What do the data tell us about whether the active magnets helped

reduce pain? By the end of the chapter, you'll be ready to interpret
the results of this study.
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Intro duction You can hardly go a day without hearing the results of a statistical study. Here are

some examples:

e The National Highway Traffic Safety Administration (NHTSA) reports that
seat belt use in passenger vehicles increased from 83% in 2008 to 84% in 2009.2

EENNMSN o According to a recent survey, U.S. teens aged 13 to 18 spend
: . an average of 26.8 hours per week online. Although 59% of the

teens said that posting personal information of photos online is

unsafe, 62% said they had posted photos of themselves.?

o A recent study suggests that lack of sleep increases the risk
 of catching a cold.* '

e For their final project, two AP Statistics students showed
. that listening to music while studying decreased subjects’ per-
- formance on a memory task.’

i t & Canwe trust these results? As you'll learn in this chapter, that
sopdiutaen i depends on how the 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 Statis-
tics students. They recruited 30 students and divided them into two groups of 15 by
drawing names from a hat. Students in one group tried to memorize a list 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 designing experiments.
~ The goal of many statistical studies is to show that changes in one variable cause
changes in another variable. In Section 4.3, we'll look at why establishing causa-
tion is so difficult, especially in observational studies. We'll 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.

« ACTIVITY See no evil, hear noevil?. -~ = =~
~* MATERTALS: Two index cards, eachi with 10 pais of digits wiitten on it (prepared by your teacher);
lock, watch, or stopwatch to measure 30 secoids; and a:coin for each pair of students .. . -

L

. Confuciussaid, I hear and T forget, I see and I remember. T doand | understand”
Do people really remember what they see better than what they hear?® In this -
Activity, you will perform an ¢xpe1;i_;r‘_1_'ent:vto_tr'yt(3f findout, . o ielco
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1. Divide the class into pairs of students by drawing narmes from ahat o

2. Your teacher will give each pair two index cards with 10 sets of numbers

. on them. Do not look at the numbers until it is time for you to do the . -

. experiment. I

. 3. Flip a coin to decide which of you is Student A and which is Student B. -

" Shuffle the index ¢ards and deal one face down to each partner.. . 5

{ 4. Student A will attempt a memory task while Stirdent B keeps time, ca

Directions: Study the paiis of numbers on the index card for 30 seconds. Then

turn the card over. Recite the alphabet aloud (A, B, G etc.). Then te your. part-
ner (Student B) what you think the. numbers on - nt B.wi
record how many pairs of numbers you recalled ¢
5. Now it's Student B's turn to do a memoty task wk
Directions: Your partner will read the pairs ofnumberso
three times slowly. Next, you will recite the alphabet l

then tell your partnér what you think the numbers on the card are. Student

record how many pairs of numbers you tﬁ-;called_ co Hyeore e
6. Yotir teacher will scale and label axes on the board for parallel dotplots of the re-
sults. Plot the number of pairs 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, cari we conclude that people in gen-
eral remember better whén they see than when they hear? Why or why not?

Sampling and Surveys

: - Suppose we want to find out what percent of young drivers in the United States
* In Section 4.1 , text while driving. To answer the question, we will survey 16- to 20-year-olds who
'you’ll learn about: livein the U_mtpd Statgs. anc! dl'lV.e. Ideglly, we would ask them :'111 (ta}ke a census).

But contacting evety driver in this age group wouldn’t be practical: it would take
. © The idea of a sample too much time and cost too much money. Instead, we put the question to a
. survey sample chosen to represent the entire population of young drivers.

® How to sample badly

* How to sample well:
Random sampling

® Other sampling methods
* Inference for sampling

: ® Sample surveys: What
can go wrong?

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

uses of sampling.
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Sampling Hardwood and Humans

® Populations and samples (e

- PROBLEM: Identify the population and the sample in each of the following settings. .

. (a) Afurniture maker buys hardwood nlarge batches. The supplir is supposed o dry the wood

| before shipping (wood that isn't dry won't hold its size and shape). The furniture maker chooses

. five pieces of wood from eachbatoh and tests their moisture content. If any piece exceeds 12%

B moisture content, the entire batch is sent back. ' : e

" (1) Eachwesk, the Gallup Poll questions a sample of about; 1 500 adult U.5. residents to deter-
" mine national opinion on a wide variety of issues.

b SOLUTION: |

I (a) Thepopulationis all the pieces of hardwood in 2 batch. The sample is the five pieces of wood
. that are selected from that batch and tested for moisture content.

- (b) Gallup's population is all adult U.S. residents. Their sample is the 1500 adults who actu-

T L E T

* ally respond to the survey questions.
: , For Practice Try Exercise 1

,o"o‘o‘o'oioblob'ooo‘cooi

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 a cone if the sample tastes good? Since ice
cream is fairly uniform, the single taste represents the
whole. Choosing a represéntative sample from a large and
varied population (like all young U.S. drivers) is not so easy.

Sample survey  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 defini-
tions of our variables.

We reserve the term “sample survey” for studies that use an orga-
nized plan to choose a sample that represents some specific popula-
tion, like the pieces of hardwood and the U.S. adults in the previous
example. By our definition, the population in a sample survey can con-
sist 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.

HONVIZRA How Does the Current Population Survey Work?
| Asamplesarvey © . 0
One of the most important government sample sutveys in the United States is
. the monthly Cutrent Population Survey (CPS). The CPS contacts about 60,000
" households each month: It produces the monthly unemployment rate and much
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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-good sam-
pling methods.

How to Sample Badly

How can we choose a sample that we can trust to represent the population?
The easiest—but not the best—sampling method just chooses individuals who
are close by. Suppose we're interested in finding out how long students at a
large high school spent on homework last week, for example. We might go to
the school library and ask the first 30 students we see about their homework
time. A sample selected by taking the members of the population that are
easiest to reach is called a convenience sample. Convenience samples often
produce unrepresentative data.

What's wrong with our convenience sample of students in the library? It’s
unlikely that this sample represents the homework habits of all students at the
school well. In fact, we’d expect the sample to overestimate the average homework
time in the population since students who hang out in the library might tend to
be more studious. This is bias: using a method that will consistently overestimate
or underestimate the value you want to know.
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The Internet brings voluntary
response samples to the com-
puter nearest you. Visit
www.misterpoll.com to become
part of the sample in any of
dozens of online polls. As the
site says, “None of these polls
are ‘scientific, but do represent
the collective opinion of
everyone who participates.” Un-
fortunately, such polls don't tell
you anything about the views of
the population at large.

DEFINITION: Bias =

The da_sign of a statistical study she ' biasﬁﬂsystemahcallyiavum certain outcomes.

AP EXAMTIP 1f you're asked to describe how the design of a study leads to bias, you're expected to identify
the direction of the bias. Suppose you were asked, “Explain how using a convenience sample of students in
your statistics class to estimate the proportion of alf high school students who own a graphing calculator could
result in bias” You might respond, “This sample would probably include a much higher proportion of students
with a graphing calculator than in the population at large because a graphing calculator is requived for the
stafistics class. That is, this method would probably leadto an overestimate of the actual population proportion”

Convenience samples are almost guaranteed to show bias. So are yoluntary
response samples, in which people decide whether to join the sample ir:,}esponse
to an open invitation. Call-in, write-in, and many Internet polls rely on voluntary
response samples. Unfortunately, people who choose to participate are usually
not representative of any clearly defined population. Voluntary response samples
attract people who feel strongly about the issue in question, often in the same
direction. That leads to bias.

DEFINlT ION: Voluntary response sample

A voluntary response sample consists of people whochooseﬂ*;emsetvas by respond-
ing to a general appeal. Vétqu;ary-'.fesponse'-s;'mpi_@ show bias because people with

strong opinions (often in the same direction) are most likely to respond.

Write-in-and call-in opinion polls are almost sure to lead to strong bias. In fact,
only about 15% of the public has ever responded to a call-in poll, and these tend
to be the same people who call radio talk shows. That's not a representative sam-
ple of the population as a whole.

Tllegal Immigrants and Driver's Licenses

‘Online polls

Former CNN commentator Lou Dobbs doesn’t like 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
loudobbs.com to vote on the question “Would you be more or less likely to vote for
a presidential candidate who supports giving drivers’ 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 hie poli? Explain how this sampling method
could lead to bias in the poll results.
SOLUTION: Mr. Dobbs used a voluntary response sample: people chose o 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
population who would be less likely to support a presidential candidate with this position.

. For Practice ‘Try Exercise 5
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, CHECKYOUR UNDERSTANDING

For each of the following situations, identify the sampling method used. Then explsin
how the sampling method could lead to bias.

1. Afarmer brings a juice company several crates 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 num-
ber. More than 186,000 callers responded, and 67% said “No.”

How to Sample Well:
Random Sampling

In a voluntary response sample, people choose whether to respond. In a conve-
nience sample, the interviewer makes the choice. In both cases, personal choice
produces bias. The statistician’s remedy is to allow impersonal chance to choose
‘ the sample. A sample chosen by chance rules out both favoritism by the sampler
Random sampling  and self-selection by respondents. Random sampling, the use of chance to select
a sample, is the central principle of statistical sampling.
In everyday life, some people The simplest way to use chance to select a sample is to place names in a hat
-use the word “random” to mean (the population) and draw out a handful (the sample). This is the idea of a simple
haphazard, as in, “That's so random sample.
random.” In statistics, random
means “due to chance.” Don't
say that a sample was chosen .
at random if a chance process -
wasn't used to select the
individuals.

i

An SRS not only gives each indi-
vidual an equal chance to be chosen but
also gives every possible sample an equal
chance to be chosen. There are other
random sampling methods that give
each individual, but not each sample, an
equal chance. Exercise 26 describes one
such method. For now, let’s think about
how to actually select an SRS.

When you think of an SRS, picture
drawing names from a hat to remind your-
self that an SRS doesn’t favor any part of the
population. That’s why an SRS is a better
method of choosing samples than conve-
nience or voluntary response samples. But
writing names on slips of paper and draw-
ing them from a hat doesn’t work as well
Statisticians Pall ssieep Paster by  if the population is large. Think about the
feking & random sample of sheep.  Current Population Survey, for example,
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which must draw a sample of size 60,000 every month from the population of
over 117 million U.S. households.

In practice, people use random numbers generated by a computer or calcula-
tor to choose samples. If you don’t have technology handy, you can use a table of
random digits.

DEFINITION: Table of random digits
A table of random digits is a long string of the digits 0, 1, 2, 3, 4,5, 6, 7, 8, 9 with
these properties: ~ %

* Each entry in the table is .e_q:Uailyj_ 'Ij}_@'e_Iy to be any of the 10 digits O through 9.

« The entries are independent of ach other. That is, knowledge of one part of the table
gives no information about any ofher part, -

TFable D at the back of the book is a table of random digits. It begins with the
digits 19223950340575628713. To make the table easier to read, the digits appear
in groups of five and in numbered rows. The groups and rows have no meaning—
the table is just a long list of randomly chosen digits. There are two steps in using
the table to choose a simple random sample.

How to Choose an SRS Using Table D

STEP 1; LABEL. Give cach membet of the population a numerical label of the
same length. - ; :

STEP 2: TABLE. Read consecutive groups of digits of the appropriate length
from Table D. | _

Your "sa'l"ﬁpl’e contalns the i‘hdi’Vidu‘a’I; whose labels yoﬁ 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
standard practice, we recommend that you begin with label 1 (or 01 or 001, 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
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. Ignore any group of
digits that was not used as a label or that duplicates a label already in the sample.
You can read digits from Table D in any order—across a row, down a column,
and so on— because the table has no order. We recommend reading across rows
from left to right. ’
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84 55
Skip  Skip

Our SRS bf#hntéls for theeditors tocontactls 05 Béachi Castle, 1 6 Radisson, 17 Ramada; and
209eaClib. - -

As you saw in the previous example, using Table D to select an SRS can be time-
consuming. The Simple Random Sample applet can help you quickly choose an
SRS for populations of up to 500 individuals. Your calculator can do even better.




214 CHAPTER 4 DESIGNING STUDIES

TECHNOLOGY CORNER Choosing an SRS

You.cdn'use the Simple Random Sample applet at www.whireeman.cori/tpste
‘oryour graphing calculator to select the SRS of 4 hotels in the previous éxample.
- Simple Random Sample applet: Enter 28 in the “Population =1 to” box- -
and 4 in the “Select a-sample of size” box, click “Reset,” and click “Sample.”
Figure 4.1 shows the result of one sample. :

| FIGURE 4.1 The
Simple Random
Sample applet used to
choose an SRS of size
n= 4 from a popula-
tion of size 28.

n select PrB ‘arid 5: randint (. Complete the com-
drnt(1,28) and press [ENTER. .
s [CRTADDG), then [E21(Flash Apps), and choose randznt (. Complete

the-corimand Tistat:ranatnt(1,28) and press [ENEER. ~

Qtuov.nm‘.u,&..—..-.uo.ﬁ.—t'«.—.o.......Q._-Q»..O«Ijo'll._n.oa.lonocbu..o--.-.goa
* 3 A% -
; g ! "y oy B s el Wik

" “[ TOUR OF ACCOUNTING ARE
OVER HERE :%:E :i:& ;8;’5 ;:g‘g\_s&nz
NINE NINE WITH RAN-
WE HAVE OUR THAT'S y
RANDOM NUMBER A bom7  DOMNESS:
GENERATOR. YOU CAN
E L NEVER BE
i

esult§ with yout classmates. If several students got the same num-

to seed your calculator's random number generator with dif-

before you proceed. Directions for doing this are given in the
A R

notited Teachers Eeitars, .
2. Now do randint (1, 28) again. Keep pressing [EmER] until you have chosen
four different labels. (Notice the repeated label “25” in the TI-84 screen shot.)

FandIntil, 287

e N L] N
Tu=LNRON

aRees0NN ®.5.9-2.9 ’r-.;.<.\~¢ seanee .'Q"
&

Sesvhesessrescresesssc v R

Ti-Nspire instructions in Appendix B |
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There’s an important difference between the samples produced by the Simple

loc:?)i;s:::fgvvﬁasre;pﬁﬁgs Random Sample applet and the calculator’s randInt command in the Technol-
random number gen . ra¥or ogy Corner. The applet sampled without replacement from the “Population hop-

per,” but the calculator sampled with replacement from the specified population.

at www.random.org. The ) . .
As a result, the calculator sometimes selects the same number more than once in

Research Randomizer at www,

randomizer.org is another op- a given sample. To deal with this problem, you can generate additional random
tion. Click on “Randomize” and numbers as needed to replace any repeats. Or you can use a method other than
fill in the boxes. You can even randInt (like randsamp on the TI-Nspire) to sample without replacement. Refer
ask the Randomizer to arrange to your device’s reference manual or ask your teacher.

your sample in order. ‘; 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. Online
and.call-in polls also produce samples. But we can’t trust results from these sam-
ples because they are chosen in ways that invite bias. The first question to ask about
any sample is whether it was chosen at random.

@
ACTIVITY How large is a typical U.S. state?

In this Activity, you and your classmates will use two different sampling methods to estimate the
® average area (in square miles) of the 50 states. ~ =~

& 1. Use the map shown to choose a sample of 5 states to
" estimate the average (mean) land area. You have
& 15seconds.
g2 lRe_féi',:_tob_t'hc,t‘_abl;e‘qf land areas on page N/DS-5. Find
¢ the mean land area for your sample.
" 3. Make a class dotplot of the miean land areas from
bswz
b 4. Usealine of Table D assigned by yourteacherto =
 choosear SRS of 5 tats from the tableon page N/DS 5
b Find the mean land area for this sample.. -~~~
m.}" Make a class dotplot of the mean land :
TP INERETINY Step 4 right abqvé your' dotplot from Step3 "
6. How do thé class’s estimates using the two miethods cémpgté? What

advantage(s) does random sampling provide? =~

the mean land ateas from

Other 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 population. Unfor-
tunately, it’s usually very difficult to actually get an SRS from the population of
interest. Imagine trying to get a simple random sample of all the batteries pro-
duced in one day at a factory. Or an SRS of all U.S. high school students. In either
case, it's just not practical to choose an SRS. For starters, it would be difficult to
obtain an accurate list of the population from which to draw the sample. It would
also be very time-consuming to collect data from each individual that’s randomly
selected. Sometimes, there are also statistical advantages to using more complex
sampling methods.
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Unfortunately, “stratified random
sample” has the same initials as
“simple random sample.’ Only

a simple random sample gets
abbreviated SRS, however,

(SN

® »

ACTIVITY Sampling sunflowers
A British farmer grows sunflowers for making sunflower oil. Her
, ternw1th10 ‘rbws‘ and 10 columnis as shown in the figure. Trrig

One of the most common alternatives to an SRS involves sampling important
groups (called strata) within the population separately. Then these separate “sub-
samples” are combined to form one stratified random sample. This method
works best when the individuals within each stratum are similar to one another
in a way that affects the variable being measured but there are large differences
between strata.

DEFINITION: Stratified random sample and strata _ _

To select a stratified random sample, first classify the population into groups of similar
individuals, called strata. Then choose a separate SRS in each stratum and combine
these SRS to form the full sample. ' i

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 stra-
ta. In a preelection poll, a population of election districts might be divided into
urbari, suburban, and rural strata. If the individuals in each stratum are less varied
than the population as a whole, a stratified random sample can produce better in-
formation about the population than an SRS of the same size. Not convinced? Try
the following Activity.

~and bottorn of the field, as showi. T
- the number of healthy plants in th
- money she’ll make from selling thern. | | h tim

count the plants in all 100 squares, so she'll accept ari estin

 asample of 10 squares. .

