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Preface | -

This book is designed for an introductory course in statistics. The mathematical prerequisite is basic algebra. In
addition to presenting the mechanics of the subject, we have endeavored to explain the concepts behind them, in a
writing style as straightforward, clear, and engaging as we could make it. As practicing statisticians, we have done
everything possible to ensure that the material presented is accurate and correct. We believe that this book will
enable instructors to explore statistical concepts in depth yet remain easy for students to read and understand.

To achieve this goal, we have incorporated a number of useful pedagogical features:

Features

® Check Your Understanding Exercises: After each concept is explained, one or more exercises are immedi-
ately provided for students to be sure they are following the material. These exercises provide students with
confidence that they are ready to go on, or alert them to the need to review the material just covered.

e Explain It Again: Many important concepts are reinforced with additional explanation in these marginal notes.

® Real Data: Statistics instructors universally agree that the use of real data engages students and convinces
them of the usefulness of the subject. A great many of the examples and exercises use real data. Some data sets
explore topics in health or social sciences, while others are based in popular culture such as movies, contempor-
ary music, or video games.

® Integration of Technology: Many examples contain screenshots from the TI-84 Plus calculator, MINITAB,
and Excel. Each section contains detailed, step-by-step instructions, where applicable, explaining how to use
these forms of technology to carry out the procedures explained in the text.

¢ Interpreting Technology: Many exercises present output from technology and require the student to interpret
the results.

® Write About It: These exercises, found at the end of each chapter, require students to explain statistical con-
cepts in their own words.

e Case Studies: Each chapter begins with a discussion of a real problem. At the end of the chapter, a case study
demonstrates applications of chapter concepts to the problem.

Flexibility

We have endeavored to make our book flexible enough to work effectively with a wide variety of instructor styles
and preferences. We cover both the P-value and critical value approaches to hypothesis testing, so instructors
can choose to cover either or both of these methods. The material on two-sample inference is divided into two
chapters—Chapter 10 on two-sample confidence intervals, and Chapter 11 on two-sample hypothesis tests. This
gives instructors the option of covering all the material on confidence intervals before starting hypothesis testing,
by covering Chapter 10 immediately after Chapter 8.

We have placed the material on descriptive statistics for bivariate data immediately following descriptive sta-
tistics for univariate data. Those who wish to cover bivariate description and inference together may postpone
Chapter 4 until sometime before covering Chapter 13.

Instructors differ widely in their preferences regarding the depth of coverage of probability. A light treatment
of the subject may be obtained by covering Section 5.1 and skipping the rest of the chapter. More depth can be
obtained by covering Sections 5.2 and 5.3. Section 5.4 on counting can be included for an even more comprehen-
sive treatment.

Supplements

Supplements, including online homework, videos, guided student notes, and PowerPoint presentations, play an
increasingly important role in the educational process. As authors, we have adopted a hands-on approach to the
development of our supplements, to make sure that they are consistent with the style of the text and that they work
effectively with a variety of instructor preferences. In particular, our online homework package offers instruc-
tors the flexibility to choose whether the solutions that students view are based on tables or technology, where
applicable.
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- New in This Edition

The third edition of the book is intended to extend the strengths of the second. Some of the
changes are:

® A new objective on the weighted mean has been added.

® A large number of new exercises have been included, many of which involve real data

from recent sources.

Many new conceptual exercises have been added, for example, about detecting con-
founding in public health studies, drawing inferences from the shape of a histogram,
interpreting technology output to detect outliers, reinforcing the concept that the Cen-
tral Limit Theorem applies to the sample mean rather than individual sample items,
and understanding the effect of sample size on the margin of error of a confidence
interval.

A new supplement to accompany the text has been developed that focuses on prerequi-
site skills.

Several of the case studies have been updated.

The exposition has been improved in a number of places.

William Navidi
Barry Monk
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Looking to motivate and engage students?
Problem solved!

ALEKS® uses artificial intelligence to precisely

map what each student knows, doesn’t know, and

is most ready to learn in a given course area. The
system interacts with each student like a skilled
human tutor, delivering a cycle of highly individual-
ized learning and assessment that ensures mastery.
Students are shown an optimal path to success, and
instructors have the analytics they need to deliver a
data-informed, impactful learning experience.

“ALEKS has helped to create the best classroom experience
I've had in 36 years. I can reach each student with ALEKS,”
— Tommy Thompson, Cedar Valley College, TX

How can ALEKS help solve your students’ challenges?
]

| did all my homework, so why am | failing my exams?

The purpose of homework is to ensure mastery and prepare students for exams. ALEKS is the only
adaptive learning system that ensures mastery through periodic assessments and delivers just-in-time
remediation to efficiently prepare students. Because of how ALEKS presents lessons and practice,
students learn by understanding the core principle of a concept rather than just memorizing a process.

I’m too far behind to catch up. - OR - I’'ve already done this, I’m bored.

No two students are alike. So why start everyone on the same page? ALEKS diagnoses what each
student knows and doesn’t know, and prescribes an optimized learning path through your curriculum.
Students only work on topics they are ready to learn, and they have a proven learning success rate of
93% or higher. As students watch their progress in the ALEKS Pie grow, their confidence grows with it.
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I need something that solves the problem of cost, time to completion, and student preparedness.

ALEKS is the perfect solution to these common problems. It provides an efficient path to mastery
through its individualized cycle of learning and assessment. Students move through the course content
more efficiently and are better prepared for subsequent courses. This saves both the institution and
the student money. Increased student success means more students graduate.

My administration and department measure success
differently. How can we compare notes?

ALEKS offers the most comprehensive and detailed
data analytics on the market. From helping the
student in the back row to monitoring pass rates
across the department and institution, ALEKS
delivers the data needed at all levels.

The customizable and intuitive reporting features
allow you and your colleagues to easily gather,
interpret, and share the data you need, when you
need it.

The ALEKS Instructor Module
offers a modern, intuitive
interface to manage courses
and track student progress.

Trusted Service and Support

A unique solution requires unique support. A dedicated team of specialists and faculty consultants
ensure that your ALEKS implementation is seamless and painless . . . from start to finish.

ALEKS Service and Support Offers:

+ LMS integration that provides single sign-on capability and gradebook synchronization

+ Industry-leading technical support and 99.97% uptime

+ Flexible courses that can align with any textbook and/or resources, for any classroom model
+ Resources for implementation, first day of class orientation, how-to videos and more

+  Onsite seminars/worshops and webinars with McGraw-Hill and faculty consultants

www.aleks.com/highered
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and digital? Problem solved!

McGraw-Hill Connect® Math Hosted by ALEKS® offers
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tive platform. ConnectMath is an online homework engine
where the problems and solutions are consistent with the
textbook authors’ approach. It also offers integration with
SmartBook, an assignable, adaptive eBook and study tool
that directs students to the content they don’t know and
helps them study more efficiently. With ConnectMath, you
get the tools you need to be the teacher you want to be.
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“I like that ConnectMath reaches students with
different learning styles .. . our students are
engaged, attend class, and ask excellent questions.”
— Kelly Davis, South Texas College

Trusted Service and Support

A dedicated team of specialists and faculty consultants ensure that your ConnectMath implementa-
tion is seamless and painless . . . from start to finish.

ConnectMath Service and Support Offers:

LMS integration that provides single sign-on capability and gradebook synchronization
Industry-leading technical support and 99.97% uptime

Resources for implementation, first day of class orientation, how-to videos and more
Onsite seminars/worshops and webinars with McGraw-Hill and faculty consultants
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| like to learn by

Whether it’s reading, watching, discovering, or doing, ConnectMath has something for everyone.
Instructors can create assignments that accommodate different learning styles, and students aren’t
stuck with boring multiple-choice problems. Instead they have a myriad of motivational learning and
media resources at their fingertips. SmartBook delivers an interactive reading and learning experience
that provides personalized guidance and just-in-time remediation. This helps students to focus on what
they need, right when they need it.

