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Statistical Thinking and You

The puspose of this book is to give you a working knowledge of the big ideas of statistics and
of the methods used in solving statistical problems. Because data always come from a real-

world context, doing statistics means more than just manipulating data. The Practice of Statistics

(TPS), Fifth Edition, is full of data. Each set of data has some brief background to help you
understand what the data say. We deliberately chose contexts and data sets in the examples and
exercises to pique your interest.

TPS Se is designed to be easy to read and easy to use. This book is written by current high
school AP® Statistics teachers, for high school students. We aimed for clear, concise explana-
tions and a conversational approach that would encourage you to read the book. We also tried
to enhance both the visual appeal and the book’s clear organization in the lagout of the pages.

Be sure to take advantage of all that TPS Se has to offer. You can learn a lot by reading the
text, but you will develop deeper understanding by doing Activities and Data Explorations and
answering the Check Your Understanding questions along the way. The walkthrough guide on
pages xiv—xx gives you an inside look at the important features of the text.

You learn statistics best by doing statistical problems. This book offers many different types
of problems for you to tackle.

s Section Exercises include paired odd- and even-numbered problems that test the
same skill or concept from that section. There are also some multiple-choice ques-
tions to help prepare you for the AP® exam. Recycle and Review exercises at the
end of each exercise set involve material you studied in previous sections.

»  Chapter Review Exercises consist of free-response questions aligned to specific
learning objectives from the chapter. Go through the list of learning objectives
summarized in the Chapter Review and be sure you can say “I can do that” o each

-~ jtern. Then prove it by solving some problems.

e The AP® Statistics Practice Test at the end of each chapter will help you prepare
for in-class exams. Each test has 10 to 12 multiple-choice questions and three free-
response problems, very much in the style of the AP® exam.

s+ Finally, the Cumulative AP® Practice Tests after Chapters 4, 7, 10, and 12 provide
challenging, cumulative multiple-choice and free-response questions like ones you
might find on a midterm, final, or the AP® Statistics exam.

The main ideas of statistics, like the main ideas of any important subject, took a long time to
discover and take some time to master. The basic principle of learning them is to be persistent.
Once you put it all together, statistics will help you make informed decisions based on data in
your daily life. '
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TPS and AP® Statistics

The Practice of Statistics (TPS) was the first book written specifically for the Advanced Place-
ment {AP®) Statistics course. Like the previous four editions, TPS Se is organized to closely fol-

low the AP® Statistics Course Description. Every item on the College Board’s “Topic Qutline”

is covered thoroughly in the text. Look inside the front cover for a detailed alignment guide. The
few topics in the book that go beyond the AP® syllabus are marked with an asterisk (*).

Most importantly, TPS Se is designed to prepare you for the AP® Statistics exam. The entire
author team has been involved in the AP® Statistics program since its early days. We have more
than 80 years' combined expetience teaching introductory statistics and more than 30 years’
combined experience grading the AP® exam! Two of us (Starnes and Tabor) have served as
Question Leaders for several years, helping to write scoring rubrics for free-response questions.
Including our Content Advisory Board and Supplements Team (page vii), we have two former
Test Development Committee members and 11 AP® exam Readers.

TPS 5e will help you get ready for the AP? Statistics exam throughout the course by:

*  Using terms, notation, formulas, and tabies consistent with those found on the
AP? exam. Key terms are shown in bold in the text, and they are defined in the
Glossary: Key terms also are cross-referenced in the Index. See page F-1 to find

“Formulas for the AP® Statistics Exam” as wel] as Tables A, B, and C in the back of
the book for reference.

*+ Following accepted conventions from AP® exam rubrics when presenting model
solutions. Over the years, the scoring guidelines for free-response questions have
become fairly consistent. We kept these guidelines in mind when writing the
solutions that appear throughout TPS 5e. For example, the fourstep State-Plan-
Do-Conclude process that we use to complete inference problems in Chapters 8
through 12 closely maiches the four-point AP® scoring rubrics.

* Including AP® Exam Tips in the margin where appropriate. We place exam
tips in the margins and in seme Technology Cormners as “on-the-spot” reminders
of common mistakes and how to avoid them. These tips are collected and summa-
rized in Appendix A.

*  Providing hundreds of AP®-style exercises throughout the book. We even added
a new kind of problem just prior to each Chapter Review, called a FRAPPY (Free
Response AP® Problem, Yayl). Each FRAPPY gives you the chance to solve an

“ AP®-style free-response problem based on the material in the chapter. After you
finish, you can view and critique two exampie solutions from the book’s Web site
{(www.whfreeman.com/tps5e). Then you can score your own response using a ru-
brie provided by your teacher.

Turn the page for a tour of the text. See how to use the bool to realize success in the course and

on the AP® exam.
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Read the LEARNING
OBJECTIVES at the
beginning of each section.
Focus on mastering these
skills and concepts as you
work through the chagter,

Scan the margins for

the purple notes, which
represent the *voice of
the teacher” giving helpful
hints for being successtul
in the course.

Look for the boxes
with the biue bands.
Some explain how to
make graphs or sst

up calcuiations whiie
others recap important
concepts.

Read the AP® EXAM
TIPS, They give advice on
how to be successful on
the AP® exam.

Xiv

READ THE TEXT a

PRI

LT

nd use the book’s features
to help you grasp the big ideas.

A Scatterplots and Correlation

o Hentty erplanatory and response varialies In sihations
whea one wriabe haigs to eplain-or infuences e olher

«  Make a scatterpiol to display the retatonship bebween
wo quantitaiive variaies. :

« Describe the direction, ferm, and strength of a
relatioesshin dispiayad in 3 scatterplot and idenlify oinli-
org in a seaterplol.

WHAT YOU WILL LEARM By the ead of the gaction, you shotrld ba able to:
«  Interprat fhe corveation.

-

-

Unidarsiand the base properties of corretation,
including hows tha corretation is influenced by outisrs.
Use tachnotogy t catcutate coredation.

Fptain why associalion does not imply causation.

Citen, vl Lo ragressken Ana DEFINITION: Extrapolation
1 Mk 2 pedton for s = Ols
A achragaiation. ThA's Wiy the
Imarcep! en't shwaya stoteicelly

mearingfie. piten pot accurata.

Few relationships are linear for a1l vaies of the explanatory variable.
Don't risake predictions using values of % that are muck lerger or much
smaller than those that achially appear in your data.

HOW T MAKE A SCATTERPLOY

1. Decide which variable shauld go on each axis.
2. Label and scale your azes.
3. Plot individual data values.

Make connectionsand ;" THINK
deepen your understanding
by refiecting on the
questions asked in THINK

ABCUT IT passages.

AP EXAM TIP Tha focmus
sheet far tha AP aram uses
diffarant nokation for thase
anuBtions: iy = r-f:': a

ty = F — &R That's became
the teast-squares g is witen
a5 f = by + byx. We prefer our
gimpier wersions withou! the
subscripts!

{_ABOUTIT

Extrapolution ia the use of a regresaion B For prediction fr outaide the interval
of vakues of the explanatory variable yueed to obtein the e, Such predicions ere

Take nots of the green
DEFINITION boxes
that exptain important
vocabuiary. Fiip back 1o
* them 16 review key terms
and their definitions.
Watch for CAUTION
JCONS. They alert you
to common mistakes

that stugents make.

~. What does correlation measure? The Fathom screen shots below pro-

vide more detail. At the Ieft is a scatierplotof the SEC foutball data with two lioes
sdded —a verticat line at the group's mesn points per game and 2 horizontal line
at the mean number of wins of he group. Mast of the points fall in the upper-right
ar lswerJeft “quadvanks” of the graph. That is, teams with above-average paints
per game fend to have abave-average numbers of wins, and teams with below-
average poinls per game tend o have numbers of wins that are below average
This confirms the positive assotiation between the variables.

Below on the right is a scatterplat of fhe stendardized scores. Ta get this graph,
we trasformed both the z- and the yvalues by subtracting their mean and divid-
ing by their slandard deviation, As we saw in Chapter 1, standardizing a data set
coavetts the mean to 0 and the siandsrd deviation fo 1. That's why the verhieal and
harizonts] lines #n the right-hand graph are both at .

I R
PoiniaPaclae

A% 4D 45 45 D 10 15
wee
Natice that all the products of the standardized vatues will be positive —not
surprising, considering the strang pasitive association between the variables. What
if there was 2 negat ation between bwovariables? Mosl of the points would
be in the upper-Jeft and lower-sight “quadrants” and their 2-score produsts would
be negative, rasulting in a negative correlation.




WATERIALS:
200 epdored chips, including
100 of the sama color; farge

Reaching for Chips

Before class, your leacher will prepare 2 population o
having the same colar {say, red). The parameter is tt
chips in the populatien: # = .50, In this Activity, y
variability by taking repeated random samples of size
1. After your leacher has mixed the chips thoroughh
should take a sample of 20 chips and note the sampl:
When finished, the stadent should return alt the ohi)
and pass the bag te the nevt student.

Mote: 1 your class has fewer than 25 students, have s
samples.

2. Each student should record the fi-value in a chan
value on a class dotplot. Label the graph scale from €
spaeed (.05 units apart.

3. Describe what you see: shape, center, spread, and
usual featuzes.

bag o othey comainer

Every chapter begins with a hands-on ACTIMITY .
{hat infroduces the content of the chapter. Many
of these activities invalve collecting data and
drawing conclusions from the data. in other
aclivitles, you'§ use gynamic applets to explore
statistical concepts.

MATERIALE:
Compueter with Inbernset
ascess And projaction
capabdty

ACTWITY

I'ma Great Free-Throw Shooter'

B

A baskethall player claims lo make 8% of the free throws that he atterpts. We
think ke might be exaggerating. To test thit claizn, we'll ask him to sheot some ree
throws—virtnally —using The Reasoming of a Statistieal Test applet at the hook’s
Web site.

1. Go bowww.whifrecman . evinfipsSe and launch the applet.

e
* Showe Inme punhatibey

M = 1T T

Mzsey © F 2 - JR%

2. Jel the applet ta take 25 shots. Click "Shool.” How many of the 25 shots did
the player meke? Do you have enough dats to decide whether the player's claim
(s valid?

3. Click “Shoat" again far 25 mere shots. Keep doing Lhis until you are
conwinced either that the player makes iess than B% of his shots or that the
Plaver’s claim is true. How laige a sample of shots did you need o make your
decision?

4. Click “Show trse probability™ 10 reveal the trath. Was your conclusion
correct?

3. i time peomits, choose a new shooter end repeat Steps 2 through 4. Is it
easier to tell that the player is exaggemting when his actoal propartion of free
throws made is ¢lnser to 0.8 or farther from (.87

o

DATA EXPLORATIONS
ask you 1o play the role of
data detective. Your goal
Is to answer a puzzling,
real-world question by
examining data graphicaily
and numericaly.

CHECK YOUR UNDERSTANDING
questions appear throughout the
section. They help vou to clarlfy defi-
nitions, concepts, and procedures,
Be sure to check your answers in the
back of the book.

. The SAT essay: Is longer better?

Fallowing the debut of the new SAT Writing resi in March 200%, Dy, Les Perelman

fram the M, h

s Tt of Tec!

logy sttrred by zporting,

"t appeared ta me thal 1egazdless of what 2 student wroke, the longer the cssay, the
highes the score." He went on b say, “[ heve never found a quantifiabie predictor
in 25 vears of grading that was anpwhere a5 strong as this one. 1Fyou just graded
thern based on length wilhout ever reading them, you'd be right over 90 percent
of the: time.” The iable below shows Hie data that D, Ferclman wsed to draw his L

conclusion: *

P

E B

T me w5 W e 1% 13
5 5 6 5 4 4 & 3 3

Seone

Woris 114 108
Seone 3 1
Worge:

00 403 40 W6 X 2 I3 189 128

1 5 € 13 £ 4 4 3 2

§7 WY W7 MS
oo 1 £

WORS OW O s
B &5 5 4 4 B 3

Does this mean ihat if studenls write a lat, they are guaranteed high scores?
Cary put your own analysis of the dala. How would you respond o gach of

D, Perciman’s clasms?

Identify the expl

§/CHECK YOUR TINDERSTANDING

tory and resp jables in cach setting.

. How does drinking beer affect the levef of afcohol in people’s biond? The legal limit
for driving in all states is $.08%. 1r a study, adult velunteers drank different numbers of
cans of beer, Thitty minules later, a police officer measured their blood alcohol levels,

2. The Natianz) $tudent Loan Survey provides data on the amaunt of debi for recent
college gradutes, their corrent income, and how stressed they feel abont college debt A
saciolagist fooks at the data with the gozl of using amount of debt and income ke explain
the stress caused by coliege debl.

Xy




EXAMPLES: Model statistical pmb!ems

144 GHM’TEH 3 DEQCRIB!NG RFLATIGNSHIPS i

You will ottert e explariatory varables
called ndependent Miriadies and
respsn varkiblos called depandent
veniatres. Botause the words
*independent” and “depender” kave
olher mezastnge In elatistfcs, wa wan'l
e am here,

1t is easiest te identify explanatery and resy tables when we actuall
specify values of one varlab]c te sce how it affccts ancther variable. For instance,
10 study the effect of alcohol on body temperature, researchers gave severat dif-
farent amounts of alechol to mice. Thea they measured the change in each
mouses body temperatare 15 minutes later, In this
case, amount of alcahol is the explanatory variable,
and change in body temp is the response
variable, When we don't specify the valnes of cither
variable but just observe both variables, theve may
or may not be explanatory and response vari-
ables. Whethee there are depends on how
you plan to use the data,

Linking SAT Math and Critical
Reading Scores

Explanatory or response?
Julie asks, “Can 1 predict a state’s mean SAT Math score i | know its mean SAT

Critical Reading score?” Jinn wants ke knew how the mean SAT Math and Critieal
Reading scores this year in the 50 siates are related to cach other.

