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Abstract

There is a certain worry about computational informa-
tion processing explanations which occasionally
arises. It takes the following general form: The in-
formational content of computational systems is not
genuine. It is ascribed to the system by an external
observer. But if this is the case, why can't it be
ascribed to any system? And if it can be ascribed to
any system, then surely it is a vacuous notion for ex-
planatory purposes. I respond to this worry by argu-
ing that not every system can be accurately described
as a computational information processing system.

Introduction

Computers play a very different role in cognitive
science than they do in other disciplines, such as
meteorology, city planning, or physics. No one
claims that traffic patterns, thunder storms, and
galaxies are computational systems. The claim is
simply that many aspects of their "behavior" — in fact
any aspect to which we can give an algorithmic
description — can be simulated on a computer (given
sufficient resources).

The cognitive science claim is of a very different
nature. We do not simply claim that cognitive pro-
cesses can be simulated on computational systems, but
rather that cognitive processes are computational pro-
cesses. The interesting versions of the cognitive claim
(Fodor, 1975; Fodor, 1981; Fodor, 1987; Johnson-
Laird, 1983; Newell, 1980; Pylyshyn, 1984) make it
clear that this is not hand waving or a metaphorical
way lof speaking. It is meant to be taken very liter-
ally.

Thus, cognitive science has a very special claim
on the notion of computation not shared by other
disciplines. Computation is not simply a modeling
tool for us. It lies at the center of our theoretical/
explanatory apparatus. Our theories of cognition
quantify over the notion of computational information
processing and use this notion in the explanation of
cognitive behavior.

The cognitivist claim is not the very strong claim that computation
is both necessary and sufficient for cognition. It is the more
interesting claim that computation is necessary for cognition.
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There is, however, a worrisome problem with the
notion of computational information processing which
is often raised. On most accounts, computational in-
formation processing is as-if. It is a matter of ascrip-
tion. But — so the objection goes — anything can be
described as-if it is doing computational information
processing. If anything can be described as-if it is
doing computational information processing, then to
explain cognition as computational information
processing is not to advance a substantive thesis.

A number of rescarchers have noted the problem
and have been worried by it to different degrees
(Chomsky, 1980; Cummins, 1989; Dietrich, 1990;
Fodor, 1975, p.74, footnote 15; Searle, 1984; Searle,
1990). However, no satisfactory response has been
forthcoming. .

In this paper I would like to respond to the form
of this problem raised by Searle (1990). I will argue
that, from the fact that computational information
processing is as-if, and thus ascribed to a system, it
does not follow that it can be ascribed to any system.
In fact, there are some very stringent constraints that
systems have to meet before they can be described as
doing computational information processing. Both
my discussion of the problem, and my response, shall
be restricted to "classical” computational systems and
explanations (i.e., the Language of Thought and
Physical Symbol Systems type accounts).

The Vacuousness Objection

Searle's (1990) specific objection takes the
following form: Computation is defined syntactically.
But syntax is not intrinsic to the physics. It is
assigned to the physics by an outside observer. In
fact it can be assigned to any physical system. This is
disastrous because we want "to know how the brain
works." It is no help to be told that "the brain is a
digital computer in the sense in which the stomach,
liver, heart, solar system, and the state of Kansas are
all digital computers." We want to know what fact
about brains makes them digital computers. "It does
not answer that question to be told, yes, brains are

2A very brief discussion of connectionist information processing
claims can be found in Goel (1991).
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digital computers because everything is a digital
computer" (Searle, 1990, p.26).
The logical structure of Searle's argument is the
following:
P1) Computation is defined syntactically.
P2) Syntax is not intrinsic to the physics.
P3) Syntax can be assigned to any system.
Therefore: Any system can be described as
a computational system.
I will argue that premise P1 is false, and thus the con-
clusion does not follow.

I think that Searle's intuition about syntax
(premise P2) is correct. The syntax of external sym-
bol systems is not intrinsic to the physics. Perhaps
the way to construe syntax is as an arbitrary property
of the world that we use to individuate elements to
which we will assign a semantical interpretation. But
the notion of syntax, while necessary, is not sufficient
for the notion of computation that we use in classical
cognitive science (contrary to P1). We also need no-
tions of causation and interpretability. And if there is
more to computation than syntax, then from the facts
that syntax is ascribed to a system (P2), and that it can
be assigned to any system (P3), nothing interesting
about computation follows.

