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       Case Study: Caffeine Dependence  

In this chapter you will:

 • Identify problems that  can arise in 
experiments in the real world.

 • Evaluate the strengths and weak-
nesses of experimental methods 
that have been developed to address 
some of these problems.

      6  Experiments 
in the Real 
World      

 Is caffeine dependence real? Researchers at the Johns Hopkins Univer-
sity School of Medicine wanted to determine if some individuals develop 

a serious addiction called caffeine dependence syndrome. Eleven volunteers 
were recruited who were diagnosed as caffeine dependent. For a two-day 
period these volunteers were given a capsule that either contained their daily 
amount of caffeine or a fake (nonactive) substance. Over another two-day 
period, at least one week after the first, the contents of the capsules received 
were switched. Whether the subjects first received the capsule containing 
caffeine or the capsule with the fake substance was determined by ran-
domization. The subjects’ diets were restricted during the study periods. All 
products with caffeine were prohibited, but to divert the subjects’ attention 
from caffeine, products containing ingredients such as artificial sweeteners 
were also prohibited. Questionnaires assessing depression, mood, and the 
presence of certain physical symptoms were administered at the end of each 
two-day period. The subjects also completed a tapping task in which they 
were instructed to press a button 200 times as fast as they could. Finally, 
 subjects were interviewed by a researcher, who did not know what was in 
the capsules the subjects had taken, to find other evidence of functional 

111
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112 Chapter 6 • Experiments in the Real World

impairment. The EESEE story “Is Caffeine Dependence Real? which can be 
found on the text website,” contains more information about this study. Is 
this a good study?

Equal Treatment for All
Probability samples are a big idea, but sampling in practice has difficul-
ties that just using random samples doesn’t solve. Randomized comparative 
experiments are also a big idea, but they don’t solve all the difficulties of 
experimenting. A sampler must know exactly what information she wants 
and must compose questions that extract that information from her sam-
ple. An experimenter must know exactly what treatments and responses he 
wants information about, and he must construct the apparatus needed to 
apply the treatments and measure the responses. This is what psychologists,  
medical researchers or engineers mean when they talk about “designing an 
experiment.” We are concerned with the statistical side of designing experi-
ments, ideas that apply to experiments in psychology, medicine, engineering, 
and other areas as well. Even at this general level, you should understand 
the practical problems that can prevent an experiment from producing use-
ful data.

The logic of a randomized comparative experiment assumes that all 
the subjects are treated alike except for the treatments that the experiment 
is designed to compare. Any other unequal treatment can cause bias. Treat-
ing subjects exactly alike is hard to do.

Example 1 Rats and rabbits

Rats and rabbits that are specially bred to be uniform in their inherited characteristics are the sub-
jects in many experiments. However, animals, like people, can be quite sensitive to how they are 
treated. Here are three amusing examples of how unequal treatment can create bias.

Does a new breakfast cereal provide good nutrition? To find out, compare the weight gains of 
young rats fed the new product and rats fed a standard diet. The rats are randomly assigned to diets 
and are housed in large racks of cages. It turns out that rats in upper cages grow a bit faster than 
rats in bottom cages. If the experimenters put rats fed the new product at the top and those fed the 
standard diet below, the experiment is biased in favor of the new product. Solution: randomly assign 
the rats to cages.

Another study looked at the effects of human affection on the cholesterol level of rabbits. All 
the rabbit subjects ate the same diet. Some (chosen at random) were regularly removed from their 
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 Double-Blind Experiments 113

Double-Blind Experiments
Placebos “work.” That bare fact means that medical studies must take special 
care to show that a new treatment is not just a placebo. Part of equal treat-
ment for all is to be sure that the placebo effect operates on all subjects.

cages to have their furry heads scratched by friendly people. The rabbits who received affection had 
lower cholesterol. So affection for some but not other rabbits could bias an experiment in which the 
rabbits’ cholesterol level is a response variable.

Finally, a paper in Nature reported that exposure of rats to male but not female experimenters 
produces pain inhibition. This effect could even be replicated with T-shirts worn by men and bedding 
material from other male mammals. Thus, the sex of an experimenter can affect apparent baseline 
responses in behavioral testing of rats.

Example 2 The powerful placebo

Want to help balding men keep their hair? Give them a placebo—one study found that 42% of balding 
men maintained or increased the amount of hair on their heads when they took a placebo. Another 
study told 13 people who were very sensitive to poison ivy that the stuff being rubbed on one arm 
was poison ivy. It was a placebo, but all 13 broke out in a rash. The stuff rubbed on the other arm 
really was poison ivy, but the subjects were told it was harmless—and only 2 of the 13 developed a 
rash.

Even more striking is the following example. Researchers randomly assigned patients with 
chronic lower back pain to one of two groups. One continued with treatment as usual: the drugs 
they were currently taking to prevent pain. The other group received their usual pain drugs as well as 
placebo pills in a typical prescription medicine bottle. They were told that a placebo pill contained 
no medication, and the bottle’s label read “Placebo pills. Take 2 pills twice a day.” After three weeks, 
both groups filled out a second questionnaire about their pain. On average, the pain medication 
group experienced a 9% reduction in usual pain, a 16% reduction in maximum pain, and no reduction 
in disability. By contrast, the placebo group averaged a 30% reduction in both usual and maximum 
pain, while reporting nearly the same reduction, 29%, in disability.

When the ailment is vague and psychological, like depression, some experts think that about 
three-quarters of the effect of the most widely used drugs is just the placebo effect. Others dis-
agree (see Exercise 6.31). The strength of the placebo effect in medical treatments is hard to 
pin down because it depends on the exact environment. How enthusiastic the doctor is seems to 
matter a lot. But “placebos work” is a good place to start when you think about planning medical 
experiments.

07_moorescc10e_10902_ch06_110_133.indd   113 09/09/19   1:05 PM
Copyright ©2020 W.H. Freeman Publishers. Distributed by W.H. Freeman Publishers. Not for redistribution. 



114 Chapter 6 • Experiments in the Real World

The strength of the placebo effect is a strong argument for randomized 
comparative 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 course, 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 sub-
jects 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 is receiving. If they know that a subject is getting “just a placebo,” 
they may expect less than if they know the subject is receiving a promis-
ing 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.

Until the study ends and the results are in, only the study’s statistician 
knows for sure. Reports in medical journals regu-
larly 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 enrolled from 13 sites across the 
continental United States between mid-September 
and mid-November 1997.” Doctors are expected 
to know what “randomized,” “double-blind,” and 
“placebo-controlled” mean. Now you also know.

Refusals, Nonadherers, and Dropouts
Sample surveys suffer from nonresponse due to failure to contact some peo-
ple selected for the sample and the refusal of others to participate. Experi-
ments with human subjects suffer from similar problems.

