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PROGRAMS, THEORIES,

AND MODELS

Paul Thagard

Cognitive Science Center, University
of Michigan, Ann Arbor

University of Michigan-Dearborn’

This paper makes wuse of the philosophical
literature on theories and models to develop an
account of the role of Al programs in psychological
theorizing. It is often said that programs are

theories (e.g. Winston 1977, p. 258). | argue that
programs do pot constitute theories or medels in
any precise sense, but that the important

contribution of programs to psychological theory
can be described by adopting a new conception of
theories as definftions of kinds of systems,
developing a cognate conception of model, and
interpeting Al programs as simulations of models
which approximate to theories.

A program - a set of instructions which a
computer can follow - is clearly not a theory
according to what used to be the standard
philosophical view that theories are sets of
sentences axiomatized in a formal system (see
e.g. Hempel 1965, pp. 182-183). However, a more

plausible interpretation of theories is available.

The alternative conception of scientific
theories was originally proposed by P. Suppes
(1957, 1967) and has been developed by various
authors and applied to fields as diverse as
physics, biology, and economics (see e.g. Sneed
1971, F. Suppe 1972, 1977: van Fraasser 1970, 1972:
Stegmueller 1976, 1979; Beatty 1980; Hausman 1981).
It has been variously referred to as the "semantic"
cenception and the “structuralist" view of
theories. There are important differences among
these various accounts, but in what follows | shall
eclectically adapt whatever features of the
different formulations seem best to apply to
cognitive science. |n order to avoid confusion, |
shall simply refer to the '"new' conception or
account of theories.

wWhereas the traditional view of theories took
them to be sets of sentences in an axiomatic
system, the new account takes a theory to be a kind
of definition. In Suppes' original account, a
theory was a definition of a set~theoretic
predicate, but for present purposes | shall employ
a simpler version of the new account due to Giere
(1979) . for Giere, a scientific theory is a
definition of a kind of natural system (p. 69). He
illustrates his account by applying it to the
theory of Newtonian mechanics. On the traditional
view, this theory might be taken as consisting
essentially of Newton' three laws of motion plus
the law of universal gravitation. On Giere's view,
Newtonian theory is a definition of a kind of
particle system: A natural system is a classical
Newtonian particle system if and only if it is a
system of objects satisfying Newton's three laws of

motion and the | aw of universal
gravitation." (p. €9). As a definition, such a
theory is neither true nor false: in itself, it

makes nc empirical claim. However, it can be used
to make empirical claims, for example that the
solar system is a system of the kind defined by the

theory. Giere calls such claims '"theoretical
hypotheses", but | shall term them simply
“"theoretical claims". A theoretical claim has the

form: real system R is a system of the kind
defined by the theory T.
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Whereas a program is clearly not a set of
sentences comprising a theory on the traditional
view, it is very tempting to think of a program as
specifying a kind of cognitive system and hence as
gqualifying as a theory on the new conception. For
example, Kosslyn's imagery programs might be
understood as specifying a kind of system for
processing information using mental images. John
Anderson's programs define a different sort of
processing system, oriented around propositions.
In either case, we might make the claim that the
real human information processing system is a kind
of system specified by the program. Such a claim
can be empirically evaluated.

A program implicitly characterizes a processing
system by specifying what knowledge structures are
to be used and what procedures are to operate on
them. Although this makes it appealing to say
that a program can be a theory according to the new
conception, there are two important reasons for
resisting the appeal. First, although a program
can loosely be said to "characterize'' a processing
system, it can not be said to define a system in
the way required by the new conception of theories.
Second, we would never want to make the theoretical
claim that any real system is just |like the system
produced by the program, since any program contains
a host of implementation=-dependent characteristics
which we know to be extraneous to real human
cognition.

To handle the latter difficulty, | want to
develop the concept of a model. This is a
dangerous choice of term, since 'model' has been
used with even more ambiguity and vagueness than
has "theory". However. the term "model" is often
used in cognitive science in much the way | want to
def ine it, and | hope to give a definition
sufficiently precise to distinguish models from
theories.