The burden of my response will be to argue that
there is more to computation than syntax —
specifically, causation and interpretability — and these
notions in turn place stringent restrictions on the
assignment of syntax to physical systems for purposes
of describing them as computational systems.,

Structure of Classical Computational
Explanations3

I have argued elsewhere (Goel, 1991) that what
cognitive science wants/needs from computer science
is a notion of information processing, where informa-
tion processing requires (i) quantification over the con-
tent of states of the system, and (ii) a causal implica-
tion of that content in the behavior of the system.
Such a notion of information processing is derived
from our folk psychology and seems to be the the one
desired by an number of writers (Dretske, 1989; Fodor,
1975; Fodor, 1987; Newell, 1980; Newell & Simon,
1981; Pylyshyn, 1984)., I will call any notion of
information processing which satisfies these two
criteria, a notion of cognitive information processing.

Such a notion of cognitive information processing
does not, on most accounts, satisfy the requirements of
"respectable scientific explanations”. It uses mental or
intentional predicates, which themselves require
explanation. What we need is a mechanistic account
of cognitive information processing which cashes out

3Parts of this and the following sections are adopted from Goel
(1991).
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the intentional predicates. It is for this that we tumn to

computer science,

As it turns out, computer science can not
currently deliver such an account (Goel, 1991; Searle,
1980; Searle, 1984). It can, however, deliver an
epistemic counterpart to it in the notion of
computational information processing. The notion of
computational information processing which we get
from computer science involves (i) the systematic
individuation of physical states into computational
states, (ii) the assignment of content to those states,
and (iii) the systematic recoverability of computational
states and contents at each step in the trajectory of the
system over time.

Minimally, such assignment and interpretability
involves the following:

A) One needs to be able to (i) assign (at the initial
state of the system, t=0) a subset of the physical
states of the system to equivalence classes of
physical states (i.e computational states); (ii) cor-
relate a subset of the computational states with
reference-classes; and (iii) once the assignments
and correlations have been set up, one must be
able to look at the physical states of the system
and systematically recover the computational
states and reference-classes. To recover computa-
tional states means, minimally, that it is possi-
ble to identify equivalence-classes of physical
states and "read off" their content. In certain
cases this content will be an address of another
computational state or device. To recover refer-
ence-classes means, minimally, to trace through
the pointers to the actual computational state or
device being referred to.

B) One must be able to (i) maintain the assignment
and interpretation of the system as it evolves
through time; i.e., given any instantaneous
description of the system one should be able to
recover the computational states, the reference-
classes (as above), and a pointer to the next
instantaneous description in the sequence; (ii)
given a temporal sequence of instantaneous
descriptions, it must be the case that some set of
the computational states of the instantaneous de-
scription at t cause the computational states
and/or device activations at instantaneous descrip-
tion t+1, and do so by virtue of the very prop-
erty which gained them membership into that
equivalence class of states; and (iii) the computa-
tional story one tells of the system must parallel
the causal story.

We can consider these necessary criteria for a no-
tion of computational information processing. Any
system which can satisfy these criteria may be called a
CIP system.

The relationship between cognitive and computa-
tional information processing is the following: In the



case of cognitive information processing there is an
ontic fact of the matter as to the content of a mental
state, independent of assignability and interpretability.
But since there can't be such a fact without genuine
reference/content, the systematic assignabilily and in-
terpretability of computational information processing
gives us an epistemic fact, or at least that's the intu-
ition. Similarly, in the cognitive case, we have the
content of mental states causally implicated in behav-
ior, but again there can be no such ontic fact without
genuine reference/content. But again, being able to
trace through the evolution of the system (by main-
taining the assignability and interpretability of the in-
stantaneous descriptions), and discovering a parallelism
between the causal and logical levels in the computa-
tional case, gives us an epistemic fact; or again, that's
the intuition. In going from cognitive information
processing to computational information processing
we are in effect trading in some ontology for episte-
mology, a move that is not without precedent.

To summarize, the form that I am suggesting that
classical computational explanations take is depicted in
Figure 1. We have a notion of cognitive information
processing, derived from folk psychology, that we ap-
peal to in explaining cognitive behavior. However, it
contains mental predicates which need to be cashed
out. We turn to classical computational mechanisms
for this purpose. However, these mechanisms cannot
directly satisfy the criteria of cognitive information
processing. They can, however, give us a related
notion of computational information processing,
which is underwritten by a reasonably well-understood
mechanism. So the strategy is to map the notion of
cognitive information processing onto the notion of
computational information processing and to explain
the latter notion with a classical computational
mechanism.

Mapping
Cognitive

information

Computational
information
processing

processing

Explanation

"Classical"
Computational
Mechanism

Figure 1. Structure of classical computational explana-
tion, See text,

This, of course, leaves us with some deep
questions about what, if anything, is gained by
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accounting for computational information processing,
when our real interest is cognitive information
processing. However, this question will not be pursued
here. The focus of this paper is to show that the
notion of computational information processing we
get is not vacuous. Iis relationship to cognitive
information processing will be considered elsewhere.

