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Example: Does Taking Hormones Reduce Heart Attack Risk after Menopause?

[Should women take hormones such as estrogen after menopause, when natural production of these
hormones ends? In 1992 several major medical organizations said “Yes.” Women who took hormones
seemed to reduce their risk of a heart attack by 35% to 50%. The risks of taking hormones appeared

small compared with the benefits.

The evidence in favor of hormone replacement came from a number of observational studies that
compared women who were taking hormones with others who were not. But the women who chose
fo take hormones were richer and better educated and saw doctors more often than women who

didn’t take hormones. Because the women who took hormones did many other things to better
maintain their health, it isn'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 pills or to placebo 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
replacement 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.
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CHECK YOUR UNDERSTANDING:

1. Does reducing screen brightness increase battery life in laptop computers? To find out,

researchegsobtained 30 new laptops of the same brand. They chose 15 of the computers at
random and adjusted their screens to the brightest setting. The other 15 laptop screens were
left af the default setting — moderate brightness. Researchers then measured how long each

machine's battery lasted. Was this an observational study or an experiment? Justify your

answer. RYPUAMQNY) T Yese AYUAUS Inpostd 0 treairmant (streen
bn‘qv\wsa)

aNd MRASWERA TAL €ects on baHerj WEL  of
Wi \optops.



2. Does eating dinner with their families improve students’ academic performance? According
to an ABC News article, “Teenagers who eat with their families at least five times a week are
more likely to get better grades in school.” This finding was based on sample survey
conducted by researchers at Columbia University.

a. Was this an observational study or an experiment?e Justify your answer.
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c. Explain clearly why such a study cannot establish a cause-and-effect relationship.
Suggest a variable that may be confounded with whether families eat dinner together.
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Example: TV Advertising

what are the effects of repeated exposure to an advertising message? The answer may depend on
both the length of the ad and on how often it is repeated. An experiment investigated this question
using 120 undergraduate students who volunteered to participate. All subjects viewed a 40-minute
television program that included ads for a digital camera. Some subjects saw a 30-second
commercial: others, a 90-second version. The same commercial was shown either 1, 3, or 5 times
during the program. After viewing, all of the subjects answered questions about their recall of the ad,

their attitude toward the camera, and their intention to purchase it.
et

For the advertising study, identify the experimental units or subjects, explanatory and response
variables, and the tfreatments.
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Bad Example: Are Online SAT Prep Courses Effective?

A high school regularly offers a review course to prepare students for the SAT. This year, budget cuts
will allow the school to offer only an online version of the course. Suppose the group of students who
take the online course earn an average increase of 45 points in their math scores from ¢ pre-test to

the actual SAT test. Can we conclude that the online course is effective?

This experiment has a very simple design. A group of subjects (the students) were exposed to a
treatment (the online course), and the outcome (increase in math scores) was observed. Here is the

design:

Students 2 Online course = increase in math scores

A closer look showed that many of the students in the online review course were taking advanced
math classes in school. Maybe the students in the online course improved their math scores because
of what they were learning in their school math classes, not because of the online course. This
confounding prevents us from concluding that the online course is effective.

Outside the lab, badly designed experiments often yield worthless results because of confounding.
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Good Example: SAT Prep - Online versus Classroom

This year, the high school has enough budget money to compare the online SAT course with the
classroom SAT course. Fifty students have agreed to participate in an experiment comparing the two
instructional methods. OL\-\UHQ{:NQ'. g_g Dgl\uf\l - S’(\A(‘M[ﬂ& Uil out g\a
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PRINCIPLES OF EXPERIMENTAL DESIGN
The basic principles for designing experiments are as follows:
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Example: The Physicians’ Health Study

Does regularly taking aspirin help protect people against heart attacks? The Physicians' Health Study
was a medical experiment that helped answer this question. In fact, the Physicians' Health Study
looked at the effects of two drugs: aspirin and beta-carotene. Researchers wondered whether beta-
carotene would help prevent some forms of cancer. The subjects in this experiment were 21996 male
physicians. There were two explanatory variables (factors), each having two levels: aspirin (yes or no)
and beta-carotene (yes or no). Combinations of the levels of these factors form the four treatments
shown in the figure below. One-fourth of the subjects were assigned at random to each of these

freatments.

Factor 2:
Beta-carotene
Yes No
Yok Aspirin & Beta- Aspirin &
Factor 1: carotene N\ Placebo T:
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On odd-numbered days, the subjects took a tablet that contained aspirin or a dummy pill that
looked and tasted like 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 other 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 preven’r}ﬁcncer.




Explain how each of the four principles of experimental design was used in the Physician's Health
Study.
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Notice that the definition of a completely randomized design does not require that each treatment
e assigned to an equal number of experimental units. It does specific that the assignment of
treatments must occur completely at random.

Think about it: Does using chance to assign freatments in an experiment guarantee a completely
randomized design?

Actually, no. Let’s return to the SAT prep course experiment. Another way to randomly assign the 50
students to the two freatments is by tossing 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.

As long as all 50 students foss 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 fry to force the two groups to have equal sizes. Suppose 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 completely randomized design, because the last few students aren’t
being assigned to one of the freatment groups by chance. In fact, these students will all end up in
the same group, which could lead to bias if these individuals share some characteristic 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 they're in will

seem less effective than it really is.
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Example: Tomatoes

An ad for OptiGro plant fertilizer claims that with this product you will grow “luicier, tastier” tomatoes.
You'd like to test this claim, and wonder whether you might be able to get by with half the specified
does. How can you set up an experiment to check out the claim?

Of course, you'll have o get some tomatoes, try growing some plants with the product and some

without, and see what happens. But you

'l need a clearer plan than that. How should you design

your experimente Let's say you have access to 24 fomato plants from a local garden store, 24
identical plots of land to grow these plants, and you want fo know how the different levels of the

fertilizer affect the tomato juiciness and t

QUESTION: How would you design

astiness, evaluated on a 1-7 scale.

an experiment to best OptiGro fertilizere

PLAN
State what you want to know

| want to know whether tomato plants grown
with OptiGro vield juicier, tastier tomatoes than
plants raised in otherwise similar circumstances
but without the fertilizer.

RESPONSE
Specify the response variable

I'll evaluate the juiciness and taste of the
tomatoes by asking a panel of judges fo rate
them on a scale from 1-7 in juiciness and in taste.

EXPERIMENTAL UNITS
Specify the experimental units

I'll obtain 24 tomato plants of the same variety
from a local garden store.

Addr
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Randomly assign experimental units to
treatments, to equalize the effects of
unknown or uncontrollable sources of
variation
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