Example 3 Minorities in clinical trials

Refusal to participate is a serious problem for medical experiments on treatments for major dis-
eases such as cancer. As in the case of samples, bias can result if those who refuse are systemati-
cally different from those who cooperate.

Key Terms

In a double-blind experiment, neither the 
subjects nor the people who work with 
them know which treatment each subject 
is receiving.
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Clinical trials are medical experiments involving human subjects. Minorities, women, people 
living in poverty, and the elderly have long been underrepresented in clinical trials. In many cases, 
they weren’t asked. The law now requires representation of women and minorities, and data show 
that most clinical trials now have fair representation. But refusals remain a problem. Minorities, 
especially blacks, are more likely to refuse to participate. The government’s Office of Minority Health 
says, “Though recent studies have shown that African Americans have increasingly positive attitudes 
toward cancer medical research, several studies corroborate that they are still cynical about clinical 
trials. A major impediment for lack of participation is a lack of trust in the medical establishment.” 
Some remedies for lack of trust are complete and clear information about the experiment, insurance 
coverage for experimental treatments, participation of black researchers, and cooperation with doc-
tors and health organizations in black communities.

Subjects who participate but don’t follow the experimental treatment, 
called nonadherers, can also cause bias. AIDS patients who participate 
in trials of a new drug sometimes take other treatments on their own, for 
example. In addition, some AIDS subjects have their medication tested and 
drop out or add other medications if they were not assigned to the new 
drug. This may bias the trial against the new drug.

Experiments that continue over an extended period of time also suffer 
dropouts, subjects who begin the experiment but do not complete it. If the 
reasons for dropping out are unrelated to the experimental treatments, no 
harm is done other than reducing the number of subjects. If subjects drop 
out because of their reaction to one of the treatments, bias can result.

Example 4 Dropouts in a medical study

Orlistat is a drug that may help reduce obesity by preventing absorption of fat from the foods we eat. As 
usual, the drug was compared with a placebo in a double-blind randomized trial. Here’s what happened.

The subjects were 1187 obese subjects. They were given a placebo for four weeks, and the sub-
jects who wouldn’t take a pill regularly were dropped. This addressed the problem of nonadherers. 
There were 892 subjects left. These subjects were randomly assigned to orlistat or a placebo, along 
with a weight-loss diet. After a year devoted to losing weight, 576 subjects were still participating. On 
average, the Orlistat group lost 3.15 kilograms (about 7 pounds) more than the placebo group. The 
study continued for another year, now emphasizing maintaining the weight loss from the first year. 
At the end of the second year, 403 subjects were left. That’s only 45% of the 892 who were random-
ized. Orlistat again beat the placebo, reducing the weight regained by an average of 2.25 kilograms 
(about 5 pounds).
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116 Chapter 6 • Experiments in the Real World

Can We Generalize?
A well-designed experiment tells us that changes in the explanatory variable 
cause changes in the response variable. More exactly, it tells us that this hap-
pened for specific subjects in the specific environment of this specific experi-
ment. No doubt we had grander things in mind. We want to proclaim that our 
new method of teaching math does better for high school students in general or 
that our new drug beats a placebo for some broad class of patients. Can we gen-
eralize our conclusions from our little group of subjects to a wider population?

The first step is to be sure that our findings are statistically significant, 
that they are too strong to often occur just by chance. That’s important, but 
it’s a technical detail that the study’s statistician can reassure us about. The 
serious threat is that the treatments, the subjects, or the environment of 
our experiment may not be realistic. Let’s look at some examples.

Can we trust the results when so many subjects dropped out? The overall dropout rates were similar 
in the two groups: 54% of the subjects taking Orlistat and 57% of those in the placebo group dropped 
out. Were dropouts related to the treatments? Placebo subjects in weight-loss experiments often drop 
out because they aren’t losing weight. This would bias the study against Orlistat because the subjects in 
the placebo group at the end may be those who could lose weight just by following a diet. The research-
ers looked carefully at the data available for subjects who dropped out. Dropouts from both groups had 
lost less weight than those who stayed, but careful statistical study suggested that there was little bias. 
Perhaps so, but the results aren’t as clean as our first look at experiments promised.

Example 5 Pitch and perception

Researchers had undergraduate students, participating 
in exchange for course credit, listen to the audio portion of 
an advertisement for a laptop computer with the voice-over 
removed. An obscure instrumental rock song was played in the 
background. Half the students were randomly assigned to hear 
the ad with the song at a high pitch and the other half at a 
lower pitch. After hearing the ad, students were asked to rate 
the advertised laptop on how lightweight they thought it was.

Listening to an audio portion of an ad with voice-over 
removed in a laboratory is a long way from determining the effect of pitch on perceived size of products 
in actual ads. Does the behavior of the students in the lab tell us much about the behavior of all adults?

fizkes/Getty Images
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In Example 5, the subjects (students who know they are subjects in 
an experiment), the treatment (the pitch of an obscure rock song), and the 
environment (a psychology lab) are all unrealistic if the researchers’ goal is 
to reach conclusions about the effects of pitch on perceived product size in 
advertisements. Psychologists do their best to devise realistic experiments 
for studying human behavior, but lack of realism limits the ability to gen-
eralize beyond the environment and subjects in their study, and hence the 
usefulness of some experiments in this area.

Example 6 The effects of day care

Should the government provide day care for low-income, preschool children? If day care helps these 
children stay in school and hold good jobs later in life, the government would save money by paying 
less welfare and collecting more taxes. Even those who are concerned only about the cost to the 
government might support day care programs. The Carolina Abecedarian Project (the name suggests 
learning the ABCs) has followed a group of children since 1972.

The Abecedarian Project is an experiment involving 111 people who in 1972 were healthy but 
low-income black infants in Chapel Hill, North Carolina. All the infants received nutritional supple-
ments and help from social workers. Approximately half, chosen at random, were also placed in an 
intensive preschool program. The experiment compares these two treatments. Many response vari-
ables were recorded over more than 30 years, including academic test scores, college attendance, 
and employment.

This long and expensive experiment does show that intensive day care has substantial benefits 
in later life. The day care in the study was intensive indeed—lots of highly qualified staff, lots of par-
ent participation, and detailed activities starting at a very young age, all costing about $11,000 per 
year for each child. It’s unlikely that society will decide to offer such care to all low-income children, 
so the level of care in this experiment is somewhat unrealistic. The unanswered question is a big 
one: how good must day care be to really help children succeed in life?

Example 7 Are subjects treated too well?

Surely medical experiments are realistic? After all, the subjects are real patients in real hospitals 
really being treated for real illnesses.
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118 Chapter 6 • Experiments in the Real World

When experiments are not fully realistic, statistical 
analysis of the experimental data cannot tell us how far 
the results will generalize. Experimenters generalizing 
from students in a lab to workers in the real world must 
argue based on their understanding of how people func-
tion, not based just on the data. It is even harder to gener-
alize from rats in a lab to people in the real world. This is 
one reason why a single experiment is rarely completely 
convincing, despite the compelling logic of experimental 
design. The true scope of a new finding must usually be 
explored by a number of experiments in various settings.

