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Now we are at the end of the conference, so you can relax. George Mandler and I 
will take you on a general tour of cognitive matters. In my younger days I used to 
be what some people call a 'nothing but~er'--devoted to nothing but the truth. A 
'nothing but-er' is very clear there is only one way to do things, and his advice is 
to get cracking on doing things right. Well, with time I have developed the 
pluralistic attitude that I have been expressing here, but it is a market theory of • 
pluralism. It does not mean that I believe all theories and all methodologies are 
equally good or equally worth buying. I am not going to try to appraise the 
products currently on the market, or say what I am willing to buy or sell. But it is 
an important part of the market that themarket itself is pluralistic in another way. 
For different consumers there are different goods. Whatever your choices may 
be, you can probably buy them, and this is the way the market ought to be. 

I want to start with four neglected issues that I was a little surprised we did not 
get into. The first is that of mental representation. In view of the extensive 
dialogue within psychology about mental representation, .I am surprised we did 
not have more discussion of such issues that as knowledge, can always be 
expressed propositionally. The recent exchanges between John Anderson (1978, 
1979) and Zenon Pylyshyn (1979, 1981) in the Psychological Review are 
fascinating. 

Neglect of the second issue is less surprising here, but I think it is very 
important. It was alluded to, to some extent, in Gene's remarks about computa­
tional power. The issue is the nature of detailed front-end theories of listening 
and seeing, and the relevant data; for example, the very complex problem of 
speech recognition-whether we are interested in it from an AI standpoint or 
from a psychological standpoint of hearing. The way in which the sound-pres-
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sure wave gets converted into cognitively meaningful material is one of the 
intriguing complex and subtle stories of all time, surely. The competition be­
tween various approaches, beautifully reported in Allen Newell's ARPA report 
on speech recognition, was not talked about here. The competition between the 
brute-force computational power of the program called HARPY and the knowl­
edge-based program called HEARSAY should have been, I think, of conceptual 
interest to this group because it presents in dire contrast two approaches to 
computational aspects of cognitive problems. 

The third issue, only hinted at in Talmy Giv6n's chapter, was that of proba­
bilistic aspects of cognitive processing. I was surprised that the complexity of the 
kind of data and processes, considered essential in cognition, did not generate 
more probabilistic questions. There are some natural probabilistic questions that 
arise in relation to David Swinney's examples, but here too I found that matters 
were not pursued in sufficient detail to raise the central questions of a stochastic 
approach. In particular, in attempting to give a causal analysis he did not proceed 
as far as looking at auto-correlations in time, that are at the heart of any stochas­
tic analysis of real-time data. It seems likely to me that probabilistic questions 
were avoided for two reasons. On the one hand, there is the optimistic hope that 
the kind of theories considered will lead ultimately to determinate rather than 
probabilistic analyses of cognitive processing. On the other hand, the theories 
presented were in general not sufficiently developed from a mathematical and 
quantitative standpoint to warrant a full-blown probabilistic analysis of data 
relevant to the theories. 

The fourth neglected issue was consideration of the methodology of pro­
tocols. I will not say more about it here. It was just very surprising to me that no 
speaker spent any serious time on the complicated methodological issues raised 
by the use of protocols for data. 

Let me now tum to eight comments on matters that were discussed one way or 
another in the papers given at the conference. 

My first point concerns the surprising diversity of methodology and theoreti­
cal viewpoint in the two linguistic papers. I suppose I am used to gQing to 
conferences at which linguists represented a solid phalanx of theory against 
opposing ideas of psychologists or philosophers. I am happy to welcome this 
diversity. It satisfies my marketplace model of ideas. Talmy Giv6n may feel that 
there h~s been a monopoly or at least an oligopoly in the linguistic marketpI;;;r.c in 
recent years, but surely that is a passing phase that will fade and perhaps already 
has. 

From a broad historical standpoint, I like to think of the other linguist, Joan 
Bresnan, as Joan the Alexandrian. Here I am thinking of her in her concern with 
structural competence and not in her strong concern with empirical matters as 
expressed in parts of her paper. Much of what she wants to do would have been 
very comfortably received and appreciated by the ancient Alexandrian gram­
marians, who really started the serious work on grammar. I am sure that they 
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would be into what she is doing after two weeks of up-to-date lectures by her or 
Noam Chomsky. I want to emphasize my great respect and admiration for this 
Alexandrian tradition. It is a conservative tradition but one that should be valued. 
Of course, it is easy to say that there is more than one Alexandrian tradition and 
Talmy Givon fits in with one that has been too much neglected. I have the 
tradition of the mechaniciaJ1s in mind, of those who did all kinds of practical 
things. Heron is a good example of this school. Talmy Givon, like Heron, is in 
one sense interested in real-time processes. 