As Giere and others have pointed out, 'model"
and "theory' are sometimes used synonymously, but |
think we can outline two features which generally
distinguish models from theories. (Cf. Kosslyn
1980, Pylyshyn 1978.) First, models are intended
only to have analogies with real systems; they are
not expected to characterize them with complete
accuracy (cf. Hesse, 18963). Second, models are
often intended to have a relatively narrow range of
application: we c¢an have meodels for specific
phenomena, whereas theories are usually intended to
have wide generality. | shall now show how these
features of modeis can be characterized within the
general framewerk of the new conception of
theories, We will still not be able to say that a
program j5 a modei, but the account of models will
bring us closer to describing the role of programs
in model building and theory construction.

On my interpretation models are like theories
in being definitions of a kind of system, and so
are in themselves neither true nor false. However.
as indicated above, we expect models to include in
the definition of a kind of system features which
we would not attribute to real systems. Models
define systems which we know not to be exactly like
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real world systems. Accordingly, the claims which
models are used to make must be different from the
claims which theories are used to make. Recall
that theories are used to make theoretical claims
that a real system js a system of the kind defined
by the theory. Since a mode | contains
specifications which are known to be false of the
target real systems, it can not successfully be
used to generate such theoretical claims. For
example, a processing model based on the computer
metaphor may define a kind of system in which
processing is serial, even though the theorizer
believes that processing in the brain is parallel.
That discrepancy would be enough to defeat any
theoretical claim which said that the brain is a
processing system of the kind described in the
model. We need to be able to use the model to make
a weaker claim.

As Hesse (1963) and Kossiyn (1980) have
pointed out, the relation between a model and what
it models is one of gna/ogy. We do not assume that
a model| exactly describes the target phenomena,
only that the phenomena are in important respects
]ike what is described in the model. Under the new
conception, we can say that a model defines a kind
of system, but that we only expect the systems so
defined to be analogous to real systems. Hence
instead of a theoretical claim we use a model to
make what | shall call a "modelling claim', which
has the form: a given real system R is very much
like the kind of systems defined by model M. This
is clearly less precise than the identity claim
made in a theoretical claim.

Models are thus less ambitious than theories.
Not only do they include in their definitions
characteristics which real systems are not expected
to have, they are likely to define a narrower set
of characteristics than would a theory, which would
be expected to give a more complete account of the
behavior of a system. Theories are also expected
to apply generally to a number of different kinds
of systems, whereas models can be either general or
specific (Kosslyn 1980). A general model of
cognitive processing is one which would be like a
theory in having numerous applications, generating
numerous modelling claims. But models, uniike
theories, can be specific in that they are intended
to apply only to a particular sort of system, and a
modelling claim is made only about that kind of
system. Construing models as definitions of kinds
of systems is clearly compatible with both their
general and specific uses.

All this has been preparatory to asking the
central question: are computer programs
psychological models? Since models differ from
theories in admitting unrealistic characteristics
as part of their system definitions, it is tempting
to construe programs at least as models of human
information processing. B8ut the second impediment
remains: a computer program may exemplify a system,
but it does not define a kind of system, and
therefore can not qualify as a mode! in the precise
sense deveioped above. Still, we continue to get
closer to being able to specify the role of
programs in the construction of psychological
theor ies and models.

Zeigler (1976) usefully distinguishes
between a real system, a model, and a computer, and
says that whereas the relation between the model
and the real system is one of modelling, the
relation between the computer and the mode! is one
of simulation. A computer simulates a model which
models a real system. |Indirectly, then, we can say
that a computer is a simulation of a real system.
Zeigler's notion of model is different from the one
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discussed here, but his basic distinctions can be
translated into the terms of the current
discussion.

wWhen a program is run on a computer. the
computer is a simulation of a system. In
particular, the system simulated is intended to be
a system of the kind defined by the mode!. A model
defines a kind of system, and the program, when
executed, performs Ilike a system of the sort
def ined. The program thus embodies many important
features of the model. Hence a program can be used
indirectly to make claims about the real system
about which a modelling claim is made. Since the
program simulates a system of the kind defined by
the model, and since the model can be used to make
the claim that the real system is a system of the
kind defined by the model, we can use the program
to make a sfmulation claim: the real system R s
analogous to the system S simulated by execution of
program P. In short, a simulation claim can have
the form "program P simulates R'. However, it must
be kept in mind that the claim in both these forms
is shorthand for a description of a much more
complex relation involving models as definitions of
systems. In sum, a program can not be said to be a
theory or a model, but provides, when executed, a
simulation of a system of a kind defined by a model
which approximates to a theory.
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