A convincing case that an experiment is sufficiently 
realistic to produce useful information is based not on 
statistics but on the experimenter’s knowledge of the 
subject matter of the experiment. The attention to detail 
required to avoid hidden bias also rests on subject- 
matter knowledge. Good experiments combine statistical 
principles with understanding of a specific field of study.

Even here, there are some questions. Patients participating in medical trials get better medical 
care than most other patients, even if they are in the placebo group. Their doctors are specialists 
doing research on their specific ailment. They are watched more carefully than other patients. They 
are more likely to take their pills regularly because they are constantly reminded to do so. Providing 
“equal treatment for all” except for the experimental and control therapies translates into “provide 
the best possible medical care for all.” The result: ordinary patients may not do as well as the clinical 
trial subjects when the new therapy comes into general use. It’s likely that a therapy that beats a 
placebo in a clinical trial will beat it in ordinary medical care, but “cure rates” or other measures of 
success estimated from the trial may be optimistic.

   Meta-analysis A single study of 
an important issue is rarely deci-
sive. We often find several studies 
in different settings, with different 
designs, and of different quality. 
Can we combine their results to get 
an overall conclusion? That is the 
idea of “meta-analysis.” Of course, 
differences among the studies 
prevent us from just lumping them 
together. Statisticians have more 
sophisticated ways of combining 
the results. Meta-analysis has been 
applied to issues ranging from the 
effect of secondhand smoke to 
whether coaching improves SAT 
scores.

Key Terms

In a completely randomized experimental 
design, all the experimental subjects 
are allocated at random among all the 
treatments.

Experimental Design in the Real 
World
The experimental designs we have met all have the 
same pattern: divide the subjects at random into as 
many groups as there are treatments, then apply 
each treatment to one of the groups. These are com-
pletely randomized designs.

What is more, our examples to this point have 
had only a single explanatory variable (for example, drug versus placebo, 
classroom versus Web instruction). A completely randomized design can 
have any number of explanatory variables. Here is an example with two.

Statistics in Your World
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   Example 8 Can low-fat food labels lead to obesity?  

Variable A
Fat content

Variable B
Serving size

Regular

Low-fat

Treatment 
1

No
information 1 serving 2 servings

Treatment 
2

Treatment 
3

Treatment 
4

Treatment 
5

Treatment 
6

    Figure 6.1 The treatments in the experiment of  Example 8 . 
Combinations of two explanatory variables form six treatments.  

Science History Images/Alamy Stock Photo

 What are the effects of low-fat food labels on food consumption? Do people eat 
more of a snack food when the food is labeled as low-fat? The answer may 
depend both on whether the snack food is labeled low-fat and whether 
the label includes serving-size information. An experiment investi-
gated this question using university staff, graduate students, and 
undergraduate students at a large university as subjects. Over 10 late-
afternoon sessions, all subjects viewed episodes of a 60-minute, 
made-for-television program in a theater on campus and were asked to 
rate the episodes. They were also told that because it was late in the 
afternoon, they would be given a cold 24-ounce bottle of water and a 
bag of granola from a respected campus restaurant called the Spice Box. 
They were told to enjoy as much or as little of it as they wanted. Each par-
ticipant received 640 calories (160 grams) of granola in ziplock bags that 
were labeled with an attractive 3.25  ×  4 inch color label. Depending on 
the condition randomly assigned to the subjects, the bags were labeled 
either “Regular Rocky Mountain Granola” or “Low-Fat Rocky Mountain Granola.” Below this, the label 
indicated “Contains 1 Serving” or “Contains 2 Servings,” or it provided no serving-size information. As 
participants left the theater, they were asked how many serving sizes they believed their package con-
tained. Out of sight of the participants, the researchers also weighed each granola bag. Participants’ 
statements about serving size and the actual weights of the granola bags are the response variables.   

   This experiment has two explanatory variables: fat content, with 2 levels, and serving size, with 
3 levels. The 6 combinations of 1 level of each variable form 6 treatments.  Figure 6.1  shows the 
layout of the treatments. 
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120 Chapter 6 • Experiments in the Real World

Experimenters often want to study the combined effects of several 
variables simultaneously. The interaction of several factors can produce 
effects that could not be predicted from looking at the effect of each fac-
tor 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. An experiment similar to that in Example 8 will help us 
find out.

Matched Pairs and Block Designs
Completely randomized designs are the simplest statistical designs for 
experiments. They illustrate clearly the principles of control and random-
ization. However, completely randomized designs are often inferior to more 
elaborate statistical designs. In particular, matching the subjects in various 
ways can produce more precise results than simple randomization.

One common design that combines matching with randomization is the 
matched pairs design. A matched pairs design compares just two treat-
ments. Choose pairs of subjects that are as closely matched as possible. 
Assign one of the treatments to each subject in a pair by tossing a coin 
or reading odd and even digits from Table A. Sometimes each “pair” in a 

This might be a good place to read the “What’s the verdict?” story on page 
133, and to answer the questions. These questions involve material from 
all the preceding chapters to assess an experiment from the television 
series Mythbusters.

6.1 Tweeting and TV. A large broadcast company wishes to study the effect 
of tweeting on TV viewing. Followers of the company are to be sent no tweet, a 
single tweet, or a tweet with a retweet an hour later, about a TV show. In addi-
tion, two shows are used, one a weekday show and the other a weekend show. 
Followers of the company are randomly assigned to one of the tweeting–TV show 
combinations. Subjects are to be surveyed the following week to see whether 
they watched the shows.

What are the explanatory variables and the response variable for this 
 experiment?

Make a diagram like Figure 6.1 to describe the treatments. How many treat-
ments are there?

Now it’s your turn
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 Matched pairs designs use the principles of 
comparison of treatments and randomization. 
However, the randomization is not complete—we 
do not randomly assign all the subjects at once to 
the two treatments. Instead, we randomize only 
within each matched pair. This allows matching to 
reduce the effect of variation among the subjects. 
Matched pairs are an example of  block designs .   

  A block design combines the idea of creating 
equivalent treatment groups by matching with the 
principle of forming treatment groups at random. 
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. Here are some typical examples of block 
designs.  