PEOBLEM: mehsﬁ@ﬁﬂmﬁﬁanphwwumspmmwrm
SOLUTION: Jaliebs breating themean SAT Griticsl Readi ] and
the meas SAT Mith score an the respangs variable. Jim nm‘lpy ntecpsted ltdyhnn' Ehe prlation-
ship betwagn the tup vartables. For im, therk 6 no ol

| Ty O rESp variable.

For Practica Try Exercise nm

and how to soive them

The red number box next
to the exercise directs you
back to the page in the
section where the model
example appears.

4-STEP EXAMPLES: By read-
ing the 4-Step Examples and
mastering the special “State-
Plan-Do-Conclude” framework,
you can devalop good prodlem-
sobving skills and your abllity to
tackle mora complex problems
fike those on the AP® exam.

1. Corsl roefs How semsitive to changes in waler
Wn temperature are coral reefs? To find aut, measure
‘Q the prowth of corals in aguatiums where ths water
temperature is controlled st different levels. Growth s
measired by weighing the coral before and after the
experiment. What are the explanatory and response
variables? Are they categorical ar quantitative?

Read through each EXAMPLE, ...
and then try out ths concept -
yourseif by working the FOR
PRACTICE exercise in the
Section Exerciges.

Need extra help? Examples
and exercises marked with

\ the PLAY ICON i are
X supported by short video clips

prepared by experienced AP®
teachers. The video guides
you through each step In the
example and solution and

gives you extra help when you

" need it t

Exurspse: Exgfuratory or Res
1WA, T et AT A FAE AR oone e e
FrREn TAT Dol 7 AR 2eeen T

e WWW*\W\.?MWJ et T
fqa‘iﬂlla’y w i (A e AT ML ROrE A e
Fraparm s

e TUMMTES T AR Do U TORAR SAT M A0 30 et

2O B pear i e 5 atares e el Ty ene et

| EXAMPLE Gesell Scores
A Puiting it all together

Dioes the age at which a child begins o falk predict a later score on a test of mental
ubility? A study of the development of young children recorded the age in months
atwhich each of 21 children spoke theic first word and their Gesell Adaptive Score,
ihe result of an aplitude test faken much later" The data appear in the tablz be-
Jow, abong with a scatterplot, residual plot, and computer cutput. Should we 1sse a
Tincar madel 1o predicta child's Gesell score from his oc her age al fist word? 1Fsa,
how accurate will our predictions be?

CHILD  ABE  SCORE | GWAD AGE  SCORE | LD AGE  SCORE

1 [ 85 FET] 100 [THEEE 02
PR n 9 3 194 ¥ W0 100
3 W 8 - 9% 712 105
4 8 9 1 7 113 ® a2 57
5 15 102 12 9 L F 13 17 121
-] 20 & 13 hl:] n Fi] 11 ;13
7 1a o il 1 B4 21 10 100




EXERCISES: Practice makes perfect!

§ Summary

Start by readmg the ¢ Angyession line is astraight line that deseribies how a sespr iable ychang

SECTION SUMMARY to be 31 an explanatory variable x changes. You can use 2 regression line to predict the
velue of y for any value of x by substinating this x inlo the equation of the line.

sure that you understand i * Theslope bofaregression line § = a + by is the rate at which the predicted

response § changes along the line a5 the explanatory variable x changes. Spe-
eifically, bis the predicted change in y when ¥ increzses by 1 unit,

*  Thepintercepta of a regression line § = a + bu s the predicted response
when the explanatory variable x equals 0. This prediclion is of no statistical
use unless x can actually take values near 0.

the key concepts.

Practical Work the
EXERCISES assigned by
your teacher, Compare
your answers o those in
the Solutions Appendix at
the back of the book. Short

Exercises

35, What's my five? You use the same bay of soap to
shower gach morning. The bar weighs 80 grams when
itis new. Bs weight gocs down by 6 grame per day on
average. What is the equation of the wgression line
For predicting weight from days of user

in Joan's midwestern home. The figure below shows
the ariginal dat with the |cesksouares Yine
adided. The equation of the jeastsquares ime is

§ = 1425 - 19875,

A . 36. What's my line? An ccoentric profemor believes thal : | '
solutions 1o the exercises achild with 10} 100 should have a reading test score i
. . of 50 and predicts Hiat reading seore should ineresse i -
aumbered in red are found in by | paint fo every additional poiat of 10, What
. is {he equation of e professor’s begression line for ]“
the appendix. predicling reating score from 107 i- “
¥7. Casmilesge We expect a car's highamy gas milesge = . [
. to b related to its city gay mileage. Diata for all 1198 EE T R L )
Most of the exercises vehicles in the goveznment’s recent Fue! Ecomony ) et e Pt ekt
s , Guride give: the regression line: predicted high (a) Identify the slope of the line and cxplain what i
are paired, meaning that * mpg =462 + ).1094city mpg). means in Ohis xetting,
odd- and even-numbered {3} What's the shope of this line? nlerpret ihis valve in cortext. (b) Ideniify the y intercept of the fine. Explain why it's

problems test the same skii o

or concept: If you answer an

fe]

Whal's the y intercept? Explain why the value of the
. pt s ok statistically ingfol
Find the predicted highway mileage for 2 car that gels
1 miles per gallon in the city.

risky tos ise tiis value 2 2 prediction.

Use the 1egression Yine to predict the amound of
natural gas Joan wil tse in ¢ month with an aversge
femperatnre of 20°F

- Acid min Refer by Exerciie 39 Would it be apprapri-

i readi 11
ﬁSSignEd prﬂbfem |ﬂ00rrecﬂy: 3. :Edn:;d::::g::::frﬁ?;‘;h;—]ﬁgﬂr_;:]?s ate tc;hu;:]%:;g(miun line to predies pH afrer 1000
i i hildren give the bollawing regression dine: predicied months? Justify vour answer,
try o ﬂgu’:e out }fOUI' m[s.take' reading SE:: =E‘33.4 + 1.RBZ(1Q scomc b !
Then 5ee 1f y‘Ou can SU‘VG the (a) What's the slope of this bne? Interpret thi
i : conlext i T A L
palred Exercise. ) _Wha!’s th‘c ¥ int:r\’.‘!:p‘t? Ewplain wr'hy the Exerclse: Chaptar 3, Exercise #28

Look for icons that appear “

next to selected problems. Wl s o crchers ucding sed i HonaSation. T g  ~ L3083
They will guide you to e i o e bt e e e v St
¢ an Example that models ooy eomnod o ape peten o

the probiem. _ 6.0053 (weoks) fit the dats wefi,”®

» videos that provide step-
by-step instructions for

T 15 w5k E:
Find the predicted reading score for a of
10 seore of 90,

salving the problem. *
. " 72 In my Chewelet 12.2) The Chevolet Malitu with
L4 eﬁl’liel' sections on WhtCh — “t- a fourcylinder engine bas s vombmed gas mileage of
% 25 mpg, Whal percent of all vebicles have worse gas
the problem draws (here, mileage than the Malbui
Section 2.2).

12) dentiby the clape ol Py kg 090 AXBlain el it rbeens i this

Eoiriew pl xS,

HOE: 5]

* gxamples with the 67. Beavers and beetles Do beavers benefit boetles?
.“"4 Researchers Jaid not 23 cirenlar plobs, cach 4 mefers
[ "8

4-Step State-Plan-Do-

T~

m diameler, in #n gres where besvern were culting

down cotlerwand Irces, [n each plot, they counted the

Conclude way of SO?\ril'sg mumber of shemps from trees cul by beavers and the
mamber of clusiers of beetle Larve, Exologists think
proble ms. ”E Hhat the 1zow sprowts fronn slumps are moee tender than

& other cottonwood growth, 50 that beeties prefer them.

xvii
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Section 3.1; Scetterpiots ki Cofedation

In this section, you Jearned how to exploce the relationship
hetween hwo quantitati iables. A with dishibubioms of
#single variable, the firs) step is always to make 3 graph. A
szattzrptot is the appoopriate ipe of graph o mvestigale pe-
sqeiations between two quantiative vacisbles, To describe a
scatterplot, be suse to discves Four characteristios. dirsction,
facm, strength, and gutliers. The dizection of an associs-
tion oight be positive, negative, o neither. The form of
an mwsocigtion ean be lingar or pomlinear. An sssociation it
strang if it closcly follows a specifie form. Finatly, outliers
are anp points that clearly fail outvide the pattern of the 1est
of the data,

Thecorrelalionrisz ical thatdeserib
the direction ard steagth of a linear association. When
r > 0, the sasociatien 5 posilive, and when r < 8, the
aistciation is negative. The cortelation will abways take
valucsbetween —land L withy » — L and r = | indic
ing a perfectly linear relationship. Strong lincar assoc
hons have corralations near 1 o1 — 1, while weak lin-

Jationships have correl

Use the WHAT DID YOU
LEARN? téble to guide you

10 model examples and exer-
cises to verify your mastery of
each LEARNING QBJECTIVE.

Chapter 3 Chapter Review Exercises

Thece exerioes ore deipned i help you raview the imparton

passible to determine the form of an anociztion Rom
only the Lation. Strong nonli i ps a0
have a comelation clase to 1 ot a coreelation close o &,
depending o the association. You alse leacned that eus-
liers ean greatly affect the value of the correlation gnd
thal cosrelation dees not imply causation. That is, we
can't assumne that changes in one variabls cause chang
in Ihe ather variable, just because they have a comels-
tign close to ¥ or 1.

Section 3.2 Least-Squares Aepreasion

Tn this section, you fcamed how to use leastaquares Te-
gression Hnes as models for eelationships between vari-
ables that hiave a linear association. [t is impoctant 1o

understand the difference hetween the setua) data snd .

the model usd ta describe the data. Foe example, when
you sre nterpreting the sope of 2 leastsquases regresian

- What Did You Learn?

near 0. However, itis [©

Revlew the CHAPTER
SUMMARY to be sure that
you understand the key
concepis in each section.

Laaming Ghjsctiva i Hefatad ; Chagler
. . un Pagelay Roview Enarciseds]

ey expianetory S0 TEp0RSS skl in Stuations wher ane

\dialvie el 10 explain of e ather. 31 144 fid

Mate 2 soatterplot t display the selalienehlo betwetn bwd

fuaribtative variakiles. 31 15, 148 B34

Descrive the direction, foim, and sienglh of a relatiorshin

dwplapedin 2 i rsiers o 3 ararerphi. 21 147,148 R11

Iokeraret he CoMmeiation. 31 152 R3.3,Rié

Understard the bisk progertes of comelation, inclwding how the

correlation is & by quifiers. - 31 158, 136, 157 =A<t

Use b eaidate corraladon. 31 Aoy on 152, 11 3.4

Explain why g Ik il i i1 Tscusclon on 158, 150 R3.6

Interprat the siope ared pinbercepk of 4 teast-souares moreasion fne. 32 166 R32, R34

s the Isast-souares regrassion e 40 predict lor s phvan & 167, Wiscussion on 168 .

Exphein the dangars ol - Az g i R3.2, B3.4, R3S

Calculats and inberaeet residuals. a2 16 A3.3, R34

Eaplain 1he concept of Isast sqEres 32 ) L RS

Dedmrmine the equation of a eas-sguares regressien e using Techralegy Govned o

Technciogy or Computer DUpUt. 32 171,181 A33,R3d4

Tonstriuct and Inbarpest residual piok W 35055 whether 2 iear

el s appeopriate, 2 i g on 175, 180 R3.3, R34

Fitipret the siandand dedation of the residisla end /2 anduse

Twese vahes toawsess how well the least-amuares regression ling

el he relationsip betwesn two waribles. 32 180 RIS, R3.5

Tacusion on 168 R3.1

By i S 63 k)

1.3 Stats feschess” cars A random sample of AP Sta

ideas and methods of the chapter.

&3.1 Born tobe old? is there a relationship between the
gestatianal perind (time from econception bo birth)
of an amimal and its avetage life span? The figure
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Does listening to music while studying help or hinder learning? If an athlete fails a drug test, how sure
can we be that she took a banned substance? Does having a pet help people live longer? How well do SAT
scores predict college success? Do most people recycle? Which of two diets will help obese children lose
more weight and keep it off? Should a poker player go “all in” with pocket aces? Can a new drug help
people quit smoking? How strong is the evidence for global warming?

These are just a few of the questions that statistics can help answer. But what is statistics? And why
should you study it?

Data are usually numbers, but they are not “just numbers.” Data are numbers with a context. The number
10.5, for example, carries no information by itself, But if we hear that a family friend’s new baby weighed 10.5
pounds at birth, we congratulate her on the healthy size of the child. The context engages our knowledge
about the world and allows us to make judgments. We know that a
baby weighing 10.5 pounds is quite large, and that a human baby is
unlikely to weigh 10,5 ounces or 10.5 kilograms, The context makes
the number meaningful.

In your lifetime, you will be bombarded with data and ste-
tistical information. Poll results, television ratings, music sales,
gas prices, unemployment rates, medical study outcomes, and
standardized test scores are discussed daily in the media. Using
data effectively is a large and growing part of most professions. A
solid understanding of statistics will enable you to make sound,
data-based decisions in your career and everyday life.

It 15 tempting to base conclusions on your own experiences or the experiences of those you know. But our
experiences may not be typical. In fact, the incidents that stick in our memory are often the unusual ones.

Do cell phones cause brain cancer?

Ttalian businessman Innocente Marcolini developed a brain tumor at age 60. He also talked on a cellular
phone up to 6 hours per day for 12 years as part of his job. Mr. Marcolini’s physician suggested that the
brain tumor may have been caused by cell-phone use. So Mr. Marcolini decided to file suit in
fhe Italian court system. A court ruled in his favor in October 2012.

