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that was institutionalized during the 1940s and 1950s in experimental
psychology. We use the term ritual here for the mechanical practice of a
curious mishmash between Fisher’s and Neyman—Pearson’s statistical
techniques that was taught to psychologists as the sine qua non of scien-
tific method. Most psychologists assumed, as the textbooks have told
them, that there is only one way to do good science. However, their own
heroes—Fechner, Wundt, Pavlov, Kohler, Bartlett, Piaget, Skinner, and
Luce, to name a few—never had used this ritual, but some had used ex-
perimental practices that resembled the newly proposed methods used
to study the mind as computer.

pragmatics

Some have objected to this analysis of how tools turned into theories of
mind. They argue that the tool-to-theories examples are merely illustra-
tions of psychologists being quick to realize that the mathematical struc-
ture of a tool (e.g., ANOVA, or the digital computer) is precisely that of
the mind.

This repeats a simplistic version of realism we have already criticized
(see section IT). Now, we can add that the assumption that new theories
just happen to mirror the mathematical structure of the tool overlooks
the important pragmatics of a tool’s use (which is independent of the
mathematical structure). The same process of projecting pragmatic as-
pects of a tool’s use into a theory can be shown for the view of the mind
as a computer. One example is Levelt’s (1989) model of speaking. The
basic unit in Levelt’s model, which he calls the processing component,
corresponds to the computer programmer’s concept of a subroutine.
The model borrowed not only the subroutine as a tool but also the prag-
matics of how subroutines are constructed.

A subroutine (or subprocess) is a group of computer instructions,
usually serving a specific function, which is separated from the main
routine of a computer program. It is common for subroutines to per-
form often-needed functions, such as extracting a cube root or round-
ing a number. There is a major pragmatic issue involved in writing
subroutines that centers around what is called the principle of isolation
(Simon & Newell, 1986). The issue is whether subroutines should be
black boxes. According to the principle of isolation, the internal work-
ings of the subroutine should remain a mystery to the main program,
and the outside program should remain a mystery to the subroutine.
Subroutines built without respect to the principle of isolation are clear
boxes that can be penetrated from the outside and escaped from the in-
side. To the computer, of course, it makes no difference whether the
subroutines are isolated or not. Subroutines that are not isolated work
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just as well as those that are. The only difference is a psychological one.
Subroutines that violate the principle of isolation are, from a person’s
point of view, harder to read, write, and debug. For this reason, intro-
ductory texts on computer programming stress the principle of
isolation as the essence of good programming style.

The principle of isolation—a pragmatic rule of using subroutines—
has a central place in Levelt’s model, where the processing components
are “black boxes” and constitute what Levelt considers to be a definition
of Fodor’s notion of informational encapsulation (Levelt, 1989, p. 15).
In this way, Levelt’s psychological model embodies a maxim of good
computer programming methodology: the principle of isolation. That
this pragmatic feature of the tool shaped a theory of speaking is not an
evaluation of the quality of the theory. In fact, this pragmatic feature of
the subroutine has not always served the model well: Kita (1993) and
Levinson (1992) have attacked Levelt’s model at its Achilles heel—its
insistence on isolation.

Limitations and Pessibilities of Current Research programs

The computer metaphor has been so successful that many find it hard
to see how the mind could be anything else: to quote Philip John-
son-Laird (1983), “The computer is the last metaphor; it need never be
supplanted” (p. 10). Such a stunningly realistic attitude interpretation
overlooks that the computer metaphor, as every metaphor, has some
important limitations. They can be inferred from two main discrepan-
cies: First, human minds are much better at certain tasks than even the
most developed computer programs and robots; second, digital com-
puters are much better at certain tasks than human minds. Although
human minds are still much better in, say, pattern recognition, the un-
derstanding of emotion and expressions, or in the learning of fast in-
tentional bodily movement (as in sports), computer programs
succeed in complex arithmetical calculations (e.g., Churchland, 1995,
chap. 9). The important task is to understand why the differences ob-
tain.

Alan Turing predicted in 1945 that computers will one day play very
good chess; and others have hoped that chess programming would con-
tribute to the understanding of how humans think. Turin’s prediction
turned out to be correct, as shown by the famous defeat of world chess
champion Garry Kasparov against the IBM computer program Deep
Blue in 1997. The other hopes did not turn out to be correct, and this
signals one of the limitations of the computer metaphor.