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

2. This time, you'll take  stratified random sample using the

——— 70w s strata. Use Table D or technology to randomly select -

G[H[I[J]| . oneé square from each (horizontal) row. Record the location of

- each square. '

'3, Now, take a sﬁéti‘ﬁéd random sérnj;l'é using the colurns

as strata, Use Table D or techinology to randomly select one

‘square from each (vertical) column Record the location of

eachsquare. - CE R T s
4. The table on page N/DS-6 gives the actual number of

Wleo |\ ta| b W=

 sunflowers in each grid square. Use the information provided
to calculate your estimate of the mean number of sunflowers

-t
=

per ;$guéte for each of y&ur.saﬁplgﬁ in Steps 1,2, and 3: -
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5. Make comparative dotplots showing the mean number of sunflowers ob-
tained using the three different sampling methods for all members of the class.
Describe any similarities and differences you see.

6. Your teacher will provide you with the mean number of sunflowers in the popu-
lation of all 100 grid squares in the field. How did the three sampling methods do?

The following example describes an interesting use of stratified random samples
in the music business.

EXAMPLE |

4 very piece of music ever
ding to their popularity.’

..O............O..I

Although a stratified random sample can sometimes give more precise infor-
mation about a population than an SRS, both sampling methods are hard to use
when populations are large and spread out over a wide area. In that situation, we'd
prefer a method that selects groups of individuals that are “near” one another.
That's the idea of a cluster sample.

In a cluster sample, some Imagine a large high school that assigns its students to homerooms alphabeti-
people take an SRS from each cally by last name. The school administration is considering a new schedule and
cluster rather than including l would like student input. Administrators decide to survey 200 randomly selected
members of the cluster. students. It would be hard to track down an SRS of 200 students, so the adminis-

tration opts for a cluster sample of homerooms. The principal (who knows some
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statistics) takes a simple random sample of 8 homerooms and gives the survey to
all 25 students in each homeroom.

You might say that strata Cluster samples are often used for practical reasons, as in the school survey
are ideally “similar within, example. They don’t offer the statistical advantage of better information about the
but different between;” while population that stratified random samples do. That's because clusters are often
clusters are ideally “different chosen for ease or convenience, so they may have as much variability as the popu-

within, but similar between- lation itself. Be sure you understand the difference between strata and clusters.

We want each stratum to contain similar individuals, and for there to be large
differences between strata. For a cluster sample, we'd like each cluster to look just
like the population, but on a smaller scale.

 Sampling .aj,gt:-a |

Strata ot clusters? == .- .7 %

L

SEE L SR T

conduét a survey during the first

bly in the auditorium about
. They would like to announce the
: v at the end of the-assembly. Thé student
W “cotincil presidént askd ybur statistics class to help carry out the
& survey. 4

PROBLEM: There are 800 students present at the assembly. A map of the
auditorium is shown below. Note that etudents are seated by grade level
| and that the seats are numbered from 1 t0 800.

9th grade: Seats 601-800 10t grade: Seats 401-600
11th grade: Seats 201-400  12th grade: Seats  1-200

;Des'dn'l‘ie"bow;fayv.woiuld;ésfe‘each‘of‘thefo_llowiﬁgsgmpl}ng'mabhddstoé‘elsct&Oétudehtstocom—
pletetesurvey.

{a) Simple random sample - -

(") Stratified random sample

() Clustersample

SOLUTION:
(a) TotakeanSRS, weneed to choose 80 of the seat numbers at random. Use randint(1,800) onyour
calculator until 80 different seats are selected. Thengive the survey to the students in those seats.
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Can you give an advantage
and a disadvantage of each

sampling method used in the
example?

v from the stage tothe back of the
- auditorium could be uster. Note' 5t conﬁiﬂé;sfﬁ!iaqﬂt’éﬁbmall;fomgmdc
levels, 5o each should represent the population well. Since shere are 20 clusters; each with 40 seats,
we fieed o choose 2 clusters at random to get BO students for the survey. Use randint{1,20) to
select two clusters, and then give the survey to all 40 students in each column of seats.

_ For Practice: Try Exercise 21

Most large-scale sample surveys use multistage samples that combine two or
more sampling methods. For example, the Current Population Survey’s monthly
survey of 60,000 households uses the following design:

Stage 1: Divide the United States into 2007 geographical areas called Primary
Sampling Units, or PSUs. Select a sample of 756 PSUs. This sample includes
the 428 PSUs with the largest population and a stratified random sample of 328
of the others.

Stage 2: Divide each PSU selected into smaller areas called “neighborhoods.”
Stratify the neighborhoods using ethnic and other information, and take a strati-
fied random sample of the neighborhoods in each PSU.

Stage 3: Sort the housing units in each neighborhood into clusters of four nearby
units. Interview the households in a random sample of these clusters.

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

I CHECKYOUR UNDERSTANDING
The manager of a sports 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 vary a
great deal: seats near the court cost over $100 each, while seats in
L the top rows of the arena cost $25 each. The arena is divided into
k30 numbered sections, from 101 to 130. Each section has rows of
. seats labeled with letters from A (nearest the court) to ZZ (top row
e . of the arena).

SIRADITION

i 1. Explain why it might be difficult to give the survey to an SRS
e iy I of 200 fans.

'_ 2. Which would be a better way to take a 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.
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Inference

® & & 9 ®

Margin of error

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 sam-
ple 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 eliminate bias in
selecting samples from the list of available individuals.

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 Current 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 re-
sults are rarely exactly correct, and we expect them to vary from sample to sample.

“ACTIVITY Results may vary . . .
MATERIALS: At least 200 colored chips with exactly 60% of a particular color (say, red); large bag or
gthéf container that s,tljidem_;'s t__:a'n’t see through ' :

In this Activity, you will expiort_e how the results of repeated random samples vary
in relation to the population truth.

1. Your teacher will prepare a large population of colored chips with 60% of a
patticular color.

2. One at a time, each student in the class will take an SRS of 20 chips and
fecord the proportion of chips obtained that are red. The chips should be
returned to the container before the next student chooses a 'sampl'e.

3. Make a class dotplot of the sample proportions for this color of chip. Where
is the graph centéred? How much do the sample proportions vary around the
center? Is there a clear shape? - . N

Why can we trust random samples? As the previous Activity illustrates, the
results of random sampling don’t change haphazardly from sample to 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 that the laws of probability allow trustworthy inference 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 informa-
tion about the population than smaller samples. For instance, in the Activity,
you would get a better estimate of the proportion of red chips in the popula-
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tion using random samples of 40 chips than 20 chips. By taking a very large
sample, you can be confident that the sample result is very close to the truth
about the population.

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 peo-
ple 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?

Random sampling eliminates bias in choosing a sample. But even a large ran-
dom sample will give a result that differs from the truth about the population.
This “sampling variability” is described by the:margin of error that comes with
most poll results. So once we see the magic words randomly selected, do we
know we have trustworthy information? It certainly beats voluntary response,
but not always by as much as we might hope. Sampling in the real world is
more complex and less reliable than choosing an SRS from a list of names in
a textbook exercise.

Most sample surveys are affected by errors in addition to sampling variabil-
ity.- These errors can introduce bias that makes a survey result meaningless.
Good sampling technique includes the art of reducing all sources of error.
Let’s look at the two main sources of errors in sample surveys: sampling errors
and nonsampling errors.

Sampling errors The margin of error tells us how much sampling variability to
expect, and we can control it by choosing the size of our random sample. It doesn’t
tell us about sampling errors, mistakes made in the process of taking a sample that
could lead to inaccurate information about the population. One source of sam-
pling error is the use of bad sampling methods, such as voluntary response. We
can avoid bad methods. Other sampling errors are not so easy to handle. Sampling
often begins with a list of individuals from which we will draw our sample. This
list is called the sampling frame. Ideally, the sampling frame should list every
individual in the population. Because a list of the entire population is rarely avail-
able, most samples suffer from some degree of undercoverage.

A sample survey of households, for example, will miss not only homeless peo-
ple but prison inmates 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 systematically from the rest of the population.
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Sampling errors in careful sample surveys are usually quite small. The real
problems start when someone picks up (or doesn’t pick up) the phone. Now non-
sampling errors take over.

Nonsampling errors Nonsampling errors are those that can plague even a census.
One of the most serious sources of bias in sample surveys is nonresponse, which
occurs when a selected individual cannot be contacted or refuses to cooperate.
Nonresponse to sample surveys often exceeds 50%, even with careful planning and
several callbacks. Because nonresponse is higher in urban areas, most sample sur-
veys substitute other people in the same area to avoid favoring rural areas in the
final sample. If the people contacted differ from those who are rarely at home or
who refuse to answer questions, some bias remains. For example retired people
may be more likely to respond, which would give their opinions more welght In
a poll about Social Security reform, this could give a misleading impression of the
population’s views.

DEFINITION: Nonresponse

Nonresponse occurs when an individual chosen for the sample can't be contacted or
rafuses to partlclpate, e [

Some students misuse the term “voluntary response” to explain why cer-  gaunon
tain individuals don’t respond in a sample survey. Their idea is that par-
ticipation in the survey is optional (voluntary), so anyone can refuse to
take part. What the students are actually describing is nonresponse. Think about
it this way: nonresponse can occur only after a sample has been selected. In a
voluntary response sample, every individual has opted to take part, so there won’t
be any nonresponse.

The ACS, GSS, _and Opinion Polls
‘How bad is. nonreSponse? oo

} The Census Bureau s Ammcan Cemmumty Survey (ACS) has the lowest nionfe-
sponse rate of any poll we know: only about 1% of the households in the sample
refuse to respond The overall nonresponse rate, including “tever at home” and

other causes, is just.2,5%8 his monthly s irvey of about 250,000 households

replaces the “long for _ tosome households in the every-

ten-years national census. Partici on in the ACS is mandatoty, and the Census
Bureau follows up by telephonean then 11 person if a household doesn’t return
the mail questionnalre : '

The University of Chlcagos Gcneral Social Survey (GSS) is the natlons most
1mportant social science survey (see Figure 4:2). The GSS contacts its sample
in person, and it is run by a university. Desplte these advantages its most recent
survey had a 30% rate of nonresponse.
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' ' ind the Press imitated a care-

rvey and published th ts: over 5 days, the
the households in its chosen sample, but “because of
cism and outright refusals, interviews were completed
Id - shed.” Combining households that
0 ot complete the interview gave

‘..........O.......

Another type of nonsampling error occurs when someone gives an incorrect
response. A systematic pattern of incorrect responses in a sample survey leads
Response bias  to response bias. People know that they should take the trouble to vote, for
example, so many who didn’t vote in the last election will tell an interviewer
that they did. The race or gender of the interviewer can influence responses to
questions about race relations or attitudes toward feminism. Answers to ques-
tions that ask people to recall past events are often inaccurate because of faulty
memory. “Have you visited a dentist in the last 6 months?” will often draw a
“Yes” from someone who last visited a dentist 8 months ago.!® Careful training
of interviewers and careful supervision to avoid variation among the interview-
ers can reduce response bias. Good interviewing technique is another aspect of
a well-done sample survey.

hedules, skepti
8% e

1d not be cortacte h th
a-nonresponse rate of 73%.%

I'M FILLING OUT SEE, THEY ASKED HOW MUCH MONEY THIS MASAZINE SHOULD | I LOVE -
A READER SURNEN T SPEND ON QUM EACH WEEK, SO I HAVE SOME AMUSING MESSING
FOR CHEWING WROTE, "$500." FOR MY AGE, I WT WITH DATA.
437 AND WHEN THEY ASKED WHAT MY
FAVORITE FLANOR IS, I WROTE

" GARLIC/ CURRY!

el
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Wording of questions The wording of questions is the most important influence on the answers given
to a sample survey. Confusing or leading questions can introduce strong bias, and
changes in wording can greatly change a survey’s outcome. Even the order in
which questions are asked matters.

Question wording matters o

“Should illegal immigrants be prosecuted and deported for being in the U.S. illegally,
or shouldn’t they?” Asked this question in an opinion poll, 69% 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 questions
give quite different impressions of attitudes toward illegal immigrants.

.Qtoo.ooo.oooood'ol"o'o

CAUTION

How Do Americans Feel a;bpuf Elegal Immigrants?

Don't trust the results of a sample survey until you have read the exact questions
asked. The amount of nonresponse and the date of the survey are also impor-
tant. Good statistical design is a part, but only a part, of a trustworthy survey.

Does the order matter? Ask a sample of college students these two questions:

THINK “How happy are you with your life in general?” (Answers on a scale of 1 to 5)
ABOUT “How many dates did you have last month?”

IT 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.

N R R LR LA

’ CHECK YOUR UNDERSTANDING

1. Each of the following is a source of error in a sample survey. Label each as sampling
error or nonsampling error, and explain your answers.

(a) The telephone directory is used as a sampling frame.
(b) The person cannot be contacted in five calls.
(c) Interviewers choose people 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 question:

It 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 estimated
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 result in bias. Be sure to specify the direc-
tion of the bias.
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Summary

A sample survey selects a sample from the population of all individuals
about which we desire information. We base conclusions about the
population on data from the sample. It is important to specify exactly what
population you are interested in and what variables you will measure.

¢ Random sampling uses chance to select a sample.

®  The basic random sampling method is a s1mple random sample (SRS).
An SRS gives every possible sample of a given size the same chance to be
chosen. Choose an SRS by labeling the members of the population and
using random digits to select the sample. Technology can automate this
process. ' ;

* ‘To choose a stratified random sample, divide the population into strata,
groups of individuals that are similar in some way that might affect their
responses. Then choose a separate SRS from each stratum.

* To choose a cluster sample, divide the population into groups, or clusters.
Randomly select some of these clusters. All the individuals in the chosen
clusters are included in the sample.

* Failure to use random sampling often results in bias, or systematic errors in
the way the sample represents the population. Voluntary response samples,
in which the respondents choose themselves, and convenience samples,
in which individuals close by are included in the sample, are particularly
prone to large bias.

*  Sampling errors come from the act of choosing a sample. Random
sampling error and undercoverage are common types of sampling error.
Undercoverage occurs when some members of the population are left out of
the sampling frame, the list from which the sample is actually chosen.

*  The most serious errors in most careful surveys, however, are nonsampling
errors. These have nothing to do with choosing a sample—they are
present even in a census. The single biggest problem for sample surveys
is nonresponse: people can’t be contacted or refuse to answer. Incorrect
answers by respondents can lead to response bias. Finally, the exact
wording of questions has a big influence on the answers.

".!‘.«.....'."Gl..lﬁﬁ&@#&&&& T b g%
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e ], Students as customers A hlgh school 5 student
sto s nesses about the ;‘ i

EX@ TCISGS

7

B

Instant oprmon A recent onhne poll posed the ques-v -

E tron Should female athletes be paid the same as men

& work they do?” In all, 13,147 (4-4% said “Yes”
50%) said “No,” and the remainir g 1448 said

- know.” In spite of the large sample size for l’.l'llS-‘
we can t trust the result. Why not? '

: - 3 ».v Onlme polls In ]une 2008, Parade magazme posed

g 1rlto envelopes and seals the envelopes for marlrng

- creditcard purchases at the store. Thi

Are the: envelopes completely sealed? Inspectors -
choose 40 envelopes from the 1000 stuffed each hour -

for visual mspectlon Identrfy the populatron and the

sample

Customer sahsfactlon A department store marls

a cugtomer satisfaction survey to people who make '

people made ctedit ¢ard purchases: §
wiailed to 1000 of these people, cho

; Call the shots A newspapér advertrsement for an oo
upcorning TV show said: “Should handgun control B

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.” Explaini why thls opmron poll is almost
certamly biased.

. Explaln it to the congresswoman You are on the
staff of a member of Congress whio is consnderm,g a

bill that would provide govemment-sponsored insur-

ance for nursing-home care: You report that 1128 ,etters R
 have been teceived on the issue, of which 871 oppose o

the legislation. “I'm surprised that most of my con- -

stituents’ oppose thebill. 1 thought it would be quite -

- popular,” says the' cougresswoman Ate you convinced

. that a majority of the voters oppose the bill? How would

E you explaln the statistical issue to the congresswoman?

'”wmg question: ¢ Should drivers be banned
'__1ll phones? Readers were ericour-

) why thrs sampling 1 method is brased Is

. V:TSS% probably higher or lower thari the true percent'
5 dnvmg should be. banned? Why?

@ SleepleSs mghts How mitch sleep do hrgh school

dults who believe that cell phone use whrle

students get.on a typlcal school night? An interested

- student desrgned a survey to find out. To make data
- collection easier, - the student surveyed the first 100

at random, "';tv s
and 137 people return thie survey form: Identrfy the N
) populatlon and'the sample ~ :

'f10;

11.

P9,213’f

's‘tudents to arrrve at school on a partrcular morning,
' ' eported an average of 7.2 hours of

: (a) What type of sample drd the student obtam?

' (b) Explaln why this samplrng method is blased Lo
T2 h ‘
“age amount of sleep. last mght for all students at the

urs probably higher or lower than the true aver-

school? Why?

Samplmg at the mall You have probably seen the .
mall interviewer, approachmg people passing by with
cllpboard in hand. ‘Explain why even a large sample
of mall shoppers would not provide a trustworthy
estrmate of the current unemployment rate '

Do you trust the Intemet? You want toaska sample
of high schiool students the question “How much do

- you trust information about health that you find on

“the Internet~a great: deal, somewhat, not much, or

- notatall?” You try out this and other questrons ona

pilot group of 5 students chosen from your class The
L class members are hsted at top rrght

; (a) Explam how you would use a line of Table D to

choose an SRS of 5 stizdents from the following list.

" Explain your method clearly enough for a claSSmate
_ to obtain'your results:



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

Anderson Deng Glaus Nguyen  Samuels
Arroyo  De Ramos Helling Palmiero Shen
Batista  Drasin Husain Percival Tse

Bell Eckstein  Johnson Prince Velasco
Burke  Fernandez Kim Pui .= Wallace
Cabrera Fullmer Molina Richards Washbumn
Calloway Gandhi  Morgan Rider Zabidi -
Delluci  Garcia Murphy Rodriguez Zhao

12. Apartment living You are planning a report on

Ashley Oaks ~ Chauncey Village Franklin Park Richfield

Bay Pointe Country Squire ~ Georgetown Sagamore Ridge
Beau Jardin Country View Greenacres Salem Courthouse
Bluffs Country Villa Lahr House Village Manor
Brandon Place Crestview Mayfair Village ~ Waterford Court
Briarwood Del-Lynn Nobb Hill Williamsburg
Brownstone Fairington Pemberly Courts

Burbernry Fairway Knolls Peppermill

Cambridge Fowler Pheasant Run

13. Sampling the forest To gather data on a 1200-acre

14.