   Example 9 Testing insect repellants  

  Consumers Reports  describes a method for comparing the effectiveness of two insect repellants. 
The active ingredient in one is 15% Deet. The active ingredient in the other is oil of 
lemon eucalyptus. Repellants are tested on several volunteers. For each volunteer, 
the left arm is sprayed with one of the repellants and the right arm with the other. 
This is a matched pairs design in which each subject compares two insect repel-
lants. To guard against the possibility that responses may depend on which arm is 
sprayed, which arm receives which repellant is determined randomly. Beginning 30 min-
utes after applying the repellants, once every hour volunteers put each arm in separate 
8 cubic foot cages containing 200 disease-free female mosquitoes in need of a blood 
meal to lay their eggs. Volunteers leave their arms in the cages for 5 minutes. The repel-
lant is considered to have failed if a volunteer is bitten two or more times in a 5-minute 
session. The response is the number of one-hour sessions until a  repellant fails.   

The active ingredient in one is 15% Deet. The active ingredient in the other is oil of 
lemon eucalyptus. Repellants are tested on several volunteers. For each volunteer, 
the left arm is sprayed with one of the repellants and the right arm with the other. 
This is a matched pairs design in which each subject compares two insect repel-
lants. To guard against the possibility that responses may depend on which arm is 
sprayed, which arm receives which repellant is determined randomly. Beginning 30 min-
utes after applying the repellants, once every hour volunteers put each arm in separate 
8 cubic foot cages containing 200 disease-free female mosquitoes in need of a blood 
meal to lay their eggs. Volunteers leave their arms in the cages for 5 minutes. The repel-
lant is considered to have failed if a volunteer is bitten two or more times in a 5-minute 
session. The response is the number of one-hour sessions until a  repellant fails.   

dokurose/Shutterstock

matched pairs design consists of just one subject who gets both treatments 
together (for example, each on a different arm or leg) or one after the other. 
Each subject serves as his or her own control. The  order  of the treatments 
can influence the subject’s response, so we randomize the order for each 
subject, again by a coin toss.  

  Key Terms  

 A  block  is a group of experimental 
subjects that are known before the 
experiment to be similar in some way 
that is expected to affect the response 
to the treatments. In a  block design,  
the random assignment of subjects to 
treatments is carried out separately 
within each block. 
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122 Chapter 6 • Experiments in the Real World

Example 10 Men, women, and advertising

Women and men respond differently to advertising. An experiment to compare the effectiveness of 
three television commercials for the same product will want to look separately at the reactions of 
men and women, as well as assess the overall response to the ads.

A completely randomized design considers all subjects, both men and women, as a single pool. 
The randomization assigns subjects to three treatment groups without regard to their sex. This 
ignores the differences between men and women. A better design considers women and men sepa-
rately. Randomly assign the women to three groups, one to view each commercial. Then separately 
assign the men at random to three groups. Figure 6.2 outlines this improved design.

Figure 6.2 A block design to compare the effectiveness of three TV 
advertisements, Example 10. Female and male subjects form two blocks.

Random
assignment

Group 1

Group 3

Ad 1

Group 2 Ad 2

Ad 3

Ad 1

Ad 2

Ad 3

Compare
reaction

Random
assignment

Group 1

Group 3

Group 2 Compare
reaction

Women

Men

Subjects

   Hawthorne effect The Hawthorne effect is a term referring to the tendency of some people to work 
harder and perform better when they are participants in an experiment. Individuals may change their 
behavior due to the attention they are receiving from researchers rather than because of any manipulation 
of independent variables.

The effect was first described in the 1950s by researcher Henry A. Landsberger during his analysis 
of experiments conducted during the 1920s and 1930s at the Hawthorne Works electric company.

The electric company had commissioned research to determine if there was a relationship between 
productivity and work environment.

The focus of the original studies was to determine if increasing or decreasing the amount of 
light workers received would have an effect on worker productivity. Employee productivity seemed 
to increase due to the changes, but then decreased after the experiment was over. Researchers 
suggested that productivity increased due to attention from the research team and not because of 
changes to the experimental variables. Landsberger defined the Hawthorne effect as a short-term 
improvement in performance caused by observing workers.

Later research into the Hawthorne effect has suggested that the original results may have been 
overstated. In 2009, researchers at the University of Chicago reanalyzed the original data and found that 
other factors also played a role in productivity and that the effect originally described was weak at best.

Statistics in Your World
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A block is a group of subjects formed before an experiment starts. We 
reserve the word “treatment” for a condition that we impose on the subjects. 
We don’t speak of 6 treatments in Example 10 even though we can compare 
the responses of 6 groups of subjects formed by the 2 blocks (men, women) 
and the 3 commercials. Block designs are similar to stratified samples, which 
we discussed in Chapter 4. Blocks and strata both group similar individuals 
together. We use two different names only because the idea developed sep-
arately for sampling and experiments. The advantages of block designs are 
the same as the advantages of stratified samples. Blocks allow us to draw 
separate conclusions about each block—for example, about men and women 
in the advertising study in Example 10. Blocking also allows more precise 
overall conclusions because the systematic differences between men and 
women can be removed when we study the overall effects of the three com-
mercials. The idea of blocking is an important additional principle of sta-
tistical design of experiments. A wise experimenter will form blocks based 
on the most important unavoidable sources of variability among the exper-
imental subjects. Randomization will then average out the effects of the 
remaining variation and allow an unbiased comparison of the treatments.

Example 11 Comparing welfare systems

A social policy experiment will assess the effect on family income of several proposed new welfare sys-
tems and compare them with the present welfare system. Because the future income of a family is 
strongly related to its present income, the families who agree to participate are divided into blocks of sim-
ilar income levels. The families in each block are then allocated at random among the welfare systems.

Like the design of samples, the design of complex experiments is a 
job for experts. Now that we have seen a bit of what is involved, for the 
remainder of the text we will usually assume that most experiments were 
completely randomized.

6.2 Car repairs. Does your sex affect the price you are quoted for car repairs? 
A car with a specific problem is to be taken to repair shops in a large city for a 
quote on how much it will cost to have the problem fixed. For some repair shops, 
the person bringing in the car is a woman and for others a man. The researchers 
thought that there might be a difference between repair shops that are part of 
a dealership and those that are not. So the researchers decided to block on 
whether or not the repair shop was part of a dealership. Use a diagram to outline 
a block design for this experiment. Use Figure 6.2 as a model.

Now it’s your turn
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Is It or Isn’t It a Placebo?
Natural supplements are big business: creatine and amino 
acid supplements to enhance athletic performance; green 
tea extract to boost the immune system; yohimbe bark to 
help your sex life; grapefruit extract and apple cider vinegar 
to support weight loss; white kidney bean extract to block 
carbs. Store shelves and websites are filled with exotic sub-
stances claiming to improve your health.

A therapy that has not been compared with a placebo in a randomized experiment may 
itself be just a placebo. In the United States, the law requires that new prescription 
drugs and new medical devices show their safety and effectiveness in randomized trials.

