Regarding Confounding
Tiger Shrimp Problem (2006 #5)

Page 1 of 7

From the scoring guide:

From the Chief Reader’s Report:
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Friends,
I'd like to speak to a couple of the issues that have been hot on the list in these days on the cusp of
two years.
First, the 2006 shrimps problem, part c, asks about the advantage of using only one species of
shrimps, tiger shrimps. The correct answer is that it reduces within-treatment variability, since
shrimp from the same species are likely to respond more uniformly than shrimps from a mixture
of species. This thereby makes it easier to determine the differences in effects of the treatments
of nutrient and salinity. This within-treatment variability is _not_ confounding, and responses
that used this term were penalized for mixing up two different concepts of experimental design.
Students who just mixed up these ideas could not get full credit.
Other students wrote something like "well, if they put all the tiger shrimps in one treatment and
all the other species in another treatment, there would be confounding." This is a true statement
about confounding, but the problem stem said that shrimps were randomly assigned to tanks, so
this is hypothesizing a situation that the stem of the problem rules out. This is again incorrect as
an answer to the question posed, even though it includes a correct description of confounding.
Confounding occurs when there is a _systematic_ way in which one treatment is favored. This is
nicely defined by George Cobb in his Design and Analysis of Experiments when he says "Two
influences on the response are confounded if the design makes it impossible to isolate the effects
of one from the effects of the other." Note that in an experimental situation, confounding has to
involve the _design_. There are more complicated experimental design situation in which certain
factors or interactions are deliberately confounded to put greater power on the main effects. You
can read about this in the classic Statistics for Experimenters by Box, Hunter, and Hunter. Thus,
in an experiment, it's a design issue. With a completely randomized design, this is not possible
because the randomization precludes a designed-in way in which one outcome would be favored.
This is the root of the statement from the problem rubric that Mark quoted in a previous post that
confounding is not possible in this situation.
Lurking variables occur most commonly in regression-type situations, in which you are trying to
model a response variable with one or more explanatory variables. We all know that old saw that
"correlation doesn't imply causation" and the reason is the potential lurking variables which may
actually be instrumental in linking the explanatory and response variable. Both Cobb and Box,
Hunter, Hunter only talk about lurking in their regression chapters.
In my opinion, confounding and lurking variables are primarily in the domain of observational
studies, at least at the AP Stat level, and are best confined to that domain. In that domain I'm not
sure it's critically important to distinguish the two, and I can't recall an AP problem that has ever
asked students to distinguish the two.
A couple years ago I wrote an article for STATS magazine about the many different kinds of
variables. If you'd like a copy, send me a private note.
Happy New Year to all!
Peter Flanagan-Hyde
Phoenix Country Day School
Paradise Valley, AZ
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Hi Nancy,
This issue has arisen before -- think tiger shrimp -- and there are a
couple of perspectives. Here's mine:
Confounding refers to a systematic way in which one outcome is
favored, and is the bane of observational studies. A confounding
variable is one which affects the response, but is not controlled for.
In an experiment, you can control for the effects of variables which
otherwise might be confounding variables. This is the idea behind
the statement in the rubric for the tiger shrimp problem of 2005 that
confounding isn't possible in a completely randomized experiment.
The most basic way to control for potentially confounding variables
is randomization, which removes the systematic way in which one
outcome is favored. But if there are different-looking subjects in
your experimental group that you believe will produce different
responses, then just randomizing may leave more of one in treatment A
than in treatment B, or vice versa. This possibility increases the
random within-group variability.
You can reduce this random variability by blocking on the observable
characteristic. Then you guarantee that the two treatment groups are
equally balanced with regard to this variable. This generally works
better than just randomizing, hence the statement that one aim of
blocking is to reduce variability in an experiment. It's
specifically the within-group variability that's reduced, making it
easier to see the between-group variability -- which is what your
experiment is trying to measure.
Peter
Peter Flanagan-Hyde
Phoenix Country Day School
Paradise Valley, AZ
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Dentists Problem: 1999 #3:
The dentists in a dental clinic would like to determine if there is a difference between the number of new
cavities in people who eat an apple a day and in people who eat less than one apple a week. They are
going to conduct a study with 50 people in each group.
Fifty clinics patients who report that they routinely eat an apple a day and 50 clinic patients who
report that they eat less than one apple a week will be identified. The dentists will examine the
patients and their records to determine the number of new cavities the patients have had over the past
two years. They will then compare the number of new cavities in the two groups.
a. Why is this an observational study and not an experiment?

b. Explain the concept of confounding in the context of this study. Include an example of a possible
confounding variable.

c. If the mean number of new cavities for those who ate an apple a day was statistically significantly
smaller than the mean number of new cavities for those who ate less than one apple a week, could
one conclude that the lower number of new cavities can be attributed to eating an apple a day?
Explain.
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Solution to 1999 #3 (Dentists):
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