Several statistical studies have investigated the link between cell-phone use and brain
cancer. One of the largest was conducted by the Danish Cancer Society. Over 350,000 resi-
dents of Denmark were included in the study. Researchers compared the brain-cancer rate for
the cell-phone users with the rate in the general population. The result: no statistical differ-
ence in brain-cancer rates.! In fact, most studies have produced similar conclusions, In spite
of the evidence, many people (like Mr. Marcolini) are still convinced that cell phones can
cause brajn cancer.

I the public’s mind, the compelling story wins every time. A statistically literate person
knows better. Data are more reliable than personal experiences because they systematically
describe an overall picture rather than focus on a few incidenis.
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Are you kidding me?

The famous advice colummist Ann Landers once asked her readers, “If you had it to do over
again, would you have children?” A few weeks later, her column was headlined “70% OF
PARENTS SAY KIDS NOT WORTH IT.” Indeed, 70% of the nearly 10,000 parents who
wrote in said they would not have children if they could make the choice again. Do you
believe that 70% of all parents regret having children?

You shouldn’t. The people who took the trouble to write Ann Landers are not represen-
tative of all parents. Their letters showed that many of them were angry with their children.
All we know from these data is that there are some unhappy parents out there. A statistically
designed poll, unlike Ann Landers's appeal, targets specific people chosen in a way that gives
all parents the same chance to be asked. Such a poll showed that 91% of parents would have
children again. *

Where data come from matters a lot. [f you are careless about how you get your data, you
may announce 70% “No” when the truth is close to 90% “Yes.”

Who talks more —women or men?

According to Lovann Brizendine, author of The Female Brain, women say nearly three times as many
words per day as men. Skeptical researchers devised a study to test this claim. They used electronic devices
to record the talking patterns of 396 university students from Texas, Arizona, and Mexico. The device was
programmed to record 30 seconds of sound every 12.5 minutes without the carrier’s knowledge. What
were the results?

According to a published report of the study in Scientific American, “Men showed a slightly wider
variability in words uttered. . . . But in the end, the sexes came out just about even in the daily averages:
women at 16,215 words and men at 15,669."2 When asked where she got her figures, Brizendine admitted
that she used unreliable sources.’

The most important information about any statistical study is how the data were produced. Only
carefully designed studies produce results that can be trusted.

Yogi Berra, a famous New York Yankees baseball player known for his unusual quotes, had this to say:
“You can observe a lot just by watching.” That's a motto for learning from data. A carefully chosen graph.
is often more instructive than a bunch of numbers.

Do people live longer in wealthier countries?

The Gapminder Web site, www.gapminder.org, provides loads of data on the health and well-being of the
world’s inhabitants. The graph on the next pages displays some data from Gapminder.* The individual
points represent all the world's nations for which data are available. Each point shows the income per
person and life expectancy in years for one country.

We expect people in richer countries to live longer. The overall pattern of the graph does show
this, but the relationship has an interesting shape. Life expectancy rises very quickly as personal income
increases and then levels off. People in very rich countries like the United States live no longer than
people in poorer but not extremely poor nations. In some less wealthy countries, people live longer
than in the United States. Several other nations stand out in the graph. What's special about each of
these countries?
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Individuals vary. Repeated measurements on the same individual vary. Chance outcomes—like spins of
a roulette wheel or tosses of a coin—vary. Almost everything varies over time. Statistics provides tools for
understanding variation. :

Have most students cheated on a test?

Researchers from the Josephson Institute were determined to find out. So they surveyed about 23,000
students from 100 randomly selected schools (both public and private) nationwide. The question they
asked was “How many times have you cheated during a test at school in the past yeas?” Fifty-one percent
said they had cheated at least once.’ . '

It the researchers had asked the same question of «lf high school students, would exactly 51% have
answered “Yes"? Probably not. i the Josephson Institute had selected a different sample of about 23,000
stidents to respond to the survey, they would probably have gotten a different estimate. Variation is every-
Wherel i

Fortunately, statistics provides a description of how the sample results will vary in relation to the ac-
tual popuiation percent. Based on the sampling method that this study used, we can say that the estimate
of 51% is very likely to be within 1% of the true population value. That is, we can be quite confident that
between 50% and 52% of all high school students would say that they have cheated on 4 test. '

_ Because variation is everywhere, conclusions are uncertain. Statistics gives us a language for talk-
tng about uncertainty that is understood by siatistically literate people everywhere.




Can Magnets Help Reduce Pain?

Early research showed that magnetic fields affected living tissue in humans. Some doctors have begun to
use magnets to treat patients with chronic pain. Scientists wondered whether this type of therapy really
worked. They designed a study to find out.

Fifty patients with chronic pain were recruited for the study. A doctor identified a painful site on each
patient and asked him or her to rate the pain on a scale from 0 (mild pain) to 10 (severe pain). Then, the
doctor selected a sealed envelope containing a magnet at random from a box with a mixture of active and
inactive magnets. That way, neither the doctor nor the patient knew which type of magnet was being used.
The chosen magnet was applied to the site of the pain for 45 minutes. After “treatment,” each patient was
again asked to rate the level of pain from 0 to 10.

In all, 29 patients were given active magnets and 21 patients received inactive magnets. Scientists de-
cidedlto focus on the improvement in patients’ pain ratings. Here they are, grouped by the type of magnet
used:

Active: 10 6 1 10 6 8 5 5 6447106106551 900001
Inactive: 4 3 5 2 141 0 Q00600 10 01
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CHAPTER 4 DESIGNING STUDIES

Introduction

You can hardly go a day without hearing the results of a statistical study. Here are
some examples: . '_
® The National Highway Traffic’ Safety Administration (NHTSA) reports
that seat belt use in passenger vehicles increased from 84% in 2011 to 86%
in 2012} "

. REWEm—— + According to a recent survey, U.S. teens aged 13 to 18 spend

an average of 26.8 houts per week online. Although 59%
of the teens said that posting personal information or pho.
tos online is unsafe, 62% said they had posted photos of
themselves.’ '

*  Arecent study suggests that lack of sleep increases the risk of
catching a cold.*

¢ For their final project, two AP® Statistics students showed
that listening to music while studying decreased subjects |
performance on a memory task.”  * ;
Can we trust these results? As you'll learn in this chapter, that depends on how the 5
data were produced. Let's take a closer look at where the data came from in each ;
of these studies. . :
Each year, the NHTSA conducts an observational study of seat belt use in:
vehicles, The NHTSA sends trained observers to record the actual behavior of:
people in vehicles at randomly selected locations across the country. The idea’
of an observational study is simple: you can learn a lot just by watching. Or by
asking a few questions, as in the survey of teens’ online habits. Harris Interactive
conducted this survey using a “representative sample” of 655 U.S. 13- to 18-year-
olds. Both of these studies use information from a sample to draw conclusions
about some larger population. Section 4.1 examines the issues involved in sam-
pling and surveys. -
In the sleep and catching a cold study, 153 volunteers took part. They answered
questions about their sleep habits over a two-week period. Then, researchers gave:
them a virus and waited to see who developed a cold. This was a complicated
observational study. Compare this with the experiment performed by the AP%S
Statistics students. They recruited 30 students and divided them into two groups3
of 15 by drawing names from a hat. Students in one group tried to memorize a fists
of words while listening to music. Students in the other group tried to memorize
the same list of words while sitting in silence. Section 4.2 focuses on designingg
experiments,
The goal of many statistical studies is to show that changes in one vari-]

able cause changes in another variable. In Section 4.3, we'll look at wh
establishing causation is so difficult, especially in observational studies. we'll2
also consider some of the ethical issues involved in planning and conducting;
a study. :

Here's an Activity that gives you a preview of what lies ahead.

s
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Section 4.1 Sampling and Surveys

TY | See no evil, hear no ev"a .

B AR T P N 1t e 4 TR £ e

Confucius said, “I hear and I forget. I sce and I remember. T do and I understand.”
“Fwo index cards, each Do people really remember what they see better than what they hear?® In this
with 10 distinct numbers Activity, you will perform an experiment to try to find out.

fram 00 to 98 written on it

1. Divide the class into pairs of students by drawing names from a hat.
{prepared by your teacher);

2. Your teacher will give each pair two index cards with 10 distinct numbers
O are 80 saooins " 1om 00 to 99 on them. Do not Jook at the mumbers wntil it is e for you 1o d
to measure 30 seconds: rom 0 77 on them. Lo not togk at the numbers until it is ime for you to do

and a coin for each pair of the experiment.
students 3. Flip a coin to decide which of you is Student 1 and which is Student 2.
Shuffle the index cards and deal one face down to each pariner.

4. Student 1 will be the first to attempt a memory task while Student 2 keeps time.

Directions: Study the numbers on the index card for 30 seconds. Then turn the
card over. Recite the alphabet aloud (A, B, C, and so on). Then tell your partner
what you think the numbers on the card are. You may not say more than 10 num-
bers! Student 2 will record how many numbers you recalled correctly.

5. Now it's Student 2’s turn to do a memory task while Student 1 records the data.

Directions: Your partner will read the numbers on your index card aloud three
times slowly. Next, you will recite the alphabet aloud (A, B, C, and so on) and
then tell your partner what you think the numbers on the card are. You may not
say more than 10 numbers! Student 1 will record how many numbers you recalled
correctly.

6. Your teacher will scale and label axes on the board for parallel dotplots of the re-
sults. Plot how many numbers you remembered correctly on the appropriate graph.
7. Did students in your class remember numbers better when they saw them or
when they heard them? Give appropriate evidence to support your answer.

8. Based on the results of this experiment, can we conclude that people in
general remember better when they see than when they hear? Why or why not?

Sampling and Surveys

. HATI YOU WILL L By the end of the section, you should be able to:

*  Identify the population and sample in a statistical study. s Distinguish a simple random sampie from a stratified
*  Identify voluntary response samples and convenience randorn sample or cluster sample. Give the advantages

samples. Explain how these sampling methods can lead and disadvantages of each sampling method,
to bias. *  Explain how undercoverage, nonresponse, guestion
*  Describe how to obtain a random sample using stips of wording, and other aspects of a sample survey can lead

Paper, technology, or a table of random digits. fo bias.
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210 CHAPTER 4 DESIGNING STUDIES

Suppose we want to find out what percent of young drivers in the United States
text while driving. To answer the question, we will survey 16- to 20-year-oldg
who live in the United States and drive. Ideally, we would ask thern all (take 5 °
census). But contacting every driver in this age group wouldn’t be practical: it ;
would take too much time and cost too much money. Instead, we put the question
to a sample chosen to represent the entire population of young drivers. :

DEFINITION: Population, census, and sample

The population in a statistical study is the entire group of individuals we want
informa_t_ion about. A census collects data from every individual in the population,

A sample is a subset of individuals in the population from which we actually
collact data. ST

The distinction between population and sample is basic to statistics, To make 1
sense of any sample result, you must know what population the sample represents. 3
Here's an example that illustrates this distinction and also introduces some major 3
uses of sampling, 3

Sampling Hardwood and Humans

Populations and samples

PROBLEM: Identify the population and the sample in each of the following settings.
(a) Afurniture maker buys hardwood in large batches. The supplier is supposed to dry the wood |
before shipping (wood that isn't dry won't ioid its size and shape). The furniture maker chooses five
pieces of wood from each batch and tests their moisture content. If any plece exceeds 12% moisture
content, the entire batch is sent back.
(b} Each week, the Gallup Foll questions a sample of about 1500 adult 1.5, residents to determine
national opinion on a wide variety of issues.
SOLUTION: - 2
(a) The population is all the pisces of hardwood in a batch. The sample is the five pieces of wood that 3
are selected from that batch and tested for moisture content.

(v} Gallup's population is all adult U.5. residents. Their sample is the 1500 adults who actually
respond to the survey questions,

For Practice Try Exercise

The Idea of a Sample Survey

We often draw conclusions about a whole population on the basis of a sample.
Have you ever tasted a sample of ice cream and ordered 2 cone if the sample tastes
good? Because ice cream is fairly uniform, the single taste represents the whole.
Chooesing a representative sample from a large and varied population (like all
young U S. drivers) is not so easy. The first step in planning a sample survey is to
say exactly what population we want to describe, The second step is to say exactly
what we want to measure, that is, to give exact definitions of our variables.
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We reserve the term “sample survey” for studies that use an organized plan to
choose a sample that represents some specific population, like the pieces of hard-
wood and the U.S. adults in the previous example. By our definition, the popula-
tion in a sample survey can consist of people, animals, or things. Some people use
the terms “survey” or “sample survey” to refer only to studies in which people are
asked one or more questions, like the Gallup Poll of the last example. We'll avoid
this more restrictive terminology.

How Does the Current Population
Survey Work?

A sample survey

One of the most important government sample surveys in the United States is
the monthly Current Population Survey (CPS). The CPS contacts about 60,000
households each month. It produces the monthly unemployment rate and lots of
other economic and social information. To measure unemployment, we must first
specify the population we want to describe. The CPS defines its population as all
U.S. residents (legal or not) 16 years of age and over who are civilians and are not
in an institution such as a prison. The unemployment rate announced in the news
refers to this specific population.

What does it mean to be “unemployed”? Someone who is not looking for work—
for example, a full-time student—should not be called unemployed just because
she is not working for pay. If you are chosen for the CPS sample, the interviewer
first asks whether you are available to wotk and whether you actually looked for
work in the past four weeks. If not, you are neither employed nor unemployed—
you are not in the labor force.

