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Experiments and
Observational Studies
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Outline

e Association versus Causation
e Confounding Variables
e Observational Studies vs Experiments

e Randomized Experiments
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Mini Review Quiz

To estimate the proportion of students who
support a smoke-free campus, you compute the
proportion that say yes after responding to an
email sent to all students asking “Do you support a
smoke-free campus?” The data collected is

a) Not biased
b) Biased because of wording bias
¢) Biased because asked over email 1nstead of in person
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Data Collection and Bias
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Association and Causation

ne variable tend to be related to valuej
of the other variable

Two variables are causally associated if
changing the value of the explanatory
variable influences the value of the
response variable
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,\\ Explanatory, Response, Causation

For each of the following headlines:
o Identify the explanatory and response
variables (if appropriate).
O Does the headline imply a causal association?

1. “Daily Exercise Improves Mental Performance”

2. “Want to lose weight? Eat more fiber!”

)

3. “Cat owners tend to be more educated than dog owners’
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Association and Causation

e ASSOCIATION IS NOT NECESSARILY CAUSAL!

e Come up with two variables that are associated,
but not causally

e Come up with two variables that are causally
associated

o Which is the explanatory variable?
O Which is the response variable?
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College Education and Aging

e “Education seems to be an elixir that can bring us a healthy body
and mind throughout adulthood and even a longer life,” says
Margie E. Lachman, a psychologist at Brandeis University who
specializes in aging. For those in midlife and beyond, a college
degree appears to slow the brain’s aging process by up to a
decade, adding a new twist to the cost-benefit analysis of higher
education — for young students as well as those thinking about
returning to school.”

A Sharper Mind, Middle Age and Beyond
-NY Times, 1/19/12

e Are you convinced that a college education
slows the brain’s aging?

People who go to college may be different
to begin with!
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Association does not imply causation!
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Confounding Variable

e explanatory Varlable and the respo

ariable is called a confounding variab

explanation for an association between the
explanatory and response variables

e Whenever confounding variables are
present (or may be present), a causal
association cannot be determined
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Confounding Variable

Confounding
Variable
Explanatory 2 Response
Variable . Variable
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TVs and Life Expectancy

Wealth

Number of - Life
TVs per capita = Expectancy

Statistics: Unlocking the Power of Data



'\\ Confounding Variable

'S

For each of the following relationships, identify a
possible confounding variable:

1. More ice cream sales have been linked to more deaths by
drowning.

2. The total amount of beef consumed and the total amount of pork
consumed worldwide are closely related over the past 100 years.

3. People who own a yacht are more likely to buy a sports car.

4. Air pollution is higher in places with a higher proportion of paved
ground relative to grassy ground.

5. People with shorter hair tend to be taller.
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Experiment vs Observational Study

e researcher does not actively control thle
alue of any variable, but simply observejs
the values as they naturally exist

An experiment is a study in which the
researcher actively controls one or more
of the explanatory variables
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Observational Studies

e There are almost always confounding

variables in observational studies
aa e e e e s == = S
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|( Observational studies can ﬂ
I almost never be used to |
|kl establish causation ,}
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Kindergarten and Crime

e Does Kindergarten Lead to Crime?

e Yes, according to research conducted by New Hampshire
state legislature Bob Kingsbury

e “Kingsbury (R-Laconia), 86, recently claimed that analyses
he’s been carrying out since 1996 show that communities in
his state that have kindergarten programs have up to 400%
more crime than localities whose classrooms are free of
finger-painting 5-year-olds. Pointing to his hometown of
Laconia, the largest of 10 communities in Belknap County,
the legislator noted that it has the only kindergarten
program in the county and the most crime, including most or
all of the county’s rapes, robberies, assaults and murders.”

Szalavitz, M. “Does Kindergarten Lead to Crime? Fact-Checking N.H.
Legislator’s "Research)” healthland.time.com, 7/6/12.
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Texas GOP Platform

e A few days later, the Texas GOP 2012 Platform
announced that it opposed early childhood

education

e Causation or just associa

tion?

Source: Strauss, V. “Texas GOP rejects ‘critical thinking’

skills. Really.” www.washin;

otonpost.com, 7/9/12.
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It's a Common Mistake!

“The invalid assumption that correlation
Implies cause is probably among the two or
three most serious and common errors of

human reasoning.”
- Stephen Jay Gould
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Randomization

 How can we make sure to avoid confounding
variables?

RANDOMLY assign
values of the

explanatory variable
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Randomized Experiment

In a randomized experiment the
explanatory variable for each unitis
determined randomly, before the
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Randomized Experiment

e The different levels of the explanatory variable
are known as treatments

e Randomly divide the units into groups, and
randomly assign a different treatment to each

group

e [f the treatments are randomly assigned, the
treatment groups should all look similar
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Randomized Experiments

e Because the explanatory variable is randomly assigned,
it is not associated with any other variables.
Confounding variables are eliminated!!!

Confounding

Variable

RANDOMIZED
EXPERIMENT \/

Explanatory Response
Variable Variable
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Randomized Experiments

e [f arandomized experiment yields a significant
association between the two variables, we can
establish causation from the explanatory to the

\__response variable

2" N
o o o e e e e e e ] e o o
I Randomized experiments are very powerful! :
: They allow you to infer causality. :
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Exercise and the Brain

e A study found that elderly people who walked at least
a mile a day had significantly higher brain volume
(gray matter related to reasoning) and significantly
lower rates of Alzheimer’s and dementia compared to
those who walked less

e The article states: “Walking about a mile a day can
Increase the size of your gray matter, and greatly
decrease the chances of developing Alzheimer's disease
or dementia in older adults, a new study suggests.”

e [s this conclusion valid?

No. Observational study — cannot yield causal conclusions.