I still don’t get it. Can you do that problem again?

Because the content in ConnectMath is author-developed and goes through a rigorous quality control
process, students hear one voice, one style, and don’t get lost moving from text to digital. The high-
quality, author-developed videos provide students ample opportunities to master concepts and
practice skills that they need extra help with . . . all of which are integrated in the ConnectMath
platform and the eBook.

How can ConnectMath help solve your classroom challenges?
- 4@

I need meaningful data to measure student success!

From helping the student in the back row to tracking learning trends for your entire course,
ConnectMath delivers the data you need to make an impactful, meaningful learning experience for
students. With easy-to-interpret, downloadable reports, you can analyze learning rates for each
assignment, monitor time on task, and learn where students’ strengths and weaknesses are in each
course area.

We’re going with the (flipped
classroom, corequisite model, etc.)
implementation.

Upcoming Assignments (3) Announcements

ConnectMath can be used in any course —————
setup. Each course in ConnectMath comes
complete with its own set of text-specific
assignments, author-developed videos and
learning resources, and an integrated eBook
that cater to the needs of your specific —— diors fesgpaons _
course. The easy-to-navigate home page B AR scments
keeps the learning curve at a minimum, —_
but we still offer an abundance of tutori-

als and videos to help get you and your

colleagues started.

Syllabus - IMPORTANT

Acton_+ Prof. 2016
Mg NA 8| Besure toreview the sylabus befre you stat

EE 3
E Tae

www.mheducation.com




Supplements

gﬁ‘" ALEKS PREP S.tu'dents. unprepared for your course? Do they lack critical prereq-
Education uisite skills to succeed? Problem Solved!

ALEKS Prep courses use artificial intelligence to target students’ prerequisite knowledge
gaps and provide individualized learning and remediation to ensure students have the skills
to succeed in their statistics course. With ALEKS, students are more successful on exams
and instructors save valuable time both in the class and during office hours.

MSMARTBOOK:® SmartBook™ is the first and only adaptive

reading experience available for the higher
education market. Powered by the intelligent and adaptive LearnSmart engine, SmartBook
facilitates the reading process by identifying what content a student knows and doesn’t
know. As a student reads, the material continuously adapts to ensure the student is focused
on the content he or she needs the most to close specific knowledge gaps.

Me o  With McGraw-Hill Create™, you can easily rearrange chapters,
@ create

combine material from other content sources, and quickly
upload content you have written like your course syllabus or
teaching notes. Find the content you need in Create by searching through thousands of
leading McGraw-Hill textbooks. Arrange your book to fit your teaching style. Create even
allows you to personalize your book’s appearance by selecting the cover and adding your
name, school, and course information. Assemble a Create book and you’ll receive a com-
plimentary print review copy in 3-5 business days or a complimentary electronic review
copy (eComp) via email in minutes. Go to www.mcgrawhillcreate.com today and experi-
ence how McGraw-Hill Create™ empowers you to teach your students your way.

Hill
Education

Videos

Author-produced lecture videos introduce concepts, definitions, formulas, and problem-
solving procedures to help students better comprehend the topic at hand. Exercise videos
illustrate the authors working through selected exercises, following the solution methodol-
ogy employed in the text. These videos are closed-captioned for the hearing-impaired, and
meet the Americans with Disabilities Act Standards for Accessible Design.

Computerized Test Bank Online (instructors only)

This computerized test bank, available online to adopting instructors, utilizes TestGen®
cross-platform test generation software to quickly and easily create customized exams.
Using hundreds of test items taken directly from the text, TestGen allows rapid test cre-
ation and flexibility for instructors to create their own questions from scratch with ability
to randomize number values. Powerful search and sort functions help quickly locate ques-
tions and arrange them in any order, and built-in mathematical templates let instructors
insert stylized text, symbols, graphics, and equations directly into questions without need
for a separate equation editor.

MegaStat®

MegaStat® is a statistical add-in for Microsoft Excel, handcrafted by J. B. Orris of Butler
University. When MegaStat is installed, it appears as a menu item on the Excel menu bar
and allows you to perform statistical analysis on data in an Excel workbook.

Instructor’s Solutions Manual

Derived from author-approved Connect solutions, this manual contains detailed solutions
to all of the problems in the text.



TI-84 Plus Graphing Calculator Manual

This friendly, author-influenced manual teaches students to learn about statistics and solve
problems by using this calculator while following each text chapter.

Excel Manual

This workbook, specially designed to accompany the text by the authors, provides addi-
tional practice in applying the chapter concepts while using Excel.

MINITAB 17 Manual

With guidance from the authors, this manual includes material from the book to provide
seamless use from one to the other, providing additional practice in applying the chapter
concepts while using the MINITAB program.

Guided Student Notes

Guided notes provide instructors with the framework of day-by-day class activities for
each section in the book. Each lecture guide can help instructors make more efficient use
of class time and can help keep students focused on active learning. Students who use the
lecture guides have the framework of well-organized notes that can be completed with the
instructor in class.

Data Sets

Data sets from selected exercises have been pre-populated into MINITAB, TI-Graph Link,
Excel, SPSS, and comma-delimited ASCII formats for student and instructor use. These
files are available on the text’s website.

Print Supplements
Annotated Instructor’s Edition (instructors only)

The Annotated Instructor’s Edition contains answers to all exercises. The answers to most
questions are printed in blue next to each problem. Answers not appearing on the page can
be found in the Answer Appendix at the end of the book.

Student’s Solutions Manual

Derived from author-approved Connect solutions, this manual contains detailed solutions
to all odd-numbered text problems and answers to all Quizzes, Reviews, and Case Study
problems found at the end of each chapter.

Statistics Corequisite Workbook

This workbook, co-written by author Barry Monk, is designed to provide corequisite reme-
diation of the necessary skills for an introductory statistics course. The included topics are
largely independent of one another and may be used in any order that works best for the
instructor. Available online or print copies can be ordered in Create.