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 results.

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

pine forest in Louisiana, the U.S. Forest Service laid a
grid of 1410 equally spaced circular plots over a map
of the forest. A ground survey visited a sample of 10%
of these plots.12

(a) Explain how you would use technology or Table D
to choose an SRS of 141 plots. Your description should
be clear enough for a classmate to obtain your results.
(b) Use your method from (a) to choose the first

3 plots. :

Samplmg gravestones The local genealogical society
in Coles County, linois, 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 learn about African Americans in Coles County’s his-
tory. They first choose an SRS of 395 records to check
their accuracy by visiting the actual gravestones. 3

(a) Explain how you would use technology or Table
D to choose the SRS. Your description should be
clear enough for a classmate to obtain your results.
(b) Use your method from (a) to choose the first

3 gravestones.

i5.

16.

17.

18.
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Random digits In using Table D repeatedly to
choose random samples, you should not always begin
at the same place, such as line 101, Why not?

Random digits Which of the following statemerits
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.

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

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.

(a) Explain why it would be difficult for managers to
inspect an SRS of 20 iPhones that are produced today.
(b) 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 idéa?

(c) Another employee recommends mspechng evely
fiftieth iPhone that is »produced Explain carefully
why this sampling me: 10d is ot an SRS.

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

(a) Explam why it would bé _practlcal for scientists
to'obtain an SRS in this sethng'

(b) A possible altematlve would be to use every pine
tree along the park s thain road as a sample. Why is
this samplmg method blased? :

(c) Suppose thata more comphcated random.sam-
plmg plan is carried out, anid that 35% of the pine trees
in the sample are infested by the pine beetle. Can
scientists conclude that 35% of all the pine trees on the
west side of the park are infested? Why or why not?

19. 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 Moskowitz Santos
Chen  Griswold Jones Neyman Shaw
David  Hein Kin  OBrien Thompson
Deming Hernandez Klotz  Pearl + Utts
Elashoff Holland Liu Potter Varga
The faculty members are
Andrews Fernandez Kim Moore =~ West

Besicovitch Gupta

Lightman Phillips Yang
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The club can send 4 students and 2 faculty members
to'a convention. It decides to ¢hoo > whowill

go by.random selection. How will yo abel the two
trata? Use Table D, begmmng atline 123, to choose

a stratified random sample of 4 students and 2 faculty

members

22.

amounts betvveen $1000 and $50 000; and the remam—’

: mg 4400 are in amounts under $1000 Usmg thése
strata you decrde to verify all the largest ‘

and l% of the- small accourits. How would 3 you Jabel
the two strata from which yoir will sample? Use Table
D; startlng at line 115, to select only: the first 3
accounts frorn each of these strata o :

. Go Bluel Mrchlgan Stadrum a ol;nown as The Big

Housé,” seats over 100,000 fans for a footb: | game. -
The Univetsity of Michigan athletlc department plans
fo condiicta survey about concessions that aré s0]d
dunng games. Tickets are most exper »ye for seats -
near the field and on the sideline. The cheapest seats
are hrgh up in the end zones (where oné of the au-
thors satasa student) A map of the stadrum is shown.

Visitor Sideline

N ENDZONE]

B Sigeline .
Elcorner
-Endzone

,(a) The athletrc department is consrdermg a stratrﬁed
randorn sample What would you recommend as the
strata? Why? : o L .
(b) Explam why a cluster sample mrght be easier to

“obtain. What would you recommend for the clusters?

How was your stay? A hotel has 30 ﬁoors w1th 40

" rooms per ﬂoor The: rooms on one side of the hotel

face the water whlle rooms on the other side face a 3

(by Why mrght a cluster sample be a srmpler optlon?

- What would: you use as clusters? -

‘23.

2.

25:

Is 1t an SRS? A corporatlon employs 2000 male and i

neer l chance in 10 to be chosen This s'
gives every individual in the populatlon the .
chance to be chosen for the sample Is 1t an SRS? :

‘Explam your answer

Attrtudes toward alcohol At a party there are 30
studenits over age 7 21 and 20 students under age 21, You
choose 4t random 3 of those over 21 and st ely _
choosé at random 2 of thiose under 21to mterv S
about attitudes towsird alcohol. You have giveri every

student at the party the same charice to be interviewed:
'what is the chance? Why is yotir sample not an SRS?

Hrgh-speed Internet Laying fiber-optic cable is expen-

~ sive. Cablé companies warit to make sure that, if they

26.

extend their lines out to less dense suburban or rural
areas, there will be sufficient demand and the work wﬂl
be costeffective. They decide to conduct asurvey to-
determine the proportion of households in a rural sub—
division that would buy the service. They selecta s1mple
tandom sample of 5 blocks in the subdivision and survey _
each farmly that l1ves on one of those blocl(s '

(a) VVhat is the name for this kind of samplmg
method? :

(b) Suppose there are 65 blocks in the Sul)lelSlOIl

Use technology ot Table D to select 5 blocks to be

sampled Explam your method clearly

Systematlc random sample Sample surveys often

use a systematic random sample to choose 4 sample ’
‘of apartments in a large building or housing units‘in
+ a block at thé last s stage of a multistage sample, Here

isa descnptlon of how to choose a systematlc rand’om
sample :

* Suppose that we must choose 4 addresses ot of
100: Because 100/4 = 25 we can think of the list
as four lists of 25 addresses Choose 1 of the first 25
addresses at random using Table D: The sample
contains this address and the addresses 25,50, and 75
places down the list from it. If the table gives 13, for
example, then the systemnatic random sample con51sts
of the addresses numbered 13, 38, 63 and 88



27.

28.

29.

30.

31

32.

(a) Use Table D to choose a systematic random
sample of 5 addresses from a list of 200. Enter the
table at line 120.

(b) Like an SRS, a systematic random sample gives

-all individuals the same chance to be chosen. Explain

why this is true. Then explain carefully why a system-
atic sample is not an SRS.

Sampling frame Ideally, the sampling frame in a
sample survey should list every individual in the
population, but in practice, this is often difficult.
Suppose that a sample of households in a community
is selected at random from the telephone directory.
Explain how this sampling method results in under-
coverage that could lead to bias.

Sampling frame Refer to the previous exercise. It is
more common in telephone surveys to use random
digit dialing equipment that selects the last foui’dlglts
of a telephone number at random after being given
the exchange (the first three digits). Explain how this
sampling method results in undercoverage that could
lead to bias.

Baseball tickets -Suppose you want to know the
average amount of money spent by the fans attending
opening day for the Cleveland Indians baseball sea-
son. You get permission from the team’s management
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). Using a computer,
you randomly select 500 seats from the rest of the -
stadium. During the game, you ask the fans in those
seats how much they spent that day.

(a) Provide a reason why this survey might yield a
biased result. :

(b) Explain whether the reason you provided in (a) is
a sampling error or a nonsampling error.

What kind of error? Which of the following are
sources of sampling error and which are sources of
nonsampling error? Explain your answers.

(a) The subject lies about past drug use.

(b) A typing error is made in recording the data.

(¢) Data are gathered by asking people to mail in a
coupon printed in a newspaper.

Nonresponse A survey of drivers began by randomly
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.*
(2) What was the rate of nonresponse for this sample?
(b) 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 nonresponse
in telephone surveys is “ring-no-answer.” That is, a

33.

34.

35.

36.
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call is made to an active number but no one answers.
The Italian National Statistical Institute looked at
nonresponse to a government survey of households
in Italy during the periods January 1 to Easter and
July 1 to August 31. All calls were made between 7
and 10 p.M., but 21.4% gave “ring-no-answer” in one
period versus 41.5% “ring-no-answer” in the other
period.’* Which period do you think had the higher
rate of no answers? Why? Explain why a high rate of
nonresponse makes sample results less reliable.

Runnirig red lights The sample described in Exercise
31 produced a list of 5024 licensed drivers. The inves-
tigators then chose an SRS of 880 of these drivers to
answer questions about their driving habits. One ques-
tion asked was: “Recalling the last ten traffic lights you
drove through, how many of them were red when you
entered the intersections?” Of the 880 respondents,
171 admitted that at least one light had been red. A
pracﬁcal problem with this survey is that people may
not give truthful answers. What is the likely direction
of the bias: do you think more or fewer than 171 of the
880 respondents really ran a red light? Why?

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
always used seat belts, yet only 61.5% were wearing
seat belts when they pulled into the store parking
lots. 6 Explain the reason for the bias observed in re-
sponses to the survey. Do you expect bias in the same
direction 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 a desired response?

(a) “Some cell phonie users have developed brain
cancer. Should all cell phones come with a warning
label explaining the danger of using cell phones?”
(b) “Do you agree that a national system of health
insurance should be favored because it would provide
health insurance for everyone and would reduce
administrative costs?”

(c) “Inview 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 fol-
lowing as a potential sample survey question. Is the
question clear? Is it slanted toward a desired response?
(a) 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.
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__(b) A freeze in nuclear weapons should be favored
because it would begrn a much-needed process to
stop everyone in the world from burldmg nucléar
weapons How and reduce the possibility of nuclear
war in the future Do. you agree or dIsagree?

Multzple chozce Select the best ans'wer for Exercrses :
37to42 S TN €

. response to )om the sa' p

More than 30 000 people responded wrth 68% saymg
1 di 'th,

( ) the poll uses volunt _
- us little about the p0pulatron of all adults

(d) the Sample is too small to d w‘any COncluslon
(e) None ofthese e ,

38. :Archaeologrsts plan to exa_j :‘ne a san
square plots near an ancient Greek city for artifacts

visible in the ground They choose separate. random
samples of plots from floodplain, coast, foothrlls and

high hills. What kmd of sample is thrs?
(a) A cluster sample

(b) A convenience sample

(c) A srmple random sample »

(d) A stratrﬁed random sample _

( ). Avoluntary response sample |

39. Your statistics class has 30 students You want to call

" an SRS of § studentsfrom your class to ask where

they uise a computer for the onlme éxercises. You -
;, 30; You enter the table

labél the students 01,702,
of random drgrts at tlns lme S

.}3459 26056 31424 8@571 65®§ 62? 2)53 2’1?34 p-

: Your SRS contams the students labeled
()14459260 56
(b) 14, 3], 03, 10 22
(c) 14,03, 10, 22 22

40. When we take a census we attempt to collect data- -

from . -

(a ) a stratrﬁed random sample - _
b every mdmdual selected in an SRS i
¢) every individual in the populatron .
dy

€

vv

a voluntary response sample, -

(
(
(
(

—

a convenience sample

in January 2008 was “Do you plan to diet thrs year? v

le of Z-I_neter-

(d) 14,03,10,22, 206
ey 14, 03_ 10, 2,1

41.

An example of a nonsamplrng error that can reduce
the : accuracy ¢ ofa. sample surVey i§

i \ (a) usrng voluntary response to choose the sample :

: (b) 1 usrng the telephone dlrectory as the samplmg
- flame,

)

a2

'A srmple random sample of :.00 adult Amencans is

(c) mtervrewrng people at shopprng malls to obtaln a\ -
sample : . L 3 4 i
(d) varratlon due to chance in choosrng a sample at .
random e ' o

e mbers of the sample

mablllty to contact many

the followrng ques-

(a) is reason_a y accurate since it used a large srmple_-.

3 random sample. -

o (b) needs to be larger since only about 24 people :
- were drawn from each state. . v

e ) probably understates the percent of people who

43

<

favor a system of natronal health insurance.

(d) is very 1naccurate but nerther understates nor:
overstates the percent of people who favor a system
of national health instirance. Since srmple random
sampling was dsed, it is unbiased.

(e) probably overstates the percent of people who
favor a system of nahonal health insurance. . -

Sleep debt (3.2) A researcher reported that the aver-
age teehager needs 9.3 hours of sleep per. night but
gets only 6.3 hours.1? By the end of a 5-day school

week, 4 teenager would accumulate about 15 hous of

“sleep debt.” Students in a high school statistics class

~ were skeptical, so they gathered data on the amount

of sleep debt (in houts) accumulated over time:(in
days) by a random sample of 25 hrgh school stidents.
The resultmg least-Sj ‘uares regression equatron for

their data is Sleep debt = 223 4 317 days) Do the

‘students have reason to be skeptlcal of the research

study 5. reported results? Explaln

i Internet charges (21) Some Internet servrce provrd- j _

ers (ISPs) charge compames based ot how much .

¢ bandwidth they use in a month. One ethod that
- ISPs use for calculatrng bandwrdth is to find the 95th

percentile of a company’s usage based on samples of

.' ‘hundreds of 5-minute intervals dunng a month,

(a) Explam what “95th percenhle” means in this
settlng

(b) Whlch would costa company more: the 95th
percentile method or a similar. approach usmg the
98th percenhle? ]ustlfy your answer. '
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v as o B A )

In Sectlon 4, 2,
you’ll learn about:

¢ Observational study
versus experiment

® The language of
experiments

¢ How to experiment
badly

¢ How to experiment
well: The randomized
comparative experiment

e Three principles of
experimental design

¢ Experiments: What can
go wrong?

¢ Inference for experiments

® Blocking

® Matched pairs design

Experiments

A sample survey aims to gather information about a population without disturb-
ing the population in the process. Sample surveys are one kind of observational
study. Other observational studies watch the behavior of animals in the wild or the
interactions between teacher and students in the classroom. This section is about
statistical designs for experiments, a very different way to produce data.

Observational Study versus Experiment

In contrast to observational studies, experiments.don’t just observe individuals or
ask them questions. They actively impose some treatment in order to measure the
response. Experiments can answer questions like “Does aspirin reduce the chance
of a heart attack?” and “Can yoga help dogs live longer?”

The goal of an observational study can be to describe some group or situation,
to compare groups, or to examine relationships between variables. The purpose
of an experiment is to determine whether the treatment causes a change in the
response. An observational study, even one based on a random sample, is a poor
way to gauge the effect that changes in one variable have on another variable. To
see the response to a change, we must actually impose the change. When our goal
is to understand cause and effect, experiments are the only source of fully convincing
data. For this reason, the distinction between observational study and experiment
is one of the most important in statistics.

n 'pg_red women who were takmg
the women who chose to

“more often than WOmen who didn’t take hormones Because the
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From Chapter 3: A response
variable meastires an outcome
of a study. An explanatory
variable may help explain or
influence changes in a
response variable.

Some people call a lurking
variable that results in con-
founding, like the number of
doctor visits per year in this
case, a confounding variable.

women who took hormones did many other things to maintain their health itisn’t
surprising that they had fewer heart attacks.

To get convincing data on the link between hormone replacement and heart
attacks, we should do an experiment. Experiments don't let women decide what
to do. They assign women to either hormone replacement or to dummy pills that
look and taste the same as the hormone pills. The assignment is done by a coin
toss, so that all kinds of women are equally likely to get either treatment. By 2002,
several experiments with women of different ages agreed that hormone replace-
ment does not reduce the risk of heart attacks. The National Institutes of Health,
after reviewing the evidence, concluded that the first studies were wrong. Taking
hormones after menopause quickly fell out of favor.!®

...l...b..._.....‘...

For each of these studies, the explanatory variable was whether a woman took
hormones, and the response variable was whether the woman had a heart attack.
Researchers wanted to argue that changes in the explanatory variable (taking hor-
mones or not) actually caused changes in the response variable (having a heart
attack or not). In the early observational studies, however, the effect of taking
hormones was mixed up with the characteristics of women who chose to take
them. These characteristics are lurking variables that make it hard to see the true
relationship between the explanatory and response variables.

NITION: Lurking

A Iurking vériable is a veriable that
m a study but thal may inﬂu‘ g 1espa

| among the explanatmy of fesponse vanables
variabie

Let’s consider two lurking variables from the observational studies of hormone
replacement: number of doctor visits per year and age. The women who chose to
take hormones visited their doctors more often than the women who didn’t take
hormones. Did the women in the hormone group have fewer heart attacks because
they got better health care or because they took hormones? We can’t be sure.
A situation like this, in which the effects of two variables on a response variable
cannot be separated from each other, is called confounding.

What about age? Older women are at greater risk of having a heart attack than
younger women. If the women who took hormones were generally younger than
those who didn’t, we'd have more confounding. That wasn’t the case, however.
There was no link between age and group membership (hormones or not) in the
observational studies. With no association between the lurkmg variable and the
explanatory variable, there can be no confounding.

DEFINITION: Confounding

Confounding occurs when two variables are associated in such a way that their effects
on a response variable cannot be distinguished from each other.
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Observational studies of the effect of one variable on another often fail QAN
because of confounding between the explanatory variable and one or more
Iurking variables. Well-designed experiments take steps to prevent con-
founding. The later hormone therapy experiments avoided confounding by letting
chance decide who took hormones and who didn’t. That way, women who took

AP EXAMTIP Ifyou
are asked to identify a
possible confounding
variable in a given
setting, you are

expected to explain how better care of themselves were split about evenly between the two groups. So were
the variable you choose older women and younger women. When these experiments found no reduction
(1) is associated with in heart attack risk for wornen taking hormones, researchers began to doubt the

the explanatory variable

and (2) affects the

response variable.
iy " o

" results of the earliér observational studies. The moral of the story is simple: beware
the lurking variable! '

TRV R R PR AT PR

CHECK YOUR UNDERSTANDING

1. Does reducing screen brightness increase battery life in laptop computers? To find
out, researchers obtained 30 new laptops of the same brand. They chese 15 of the com-
puters at random and adjusted their screens to the brightest setting. The other 15 laptop
screens were left at the default setting—moderate brightness. Researchers then measured
how long each machine’s battery lasted. Was this an observational study or an experi-
‘ment? Justify your answer.