If you are in the labor force, the interviewer goes on to ask about employment. If you
did any work for pay or in your own business during the week of the survey, you are
employed. If you worked at least 15 hours in a family business without pay, you are
employed. You are also employed if you have a job but didn’t work because of vaca-
tion, being on strike, or other goad reason. An unemp]oyment rate of 9.7% means
that 9.7% of the sample was unemnployed, using the exact CP$ definitions of both
“labor force” and “unemployed.”

 The sampling method that yields

+ AConvenience sampls is called

© Convenience sampiing. Other sampling
- Methods are namad in similarly
Obvious wayst

The final step in planning a sample survey is to decide how to choose a sample
from the population. Let's take a closer look at some good and not-so-geod sam-
pling methods.

i
How to Sample Badly
Suppose we want to know how long students at a large high school spent do-
ing homework last week. We might go to the school library and ask the first
30 students we see about their homework time. The sample we get is known
as a convenience sample.
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Voluntary responss samples are alsp
known as self-selscled samples,

The Internet brings voluntary response
sampies {o the computer nearest you.
Visit waww.misterpoit.com to become
part of the sample in any of dezens of
orline polls. As the site says, “None
of thase polfs are ‘scientific,’ but

do reprasent the coliective opinion

of everyone who participates,”
Unfortunately, such polis don't tell
you anything about the views of the
population.

Ly .
DEFINITION: Convenience sample

Choosing individuals from the population who are easy to reach results in a
convenience sample, ' ' S

Convenience sampling often produces unrepresentative data. Consider
our sample of 30 students from the school library. It's unlikely that this
convenience sample accurately represents the homework habits of all sty
dents at the high school. In fact, if we were to repeat this sampling process again
and again, we would almost always overestimate the average homework time in
the population. Why? Because students who hang out in the library tend to be

A —]
DEFINITION: Bias

The désign of a statistical study shows hias if it would consistently underestimate o
consistently overestimate the value you want to know.

P

AP® EXAM TP If you're asked to describe how the design of a study leads to bias, you're
expected to do two things: (1) identify a problem with the design, and (2} explain how this
problem would lead to an underestimate or overestimato. Suppose you were asked, “Explain
how using your statistics class as a sample to estimate the proportion of al high school
students who own a graphing calcuiator could result in bias.” You might respond, “This is a
convenience sample. It would probably include a much higher proportion of students with a
graphing calculator than in the population at large because a graphing caiculator is required
for the statistics class, So this method would probably iead to an overestimate of the aglual
poputation proportion.”

Bias is not just bad luck in one sample. It's the result of a bad study
design that will consistently miss the truth about the population in the
same way. Convenience samples are almost guaranteed to show bias. So
are voluntary response samples.

fL s TR
DEFINITION: Voluntary response sample

A voluntary response sample_ consists of peaple who choose themselves by
responding to a general invitation.

Call-in, text-in, write-in, and many Internet polls rely on voluntary
response samples. People who choose to participate in such surveys are
usually not representative of some larger population of interest. Voluntary
response samples attract people who feel strongly about an issue, and who
often share the same opinion. That leads to bias.
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lllegal Immigration

Online polls

Former CNN commentator Lou Dobbs doesn’t Jike illegal immigration. One
of his shows was largely devoted to attacking a proposal to offer driver’s licenses
to illegal immigrants. During the show, Mr. Dobbs invited his viewers to go
to Joudobbs.com to vote on the question “Would you be more or less likely to
vote for a presidential candidate who supports giving driver’s licenses to illegal
aliens? The result: 97% of the 7350 people who voted by the end of the show
said, “Less likely.”

PROBLEM: What type of sample did Mr. Dobbs use in kis polt? Explain how this sampling method
could lead to bias in the poll results.

SOLUTION: Mr. Dobbs used a voluntary response sample: people chose to go online and
respond. Those who voted were viewers of Mr. Dobbs's program, which means that they are likely
to support his views. The 97% poll result is probably an extreme overestimate of the percent of
people in the poputation who would be less lkely to support 2 presidsntiaf candidate with this
position.

For Practice Try Exercise

¥ CHECK YOUR UNDERSTANDING
For each of the following situations, identify the sampling method used. Then explain

how the sampling method could lead to bias.

1. Afarmer brings a juice company several erates of oranges each week. A company
inspector looks at 10 oranges from the top of each crate before deciding whether to buy
all the oranges.

2. The ABC program Nightline once asked whether the United Nations should
continue to have its headquarters in the United States. Viewers were invited to call one
telephone number to respond “Yes” and another for “No.” There was a charge for calling
either number. More than 186,000 callers responded, and 67% said “No.”

How to Sample Well:
Simple Random Sampling

In convenience sampling, the researcher chooses easy-to-reach members of the
population. In voluntary response sampling, people decide whether to join the
sample. Both sampling methods suffer from bias due to personal choice. The best
way to avoid this problem is to let chance choose the sample. That's the idea of
random sampling.
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In gveryday life, soma people use the
word “random” to mean haphazard,
as in “that's 5o random,” In statistics,
random means “due to chance.”
Don't say that a sampla was chosen
at random if a chance process wasn't
used to select the individuals,

Statisticions Fall ssisap Paster by
taking @ random sample of shesp.

e R NG e

R R R
DEFINITION: Random Sampling

Random sampling involves using a chance process to determine which members
of a population are included in the sample, - S o

&

The easiest way to choose a random sample of n people is to write their names:
on identical slips of paper, put the slips in a hat, mix them well, and pull out ships ¢
one at a iime until you have n of them. An alternative would be to give each mem-¢
ber of the population a distinct number and to use the “hat method” with these %
numbers instead of people’s names. Note that this version would work just as well 2
if the population consisted of animals or things. The resulting sample is called ay
simple random sample, or SRS for short. g

DEFINITION: Simple Random Sample (SRS)

A simple random sample (SRS) of size nis chosen in such a way that every group
of nindividuals in the population has an equal chance to be selected 4s the sampie,

An SRS gives every possible sample of the desired size an equal chance to
be chosen. It also gives each member of the population an equal chance to-
be included in the sample. Picture drawing 20 slips (the sample) from a hat’
containing 200 identical slips (the population). Any 20 dlips have the same:
chance as any other 20 to be chosen. Also, each slip has a l-in-10 chance!
{20/200) of being selected. '

Some other random sampling methods give each member of the popu-;

lation, but not each sample, an equal chance. We'll ook at some of these
later.

How to Choose a Simple Random Sample The hat method wont
work well if the population is large. Imagine trying to take a simple rando
sample of 1000 U.S. adulist In practice, most people use random numbers ge
erated by technology to choose samples.

Teens on the Internet

Choosing an SRS with technology

The principal at Canyon del Oro High School in Arizona wants student np
about limiting access to certain Internet sites on the school’s computers. He ask
the AP® Statistics teacher, Mr. Tabor, to select a “representative sample” of 10 st
dents. Mr. Tabor decides to take an SRS from the 1750 students enrolled this yed




.

He gets an alphabetical roster from the registrar’s office, and numbers the stu-
dents from 1 to 1750, Then Mr. Tabor uses the random number generator at
www.randomizer.org to choose 10 distinet numbers between 1 and 1750:

St Dowsoud In Exon B

L Sat of 10 Unigue Mumbers Per Set
Range: From I ko 1750 — Sorted from Laast to Grazbest

Job Status: Finlshed

Sot #1;

117, 311, #61, 724, 843, £54, 1073, 1138, 1713, L1720

The 10 students on the roster that correspond to the chosen numbers will be on
the principal’s committee.
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This example highlights the steps in choosing a simple random sample with
technology.

CHOOSING AN SRS WITH TECHNOLOGY

is standard practice 1o use 7 for the Step I: Label. Give each individual in the population a distinct numerical

sample size and A'for the population label from 1 to N.

e, Step 2: Randomize. Use a random number generator to obtain n different

integers from 1 to N.

You can also use a graphing calculator to choose an SRS.

O enmea 08 CHOOSING AN SRS

. TI—N_Spii‘e'ins_i{h‘u'ct'i'dn_é_i_nﬂppentiix B; HP Prime instructions on the book’s Web site.

Let's use a graphing calculator to select an SRS of 10 students from the Canyon del Oro High School roster.
L. Check that your calculator’s random number generator is working properly.

TI-83/84 T1-89
* Press then select PRB and randInt{. *  Press[CATALOG ] then [F3](Flash Apps) and choose
Complete the command randInt (1,1750)and randInt (. Complete the command TIStat.
press [ENTER |. randInt (1,1750)and press

Cormpare your results with those of your classmates. If several students got the same number, you'll need to seed your

calenlator’s random integer generator with different numbers before you proceed. Ditections for doing this are given in the
Annotated Teacher's Edition.
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2. Randomly generate 10 distinct numbers from 1 to 1750,
Do randInt (1, 1750) again. Keep pressing until you have chosen 10 different labels.

randInt(i, 17562
RO URUUPURTROTURO ¥ - )
randInt{l.1750)
randint {1, 1758)
.......................................... 929,
randint¢1,1758)
PO PORTOUSUSUTTRRIRORO < - »: 3

Note: If you have a T1-83/84 with OS 2.55 o later, you can use the command RandTntNoRep(1,1750) to soit the
numbers from 1 to 1750 in random order. The first 10 numbers listed give the labels of the chosen students.

If you don’t have technology handy, you can use a table of random digits to:
choose an SRS. We have provided a table of random digits at the back of the book ]
(Table D). Here is an excerpt.

LINE

101 19223 95034 05756 28713 96400 12531 40544 82653
102 73676 47150 99400 09927 27754 42648 82425 38290
103 45467  TI709 77558 00095 32863 29485 82006 90058

You can think of this table as the result of someone putting the digits 0 to 9 in
hat, mixing, drawing one, replacing it, mixing again, drawing another, and so on
The digits have been ammanged in groups of five within numbered rows to mak
the table easier to read. The groups and rows have no special meaning - Table
is just a long list of randomly chosen digits. As with technology, there are two steps
in using Table D to choose 2 random sample.

HOW TO CHOOSE AN SRS USING TABLE D

Step 1: Label. Give each member of the population a numerical label with
the same number of digits. Use as few digits as possible.

Step 2: Randomize. Read consecutive groups of digits of the appropriate
length from left to right across a line in Table D. Ignore any group of digits
that wasn’t used as a label or that duplicates a label already in the sample.
Stop when you have chosen 1 different labels.

Your sample contains the individuals whose labels you find.

Always use the shortest labels that will cover your population. For instance,
you can label up to 100 individuals with two digits: 01,02, ..., 99, 00, As stan-
dard practice, we recommend that you begin with label 1 {or 01 or 001 or 000,
as needed). Reading groups of digits from the table gives all individuals the same
chance to be chosen because all labels of the same length have the same chance:
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to be found in the table. For example, any pair of digits in the table is equally
likely to be any of the 100 possible labels 01, 02,...,99,00. Here’s an example
that shows how this process works.

Spring Break!
Choosing an SRS with Table D

The school newspaper is planning an article on family-friendly
places to stay over spring break at a nearby beach town. The
editors intend to call 4 randomly chosen hotels to ask about their
amenities for families with children. They have an alphabetized
list of all 28 hotels in the town.

PROBLEM: UseTable D at line 13010 choose an SRS of 4 hotels for the
editors to call,

SOLUTION: We'll use the two-step process for selecting an SRS using
Table D,

Step1: Label. Two digits are needed to label the 28 hotels. We have added
labels 01 t0 2B tothe alphabetized list of hotels below.

01 Aloha Kai 08 Captiva 15 PalmTree 22 SeaShell

02 AnchorDown 09 (asadelMar 16 Radisson 23 Silver Beach
03 BananaBay 10 Coconuts 17 Ramada 24 Sunset Beach
04 Baryas Tree 11 Diplomat 18 Sandplper 25 Tradewinds
05 BeachCastle 12 Holidaylnn 19 Sealastlc 26 Tropical Breeze
06 BestWestern 13 LimeTree 20 Seallub 27 Tropical Shores
07 Cabana 14 Outrigger 27 SeaGrape 28 Veranda

Step 2; Randomize. To use Table D, start at the left-hand side of ine 150 and read twe-digit
groups. Skipany groups that aren’t between O'1 and 28, as well a6 any repeated groups. Contltiue
urtil you have chosen four hotels. Here is the beginning of line 130:

69051 64817 87174 09517 84534 06489 87201 97245
The first 10 two-digh groups are

68 05 16 48 17 &7 17 40 95 17
Skip e e Skip v Skip  Skip  Skip  Skip Skip
Too big Too big Tooblg Repeat Toobly Toobig Repeat

We skip 5 of these 10 groups because they are too high {over 28} and 2 because they are repeats
(beth 175). The hotels labeled 05, 16, and 17 go into the sample. We need one more hotel to com-
plete the sample. Continuing along line 130
Y 53 40 64 89 87 20
Skip Skip Skip Skip Skip Skip v
Toc big Too big Too big Too big Too big Tooblg

Qur SRS of 4 hotels for the editors to contact is 05 Beach Castle, 16 Radisson, 17 Ramada, and
20 5ea Club.

For Practice Try Exercise [l
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We can trust results from an SRS, as well as from other types of random samples
that we will meet later, because the use of impersonal chance avoids bias. The
following activity shows why random sampling is so important.

| Who Wrote the Fe

S R WA YR ER U ¢ A B S AT S T S B L

ACTIVITY

deralist Papers?