But I want to emphasize that I am not trying to oppose these two viewpoints. 
We need them both; neither will solve all of the problems of interest and impor­
tance. The kind of conservative intellectual tradition that Joan represents will be 
with us, as far as I can see, forever and ever. The kind of thing that Talmy and 
many psycholinguists do, would not be something that the Alexandrian gram­
marians would have appreciated, but that in no sense denigrates the work. These 
grammarians simply would not have gone in for extensive transcription and 
recording of data and, above all, they would not have gone for looking at a lot of 
different languages. It was clear to them that Greek was the only serious lan­
guage, just as it is clear to some that today English has the same status. There is 
in fact quite a good case to be made that only three languages have ever received 
really extensive linguistic attention, first Greek, then Latin, and now English. 
This concentration on the most important languages should continue but Talmy's 
work of a quite different character is also important. I want to emphasize the 
thoroughness of my pluralism here. There has been some mention by Marshall 
Farr and others of the struggle for unified theories in physics, especially unified 
field theories, but I think this example from physics is not a good one for the 
cognitive sciences. The unification of field theories in no sense annihilates the 
diversity and plurality of classical problems in physics. To mention just one 
simple example, consider the most important problem of nineteenth century 
classical particle mechanics, the three-body problem. This is the problem of 
predicting the paths of motion of three bodies interacting only by gravitational 
force. The three-body problem will be with us, I would predict, when all of the 
field theorists of modem physics have come and gone and long since been 
buried. What is even more surprising is that magnificent progress has been made 
recently on the three-body problem. It is easy enough to cite a variety of other 
examples from physics. Let us not make the mistake of thinking that in any sense 
physics is unified. Its pluralism is much more dazzling than that of linguistics, 
but so it should be because the physicists have been in serious scientific business 
for a much longer time. 

The second point is that to some extent this Alexandrian tradition in linguis­
tics contrasts with the AI tradition because the two disciplines are interested in 
different problems. Wendy Lehnert mentioned the fact that her grammar is 
messy and she hates to talk about it. She is not really engaged primarily in 
writing a grammar. She is interested in language in terms of, different kinds of 
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questions, and so different kinds of models arise. This does not mean there 
cannot be some overlap. I would expect those different traditions will remain 
separate and should remain separate-both in theoretical outcome and in meth­
odology. Tensions will be evident, but pluralism will carry the day. 

The same kinds of tensions exist between linguistics and psychology. Here, 
instead of saying "process," we might say, using Herb Clark's ideas, it is 
structure versus use. I was commenting to Joan Bresnan earlier on the analogue 
of the Helmholtz-Lie problem of space to her general problem of finding psycho­
logical constraints on language. Leaving all technical matters aside, the intuitive 
idea of the Helmholz-Lie problem is this. Helmholtz considered the fact that 
rigid bodies can be moved about without distortion in physical space one of the 
most important features of the space we live in. The problem has been to give an 
axiomatic characterization of space that led precisely to the conclusion that 
would be expected, namely, that only elementary spaces-what are sometimes 
called spaces with constant curvature--.could satisfy such an axiom of non­
distorting motion. The analogy to Joan Bresnan's problem is that very general 
axioms depending on only very limited aspects of experience have led to exten­
sive mathematical investigations on the nature of space. I see her suggested 
enterprise as being in the same spirit. Such investigations have been the prove­
nance o.f mathematicians, not physicists. In the same spirit, even though Joan 
Bresnan wants to begin with psychological constraints just as Helmholtz wanted 
to begin with physical constraints, it really would be mathematical linguists, not 
psychologists, who woull continue to investigate the problem she poses. As 
should be apparent, I think the problem is important and deserving of a great deal 
of attention. 