Constraints on CIP Systems

Satisfying the criteria for computational informa-
tion processing places rather severe constraints on any
system. In fact, it is the case that only a system
which meets the following constraints can be inter-
preted as a CIP system:

1) Equivalence classes of physical states of the sys-
tem must be specified in terms of some function
of causally efficacious characteristics such as
shape or size.

2) These equivalence classes of physical states must
be disjoint.

3) Membership of physical states in equivalence
classes must be effectively differentiable, where
differentiability is ultimately limited by physical
possibilities.

4) Each state in the trajectory of the system must be
“causally connected in the right way". While the
specification of "causally connected in the right
way" is obviously problematic, the intuition is
something like the following: Certain physical
states in the instantaneous description at t must
have a direct causal connection to certain physical
states in instantaneous descriptions at tp.1 and
tn+1. The connection must be such that certain
physical states at tp.] cause or bring about cer-
tain physical states at tp, which in turn bring
about certain states at tp4+1, and so on,
Furthermore the transformation of the computa-
tional state CSp, at ty into CSp4] at tn4+] must
be realized as the causal transformation of physi-
cal state PSp at ty into PSp+1 at tn+]1, where
PSp atty and PSp4+1 at th41 are a subset of
physical states of the system which are to be
mapped onto computational states.

5) The correlation of equivalence classes of physical
states with contents and/or reference-classes —
within each instantaneous description of the tra-
jectory — must be unambiguous in the sense
that each member of an equivalence class of
physical states must pick out the same, single,
content and/or reference-class.

6) The membership of entities in reference-classes
must be effectively differentiable.

7) The transformation of the system from one in-
stantaneous description to the next instantaneous



description must be such that the above six crite-
ria are preserved.

These are necessary constraints on CIP systems
and may be called CIP constraints. It is worth noting
that some are constraints on the individuation of syn-
tactic elements, while others are constraints on se-
mantic interpretation. If any of these constraints arc
violated, then some criteria on computational infor-
mation processing will also be violated. For exam-
ple:

« If equivalence classes of physical states are not speci-
fied in terms of some causally efficacious property,
then B(ii) will be violated.

« If the individuation of equivalence classes of physical
states is not disjoint, there will be not be a fact of
the matter as to which computational state some
physical state belongs to, thus thwarting the as-
signment of computational states to physical states.
This would be a violation of A & B(i).

« If the individuation of computational states of the
system is not effectively differentiable, then —
whether they are disjoint or not — no procedure will
be able to effectively make the assignment of physi-
cal states to computational states. For example, if
the individuation of computational states is dense,
then in the assignment of physical states to compu-
tational states, there will always be two computa-
tonal states such that one cannot be ruled out as not
belonging to a given physical state. This would
also violate A and B(i).

= If the correlation of computational states with refer-
ence-classes is ambiguous, then there will be no fact
of the matter as to the referent of any given compu-
tational state, and the systematic interpretability of
the system will be impaired. This would violate
A(iii) and B(i).

» If membership in reference-classes is not effectively
differentiable, then no effective procedure will be
able to specify which object any given computa-
tional state refers to. For example, if the reference
classes are densely ordered, then in the assignment of
objects to classes, there will be two classes for any
object O, such that it is not effectively possible to
say that O does not belong to one. This would vio-
late A(ii, iii) & B(i)

= If the causal constraint is violated, we will not get
an isomorphism between the physical and computa-
will get the absurd results that time-slice sequences
of arbitrary, unconnected patterns (e.g. the conjunc-
tion of the physical states consisting of craters on
the moon at t1, the meteor shower on Neptune at 2,
the food on my plate at (3, the traffic pattern on the
Bay Bridge at 4, etc.) qualify as computational sys-
tems.
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« If at any instantaneous description of the system,
any of the above constraints are violated, then at that
point some constraint on computational information
processing will be violated.

Not Every System is a CIP System

The final step in the argument is to show that not
every physical system is a CIP system, and that there
is indeed a fact of the matter as to whether some sys-
tem is, or is not, a CIP system. Given the nature of
CIP constraints, determination of CIP systems can be
made at just the syntactic level, or the syntactic and
semantic levels. Both situations are discussed below.

Syntactic Individuation

Let's take a particular dynamical system — for
example, the solar system — and ask whether it is a
CIP system. If we accept the physical/causal story
given by Newtonian mechanics — which recognizes
things like planets, gravitational force, the shape of
orbits, etc. — and use it to individuate the states and
transformations of the systems (which are mapped
onto computational states and transformations), our
question becomes something like, "do the orbits of the
planets around the sun constitute a CIP system?". 1
think one can unproblematically say they do not. For
one thing, the instantaneous descriptions of the system
will be densely ordered and thus violate the effective
differentiability constraints.