Index of Applications

Agricultural/gardening/farming

applications. See also Forestry

applications

absorption rate of pesticides into skin, 657

acid levels of soil, 675

chicken weights, 317

fertilizer effect on maple sap production, 670

fertilizer effect on orange trees, 420, 496,
676

fertilizer effect on tomato yield, 25

herbicides and phosphate concentration of
bean plants, 517

pesticides and fruit yields, 672

phosphorus in soil, 659

seed germination rate, 340

temperature and water evaporation, 610, 617

wheat yields, 685

Archaeology applications
mummy’s curse and life spans, 531-532

Automotive/motor vehicle

applications

accidents at intersections, 505

accidents per year, 112, 285

air pollution caused by motor vehicles, 76,
513,517, 542, 551

battery lifetimes, 353

BMW prices, 65, 76

brake wear and mileage, 512-513

car repairs, 224, 237, 340

car speeds and stopping distance, 194

car speeds and street noise level, 610, 616

car speeds on highways, 319, 475

cell phones and driving, 32

delivery truck load weights, 353

don’t drink and drive, 11, 109

drag-racing parachutes, 249

emissions at sea level and high altitude,
149-150, 517, 542

emissions testing, 277, 629-630

fuel efficiency, 31, 128, 513, 514

gas mileage, 32, 92, 128, 197, 326, 387,
689-690

gas prices, 107

license plate choices, 245

new car choice probabilities, 237

new car sales, 47-48

new car satisfaction, 334

new truck sales, 48

parking on campus, 11

pickup truck ownership, 237

pillars giving head protection in cars, 659

risky drivers, 214

tire lifetimes, 318, 479, 480

tires and fuel economy, 31, 513, 514

tires and number of miles traveled, 676-677

tires with low air pressure, 265

tire tread depth, 698—699

truck pollution, 513, 551

truck weight and gas mileage, 197, 636

used car ages, 388
years between accidents, 498, 532

Aviation applications

airline ticketing policy, 340
flight delays, 277

Behavioral study applications. See
also Psychological applications

dog weights, 420

don’t drink and drive, 11, 109

nicotine patch to quit smoking, 468

weight loss during counseling, 456

Beverage applications

breweries in selected states, 107, 128

caffeine in coffee, 420

calories in milkshakes, 374

carbohydrates in espresso beverages, 148

coffee prices, 690

daily coffee consumption, 332

don’t drink and drive, 11, 109

energy drinks, 374, 497

moisture content of coffee beans, 479, 480

strength of aluminum cans, 355

volume of beverage in can, 318, 456457,
472-473, 699

volume of beverage in large-sized sodas, 658

Biology/life science

applications. See also Genetics/gender

applications

age of babies beginning to talk, 386

bird brain weight versus body weight, 181

blood typing system for humans, 44, 249,
278

butterfly wingspan versus lifespan, 169, 180,
609, 616

Down Syndrome births, 285

forearm length and height, 197

gestational age and baby weights, 198

height and age, 442

heights of boys and men, 111, 132, 319, 513,
551

heights of college students, 63, 112

heights of fathers and sons, 609, 616

heights of women, 105, 111, 132, 319

random sampling of animal groups, 10-11

rats running mazes, 63, 457

shrimp habitat and water pollution, 516

weights/lengths of fish, 147, 317, 350, 420

weights of animals, 443, 458

weights of girls and women, 110, 442

weights of newborn babies, 131, 198, 405,
532, 698

weights of older babies, 278, 317, 340, 373,
386, 456, 472, 497

Business applications
advertisement views, 480

advertising expenditures, 108, 154-155
age discrimination, 587

bond prices, 130

CEO salaries, 387

college graduates working at home, 398

confidence in banks, 467-468

corporate profits, 153, 155

credit card balances, 457

credit card charges, 376

credit card payments, 409

credit scores, 195, 456, 633-634

day and night shifts, 245

days per year spent traveling, 420

Dow Jones Industrial Average, 84, 130

economy in the future, 16, 399, 507, 578

extending banking hours, 29

financial literacy, 695

finding job after job loss, 288

flextime in company to reduce sick days,
564-565

free desserts to increase business, 457

government employee percentages, 333

hourly wages and/or years employed, 68,
111, 169-170, 376

inflation rate and unemployment rate,
200-201

interest in economics, 469

job changes, 399, 400

job satisfaction, 214, 483

job security, 46

life expectancy, 32

life insurance, 251-252, 267

management jobs and gender, 237

marketing firm survey, 18, 480

mean and median salaries, 112

mean federal income tax, 326

mean state income tax, 353

multiple jobs held, 333

on-site day care, 11-12

opinions of service at a store, 11

personal incomes, 110, 111, 150

prime interest rate, 181

random-digit dialing as sampling
method, 29

restaurant customers on Mondays versus
Tuesdays, 698

retail spending, 11, 79

return on investment, 130

sales commissions, 565

sales tax increase, 468

sales tax on Internet purchases, 468

satisfaction with financial situation, 506

saving by U.S. residents, 84—85

science careers, 475

spreadsheet testing, 565, 658

start-up probabilities, 249, 267

stock market averages and first digits of the
number, 290

stock market crash, 84

stock prices, 108, 129, 154, 181, 374, 469,
482,516

stress at work, 278, 340

tax return refunds, 12

xXxiii



tax returns and first digits of the number, 291

tax returns for which no tax paid, 333

technology salaries, 76

unemployment rate in U.S., 77

U.S. imports and exports by month, 193

weekly earnings, 333

women in service occupations, 237

words typed per minute, 375

workforce increases during economic
downturn, 400

Chemicals/chemistry

applications

acid levels of soil, 675

adhesive bond strength, 671

ammonium in water wells, 319

bacteria in pond water, 285

benzene in wastewater, 496, 531, 565

calories in fat, 611

carbon dioxide production and global
warming, 168, 179—-180

carbon monoxide concentration, 388

chemicals in well water, 675-676

cleaning solutions, 671

gypsum and acid level, 675

gypsum and electrical conductivity, 675, 676

lead in water, 399, 443

mercury in lakes, 476

mineral content of kale, 387

mineral content of spinach, 386, 406

ozone concentration, 181

paint drying time, 637

paint lifetime, 632

phosphorus in soil, 659

soap lather, 670-671

soap weights, 155

suspended particles, 289

temperature, concentration, and time in
chemical reactions, 633

temperature and water evaporation, 610, 617

Computer applications. See
Electronics/computer applications

Construction/home

improvement/home purchases

and sales applications

air conditioner costs, 698

apartment rents, 153, 326, 483484, 685,
695

asphalt-rubber concrete beam strength, 671

breaking strength of wood boards, 658

building new parking structure, 411

construction site water contamination, 399

electricity bills/prices, 132, 318

expansion of concrete over time, 610, 617

fireplaces and garages, 225

household income and energy consumed,
198, 637

house prices, 107-108, 129, 442

house size and energy expenditures, 193

house size and selling price, 194

house sizes, 459, 475

mortgage payments/rates, 169, 180, 386—
387, 406

radon levels, 194, 318

recovering from heart attacks in smaller
houses, 25

sales price versus rental price of homes, 193
smoke detectors in homes, 279
vacant apartment rates, 77