G Rk

The Federalist Papers are a series of 85 essays supporting the ratification of the US.;
Constitution. At the time they were published, the identity of the authors was a;
secret known to just a few people. Over time, however, the authors were iden
fied a5 Alexander Hamilton, James Madison, and John Jay. The authorship’
of 73 of the essays is fairly certain, leaving 12 in dispute. However, thanks
in some part to statistical analysis,” most scholars now believe that the 12

disputed essays were written by Madison alone or in collaboration wi
Hamilton ?
There are several ways to use statistics to help determine the authorshj
of a disputed text. One method is to estimate the average word length i
a disputed text and compare it to the average word lengths of works wher
the authorship is not in dispute.
The following passage is the opening paragraph of Federalist Paper #5],
one of the disputed essays. The theme of this essay is the separation of power
between the three branches of government,

To what expedient, then, shall we finally resort, for maintatning in practice the
necessary partition of power among the several departments, as laid down in
the Constitution? The only answer that can be given is, that as all these exterior
provisions are found to be inadequate, the defect must be supplied, by so
contriving the Interior structure of the government as that is several constituent
parts may, by their mutual relations, be the means of keeping each other in
their proper places. Without presuming to undertake a full development of this
important idea, I will hazard a few general observations, which may pethaps
place it in a clearer light, and enable us to form a more correct judgment of the
principles and structure of the government planned by the convention,

1. Choose 5 words from this passage. Count the number of letters in each of the |
words you selected, and find the average word length. E

2. Your teacher will draw and label a horizontal axis for a class dotplot. Plot the
average word length you obtained in Step 1 on the graph.

3. Use a table of random digits or a random number generator to select g simpl
random sample of S words from the 130 words in the opening passage. Count
the number of letters in each of the words you selected, and find the average
word length.

4. Your teacher will draw and label another horizontal axis with the same scale
for a comparative class dotplot. Plot the average word length you obtained in
Step 3 on the graph, '

5. How do the dotplots compare? Can you think of any reasons why they might
be different? Discuss with your classmates.
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Other Random Sampling Methods

The basic idea of sampling is straightforward: take an SRS from the population
and use your sample results to gain information about the papulation. Unfortu-
nately, it’s usually difficult to get an SRS from the population of interest. Imagine
trying to get a simple random sample of all the batteries produced in one day ata
factory, Or an SRS of all U.S, high school students. In either case, it would be dif-
ficult to obtain an accurate list of the population from which to draw the sample.
It would also be very time-consuming to cellect data from each individual that's
randomly selected. Sometimes, there are also statistical advantages to using more
complex sampling methods.

One of the most common alternatives to an SRS involves sampling groups
(strata) of similar individuals within the population separately. Then these sepa-

' rate “subsamples” are combined to form one siratified random sample,

Straturn is singutar. Strata are plural. D
' DEFINITION: Stratified random sample and stata. .
To get a stratifled random sample, start by classifying the population into groups

of similar individuals, called strata, Then choose a separate SRS in each stratum
and combine these SRSs to form the sample.

Choose the strata based on facts known before the sample is taken. For example,
in a study of sleep habits on school nights, the population of students in a large high
school might be divided into freshman, sophomore, junior, and senior strata. In a pre-
election poll, a population of election districts might be divided into urban, suburban,
and rural strata, Stratified random sampling works best when the individuals within -
each stratum are similar with respect to what is being measured and when there are
large differences between strata. The following Activity makes this peint clear.

- Sampling sunflowers

SUERE - R T SRR R AR GRS St g E IR T S R R B i

el

A British farmer grows sunflowers for making sunflower oil. Her field is arranged
Calculator for each student  in a grid pattern, with 10 rows and 10 columns as shown in the figure on the next
page. lrrigation ditches run along the top and bottom of the field, The farmer

would like to estimate the number of healthy plants in the field so she can project
how much money she’ll make from selling them. It would take too much time

- to count the plants in all 100 squares, so she'll accept an estimate based on a
* sample of 10 squares.

1. Use Table D or technology to take a simple random sample of 10 grid
squares. Record the location (for example, B6) of each square you select.

2. This time, you'll take 2 stratified random sample using the rows as strata.
Use Table D or technology to randomly select one square from each (hori-

zontal) row. Record the location of each square~for example, Row 1: G,
Row 2: B, and so on.

Section 4.1 Sampling and Surveys g 219
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3. Now, take a stratified random sample using the columns as strata,

Use Table D or technology to randomly select one square from each

— - (vertical) column. Record the location of each square —for example,
A|B|CIDIE|FIG[H{I]|J Column A: 4, Column B: 1, and so on.

4. The table on page N/DS-5 in the back of the book gives the actual
number of sunflowers in each’grid square. Use the information pro-
vided to calculate your estimate of the mean number of sunflowers per
square for each of your samples in Steps 1, 2, and 3.

5. Make comparative dotplots showing the mean number of sunflow-
ers obtained using the three different sampling methods for all mem-
bets of the class. Describe any similarities and differences you see,

SO0 b o L e | | B

6. Your teacher will provide you with the mean number of sunflowers
in the population of all 100 grid squares in the field. How did the three

sampling methods do?

-
. [l

The dotplots below show the mean number of healthy plants in 100 samples vy
ing each of the three sampling methods in the Activity: simple random sampling,
stratified random sampling with rows of the field as strata, and stratified random
sampling with columns of the field as strata. Notice that all three distributions are
centered at about 102.5, the true mean number of healthy plants in all squares of
the field. That makes sense because random sampling yields accurate estimates of
unknown population values.

One other detail stands out in the graphs, There is much less variability in the
estimates using stratified random sampling with the rows as strata. The table o
page N/DS-5 shows the actual number of healthy sunflowers in each grid square.
Notice that the squares within each row contain a similar number of healthy
plants but there are big differences between rows. When we can choose strata that
are “similar within but different between,” stratified random samples give more pre-
cise estimates than simple random samples of the same size. ’

Why didn't using the columns as strata reduce the variability of the estimates’
in a similar way? Because the squares within each column have very differe

numbers of healthy plants.
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Both simple random sampling and stratified random sampling are hard to use
when populations are large and spread out over a wide area. In that situation, we'
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prefer a method that selects groups {(clusters) of individuals that are “near” one
another. That's the idea of a cluster sample.

IR S TR . .
DEFINITION: Cluster sample and clusters. o
To geta cluster sample, start by classifying tie population into groups of individuals
that are located near each other, cailed clusters. Then choose an SRS of the clus-
ters. All individuals in the chosen clusters are Ingluded in the sample.

a tluster sample, scme people take Cluster samples are often used for practical reasons, like saving time and
SRS from each cluster rather than

. money. Cluster sampling works best when the clusters Jook just like the popula-
neluding 2if members of the cluster tion but on 2 smaller scale. Imagine a large high school that assigns its students to
homerooms alphabetically by last name. The school administration is consider-
ing a new schedule and would like student mmput. Administrators decide to survey
200 randomly selected students. It would be difficult to track down an SRS of 200
students, so the administration opts for a cluster sample of homerooms. The prin-
cipal (who knows some statistics) takes a simple random sample of 8 homerooms
and gives the survey to all 25 students in each homeroorm,

Cluster samples don’t offer the statistical advantage of better information
about the population that stratified random samples do. That's because clusters
are often chosen for ease so they may have as much variability as the population
itself.

Be sure you understand the difference between straia and clusters. We
Remember: strata are ideally “similer V21t €ach stratum to contain similar individuals anfi fo‘r there to be large
within, but different between.” while differences between strata. For a cluster sample, we’d like each cluster to
clusters are ideally: “ditferent within, look just like the population, but or: 2 smaller scale. Here’s an example that com-
but simifar between.” pares the random sampling methods we have discussed so far.

Sampling at a School Assembly

Strata or clusters?

The student council wants to conduct a survey during the first
five minutes of an all-school assembly in the auditorium about
use of the school library. They would like to announce the re-
sults of the survey at the end of the assembly, The student coun-
cil president asks your statistics class to help carry out the survey.

PROBLEM: There are 800 students present at the assembly. A map of
the auditorium is shown on the next page. Note that students are seated by
grade level and that the seats are numbered from 1 t0 800,
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9th prade: Seats 601-804 10th grade: Seats 401-600
1tth grade: Seats 201-400 12th grade: Seats  1-200

Note that cluster sampling is much
more efficient than finding 80 seats
stattered about the asditorium,

as required by both of the other
sampiing methods.

Describe how you would use your calculator to selsst 80 students to somplete the survey with each
of the following: "

{a) Simple random sample
{b) Stratified random sample
{€) Clustersample :

SOLUTION:
(3) Totakean SRS, weneed to chioose 80 of the seat numbers at random. Use randint(1,800) on your -
calculator until B0 different seats are selected, Then give the swvey to the students inthose seats. |

(b) The students inthe assembly are seated by grade level. Because students’ library use might be
similar within grade levels but different across grade levels, we'll use the grade level seating areas as |
our strata. Within each grade’s seating ares, we'll select 20 seats at random. For the 9th grade, use |
randint{601,600) to select 20 different seats. Use randint(401,600) to pick 20 different sopho-*
more seats, randint{201,400) to get 20 different junior seats, and randint{1,200) to choose 20 |
different senior seats. Give the survey to the students in the selected seats. :

{c) Withtheway students are seated, each column of seate from the stage to the back of the audito
rium could be used as a cluster. Note that each cluster contains students from all four grade levels, s0
each should represent the population well. Because there are 20 clusters, each with 40 seats, wane
to choose 2 clusters at random to get 80 students for the survey. Use randlint{ 1,20} to select two
tlusters, and then give the survey to all 40 students in cach coiumn of seats.

For Practice Try. Exercise

Most large-scale samiple surveys use multistage samples that combine two or mo
sampling methods. For example, the U.S. Census Bureau carries out a monthly
Current Population Survey (CPS) of about 60,000 households. Researchers start
choosing a stratified random sample of neighborhoods in 756 of the 2007 geograp
ical areas in the United States. Then they divide each neighborhood into elusters ok;
four nearby households and select a cluster sample to interview.

Analyzing data from sampling methods more complex than an SRS takes 1
beyond basic statistics. But the SRS is the building block of more elaborate meth,
ods, and the principles of analysis remain much the same for these other methods
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CHECK YOUR UNDERSTANDING

The manager of a sporls arena wants to learn more about the financial status of the people

who are attending an NBA basketball game. He would like to give a survey to a representa-
tive sample of the more than 20,000 fans in attendance. Ticket prices for the game
vaty a great deal: seats near the court cost over $100 each, while seats in the top rows

“of the arena cost $25 each. The arena is divided into 30 numbered sections, from
101 to 130. Each section has rows of seats labeled with letters from A (nearest the
court) to ZZ (top row of the arena).

L. Ezplain why it might be difficult to give the survey to an SRS of 200 fans.
2. Which would be a better way to take 2 stratified random sample of fans: using
the lettered rows or the numbered sections as strata? Explain.

3. Which would be a better way to take a cluster sample of fans: using the
lettered rows or the numbered sections as clusters? Explain.

Inference for Sampling

The purpose of a sample is to give us information about a larger population. The
process of drawing conclusions about a population on the basis of sample data is
called inference because we infer information about the population from what we
know about the sample.

Inference from convenience samples or voluntary response samples would be
misleading because these methods of choosing a sample are biased. We are almost
certain that the sample does not fairly represent the population. The first reason to
rely on random sampling is to avoid bias in choosing a sample.

Still, it is, unlikely that results from a random sample are exactly the same as for
the entire population. Sample results, like the unemployment rate obtained from
the monthly Cuirent Population Survey, are only estimates of the truth about the
population. If we select two samples at random from the same population, we will
almost certainly choose different individuals. So the sample results will differ some-
what, just by chance. Properly designed samples avoid systematic bias. But their
results are rarely exactly correct, and we expect them to vary from sample to sample.

Going to class

How much do sample results vary?

Suppose that 70% of the students in a large university attended all their classes last
week. Imagine taking a simple random sample of 100 students and recording the
proportion of students in the sample who went to every class last week. Would the
sample proportion be exactly (.707 Probably not. Would the sample proportion
be close to 0.707 That depends on what we mean by “close.” The following graph
shows the results of taking 500 SRSs, each of size 100, and recording the propor-
tion of students who attended all their classes in each sample.

What do we see? The graph is centered at about 0.70, the population proportion.
All of the sample proportions fall between 0.55 and 0.85. So we shouldn't be sur-
prised if the difference between the sample proportion and the population propor-
tion is as large as 0.15. The graph also has a very distinctive “bell shape.”
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] I‘
Dotplot of the sample propartion of stu- b ; i 3
dents in each of 500 SRSs of size 100 +8e e 0 88
who atiended ali their classes last week. 056 060 065 070 075 080 0.85
The population proportion is 0.70. sampieproportion

Dotplat of the sample proportion of stu-
dents in each of 560 SRSs of size 400 23]
who attended all their classes last week. 055 060 065 070 075 080 085
The population proportion is 0.70. sampleproportion

Why can we trust randomn samples? As the previous exarnple illustrates, the results
of random sampling don’t change haphazardly from sample fo sample. Because we
deliberately use chance, the results obey the laws of probability that govern chance
behavior. These laws allow us to say how likely it is that sample results are close to
the truth about the population. The second reason to use random sampling is tha
the laws of probability allow trustworthy infererice about the population. Results
from random samples come with a “margin of error” that sets bounds on the size of
the likely error. We will discuss the details of inference for sampling later.

One point is worth making now: larger random samples give better information
about the population than smaller samples. For instance, let’s look at what hap-
pens if we increase the sample size in the example from 100 to 400 students. Th
dotplot below shows the results of taking 500 SRSs, each of size 400, and recording
the proportion of students who attended all their classes in each sarnple. This graph
is also centered at about 0.70. But now all the sample proportions fall between 0.6
and 0.77. So the difference between the sample proportion and the population pro-
portion is at most 0.07. When using SRSs of size 100, this difference could be as
much as 0.15. The moral of the story: by taking a very large random sample, you car
be confident that the sample result is very close to the truth about the population.




he list of individuals from which a
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The Current Population Survey contacts about 60,000 households, so we'd
expect its estimate of the national unemployment rate to be within about 0.1%
of the actual population value, Opinion polls that contact 1000 or 1500 people
give less precise results— we expect the sample result to be within about 3% of
the actual population percent with a given opinion. Of course, only samples
chosen by chance carry this guarantee. Lou Dobbs’s online sample tells us
little about overall American public opinion even though 7350 people clicked
a response.

