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What is the intellectual merit of the proposed activity?

Strengths:

This is an outstanding proposal in virtually all respects. The PI presents a new model of category learning—
CLUSTER —that moves beyond several other established models in the literature such as RULEX and
ALCOVE. Many of the proposed studies test specific novel predictions of the model, predictions which are,
in some cases, rather surprising. I was particularly interested in the novel predictions regarding recognition
memory. CLUSTER appears to have the potential to bridge the gap between two distinct literatures —the
categorization literature and the memory literature. As such, this is clearly cutting-edge work.

The strengths of the proposal do not stop there, however. The PI has teamed up with a 5th grade class to
push the boundaries of the category learning literature. One strength of CLUSTER is that it can make
predictions about category learning in a variety of situations, including situations where people experience
mixed periods of supervised and unsupervised learning (much like what might happen in a real-world
classroom). Rather than simply stating that CLUSTER should apply to real-world contexts, the PI has put
together an ambitious set of studies designed to test predictions of the model in both elementary school and
college classrooms. The payoff here could be dramatic: the PI might be able to work with teachers to
develop a curriculum designed to maximize learning by using a formal model of category learning. I know
of no other cases where this has been done in a detailed (and successful) way. Moreover, this work should
contribute to our understanding of the development of category learning. There have been very few studies
of this topic that have used models and methods derived from the adult category learning literature. Thus,
the PI will be blazing new ground on this front.

Weaknesses:

The only weakness of this proposal was the sometimes sparse outline of the to-be-conducted experiments.
The PI chose to discuss these experiments at a general level, rather than providing lots of methodological
details. Given that the PI does not have extensive experience working with 5th graders, this raises questions
about the feasibility of some of the experiments. Nevertheless, given the potential impact of this work, this
seems like a reasonable risk to take.

What are the broader impacts of the proposed activity?
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CAREER: Flexible Learning Inside and Outside the Classroom

Love has conducted some important theoretical and empirical work on categorization, category learning, and
category inference. His SUSTAIN model has already had significant impact, even though it went through a
protracted review process at Psychological Review. I am convinced that his productivity will continue over
the coming years and he will continue to make important theoretical and empirical contributions. The
current research aims to extend his previous work on SUSTAIN through the development of a new model
called CLUSTER.

What are the broader impacts of the proposed activity?

Understanding how concepts and categories are learned, represented, and used is a core problem in
understanding human cognition. Findings can have impact on education, educational technology, and
training methods. Findings can also have impact on understanding behavior in brain-damaged individuals.

Summary Statement

One potential concern is that this proposal was high on general ideas and a bit low on specifics. There were
a lot of descriptions of very general experiments with only a few examples of specific manipulations. But I
was to stress that there is a real challenge in balancing theory and experiments in a proposal which is so
heavy on developing a new computational theory. Empiricists can get right to the experiments.
Theoreticians need to spend many pages describing and justifying their theories, generate predictions, and
then sketch proposed experiments. So I certainly do understand the dilemma in producing a 15 page research
proposal. However, this proposal may have leaned a bit too much away from specific experimental
proposals. I am confident Love and his students will do good work. But I cannot really comment on the any
specific proposed experiments. The theoretical work does seem sound.

I am generally unclear about the requirements of the CAREER grants as they relate to education. The
studies of fifth graders seem more a means of testing hypotheses generated from CLUSTER than a real aim
to make contact with educational issues per se. But perhaps that is sufficient. I am sure that Love will be
able to engage undergraduates and graduate students in his research.



I am going to intersperse comments and questions in the order they appear in the proposal:

How much more flexible is CLUSTER compared to SUSTAIN? Overall, how flexible is CLUSTER?
Indeed, a model like RULEX 1s more limited in that it applies to just explicit hypothesis testing that can take
place during supervised category learning. But it is intended to be a model of such hypothesis testing during

supervised category learning. It is not intended to be a model of more implicit categorization processes. Is
whether SUSTAIN/CLUSTER sufficiently constrained to be falsifiable?

Are various exemplar models or prototype models essentially special cases of CLUSTER? It seems like
given certain parameter settings, CLUSTER operates much like an exemplar models (such as ALCOVE). As
such, it must account for data at least as well as an exemplar model. The test 1s demonstrating whether this
additional model complexity is necessary. When fitted to data, is the best-fitting model essentially an
exemplar model, a rule model, a prototype model, or something else?