My fourth point concerns the new twist to the debates about competence 
versus performance. In the past I have been so brainwashed by linguists about 
what competence is that I was surprised and pleased when somebody made the 
very intelligent remark that there is, after all, an ordinary sense of competence. 
But I also like the linguistic controversy about the theory of competence. I think 
it is worthwhile and interesting. But it is not at all clear to me, once we leave the 
definite situation of having a grammar or a language, how we want to think about 
competence. I suggested in a discussion with John Seely Brown and Jim Greeno 
that we could have competence of procedures and competence of subject matter. 
There are many relevant puzzles from epistemology. For example, there has 
been much discussion in philosophy about this principle of competence for 
knowing: if you know p, you know any logical consequence of p. This is a 
requirement of closure under logical consequence. One of the things I suggested 
in the discussion with John and Jim is that we could look for closure conditions 
on elementary parts of a subject matter. Over the years I have had delightful 
conversations with Seymour Papert about elementary physics. I have felt there 
are parts of elementary physics that we could put in a very elegant way, where 
we have closure conditions. Closure conditions give us a closed miniature theo-
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ry. I suspect my philosophical taste for the elegance of closure could easily drive 
me into a position that psychologists might not be happy with, but I think it is a 
topic worth understanding better, because I do not really understand, except for 
the case of grammar, what competence means. Here is an example I mentioned 
to John Seely Brown-I do not know whether he is entirely happy with it, but it 
is very much in the spirit of his work on subtraction. We could think of compe­
tence in subtraction in this theoretical way as the amount of arithmetic you can do 
with marks, or just Arabic symbols. Such a theory has been investigated and we 
have a very nice understanding of it-maybe that is the right sense of compe­
tence in arithmetic. This particular theory of the arithmetic of marks corresponds 
very nicely to what is taught in the schools through about the fIrSt four or five' 
grades. I am looking at it as a subject matter, but I think there is another way that 
John talks about, and that is a procedural way of looking at competence. I am not 
quite sure what he has in mind. I will propose a task for him for the discussion: 
To give us one or two examples of competence in the sense of procedure. I also 
do not fully understand, as I told Jim Greeno, what he and Rochel Gelman have 
done to characterize competence. I think they are pointing out a very interesting 
direction to go, but I need more guidance. 

Associated with the discussion of competence is a discussion that I am less 
sanguine about. It may be just prejudice on my part. I refer to the associated 
concept of understanding. What does it mean to understand something? We may 
be able to develop a competence notion of understanding. But I am leery of 
having a performance concept of understanding. I guess understanding as I use 
the concept is a good example of something without closure. It is very open 
ended. I do not know how much we can use it as a systematic concept. It is 
certainly important. I say, well, I understand what you say-and in fact, among 
philosophers it is a favorite phrase. When a philosopher says, "I do not under­
stand;~ he is not speaking modestly. He is saying, Hyou idiot, why didn't you 
say something clear?" and it is used that way among philosophers as a kind of 
code. But I have some skepticism about having a good working systematic 
notion of understanding. 

Now for a point that I felt we wasted time on. It seemed to me there was a 
tangled and not needed discussion about finite, recursive, and recursively enu­
merable objects. I think all the important notions for this conference are very 
independent of these logical refinements. So I am quite happy to keep everything 
finite and introduce the concept of being creative. You are creative if you have a 
relatively small apparatus and you have to deal with a very large finite setup. I 
won't try to pursue this idea technically but there is one new technical develop­
ment that I think is of some interest to our discussions. This is the attempt to 
introduce in computer science and related disciplines a classification of the order 
of difficulty of problems that can in principle be decided in a fixed finite manner. 
A good example of something that has an effective finite procedure is Tarski's 
famous decision procedure for elementary algebra. If we write down any elemen-
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tary algebraic formula, it is decidable in a fixed finite number of steps whether 
the formula is valid or not in elementary algebra. This decidability result con­
trasts sharply to the famous Godel undecidable results for elementary number 
theory. On the other hand, from the standpoint of applications in computer 
science or in related cognitive sciences, the fact that such algebraic formulas are 
decidable is in another sense uninteresting because it is an unfeasible kind of 
decidability. Roughly speaking, a method of decidability is unfeasible if it is not 
polynomial in length where the polynomial is written in terms of the length of the 
formula itself. In Tarski's case there is an exponential explosion of the number of 
steps required to decide if a formula is valid or not. But even polynomial results 
are unrealistic from the standpoint of psychological processes. We usually seem 
to need something that is not even linear but sublinear, really fast and simple. My 
point is that what we need as a serious point of discussion in psychology is what 
kinds of proposals are psychologically feasible in terms of computation. Let us 
forget all about something being recursive but not primitive recursive, recur­
sively enumerable but not recursive, and so on. Let us begin to worry now about 
some real questions and some new questions of computability, ones that might 
have some applicability to psychological theories of cognition. 