Sample Surveys: What Can Go Wrong?

The use of bad sampling methods (convenience or voluntary response) often
leads to bias. Researchers can avoid bad methods by using random sampling to
choose their samples. Other problems in conducting sample surveys are more
difficult to avoid.

Sampling is often done using a list of individuals in the population. Such lists
are seldom accurate or complete. The result is undercoverage.

DEFINITION: Undercoverage o
Undercoverage occurs when some members of the papulation cannot be chosen in
asample. ... -~ .. e

Most samples suffer from some degree of undercoverage. A sample survey of
households, for example, will miss not only homeless people but also prison in-
mates and students in dormitories. An opinion poll conducted by calling landline
telephone numbers will miss households that have only cell phones as well as
households without a phone. The results of national sample surveys therefore
have some bias due to undercoverage if the people not covered differ from the
rest of the population.

Well-designed sample surveys avoid bias in the sampling process, The real
problems start after the sample is chosen.

One of the most serious sources of bias in sample surveys is nonzesponse.

R NN
DEFINITION: Nonresponse

Nonresponse occurs when an ingividual chﬁseh"fdr the sample cﬁan't be contacted
or refuses 1o participate.

Nonresponse to surveys often exceeds 50%, even with careful planning and
several follow-up calls. If the people who respond differ from those who don’t, in
a way that is related to the response, bias results.

Some students misuse the term “voluntary response” to explain why certain
individuals don’t respond in a sample survey. Their idea is that participation
in the survey is optional (voluntary), so anyone can refuse to take part. What
the students are describing is nonresponse. Think about it this way: nonresponse
can occur only after a sample has been selected. In 2 voluntary response sample,
every individual has opted to take part, so there won’t be aTly nonresponse.
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_ EXAMPLE RPN Opinion Polls |

How bad is nonresponse? ]

The Census Bureau’s American Community Survey (ACS} has the lowest nonre. ;
sponse rate of any poll we know: only about 1% of the households in the sample |
refuse to respond. The overall nonresponse rate, including “never at home” and 3
other causes, is just 2.5%.1° This monthly survey of about 250,000 households re-
places the “long form” that in the past was sent to some households in the every.
ten-years national census. Participation in the ACS is mandatory, and the Cengyg
Bureau follows up by telephone and then in person if a household doesn’t return
the mail questionnaire. :

The University of Chicago’s General Social Survey (GSS) is the nation’s most-
important social science survey (sce F igure 4.1). The GSS contacts its sample in ;
person, and it is run by a university, Despite these advantages, its most recent sur-
vey had a 30% rate of nonresponse, ;

 Tha Canarsi Sacial Burvey (GSS] eondush SRS reraarch
ummmutmwmmmmm
'mmumnmmmnmmmum i
WHF 10 COMOSE e Linliad Stotes & pther nating,

FIGURE 4.1 The home page of the General Socla! Survey at the University of Chicago’s National
Cpinion Research Center (http:/fwwws.norc.0rg/GSS+Websitef}. The GSS has tracked oplnions
about a wide variety of issues since 1872,

What about opinion polis by news media and opinion-polling firms? We don't
know their rates of nonzesponse because they won’t say. That’s a bad sign. The:
Pew Research Center for the People and the Press imitated a careful random digit.
dialing survey and published the results: over § days, the survey reached 76% of the
households in its chosen sample, but “because of busy schedules, skepticism and’
outright refusals, interviews were completed in just 38% of households that were;
reached.” Combining households that could not be contacted with those who did_;
not complete the interview gave a nonresponse rate of 73%.1 :

T ]

.

Another type of nonsampling problem occurs when people give inaccurate
answers to survey questions. People may lie about their age, income, or drug use.
They may misremember how many hours they spent on the Internet Jast week, OF
they might make up an answer to a question that they don’t understand, :




¥
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The gender, race, age, ethnicity, or behavior of the interviewer can also affect
people’s responses. A systematic pattern of inaccurate answers in a survey leads to
response bias.

TH FILUNG OUT SEE, THEY ASYED HOW WUCH MOMEN THIS MAGEZINE SHOULD ) L LONE
A READER SURNEN | I SPEND ON GuM BEAQH WEEY, SO T HAVE, SOME AMUSING MESSING
FOR CHEWING YROTE, "4500.° FOR WV ASE, 1 AUV
AT AND WHEW THEY BSKED WNT WY
FAVORITE FLANOR 1S, T WROTE

T GRRLIC ] CURRY

WITH DATA.

AR Ty N ) A RO, 556 L

B2 -

The wording of questions is the most important influence on the answers
given to 2 sample survey. Confusing or leading questions can introduce strong
bias. Changes in wording can greatly affect a survey’s outcome.

How Do Americans Feel about

lllegal Immigrants?

Question wording matters

“Should illegal immigrants be prosecuted and deported for being in the U.S. illegally,
or shouldn’ they?” Asked this question in an opinion poll, 63% favored deportation.
But when the very same sample was asked whether illegal immigrants who have
worked in the United States for two years “should be given a chance to keep their
jobs and eventually apply for legal status,” 62% said that they should. Different ques-
tions give quite different impressions of attitudes toward illegal immigrants.

Even the order in which questions are asked matters. Dor’t irust the
results of a sample survey until you have read the exact questions asked.

;THINK " Does the order matter? Ask a sample of college students these two
P tiOI’lS

t | ques

\xmA“Bwa,'.lT !T  “How happy are you with your life in general?” (Answers on a scale of ] 1o 5)

-

~<..  “How many dates did you have last month?”

There is almost no association between responses to the two questions when asked
in this order. It appears that dating has little to do with happiness. Reverse the
order of the questions, however, and a much stronger association appears: college
students who say they had more dates tend to give higher ratings of happiness
about life. Asking a question that brings dating to mind makes dating success a big
factor in happiness. :

& &
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CHECK YOUR UNDERSTANDING

1. Each of the following is a possible source of bias in a sample survey. Name the type gf
bias that could result.

{a) The sample is chosen at random from a telephone directory.
{b) Some people cannot be contacted in five calls,

(c) Interviewers choose peaple walking by on the sidewalk to interview.

2. Asurvey paid for by makers of disposable diapers found that 84% of the sample
opposed banning disposable diapers. Here is the actual guestion:

I is estimated that disposable diapers account for less than 2% of the trash in today’s
landfills. In contrast, beverage containers, third-class mail, and yard wastes are esti-
mated to account for about 21% of the trash in landfills. Given this, in your opinion,
would it be fair to ban disposable diapers?'?

Explain how the wording of the question could resuit in bias. Be sure to specify the dire
tion of the bias.

&

Summary

*  Acensus collects data from every individual in the population.

*  Asample survey selects a sample from the population of all individuals abou
which we desire information. The goal of a sample survey is inference: we
draw conclusions about the population based on data from the sample. It
important to specify exactly what population you are interested in and wh
variables you will measure.

*  Convenience samples choose individuals who are easiest to reach. In vol
untary response samples, individuals choose to join the sample in respons
to an open invitation. Both of these sampling methods usually lead to bias
they consistently underestimate or consistently overestimate the value yo
want to know.

*  Random sampling uses chance to select a sample.

¢ The basic random sampling method is a simple random sample (SRS). A
SRS gives every possible sample of a given size the same chance to be che
sen. Choose an SRS by labeling the members of the population and usi
slips of paper, random digits, or technology to select the sample.

* To choose a stratified random sample, divide the population into strat:
groups of individuals that are similar in some way that might affect thei
responses. Then choose a separate SRS from each stratum and combing
these SRSs to form the sample. When strata are “similar within but differen
between,” stratified random samples tend to give more precise estimates ¢!
unknown population values than simple random samples.

*  Tochoose a cluster sample, divide the population into groups of individua
that are located near each other, called clusters. Randomly select some ¢
these clusters. All the individuals in the chosen clusters are included in th
sample. Ideally, clusters are “different within but similar between.” Cluste!
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1 TECHNOLOGY

sampling saves time and money by collecting data from entire groups of indi-
viduals that are close together.

*  Random sampling helps avoid bias in choosing a sample. Bias can still occur
in the sampling process due to undercoverage, which happens when some
members of the population cannot be chosen.

*  The most serious errors in sample surveys, however, are ones that occur af-
ter the sample is chosen. The single biggest problem is nonresponse: when
people can't be contacted or refuse to answer. Incorrect answers by respon-
dents can lead to response bias. Finally, the wording of questions has a big
influence on the answers.

{-Nspire instructions in Appendix B; HF Prime instructions on the hook's Web site,

page 2 15
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Students as customers A high school’s student
newspapgr plans to survey local businesses about the
importance of students as customers. From an al-
phabetical list of all Jocal businesses, the newspaper
staff chooses 150 businesses at random. Of these, 73
return the questionnaire rnailed by the staff. Identify
the population and the sample.

Student archaeologists An archaeclogical dig turns
up large numbers of pottery shards, broken stone
tools, and other artifacts. Students working on the
project classify each artifact and assign it a nurnber.
The counts in different categories are important for
understanding the site, so the project director chooses
2% of the antifacts at random and checks the student’
~ work. Identify the population and the sample.

§3 Sampling stuffed envelapes A large retailer prepares its
customers” monthly credit card bills using an autornatic
machine that folds the bills, stuffs them into envelopes,
and seals the envelopes for mailing. Are the envelopes
completely sealed? Inspectors choose 40 envelopes

at random from the 1000 stuffed each hour for visual
inspection, Identify the population and the sample.
Customer satisfaction A department store mails

a custemer satisfaction survey fo people who make
credit card purchases at the store. This month,

B

45,000 people made credit card purchases. Surveys
are mailed to 1000 of these people, chosen at ran-
dom, and 137 people return the survey form. Identify
the population and the sample.

Call the shots An advertisement for an upcoming TV
show asked: “Should handgun control be tougher?
You call the shots in a special call-in poll tonight. If
yes, call 1-900-720-6181. If no, call 1-900-720-6182,
Charge is 50 cents for the first minute.” Over 90%

of people who called in said “Yes.” Explain why this
opinion poll is almost certainly biased.

Explain it to the congresswoman You are on the staff
of a member of Congress who is considering a bill that
would provide government-sponsored insurance for
nursing-home care. You report that 1128 letters have
been received on the issue, of which 871 oppose the
legislation. “I'm surprised that most of my constituents
oppose the bill. I thought it would be quite popular,”
says the congresswoman. Are you convinced that a
majority of the voters oppase the bill? How would you
explain the statistical issue to the congresswoman?
Instant opinion A recent online poll posed the
question “Should female athletes be paid the

same as men for the work they do?”" In all, 13,147
{(44%) said “Yes,” 15,182 (51%) said “No,” and the
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()
(b)

10.

(a)

remaining 1448 said “Don’t know.” In spite of the
large sample size for this survey, we can't trust the
result. Why not?

Sampling at the mall You have prabably seen the
mall interviewer, approaching people passing by
with clipboard in hand. Explain why even a large
sample of mail shoppers would not provide a trust-
worthy estimate of the current unemployment rate.

Sleepless nights How much sleep do high school
students get on a typical school night? An interested
student designed a survey to find out. To make data
collection easier, the student surveyed the first 100
students to arrive at school on a particular morning.
These students reported an average of 7.2 houss of
sleep on the previous night.

What type of sample did the student obtain?

Explain why this sampling method is biased. Is 7.2
hours probably higher or lower than the true aver-
age amount of sleep last night for all students at the
school? Why?

Online polls In June 2008, Parade magazine posed
the following question: “Should drivers be banned
from using all cell phones?” Readers were encour-
aged to vote online at parade.com. The July 13,
2008, issue of Parade reported the results: 2407
(85%) said “Yes” and 410 (15%) said “No.”

What type of sample did the Parade survey obtain?
Explain why this sampling method is biased. Is 85%
probably higher or lower than the true percent of all

adults who believe that cell phone use while driving
should be banned? Why?

. Do you trust the Internet? You want to ask a sample

of high school students the question “How much do
you trust information about health that you find on
the Internet—a great deal, somewhat, not much, or
not at all?” You try out this and other questtons on a
pilot group of 5 students chosen from your class. The
class members are listed helow,

Explain how you would use a line of Table D to choose
an SRS of 5 students from the following list. Explain
your method clearly enough for a classmate to obtain
your results.

Use line 107 to select the sample. Show how you use
each of the digits.

Anderson  Dang Glaus Nguyen -~ Samuels
Arroyo DeRamos  Helling  Palmiero  Shen
Batista Drasin Husain  Percival Tse

Bell Eckstein Johnson  Prince Velasco
Burke Fernandez  Kim Pusi Wallace
Cabrera Fullmer Molina Richards  Washburn
Calloway  Gandhi Morgan  Ridar Zabidi
Dellugi Garcia Murphy  Rodriguez  Zhao

12. Apartment living You are planning a report on
apartment living in a college town. You decide to
select three apartment complexes at random for in-
depth interviews with residents. '

(a) Explain how you would use a line of Table D to
choose an SRS of 3 complexes from the list below.
Explain your method clearly enough for a classmate
to obtain your resulis. :

{(b) Use line 117 to select the sample. Show how you use
each of the digits.

Ashley Daks Chauncey Village  Franklin Park Richfisld o

Bay Fointe Country Squire  Georgetown Sagamore Ridge

BeauJardin  Country View Gresnacres Salem Courthouse -

Biuffs CountryVilla  Lahr House Village Manor |

Brandon Place  Crastview Mayfair Village  Watarford Court

Briarwood Del-Lynn Hobh Hill Williamsburg

Brownstona Falrington Pemberly Courts

Burberry Fairway Knolls Paopermill

~ Cambridge Fowler Pricasant Run

13. Sampling the forest To gather data on a 1200-acre
pine forest in Louisiana, the U.S. Forest Service laida
grid of 1410 equally spaced circular plots over a map
of the forest. A ground survey visited a sample of 10% :
of these plots.”?