Questions 2 to 4 refer to the following setting. Does eating dinner
with their families improve students’ academic performance? Ac-
cording to an ABC News article, “Teenagers who eat with their fami-
lies at least five times a week are more likely to get better grades in
school”1® This finding was based on a sample survey conducted by
researchers at Columbia University. '

2. Was this an observational study or an experiment? Justify your
answer.

3. What are the explanatory and response variables?

4. Explain clearly why such a study cannot establish a cause-and-f-
fect relationship. Suggest a lurking variable that may be confounded
with whether families eat dinner together.

°

The Language of Experiments

An experiment is a statistical study in which we actually do something (a treat-
ment) to people, animals, or objects (the experimental units) to observe the re-
sponse. Here is the basic vocabulary of experiments.

The best way to learn the language of experiments is to practice using it.
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[

”

Note that the experimental
units in the CareerStart example
are the schools, not individual

students. Experimental units are .'

the smallest collection of
individuals to which treatments
are applied. The curricular

i
i
E.

ireatments were administered to |

entire schools, so those are the
experimental units.

Factors

Level

When Will I Ever Use This Stuff?
Vocabulary of experiments

Researchers at the Univcrsity of North Carolina were concemed about the
mcreasmg dropout rate in the state’s high schools, especially for low-income stu-
- dents. Stirveys of recent dropouts revealed that many of these students had
L started to lose interest dunng middle school. They said they saw little con-
| nection between what they were studying in school and their future plans.
* To change this perception, tesearchers developed a program called Ca-
i reerStart. The big idea of the program is that teachers show students how
. the topics they learn get used in specific careers.

¢ To test the effectiveness of CareerStart, the researchers recruited 14 mid-
. dle schools in Forsyth County to parhupate in an experiment. Seven of
¢ the schools, chosen at random, used CareerStart along with the district’s
L standard cumcu]um The other seven schools just followed the standard
* curriculum. Researchers followed both groups of students for several
! years, collecting data on students’ attendance, behavior, standardized test

VSC0 s, level of engagement in school, and whether the students graduated from
high school. Results: Students at schools that used CareerStart generally had bet-

ter attendance and fewer discipline problems earned higher test scores, reported
greater engagement in their classes, and were more l_1ke1y to graduate.2’

PROBLEM: Identify the experimental units, explanatory and response variables, and the treatments
inthe CareerStart experiment.

SOLUTION: The experimental units are 14 middle schools in Forsyth County, NC. The explanatory
variable i whether the school used the CareerStart program with its students. This experiment
compares two treatments: (1) the standard middle school curriculum and (2) the standard curricu-
lum plus CareerStart. Several response variables were measured, including test scores, attendance,
behavior, student engagement, and graduation rates.

For Practlce Try Exercise 51

[ AN ENENENENNENNNYN:]

The previous example illustrates the big advantage of experiments over obser-
vational studies: experiments can give good evidence for causation. In an experi-
ment, we study the effects of the specific treatments we are interested in, while
trying to control for the effect of lurking variables. For instance, the students in
all 14 schools followed the standard curriculum. To ensure that the two groups
of schools were as similar as possible before the treatments were administered,
researchers let chance decide which 7 schools would use CareerStart. The only
systematic difference between the schools was the educational treatment. When
students from the CareerStart schools did better, we can be confident that the
program made the difference.

Sometimes, the explanatory variables in an experiment are called factors. Many
experiments study the joint effects of several factors. In such an experiment, each
treatment is formed by combining a specific value (often called a level) of each of
the factors. Here's an example of a multifactor experiment.
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Subjects assigned
1o Treatment s see
a m—sccmmf ad

(factors) form six treatments.

.

FIGURE 4.3 The six treatmeiis in the TV.ad experiment,
Combinations of values of the two explanatory variables

For Practice Try Exercise 55

This example shows how experiments allow us to study the combined effect of
several factors. The interaction of several factors can produce effects that could
not be predicted from looking at the effect of each factor alone. Perhaps longer
commercials increase interest in a product, and more commercials also increase
interest. But if we both make a commercial longer and show it more often, viewers
get annoyed and their interest in the product drops. The two-factor experiment in
the TV advertising example will help us ind out.

How to Experiment Badly

Experiments are the preferred method for examining the effect of one variable on
another. By imposing the specific treatment of interest and controlling other
influences, we can pin down’ cause and effect. Good designs are essential for
effective experiments, just as they are for sampling. To see why, let’s start with an
example of a bad experimental design.

A
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IDONUIRA  Which Works Better_ ._‘@nlme or In- Class

SAT Prepara tion?
ent g
A'-__h:gh school regu]arly offers a review course to prepare students for
3 '-the SAT Thls yc udget cuts wll} allow _the scheai 10 offer only an

3 : the past- irs, the average SAT_
& s in’ jas 1620, The online group
- rets an average score ﬂf 1780, That's ; '10% ‘higher than the long-

time average for’ those who took ﬂae-';___;aﬁsrocm review course 15 tile
i online course more eﬁ’echve? Sy

i This experiment has a very s:mple desxgn A grm.Ip of sub}ects (the :
E students) were exposed to a treatment (the online course) and the
¢ outcome (SAT scores) was observed Here is the deszgn Gk

Smdents — Online course — SAT scores

. A c::ioser-lob'k'-shOWed that the students in the online review course
¢ ‘were quite different from the students who took the classroom course
* in past years. They had higher GPAs and were taking more AP classes.

\ The effect of online versus in-class instruction is mixed up with the
effect of these lurking variables. Maybe the online students earned
higher SAT scores because they were smarter to begin with, not
3 " because the online course prepared them better. This confoundmg
prevents us from concluding that the online course is more effective than class-

room instruction.
.l‘.....‘...‘....i'

Many laboratory experiments use a design like the one in the online SAT course
example:

Experimental units — Treatment — Measure response

In the lab environment, simple designs often work well. Field experiments and
experiments with animals or people deal with more variable conditions. Out-
side the lab, badly designed experiments often yield worthless results because of
confounding.

How to Experiment Well: The
Randomized Comparative Experiment

The remedy for the confounding in the SAT prep course example is to do a com-
parative experiment in which some students are taught in the classroom and other,
similar students take the course online. Most well-designed experiments compare
two or more treatments. ,
Comparison alone isn’t enough to produce results we can trust. If the treat-
ments are given to groups that differ greatly when the experiment begins, bias will
result. For example, if we allow students to select online or classroom instruction,
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more selfmotivated students are likely to sign up for the online course. Allow-
ing personal choice will bias our results in the same way that volunteers bias the
results of online opinion polls. The solution to the problem of bias in sampling is
random selection. In experiments, the solution is random assignment.

Let’s look at how random assignment can be used to improve the design of the
SAT prep course experiment.

EXAMPLE [

e

._r

beﬂml order by last name. Then use

'511000. G AT :

(c) Give numbers 1,2, 3, ..., 49, 50 to the subjects in alpha
your calculator's randint command or a computer’s random number generator to produce numbers
between 1 and 50. The first 25 different numbers chosen select the students for the online course.
The remaining 25 subjects will take the classroom course.

For Pract T Exerie 3
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The experimental design in this example is comparative because it compares
two treatments (the two instructional settings). It is randomized because the sub-
jects are assigned to the treatments by chance. The diagram in Figure 4.4 presents
the details: random assignment, the sizes of the groups and which treatment they
receive, and the response variable. There are, as we will see later, statistical rea-
sons for using treatment groups that are about equal in size. This type of design is
called a completely randomized design.

S 7 students T Online \ |
| 50 volunteer - . Random U e Y R Compare
o students - T C as51gnment L g e TRl / SAT scores
L \ Group2 Treatment2 #7 _:_":

Groupi A 'l}eatmentl

25students T Classroom

FIGURE 4.4 Outline of a completely randomized design to compare online and classroom
instruction.

DEFINITION: COmpIetelvrandommd deaign Lhippioatan o L :
In a completely randomized e experimen-
tal units oompletetybyohance o R

Notice that the definition of a completely randomized desigh does not require
that#ach treatment be assigned to an equal number of experimental units. It does
specify that the assignment of treatments must occur completely at random.

Does using chance to assign treatments in an experiment guarantee a
completely randomized design? Actually, no. Let’s return to the SAT prep
course experiment mvolvmg 50 students. Another way to randomly assign the sub-

AB OUT jects to the two treatments is by tossing a coin. Have each student come forward

It

and toss a coin. If it's heads, then the student will take the course online. If it’s
tails, then the student will take the classroom course.

Aslong as all 50 students toss a coin, this is still a completely randomized design.
Of course; the two experimental groups are unlikely to contain exactly 25 students
each due to the chance variation in coin tosses.

The problem comes if we try to force the two groups to have equal sizes. Sup-
pose we let the coin tossing continue until one of the groups has 25 students and
then place the remaining students in the other group. This is no longer a com-
pletely randomized design, because the last few students aren’t being assxgned
to one of the treatments by chance. In fact, these students will all end up in the
same group, which could lead to bias if these individuals share some character-
istic that would systematically affect the response variable. For example, if the
students came to toss the coin last because they're lazier than the other students
who volunteered, then the SAT prep class that they're in will seem less effective
than it really is.

B L R I L L R L R T T T N Y

Completely randomized designs can compare any number of treatments. Here
is an experiment that compares three treatments.
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AP EXAMTIP If you
are asked to describe
the design of an experi-
ment on the AP exam,
you won't get full credit
for a diagram like Figure
4.5.You are expected

to describe how the -
treatments are assigned
to the experimental
units and to clearly state
what will be measured
or compared. Some
students prefer to start
with a diagram and then
add a few sentences.
Others choose to skip
the diagram and put
their entire response in

namelvolorm. Now draw out: 20 oFe slips. Those holses willus

2 T Y A g

ﬁ,‘igg, 0 fiou

"infoﬁmétioi:i‘abéuttjl' 'rgy-qon?:_ mptionbut 0 way to,mont r@héir usage.'Atfhe'end-of-theyeéiﬁ

e " compare how much e g;;t’igic’itywa's uéed’by‘the'hbmeé in thethree groups; .

\  For Practice Try. Exercise 61

Control group Why did we include a control group of 20 houses in the energy conservation
experiment? The primary purpose of a control group is to provide a baseline for
comparing the effects of the other treatments. Without such a comparison group,
we wouldn't be able to tell whether homes with digital displays or charts used less
electricity than homes without such aids. '
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Was a control group really necessary? You might be thinking that the change
in electricity use from last year to this year in the houses with displays and charts
would tell us whether these treatments helped. Unfortunately, it's not that simple.
Suppose last year’s temperatures were more extreme than this year’s. Then many
households might show a decrease in electricity use, but we couldn’t be sure
whether this change was due to the weather or to the treatments. (Can you say

.......................................................................................................................

Many experiments (like the one in the previous example) include a control
group that receives an inactive treatment. However, a control group can be given
an active treatment. Suppose we want to compare the effectiveness of a newly
developed drug for treating a serious disease with a drug that’s already known to
work. In that case, the experimental units that receive the existing drug form the
control group. ’

Some experimental designs don't include a control group. That’s appropriate
if researchers simply want to compare ‘the effects of several treatments, and not
to determine whether any of them works better than an inactive treatment. For
instance, maybe a state’s highway department wants to see which of three brands
of paint will last longest when marking lane lines on the freeway.

I CHECK YOUR UNDERSTANDING
Music students often don’t evaluate their own performances accurately. Can. small-group

discussions help? The subjects were 29 students preparing for the end-of-semester per-
formance that is an important part of their grade. Assign 15 students to the treatment:
videotape a practice performance, ask the student to evaluate it, then have the student
discuss the tape with a small group of other students. The remaining 14 students form a
control group who watch and evaluate their tapes alone. At the end of the semester, the
discussion-group students evaluated their final performance more accurately.?

1. Outline a completely randomized design for this experiment. Follow the model of
Figure 4.4. _

2. Describe how you would carry out the random assignment. Provide enough detail that
a classmate could implement your procedure.

3. What is the purpose of the control group in this experiment?

Three Principles of
Experimental Design

Randomized comparative experiments are designed to give good evidence that
differences in the treatments actually cause the differences we see in the response.
The logic is as follows:

e A proper comparative design ensures that influences other than the experi-
mental treatments operate equally on all groups. This helps control for the
effects of lurking variables.

o Random assignment helps balance out the effects of lurking variables that -

we can't control, or don’t think of, on the treatment groups. That is, random
assignment forms groups of experimental units that should be similar in all
respects before the treatments are applied.



Replication

In statistics, replication means
“use enough subjecis”” In other
fields, the term “replication”
has a different meaning. If one
experiment is conducted and
then the same or a similar
experiment is independently
conducted in a different location
by different investigators, this
is known as replication. That is,
in this case, replication means -
repeatability.
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o Therefore, since the groups are roughly equivalent except for the treatments,
any differences in average response must be due either to the treatments or to the
play of chance in the random assignment of experimental units to the treatments;

The first two bullets give us two basic prmcxples of experimental design: control.
and random assignment. That “either-or” in the last bullet deserves some more
thought. In the SAT prep course example, we can’t say that any difference be-
tween the average SAT scores of students enrolled online and in the classroom
must be caused by a difference in the effectiveness of the two typés of instruction.
There would be some difference even if both groups received the same instruction,
because of variation among students in background and study habits. Chance as-
signs students to one group or the other, and this creates a chance difference
between the groups.

We would not trust an expenment with just one student in each group, for
example. The results would depend too much on which group got lucky and
received the stronger student. If we assign many subjects to each group, however,
the effects of chance will average out, and there will be little difference in the
average responses in the two groups unless the treatments themselves cause a dif-
ference. Our third design principle is rephcatlon- use enough experimental units
to distinguish a dxfference in the effects of the treatments from chance variation.

Summary: Principles of Experimental Design

_ _ ts. ‘This helps ereate roughly equivalent groups‘of ex-
penmenta_l_ inits by bala g the effects of lurkmg va:iables that' arent
controlled on- the treatment groups. Z : :
3. Repl:cabon. Use enough expenmental units in each group 50 that any
differences in the effects of the treatments e¢an be distinguished from
chance differences between the groups.

Let's see how these principles were used in designing a famous medical
experiment.
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Placebo

the levels of these factors form the four treatments shown in Figure 4.6. One-
fourth of the subjects were: ass:gned at random to each of these treatments.

On odd-numbered days, the subjects took either a tablet that contained as-
pirin or a dummy pill that looked and tasted like the aspirin but had no
active ingredient (a placebo). On even-numbered days, they took either a
capsule containing beta-carotene or a placebo. There were several response
variables—the study looked for heart attacks, several kinds of cancer, and

othér medical outcomes. After several years; 239 of the placebo group but

only 139 of the aspirin group had suffered heart attacks. This difference is
large enough to give good evidence that taking aspirin does reduce heart
attacks.? It did not appear, however that beta-carotene had any effect on
preventing cancer.

PROBLEM: Explain how each of the three principles of experimental

Factor 1:

S design was used i the Physicians’ ealth Stady.
ek SOLUTION: Researchers attempted to controlfor the effects of
a lurking variables by using a design that compared both of the active
Yes a (s q treatimeitts toa placebo and by having all subjects follow the same

Aspirin Beta-carotene |  Aspirin  Placebo schedule of pill taking. Random assignment was used to determine

]

Placebo Beta-carotene Placebo Placebo

which subjects recelved each of the four treatment combinations. This
helped ensure that the treatment groups were roughly equivalent to

L begin with. There were over 5000 subjects per treatment group. This
replication helped ensure that any sizable difference in response among

the groups was due to the treatments and not to chance variation !n

FIGURE 4.6 The treatments in the

Physicians’ Health Study.

Why did researchers decide to
do the Physicians’ Health Study
(PHS)? The interesting history
that led to this experiment is
detailed at the PHS Web site.
You can also find out about the
Physicians’ Health Study II,
which ended in December 2007.

the random assignment.
For Practice Try Exercise 67

"00cosseNscOOBRIRLORS

The control group in the Physicians’ Health Study received inactive versions
(placebos) of both aspirin and beta-carotene. This group served as a compari-
son for the effects of aspirin alone, beta-carotene alone, and aspirin plus beta-
carotene.

Experiments: What Can Go Wrong?

The logic of a randomized comparative experiment depends on our ability to treat
all the subjects the same in every way except for the actual treatments being com-
pared. Good experiments, therefore, require careful attention to details to ensure
that all subjects really are treated identically.

If some subjects in a medical experiment take a pill each day and a control
group takes no pill, the subjects are not treated identically. Many medical experi-
ments are therefore “placebo-controlled,” like the Physicians’ Health Study. All

the subjects received the same medical attention during the several years of the
‘experiment. On odd-numbered days, all of them took an aspirin or a placebo.

On even-numbered days, all subjects took either a beta-carotene pill or a pla-
cebo. Many patients respond favorably to any treatment, even a placebo, perhaps
because they trust the doctor. The response to a dummy treatment is called the



Placebo effect

Reports in medical journals .
regularly begin with words like
these, from a study of a flu
vaccine given as a nose spray:
“This study was a randomized,
double-blind, placebo- _
controlled trial. Participants
were enrofled from 13 sites
across the continental United

States between mid-September 3

and mid-November.2¢ Doctors
are supposed to know what this
means. Now you know, too.

et 1wy

S
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placebo effect. If some subjects did not take any pills, the effect of aspirin or
beta-carotene would be confounded with the placebo effect, the effect of simply

taking pills.

The strength of the placebo effect is a strong argument for randomized compara-
tive experiments. In the baldness study, 42% of the placebo group kept or increased
their hair, but 86% of the men getting a new drug to fight baldness did so. The drug
beats the placebo, so it has something besides the placebo effect going for it. Of
cousse, the placebo effect is still part of the reason this and other treatments work.

