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he article under discussion illustrates the trade-off between optimization and exploration that is fundamental
to statistical experimental design. In this discussion, I suggest that the research under discussion could be
made even more effective by checking the fit of the model by comparing observed data to replicated data sets

simulated from the fitted model.
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“Website Morphing” (Hauser et al. 2009) is a fun
paper to discuss. In particular I like the summary
of technical challenges at the beginning: The web-
site must (1) morph based on relatively few clicks,
(2) learn which characteristics are best for which cus-
tomers, (3) use prior information, and (4) be imple-
mented in real time. So often in applied statistics
we find ourselves analyzing a data set in isolation
or attacking a large problem with limited data; it is
refreshing to see such clear goals, and I think I will
try to be focused in this way in my future research
projects.

At a more technical level, the trade-off between
exploitation and exploration is a standard issue in sta-
tistical design of experiments: for exploitation (which
we call optimization) we want the best solution based
on our current state of knowledge; for exploration
(in statistical terms, inference) we want the “lever-
age” that comes from using design points that can
be far from practical. The particular tools developed
in this article should be useful for other problems
such as computerized adaptive testing in educational
applications.

My main suggestion for improving this work is to
make it more open-ended by incorporating simula-
tion-based model checking, also called posterior pre-
dictive checks (as described, for example, in Chap-
ter 6 of our Bayesian statistics text, Gelman et al. 2003).
The idea is to use the fitted model to simulate sev-
eral replicated data sets and then to compare these
to the actual data. The comparisons can be graphi-
cal (for example, using scatterplots or time-series plots
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of individual users’ patterns of clicks) and numerical
(for example, mean squared errors or log likelihoods
of observed responses given predicted probabilities
from the model). This open-ended exploration gives a
framework for the continuous improvement of details
of the proposed method as it is being used while keep-
ing the existing inference and optimization structure.

One advantage of a fully Bayesian model (in com-
puter science terminology, a generative model) is that
it can be used immediately to simulate replicated
data. I recommend that the authors of this article—
and the many readers of this journal who will surely
want to apply the methods described to their own
problems—take advantage of the generative property
to explore the ways in which their model fits, and
does not fit, reality. Such graphical and numerical
diagnostics could be performed using the data gath-
ered from the application of the fitting and optimiza-
tion procedure to real users.
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I would like to congratulate Hauser et al. (2009) on
their paper. It brings together expertise in website and
software design, psychological profiling, marketing
research, statistical modeling, hidden Markov models,
and adaptive Bayesian procedures in an impressive,
practical, and effective way.

My book (Gittins 1989) on what became known as
Gittins indices is now 19 years old, and it is very
pleasing to have the opportunity to acknowledge one
of the best papers since then that applies that theory.
I particularly like the simple notion of an expected
Gittins index, which Hauser et al. (2009) put to very
effective use.

In recent years I have left these developments to
others, so I have just a few detailed comments.

1. I would like to avoid confusion as to how the
index G,,, is, in principle, to be derived from Equa-
tion (1): The Gittins index for morph m with known
cognitive segment r is the value of G,,,, for which the
two terms inside the curly brackets on the right-hand
side of Equation (1) are equal.

2. As the authors say, index values depend impor-
tantly on the discount parameter a. Note that the
authors use a = 0.999999 in Table 1, Figure 3, and
Appendix 3.
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3. I am puzzled by the authors’ statement on
page 7, “It is a valid fear that such exploration might
lead to costly false morph assignments more so than a
null strategy of one website for everyone.” In expecta-
tion, and with suitable priors and discount parameter,
the index strategy with morphing is optimal and beats
any strategy of one website for everyone. The sim-
ulation is still interesting, of course, but the authors
might wish to elaborate.

4. The authors have told me that their calculations
of index values for values of a that were very close to
1.0 were very time consuming. With luck, any future
calculations could be shortened by making use of the
approximations for such a values that are set out in
§7.4 of my book. It would be interesting to know, for
example, whether the limiting behaviour described in
the display (7.15, p. 169) was observed.
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Website morphing seems to be a useful technique, with applications beyond matching cognitive

style.
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I think that the concept of website morphing might
be a bit broader than that presented by Hauser et al.
(2009). Their definition says that morphing matches
the look and feel of a website to cognitive styles, but
the way they learn about the cognitive style is by
observing the click stream, so a more general defini-
tion would be that morphing matches the look and
feel of a website to the clickstream.

Cognitive style could be one interpretation of what
is driving click behavior, although it is not the only
interpretation. Suppose, for example, that gender is
an important characteristic to an advertiser, and that
men click on different things than women. After a
few clicks, one might be able to predict the gender of
the visitor with reasonable accuracy and morph the
website to appeal to the appropriate gender.

Experimentation is, of course, widely used by web-
sites to compare different user interface designs.
Google Analytics, for example, offers a “website opti-
mizer,” which allows for sophisticated experimenta-
tion. What is novel about the approach of Hauser
et al. (2009) is that it explicitly recognizes that one
size does not necessarily fit all, so the interface opti-
mization should be conditioned on other aspects of
observed behavior, such as the prior clickstream.

Their paper is primarily concerned with the case
of a single session. However, in practice, state can be
stored in cookies and preserved across sessions, mean-
ing that each visitor can have a personalized website.
Cookies managed by an ad network also persist across
URLs, so that the set of ads that one sees when view-
ing a major website will generally be different than the
set of ads someone else sees, simply because each has
a different click and impression history.

Of course, one runs the risk of misclassification, so
it is a good idea to allow the user to reset his or her
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history to a blank slate. Otherwise, viewers might well
be frustrated if the classification is wrong. According
to a Wall Street Journal story (Zaslow 2002):

Mr. Iwanyk, 32 years old, first suspected that his
TiVo thought he was gay, since it inexplicably kept
recording programs with gay themes. A film stu-
dio executive in Los Angeles and the self-described
“straightest guy on earth,” he tried to tame TiVo’s
gay fixation by recording war movies and other “guy
stuff.”

“The problem was, I overcompensated,” he says. “It
started giving me documentaries on Joseph Goebbels
and Adolf Eichmann. It stopped thinking I was gay
and decided I was a crazy guy reminiscing about the
Third Reich.”

Morphing a user interface based on personal-
ized interaction history is not uncommon. In fact,
Microsoft Office reorders menu options depending on
how frequently a particular operation is performed.
This is, admittedly, a trivial example compared to
changing the entire the look and feel of a website.

What is attractive about the model presented in
the paper of Hauser et al. (2009) is that it delivers a
rigorous, well-thought-out strategy that encompasses
experimentation, optimization, and personalization. I
suspect that there will be other exciting applications
of these techniques.
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