What about those “natural remedies”? The law allows packagers of herbs, vitamins, and 
dietary supplements to claim without any evidence that they are safe and will help “nat-
ural conditions.” They can’t claim to treat “diseases.” Of course, the boundary between 
natural conditions and diseases is vague. Without any evidence whatsoever, we can 
claim that Dr. Moore’s Old Indiana Extract promotes healthy hearts. But without clini-
cal trials and an okay by the Food and Drug Administration (FDA), we can’t claim that 
it reduces the risk of heart disease. No doubt lots of folks will think that “promotes 
healthy hearts” means the same thing as “reduces the risk of heart disease” when they 
see our advertisements. We also don’t have to worry about what dose of Old Indiana 
Extract our pills contain or about what dose might actually be toxic.

Should the FDA require natural remedies to meet the same standards as prescription 
drugs? What does your statistical training tell you about claims not backed up by well- 
designed experiments? What about the fact that sometimes these natural remedies have 
real effects? Should that be sufficient for requiring FDA approval on natural remedies?

Chapter 6: Statistics in Summary
 ■ Because the placebo effect is strong, clinical trials and other experiments with 

human subjects should be double-blind whenever this is possible.

 ■ The double-blind method helps achieve a basic requirement of comparative exper-
iments: equal treatment for all subjects except for the actual treatments the 
experiment is comparing.

 ■ The most common weakness in experiments is that we can’t generalize the conclu-
sions widely. Some experiments apply unrealistic treatments, some use subjects 
from some special group such as college students, and all are performed at some 

Thamkc/Deposit Photos
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specific place and time. We want to see similar experiments at other places and 
times confirm important findings.

 ■ Many experiments use designs that are more complex than the basic completely random-
ized design, which divides all the subjects among all the treatments in one randomization. 
Matched pairs designs compare two treatments by giving one to each of a pair of sim-
ilar subjects or by giving both to the same subject in random order. Block designs form 
blocks of similar subjects and assign treatments at random separately in each block.

 ■ The big ideas of randomization, control, and adequate numbers of subjects remain 
the keys to convincing experiments.

This chapter summary will help you evaluate the Case Study.

Link It
In Chapter 5 we learned that well-designed randomized comparative experiments pro-
vide a sound basis for determining if a treatment causes changes in a response. In the 
real world, simple randomized comparative experiments don’t solve all the difficulties of 
experimenting. The placebo effect and researchers’ expectations can introduce biases 
that undermine our conclusions. Just as samples suffer from nonresponse, experiments 
suffer from uncooperative subjects. Some subjects refuse to participate; others drop 
out before the experiment is complete; others don’t follow instructions, as when some 
subjects in a drug trial don’t take their pills. More complex designs and techniques, 
some of which are discussed in this chapter, are used to overcome real-world difficul-
ties. We must pay careful attention to every aspect of an experiment to ensure that the 
conclusions we make are valid. And when reading about the results of experiments, you 
should use the ideas provided in this chapter to assess the quality of the conclusions.

Case Study Evaluated

Use what you have learned in this chapter to evaluate the Case Study that opened 
the chapter. Start by reviewing the Chapter Summary. You can also read the EESEE 
story “Is Caffeine Dependence Real?” for additional information. Then answer each 
of the following questions in complete sentences. Be sure to communicate clearly 
enough for any of your classmates to understand what you are saying.

First, here are the results of the study. The number of subjects who showed 
withdrawal symptoms during the period in which they took capsules that did not 
contain caffeine and the magnitude of their symptoms were considered statisti-
cally significant.

1. Explain what the phrase “statistically significant” means.

2. Explain why the researchers gave subjects capsules with a fake substance 
rather than just having them take nothing during one of the periods.

3. What advantage is gained by having subjects take both a capsule with caf-
feine and a capsule with a fake substance rather than having some of the sub-
jects just take a capsule with caffeine and the remaining subjects just take a 
capsule with a fake substance?
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 Online Resources
 ■ The Snapshots Video, Introduction to Statistics, describes real world situations for 

which knowledge of statistical ideas are important.

Check the Basics
For Exercise 6.1, see page 120; for Exercis e 6.2, see 
page 123.

 6.3 Prayer and healing. To study the effect of prayer 
on healing, patients with health problems are ran-
domly divided into two groups. In one group, inter-
cessors pray for the health of the patients. In the 
other group, patients are not prayed for. Patients 
do not know that they are being prayed for, and 
the persons who are praying do not come in con-
tact with the patients for whom they pray. Med-
ical outcomes in the two groups of patients are 
compared. Finally, the medical treatment team is 
also blind to the prayer group status of individual 
patients. This experiment is an example of

 (a) a nonrandomized clinical trial.

 (b) a double-blind experiment.

 (c) a matched pairs design.

 (d) a block design.

 6.4 Recycling. Researchers recruited 60 undergrad-
uate students, in exchange for course credit, for 
a study on the effect of recycling on how much 
wrapping paper subjects used to wrap a gift. 
The subjects were randomly assigned to one of 
two rooms. In one room there was a large recy-
cling bin and in the other a large trash bin. Sub-
jects were asked to wrap a gift. Unknown to the 

students, the researchers were interested in how 
much paper the students used. The researchers 
found that students in the room with the recy-
cling bin used (statistically) significantly more 
paper than those in the room with a trash bin. 
The researchers had hypothesized that people 
in general would rather recycle than trash, and 
hence will use less disposable resources when 
recycling is not available. In this experiment, the 
amount of wrapping paper used is

 (a) the response.

 (b) the blocking variable.

 (c) the lurking variable.

 (d) the explanatory variable.

 6.5 Recycling. Which of the following is an important 
weakness of the experiment described in Exer-
cise 6.4?

 (a) This was not a matched pairs design.

 (b) Because undergraduate students were used 
as subjects, the results may not generalize to 
all adults and all situations involving dispos-
able items.

 (c) This was not a double-blind experiment.

 (d) This experiment did not use a placebo.

In this chapter you:

 • Identified problems such as the placebo effect, unequal treatment of subjects, 
small sample sizes, and the inability to generalize results that can arise in the 
real world.

 • Evaluated the strengths and weaknesses of experimental methods such as com-
pletely randomized designs, double-blind experiments, matched pairs designs, and 
block designs that have been developed to address these problems.
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 6.6 Reducing smoking. The Community Intervention Trial 
for Smoking Cessation asked whether a community- 
wide advertising campaign would reduce smoking. 
The researchers located 11 pairs of communities, 
with each pair similar in location, size, economic 
status, and so on. One community in each pair was 
chosen at random to participate in the advertising 
campaign and the other was not. This is

 (a) an observational study.

 (b) a matched pairs experiment.

 (c) a completely randomized experiment.

 (d) a randomized block design.