Because the placebo effect is so strong, it would be foolish to tell subjects in a-
medical experiment whether they are receiving a new drug or a placebo. Knowing
that they are getting “just a placebo” might weaken the placebo effect and bias the
experiment in favor of the other treatments. It is also foolish to tell doctors and
other medical personnel what treatment each subject received. If they know thata
subject is getting “just a placebo,” they may expect less than if they know the sub-
ject is receiving a promising experimental drug. Doctors’ expectations change how
they interact with patients and even the way they diagnose a patient’s condition.
Whenever possible; experiments with human subjects should be double-blind.
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DEFINITION:  Double-blind

In a double-blind experiment, neither the sub;ects nor those who interact with them
and measure the response variable know which treatment a subject received.

The idea of a double-blind design is simple. Until the experiment ends and the
results are in, only the study’s statistician knows for sure which treatment a subject
is receiving. However, some experiments cannot be carried out in a double-blind
manner. If researchers are comparing the effects of exercise and dieting on weight
loss, then subjects will know which treatment they are receiving. Such an experi-

Single-blind ment can still be smgle-blmd if the individuals who are interacting with the sub-
jects and measuring the response variable don’t know who is dieting and who is
exercising. In other single-blind experiments, the subjects are unaware of which
treatment they are receiving, but the people interacting with them and mieasuring
the response variable do know.

‘ - CHECKYOUR UNDERSTANDING

In an interesting experiment, researchers examined the effect of ultrasound on birth
weight. Pregnant women participating in the study were randomly assigned to one of
two groups. The first group of women received an ultrasound; the second group did not.
When the subjects’ babies were born, their birth weights were recorded. The women who
received the ultrasounds had heavier babies.?”’

1. Did the experimental design take the placebo effect into account? Why is this important?

2. Was the experiment double-blind? Why is this important?
3. Based on your answers to Questions 1 and 2, describe an improved design for this

experiment.

Inference for Experiments

In an experirnent researchers usually hope to see a difference in the responses so
large that it is unlikely to happen just because of chance variation. We can use the
laws of probability, which describe chance behavior, to learn whether the treat-
ment effects are larger than we would expect to see if only chance were operating.
If they are, we call them statistically significant.

i aled satsicaly

If we observe statistically significant differences among the groups in a random-
ized comparative experiment, we have good evidence that the treatments actually
caused these differences. You will often see the phrase “statistically significant” in
published research reports in many fields. The great advantage of randomized com-
parative experiments is that they can produce data that give good evidence for a
cause-and-effect relationship between the explanatory and response variables. We
know that in general a strong association does not imply causation. A statistically sig-
nificant association in data from a well-designed experiment does imply causation.
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ACTIVITY Distracted driving

MATERIALS: Deck of cards for each team of 3 to 4 students

Is talking on a cell phone while driving more distracting than talking to
| 2 passenger? David Strayer and his colleagues at the University of Utah.
, designed an experiment to help answer this question. They used 48 un-
b dergraduate students as subjects. The researchers randomly assigned half
. of the subjects to drive in a simulator while talking on a cell phorie, and
b the other half to drive in the simulator while talking to a passenger. One
i response variable was whether the driver stopped at a rest area that was

sspecified by researchers before the simulation started. The table below
. shows the results:28 ) :

Distraction
Stopped at rest area? Cell phone Passenger
Yes 12 21
No 12 3

Are these results statistically significant? To find out, let's see what would hap-
pen just by chance if we randomly reassign the 48 people in this experiment to
the two groups many times, assuming the treatment received doesn’t affect whether
a driver stops at the rest area.

1. 'We need 48 cards from the deck to represent the drivers in this study. In the
original experiment, 33 drivers stopped at the rest area and 15 didn’t. Since
we're assuming that the treatment received won’t change whether each driver
stops at the rest area, we use 33 cards to represent drivers who stop and 15 cards
to represent those who'don’t. Remove the ace of spades and any three of the s
from the deck.

+ @ Stop: All cards with denominations 2 through 10 (36 - 3 missing 2s = 33)

* Don't stop: All jacks, queens, kings, and aces (16 - 1 missing ace = 15)

2. Shuffle and deal two piles of 24 cards each—the first pile represents the cell
phone group and the second pile represents the passenger group. The shuffling
reflects our assumption that the outeome for each subject is not affected by the
treatment. Record the number of drivers who failed to stop at the rest aréa in
each group. T T

3. Repeat this process 9 more tires so that you have a total of 10 trials, Record
your results'in a table like this:

Number who didn’t stop in Number who didn’t stop in -
Trial cell phone group =~ pa‘sse‘hge»r' group p
1

In how many of your 10 trials did ;12'Qr? mOre dnversm the ce]l P ne grou P féil
I Stap? ST iy L TR
. Make a class dotplot of the number of drivers in the cell phone g
failed to stop at the rest area in each trial. In what percént of the

12 or more people in the cell phone group fallto stop 2 the rest area? -
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Doing the Laundry

_Suppose researchers

5., In the ongmalexpenment, 12 of the 24 dnvers usmgcell phones dldn’t stop
at the rest area. Based on the class’s simulation results, how surprising would it -
be to get a result this large or larger simply due to the chance involved ifvthe

random assighment? Is the result statistically significant? SRR

6. What conclusion would you draw about whether talking on ja',"c’__elll phonels
more distracting than talking to a passenger?  * e N B T ST

Can an “unlucky” random assignment lead to confounding? Let's return
to the distracted-driver Activity. Some people are more forgetful than others. Sup-
pose that the random assignment happens to put most of the forgetful subjects in
one group. If more drivers in that group fail to stop at the rest area, we don’t know
if it’s because of the treatment they received (cell phone or passenger) or their
forgetfulness. Is this confounding?

You might be surpriséd that the answer is “No!” Although people’s memory is
a lurking variable that might affect whether they stop at the rest area (the
response variable), the design of the experiment takes care of this by randomly
assigning subjects to the two treatment groups. The “unlucky” random assign-
ments are taken into account in determining statistical significance. In an
experiment, confounding occurs when the design doesn’t account for existing
differences in the experimental units that might systematically affect their
response to the treatments.

Blocking

Completely randomized designs are the simplest statistical designs for experi-
ments. They illustrate clearly the principles of control, random assignment, and
replication. But just as with sampling, there are times when the simplest method
doesn’t yield the most precise results. When a population consists of groups of
individuals that are “similar within but different between,” a stratified random
sample gives a better estimate than a simple random sample. This same logic
applies in experiments.

want to test whether a new detergent for clothes that require
hand-washing cleans better in warm ot in cold water. They decide to
__ . perform an experiment iising numerous pieces of ditty laundry
as the experimental usits. The. response varigble is a cleanli-
riess rating on a scale of 0 (very dirty) to 10 (very clean). How
shouild researchers deal with the fact that light-colored cloth-
ing tends to come cleaner in warm water? They could
us¢ a completely randomized design and hope that the
tandom assignment distributes the lightcolored clothing
about evenly between the cold- and warm-water treatment
groups. Everi so, there rnight be a lot of variability in cleanli-
niess ratings in both groups due to the color of the clothing. This
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Colorisa lurking vari-
able in the completely
randomized design. The
random assighment
prevents confounding
due to this variable,
however.

P o)

- v d ed th 52
D ok i
‘.. .‘...... .... .."?

Figure 4.7 outlines the randomized block design for our laundry experiment.
The experimental units are first separated into blocks to deal with the potential
confounding variable, color. Then, the two treatments are randomly assigned
within each block.

Compare

/ cléanliness

. Many -/
piecesof

-"dlrtylaundry' X

Dark-colored )
clothmg

FIGURE 4.7 Outline of a randomized block design'fdr the laundry experiment. The blocks consist
of light-colored and dark-colored pieces of laundry. The treatments are warm and cold water.

Blocks are another form of control. They control the effects of some outside
variables by bringing those variables into the experiment to form the blocks.
A randomized block design allows us to draw separate conclusions about each
block, for example, about light-colored and dark-colored clothes in the laundry
experiment. Blocking also allows more precise overall conclusions, because the
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AP EXAMTIP Don't mix the systematic differences between light- and dark-colored clothes can be removed
language of experiments andthe ~~ When we study the overall effects of using this detergent in warm and cold
language of sample surveys of water. v

other observational studies. You The idea of blocking is an important additional principle of experimental
will ose credit for saying things design. A wise experimenter will form blocks based on the most important un-
like “use a randomized block avoidable sources of variability (lurking variables) among the experimental units.
design to select the sample for Randomization will then average out the effects.of the remaining lurking vari-
this survey” or “this experiment ables and allow an unbiased comparison of the treatments. The moral of the story
suffers from nonresponse since is: control what you can, block on what you can'’t control, and randomize to create
some subjects dropped out :

comparable groups.

during the study"

Women hawts Random % 1 GroupZ s Compa.re
- : / n—120 assngnment \ n—: g .Ad:2 reactlon .
' S ' Tl Grou 3 '
‘volunteer : ; S |
subjects Group1 T L P
Meii .' Random GroupZ ie )

- Adz s Compare

akal =" s ’n—180 asslgnment n==60 R i  reaction
\Gmupl: /

FIGURE 4.8 Randomized block design for comparing responses to three advertisements. The blocks consist
of male and female subjects.
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Matched pairs design

Matched Pairs Design

A common type of randomized block design for comparing two treatments is a
matched pairs design. The idea is to create blocks by matching pairs of similar
experimental units. Then we can use chance to decide which member of a pair
gets the first treatment. The other subject in that pair gets the other treatment.
That is, the random assignmient of subjects to treatments is done within each
matched pair. Just as with other forms of blocking, matching helps reduce the
effect of variation among the experimental units.

Sometimes each “pair” in a matched pairs design consists of just one experi-
mental unit that gets both treatments one after the other. In that case, each experi-
mental unit serves as its own control. The order of the treatments can influence
the response, so we randomize the order for each experimental unit.

: ACTIVITY Get your heart beating

®  MATERIALS: Clock or stopwatch

Are standing pulse rates generally higher than sitting pulse rates? In this Activity,
you will perform two experiments to try to answer this question.

1. Completely randomized design For the first experiment, you'll randomly
assign half of the students in your class to stand and the other half to sit. You can
use the hat method, Table D, or technology to carry out the random assigniment.
Once the two treatment groups have been formed, students should stand or sit
as required. Then they should measure their pulses for one minute. Have the
subjects in each group record their data on the board.

2. Matched pairs design In a matched pairs design, each student should receive
both treatments in a random order. Since you already sat or stood in Step 1,
you just need to do the opposite now. As before, everyone should measure their
pulses for one minute after completing the treatrnent (that is, once they are
standing or sitting). Have all the subjects record their data (both measurements)
in a chart on the board.
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. (standing-
- culatetheir
5. Whatad : > the
- fandomized design? .~

. Analyze the data for the completely randOmlzeddeSl Make a dotplotand
. , Is there evidence that standing -

cula ﬂlé'tneari"'uléé rate for each group: Is there

‘paiss design. Since the data aré paired
to calculate the difference in pulse rate
Miake a dotplot of these differences and cal-

¢ that standing pulse rates are higher? Explain.

vistched pairs design have over the completely -

An AP Statistics class with 24 students performed the “Get Your Heart Beating”
Activity. We'll analyze the results of their experiment in the following example.

Standing and Sitting Pulse Rate

Design determines analysis' .- R Lo T U
e ‘A Fathom dotpl pulse rates for their completely

hown. The mean pulse rate for the
3; the mean for the sitting group. is
| iverage pulsé ate is 6.5 beats per minute
in the standing group. Héwever, the variability in

higher

ssod osle | | pulse ratesor the two groups creates a lot of overlap in the

6 8 100 | oraph These data don’t provide convincing evidence that

LR

standing pulse rates tend to be higher.

Pulze MP study

== ‘What. about the class’s matched palrs expenmcnt? The
(Dot ot 89 Fathom dotplot shows their data on the difference in pulse

rates (standing - sitting). For these 24 students, the mean
difference was 6.8 beats per mihufc. In addition, 21 of the

24 students recorded a- positive difference (mieaning the

“e1 80 10 | standing pulse rate was higher). These data provide strong

evidence that people’s standing pulse rates tend to be high-

er than their sitting pulse rates.

Let’s take one more look at the two Fathom dotplots in the example. Notice
that we used the same scale for both graphs. This is to help you visually com-
pare the amount of variability in the response variable for each of the two
experimental designs. Blocking by subject in the matched pairs design greatly
reduced the variability in the response variable. That made it easier to detect
the fact that standing causes an increase in pulse rate. With the large amount
of variability in the completely randomized design, we were unable to draw
such a conclusion.
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Another important lesson to take away from the example is this: the design of the
study determines the appropridte method of analysis. For the completely random-
ized design, it makes sense to compare pulse rates for the two groups with parallel
dotplots and means. In the matched pairs design, each student is a block. We
compare the effects of the treatments within each block by examining the differ-
ences in standing and sitting pulse rates for each student.

The following Data Exploration asks you to apply what you have learned about
analyzing data from an experiment.

® @& & @& @

. DATA EXPLORATION Nitrogen in tires—a lot of hot air?

N Most automobile tires are inflated with compressed air, which consists of about

€ 78% nitrogen. Aircraft tires are filled with pure nitrogen, which is safer than air

. in case of fire. Could filling automobile tires with nitrogen improve safety, perfor-
mance, or both?

Consumers Union designed a study to test whether nitrogen-filled tires would
maintain pressure better than air-filled tires. They obtained two tires from each of
several brands and then filled one tire in each pair with air and one with nitrogen.
All tires were inflated to a pressure of 30 pounds per square inch and then placed
outside for a year. At the end of the year, Consumers Union measured the pres-
sure in each tire. The amount of pressure lost (in pounds per square inch) during
the year for the air-filled and nitrogen-filled tires of each brand is shown in the
table below.?

Brand Air Nitrogen Brand . Air Nitrogen
BF Goodrich Traction T/A HR 76 72 Pirelli P6 Four Seasons 44 42
Bridgestone HP50 (Sears) 3.8 25 Sumitomo HTR H4 14 2.1
Bridgestone Potenza G009 37 1.6 Yokohama Avid H4S 43 3.0
Bridgestone Potenza RE950 47 1.5 BF Goodrich Traction T/AV 55 34
Bridgestone Potenza EL400 2.1 1.0 Bridgestone Potenza RE950 41 28
Continental Premier Contact H 49 - 31 Continental ContiExtreme Contact 5.0 34
Cooper Lifeliner Touring SLE 5.2 357 Continental ContiProContact 48 33
Dayton Daytona HR 34 3.2 Cooper Lifeliner Touring SLE 32 25
Falken Ziex ZE-512 4.1 33 General Exclaim UHP 6.8 2.7
Fuzion Hrl 27 22 Hankook Ventus V4 H105 3.1 14
General Exclaim 3.1 34 Michelin Energy MXV4 Plus 25 1.5
Goodyear Assurance Tripletred 38 32 Michelin Pilot Exalto A/S 6.6 22
Hankook Optimo H418 3.0 0.9 Michelin Pilot HX MXM4 22 20
Kumho Solus KH16 6.2 34 Pirelli P6 Four Seasons 25 27
Michelin Energy MXV4 Plus 2.0 1.8 Sumitomo HTR* 44 3.7
Michelin Pilot XGT H4 1.1 07

Does filling tires with nitrogen instead of compressed air reduce pressure loss?

Give appropriate graphical and numerical evidence to support your answer.
® 0o % @
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Summary

as they are. Exp ,_nts actlvely do somethmg to people ‘animals, or
‘ ob]ects in order | to measure their response.

. Stat1st1cal studles often try to show that changing one variable (the
bl, ) causes changes in another varrable (the response

actually cause changes ina response varrable because the explanatory
variable is confounded wrth lurkrng vanables

| &8 In an experrment we 1mpose one or more treahnents on a group of experr-
' mental units (sometrmes called sub]ects if they are human). Each treatment
is a combrnatr n of values of the explanatory variables (also called factors)

¢ The desrgn ofan experiment describes the ¢hoice of treatments and the
“manner in which the subjects are assigned to the treatments. The basic.
"principles of experrmental desrgn are conitrol for lurking variables, random
assrgnment of treatinents, and replrcatron (usmg enough expenmental units).

e The srmplest form of control is comparison. Expenments should compare
two or more treatments to avoid confounding of the effect of a treatment
with other influences, such as lurkmg variables. '

* Randorn asszgnment uses chance to assrgn sub] ects to the treatmerits.
Random‘ ssighment creates treatment groups t that are similar (except for
chance variation) before the treatments are apphed Randonnzahon and
companson together prevent bras, or systemnatic favoritistn, in expenments

. 'Applyrng each treatment to many experimental u'n1ts replzcatzon)
- reduces the role of chance variation and makes the experiment more
likely to detect differences in the effects of the tredtments. ‘

¢  Many bek f oral and medlcal experrments are double-bhnd That is;
neither the subjects nor those interacting with them and heasuring thelr
responses know who is receiving which treatment. If one party knows and

the other doesn t, then the experiment is smgle-blmd

L] -Some experunents grve a placebo (fake treatment) to 4 control group.:
That helps prevent confounding due to the placebo'e effect, in which some
patients get better because they. expect the treatment to work even though
they have recerved an inactive treatment. . '

s In addition to comparisor, a second form of control isto form blocks of
individuals that are similar in some way that is important to the tesponse.
Randomization is then carried out separately within each block Blocking
helps reduce unwanted vanabrhty among experimental units.

e Matched pairs are a common form of blocking for companng |ust two
treatments: In some matched pairs desrgns each subject receives both
tredtments in a random otder. In others, the subjects are matched in pairs as
CIOSely as possible, and each subject in a pair receives one of the treatments.
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Exercises

(Finland) study wanted to determine if chocolate -
consumption duting pregnancy had an effect on infant
temperament at age 6 months. Researchers began by
asking 305 healthy pregnant women to report their
chocolate consumption. Six months after birth, the
researchers asked mothers to rate their infants’ tem-
perament, including smiling, laughter, and fear. The
babies born to women who had been eating chocolate
daily during pregnancy were found to be more active
and “positively reactive” —a measure that the investiga-
tors said encompasses traits like smiling and laughter.®
(a) Was this an observational study or an experiment?
Justify your answer. '

(b) Whiat are the explanatory and response variables?
(c) Does this study show that eating chocolate regu-
larly during pregnancy helps produce infants with
good temperament? Explain. ' :

Child care and aggression A study of child care
énrolled 1364 infants and followed thém through
their sixth year in school. Later, the researchers pub-
lished an article in which they stated that “the more
time children spent in child care from birth to age
four-and-a-half; the more adults tended to rate them,
both at age four-and-a-half anid at kindergarten, as less
likely to get along with others, as more assertive, as .

disobedient, and as aggressive.”?!

