Learning of Categories Composed of Rules and Exceptions

Michael A. Erickson and John K. Kruschke
Department of Psychology and Cognitive Science Program
Indiana University, Bloomington IN 47405
miericks@indiana.edu

Many formal and folk psychological theories conceive of
the mind as being composed of quasi-independent modules.
From Freud to Fodor the mind has been decomposed into con-
stituent parts. Recently, a number of researchers have pro-
posed modular theories of cognitive phenomena such as cate-
gorization (Ashby, Alfonso-Reese, & Turken, 1995; Shanks
& St. John, 1994), reasoning (Sloman, 1996), automaticity
(Logan, 1988), language (Pinker, 1991), and learning and
memory (Squire, 1992). In general, these theories are charac-
terized by descriptions of each module and how each serves
in those tasks for which it is best suited. However, these theo-
ries do not emphasize how modules interact in producing re-
sponses and in learning.

We describe two human categorization experiments de-
signed to address the three issues relevant to hybrid rule- and
exemplar-based systems: the necessity of rules, the necessity
of exemplar memory, and the interaction between these two
sub-systems in learning and in classification performance. We
account for the participants’ classifications using an updated
version of the hybrid rule and exemplar model described by
Kruschke and Erickson (1994). This hybrid model consists of
arule module, an exemplar module, and a gating mechanism.
This gating mechanism controls the influence of each module
in decision-making and the extent of learning in each mod-
ule. We also show that neither of these two sub-systems, act-
ing alone, can adequately account for human behavior. This
is significant inasmuch as the exemplar sub-system is a full
implementation of ALCOVE (Kruschke, 1992), which has per-
formed well in a variety of categorization tasks.

Human Learning

Three key features of the category structures used in these ex-
periments are: (1) some stimuli could be classified according
to a rule whereas other stimuli were exceptions and had to be
memorized; (2) different training instances had different rel-
ative frequencies; and (3) some stimuli were never used in
training and were therefore available to examine generaliza-
tion.

The stimuli in both experiments varied along two dimen-
sions. In each training trial, a stimulus was presented and
participants made a classification, after which the correct la-
bel was displayed. During the initial trials, participants’ re-
sponses were just guesses, but after many trials they began to
learn the correct classifications. Most of the training stimuli,
the regular stimuli, could be classified according to a simple,
one-dimensional rule. Two training stimuli were exceptions
to the rule, each having its own category label.

During training in Experiment 1, participants never saw
the most extreme values of the two dimensions of variation;
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these were reserved to test generalization. Nevertheless, even
when these extreme stimuli were most similar to an exception,
they were classified according to the rule. Whereas the hybrid
model was able to account for this phenomenon, ALCOVE was
not.

Relative instance frequencies were manipulated in Exper-
iment 2, both for rules and exceptions. Higher rule instance
frequencies caused more robust generalization. Rule-based
explanations that lack exemplar memory cannot account for
such behavior. Moreover, ALCOVE failed to account for the S-
shape of the exception learning curve shown by participants.
The hybrid model did show this same pattern of learning by
virtue of its interactive gating of the rule and exemplar mod-
ules.
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