35 1390 17.50 17.55 13.80
1420 19.05 1535 1520 1945 1595 16.50 1630 15.25
15.05 19.10 1520 16.22 17.75 18.40 15.25

TV Viewing Refer to the data set given in Exercise 31 and the box-and-
whisker plot you drew that represents the data set.

(a) About 75% of the people watched no more than how many hours of
television per day?

(b) What percent of the people watched more than 4 hours of television per
day?

(c) If you randomly selected one person from the sample, what is the

likelihood that the person watched less than 2 hours of television per
day? Write your answer as a percent.

Manufacturer Earnings Refer to the data set given in Exercise 34 and the
box-and-whisker plot you drew that represents the data set.

(a) About 75% of the manufacturers made less than what amount per hour?
(b) What percent of the manufacturers made more than $15.80 per hour?

(c) If you randomly selected one manufacturer from the sample, what is the
likelihood that the manufacturer made less than $15.80 per hour? Write
your answer as a percent.

Graphical Analysis In Exercises 37 and 38, the midpoints A, B, and C are
marked on the histogram. Match them with the indicated z-scores. Which z-scores,
if any, would be considered unusual?

37.

z=0 38. z =0.77
7z =214 z =154
z=—143 z=—154
Statistics Test Scores Biology Test Scores
16 16
14+ 14+
512+ 512+
S 10+ £ 0t
E sl E gl
Z ol Z el
44 44
2+ 2
43 5;3 S8 63 68 73 78 17 20 23 26 29
Score (oﬁt of 80) T T Score (out of 30)
A B C A B C
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Adult Males Ages 20-29

100
90
80
70
60
50
40
30
20
10

Percentile

63 65 67 69 71 73 75 77 79
Height (in inches)
FIGURE FOR EXERCISES 45-50

Comparing Test Scores For the statistics test scores in Exercise 37, the mean
is 63 and the standard deviation is 7.0, and for the biology test scores in Exercise
38, the mean is 23 and the standard deviation is 3.9. In Exercises 39-42, you are
given the test scores of a student who took both tests.

39.
40.
41.
42.
43.

4.

(a) Transform each test score to a z-score.

(b) Determine on which test the student had a better score.

A student gets a 75 on the statistics test