(a) Is this an observational study or an experiment?
Justify your answer.
(b) What are the e_.x_planatory and response variables?

(c) Does this study show that child care causes chil-
dren to be more aggressive? Explain.

Leaming biology with computers An educator wants
to compare the effectiveness of computer software for
teaching biology with that of 2 textbook presentation.
She gives a biology pretest to each of a group of high
school juniors, then randomly divides them into -
two groups. One group uses the computer, and the
other studies the text. At the end of the year, she

tests all the students again and compares the
increase in biology test scores in the two groups.

(a) Is this an observational study or an experiment?
Justify your answer.

(b) If the group using the computer has a much
higher average increase in test scores than the group
using the textbook, what conclusions, if any, could
the educator draw?

45. Chbébl'aifé and happy babies A University of Helsinki ~ 48. Cell phones and brain cancer Ore study of cell

phones and the risk of brain cancer looked at a group
of 469 people who have brain cancer. The investiga-
tors matched each cancer patient with a person of
the same age, gender, and race who did not have
brain cancer, then asked about the use of cell phones.
Result: “Our data suggest that the use of handheld
cellular phones is not associated with risk of brain
cancer.”?2 :

(a) Is this an observational study or an experiment?
Justify your answer. '

(b) Based on-this study, would you conclude that cell

phones do not increase the risk of brain cancer? Why
or why not? :

. Effects of class size Do smaller classés in elementary

school really benefit students in areas such as scores
on standardized tests, staying in school, and going on
to college? We might do an obsetvational study that
comipares students who happened to be in smaller
and larger classes in their early school years. Identify
a luiking variable that may lead to confounding with
the effects of small classes. Explain how confounding
iight occur.’ o '

Effects of binge drinking A common definition of
“binige drinking” is 5 or more drinks at one sitting for
men and 4 or more for worhen. An observational study
finds that students who binge drink have lower average
GPA than those who don’t. Identify a lurking variable
that may be confounded with the effects of binge
drinking. Explain how confounding might occur.

For the experiments described in Exercises 51 to 56,
identify the experimental units or subjects, the explana-
tory variables (factors), the treatments, and the response
variables.

51

Growing in the shade Ability to grow in shade may

««+help pines found in the dry forests of Arizona to resist

pg 234

52.

drought. How well do these pines grow in shade?.
Investigators planted pine seedlings in a greenhouse
in either full light, light reduced to 25% of normal
by shade cloth, or light reduced to 5% of normal. At
the end of the study, they dried the young trees and
weighed them.

Internet telephone calls You can use Voice over
Initernet Protocol (VoIP) to make lonig-distance
telephene calls over the Internet. How will the cost
affect the use of this service? A university plans an
experiment to find out. It will offer the service to all
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53,

350 students in one of 1ts dorrmtones Some students
will pay a low flat rate. Others will pay hlgher rates at
_peak periods and very low rates off; peak: The univer-

“sity is interested in the amount and time of use. and in

the effect on the congesuon of the network

Improvmg response rate How ¢an we reduce the

- rate of refusals in telephoné surveys? Most people - -

: ‘households to ask opmlons ab t the niext electlon In :

: who ansWer atall lis i

g ce) the 1ntemewer S mtroduc-

One study made telephone calls to randomly selected

. COmPleted?

54,
don't eat well and don t exer 'se enough Can mrddle
- schools increase physic

55.
@ .

Py 25

“the i increase in the heat rates of fellow students when

57,

Eat well and exercrse M0st Amerrcan adolescents

therr studen A Can they pe

créa ivity 1n.physrcal educa—
tion classes and durmg leisure perlods throughout the
school day They also desngned a‘ nutntron lnterven-

for healthy home-packed lunches Each partrcrpatmg
schiool was randomly assrgned 1o one of the interven- -
tions, both interventions, or no intervention, The
1nvestrgators observed phys1cal actrvrty and luncht1me
consump n of fat. : :

Fabnc science A maker of fabnc for clothmg is set—
ting up a new line_to “Rnish” the raw fabric. The line
will use either metal rollers or natural-bristle rollers to
raise the surface of the fabric; a dyemg—cycle time of
either 30 or 40 miinutes; and a temperature of elther
150° or 175° Celsius. An exp
combiniations of these choices. Three' specimens of .
fabric will be sublected to each treatrnent and scored

for quahty
56."

riment will compare all

Exercrse and heart rate A student proyect measured o

they stepped up and down for three minutes to the
beat of a metronome. Thie step was either 5:75 or 11.5
mches hlgh and the metronorne beat was 14,21, or
28 steps per minute. Five students stepped at each
combmahon of helght and speed

Cocoa and blood flow A study conducted by Nor—
han Hollenberg, professor of medicine at Brigham
and Women’s Hospital and Harvard Medical School,

mvolved 27 healthy people aged 18 to 72. Each ‘

60.

4 whether the cocoa really ca ed the 1mpr0ved blood
: " ﬂow? Explam T :
58, Reduci

sub)ect consurned 4 cocoa beverage contalmng 900
ams of ﬂavonols (a class of ﬂavonolds) daily -

&5 1t 1mp0881ble to say

offered an opportunrty'to eamn extra course credrt by
domg proofreading. Each sub)ect worked in the same
cubicle as anoth student who was an accomplrce

of the experimenters At a break mrdway through the

i work one of three thmgs happened

Treatment L The accompllce was told to leave it was

explamed that this was because she performed poorly '

Treatment 2:1twas explamed that unforeseen circum-
nces meant there was only enough work for one

ot By chance the accompllce was chosen to

R The sub]ects work performance after the break

was compated with performance before the' break 34
Describe how you would randomly assign the
sub]ects to the | treatments :

(a) usmg sllps of paper
) (b) using Table D °

(c) using technology

'Effects of TV advertlslng Fi 1gure 43 (page 235) drs-

" playsthe 6 treatments for a two-factor expetiment on

TV advertlsmg Suppose we have 150 students who
are willing to serve as subjects. Describe how you
would randomly assrgn the sublects to the treatrnents

“(a) using slips of p paper
(b using Table D

(c) usmg technology



61. Headache relief Doctors identify “chronic tension-
... «» type headaches” as headaches that occur almost

pg 239

Acosta
Asihiro
Bennett
Bikalis
Chen
Clemente George

daily for at least six months. Can antidepressant
medications or stress management training reduce
the number and severity of these headaches? Are both

- together more effective than either alone? Investiga-

tors compared four treatrents: anhdepressant alone,
placebo alone, antrdepressant plus stress manage-
ment, and p]ace_bo plus stress management. The
headache sufferers named in the following table have
agreed to participate in the study.

Han
Howard
Hruska

Imra_m

Duncan Lrang Padilla
Durr
Edwards
Farouk

Fleming

Marsden  Rosen . Wei
Montoya
James'  O’Brian
Kaplan Ogle
(a) Outline the design of the experlment What is

this type of design called?

(b) Explain how you v would randomly assign the
subjects to the four treatment groups, Then carry out
your raridom assngn"‘ ent.

Trijille  Willis

Tallock

62. More rain for Cahforrua? The changing climate will

probably bring more rain to California, but we don’t
know whether the additional rain will coie durmg the
- winter wet season ot extend into the long dry season in
spring and summier. Kenwyn Suttle of the Univetsity
of California at Berkeley and his coworkers carried
outan experimerit to study the effects of more rain in
either season. They randomly assigned plots of open
grassland to 3 treatments: added water equal to 20% of
annual rainfall éither durrng January to March (wmter)
or during April to June (spring), and no added water
(control). Thirty-six circular plots of area 70 square me-
ters wee available (see the photo), of which 18 were
used for this study One resporise vanable was total
plant bromass 1 grams per square meter, produced in
a plot over a year 25

(a) Outline 'the»desi;;h of the exoerfrﬁent. What is
this type of design called?

(b) Explain how you would randomly assign the
experimental units to the three treatments. Then
carry out your random assignment.

Valasco
Maldonado Plochman Vaughn

‘Selomon  Wilder

Zhang

63.

64.

66.
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Treating prostate disease A large study used records
from Canada’s national health care system to com-
pare the effectiveness of two ways to treat prostate
disease. The two treatments are traditional surgery
and a new method that does not require surgery. The
records described many patients whose doctors had
chosen each method. The study found that patients
treated by the new method were 51gnrﬁcantly more
hke]y to die withiri 8 years. 6

(a) Further study of the data showed that this conclu-
siori was wrong. The extra deaths among patients who
got the-new method could be explained by lurking vari-
ables, What lurking variables might be confounded with
a doctor’s choice of surglcal or nonsurgical treatment?

(b) You have 300 prostate patients who are willing to
serve as subjects in an experiment to compare the two
methods. Write a few senterices describing how you
would design this. experimenit.

Getting teachers to come to school Elementary
schools in rural India are usually small, with a single

'teacher The teachers often fail to show up.for ¥ work.

Her s an idea for i rrnprovmg atténdance: gi
teacher a drgrta] ¢amera with a tamperproof time
and-date stamp and aska student to take a phato of
the teacher and clags at the begmmng and'end of the
ddy. Offer the teacher better pay for good attendance
verified by the photos Will this work? Researchers
obtained permission to use 120 rural schools in
Rajasthan for an experiment to find out.”

(). Explaln why it would riot be'a good 1dea to offer
better pay for good attendanee to the teachiers in all

120 schools and then to' compare this year’s atten-

dance with last year ’s.
(b) Write a few sentences descnbmg how you would
design this experiment.

. Stronger players A football coach hears that a fiew

exércise program will inicrease upper—body strength
better than lifting welghts He is eager to test this new
program in the off-season with the players on his high
sctiool team. Tlie coach decides to let his players
choose which of the two treatrnerits they will undergo
for 3 weeks—exercise or welght lifting. He will use
the number of push-ups a player can do at the end of
the experlment as the response variable. -

(a) Which principle of éxperimental design does the
coach’s plan violate? Explain how this violation could
lead to confounding.

(b) Comment on the coach’s choice of response
vatiable.

Prayer and meditition You read in 2 magazine
that nonphysmal treatmenits such as ‘meditation and
prayer have beeir shown to be effective in controlled
scientific stqdles' for such arlments 4s high blood
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68,

69.

70.
cal company, has developed anew drug for relieving

'whrch of two brands of weed luller 1s less llkely to

pressure insomnia,- ulcers and asthma Explam

school and hold good ]obs
lina Abecedanan Pro1ect (the

ren srnce 1972 Back then these 1nd1v1du—

'ncome black 1nfants m

Half were also assrgned at random to an intensive
preschool prograrn 38 ) :

{a) Explam the purpose of each of the three expen-

mental desrgn pnncrples

Klllrng weeds A brologrst would lrke to determme

“Whrch of the followmg two plans for randomly 3
assigning the treatrnents should the blologlst use?
Why? =

Plan A: Choose the 12 healthiest- lookmg plants
Apply Brand X weed killer to all 12 of those plants.

Apply Brand Y weed krller to the i remarmng 12 plants.

Plan B; Choose 12 of the 24 plants at random. Apply
Brand X weed killer to those 12 plants and Brand Y
Weed killer to the remarnmg 12 plants '

Do placebos really work? Researchers in ]apan
conducted an expenment on 13 mdlvrduals who _

each sub]ect was rubbed with a po1son ivy | leaf and
told the l_eaf was harmless On the other arm, each

was porson lvy All the sublects developed a rash on

the arm where the harmless leaf was rubbed Of the

1D €1 !
porson 1vy leaf IR : o
(a) What was the placebo in this expenment? :

(b) Explam how the restilts of this study support the
idea ofa placebo effect

Pain rehef study Fi izz Laboratones a pharmaceutl-

chronic pain: Saxty patients suffenng from arthritis
and rieeding pain relief are available..Each patient
will be treated and asked an hout later, “About what
percent of pain relief did you expenence?

p ments and belp from social “/orkers.

73. ,Acup ture and | ? gnancy A study sought to

(a) Why should FIZZ not simply administer the new
drug and record the pat1”nts resp 'nses?

sults w were suspect because the ratmgs were fiot blind.
Explain what this means and how lack of blmdness
could blas the reported results o

cause a reductron in lean body s, an increase in
fat, and other undesrrable changes. Do testosterone
supplernents reverse some of these effects? A study.
in the Netherlands assigned 237 men aged 60 to 80
with low o low-niormal testosterone levels to either
a testosterone supplement ora placebo The report
in the Journal of the American Medical Association
described the study as'a “double-blind, randomized,
placebo-controlled trial ™40 Explam each of these
terms to someone who knows no statrstlcs

ndcrgon b
were recrurted for the study Half of the sub]ects were
randomly assrgned to rece1ve acupuncture treatment

became pregnant in the two groups is statlstlcally
srgnlﬁcant Explain what this means to someone who
knows little statistics. ~ :

(©) Explain why the placebo effect prevents us from
concludmg that acupuncture caused the dlfference in
pregnancy rates '



74. Do reducing diets work? Dr. Linda Stern and her

75.

colleagues recruited 132 obese adults at the Philadel-
phia Veterans Affairs Medical Center in Pennsylvania.
Half the participants were randomly assigned to a low-
carbohydrate diet and the other half to a low-fat diet.
Researchers measured each participant’s change in
weight and cholesterol level after six months and again
after one year. Subjects in the low-carb diet group lost
significantly more weight than subjects in the low-fat
diet group during the first six months. At the end of a
year, however, the average weight loss for subjects in
the two groups was not significantly different.®2

(a) Why did researchers randomly assign the subjects
to the diet treatments? '

(b) Explain to someone who knows little statistics
what “lost significantly more weight” means.

(¢) The subjects in the low-carb diet group lost an aver-
age of 5,1 kg in a year. The subjects in the low-fat diet
group lost an average of 3.1 kg. Explain how this infor-
mation could be consistent with the fact that weight loss
in the two groups was not significantly different.

Is yawning contagious? According to the popular
TV show Mythbusters, the answer is “Yes.” In the
March 9, 2005, episode, the Mythbusters team
presented the results of an experiment involving 50
subjects. All the subjects were placed in a booth for
an extended period of time and monitored by hidden
camera. Two-thirds of the subjects were given a “yawn
seed” by one of the experimenters; that is, the experi-
menter yawned in the subject’s presence pnor to leav-
ing the room. The remaining subjects were given no
yawn seed. What were the resulis? Of the 16 subjects
who had no yawn seed, 4 yawned. Of the 34 subjects
given a yawn seed, 10 yawned. Adam Savage and Ja-
mie Hyneman, the cohosts of Mythbusters used these
results to conclude that yawning is contagious.

(a) Explain how you could use slips of paper to random-
ly reassign the subjects to the treatment groups, assuming
that the treatment received doesn't affect the response.
(b) Suppose we used your method in (a) to redo the
random assignment 50 times. The Fathom dotplot
displays the number of subjects in the yawn seed
group who yawned in each of these rindom assign-
ments. What conclusion would you draw about
whether yawning is contagious? Explain.

Yawningstudy [©steioti

-]
L]
-]
w
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76. Magnets and pain Refer to the chapter-opening

Case Study (page 205). The researchers decided to
analyze the patients’ final pain ratings. It also makes
sense to examine the difference between patients’
initial pain ratings and their final pain ratings in both
groups. Here are the data:

Active: 10,6,1,10,6,8,5,5,6,8,7,8,7,6,4,4,7,10,6,10,6,5,5,],

0,0,0,0,1

'hmﬁve: 4;.375:21114;1:0-:071’0:0707()’0)0:0517070:l

77.

78.

(a) Consiruct a comparative dotplot of the data.
Describe what you see.

(b) Calculate the mean (average) change in pain
rating for each group. Find the difference in the aver-
age changes for the two groups (Active — Inactive).

(c) Describe how you could use index cards to randomly
reassign the subjects to the treatment groups, assuming
that the treatment received doesn’t affect the response.
(d) Suppose we used your method in (c) to redo the
random assignment 50 times. The Fathom dotplot
displays the difference (Active — Inactive) for the aver-
age change in pain rating for each of these random
assignments. What conclusion would you draw about
the effect of magnets on pain relief? Explain.

Doctors and nurses Nurse—prachhoners are Nurses
with advanced qualifications who often act much like
primary-care physicians. Are they as effective as
doctors at treating patients with chronic conditions?
An experiment was conducted with 1316 patients
who had been diagnosed with asthma, diabetes, or
high blood pressure. Within each condition, patients
were randomly assigned to either a doctor or a
nurse-practitioner. The response variables included
measures of the patients’ health and of their
satisfaction with their medical care after 6 months.#
(a) Which are the blocks in this experiment: the
different diagnoses (asthma, etc.) or the type of care
(nurse or doctor)? Why?

(b) Explain why a randomized block design is prefer-
able to a completely randomized design here.

Comparing cancer treatments The progress of a
type of cancer differs in women and men. Researchers
want to design an experiment to compare three thera-
pies for this cancer. They recruit 500 male and 300
female patients who are willing to serve as subjects.
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7 ‘,( ) Wl'llCl’l a "‘the blocks in thrs exper_lment the ] =

(b) What arethe advantages of a randomrzed block
'_desrgn guera completely randomlzed eslgn usmg

5 ‘,‘tage would thrs offer? What drsadvantage?

) (a) Explam why a randomrzed block desrgn would be L

better thana completely randormzed desrgn m this.
“setting, -

(b) Should the researcher use the rows or the
columns of the field as blocks? ]ustlfy your answer.