CLUSTER can represent continuous dimensions using a single node, much like ALCOVE and other
models. Binary-valued nominal dimensions are also represented by a single node as well. However multi-
valued nominal dimensions require multiple nodes. Does the model 'know' that each of these nodes 'go
together' in terms of representing alternatives of a nominal dimension? Does the same selective attention
term apply to all nodes representing a common nominal dimension?

Is the recruitment threshold like the clustering parameter in Anderson"s rational model?

For nominal dimensions, it looks like the distance can be O if the representations match, 1 if two stimuli
have different nominal dimensions, and 1/2 if either the value of one dimension is unknown or absent. Is
that right?

Typically in models of this sort, similarity is an exponentially decreasing function of distance. In
CLUSTER, there is this exponential term (Equation 3), but the H(j,out) term has an additional multiplicative
factor. Why 1is this? Does this in essence favor more specific representations over more general
representations all else being equal?

Presumably, the weights in equation 4 can be positive or negative.

Cluster recruitment appears deterministic. Presumably, this could be probabilistic. If so, would there be
some probability that eventually you get something more like an exemplar-based (specific) representation?
With a deterministic clustering, if an abstract (rule-based or prototype-based) representation works, there is
no pressure to adopt more specific representations. But if there is some probability that a more strict
matching criterion is used, eventually the abstract clusters could be populated with specific exemplars. As
such, you might see more evidence for specific knowledge with more experience perhaps.

It sounds like the model might initially attempt dimension-wide selective attention since new clusters are
initialized with attention terms averaged across existing clusters. So if that same dimension-wide attention
works, it would be retained. But if stimulus-/cluster-specific selective attention were needed, it could learn
that.

There are certain assertions made about the predictions of the context model and RULEX. One challenge of
such models (and that would go for CLUSTER as well) is that it can be difficult to anticipate the predictions
without going through explicit simulations. For example, exception formation in RULEX depends on how
similar an exception is to items in the contrast category, not just whether it is an exception or not. It was not
entirely clear how much these predictions were based on simulation or intuition.



I"m wondering what would happen with ALCOVE in the situations described on pages 10-11 if you were to
give ALCOVE the ability to acquire stimulus-selective specificities (which I believe are outlined in the
original ALCOVE model). How much of the CLUSTER predictions are because of the stimulus-specific
specificity learning and how much is because of the clustering per se? Most applications of ALCOVE and
the GCM have assumed specificities common to all exemplars. However, there have been some
investigations of how stimulus-specific sensitivities might be useful or even necessary to account for certain
patterns of data.

I guess more generally, CLUSTER allows stimulus-specific sensitivity and localized selective attention, as
well as clustering. It would be useful to describe a systematic approach to testing which components are
critical in allowing CLUSTER to account for data.

Does CLUSTER make specific predictions about order-of-presentation effects? I know that the rational
model is sensitive to presentation order. Does CLUSTER make similar predictions and can they be tested?

I am not sure how the clusters created by CLUSTER influence perceptual judgments (as described in the
section on Clustering, Idealization, and Differentiation).

The assumptions of CLUSTER contrast with a number of current theories in cognitive neuroscience,
including those of Squire and colleagues, but also those of Ashby and colleagues. But it is consistent with a
number of single memory system models proposed by a number of researchers in categorization and
memory.

I am not sure what the specific experiments were to test influences of categorization on recognition
memory.

How might information about clusters in CLUSTER influence perceptual sampling of dimensions? Is this a
top-down process? Are attention weights dynamic in time during a trial? Can CLUSTER be readily
extended to account for the results reported by Lamberts and colleagues?
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As should be clear from the summary above, there is a strong educational component to this proposal. The
PI has teamed up with an elementary school classroom to test predictions of a new model of category
learning. As part of this partnership, undergraduates from the University of Texas will have first-hand
experience applying scientific ideas developed in laboratory settings to a real world context. Moreover, the
PI plans to get undergraduates involved in teaching elementary school students more generally about
science. This should be a win-win situation: the Sth-graders will have a unique chance to both participate in
a research study and learn what science is all about. Reversely, undergraduates will be pushed to explain
rather complicated material to a captive audience. There is also the chance that parents will become
involved in this enterprise. Consequently, this proposal will foster closer ties between the university and the
Austin community.

This proposal also has the potential to make a major contribution to curriculum development in elementary
education. The PI has made a series of predictions about the types of situations that should maximize
learning both in teacher-student contexts and in student-student contexts. Thus, the successful completion of
the proposal could have broad implications.

Summary Statement
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