 6.7 Multivitamin supplements. To explore the effects 
of multivitamin supplements on health, you recruit 

100 volunteers. Half are to take a multivitamin 
supplement daily. The other half are to take a pla-
cebo daily. Multivitamin supplements may have dif-
ferent effects on men and women because their 
nutritional needs may differ. Forty of the volunteers 
are women and 60 are men, so you separately ran-
domly assign half the women to the multivitamin 
group and half the men to the multivitamin group. 
The remaining volunteers are assigned to the pla-
cebo group. This is an example of

 (a) a completely randomized design.

 (b) a matched pairs design.

 (c) a block design.

 (d) an observational study.

Chapter 6 Exercises
 6.8 Magic mushrooms. A Washington Post article 

reported that psilocybin, the active ingredient 
of “magic mushrooms,” promoted a mystical 
experience in two-thirds of people who took  
it for the first time, according to a study 

published in the online journal Psychopharmacology. 
The authors of the article stated that their “double-
blind study evaluated the acute and longer-term 
psychological effects of a high dose of psilocybin 
relative to a comparison compound administered 
under comfortable, supportive conditions.” Explain 
to someone who knows no statistics what the term 
“double-blind” means here.

 6.9 Do antidepressants help? A researcher 
studied the effect of an antidepressant on 
depression. He randomly assigned subjects 
with moderate levels of depression to two 
groups. One group received the antidepressant 
and the other a placebo. Subjects were blinded 
with respect to the treatment they received. 
After four weeks, the researcher interviewed 
all subjects and rated the change in their 
symptoms based on the comments of subjects 
during the interview. Critics said that the results 
were suspect because the ratings were not 
blind. Explain what this means and how lack of 
blindness could bias the reported results.

 6.10 Eggs and cholesterol. An article in a medical 
journal reports on an experiment to see the 
effect of eating three whole eggs per day on 
cholesterol levels as compared to eating the 
equivalent amount of a yolk-free egg substitute. 
The article describes the experiment as a 
randomized, single-blinded experiment of 37 
subjects with metabolic syndrome. What do you 
think “single-blinded” means here? Why isn’t a 
double-blind experiment possible?

 6.11 Bright bike lights. Will requiring bicyclists to 
use bright, high-intensity xenon lights mounted on 
the front and rear of the bike reduce accidents 
with cars by making bikes more visible?

 (a) Briefly discuss the design of an experiment 
to help answer this question. In particular, 
what response variables will you examine?

 (b) Suppose your experiment demonstrates 
that using high-intensity xenon lights 
reduces the number of accidents. What 
concerns might you have about whether 
your experimental results will reduce the 
number of accidents with cars if all bicy-
clists are required to use such lights? (Hint: 
To help you answer this question, consider 
the following example. A 1980 report by 
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the Highway Traffic Safety Administration 
found that adding a center brake light to 
cars reduced rear-end collisions by as much 
as 50%. These findings were the result of 
a randomized comparative experiment. 
As a result, center brake lights have been 
required on all cars sold since 1986. Ten 
years later, the Insurance Institute found 
only a 5% reduction in rear-end collisions. 
Apparently, when the study was origi-
nally carried out, center brake lights were 
unusual and caught the eye of following 
drivers. By 1996, center brake lights were 
common and no longer captured attention.)

 6.12 A high-fat diet prevents obesity? A Science 
News article reported that according to a 
study conducted by researchers at Hebrew 
University of Jerusalem, a high-fat diet could 
reset the metabolism and prevent obesity. In 

the study, researchers fed a group of mice a 
high-fat diet on a fixed schedule (eating at the 
same time and for the same length of time 
every day) for 18 weeks. They compared these 
mice to three other experimental groups: one 
that ate a low-fat diet on a fixed schedule,  
one that ate an unscheduled low-fat diet (in the 
quantity and frequency of its choosing), and one 
that ate an unscheduled high-fat diet. All four 
groups of mice gained weight throughout the 
experiment. However, the mice on the scheduled 
high-fat diet had a lower final average body 
weight than the mice that ate an unscheduled 
low-fat diet, even though both groups consumed 
the same amount of calories. In addition, the 
mice on the scheduled high-fat diet exhibited a 
unique metabolic state in which the fats they 
ingested were not stored, but rather utilized for 
energy at times when no food was available, 
such as between meals. Does this experiment 
provide good evidence that a scheduled high-fat 
diet is beneficial for humans? Briefly discuss the 
questions that arise in using this experiment to 
decide the benefits of a scheduled high-fat diet 
for humans.

 6.13 Blood-chilling and strokes. A Science News 
article reported a study of the effect of 
cooling the blood of stroke patients on the 
extent of recovery ninety days after the 

stroke. Researchers randomly assigned 58 
severe-stroke patients to receive either tPA (the 
standard treatment for stroke) or tPA plus 
blood-chilling. Regulators overseeing the study 
required a one-hour delay from the point at 
which tPA was given before cooling could be 
started. The researchers found no significant 
difference in the effects of the two treatments 
on recovery. Researchers also noted that the 
recovery rate for both groups was worse than 
the average seen in stroke patients nationwide, 
but were not concerned. Why were they 
unconcerned?

 6.14 Beating sunburn with broccoli. Some recent 
studies suggest that compounds in broccoli 
may be helpful in combating the effects of 
overexposure to ultraviolet radiation. Based on 
these studies we hope to show that a cream 
consisting of a broccoli extract reduces sunburn 
pain. To do this, we recruit 60 patients suffering 
from severe sunburn and needing pain relief. 
We will apply the cream to the sunburn of each 
patient and ask them an hour later, “About what 
percent of pain relief did you experience?”

 (a) Why should we not simply apply the 
cream to all 60 patients and record the 
responses?

 (b) Outline the design of an experiment to com-
pare the cream’s effectiveness with that 
of an over-the-counter product for sunburn 
relief and that of a placebo.

 (c) Should patients be told which remedy they 
are receiving? How might this knowledge 
affect their reactions?

 (d) If patients are not told which treatment 
they are receiving, but the researchers 
assessing the effect of the treatment 
know, the experiment is single-blind. 
Should this experiment be double-blind? 
Explain.

 6.15 Testing a natural remedy. The statistical 
controversy presented in this chapter discusses 
issues surrounding the efficacy of natural 
remedies. The National Institutes of Health 
has now begun sponsoring proper clinical 
trials of some natural remedies. The following 
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is an example of one such study. At Duke 
University, 330 patients with mild depression 
were enrolled in a trial to compare St. John’s 
Wort with a placebo and with Zoloft, a common 
prescription drug for depression. One method 
for measuring the severity of depression is 
the Beck Depression Inventory that rates the 
severity of depression on a 0 to 3 scale.

 (a) What would you use as the response vari-
able to measure change in depression after 
treatment?

 (b) Outline the design of a completely random-
ized clinical trial for this study.

 (c) What other precautions would you take in 
this trial?