There is a point I want to make about the tension in artificial intelligence 
between knowledge engineering, the Feigenbaum conception that what ought to 
be done is that which is most efficient in a computer framework, and the con­
trasting effort to model human performance. In generall am very sympathetic 
with the Feigenbaum concept of knowledge engineering. All of us accept it when 
it comes to computers doing arithmetic. No one seems to think that computers 
should do arithmetic in the fallible and very slow way that we humans do. A 
recent article in Business Week predicted that in the next two decades 45 million 
jobs in the United States will be changed because of the impact of automation in 
the factory and the office. On the surface, this seems to be a case of. knowledge 
engineering, for we do not expect factory robots and word processors to model in 
any deep way human approaches to the relevant tasks. 

On the other hand, I think that too much can be made of the tension. The 
reason is simple enough. Even if we want to emphasize the knowledge-engineer­
ing approach to AI, the problem of the'human interface remains one of the most 
important aspects of the work. That human interface has got, in part at least, to 
model successfully human performance. In spite of the present tension between 
the two approaches to AI, it is my feeling that it will be dissolved by the 
increasing concentration on the interface problem. There is, of course, a long 
history of such interface problems, going back at least to the intensive work in 
World War II on human factors, especially in the instrumentation of airplanes. 
But I think we are just about to begin a new era, and perhaps the thriving and 
developing automation revolution in the office will be one of the most important 
driving forces behind a whole new principled approach in the cognitive sciences 
to man-computer interfaces. 
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My final point is to comment on the several discussions we have had about 
modularity versus integration in the cognitive sciences. There is a long history in 
psychology of placing bets on modularity. The idea is that you can study a small 
piece of a system very well and you have faith that results will contribute to the 
larger picture in a really meaningful way. Something like this attitude has cer­
tainly been a driving force behind the intensive and extensive developments of 
verbal learning theory and experiments. It is all too easy to poke fun at this 
tradition now in retrospect. There are many things about it of considerable 
scientific value but there is also no doubt that the sense of dissatisfaction is a real 
one and not simply due to a superficial change in fashion. Certainly it is very 
common in the cognitive sciences now to be skeptical of modularity and to feel 
that only integrated scientific approaches that deal with large parts of cognition 
can be really successful. The criticism of this view is that as yet it seems to be 
more a case of wishful thinking than of real achievements. 

My pluralistic attitude is to praise both approaches and to counsel not getting 
stuck in either one as the only way to do serious science. 

To make my point in a more extended way, let me superficially draw on a 
certain part of the history of physics. By the end of the nineteenth century it was 
clear that classical particle mechanics had reached a dead end in terms of its most 
important problem, the three-body problem, which I have already mentioned. 
Poincare was given the Swedish royal prize not for solving the problem but for 
showing together with Bruns that you could not have closed form solutions. 
Fortunately, in the meantime all kinds of physics of a differen~ sort was develop­
ing. It would certainly have been disastrous if some tightly integrated theory of 
physics as a whole that solved the classical problems first had been demanded. I 

Furthermore, retrogression of an unsuspected kind can occur. A good exam­
ple is relativistic mechanics-I mean mechanics in the setting of special rela­
tivity, not anything so exotic as general relativity. In relativistic mechanics one 
can not only not solve the three-body problem, Newton's classical solution of the 
two-body problem no longer works, and no simple solution~ exist. These prob­
lems of mechanics that I have mentioned are really hard. They are so hard that 
people have had to take up other lines of work in order to get any significant 
results. Once in a while, of course, somebody will have a really good idea, but 
such moments may be really few and far between. 

I recommend in the cognitive sciences what we find in physics: the same 
pluralistic mixture of the old and the new, the integrated and the modular. It 
seems to me that this is the way we ought to think about the Alexandrian tradition 
in grammar. We are very fortunate to have Joan Bresnan and Noam Chomsky, as~ 
well as other people, continuing so well with this tradition. On the other hand, it 
would be a great mistake to think that where cognitive science touches on 
linguistic matters it must wait for progress of a linear sort. I mean by this, that 
first we will solve the Alexandrian problems of structure; then we can move on to 
Talmy Givan's problems of processing or Elizabeth Bates' problems of psycho-
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linguistics. I predict it will not be that way at all. There will be a pluralistic, 
many-splendored development, just as in physics. It has, I think, been one of the 
mistakes in psycholinguistics methodologically to wait too often for the latest 
news to come down the corridor from structural linguistics. Just as Einstein did 
not wait for Minkowski, I do not think our psycholinguists or our process 
linguists should wait for the latest word from Alexandria. We have all seen the 
benefits of workers in AI charging off on their own without a care in the world 
for anything that was previously written or said. Such blitheness is not always in 
order, but it seems just right for the cognitive sciences in their current youthful 
state. 
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