Allen, N. “One way to ward off Alzheimer’s: Take a Hike,” msnbc.com, 10/13/10.
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G~ Exercise and the Brain

e How would you design an experiment to
determine whether exercise actually causes
changes in the brain?

Statistics: Unlocking the Power of Data



Exercise and the Brain

e A sample of mice were divided randomly into two
groups. One group was given access to an exercise
wheel, the other group was kept sedentary

e “The brains of mice and rats that were allowed to run
on wheels pulsed with vigorous, newly born neurons,
and those animals then breezed through mazes and
other tests of rodent IQ” compared to the sedentary
mice

e [s this evidence that exercise causes an increase in
brain activity and IQ, at least in mice?

Yes. Randomized experiment— can yield causal conclusions.

Reynolds, “Phys Ed: Your Brain on Exercise", NY Times, July 7, 2010.
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How to Randomize?

e Option 1: As with random sampling, we can
put all the names/numbers into a hat, and
randomly pull out names to go into the
different groups

e Option 2: Put names/numbers on cards,
shuffle, and deal out the cards into as many
piles as there are treatments

e Option 3: Use technology
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Let’'s Try It!

e [sjust 5 seconds of exercise enough to
increase your pulse rate?

e Treatment groups: exercise versus sedentary
e Randomly divide the class into the two groups
e Give the treatment

e Measure the response (pulse rate)

e We'll learn how to analyze this later...
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Knee Surgery for Arthritis

Researchers conducted a study on the
effectiveness of a knee surgery to cure arthritis.
[t was randomly determined whether people got
the knee surgery. Everyone who underwent the
surgery reported feeling less pain.

[s this evidence that the surgery causes a
decrease in pain?

No. Need a control or comparison group. What
would happen without surgery?
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Control Group

e When determining whether a treatment is
effective, it is important to have a comparison
group, known as the control group

o |t

isn’t enough to know that everyone in one

group improved, we need to know whether they
improved more than they would have improved

wit]

nout the surgery

e A

] randomized experiments need either a

control group, or two different treatments to
compare
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Knee Surgery for Arthritis

e In the knee surgery study, those in the control
group received a fake knee surgery. They were
put under and cut open, but the doctor did not
actually perform the surgery. All of these
patients also reported less pain!

e |n fact, the improvement was indistinguishable
between those receiving the real surgery and
those receiving the fake surgery!

Source: “The Placebo Prescription,” NY Times Magazine, 1/9/00.
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Placebo Effect

e Often, people will experience the effect they
think they should be experiencing, even if they
aren’t actually receiving the treatment

e Exampl

e: Eurotrip

¢ This is |

known as the placebo effect

e One study estimated that 75% of the
effectiveness of anti-depressant medication is
due to the placebo effect

e For more information on the placebo effect (it’s
pretty amazing!) read The Placebo Prescription
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Study on Placebos

e Blue pills are better than yellow pills
e Red pills are better than blue pills

e 2 pills are better than 1 pill

e 4 pills are better than 2 pills

e And shots are the best of all!
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Placebo and Blinding

e Control groups should be given a placebo, a
fake treatment that resembles the active
treatment as much as possible

eUsing a placebo is only helpful if participants do
not know whether they are getting the placebo or
the active treatment

e [f possible, randomized experiments should be
double-blinded: neither the participants or the
researchers involved should know which
treatment the patients are actually getting
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Green Tea and Prostate Cancer

e A study was conducted on 60 men with PIN
lesions, some of which turn into prostate cancer

e Half of these men were randomized to take 600 mg
of green tea extract daily, while the other half were
given a placebo pill

e The study was double-blind, neither the
participants nor the doctors knew who was actually
receiving green tea

e After one year, only 1 person taking green tea had
gotten cancer, while 9 taking the placebo had gotten
cancer
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74 Green Tea and Prostate Cancer

A difference this large is unlikely to happen just
by random chance. Can we conclude that green
tea really does help prevent prostate cancer?

Yes! Good randomized experiments
allow conclusions about causality.
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Types of Randomized Experiments

e Randomizing cases into different treatment
groups is called a randomized comparative
experiment

e We can also give each treatment to each case,
and just randomize the order in which
treatments are received: matched pairs
experiment

e Either are valid randomized experiments!
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Matched Pairs

Example: To see if people read faster on paper
or a kindle, a study was done in which 16
people read two sets of instructions of similar
length, one on a kindle and one on paper. The
order in which they read the instructions was
randomized. (Reading was faster on paper.)
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Why not always randomize?

e Randomized experiments are ideal, but
sometimes not ethical or possible

e Often, you have to do the best you can
with data from observational studies

e Example: research for the Supreme Court
case as to whether preferences for
minorities in university admissions helps
or hurts the minority students
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Randomization in Data Collection

Was the explanatory

Was the sample
variable randomly

randomly selected?

assigned?
Yes No Yes No
Possible to Should not Possible to Can not make
generalize to || generalize to make conclusions
the population the conclusions about causality
population about causality
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Two Fundamental Questions in
Data Collection

Random
sample???

Randomized
experiment???
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Randomization

e Doing a randomized experiment on a random
sample is ideal, but rarely achievable

e [f the focus of the study is using a sample to
estimate a statistic for the entire population, you
need a random sample, but do not need a
randomized experiment (example: election polling)

e [f the focus of the study is establishing causality
from one variable to another, you need a
randomized experiment and can settle for a non-
random sample (example: drug testing)
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Summary

e Association does not imply causation!

e In observational studies, confounding variables
almost always exist, so causation cannot be
established

e Randomized experiments involve randomly
determining the level of the explanatory variable

e Randomized experiments prevent confounding
variables, so causality can be inferred

e A control or comparison group is necessary

e The placebo effect exists, so a placebo and
blinding should be used
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