Consider the different heuristics chess computers and human beings
use. Both have to use heuristics, because there is no way to fully com-
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pute all possible moves in order to figure out the best strategy to win a
given game. Both need to pursue intermediate goals that offer some
probability of leading to success if repeatedly achieved. The heuristics
computers and human beings use are different because they work on
different capacities. Deep Blue has the enormous power to go through
200 million operations every second and uses a relatively simple heuris-
tic to compute how good each of these moves is. Human chess experts
do not generate all these possible moves but use the capacity of spatial
pattern recognition, which is unmatched by any existing computer pro-
gram. Kasparov once said that he thinks only 4 or 5 moves ahead,
whereas Deep Blue can look ahead about 14 turns. Also, Herbert Simon
has tried to take the opposite direction of Turing’s suggestion, that is,
Simon and his colleagues interviewed human chess experts in order to
extract their heuristics and then implement them on chess computers.
These programs did not play very well, however. The heuristics used in
computer programs and in human minds are not identical.

The current alternative to the digital computer is connectionism, or
models of parallel distributed processing. These have various advan-
tages over traditional computer models, and they have important appli-
cations within artificial intelligence research. However, as models of the
mind they are not without limitations either. For instance, connection-
ist researchers have been unable to replicate so far the nervous system
of the simplest living things, such as the worm Caenorbabdis elegans,
which has 302 neurons, even though the patterns of interconnections
are perfectly well known (Thomas & Lockery, 2000; White, Southgate,
Thomson, & Brenner, 1986). We should not adopt, certainly not by now;
a realistic interpretation of the computer and connectionist models of
the mind.

Other objections have been advanced against the program of artificial
intelligence, but we are skeptical about these. For instance, John Searle
has advanced the argument that computer programs do not, and can-
not, realize true mentality. His argument is that they merely perform
syntactical operations upon symbols, whereas real minds additionally
possess a semantic understanding of symbols and symbolic operations
(Searle, 1984). Most critical in this argument is the unquestioned
assumption of a certain theory of meaning or intentionality. And there
are other skeptical arguments. They concern the question of whether,
say, computer algorithms can ever reveal the full mathematical capaci-
ties of human beings, or whether computers or artificial neural net-
works possess the phenomenal or qualitative features that accompany
many mental states, such as perceptions or feelings. What connects
these objections is that they are based on unquestioned intuitions
about human minds and computers or artificial neural networks
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(Churchland, 1995, chap. 9). To find out real differences between about
minds and computers (or artificial neural networks), we should not rely
on mere intuitions but instead try to empirically identify the various
heuristics used by them. Moreover, we must show how human (and
other living) minds differ not only in their functional architecture but
also in their physical architecture from computers and connectionistic
networks. We must work out how the software depends on the
hardware.

V. THE GENERATION OF THEORIES RECONSIDERED

The tools-to-theories heuristic is about scientists’ practice, that is, the
analytical and physical tools used in the conduct of empirical research.
This practice has a long tradition of neglect. The very philosophers who
called themselves logical empiricists had, ironically, no interest in the
empirical practice of scientists. Against their reduction of observation to
pointer reading, Kuhn (1970) has emphasized the theory-ladenness of
observation. Referring to perceptual experiments and Gestalt switches,
he wrote, “scientists see new and different things when looking with fa-
miliar instruments in places they have looked before” (p. 111). Both the
logical empiricists and Kuhn were highly influential on psychology (see
Toulmin & Leary, 1985), but neither view has emphasized the role of
tools and experimental conduct. Only recently have they been scruti-
nized more closely, both in the history of psychology and generally in
the history and philosophy of science as well (Danziger, 1985, 1987,
1990; Galison, 1987; Hacking, 1983; Lenoir, 1986, 1988). Without
being able to discuss such analyses here, it can be pointed out that they
have made it highly plausible that theory is often inseparable from in-
strumental practices.

Should we go on telling our students that new theories originate
from new data? If only because “little is known about how theories come
to be created,” as Anderson introduces reader to his Cognitive Psychol-
ogy (1980, p. 17)? On one widespread view, theories are simply “guesses
guided by the unscientific” (Popper, 1935/1959, p. 278). Against this, we
wish to emphasize that in order to understand the generation of theo-
ries appropriately, the familiar theory—data relation should be supple-
mented by a third factor: the use(s) of tools. Moreover, it cannot be
overemphasized that some guesses are better than others from the very
beginning. Even when rational evaluation of theories has not been
achieved, the question of which theories are plausible and serious can-
didates must have its own rationale. The tools-to-theories heuristic is
one possible answer, even if the metaphorical use of tools requires
continuous critical reflection.
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