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Introduction

Connectionist models have been used to demonstrate that
double dissociations can arise in non-modular systems. In a
recent paper, Bullinaria and Chater (1995) argue against this
general approach, questioning the reliability of double dis-
sociations produced in non-modular systems. Focusing on
double dissociations based on rules versus exception cases,
they create simulations which show that in large-scale, fully
distributed networks, the rule based exemplars are retained,
and the exception cases are lost. The opposite dissociation,
where the exceptions are spared and the rules are lost, is only
obtained in small-scale, less biologically plausible networks.
Based on these results, they challenge the logic of using con-
nectionist simulations to refute the modularity hypothesis.

Bullinaria and Chater’s simulations are based on artificial
training example sets. While they manipulated regularity,
having some examples that were rule governed, and others
that were exceptions, they failed to manipulate the relative
frequencies of the training exemplars.

The frequency of different tokens and types in natural lan-
guage has been explored in several domains. For example,
children acquire more frequent forms earlier than less fre-
quent ones (e.g. Clark & Berman, 1984), and exceptions
that are low in frequency tend to be regularized over time
through diachronic processes of language change (Haiman,
1994). In addition, there is an interaction observed between
frequency and regularity, such that high frequency items are
less affected by irregularity (Seidenberg et al., 1984). There-
fore, the frequency of an irregular item is fundamental to any
consideration of its behavior in a language system.

We hypothesized that Bullinaria and Chater failed to get a
double dissociation because their training set did not refiect
the frequency properties of natural language. Working within
their paradigm, we explore this hypothesis, examining both
the frequency of different tokens and the distribution of types
in the simulations described below.

The Models

The models described here were the same as those in Bul-
linaria and Chater (1995), except that the frequency of the
training exemplars was manipulated. Two training sets were
created based on the stimuli used by Bullinaria and Chater:
one was comprised of rule and sub-rule exemplars; the other
consisted of rules and exceptions. The English past tense is an
example of a language system that incorporates rule-governed
(bake-baked), sub-rule (ring-rang, sing-sang), and exception
(go-went) cases. Therefore, training exemplars were assigned

frequency values according to the actual frequency distribu-
tion of the English past tense. In training, we weighted the
error signal according to the raw frequency value assigned to
each exemplar. For the first set of simulations, the hidden unit
layer included 100 units, while for the larger models, 600 hid-
den units were used. The models were damaged in two ways,
by removing either hidden units or connections.

Results and Discussion

As expected, the small networks with the frequency manip-
ulation demonstrated double dissociations; in some instances
performance on the rule-governed items was worse than per-
formance on the sub-rule or exception items, and in other
cases the reverse pattern occurred. However, in contrast to
Bullinaria and Chater's simulations, our large networks also
produced the double dissociation, such that on relatively rare
occasions (as with patients), the sub-rules or exceptions were
spared compared 1o the rules.

The simulations reported here show that frequency manip-
ulations are crucial for creating robust networks that leamn
sub-rules as well as true exceptions. It is a well established
fact in natural language that low frequency exceptions are
regularized by children, lost in brain damage, and regularized
over time through diachronic processes of language change.

In light of the results presented here, the challenge Bulli-
naria and Chater set forth 10 connectionist researchers may
well be met if considerations of the nature of the input, in
this instance the frequency of irregular and exception cases,
is taken into account in simulating natural language and brain
damage.
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