(a) Explain how you would use your calculator or Table
to choose an SRS of 141 plots. Your description should 4
be clear enough for a classmate to carry out your plan

{b) Use your method from (a) to choose the first 3 plots

14. Sampling gravestones The local genealogical society
in Coies County, Illinois, has compiled records on all
55,914 gravestones in cemeteries in the county for the
years 1825 to 1985. Historians plan to use these records
to leamn about African Americans in Coles County's hi
tory. They first choose an SRS of 395 records 1o check
their aceuiracy by visiting the actual gravestones.!*

{a) Explain how you would use your calculator or Tabl
D to choose the SRS, Your description should be
clear enough for a classmate to carry out your plan,

(b) Use your method from (a) to choose the first 3
gravestones,

15. Random digits Which of the following statements
are true of a table of random digits, and which are
false? Briefly explain your answers,

(a) There are exactly four Os in each row of 40 digits.

(b) Each pair of digits has chance 1/100 of being 00.

(¢) The digits 0000 can never appear as a group, becaus
this pattern is not random.

16. Random digits In using Table D repeatedly to

choose random samples, you should not always be
at the same place, such as line 101, Why not?



. iPhones Suppose 1000 iPhones are produced at
a factory today. Management would like to ensure

. that the phones’ display screens meet their quality
standards before shipping them to retail stores. Since
it takes about 10 minutes to inspect an individual
phone’s display screen, managers decide to inspect a
sample of 20 phones from the day's production,

Explain why it would be difficult for managers to
inspect an SRS of 20 iPhones that are produced today.

An eager employee suggests that it would be easy to
inspect the last 20 iPhones that were produced today.
Why isn't this a good idea?

Another employee recommends a different sam-
pling method: Randomly choose one of the first 50

- iPhones produced. Inspect that phone and every
fiftieth iPhone produced afterward. {This method

is known as systematic random sampling.) Explain
carefully why this sampling method is not an SRS.

. Dead trees On the west side of Rocky Mountain
National Park, many mature pine trees are dying due
to infestation by pine beetles. Scientists would like to
use sampling to estimate the proportion of all pine
trees in the area that have been infested.

Explain why it wouldn™ be practical for scientists to
obtain an SRS in this setting.

A possible alternative would be to use every pine tree
along the park’s main road as a sample. Why js this
sampling method biased? '

Suppose that a more complicated random sampling
plan is carried out, and that 35% of the pine trees in
the sample ate infested by the pine beetle. Can scien-
tists conclude that exactly 35% of all the pine trees on
the west side of the park are infested? Why or why not?

9. Who goes to the convention? A club has 30 student
members and 10 faculty members. The students are

Abel Fisher Huber Miranda Reinmann
Carson  Ghosh Jimenez  Meskowitz  Santos
Chen Griswold Jonas Neyman Shaw

David Hein Kim O’Brien Thompsan
Deming  Hemandez Kotz Pearl Utts
Elashoff  Holand Liu Potter Varga
The faculty members are

Andrews Femandez  Kim Moore  Waest

Eefimvltch Gupta Lightman  Phillips  Yang

The club can send 4 students and 2 faculty mem-
bers to a convention. It decides to choose those who
will go by random selection. Describe a method for
using Table D to select a stratified random sample
of 4 students and 2 faculty. Then use line 123 to
select the sample.

20.

P Sideline

[JcCorner
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Sampling by accountants Accountants often use
stratified samples during audis to verify a company's
records of such things as accounts receivable. The strat-
ification is based on the dollar amount of the item and
often includes 100% sampling of the largest iterns. One
company repotts 5000 accounts receivable. Of these,
100 are in amounts over $50,000: 500 are in amounts
between $1000 and $50,000; and the remaining 4400
are in amounts under $1000. Using these groups as
strata, you decide to verify all the largest accounts and
to sample 5% of the midsize accounts and 1% of the
small accounts. Describe a method for using Table D
to select a stratified random sample of the midsize and
small accounts. Then use line 115 to select only the
first 3 accounts from each of these strata.

. Go Blue! Michigan Stadium, also known as “The

Big House,” seats over 100,000 fans for a football
game. The University of Michigan athletic depart-
ment plans to conduct a survey about concessions
that are sold during games. Tickets are most expen-
sive for seats on the sidelines. The cheapest seats are
in the end zones (where one of the authors sat as a
student). A map of the stadium is shown.

Visitor Sideline

(a)

(b)

22,

The athletic department is considering a stratified
random sample. What would you recommend as the
strata? Why? '

Explain why a cluster sample might be easier to
obtain. What would you recommend for the clusters?
Why?

How was your stay? A hotel has 30 floors with 40

rooms per floor, The rooms on one side of the hotel

face the water, while rooms on the other side face 4
golf course. There is an extra charge for the rooms
with a water view. The hotel manager wants to
survey 120 guests who stayed at the hotel during a
convention about their overall satisfaction with the

praperty.

H
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(a)

(b)

23.

24,

25.

(a)
(b)

26.

(a)
(b)
27.

(a)

28.
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Explain why choosing a stratified random sample
might be preferable to an SRS in this case. What
would you use as strata?

Why might a cluster sample be a simpler option?
What would you use as clusters?

Is it an SRS? A corporation employs 2000 male and
500 fernale engineers. A stratified random sample

of 200 male and 50 fernale engineers gives each
engineer | chance in 10 to be chosen. This sample
design gives every individual in the population the
same chance to be chosen for the sample. Is it an
SRS? Explain your answer.

Attitudes toward alcohol At a party there are 30
students over age 21 and 20 students under age

21. You choose at random 3 of those over 21 and
separately choose at random 2 of those under 21 to
interview about attitudes toward alcohol. You have
given every student at the party the same chance to
be interviewed. Why is your sample not an SRS?

High-speed Internet Laying fiber-optic cable is expen-
sive. Cable companies want to make sure that if they
extend their lines out to less dense suburban or rural
areas, there will be sufficient demand and the wark

will be costeffective. They decide to conduct a survey
to determine the proportion of households in a rural
subdivision that would buy the service. They selecta
simple randorm sample of 5 blocks in the subdivision
and survey each family that lives on one of those blocks.

What is the name for this kind of sampling method?

Give a possible reason why the cable company chose
this method.

Timber! A lumber company wants to estimate the
proportion of frees in a large forest that are ready to
be cut down. They use an aerial map to divide the
forest into 200 equal-sized rectangles. Then they
choose a random sample of 20 rectangles and exam-
ine every tree that’s in one of those rectangles.

What is the name for this kind of sampling method?

Give a possible reason why the lumber company
chase this method.

Tweet, tweet! What proportion of students at your
scheol use Twitter? To find out, you survey a simple
random sample of students from the school roster.

Will your sample result be exactly the same as the
true population proportion? Explain.

Which would be more likely to get your sample
result closer to the true population value: an SRS of
50 students or an SRS of 100 students? Explain.

Far from home? A researcher wants to estimate the

average distance that shidents at a large cornmunily col-
lege live from campus. To find out, she surveys a simple
random sample of students from the registrar’s database.

(a) Will the researcher’s samnple result be exactly the

(b)

29,

30,

3L

(a)
(b)

32.

33,

same as the true population mean? Explain.

Which would be more likely to get the researcher’s
sample result closer to the true population value:
an SRS of 100 students or an SRS of 50 students?
Explain.
BasebaH tickets Suppose you want to know the
avetage amount of money spent by the fans attend-
ing operung day for the Cleveland Indians baseball
season, You get permission from the team’s manage-
ment to conduct a survey at the stadium, but they
will not allow you to bother the fans in the club
seating or box seats (the most expensive seating). Us-
ing a computer, you randomly select 500 seats from
the rest of the stadium. During the game, you ask th
fans in those seats how much they spent that day.
Give a reason why this survey might yield a biased
result. Explain the likely direction of the bias.

Rise and shine How long before school starts do
students get out of bed, on average? Administrators
survey a random sample of students on each school
bus one morning.

Give a reason why this survey might yield 2 biased
result. Explain the likely direction of the bias.

Nonresponse A survey of drivers began by randorml
sampling all listed residential telephone numbers in
the United States, OF 45,956 calls to these numbers,
5029 were completed. The goal of the survey was to
estimate how far people drive, on average, per day.”

What was the rate of nonresponse for this sample?

Explain how nonresponse can lead to bias in this
survey. Be sure to give the direction of the bias.

Ring-no-answer A common form of nonzesponse 1
telephone surveys is “ring-no-answer.” That is, 2 calt
is made to an active number but no one answers.
The lItalian National Statistical Institute looked at
nonresponse to a government survey of households
in Italy during the periods January 1 to Easter and
July I to August 31. All calls were made between 7
and 10 .M., but 21.4% gave “ring-no-answer” in on
period versus 41.5% “ringno-answer” in the other
period.'® Which period do you think had the highe
rate of no answers? Why? Explain why a high rate 0
nonresponse makes sample results less reliable.

Running red lights The sample described in
Exercise 31 produced a list of 5024 Jicensed drivers.
The investigators then chose an SRS of 880 of these
drivers to answer questions about their driving habif
One question asked was: “Recalling the last ten traf
fic lights you drove through, how many of them wet
red when you entered the intersections?” Of the 880
respondents, 171 admitted that at least one light ha
been 1ed. A practical problem with this survey is tha



people may not give truthful answers. What is the
likely direction of the bias? Explain.

Seat belt use A study in El Paso, Texas, looked at seat
belt use by drivers. Drivers were observed at randomly
chosen convenience stores. After they left their cars,
they were invited to answer questions that included
questions about seat belt use. In all, 75% said they al-
ways used seat belts, yet only 61.5% were wearing seat
belts when they pulled into the store parking lots.!
Explain the reason for the bias observed in responses
to the survey. Do you expect bias in the same direc-
tion in most surveys about seat belt use?

. Wording bias Comment on each of the following
as a potential sample survey question. Is the question
clear? Is it slanted toward 2 desired response?

“Some cell phone users have developed brain
cancer. Should all cell phones come with a warning
label explaining the danger of using cell phones?”

“Do you agree that a national system of health insur-
ance should be favored because it would provide
health insurance for everyone and would reduce
administrative costs?”

“In view of escalating environmental degradation
and incipient resource depletion, would you favor
economic incentives for recycling of resource—
intensive consumer goods?”

. Checking for bias Comment on each of the follow-
ing as a potential sample survey question. Is the ques-
tion clear? Is it slanted toward a desired response?

Which of the following best represents your opinion
on gun control?

1. The government should confiscate our guns.
2. We have the right to keep and bear arms.

A freeze in nuclear weapons should be favored
because it would begin a much-needed process to
stop everyone in the world from building nuclear
weapons now and reduce the possibility of nuclear
war in the future. Do you agree or disagree?

Multiple choice: Select the best answer for Exercises
70 42,

7. The Web portal AOL places opinion poll questions
next to many of its news stories. Simply click your
response to join the sample, One of the questions
in January 2008 was “Do you plan to diet this year?”
More than 30,000 people responded, with 68% say-
ing “Yes.” You can conclude that

about 68% of Americans planned to diet in 2008.

the poll used a convenience sample, so the resulis
tell us little about the population of all adults.

the poll uses voluntary response, so the results tell us
little about the population of all adults.

*ﬁ\;

Section 4.1 Sampling and Surveys

{d) the sample is too small to draw any conclusion.
(e} None of these.

38. To gather information about the validity of a new
standardized test for tenth-grade students in a par-
ticular state, a random sample of 15 high schools was
selected from the state. The new test was adminis-
tered to every 10th-grade student in the selected high
schools. What kind of sample is this?

{a) Asimple random sample
(b) A stratified random sample
(c) Acluster sample

(d) A systematic random sample
(e) Avoluntary response sample

39. Your statistics class has 30 students. You want to call
an SRS of 5 students from your class to ask where
they use a computer for the online quizzes. You
label the students 01, 02, ..., 30. You enter the table
of random digits at this line:

14459 26056 31424 80371 65103 62253 77490 61181

Your SRS contains the students labeled
(a) 14,45, 92, 60, 56.
(b} 14,31, 03,10, 22
() M4,03,10,22 22.
(d) 14,03, 10, 22, 06.
(e) 14,03,10,22 11.

40. Suppose that 35% of the registered voters in a state
are registered as Republicans, 40% 4s Democrats,
and 25% as Independents. A newspaper wants to se-
lect a sample of 1000 registered voters to predict the
outcome of the next election. If they randomly select
350 Republicans, randomly select 400 Democrats,
and randomly select 250 Independents, did this sam-
pling procedure result in a simple random sample of
registered voters from this state?

(a) Yes, because cach registered voter had the same
chance of being chosen.

{b) Yes, because random chance was involved,

(¢} No, because not all registered voters had the same
chance of being chosen,

(d) No, because there were a different number of regis-
tered voters selected from each party.

(e) No, because not all possible groups of 1000 regis-
tered voters had the same chance of being chosen.

41. Alocal news agency conducted a survey about unem-
ployment by randomly dialing phone numbers until
they had gathered responses from 1000 adults in their
state. In the survey, 19% of those who responded said
they were not currently employed. In reality, only 6%
of the adults in the state were not currently employed
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(2)

(b)

(c)

(d)

(e)

42,

(a)
(b}

(c}

at the time of the survey. Which of the following best
explains the difference in the two percentages?

The difference is due to sampling variability. We
shouldn™t expect the results of a random sample to
match the truth about the population every time.