Crime

graffiti by borough, 225

illegal drug use in high school, 29

murder rates in cities, 65, 66

police department effectiveness, 29

police numbers and crimes committed, 169
taxicabs and crime rates, 25

violent crime categories and rates, 578

Dental applications
fluoride and tooth decay, 32

Earth science applications

altitude and pollution from cars, 149-150,
517,542

floodwater drainage time, 657—-658

geyser eruption durations, 65, 633

global warming, 16

humidity and ozone levels, 611, 617

hurricanes, 78, 542, 695-696

ice on lakes, 638-639

silver ore in rock samples, 67

wind speeds and electric power generated,
640-641

Education/school applications

absences from school, 592

adults with degrees, 86, 110

advanced placement tests, 288

age and education, 110, 169

age at high school graduation, 169

ages of college students, 388, 408,
443444

air pollution in Chinese schools, 25

annual incomes of college graduates, 375

arithmetic teaching method, 444

attitudes toward school, 375

cafeteria food rating, 288

choosing books to study, 245

college enrollments, 278, 340

college freshmen majoring in sciences, 333

college graduates working at home, 398

college tuition, 409, 456, 516

computers in the classroom, 376, 505-506

confidence in educational institutions, 214

course selection, 249

distance learning effectiveness, 497

educational issues and visits to science
museums, 587

education levels, 47, 385, 591

energy drinks consumed by college students,
497

exam scores, 66, 133, 149, 319

exam score versus hours spent studying, 181

favorite subjects, 670

female business majors, 249

final exam scores, 111, 149, 181, 319

final grade probabilities, 224, 249

final grades, 111

gender bias in graduate school admissions,
592-594

gender differences in attitudes and behaviors,
562

girls enrolled in elementary school, 354

grade distributions, 577-578

grade point averages, 306-307, 375, 443,
631-632

graduate salaries versus years of experience,
181

heights of college students, 63, 112

high school dropouts, 237

high school freshmen graduating with their
class, 332-333

homework not completed by college
freshmen, 89

homework score, 111

homework submitted electronically, 32

hours of sleep, 387, 412

hours spent studying or reading, 181, 318—
319, 388

illegal drug use in high school, 29

1Q test scores, 405, 421, 472, 497, 531, 559

male versus female college students, 77-78

math skills testing, 412, 442, 695

multiple choice questions, 29, 267, 277

number of siblings, 66

online learning courses, 385

ordering of supplies, 31

parking on campus, 11

phonics, 386

quiz scores, 89

reading skills, 11, 288, 350, 399, 542

recreation fee increase, 11

required courses, 250

satisfaction with college life, 469

SAT math preparation, 444, 513-514,
551-552

SAT math scores, 111, 181, 326, 373, 399,
405, 442-443, 472, 479, 480

SAT score and language study, 198

SAT verbal scores, 181

saving for college, 475

school enrollment by grade, 267

sick children in class, 224

software instruction hours, 386

standardized test scores, 147

student executive committee choices, 245

student loans, 332

teacher salaries, 475

tenth-graders planning to attend college,
400-401

tests online versus on paper, 497-498, 532

text messages sent by teenagers, 266

true—false exam questions, 214, 277, 578

tuition and fees of private colleges, 456

vocabulary and height of elementary
students, 25

weight gain or loss during freshman year,
697

working college students, 469

years of education for adults, 385

Elderly/older-person applications
prescription drug program, 11

Electronics/computer
applications

ages of video gamers, 46
battery lifetimes, 306, 327, 353
bias in phone polls, 29

Blu-ray load times, 690

CD sales, 84

cell phone batteries, 154



cell phone features, 11

cell phone ownership by children, 399, 468

cell phones in purchasing decisions, 277

changing jobs, 399

computer chips, 153—-154, 543

computer crashes, 496497

computer data backup, 4647

computer passwords, 246

computer purchases, 224

computer virus/worm, 11, 224

defective circuits, 249, 266

defective electronic components, 412, 506

delivery of products from e-store, 29

drone delivery of packages, 375

eCommerce spending, 127

electronics lifetimes, 374

Facebook apps, 106

Facebook usage, 105, 106, 354, 482

flickering screen on DVR, 285

freeze-up times for computers, 559

Google search engine usage, 277, 339-340

HDTYV screen sizes, 387

homework submitted electronically, 32

hours spent on Internet, 531

households with computers, 373

Instagram followers, 47

Internet browsers, 88—89

Internet provider cost, 131

Internet radio subscribers, 66

Internet service interruptions, 398

interpreting calculator display, 180-181,
199, 375, 388, 400, 443, 457-458, 468—
469, 483, 498499, 506-507, 514, 517,
518, 532-533, 542-543, 552, 565-566,
567,610-611, 637-638

interpreting computer output, 375-376, 388,
400, 443444, 458, 469, 483, 498, 507,
514,517, 518, 533, 543, 552, 566-567,
638