(c) Use technology or Table D to carry out the _
taridom assignment requrred by your desrgn Explam
“your method clear]y

. 80. Comparmg werght-loss treatments Twenty over- . -
©weight females have agreed to partrcrpate ina study

- of the effectlveness of four weight] ] ,

AT earcher first ca ’ culates how

overweight each subject is by compating the- sithject’s

actual weight with her ¢ ideal” weight. The subjects

: and thieir excess welghts in: pounds are as follows: -~
Smlfh 29

Blmbaum 35 Hernandez 75 Moses 95

~ Brown " 34 ]ackson 733 Nevesky. 39 Swll 33
Brunk - .30 Kendall . 28 Obrach - 30 "Tian = 35 -
Cruz .. 34 Loren - .. 32 Rodnguez 30 eransky 42
Deng '24 Manit . - '28 Santrago 27 Williams . 22

; The response vanable is the weight | Jost fter 8 weeks of
" treatment. Previotis studies have shown that the effects
of a diet may vary | based on'a sub]ects initial welght

(a) Explain why a randomized block desrgn would be : |

better thana completely randomlzed de51gn in thls
«settmg : i

) (b) Should researchers form blocks of size 4 based on
subjects’ last names in alphabetrcal order or by how »
' overwerght the sub]ects are? Explam '

ble for the study What advan— s

-+ random assignmn
A your methodc arly.. -

:-'.81‘-':

.'" (c) Use techno]o ¥ of Table D to carry out the

Aw, rats! A nutrition 'experlmenter mtends to

. v"compare the weight gain of newly weaned male

* litter. Rats i in the ﬁrst htter appear to be shghtly w5 .

: Sl (a) I the 10 rats from Lrtter 1 were fed D‘let A‘,{he

: lecturers are as follows:

health1er

teaches two'sechons “ Suppose the sectlons and

Seclon s
A : T
e : _Chnstensen 6 Hiton
SRRl ST Toley
A ' 8“ :j'jChnstensen

'(a) Suppose we randomly assrgn two lecturers to use
standard technology in theif sections and the other
‘two lecturers to use multimedia technology Explam ,

how this could’ lead to confOundlng

N (b) Descnbe a better design for this experlment

students

Look, Ma, no hands! Does talkmg on a hands—free
cell phone stract drivers? R earchers recruit 40
student sub;ects for an expenment to 1nvest1gate
this question. They have a driving simulator

" equipped w1th a hands—free phone for use in the
- study P

(a) Researchers are conslderlng the desrgn shown in

- the ﬁgure below What type of desrgn is thls?

Group 1
.~ 20students

Treatment 1

Drive Compare

40 Randoin
/ brake time

assignment
ign . Group 2

__ Treatment 2
20 students

Diive and talk

t requxred by your deslgn Explaln " a ‘v

B &d Diet A with that of rats fed Diet B. To do thrs, ek
- she will feed eac diet to 10 rats. She has. ava1lable
10 rats from one tter and 10 rats. fom. asecond.



84.

85.

86.

(b) Explain how blocking could be used to improve
the design'in (a).

(¢) Why is it important to randomly assign the treat-
ments within each block?

Chocolate gets my heart pumping Cardiologists

at Atheris Medical School in Greece wanted to test
whethier chocolate affected blood flow in the blood
vessels. The researchers recruited 17 healthy young
volunteers, who were each given a 3.5-ounce bar of
dark chocolate; either bitterswéet or fake chocolate.
On another day, the volunteers were switched. The
subjects had no chocolate outside the study, and
mvestlgators didn’t know whethier a subject had eaten
the real or the fake chocolate: An ultrasound was
taken of each volunteer’s upper arm to see the func-
tioning of the cells in the walls of the main artery.
The investigators found that blood vessel function was
improved when the subjects ate bittersweet chocolate,
and that there were no such changes when they ate
the placebo (fake chocolate).®

(a) What type of desrgn did the 1nvest1gators use in
their stiudy?

(b) Explain.why the mvestlgators chose this desrgn
instead of a completely randomized design.

(©) Why is it important fo randornly assign the order
of the treatments for the subjects?-

Room temperature and dexterity An expért on
worker performance is interested in the effect of
room temperature on'the perforrnance of tasks
requiting manual dextenty She chooses tempera-
tures of 70°F and 90°F as ‘treatients. The response
variable is the number of ¢ correct insertions, during
a 30-mmute period, in a peg-and-hole apparatus that
requires the use of both hands simultaneously. Each
subject is trained on the apparatus and then asked to
make as many insertions as possible in 30 minutes of
continuous effort.

(a) Outline a completely randomized design to
compare dextenty at 70° and 90°. Twenty subjects are
available.

(b) Because individuals differ greatly in dexterity, the
wide variation in individual scores may hide the sys-
tematic effect of temperature unless there are many
subjects in each group. Describe in detail the design
of a matched pairs experiment in which each subject
serves ds his or her own control.

Carbon dioxide and tree growth The concentration
of carbon dioxide (CO;) in the atmosphere is
increasing rapidly due to our use of fossil fuels.
Because plants use CO; to fuel photosynthesis, more
CO; may cause trees and other plants to grow faster.
An elaborate apparatus allows researchers to pipe extra
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CO; to a 30-meter circle of forest. We want to compare
the growth in base area of trees in treated and
untreated areas to see if extra CO; does in fact increase
growth. We can afford to treat three circular areas.*

(a) Describe the design of a completely randomized

' experiment using 6 well-separated 30-meter circular

87.

88.

89.

90.

areas in a pine forest. Sketch the circles and carry out
the randomization your design calls for.

(b) Areas within the forest may differ in s011 fertility.
Describe a matched pairs design using threg pairs
of circles that will reduce the extra variation due to
different ferhhty Sketch the circles and carry out the
randomization your desigri calls for.

Got deodorant?. A group of students wants to per-
form an experiment to determine whether Brand A or
Brand B deodorant lasts longer. One group member
suggests the following design: Recruit 40 student
volunteers— 20 male and 20 female. Separate by
gender, since male 4nd female bodies might respond
differently to deodorant. Give all the males Brand A
deodorant and all the females Brand B. Have each
student rate how well the deodorant is still working
at the end of the school day on a 0'to 10’scale. Then
compare ratlngs for the two treatments

(a) Identlfy ariy flaws yoi see in the proposed design
for this experiment.

(b) .Describe how you would design the expenment
Expliin howy your design addresses each of the
problems you 1dent1ﬁed in (a)

Wake-up call Do people natura]ly wake up earller
when they set an-alarm before going to sleep? Justin
decides to condiict his own experiment to find out.
On Friday and Saturday nights, he doesn’t set the
alarm before going to bed. On Monday and Tuesday,
he sets the alarm for 7 .M. Justin records the time
when he wakes up each day and then compares his
average wake-up time with and without the alarm.

(a) Identify any flaws you see in the proposed design
for this experiment.

(b) Describe how you would design the expenment
Explain how your desrgn addresses each of the prob-
lems you identified in (a).

Close shave Which of two brands of electric Tazor
shaves closer? Describe how you would design and
carty out an experiment to answer this question using
50 ‘adult male volunteers.

Music and studying Does listening to music while
reading a story help or hinder recall of factual details?
Describe how you would design and carry out an
expenment to answer this question using 30 students
at your school who have agreed to participate.
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Multtple chowe Select the best answer for Exerczses
91 to 98." A - O

9l

92‘-.

93.

95.

.Vege

.restrlcted sal '

Can changrng dret reduce hrgh blood pressure? |

This experlment has v o F
a) one factor, the type of dret »

(b) two factors hrgh blood £
(c) two factors no' I /veged
strrcted/restncted salt

(d) three factors men hlgh blood pressure and type

In the experrment of the prevrous exercise, the 240
ubjects are labeled 001 to 240. Software randomly
10 1 ch of the four drets Thisis

d) an observatlonal study
e) an SRS

' The‘ Communrty Intervenhon Trlal for Smokmg Ces-

campargn woulcl reduce smokmg The resear
located 11 | parrs of commiinities; each pairs similar in

vlocatlon- size, economlc status and so on. One corn-

(b) a matched p'_'_." experiment, |

(c) a completely randomrzed expenment .

(d) a randomrzed block desrgn, but not matched palrs
(e) a stratrﬁed randorn sample '

ng new d g to treat depressron Tt
' "d, double—blmd trial, a

' dummy prll did almost as well as the new drug. The

fact that many people respond toa dummy treatment

is called
(a) confoundmg (d) the placebo effect

(b) nonresponse. (e) bras e

(e) comparrson :

‘Corn varrety 1 ylelded 140 bushels per acte last
year ata research farmr Thrs year, corn varrety 2,

tarian diets and low—salt drets are both prornrsrng }

97.

98.

) pl nite d in -the same locatlon

ylelded only 110 '
¢l k ’

wrth the ace,u_o effect : S
{c ) Yes, because the results weré publrshed ina.
reputable professronal )ournal = ;
(d) No, because this is an observatrona] study An
experimetit would be needed to ¢onfirm (or not
confifm) the observed effect ‘ :

(e) Yes, bécause a 50% reduction can’t happen ]ust
by chance

A double—bllnd expenment was conducted to:
he effectiveness of the Salk polio vaccine.
of keepmg the dlagnosmg phys' jans -

funa are of the treatment status of the expenmental

(c) ehmmate a pos51ble source of bras ‘

(d)- make sure nobody is harmed
(e) avord the. placebo effect '

Two essentlal features of all statrstrcally desrgned

iexpenments are - -

(a) compare several treatments use the doublc—blmd
method. ol ! : .

(b) compare several treatmcnts use chance to assrgn
subjects to treatments '

(). always have a placebo group, use the double— -"_
blind method .

(d) usea block desrgn use chance to asmgn sub]ects
to treatments i : :

(e) tise enough sub]ects always have a control group‘
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99. Seed weights (2.2) Biological measurements on other (Twin B) by a high-income family. Both twins were
the same species often follow a Normal distribution given an IQ test as adults. Here are their scores:#”

quite closely. The weights of seeds of a variéty of

winged bean are approximately Normal with mean TwinA: 120 99 99 94 111 97 99 94 104 114 113 100

(a) What percent of seeds weigh more than 500 mg?

Show your method. ‘ 100. IQ and twins (3.1) How well does one twin’s IQ

(b) If we discard the lightest 10% of these seeds, what predict the other’s? Give appropriate evidence to

is the smallest weight among the remaining seeds? ¢ J support your answer.

Show your method.
Exercises 100 and 101 refer to the following setting. A re- 101. IQ and income (1.3) Do identical twins living in
searcher studied a group of identical twins who had been & low-income homes tend to have lower IQs later in
separated and adopted at birth. In each case, one twin ¢ life than their twins who live in high-income homes?
(Twin A) was adopted by a low-income family and the Give appropriate evidence to support your answer.

: In Section 4.3,
you’ll learn about:
® Scope of inference

* The challenges of
establishing causation

¢ Data ethics

L T e

3
?

Using Studies Wisely

Researchers who conduct statistical studies often want to draw conclusions (make
inferences) that go beyond the data they produce. Here are two examples.

* The US. Census Bureau carries out a monthly Current Population Survey of
about 60,000 households. Their goal is to use data from these randomly selected
households to estimate the percent of unemployed individuals in the population.

* Scientists performed an experiment that randomly assigned 21 volunteer sub-
jects to one of two treatments: sleep deprivation for one night or unrestricted
sleep. The experimenters hoped to show that sleep deprivation causes a decrease
in performance two days later.*8

What type of inference can be made from a partir;ular study? The answer depends
on the design of the study.

Scope of Inference

In the Census Bureau’s sample survey, the individuals who responded were cho-
sen at random from the population of interest. Random sampling avoids bias and
produces trustworthy estimates of the truth about the population. The Census

| Bureau should be safe making an inference about the population based on the

results of the sample.
In the sleep deprivation experiment, subjects were randomly assigned to the

i sleep deprivation and unrestricted sleep treatments. Random assignment helps

* ensure that the two groups of subjects are as similar as possible before the treat-
Pl ments are imposed. If the unrestricted sleep group performs much better than
- | the sleep deprivation group, and the difference is too large to be explained by

chance variation in the random assignment, it must be due to the treatments, In
that case, the scientists could safely conclude that sleep deprivation caused the
decrease in performance. That is, they can make an inference about cause and
effect. However, since the experiment used volunteer subjects, this limits scien-
tists’ ability to generalize their findings to some larger population of individuals.
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Let's recap what we've learned about the scope of inference in a statistical study.
Random selection of individuals allows inference about the population. Random
assignment of individuals to groups permits inference about cause and effect. The
chart below summarizes the possibilities.*

Both random sampling - Were individuals randomly assigned to groups?

and random assignment Yes No

intrf)d.uce‘ chence - inference about the population: YES Inference about the population: YES
variation into a statistical . Yes

stucy. When pe fforming Were individuals Inference about cause and effect YES  Inforence about cause and effect: NO
inference, statisticians randomly selected? N Merenos about the population: NO Inference about the population: NO
use the laws of 0 |nference about cause and effect YES  Inference about cause and effect: NO
probability 1o describe

this chance variation. Well-designed experiments randomly assign individuals to treatment groups.
You'l learn how this However, most experiments don’t select experimental units at random from the
works later in the book. larger population. That limits such experiments to inference about cause and

effect. Observational studies don’t randomly assign individuals to groups, which
rules out inference about cause and effect. An observational study that uses
random sampling can make an inference about the population. The following
example illustrates all four cases from the table above in a single setting.

- Vitamin C and Canker Sores
‘A smalltown dentist wants to know if a daily dose of 500 milligrafas (mg
‘min C will result in fewer canker sores in the mouth than taking 1o vitamin,

ca b 1,0

following four study d

ts in town

sotes?Based onpatlents answ
- those who take at least 500 mg

ind those whodo

Design 2: Getall de; f ointments in the n xttwo weeks.
* totaké part in a study. Rand f them to take 500 mg of vitamin.
" G each day and the other ha n from taking vitamin C for three months.
Design 3: Selecta rane ¢ of dental patients in hemito take

“part in'a study. Divide the'patients into two groups ds: gy

_ and get fhiem to take
part in a study. Randomly assign half of them to take 500 mg of vitamin C each
day and the other half to abstain from taking vitamin C for three months.

Design 4: Select a random sample of dental patients in town at

For whichever design the dentist chooses, suppose she compares the proportion
of patients in each group who complain of canker sores, Also suppose that she
finds a statistically significant difference, with a smaller proportion of those taking
vitamin C having canker sores.

PROBLEM: What can the dentist conclude for each design?
SOLUTION:

Design 1: Since the patients were not randomly selected, the dentist cannot infer that this result
holds for a larger population of dental patients. This was an observational study since no treatments



Section 4.3 Using Studies Wisely 263

N For Practice Try Exercise 105

The Challenges of
Establishing Causation

A well-designed experiment tells us that changes in the explanatory variable cause
changes in the response variable. More precisely, it tells us that this happened
for specific individuals in the specific environment of this specific experiment.
The serious threat is that the treatments, the subjects, or the environment of our
experiment may not be realistic. Lack of realism can limit our ability to apply the
conclusions of an experiment to the settings of greatest interest.
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In some cases, it isn’t practical or even ethical to do an experiment. Consider
these important questions:

e Does texting while driving increase the risk of having an accident?
" Does going to church regularly help people live longer?
» Does smoking cause lung cancer?

To answer these cause-and-effect questions, we just need to perform a randomized
comparative experiment. Unfortunately, we can’t randomly assign people to text
while driving or to attend church or to smoke cigarettes. The best data we have
about these and many other cause-and-effect questions come from observational
studies.

It is sometimes possible to build a strong case for causation in the absence of
experiments. The evidence that smoking causes lung cancer is about as strong as
nonexperimental evidence can be.

Does Smoking Cause Lung Cancer?
Living with observational studies

* Doctors had long observed that most lung cancer patients were smokers.
' ‘Comparison of smokers and similar nonsmokers showed a very strong asso-
| ciation between smoking and death from lung cancer. Could the association
i be due to a lurking variable? Is there some genetic factor that makes people
& both more likely to get addicted to nicotine and to develop lung cancer? If
¢ 50, then smoking and lung cancer would be strongly associated even if
| smoking had no direct effect on the lungs. Or maybe confounding is to
blame. It might be that smokers live unhealthy lives in other ways (diet,
alcohol, lack of exercise) and that some other habit confounded with smok-
| ing s a cause of lung cancer. How were these objections overcome?

What are the criteria for establishing causation when we can't do an
experiment?

o The association is strong. The association between smoking and lung cancer is
very strong.

e The association is consistent. Many studies of different kinds of people in many
countries link smoking to lung cancer. That reduces the chance that a lurking
variable specific to one group or one study explains the association.

o Larger values of the explanatory variable are associated with stronger responses.
People who smoke more cigarettes per day or who smoke over a longer period
get lung cancer more often. People who stop smoking reduce their risk.

o The alleged cause precedes the effect in time. Lung cancer develops after years
of smoking. The number of men dying of lung cancer rose as smoking became
more common, with a lag of about 30 years. Lung cancer kills more men than
any other form of cancer. Lung cancer was rare among women until women
began to smoke. Lung cancer in women rose along with smoking, again with a
lag of about 30 years, and has now passed breast cancer as the leading cause of
cancer death among women.
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® The alleged cause is plausible. Experiments with animals show that tars from
cigarette smoke do cause cancer.

Medical authorities do not hesitate to say that smoking causes lung cancer.
The U.S. Surgeon General states that cigarette smoking is “the largest avoidable
cause of death and dlsablhty in the United States.””! The evidence for causation is
overwhelming—but it is not as strong as the evidence provided by well-designed
experiments.. Conducting an experiment in which some subjects were forced
to smoke and others were not allowed to would be unethical. In cases like this,
observational studies are our best source of reliable information.

Data Ethics*

Medical professionals are taught to follow the basic principle “First, do no harm.”
Shouldn’t those who carry out statistical studies follow the same principle? Most
reasonable people think so. But this may not always be as sifnple as it sounds. De-
cide whether you t think each of the following : studies is ethlcal or unethrcal

°* A promrsmg new drug has béen developed for treatmg cancer in humans
Before giving the drug to human subjects, researchers want to adxmmster the.
drug to animals to see if there are any potentially serious side effects.