The difference is due to response bias. Adults who
are employed are likely to lie and say that they are
unemployed.

The difference is due to undercoverage bias. The
survey included only adults and did not include
teenagers who are eligible to work.

The difference is due to nonresponse bias. Adults
who are employed are less likely to be available for
the sample than adults who are unemployed.

The difference is due to voluntary response. Adults
are able to volunteer as a member of the sample.

A simple random sample of 1200 adult Amerticans
1s selected, and each person is asked the following
question: “In light of the huge national deficit,
should the government at this time spend ad-
ditional money to establish a national system of
health insurance?” Only 39% of those responding
answered “Yes.” This survey

is reasonably accurate since it used a large simple
random sample.

needs to be larger since only about 24 people were
drawn from each state.

probably understates the percent of people who favor
a system of national health insurance.

CHAPTER 4 DESIGNING STUDIES

(d)

(e)

43.

.

(a)
(b)

(a)
(b)

. Internet charges (2.1) Some Internet service provi

is very inaccurate but neither understates nor over-
states the percent of people who favor a system of
national health insurance. Because simple random
sampling was used, it is unbiased.

probably overstates the percent of people who favor
systemn of national health insurance,

Sleep debt (3.2) A researcher reported that the typi
cal teenager needs 9.3 hours of sleep per night but
gets only 6.3 hours." By the end of a 5-day school
week, a teenager would accumulate about 15 hours
of “sleep debl.” Students in a high school statistics
class were skeptical, so they gathered data on the
amount of sleep debt (in hours) accumulated over 3
time {in days) by a random sample of 25 high schoo! 2
students. The resulting least-squares regression equa- §
tion for their data is Sleep debt = 2.23 + 3.17(days).

Interpret the slope of the regression line i context.

Are the students’ results consistent with the
researcher’s report? Explain,

ers (ISPs) charge companies based on how much
bandwidth they use in a month. One method that 3
ISPs use for calculating bandwidth is to find the 95th 3
percentile of a company’s usage based on samples of 3
hundreds of 5-minute intervals during a month,

Explain what “95th percentile” means in this setting

Which would cost a company more: the 95th per-
centile method or a similar approach using the 98th
percentile? Justify your answer.

Distinguish between an observational study and an
experiment,

Explain the concept of confounding and how it
limits the abllity to make cause-and-effact
conclusions.

ldentify the experimental units, explanatory
and response variables, and treatments in an
experiment.

Explain the purpose of comparison, random assign-
ment, contro!, and reptication in an experiment,

By the end of the section, you should be able to:

Describe a completely randomized design for an experi-
ment, including how to randomly assign freatments using
stips of paper, technology, or a table of random digits.

Describe the placebo effect and the purpose of blinding .
in an sxperiment,

Interpret the meaning of statistically significant in the
context of an experiment.

Explain the purpose of blocking in an experiment. ;
Describe a randomized block design or a matched pairs __'
design for an experiment, "




S-16 Solutiaons

R3.5 (a) y = 30.2 + 0.16x, where y = final exam score and x =
total score before the final examination. (b) 78.2 {e) Of 2l the lines
that the professor could use to summarize the relationship between
final exam score and total points before the final exam, the least-
squares regression line is the one that has the smallest sum of
squared residuals. (d) Because r* = (.36, only 36% of the variability
in the final exam scores is accounted for by the linear model relat
ing final exam scores to total score before the final exam. More than
half (64%) of the variation in final exam scores is nof accounted for,
s0 Julie has reason to question this estimate.

R3.6 Even though there is a high correlation between number of
calculators and math achievement, we shouldn’t conclude that
increasing the number of calculators will eause an increase in math
achievement. Itis possible that students who are more serious about
school have better math achievement and also have rmore
calculators.

Answers {o Chapter 3 AP® Statistics Practice Test

T3.1 4

T3.2 ¢

T3i3 ¢

T34 2

T3.5 a

T3.6 ¢

T3.7 b

T38 e

TI9 b

T3.10 ¢

T3.11 (a) A scatterplot with regression line is shown below. (b)
¥ = 71.95 + 0.3833x, where y = height and x = age. (c) 255.934
em, or 100.76 inches (d) This was an extrapolation. Our data were
based only on the first S years of life and the Jinear trend will not
conltinue forever.
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T3.12 (a} The point in the upper-right-hand corner has a very high
silicon value for its isotope value. (b} (i)  would get closer to —1
because it does not follow the linear pattern of the other points. (ji)
Because this point is “pulling up” the line on the right side of the
plot, removing it will make the slope steeper (more negative) and
the y intercept smaller (note that the y axis is to the right of the
points in the scafterplot). (iii) Because this point has a large resid-
ual, removing it will make s a little smaller.

T3.13 (2) 7 = 92.29 — 0.05762x, where y is the percent of the grass
burned and x is the number of wildebeest, (b} For every increase of
[000 wildebeest, the predicted percent of grassy area bumed
decreases by about 0.058. (¢) r = —V0.646 = —0.804. There s a
strong, negative linear association between the percent of grass
burned and the number of wildebeest. (d} Yes, because there is no
obvious leftover pattern in the residual plot.

Chapter 4
Section 4.1

Answers to Check Your Understanding

prage 213: 1. Convenience sampling, This could lead the inspec.
tor to overestimate the quality of the oranges if the farmer puts the
best cranges on top. 2. Voluntary response sampling. In this case,
those who are happy that the UN has its headquarters in the US.
already have what they want and so are Jess likely to respond. The
proportion who answered “No” in the sample is likely to be higher
than the true proportion in the U.S, who would answer “Neo."
page 223: 1. You would have to identify 200 different seats, go to
those seats in the arena, and find the peaple who are sitting there,
which would take a lot of time. 2. It is best to create strata where
the people within a stratum are very similar to each other but differ-
ent than the people in other strata. In this case, it would be better to
take the lettered rows as the strata because each lettered row is the
same distance from the court and 5o would contain only seats with
the same (or nearly the same) ticket price. 3. It is best if the people
in each cluster reflect the variability found in the population. In
this case, it would be better to take the numbered sections as the
clusters because they include all different seat prices. _
page 228: 1. (a) Undercoverage (b} Noneesponse (c) Undercoverage - -
2. By making it sound like they are not a problem in the landfill,
this question will result in fewer people suggesting that we should
ban disposable diapers. The preportion who would say “Yes” to this
survey question is likely to be smaller than the proportion who
would say “Yes” to a more fairly worded question.

Answers to Odd-Numbered Section 4.1 Exercises _
4.1 Population: all local businesses, Sample: the 73 businesses that - .
retsrn the questionnaire. C
4.3 Population: the 1000 envelopes stuffed during a given hour. -
Sample: the 40 randomly selected envelopes. i
4.5 This is a voluntary response sample. In this case, it appears that - -
people who strongly support gun conirol volunteered more often,
causing the proportion in the sample to be greater than the propor-
tion in the population.
4.7 This is 2 voluntary response sample and overrepresents the -
opinions of these who feel most strongly about the issue being
surveyed.

4.9 {(a} A convenience sample (b) The first 100 students to arrive 2t
school likely had to wake up earlier than other students, so 7.2
hours is probably less than the true average.

4.11 (a) Number the 40 students from 01 to 40. Pick a starting
point on the random number table. Record two-digit numbers,
skipping numbers that aren't between 01 and 40 and any repeated-
numbers, until you have 5 unique numbers between 01 and 40.
Use the 5 students correspending to these numbers. (b Using line
107, skip the numbers not in bold: 82 73 65 78 90 20 80.
74 75 11 81 67 65 53 00 94 38 31 48 93 60 94 7. Select
Johnson (20), Drasin (11), Washbum {38), Rider (31), and Calloway |
(07). .
4.13 (a) Using calculator: Number the plots from 1 to 1410, Use .
the command randInt {1, 1410) toselect 141 different integers
from 1 to 1410 and use the cormresponding 141 plots. (b) Answess -
will vary. :
4.15 (a) False—although, on average, there will be four Os in every -
set of 40 digits, the number of Os can be less than 4 or greater tha
4 by ehance. {b) True—there are 100 pairs of digits 00 through 9.




and all are equally likely. (c) False—0000 is just as Likely as any
other string of four digits.

4,17 (=} It might be difficult to locate the 20 phones from among
the H)00 produced that day. (b} The quality of the phones pro-
duced may change during the day, so that the last phones manufac-
tured are not representative of the day’s preduction. (c) Because
each samptle of 20 phones does not have the same probability of
being selected. In an SRS, it is possible for 2 consecutive phones to
be selected in a sample, but this is not possible with a systematic
random sample.

4,19 Assign numbers 01 to 30 to the students. Pick a starting point
on the random digit table. Record two-digit numbers, skipping any
that aren’t between 01 and 30 and any repeated numbers, until you
have 4 unique numbers between 01 and 30, Use the corresponding
four students. Then assign numbers 0 1o 9 to the faculty members.
Continving on the table, record one-digit numbers, skipping any
repeated numbers, until you have Z unique numbers between 0
and 9. Use the corresponding faculty members. Starting on line
123 gives 08-Ghosh, }5-Jones, 07-Fisher, and 27-Shaw for the stu-
dents and I-Besicovitch and J-Andrews for the faculty.

4.21 (a) Use the three types of seats as the strata because people
who can afford more expensive tickets probably have different
apinions about the concessions than people who can afford only
the cheaper tickets. (b} A stratified random sample will nclude
seats from all over the stadium, which would make it very time-
consuming to obtain. A cluster sample of numbered sections would
be casier to obtain, because the people selected for the sample
would be sitting close together.

4.23 No. In an SRS, each possible sample of 250 engineers is
equally likely to be selected, including samples that aren’t exactly
200 males ard 5( femnales, .

4.25 (a) Cluster sampling. (b} To save time and money. In an SRS,
the company would have to visit individual homes all over the rural
subdivision instead of enly 5 locations.

4.27 (a) It is unlikely, because different random samples will
include different students and produce different estimates of the
propartion of students who use Twitter. (b) An SRS of 100 students.
Larger random samples give us better information about the popu-
lation than smalier random: samples.

4.29 Because you are sampling only from the lower-priced ticket
holders, this wil} likely produce an estimate that is teo small, as fans
in the club seats and box seats probably spend more money at the
game than fans in cheaper seats.

4,31 {(a) 82.1% (b) Because the people who have long commutes
are less likely to be at home and be included in the sample, this will
likely produce an estimate that is too small.

4.33 We would not expect very many people to claim they have
run sed lights when they haven't, but some people will deny run-
ning red lights when they have. Thus, we expect that the sample
proportion underestimates the true proportion of drivers who have
fun a red light. '

435 (a) The wording is clear, but the question is slanted in favor of
wamning labels because of the first sentence stating that some cell
phone users have developed brain cancer. {b) The question is clear,
but it is slanted in favor of national health insurance by asserting it
would reduce administrative costs and not providing any counterar-
guments. (¢} The wording is oo technical for many people to
understand. For those who do understand the question, it is slanted
because it suggests reasons why one should support recycling,

437 ¢
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4.43 (a} For each additional day, the predicied sleep debt increases
by about 3.17 hours. (b) The predicted sleep debt for a 5-day school
week is 2.23 + 3.37(5) = 18.08 hours. This is about 3 hours more
than the researcher claimed for a 5-day week, so the students have
reason to be skeptical of the research study’s reported results.

Section 4.2
Answers to Check Your Understanding

page 237: 1. Experiment, because a treatment {brightness of
screen) was imposed on the laptops. 2. Observational study,
because students were not assigned to eat a particular number of
teals with their family perweek. 3. Explanatory: number of meals
per week eaten with their family. Response: GPA. 4. There are
probably other variables that are influencing the response variable.
For example, students who have pari-time jobs may not be able to
eat many meals with their families and may not have much time to
study, leading to lower grades.

page 247: 1. Randomly assign the 29 students to two treatments:
evaluating the performance in small groups or evaluating the per-
formance alone. The response variable will be the 2ccuracy of their
final performance evaluations. To implement this design, use 29
equally sized skips of paper. Label 15 of them “small group” and 14
of them “alone.” Then shuffle the papers and hand them out at
random to the 29 students, assigning them to a treatment. 2, The
purpose of the control group is to provide a baseline for compari-
son. Without a group to compare to, it is impossible to determine if
the small group treatment is more effective.

page 249: 1. No. Perhaps seeing the image of their unborn child
encousaged the mothers whe had an ultrasound to eat a better diet,
resulting in healthier babies. 2. No. While the people weighing
the babies at birth may not have known whethér that particular
mother had an ulteasound or not, the mothers knew. This might
have affected the cutcome because the mothers knew whether they
had received the treatment or net. 3. Treat all mothers as if they
had an ultrasound, but for some mothers the ultrasound machine
wouldn't be turned on. To avoid having mothers know the machine
was turned off, the ultrasound screen would have to be turned away
from all the mothers.

Answers to Odd-Numbered Section 4.2 Exercises

445 Experiment, because students were randomily assigned to the
different teaching methods.

4.47 (a) Observational study, because mothers weren't assigned to
eat different amounts of chocolate. (b) Explanatory: the mother’s
chocolate consumption. Response: the baby’s temperament.
(c) No, this study is an observational study so we cannot draw a
cause-and-effect conclusion. It is possible that women who eat
chocolate daily have less stressful lives and the lack of stress helps
their babies to have better temperaments.

4.49 Type of school. For example, private schools tend to have
smaller class sizes and students that come from families with higher
socineconomic status, If these students do better in the future, we
wouldn’t know if the better performance was due to smaller class
sizes or higher socioeconomic status.

4,51 Experimental units: pine seedlings. Explanatory variable:
light intensity. Response variable: dry weight at the end of the study.
Treatments: full light, 25% light, and 5% light.