microprocessor speed, 512

mobile (smartphone) apps, 11, 106

Netflix usage, 442

PIN codes, 238

posting photos online, 468

random-digit dialing as sampling method, 29

semiconductor wafer quality control, 236

smartphone ownership, 332, 398

smartphone prices, 373

smartphone sales, 45

social media usage, 457-458, 506

spam in email, 467

technology salaries, 76

text messages, 266, 443, 459, 532

time spent playing video games, 64—65, 66

top ten video games, 17

Twitter usage, 47, 285, 385-386, 468

video game consoles, 468

video games sales, 17, 44, 45, 46

website ratings, 31

Entertainment applications. See
also Gambling applications

ages of Grammy Award winners, 325-326
ages of video gamers, 46

Blu-ray load times, 690

Broadway shows, 110, 193-194

cable news viewing, 484

cable television choices, 468

digital music sales, 47, 84, 85, 90-91

Dungeons & Dragons, 215

favorite newscaster, 32

favorite performer, 31

favorite television show, 106, 128-129

federal support for arts and culture, 153,
167-168, 179

football stadium seating, 149

Halloween costumes, 48, 387

Internet radio subscribers, 66

League of Legends game critical strikes, 399

movie running times, 76-77, 386, 684

music video viewing, 16

Pokémon characters, 149

random playing of songs, 236, 249

recreation fee increase, 11

roller coaster weight carried safely, 326

SpongeBob picture recognition, 213, 237

Squidward Tentacles picture recognition,
237

Super Bowl on television, 45, 412

target practice, 237

television sets in households, 326, 483

television viewing habits, 11, 458

tic-tac-toe, 237

time spent playing video games, 64—65, 66

time spent watching television, 456, 458,
472, 565

top-grossing movies, 17, 7677

top ten video games, 17

video game consoles, 468

video game sales, 17, 44, 45, 46

Environmental applications

air pollution and colds, 25

air pollution and respiratory health, 33-34

air pollution caused by motor vehicles, 76,
513,517, 542, 551

air pollution in Chinese schools, 25

air pollution standards, 266

benzene in wastewater, 496, 531, 565

carbon dioxide production and global
warming, 168, 179-180

carbon monoxide concentration, 388

construction site water contamination, 399

contaminated wells, 319

environmental restoration cost, 411

fine particle air pollution, 149

floodwater drainage time, 657-658

fracking, 630-631

fuel tank leaks, 412

global warming, 16

hazardous waste sites, 147-148

humidity and ozone levels, 611, 617

ice on lakes, 638-639

ice sheet coverage in Arctic, 79

interest in environmental issues and science
museum visits, 587

lead in water, 399, 443

mercury in lakes, 476

microorganism diversity, 699

ozone in atmosphere, 181, 611, 617

particulate matter air pollution, 32-33, 76,
638

PCB contamination in water, 411

power plant emission levels, 658, 676

secondhand smoke, 25

shrimp habitat and water pollution, 516

vehicle emissions at low and high altitudes,
149-150, 517, 542

wastewater treatment, 699

wood stove pollution, 413-414

Exercise applications. See Sports/
exercise/fitness applications

Farming applications. See
Agricultural/gardening/farming applications

Fitness applications. See Sports/
exercise/fitness applications

Food applications. See also Beverage

applications

cafeteria food rating, 288

calories in bread, 409

calories in fat, 611

calories in hamburgers, 105

chocolate chips in each cookie, 285

eggs and milk prices, 167, 179

family food expenditures, 44

fast-food chain outlets, 236

food spending by U.S. residents, 78, 86

free desserts to increase business, 457

grams in boxes of crackers, 483

hot dog eating contest, 85

ice cream flavors, 245

mineral content of kale, 387

mineral content of spinach, 386, 406

ounces of cereal in boxes, 327, 386, 405-406

ounces of cookies in box, 475

pizza toppings, 245

pretzels in advertising campaign, 506

protein and calories in fast-food products,
609, 616

restaurant food rating, 29

restaurant outlets by city population and
location, 236

restaurant spending, 420

spending on lunch, 130, 131

sugar content of selected products, 483,
558-559

sugar in apples, 409

vegetables and colon cancer, 25

weight of bag of apples, 327

Forestry applications

breaking strength of wood boards, 658
cost of restoration of forests, 411

flaws in lumber, 284-285

tree heights, 318, 685

trees of certain species in forest, 285
volume of lumber in trees, 197, 636-637

Gambling applications. See also

Entertainment applications

blackjack, 246

coin tossing, 213, 214, 215, 340, 400, 421,
469

craps, 267, 288

dice rolling, 214, 215, 223-224, 249,
578-579

horse racing, 245

lottery profits, 267

lottery tickets sold, 288

lottery winnings, 111-112, 237, 246



Mega Millions lottery, 577, 592
roulette, 213, 214

Texas hold 'em, 246

tribal casinos, 148-149

Gardening applications. See
Agricultural/gardening/farming applications

Genetics/gender applications

birth order and intelligence, 497, 531, 559

boys versus girls in families of four children,
590

boys versus girls in families of three
children, 267-268

DNA sequences, 246, 588

dominant/recessive genes, 236

gender bias in graduate school admissions,
592-594

gender differences in attitudes and behaviors,
562

gender of business majors, 249

gender of senators, 85, 400

heights of fathers and sons, 609, 616

high school dropouts by gender, 237

male versus female college students, 77-78

management jobs and gender, 237

maternal age at time of first birth, 468—469

mutant genes and age, 192-193

mutation causing deafness, 289

pea plants genetic studies, 340

political party affiliation and gender,
224,236

service occupation jobs, 237

sickle-cell anemia carriers, 288

Health/healthcare

applications. See also Medical/medical

research/alternative medicine applications

absorption rate of pesticides into skin, 657

air pollution and colds, 25

air pollution and respiratory health, 33-34

alcohol and liver disease, 26

beryllium disease, 587

blood pressure by age, 149

blood pressure in men/women, 63, 147, 317

body mass index of adults with diabetes, 497

cancer and life expectancy, 91

carbon monoxide exposure and symptoms
reported, 587

childhood obesity, 541

cholesterol levels, 63, 148, 326, 373, 542,
611,617

cold medications, 25

days of coughing after acute cough illness,
66

days of pain suffered before seeking medical
treatment, 266-267

deaths due to smoking, 214

diet effectiveness, 458

drug to lower blood pressure, 459

exercise and blood pressure, 24-25, 698

exercise and heart rate, 516

flu types, 108

foot ulcers and foot temperatures, 168—169,
180

headache drug testing, 11

health-care proposal opinions, 32

heart attacks by age and gender, 250

heavy children, 442

high blood pressure probabilities, 278, 333,
340

hospital births by gender, 334

hours of relaxation per day, 266

hours of sleep, 387, 412, 458

lead in water, 399, 443

life expectancy, 32, 105

low-fat versus low-carb diets, 497, 531

lung function measurement, 442

nicotine patch to quit smoking, 468

pneumonia patients under age 18, 409

prescription drug program, 11

recovering from heart attacks in smaller
houses, 25

secondhand smoke, 25

sleep apnea, 398

stress at work, 278, 340

systolic/diastolic blood pressure
measurements, 63, 169, 180, 609, 616

trust in doctors, 88

waist size of men, 412

weight loss diets and programs, 375-376,
444, 458, 496, 497, 531, 684

Home improvement. See
Construction/home improvement/home
purchases and sales applications

Home purchases and sales
applications. See Construction/home
improvement/home purchases and sales
applications

Library/book applications
age and visits to library, 224

age of college library books, 443
best graphic novels, 17

books arranged on bookshelf, 250
choosing books to study, 245
favorite types of books, 110

funny sounding and interesting words, 17
library hours changes, 12

magazine subscription cost, 108—109
newspaper circulation, 108
reviewing articles for a journal, 130
thickness of pages in a book, 327

Life science applications. See
Biology/life science applications

Manufacturing applications

ball bearing diameters, 319

battery lifetimes, 327

breaking strength of bolts, 567

breaking strength of wires, 420

calibration of a scale, 420-421, 442

ceramic tiles, 334

component design and materials, 672

component repair costs, 411, 412

defective products, 237, 249, 266, 278-279,
350, 354, 412, 506, 562

delivery truck load weights, 353

drill lifetimes, 411

efficiency of processes, 374

expansion of concrete over time, 610, 617

flaws in aluminum foil, 284

flaws in aluminum parts, 224

impurities in aluminum cans, 350

ladies’ shoe sizes, 476

lightbulb lifetimes, 353

microbalance performance, 677-678

product rating, 588

quality control, 11, 236, 591, 677

rivet length, 154

shipping speed and quality, 672

steel rod lengths/diameters, 565

strength of concrete, 399, 513, 551, 671, 690

washer thicknesses, 420

weights obtained on different scales, 517,
551

wood stove pollution, 413-414

Medical/medical research/

alternative medicine

applications. See also Health/healthcare

applications

alcohol and liver disease, 26

angioplasty to treat circulatory disease, 542

annual earnings of doctors, 456

antifungal drug testing, 457

artificial hip ball wear, 657, 658

beryllium disease, 587

blood typing system for humans, 44, 249,
278

body mass index of adults with diabetes, 497

brain cancer and electrical field exposure,
568

cancer and life expectancy, 91

cholesterol lowering drugs, 373, 479480,
513

choosing doctors, 468

cold medications, 25

colonoscopy effectiveness, 506

coronary bypass surgery, 278, 698

crossover trials to compare drugs, 550-551

days of coughing after acute cough illness,
66

disease test results, 238

dosages administered by syringe, 353

Down Syndrome births, 285

drug concentration in bloodstream, 350

drug half-life, 473

drugs to prevent heart attacks or strokes, 542

drug to lower blood pressure, 459

flu types, 108

foot ulcers and foot temperatures,
168-169, 180

headache drug testing, 11

health of former versus current smokers, 26

heart attacks by age and gender, 250

hip surgery times, 386

hospital admissions by reason, 46

hospital births by gender, 334

hospital stay costs, 193

hospital stay lengths, 458

hospitals winning safety awards, 77

hospital visits related to asthma, 215

kidney transplants, 333-334

knee surgery complications, 399

life expectancy, 91, 105

lung function measurement, 442

nicotine patch to quit smoking, 468

outcomes of surgery in hospitals, 591

pain reliever effectiveness, 24, 387



pain reliever half-life, 387, 473

pneumonia patients under age 18, 409

polio vaccine trials, 26

postoperative pain, 506

postoperative treatment for surgical patients,
444

postsurgical recovery times of patients, 517,
531, 690, 698

prescription drug program, 11

radon and cancer, 194

recovering from heart attacks in smaller
houses, 25

reducing stomach volume to cure diabetes,
468

Salk vaccine trials, 26

sickle-cell anemia carriers, 288

side effects of medical procedure, 354

sleep apnea, 398

sugar content of pharmaceutical products,
657

surgical procedure time, 154

treadmill walking to alleviate claudication,
531, 565

treatments to prevent heart failure, 519

trust in doctors, 88

vegetables and colon cancer, 25

Miscellaneous applications

age at death, 66

ages at death for British monarchs, 90

committee officer choices, 246

confidence intervals/levels in sampling,
374-375

customer service survey, 11

customers in express checkout line, 265-266

dogs in households, 685

Empirical Rule, 131-132

false fire alarms, 578

family size, 587

first digits of numbers, 289-291

fraud complaint rates, 685

household income, 105, 150

household income and energy consumed,
198, 637

job interview probabilities, 236

languages spoken in households, 48

laundry costs, 690

marketing firm survey, 18

mean absolute deviation, 132

newspaper circulation, 108

number of people in households, 375, 458,
482483

personal incomes, 110, 111, 150, 327

planet distances from sun, 126

probabilities of events, 213

proportion of females in U.S. population, 48

raffle tickets, 11

refrigerator costs, 457

residents of geographic regions of U.S., 578

retail spending, 11, 79

reviewing articles for a journal, 130

shopping at the mall, 11

sources of current event news, 110

spending on gifts, 79, 109

spending online, 127

spending on lunch, 130, 131

spreadsheet task completion time, 350

standard deviation, 132

state populations, 289-291, 388

tattoos among adults, 468

timing of bills payments, 131, 214

U.S. population by geographic region, 45
volunteer work, 398-399

Motor vehicle applications. See
Automotive/motor vehicle applications

Nuclear applications
nuclear power plant construction, 29
nuclear reactors in selected countries, 148

