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Iam sympathetic with much of what Hanson & Burr (H&B) have
to say about connectionist models. My comments concern
problems that are central in my mind but not addressed in any
detail by H&B. The first is the problem of extension critical to all
kinds of learning. The second concerns what is meant by a
representation, and what formal claim should be made about
representations in relation to learning. The third concerns
questions of computational irreducibility, suggested by H&B’s
own analysis of the two extended examples of NETtalk and
PARSNIP.

Problems of extension. A central criticism of cognitive theo-
ries of mental processes that do not attempt to address questions
of learning concerns how they can accommodate the learning of
new rules or new procedures. Perhaps the classic example is the
language development of a child. Certainly, the classical cog-
nitive theories that deal with this matter have not had great
success with any extended set of data. Perhaps even more
important, there is really no serious principled account of how

the child makes the extension and consolidation from one stage
of learning a language to another. In theory, connectionist
models seem to suggest more realistic procedures for approach-
ing this central problem, but in the only extended examples
given by H&B, namely, phonemic representation of English
words (NETtalk), and learning to recognize strings of syntactic
categories based on senlences {rom a large corpus of natural
language (PARSNIP), there is no attempt at all to explain how the
net would be changed as extensive new material was intro-
duced. H&B make the good point that in both cases the two nets
generalize rather well to novel material. This does not concern
continuing correction for extensive additional material, but the
question of how a net that has been trained will work on new
material — an important question, but not as central in many
ways as the problem of continued adjustment to extensive new
material. PARSNIP, for example, has 585 nodes in the net consist-
ing of 45 hidden, 270 input, and 270 output nodes. It would be of
great interest to know what would happen as PARSNIP was
extended from a thousand sentences to an easily collected and
tested 10,000 sentences. Moreover, it would be especially
desirable to reach some principled understanding of how this
extension is made — although the primary question is whether it
can be made at all, not whether we can understand how it is
made (see the discussion of computational irreducibility below).

A second and different kind of extension problem in a cog-
nitive domain is the proving of highly structured sequence of
theorems. What I have in mind is not a net that will prove
theorems from some fixed axioms, but the more standard math-
ematical task of proving a sizable sequence of theorems, so that
the most important aspect of proving a given theorem will be
using in an insightful way that one or two of the previous
theorems most relevant to it. A particularly good example with
which I have extensive empirical experience is the proving of
theorems in axiomatic set theory. The course I have taught for
years (first as a lecture course and later as a computer-based
course) is organized into a sequence of approximately 650
theorems based on the Zermelo-Fraenkel axioms. It would be
hopeless to try to prove Theorem 353, for example, by using just
the axioms. It is absolutely critical to use several of the preced-
ing theorems in a significant and insightful way. Itis not the least
bit clear to me that we yet understand how to constructa net that
would do this extensive scanning of the previous theorems to
find which would be most appropriate to prove the theorem
under consideration. This is a form of learning, a rather critical
one in fact; but what is not at all clear to me is how the kind of
consolidation that must take place to be effective and minimally
efficient in proving a sequence of theorems would take place in a
connectionist model.

It may be thought that my requirement is too difficult at this
stage of development, and I would accept that answer in the case
of proofs in set theory, but I think all the same that it would be
extraordinarily interesting to get some idea of how a standard
task of sequential theorem-proving would be approached.

It is perhaps evident, but worth mentioning, all the same,
that standard artificial intelligence approaches to automatic
theorem-proving do not really touch this problem in any serious
way either. In the work I have been doing on these matters for
many years in the context of a computer-based course, the
decision about which previous theorems to use is made by the
study, not the system, although helpful hints can of course be
and are in many cases included; this is not the same as having a
program that understands in any deep way how to analyze what
previous theorems are most relevant, however.

Problems of representation. I find myself uneasy at the
vagueness of the concept of representation used by H&B, even
though they have many useful detailed things to say about their
approach to representation. What is missing is some formulation
of the structural or formal theory of representation behind their
analysis of what can and cannot be done by nets: the kinds of
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structural isomorphisms that exist between given structures and
their representations. Typical mathematical examples include:
Any Boolean algebra is isomorphic to an algebra of sets, or any
regular grammar can be represented by a finite automaton in the
sense of generating the same language.

Much of the debate between connectionists and cognitivists,
who arc skeptical of each other’s ideas about representation or
about learning, is vitiated by the absence of any very precise and
agreed-upon characterizations of representation. It may be that
the way to think about the representation given by a net is like
the relationship between grammars of various types and auto-
mata of various types; but above all, the semantics must be
brought into the picture for a satisfactory notion of represen-
tation.

To avoid misunderstanding on this point I want to emphasize
that from the fact that universal computation in the sense of
equivalence to a universal Turing machine can be represented
by a net, it does not follow that problems of representation are
properly understood in any mathematical detail. My own con-
jecture is that a detailed mathematical refinement of the various
alternative notions of representation that can be used by con-
nectionists will lead to a clarification and understanding of a
variety of critical issues, especially those critical in the debate
with cognitivists.

Computational Irreducibility. My third problem concerns a
detailed understanding of what the two examples, NETtalk and
PARSNIP, are really doing. H&B present a number of interesting
details, especially of a statistical kind, about the behavior of
these two relatively large nets, but in some sense the statistical
information given does not get to the heart of the matter; it does
not offer a real understanding of how the nets are working. For
example, it is not at all clear from the presentation to what extent
the developments are ergodic or very strongly nonergodic. Is
there strong path-dependence, with the development of the
particular net configuration being very accidental in character,
as opposed to being asymptotically ergodic and very much
independent of the starting point or the path by which the
results were reached?

I would conjecture that many features of the nets are acciden-
tal and thus do not represent something we would want to
generalize about in any detailed way. This is not meant to be a
criticism, but an attempt to bring out how to think about these
nets. It is characteristic of probabilistic phenomena that we are
lost if we try to understand their details in all aspects. It is rather
like trying to attach importance to the actual sequence of flips of
a coin when we have a strong belief that the coin is a fair one and
the trials are independent. But what we need to understand,
then, is not so much the results (as in the case of the actual
sequence of flips of the coin) but the process or the procedure,
from a probabilistic standpoint, by which the nets are produced.
What this suggests is that we should try to have a stochastic
theory of the procedures rather than of the actual nets pro-
duced.

It is not clear to me to what extent we can have a satisfactory
theory of the kind suggested. A pessimistic possibility is that the
actual large nets produced in the future will be computationally
irreducible, in that no analysis in terms smaller than the nets
themselves will give anything like a really detailed and accurate
account of how they work. It is one of the pessimistic outcomes
of modern science that a variety of important phenomena have
such computational irreducibility. We associate such ideas with
random systems or deterministic chaotic systems. (For exam-
ple, the modern conclusion is that we are not really going to be
successful in predicting the weather for any substantial number
of days in advance.) It may be that the behavior of the very large
nets that will be constructed in the future cannot be predicted in
advance either, and we can do no better than run them to deter-
mine an outcome.

If we scale up NETtalk or PARSNIP by two, five, or 10 orders of
magnitude, it certainly does seem possible that we will be totally
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lost in the details and can only hope to have a kind of schematic
understanding of how the nets work. To take this conjecture one
step further, this could be a reason for pessimism about ever
writing an adequate grammar of any natural language. The
cognitivists can feel safe and secure with a few explicit rules here
and there, but for the real details, especially once we add the
many prosodic and other features of spoken language, it is
hopeless to attempt a serious account. The net the brain uses for
language processing and the language generated may be too
complicated to ever be understood adequately.