 6.16 The placebo effect. A survey of physicians 
found that some doctors give a placebo to 
a patient who complains of pain for which the 
physician can find no cause. If the patient’s 
pain improves, these doctors conclude that 
it had no physical basis. The medical school 
researchers who conducted the survey claimed 
that these doctors do not understand the 
placebo effect. Why?

 6.17 The best painkiller for children. A Washington 
Post article reported a study comparing the 
effectiveness of three common painkillers 
for children. Three hundred children, aged 6 
to 17, were randomly assigned to three 

groups. Group A received a standard dose of 
ibuprofen. Group B received a standard dose of 
acetaminophen. Group C received a standard 
dose of codeine. The youngsters rated their 
pain on a 100-point scale before and after 
taking the medicine.

 (a) Outline the design of this experiment. You 
do not need to do the randomization that 
your design requires.

 (b) You read that “the children and physicians 
were blinded” during the study. What does 
this mean?

 (c) You also read that there was a significantly 
greater decrease in pain ratings for Group A  
than for Groups B and C, but there was no 
significant difference in the decrease of 

pain ratings for Groups B and C. What does 
this mean? What does this finding lead you 
to conclude about the use of ibuprofen as 
a painkiller?

 6.18 Flu shots. A New York Times article reported a 
study that investigated whether giving flu 
shots to schoolchildren protects a whole 
community from the disease. Researchers 
in Canada recruited 49 remote Hutterite 

farming colonies in western Canada for the 
study. In 25 of the colonies, all children aged  
3 to 15 received flu shots in late 2008; in the 
24 other colonies, they received a placebo. 
Which colonies received flu shots and which 
received the placebo was determined by 
randomization, and the colonies did not know 
whether they received the flu shots or the 
placebo. The researchers recorded the 
percentage of all children and adults in each 
colony who had laboratory-confirmed flu over 
the ensuing winter and spring.

 (a) Outline the design of this experiment. You 
do not need to do the randomization that 
your design requires.

 (b) The placebo was actually the hepatitis A 
vaccine and that “hepatitis was not studied, 
but to keep the investigators from knowing 
which colonies received flu vaccine, they 
had to offer placebo shots, and hepatitis 
shots do some good while sterile water 
injections do not.” In addition, the article 
mentions that the colonies were studied 
“without the investigators being subcon-
sciously biased by knowing which received 
the placebo.” Why was it important that 
investigators not be subconsciously biased 
by knowing which received the placebo?

 (c) By June 2009, more than 10% of all 
the adults and children in colonies that 
received the placebo had laborator y- 
confirmed seasonal flu. Less than 5% of 
those in the colonies that received flu shots 
had. This difference was statistically sig-
nificant. Explain to someone who knows 
no statistics what “statistically significant” 
means in this context.
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 6.19 Ibuprofen and atherosclerosis. The theory 
of atherosclerosis (hardening and narrowing 
of the ar teries) emphasizes the role of 
inflammation in the vascular walls. Since 
ibuprofen is known to possess a wide range of 
anti-inflammatory actions, it was hypothesized 
that it might help in the prevention of 
atherosclerotic lesion development. Both a low 
cholesterol and a high cholesterol diet were 
used, as the extent of atherosclerosis is also 
affected by diet. Thirty-two New Zealand rabbits 
served as subjects in the experiment and, after 
three months, the percentage of the surface 
covered by atherosclerotic plaques in a region 
of the aorta was evaluated. Although ibuprofen 
did suppress the expression of a gene thought 
to be related to atherosclerosis, it was not 
shown to have an effect on the extent of fat-
induced atherosclerotic lesions.

 (a) What are the individuals and the response 
variable in this experiment?

 (b) How many explanatory variables are there? 
How many treatments? Use a diagram like 
Figure 6.1 to describe the treatments.

 (c) Use a diagram to describe a completely ran-
domized design for this experiment. (Don’t 
actually do the randomization.)

 6.20 Price change and fairness. A marketing 
researcher wishes to study what factors affect 
the perceived fairness of a change in the price 
of an item from its advertised price. In particular, 
does the type of change in price (an increase 
or decrease) and the source of the information 
about the change (from a store clerk or from 
the price tag on the item) affect the perceived 
fairness? In an experiment, 20 subjects 
interested in purchasing a new rug are recruited. 
They are told that the price of a rug in a certain 
store was advertised at $500. Subjects are sent, 
one at a time, to the store, where they learn that 
the price has changed. Five subjects are told 
by a store clerk that the price has increased 
to $550. Five subjects learn that the price has 
increased to $550 from the price tag on the 
rug. Five subjects are told by a store clerk that 
the price has decreased to $450. Five subjects 

learn that the price has decreased to $450 from 
the price tag on the rug. After learning about the 
change in price, each subject is asked to rate 
the fairness of the change on a 10-point scale 
with 1 = “very unfair” to 10 = “very fair.”

 (a) What are the explanatory variables and the 
response variables for this experiment?

 (b) Make a diagram like Figure 6.1 to describe 
the treatments. How many treatments are 
there?

 (c) In the experiment, the first five subjects 
learn from a store clerk that the price has 
increased to $550, the next five learn that 
the price has increased to $550 from the 
price tag on the rug, and so on. Would it 
be better to determine the order in which 
subjects are sent to the store and which 
scenario they will encounter (type of 
change and source of information about the 
change) randomly? Explain your answer.

 6.21 Liquid water enhancers. Bottled water, 
flavored and plain, is expected to become the 
largest segment of the liquid refreshment market 
by the end of the decade, surpassing traditional 
carbonated soft drinks. Kraft’s MiO, a liquid water 
enhancer, comes in a variety of flavors and a few 
drops added to water gives a zero calorie flavored 
water drink. You wonder if those who drink 
flavored water like the taste of MiO as well as 
they like the taste of a competing flavored water 
product that comes ready to drink. Describe a 
matched pairs design to answer this question. 
Be sure to include any blinding of your subjects. 
What is your response variable going to be?

 6.22 Athletes take oxygen. We often see players 
on the sidelines of a football game inhaling 
oxygen. Their coaches think this will speed 
their recovery. We might measure recovery from 
intense exertion as follows: Have a football 
player run 100 yards three times in quick 
succession. Then allow three minutes to rest 
before running 100 yards again. Time the final 
run. Describe the design of two experiments 
to investigate the effect of inhaling oxygen 
during the rest period. One of the experiments 
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is to be a completely randomized design and 
the other a matched pairs design in which 
each student serves as his or her own control. 
Suppose you have 20 football players available 
as subjects. For both experiments, carry out 
the randomization of the 20 football players to 
treatments as required by the design.

 6.23 Handwriting versus keyboard writing.  
Do people who write by hand have a better 
memory of what they write than those who write 
using a keyboard? To test this, researchers had 
36 participants in a study write down a long list 
of words read out loud to them. They were then 
asked to put their list aside and try to recall as 
many of the words as possible. Two methods of 
writing down words were used. One was using 
a blue-ink regular ball pen and a notepad. The 
other was using a laptop equipped with a full-
size keyboard. The number of words correctly 
recalled was the response.