Political applications

abortion policy, 578

ages of U.S. presidents and their wives, 192

ages of U.S. presidents at death, 90

approval ratings for Congress, 685

economic future polls, 399, 507, 578

election reform, 29

electoral votes cast, 79-80

female senators, 85, 400

freshmen in House of Representatives,
89-90

government spending, 44—45

handling of economy by U.S. Congress, 29

health-care proposal opinions, 32

heights of U.S. presidents, 388

immigration policy, 11

Literary Digest political polling, 29-30

mayoral elections, 213-214

military spending, 77

number of words in inaugural speeches,
65-66, 149

order of choices in political polling, 29

party affiliation and gender of senators,
224-225, 236

political debates, 469

satisfaction with presidential candidates, 399

smoking in public places, 587

voter preferences on candidates, 11, 31,
213-214, 354, 399, 400, 469

voter preferences on selected issues, 340,
517, 565

votes for incumbant, 400

women'’s effectiveness at governing, 400

Psychological applications. See

also Behavioral study applications

attitudes toward school, 375

choosing doctors, 468

empathy types, 532

1Q test scores, 405, 421, 472, 497, 531, 559

optimism about the future, 588-589

reaction times to visual and auditory stimuli,
610, 617

weight loss during counseling, 456

Safety applications

car accidents at intersections, 505

car accidents per year, 112, 285

car speed and stopping distance, 194
delivery truck load weights, 353

don’t drink and drive, 11

elevator weight carried safely, 326
hospitals winning safety awards, 77
pillars giving head protection in cars, 659
roller coaster weight carried safely, 326

seat belt effectiveness, 29
seat belt use, 400
years between car accidents, 498, 532

School applications. See Education/
school applications

Sociological applications

age and education, 110, 169

age distribution, 109, 130

ages of tennis and golf champions, 76

ages of video gamers, 46

ages when women first marry, 85-86

birth rates, 91

birth rates after hurricane, 695-696

cell phone ownership by children, 399

changing jobs, 399, 400

gender differences in attitudes and
behaviors, 562

languages spoken in households, 48

number of children, 150, 214-215,
225, 388, 587

number of people in households, 375, 458,
482-483

number of siblings, 66, 126-127, 587

poverty rates, 89

smoking in public places, 587

world population, 46

Sports/exercise/fitness

applications

ages of tennis and golf champions, 76

baseball batting averages, 64, 66

baseball pitches, 214

baseball runs scored, 482, 698

baseball salaries, 149

basketball three-point shots, 79

bowling scores, 111, 237

exercise and blood pressure, 24-25, 698

exercise and heart rate, 516

exercise and weight, 695

football stadium seating, 149

football turnover margins and wins, 198

heights of football players, 168, 179

hockey stick breaking strength, 559

margin of victory in Olympic swimming
events, 105

Olympic athletes/participation by country,
64,78

Olympic gold medal winners, 78

soccer goals scored, 267

Super Bowl on television, 45, 412

tennis ball circumference, 154

treadmill walking to alleviate claudication,
531, 565

weight-loss programs, 496

weights of football players, 108, 128, 168,
179, 408

weights of soccer players, 388

Travel applications

bus route changes, 11

car accidents at intersections, 505

car accidents per year, 112, 285

carpool occupants, 266

car speed and street noise level,
610, 616

car speeds on highways, 319, 475



cell phones and driving, 32 traffic during morning versus evening rush mean temperature, 132

commuting to work in miles/times, 66, 148, hours, 695 monthly rainfall, 151
199, 319, 327, 456, 458, 685, 698 traffic lights, 222, 237 rain probability, 250
fuel efficiency, 31, 128, 513, 514 years between car accidents, 498, 532 snowfall amounts, 78-79, 542
gas prices, 107 summer temperatures, 325
potholes in street, 284 Weather applications temperature and barometric
risky drivers, 214 daily high temperatures, 64, 76, 77 pressure, 192
tire lifetimes, 318, 479, 480 days of rain, 288, 412 temperature warming trends, 484-485

tires and fuel economy, 31, 513, 514 humidity and ozone levels, 611, 617 wind speeds, 148, 409
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Introduction

How does air pollution affect your health? Over the past several decades, scientists have
become increasingly convinced that air pollution is a serious health hazard. The World
Health Organization has estimated that air pollution causes 2.4 million deaths each year.
The health effects of air pollution have been investigated by measuring air pollution levels
and rates of disease, then using statistical methods to determine whether higher levels of
pollution lead to higher rates of disease.

Many air pollution studies have been conducted in the United States. For example,
the town of Libby, Montana, was the focus of a recent study of the effect of particulate
matter—air pollution that consists of microscopic particles—on the respiratory health of
children. As part of this study, parents were asked to fill out a questionnaire about their
children’s respiratory symptoms. It turned out that children exposed to higher levels of
particulate pollution were more likely to exhibit symptoms of wheezing, as shown in the
following table.

Level of Exposure Percentage with Symptoms
High 8.89%
Low 4.56%

The rate of symptoms was almost twice as high among those exposed to higher levels
of pollution. At first, it might seem easy to conclude that higher levels of pollution cause

1
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symptoms of wheezing. However, drawing accurate conclusions from information like this
is rarely that simple. The case study at the end of this chapter will present more complete
information and will show that additional factors must be considered.

Section Sampling

11

EXPLAIN IT AGAIN

Why do we draw samples?

It's usually impossible to examine
every member of a large
population. So we select a group

of a manageable size to examine.

This group is called a sample.

Objectives

4. Construct a simple random sample

2. Determine when samples of convenience are acceptable

3. Describe stratified sampling, cluster sampling, systematic sampling,
and voluntary response sampling

4. Distinguish between statistics and parameters

In the months leading up to an election, polls often tell us the percentages of voters that
prefer each of the candidates. How do pollsters obtain this information? The ideal poll
would be one in which every registered voter were asked his or her opinion. Of course,
it is impossible to conduct such an ideal poll, because it is impossible to contact every
voter. Instead, pollsters contact a relatively small number of voters, usually no more than
a couple of thousand, and use the information from these voters to predict the preferences
of the entire group of voters.

The process of polling requires two major steps. First, the voters to be polled must be
selected and interviewed. In this way the pollsters collect information. In the second step,
the pollsters analyze the information to make predictions about the upcoming election. Both
the collection and the analysis of the information must be done properly for the results to be
reliable. The field of statistics provides appropriate methods for the collection, description,
and analysis of information.

DEFINITION

Statistics is the study of procedures for collecting, describing, and drawing conclusions
from information.

The polling problem is typical of a problem in statistics. We want some information
about a large group of individuals, but we are able to collect information on only a small
part of that group. In statistical terminology, the large group is called a population, and the
part of the group on which we collect information is called a sample.

DEFINITION

* A population is the entire collection of individuals about which information is
sought.

* A sample is a subset of a population, containing the individuals that are actually
observed.

Ideally, we would like our sample to represent the population as closely as possible.
For example, in a political poll, we would like the proportions of voters preferring each of
the candidates to be the same in the sample as in the population. Unfortunately, there are
no methods that can guarantee that a sample will represent the population well. The best
we can do is to use a method that makes it very likely that the sample will be similar to
the population. The best sampling methods all involve some kind of random selection.
The most basic, and in many cases the best, sampling method is the method of simple
random sampling.
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Objective 1 Constructa
simple random sample

Simple Random Sampling

To understand the nature of a simple random sample, think of a lottery. Imagine that 10,000
lottery tickets have been sold, and that 5 winners are to be chosen. What is the fairest way
to choose the winners? The fairest way is to put the 10,000 tickets in a drum, mix them
thoroughly, then reach in and draw 5 tickets out one by one. These 5 winning tickets are a
simple random sample from the population of 10,000 lottery tickets. Each ticket is equally
likely to be one of the 5 tickets drawn. More importantly, each collection of 5 tickets that
can be formed from the 10,000 is equally likely to comprise the group of 5 that is drawn.

DEFINITION

A simple random sample of size n is a sample chosen by a method in which each
collection of n population items is equally likely to make up the sample, just as in a
lottery.