* Are companies discriminating against some individuals in the hlrmg process?
To find out, researchers prepare several equivalent résumés for fictitious job
applicants, with the only difference being the gender of the apphcant They
send the fake résumés to companies advertising positions and keep track of the
number of males and females who are contacted for interviews. © - -

* In a medical study of a new drug for migraine sufferers volunteer sub)ects are
randomly assigned to two groups. Members of the first group are given a placebo
pill. Subjects in the second group are given the new drug. None of the subjects
knows whether they are taking a placebo or the active drug. Nelther do any of
the physicians who are interacting with the subjects. -

* Will people try to stop someone from driving drunk? A telev1s1on news pro—
gram hires an actor to play a drunk driver and uses a hidden cameta to record the
behavior of 1nd1v1duals who encounter the driver.

The most complex issues of data ethics arise when we collect data from people
The ethical difficulties are more severe for experiments that impose some treatment
on people than for sample surveys that simply gather information. Trials of new
medical treatments, for example, can do harm as well as good to their subjects. Here
are some basic standards of data ethics that must be obeyed by all studres that gather
data from human subjects, both observational studies and expériments.

Basic Data Ethics

All mdwrduals who are sub]ecis i a study must gwe their mformed consent

before data are collected.

:All individual data- must bé kept confidential. Only stat:stlcal summanes for.
- groups of subjects may be made public. U : '

*This is an important topic, but it is not required for the AP Statistics exam.




266 CHAPTER 4 DESIGNING STUDIES

The law requires that studies carried out or funded by the federal government
obey these principles.’? But neither the law nor the consensus of experts is com-
pletely clear about the details of their application.

Institutional review boards The purpose of an institutional review board is not
to decide whether a proposed study will produce valuable information or whether
it is statlstlcally sound. The board’s purpose is, in the words of one university’s
board, “to protect the nghts and welfare of human subjects (including patients)
recruited to parhc1pate in research activities.” The board reviews the plan of the
study and can require changes. It reviews the consent form to be sure that subjects
are informed about the nature of the study and about any potential risks. Once
research begins, the board monitors its progress at least once a year.

The Maye Foundation Institutional Review Board (IRS)

gmmmamnmmmmmmmﬂmmmmmmm

stanging. That &, mhmmﬂuwmmlrmpﬂhh !llw. 'lheﬂaw TR reviewis all
huw sum I‘“l’dl mmmmmuu Hmmm Mmahkm

e s Foundation s tvs Gy comierint fnstksioriad Revies Boes (enectuely thie *IRE}

The Web page of the Mayo Clinic’s institutional review board. It begins by describing the job of such
boards.

Informed consent Both words in the phrase “informed consent” are important,
and both can be controversial. Subjects must be informed in advance about the
nature of a study and any risk of harm it may bring. In the case of a sample sur-
vey, physical harm is not possible. But a survey on sensitive issues could result
in emotional harm. The participants should be told what kinds of questions the
survey will ask and about how much of their time it will
take. Experimenters must tell subjects the nature and
purpose of the study and outline possible risks. Subjects
must then consent in writing.

Confidentiality Ethical problems do not disappear
once a study has been cleared by the review board, has
obtained consent from its participants, and has actually
collected data about them. It is important to protect in-
dividuals’ privacy by keeping all data about them con-
fidential. The report of an opinion poll may say what
percent of the 1200 respondents felt that legal immigra-
tion should be reduced. It may not report what you said
: about this or any other issue.

“| realize the participants in this study are to be Confidentiality is not the same as anonymity. Anonym-
anonymous, but you're going to have to expose your eyes.” ity means that individuals are anonymous—their names
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are not known even to the director of the study. Anonymrty is rare in statistical stud-
ies. Even where anonymity is possible (mamly in surveys conducted by miail), it
prevents any follow-up to improve nonresponse or inform individuals of results.
Any breach of confidentiality is a serious violation of data ethics. The best prac-
tice is to separate the identity of the study’s participants from the rest of the data at
once. A clever computer search of several data bases might be able, by combining
information, to identify you and lear a great deal about you even if ‘'your name and
other identification have been removed from the data available for search. Privacy
and confidentiality of data are hot issues among statisticians in the computer age.

ACTIVITY Response bias

In this Activity, your team will desrgn and conduct an experiment to 1nvest1gate
the effects of response bias i in surveys.”* You may choose the topic for your sur-
veys, but you must design your experrrnent $0 that it can answer at least one of the

following questions: _

® Can the wording of a question create. response bias?

* Do the characteristics of the interviewer create response- bras7
® Does anonymity change the responses to sens1t1ve questlons?

* Does manipulating the answer chorces change the response? '

1. Write a proposal describing the desrgn of your experlment Be sure to
include
(a) your chosen topic and whrch of the above questlons you’ll try to answer.
(b) .a detailed descnptron of hows you wrll " bt‘ i _your sub]ects minimim of
50). Your plan muist be practrcal| e S T
(c¢) what your questions will be and how they w111 be asked'v.
(d) aclear explanatlon of how you wi ment yo
(e) precautions you v will take to colle data ethlcally
Here are two examples of successful student prO]ects
“Make-Up,” by Caryn S. and Trzsha T (all queshons asked to males)
1. “Do you find females who wear makeup attractlve?” (questioner wearing
makeup 75% answered yes) '

2. “Do you find females who wear makeup attractive?” (questioner not
wearing makeup: 30% answeréd yes) -

“Cartoons” by Sean W, and Bnan H.
1. “Do you watch cartoons?” (90% answered yes)
2. “Do you still watch cartoons? (60% answered yes)

2. Once your teacher has approved your desrgn, carry out the experiment.
Record your data in tabular form.- y

3. Analyze your data. What conclusron do. you draw? Provide approprlate
graphical and numerical evidence to support your answer.

4. Prepare a report that includes the data you collected, your analysrs from
Step 3, and a discussion of any problems you encountered and how you dealt with

them.
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| Magnets and Pain
Let's return to the chapter-opening Case Study (page 205). Researchers carried
out an experiment using as subjects 50 volunteer patients with. chronic pain.
A completely randomized design was used, with 29 subjects receiving the active-
magnet treatment and 21 subjects getting the fake-magnet treatment. The Fathom
dotplat shows the final pain ratings for both groups (A = active magnet, I = inactive
magnet). R . »

The average pain rating after the treatment was 8.43 for the inactive-magnet group
' - and 4.38 for the active-magnet group. This difference is statistically

(Detreil) significant. What conclusion can we draw?
. - The difference in the average responses for the two groups was
. too large to be explained by chance variation in the random as-
E . s el {3 signment. So we can infer that the magnet treatment caused a re-
1 duction in pain. But since the subjects were volunteers, we can’t

‘Hagnets and pain

safely generalize the findings of this experiment to any larger

<|$ i i i b o population.
6.2 a4 6 8 w12

Pain

SOUPEN S mmary

~ Most statistical studies aim to make inferences that go beyond the data
actually produced. Inference about the population requires that the
individuals taking part in a study be randomly selected from the larger
population. A well-designed experiment that randomly assigns treatments
to experimental units allows inference about cause and effect.

o Lack of realism in an experiment can prevent us from generalizing its
results. ”

» In the absence of an experiment, good evidence of causation requires
a strong association that appears consistently in many studies, a clear
explanation for the alleged causal link; and careful examination of possible
lurking varigbles. - . | .

e  Studies involving humans must be screened in advance by an institutional
review board, All participants must give their informed consent before
taking part. Any information about the individuals in the study must be

Meptconfdentisl . - |

e Remember that randomized comparative experiments can answer questions

that can’t be answered without them. Also remember that “the interests of

the subject must always prevail over the interests of science and society.”*
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Exercises

]

Random sampling versus random assignment
Explain the difference between the types of
inference that can be made as a result of random
sampling and random assignment.

Foster care versus orphanages Do abandoned
children placed in foster homes do better than
similar children placed in an institution? The
Buchiarest Early Intervention Project found that
the answer is a clear “Yes.” The subjects were 136
young children abandoried at birth and living in
orphanages in Bucharest, Romania. Half of the

- children, chosen at random, were placed in foster

104.

106.

homes. The other half remained in the orphanages.*
(Foster care was not easily available in Romania at
the time and so was paid for by the study.) What
conclision can we draw from this study? Explain.

Frozen batteries Will storing batteries in a freezer
make them last longer? To finid out, a company that
produces batteries takes a random sarnple of 100 AA
batteries from its warehouse. The company
statistician randonly assigns 50 batteries to be stored
in the freezer and the other 50 to be stored at room
temperature for 3 years. At the end of that time
period, each battery’s chaige is tested. Result:
Batteries stored in the freezer had a higher average
charge, and the difference between the | groups was
statistically significant. What conclusion can we
draw from this study? Explaln

. Who talks more—women or men? According to

Louann 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 who
volunteered to participate in the study. The device
was programmed to record 30 seconds of sound
every 12.5 minutes without the carrier’s knowledge.
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.”%¢ This
difference was not statistically significant. What
conclusion can we draw from this study? Explam

Attend church, live longer? One of the better
studies of the effect of regular attendance at religious
services gathered data from a random sample of

107.

108.

3617 adults. The researchers then measu ed lots of
variables, not just the- explanatory variab
achv:tles) and the response vanable it

to be nonsmokers, physmally active,
right weight. But even after health b
taken into account, those niot a
semces regularly st111 were ab'

Dayti'me ruhning ligl,xts" c;;._'_ﬁa? 4

level when the car is started._..
are now equ1pp1ng cars sold i

lose regularly The psychologlst
through a one-way window and

Can the psychologlst gener )
study to a téam of employees
developmg a new product that n an
is finally abandoned by the1r company? Explam

109.* Mll‘llmal nsk? You have been 1nV1ted to serve on .

a college’s institutional review board.
decide whether several rescarch proposals quahfy for
lighter review because they involve only minimal
risk to subjects. Federal regulations say that * ‘minimal
risk” means the risks are no greater than * ‘those
ordinarily encountered in daily life or during the
performance of routine phiysical or psychological
examinations or tests.” That’s vague. Whlch of these
do you think qualifiés as “minimal ris}

*Exercises 109 to 116: This is an important toplc, but it is not

required for the AP Statistics exam.
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v"(a) Draw a drop of blood by pnckmg a ﬁnger to

~ measure blood sugar. .. :
by Drawblood from the armfora full setofblood tests

o) Insert a tube that rermiains m the arm, $o that
. blood.can be drawn regularly

110 *Who reviews? Governimént reg
* . ‘institutionial review: boards &
" including at least one scienti
Hié petson from‘outmde : ,
. ate Jarget, but many contam justone outslder
(@) Why should I '

‘;.are not screnhs

of at least ﬁve peo]

_ ‘(b) ‘Do you thlnk,_ atone»outmde member is -

: ‘example ‘would you prefer a‘
,‘kber of the clergy? An acttwst for

(b) A socral‘ psychologrst attends pubhc meetmgs
ofa rehgrous group to study the behavror patterns
of rnembers ek

e ) A socral psychologlst pretends to be converted to
riber

: meetmgs to study the behavror patterns of members
3 12+ Surveys of youth A survey asked teenagers whether

enough? Grve reasons for .y ur op niofi. K
113 * Anonymous? Conﬁdentlal? One of the most 1rnpor-

‘ Survey The GSS regu]arly motiitors pubhc opmron
“'on a wide variety of; pohhcal and social issues. Inter-
'+ views are conducted il person in the' sub]ect’s home

Area sub)ects responses to GSS queshons anonymous '

_confidential, or both? Explaln your answer.

114, *Anonymous? Conﬁclentlal? Texas A&M, lrke.many

. universities; offers: screenmg for HIV, the virus that
" causes AIDS Students rnay choose erther anonymous

, *Exerc1ses 109 to 116 Thls is an 1mportant tOPlC, but rt is not
requrred for the AP Statlstrcs exam ST o

l "ons requrre that i
ple, -

or conﬁdenhal
A “Persons ‘who'si

reemng An annOuncement says,

115*

w*boards contarn peoplewho KRR A :'..ff i

) these valuable results
_w consrdered an , %

' ;":"groups Th__treatm_\ tgrouP would eoﬁ'ered
hearin 'ards dentures transportahon and other e

1 17 Ammal teshng (1 1') -‘I "1s nght Gy lise ammals for !
1, medical testing if it might save human llves "The .
ca General Social Survey asked 1152 adults to react to this
statement Here is the two-way table of thelr responses

o L T . Male. Female .
_' '*Stronglyagree o e
F Agree ¥ s | 270 fL 247
Neher agree rordisagiee &7 139
Dsages e
o -.-Stronglydlsagree S _ 68

How do the dlstrlbutlons of oplmon dlffer between
. men and women? Give appropnate graphrcal and
v numencal ev1dence to support your: answer

118 Im, al pubhc oﬂ'enngs (1 3) The busrness "
c ’ reports that 4567 ¢ companies sold

their first stock to the pubhc between 1990 and

" 2000. The mean change in the stock price of these
“companies since the first stock was issued was -
+111%. The median change was ~31%:.%8 Explam
. how this could happen: (Hint: Start with the fact -
that Cisco Systems stoclc went up 60 600%. )
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This chapter ‘has explamed good techniques for pro- :
ducmg data and hasalso explained why bad tech-  expé
niques often produce worthless data. If we want to  tigtic:
draw conclusions that go beyond the data at hand, una
then we have to design the data production appropri- mplesand tr¢ expenments o
ately. The ﬁgures below dlsplay the big ideas visually. . SR

aps _the'two most 1mportant sta-
! 'e:twentleth century Unfor-

] assign_ment

B K19 X2y aeey Xpy

These exercises are designed to help you review the important (b). The
ideas and methods of the chapter. Relévant learning S
objectives are provided in bulleted form before each exercise.

e |dentify the population and sam_ple in a sample- survey.

* Describe the scope of inference that is appropriate in an
obsérvational study. .

R4.1. Ontario Health Survey The Ministry of Health in
the province of Ontario, Canada, wants to know whether
the national health care system is achieving its goals in the
province. Much information about health care comes from
patient records, but that source doesn’t allow us to compare
people who use health services with those who don't, So-
the Ministry of Health conducted the Ontario Health Sur-
vey, which interviewed a random sample of 61,239 people o :
who live in the province of Ontario.* (b) - - Gi
(a) What is the population for this sample survey? .
What is the sample? ' '

e in tl;re past year Do 'youvthmk
_re close to the truth about the

- of aiwa.y to choose a voluntary
_le of students Explam how this -
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- e Descnbe how to use Table D o select a srmple random

R43. Drug ._t tmg A baseball team regularly conducts
random drug tests on its players The 25 members of the
tearn are listed below o .

CHely v

Agarwal S8 S

Andrews . Frank - Hixson » Shen
Baer ©.  Fuest: ~Lee i - Smith -
Berger E y "’,_Lynch Petrticelli - Sundherm
.Brockman G :Mrlhalko ki Wllson o

(a ) Explam how you w“uld use the lme of random

o for a random drug test : '
(b) " Use your method from (a). to choose the SRS
‘ _Show how you are usmg the drgrts below .

03316

,?;-84569

( . bers aboiit the w
its of enterlng freshmen These attitudes appear to dd‘fer
depending on the type of college. The American Associa-
tion of Umversrty Professors classifies colleges as follows:

Class I: OEer doctorate degrees and award at least 15
per year..

L Class‘ IA Award’ degrees above the bachelors but are:

- ot ini Class L

" : Class IIB Award no degrees beyond the bachelor s,
"Class III Two-year colleges » _

€ Tesear 'er would like to survey about 200 faculty meim-

ornimeénd a simple randoin sarmple, strat
F cluster sample? ]ustlfy your: answer.

.. Explam how undercoyerage nonresponse and questron
wordmg can Iead to bias i ina sample survey

R4 5 Been to the movres? An oprmon p_oll calls 2000‘4 ran-
sen i - numbers, then asks to
speak with: an adult rnember of the household The interviewer
asks, “How many movies have you watchedin a movie theater
in the: past 12 months?” In all 1131 people ¢ spond o

(a) Identlfy a potentlal source of bias related to the
- . question being asked. Suggest a change that would
- ,help fix this problem O,
(b) - Identify 4 “potential source of bias in thls survey
- . that is niot rélated to question wording. Suggest a
Bt change that would help fix thls problem B

. 'Roberts o

searcher wants to study the

- . Dlstlngwsh between an observatronal study and an g

hospltals showed the followmg death rates for
four common anesthetrcs gl .

Death rate i :.1:7% : 17% : o 34% _ 19%

There seems 6 be a clear association between the anesthet-
ic used and the death rate of patrents Anesthetrc C appears
to be: dangerous : :

@) ExPlam hywe callth Natiorial Hal thane Study

'deaths Descnbe how a lurkmg varrable could
lead to confoundrng in this setting.

¢ [dentify the expenmental units or subjects, explanatory
variables (factors), treatriients, and response variables in an
expenment .

R4 7 Ugly frres Few people want to eat dlscolored '
french fries. Potatoes ate kept refrrgerated before bemg
cut for french fries to prevent sp0111ng and preserve flavor.
But 1mmedrate processing of cold potatoes causes discol-
oring due to complex chemical reactioris. The potatoes
miust therefore be brought to room temperature before
processing. Résearchers wanit to desrgn an experiment in
which tasters will rate the color and favor of french fries
prepared from several groups of potatoes. The potatoes
will be freshly picked of stored for a month at room tem-
perature or stored for a month refrrgerated They will then
be sliced and cooked either immediately or after an hour
at_room temperature Identrfy the expenmental units, -
explanatory varrable( ), the treah'nents and the response
varlable( Ye - L

‘. Descnbe a completely randomrzed desrgn for an expenment

R4 8 Athtudes toward homeless people Negahve ath—
tudes tOWard _pook people are comimon: Are attitudes more
negative ‘when a person is’ homeless? To find out, read to
subjects a descrrptlon of a poor person There are two ver-
sions. One beglns