 (a) Outline a completely randomized design to 
learn the effect of method of writing words 
on number of words correctly recalled.

 (b) Describ e in detail the design of a matched 
pairs experiment, using the same 36 sub-
jects, in which each subject serves as his 
or her own control.

 6.24 Technology for teaching statistics.  
The Brigham Young University statistics 
department performed randomized comparative 
experiments to compare teaching methods. One 
study compared two levels of technology for 
large lectures: standard (overhead projectors 
and chalk) and multimedia. The “individuals” 
in the study were the eight lectures in a basic 
statistics course. There were four instructors, 
each of whom taught two lectures. Because 
lecturers differed, a block design was used 
with the lecturers forming four blocks and each 
lecturer using the standard technology in one 
lecture and the multimedia technology in the 
other. The average of the final exam scores of 
the students in the lecture was used as the 
response for each lecture. Suppose the lectures 
and lecturers were as follows.

Lecture Lecturer Lecture Lecturer

1 Barney 5 Heaton

2 Page 6 Page

3 Heaton 7 Barney

4 Richardson 8 Richardson

Use a diagram to outline a block design for this 
experiment. Figure 6.2 is a model.

 6.25 Comparing weight-loss treatments. Twenty 
overweight males have agreed to participate in 
a study of the effectiveness of supplements that 
claim to produce weight loss. Four treatments 
are used: three supplements and a placebo. 
The three supplements are green coffee bean 
extract, raspberry ketones, and glucomannan. 
The researcher first calculates how overweight 
each subject is by comparing the subject’s actual 
weight with his “ideal” weight. The subjects and 
their excess weights in pounds are

Andrews 21 Johnson 25 Peters 34 Waddle 42

Brooks 34 Karras 33 Pryor 28 Warmack 33

Brown 30 Kelce 28 Schwenke 30 Weathersby 35

Cannon 25 Mailata 32 Thuney 30 Wisniewski 29

John 24 Mason 39 Vaitai 27 Wynn 35

  The response variable is the weight lost after 
8 weeks of treatment. Because a subject’s 
excess weight will influence the response, a 
block design is appropriate.

 (a) Arrange the subjects in order of increasing 
excess weight. Form 5 blocks of 4 subjects 
each by grouping the 4 least overweight, 
then the next 4, and so on.

 (b) Use Table A (or statistical software) to ran-
domly assign the 4 subjects in each block 
to the 4 weight-loss treatments. Be sure to 
explain exactly how you used the table.

 6.26 Algal blooms. Algal blooms have become 
a recurring problem on many American lakes. 
Among other things, they can cause damage to 
a person’s liver, kidneys, and nervous system. 
Phosphorus runoff from farms is one factor 
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that contributes to algal blooms. Will inserting 
fertilizer into fields rather than spreading it 
across the surface help reduce runoff? To study 
this, researchers compare the effects of these 
two methods of fertilizing fields on the amount 
of phosphorus in runoff. Specific features of a 
field, such as slope of the ground and nature of 
the soil, can affect runoff, so the researchers 
divide four fields into two plots of equal size 
in such a way that the runoff from each plot 
can be measured separately. They use a block 
design with the four fields as blocks.

 (a) Draw a sketch of the four fields, displaying 
each as a rectangle. Divide each field (rect-
angle) in half, each half representing one of 
the two plots. Label the two plots for each 
field as Block 1 and Block 2.

 (b) Do the randomization required by the block 
design. That is, randomly assign the two 
treatments to the two plots in each block. 
Mark on your sketch which treatment is 
used in each plot.

 6.27 Better sleep? Is the number of times you 
awaken during the night affected by whether 
you have a glass of wine before bed and 
whether you have a snack before you go 
to bed? Describe briefly the design of an 
experiment with two explanatory variables, 
whether or not you have a glass of wine and 
whether or not you have a snack before going 
to bed, to investigate this question. Be sure to 
specify what the response variable will be. Also 
tell how you will handle lurking variables such 
as amount of sleep the previous night.

 6.28 Five Guys versus In-N-Out Burgers. Five 
Guys and In-N-Out Burgers are often rated 
among the top hamburger chains in the country. 
Do consumers prefer the taste of a hamburger 
from Five Guys or from In-N-Out burgers in a 

blind test in which neither chain is identified? 
Describe briefly the design of a matched pairs 
experiment to investigate this question.

 6.29 What do you want to know? The previous 
two exercises illustrate the use of statistically 
designed experiments to answer questions that 
arise in everyday life, such as how to improve 
sleep or what hamburger tastes best. Select a 
question of interest to you that an experiment 
might answer and briefly discuss the design of 
an appropriate experiment.

 6.30 Political polarization and social media. On 
September 1, 2018, The Columbus Dispatch 
repor ted on a study about pol i t ical 
polarization and social media. In this study, 
901 Democrats and 751 Republicans were 

recruited. The Democrats were randomly divided 
into two groups. All were asked to follow an 
automated Twitter account (Twitter bot) each day 
for one month. One group received tweets with a 
liberal point of view, and the other tweets with a 
conservative point of view. Likewise, Republicans 
were randomly divided into two groups and 
received the same two treatments (liberal or 
conservative tweets). All subjects were given a 
test, both before and after the experiment, that 
scored them on a liberal/conservative scale. 
Changes in scores were the response variable.

 (a) Is the political affiliation of the subjects 
(Democrat or Republican) a treatment vari-
able or a block? Why?

 (b) Is the type of tweet (liberal or conservative) 
a treatment variable or a block? Why?

Exploring the Web
Access these exercises on the text website: 
macmillanlearning.com/scc10e.

NEWS
IN THE
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Questions

WTV6.1. Mythbusters recruited 50 people by posting 
an ad. What type of sampling did they use?

WTV6.2. If they also recruited by stopping people 
walking by the trailer at the market where they per-
formed the research, what type of sampling would 
this be?

WTV6.3. The hosts randomly assigned the individ-
uals to one of three rooms: two with a “yawn seed” 

(a person who yawns at them as they enter the 
room) planted and one without. Is this anecdotal 
evidence, an observational study, or an experiment? 
Why?

WTV6.4. Did the hosts follow the three principles of 
good experimental design?

WTV6.5. The hosts then recorded whether each per-
son yawned or did not yawn. Is this a categorical or 
quantitative variable?

What’s the Verdict?
In the Discovery Channel’s popular series Mythbusters, the hosts investigate common 
beliefs to determine whether there is evidence to verify them as true. In this segment, 
the hosts are investigating whether yawning is contagious.

https://www.discovery.com/tv-shows/mythbusters/videos/is-yawning-contagious
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