Since a simple random sample is analogous to a lottery, it can often be drawn by
the same method now used in many lotteries: with a computer random number genera-
tor. Suppose there are N items in the population. We number the items 1 through N. Then
we generate a list of random integers between 1 and N, and choose the corresponding
population items to comprise the simple random sample.

Example 1.1

Choosing a simple random sample

There are 300 employees in a certain company. The Human Resources department wants
to draw a simple random sample of 20 employees to fill out a questionnaire about their
attitudes toward their jobs. Describe how technology can be used to draw this sample.

Solution
Step 1: Make a list of all 300 employees, and number them from 1 to 300.

Step 2: Use a random number generator on a computer or a calculator to generate 20 ran-
dom numbers between 1 and 300. The employees who correspond to these numbers
comprise the sample.

Example 1.2

Determining whether a sample is a simple random sample

A physical education professor wants to study the physical fitness levels of students at her
university. There are 20,000 students enrolled at the university, and she wants to draw a
sample of size 100 to take a physical fitness test. She obtains a list of all 20,000 students,
numbered from 1 to 20,000. She uses a computer random number generator to generate
100 random integers between 1 and 20,000, then invites the 100 students corresponding to
those numbers to participate in the study. Is this a simple random sample?

Solution

Yes, this is a simple random sample because any group of 100 students would have been
equally likely to have been chosen.

Example 1.3
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Determining whether a sample is a simple random sample

The professor in Example 1.2 now wants to draw a sample of 50 students to fill out a
questionnaire about which sports they play. The professor’s 10:00 A.M. class has 50 students.
She uses the first 20 minutes of class to have the students fill out the questionnaire. Is this
a simple random sample?



Solution

No. A simple random sample is like a lottery, in which each student in the population has
an equal chance to be part of the sample. In this case, only the students in a particular class
had a chance to be in the sample.

Example 1.4 In a simple random sample, all samples are equally likely

To play the Colorado Lottery Lotto game, you must select six numbers from 1 to 42. Then
lottery officials draw a simple random sample of six numbers from 1 to 42. If your six
numbers match the ones in the simple random sample, you win the jackpot. Sally plays
the lottery and chooses the numbers 1, 2, 3, 4, 5, 6. Her friend George says that this isn’t a
good choice, since it is very unlikely that a random sample will turn up the first six numbers.
Is he right?

Solution

No. It is true that the combination 1, 2, 3, 4, 5, 6 is unlikely, but every other combination
is equally unlikely. In a simple random sample of size 6, every collection of six numbers is
equally likely (or equally unlikely) to come up. So Sally has the same chance as anyone to
win the jackpot.

Example 1.5 Using technology to draw a simple random sample

Use technology to draw a simple random sample of five employees from the following list.

1. Dan Aaron 11. Johnny Gaines 21. Jorge Ibarra 31. Edward Shingleton
2. Annie Bienh 12. Carlos Garcia 22. Maurice Jones 32. Michael Speciale
3. Oscar Bolivar 13. Julio Gonzalez 23. Jared Kerns 33. Andrew Steele
4. Dominique Bonnaud 14. Jacqueline Gordon 24. Kevin King 34. Neil Swain
5. Paul Campbell 15. James Graves 25. Frank Lipka 35. Sherry Thomas
6. Jeffrey Carnahan 16. Ronald Harrison ~ 26. Carl Luther 36. Shequiea Thompson
7. Joel Chae 17. Andrew Huang 27. Laverne Mitchell 37. Barbara Tilford
8. Dustin Chen 18. Anthony Hunter ~ 28. Zachary Quesada 38. Jermaine Tryon
9. Steven Coleman 19. Jonathan Jackson  29. Donnell Romaine 39. Lizbet Valdez

10. Richard Davis 20. Bruce Johnson 30. Gary Sanders 40. Katelyn Yu

Solution

We will use the TI-84 Plus graphing calculator. The step-by-step procedure is presented in
the Using Technology section on page 9. We begin by choosing a seed, which is a number
that the calculator uses to get the random number generator started. Display (a) shows the
seed being set to 21. (The seed can be chosen in almost any way; this number was chosen
by looking at the seconds display on a digital watch.) Display (b) presents the five numbers
in the sample.

21srand randInt(l,48,5)
{27 39 3@ 35 17}

(a) (b)
The simple random sample consists of the employees with numbers 27, 39, 30, 35, and
17. These are Laverne Mitchell, Lizbet Valdez, Gary Sanders, Sherry Thomas, and Andrew
Huang.
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CAUTION

If you use a different type of
calculator, a different statistical
package, or a different seed, you
will get a different random sample.
This is perfectly all right. So long
as the sample is drawn by using a
correct procedure, it is a valid
random sample.

Objective 2 Determine when
samples of convenience are
acceptable

Check Your Understanding

1. A pollster wants to estimate the proportion of voters in a certain town who are
Democrats. He goes to a large shopping mall and approaches people to ask whether
they are Democrats. Is this a simple random sample? Explain.

2. A telephone company wants to estimate the proportion of customers who are satisfied
with their service. They use a computer to generate a list of random phone numbers
and call those people to ask them whether they are satisfied. Is this a simple random
sample? Explain.

Answers are on page 12.

Samples of Convenience

In some cases, it is difficult or impossible to draw a sample in a truly random way. In
these cases, the best one can do is to sample items by some convenient method. A sample
obtained in such a way is called a sample of convenience.

DEFINITION

A sample of convenience is a sample that is not drawn by a well-defined random
method.

Example 1.6

©Creatas/Jupiter Images RF

CAUTION

Don’t use a sample of
convenience when it is possible to
draw a simple random sample.
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Drawing a sample of convenience

A construction engineer has just received a shipment of 1000 concrete blocks, each weigh-
ing approximately 50 pounds. The blocks have been delivered in a large pile. The engineer
wishes to investigate the crushing strength of the blocks by measuring the strengths in a
sample of 10 blocks. Explain why it might be difficult to draw a simple random sample of
blocks. Describe how the engineer might draw a sample of convenience.

Solution

To draw a simple random sample would require removing blocks from the center and bot-
tom of the pile, which might be quite difficult. One way to draw a sample of convenience
would be to simply take 10 blocks off the top of the pile.

Problems with samples of convenience

The big problem with samples of convenience is that they may differ systematically in some
way from the population. For this reason, samples of convenience should not be used, ex-
cept in some situations where it is not feasible to draw a random sample. When it is neces-
sary to draw a sample of convenience, it is important to think carefully about all the ways
in which the sample might differ systematically from the population. If it is reasonable to
believe that no important systematic difference exists, then it may be acceptable to treat the
sample of convenience as if it were a simple random sample. With regard to the concrete
blocks, if the engineer is confident that the blocks on the top of the pile do not differ sys-
tematically in any important way from the rest, then he can treat the sample of convenience
as a simple random sample. If, however, it is possible that blocks in different parts of the
pile may have been made from different batches of mix, or may have different curing times
or temperatures, a sample of convenience could give misleading results.

SUMMARY

¢ A sample of convenience may be acceptable when it is reasonable to believe that
there is no systematic difference between the sample and the population.

¢ A sample of convenience is not acceptable when it is possible that there is a
systematic difference between the sample and the population.



Chapter1 Basic Ideas

Objective 3 Describe
stratified sampling, cluster
sampling, systematic sampling,
and voluntary response

Some Other Sampling Methods
Stratified sampling

In stratified sampling, the population is divided into groups, called strata, where the mem-
bers of each stratum are similar in some way. Then a simple random sample is drawn from

sampling e . .
each stratum. Stratified sampling is useful when the strata differ from one another, but the
individuals within a stratum tend to be alike.