Of course, it is possible to take the solar system
and individuate components and relations in such a
way that the CIP constraints are met. For example, a
colleague suggested the following individuation: "we
can divide up the orbit into quadrants, assign them
numbers, think of them as states, and observe that
each is followed by the next with law-like regularity,"*
While this is logically coherent, the point is that there
is nothing in our physics (i.e., our science of the solar
system) that requires, necessitates, or sanctions such
an individuation. There are two reasons why such
individuations are not generally sanctioned. First, they
do not pick out higher-level regularities which deepen
our understanding of the system. (If they did pick out
such regularities, we would incorporate them into our
scientific story.) Second, they may not even coincide
with our scientific story. For example, where a planet
is located in a quadrant at time #; does not matter for
this particular individuation, but it may matter very
much to the physical/causal story, It may be the case
that particular locations in the quadrant are associated
with varying degrees and types of causal interactions
with other heavenly bodies. If this is the case, this

4Kirk Ludwig



individuation does not coincide with our physics and
can be dismissed on that basis.

Semantic Individuation

Can we make the same claims about the scmantic
constraints? Given an arbitrary dynamical system, can
there be a fact of the matter as to whether it does, or
does not, satisfy the semantic constraints on CIP
systems? If one chooses not to interpret the system
semantically, clearly there can be no such fact. The
question will never arise. However, the important
point is that, if one does choose to interpret the
system, then relative to a specific individuation of
states and transformations (ie. a particular syntactic in-
dividuation) and a specific semantic interpretation,
there is a matter of fact as to whether the system is a
CIP system or not. To get this matter of fact, one pro-
ceeds as follows:

(i) Decide on the system and phenomenon you are in-
terested in and the level at which it occurs.

(ii) Understand the system/phenomenon on its own
physical/causal terms; i.e., explicate the structure
and dynamics of the system which are causally
relevant in the production of the phenomenon un-
der investigation.

(iii) Use the physical/causal structure to individuate
equivalence classes of physical states and trans-
formations which are to be assigned to computa-
tional states and transformations (i.e., the
syntactic interpretation).

(iv) Specify the program the system is supposed to be
running (i.e., the semantic interpretation) and
again use the causal structure and dynamics of the
system to interpret the computational states and
transformations.

(v) Ask whether this individuation and interpretation
meets the constraints on CIP systems.

The system under investigation may or may not
meet the CIP constraints. It may fail in the first in-
stance because the causal structure and dynamics of the
system result in an individuation of (computational)
stales and transformations which do not meet the syn-
tactic constraints. It may fail in the second instance
because — since reference is correlated with causation
— the causal network of the system may not support
the interpretation of computational states and
transformations required by the program which the
system is supposed to be running (i.e., the semantic
constraints).

Is our stomach — as a processor of food — a
CIP system with respect to a certain individuation and
interpretation of computational states and transforma-
tions? It is an empirical question. There is no a priori
answer independent of the causal structure and dynam-
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ics of the system and a specific semantic interpreta-
tion. One needs 10 proceed as above and discover the
answer. Is our brain a CIP system under the relevant
individuation and interpretation of computational states
and transformations? That is, do the structure and
dynamics of the brain which are causally relevant in
the production of mental life satisfy the CIP
constraintis? Maybe they do; maybe they don't. Itis,
as cognitive science claims, an empirical question.

Since the facts about CIP systems are relative to
some individuation and interpretation of computational
states and transformations, they need not be unique
facts. A system may tum out to be a CIP system
with respect to several individuations and interpreta-
tions. But there is no reason to believe that it will
turn out to be a CIP system with respect to every in-
dividuation and interpretation because the CIP con-
straints tie the individuation and interpretation into the
physical/causal structure of the system.

Conclusion

If it is indeed the case that (i) we appeal to
computational systems for a notion of computational
information processing, (ii) only CIP systems can
satisfy the criteria on computational information
processing, and (iii) not every system is a CIP system,
then from the (correct) premise that syntax is not
intrinsic to the physics, it does not follow that the
notion of computation as used by cognitive science is
vacuous.

Indeed, to say the brain is a computer is to make a
very substantial empirical claim. What cognitive
science is doing by appealing to computation — and
claiming it is a necessary condition for cognition — is
putting forward the empirical hypotheses that the
mechanism that underwrites computational
information processing is the very same mechanism
which underwrites cognitive information processing.
This mechanism is a dynamical system that satisfies
the CIP constraints. Thus the cognitive system on
this view is accurately described as a CIP system.
This claim is not vacuous, nor harbors an
homunculus. It may of course be false, but that is a
separate question which can be determined only by
empirical enquiry.
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