Example 1.7 Drawing a stratified sample

EXPLAIN IT AGAIN

Example of a cluster sample:
Imagine drawing a simple random
sample of households, and
interviewing every member of
each household. This would be a
cluster sample, with the
households as the clusters.

A company has 1000 employees, of whom 800 are full-time and 200 are part-time. The
company wants to survey 50 employees about their opinions regarding benefits. Attitudes
toward benefits may differ considerably between full-time and part-time employees. Why
might it be a good idea to draw a stratified sample? Describe how one might be drawn.

Solution

If a simple random sample is drawn from the entire population of 1000 employees, it is
possible that the sample will contain only a few part-time employees, and their attitudes
will not be well represented. For this reason, it might be advantageous to draw a stratified
sample. To draw a stratified sample, one would use two strata. One stratum would consist of
the full-time employees, and the other would consist of the part-time employees. A simple
random sample would be drawn from the full-time employees, and another simple random
sample would be drawn from the part-time employees. This method guarantees that both
full-time and part-time employees will be well represented.

Cluster sampling

In cluster sampling, items are drawn from the population in groups, or clusters. Cluster
sampling is useful when the population is too large and spread out for simple random
sampling to be feasible. Cluster sampling is used extensively by U.S. government agencies
in sampling the U.S. population to measure sociological factors such as income and
unemployment.

Example 1.8

EXPLAIN IT AGAIN

The difference between cluster
sampling and stratified sampling:
In both cluster sampling and
stratified sampling, the population
is divided into groups. In stratified
sampling, a simple random sample
is chosen from each group. In
cluster sampling, a random sample
of groups is chosen, and every
member of the chosen groups is
sampled.

Drawing a cluster sample

To estimate the unemployment rate in a county, a government agency draws a simple ran-
dom sample of households in the county. Someone visits each household and asks how
many adults live in the household, and how many of them are unemployed. What are the
clusters? Why is this a cluster sample?

Solution

The clusters are the groups of adults in each of the households in the county. This is a clus-
ter sample because a simple random sample of clusters is selected, and every individual in
each selected cluster is part of the sample.

Systematic sampling

Imagine walking alongside a line of people and choosing every third one. That would pro-
duce a systematic sample. In a systematic sample, the population items are ordered. It is
decided how frequently to sample items; for example, one could sample every third item, or
every fifth item, or every hundredth item. Let k represent the sampling frequency. To begin
the sampling, choose a starting place at random. Select the item in the starting place, along
with every kth item after that.

Systematic sampling is sometimes used to sample products as they come off an assem-
bly line, in order to check that they meet quality standards.



Example 1.9 Describe a systematic sample

Automobiles are coming off an assembly line. It is decided to draw a systematic sample for
a detailed check of the steering system. The starting point will be the third car, then every
fifth car after that will be sampled. Which cars will be sampled?

Solution

We start with the third car, then count by fives to determine which cars will be sampled.
The sample will consist of cars numbered 3, 8, 13, 18, and so on.

Voluntary response sampling

Voluntary response samples are often used by the media to try to engage the audience. For
\ example, a news commentator will invite people to tweet an opinion, or a radio announcer
©Digital Visions will invite people to call the station to say what they think. How reliable are voluntary
response samples? To put it simply, voluntary response samples are never reliable. People
who go to the trouble to volunteer an opinion tend to have stronger opinions than is typical of
the population. In addition, people with negative opinions are often more likely to volunteer
their responses than those with positive opinions.
Figures 1.1-1.4 illustrate several valid methods of sampling.
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Check Your Understanding

3. A radio talk show host invites listeners to send an email to express their opinions on
an upcoming election. More than 10,000 emails are received. What kind of sample
is this?
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Objective 4 Distinguish
between statistics and
parameters

EXPLAIN IT AGAIN
Statistic and parameter: An easy
way to remember these terms is
that “statistic” and “sample” both
begin with “s,” and “parameter” and
“population” both begin with “p.”

4. Every 10 years, the U.S. Census Bureau attempts to count every person living in the
United States. To check the accuracy of their count in a certain city, they draw a
sample of census districts (roughly equivalent to a city block) and recount everyone
in the sampled districts. What kind of sample is formed by the people who are
recounted?

5. A public health researcher is designing a study of the effect of diet on heart disease.
The researcher knows that the diets of men and women tend to differ, and that men
are more susceptible to heart disease. To be sure that both men and women are well
represented, the study comprises a simple random sample of 100 men and another
simple random sample of 100 women. What kind of sample do these 200 people
represent?

6. A college basketball team held a promotion at one of its games in which every
twentieth person who entered the arena won a free basketball. What kind of sample
do the winners represent?

Answers are on page 12.

Simple random sampling is the most basic method

Simple random sampling is not the only valid method of random sampling. But it is the
most basic, and we will focus most of our attention on this method. From now on, unless
otherwise stated, the terms sample and random sample will be taken to mean simple random
sample.

Statistics and Parameters

We often use numbers to describe, or summarize, a sample or a population. For exam-
ple, suppose that a pollster draws a sample of 500 likely voters in an upcoming election,
and 68% of them say that the state of the economy is the most important issue for them.
The quantity “68%” describes the sample. A number that describes a sample is called a
statistic.

DEFINITION

A statistic is a number that describes a sample.

Now imagine that the election takes place, and that one of the items on the ballot is a
proposition to raise the sales tax to pay for the development of a new park downtown. Let’s
say that 53% of the voters vote in favor of the proposition. The quantity “53% describes
the population of voters who voted in the election. A number that describes a population is
called a parameter.

DEFINITION

A parameter is a number that describes a population.

Example 1.10

Distinguishing between a statistic and a parameter

Which of the following is a statistic and which is a parameter?

a. 57% of the teachers at Central High School are female.

b. In a sample of 100 surgery patients who were given a new pain reliever, 78% of
them reported significant pain relief.
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Solution

a. The number 57% is a parameter, because it describes the entire population of
teachers in the school.

b. The number 78% is a statistic, because it describes a sample.

Using Technology
We use Example 1.5 to illustrate the technology steps.

TI-84 PLUS

Drawing a simple random sample

21+rand randInt(1,4@,5)
Step 1. Enter any nonzero number on the HOME screen

as the seed.

Step 2. Press STO >

Step 3. Press MATH, select PRB, then 1: rand, and
then press ENTER. This enters the seed into the
calculator memory. See Figure A, which uses the
number 21 as the seed.

Step 4. Press MATH, select PRB, then 5: randInt. Figure A Figure B
Then enter 1, N, n, where N is the population size
and n is the desired sample size. In Example 1.5, |randInt(1,48,5)
weuse N=40and n =5 (Figure B). | {27 .39 .30 35 173

Step 5. Press ENTER. The five values in the random
sample for Example 1.5 are 27, 39, 30, 35, 17
(Figure C).

Note that when using this method, you may sometimes get
a sample in which a number appears more than once.
When this happens, just draw another sample. Figure C

MINITAB

Drawing a simple random sample

Step 1. Click Calc, then Random Data, then Integer... & 1
Step 2. In the Number of rows of data to generate field, enter twice the desired sample
size. For example, if the desired sample size is 10, enter 20. The reason for this is 1 16
that some sample items may be repeated, and these will need to be deleted. > 14
Step 3. In the Store in column(s) field, enter C1.
Step 4. Enter 1 for the Minimum value and the population size N for the Maximum value. 3 30
We use Maximum value = 40 for Example 1.5. 4 28
Click OK. 5 17
Step 5. Column C1 of the worksheet will contain a list of randomly selected numbers
between 1 and N. If any number appears more than once in Column C1, delete the 6 13
replicates so that the number appears only once. For Example 1.5, our random 7 4
sample begins with 16, 14, 30, 28, 17, ... (Figure D). 8 8
9 6
10 15
1 35
12 5
Figure D
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