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THE APPEAL TO TACIT KNOWLEDGE IN 
PSYCHOLOGICAL EXPLANATION 

Remember theeI 
Ay, thou poor ghost, while memory holds a seat 
In this distracted globe. 

Hamlet, Act I, Scene v 

J N this paper I want to defend "intellectualist" accounts of men- 
tal competences and to suggest that, in attributing tacit knowl- 
edge to organisms, intellectualist theories exploit a legitimate 

form of nondemonstrative inference: the inference from like effects 
to like causes. In passing, I shall have a few things to say about the 
distinction between knowing how and knowing that. 

Here is the way we tie our shoes: 
There is a little man who lives in one's head. The little man keeps 

a library. When one acts upon the intention to tie one's shoes, the 
little man fetches down a volume entitled Tying One's Shoes. The 
volume says such things as: "Take the left free end of the shoelace 
in the left hand. Cross the left free end of the shoelace over the right 
free end of the shoelace . . . , etc." 

When the little man reads the instruction 'take the left free end 
of the shoelace in the left hand', he pushes a button on a control 
panel. The button is marked 'take the left free end of a shoelace in 
the left hand'. When depressed, it activates a series of wheels, cogs, 
levers, and hydraulic mechanisms. As a causal consequence of the 
functioning of these mechanisms, one's left hand comes to seize the 
appropriate end of the shoelace. Similarly, mutatis mutandis, for 
the rest of the instructions. 

The instructions end with the word 'end'. When the little man 
reads the word 'end', he returns the book of instructions to his 
library. 

That is the way we tie our shoes. 

What is wrong with this explanation? 
In the first place, the details are surely incorrect. For example, the 

action of the arm and hand in tying a shoelace cannot literally be 
accounted for on mechanical and hydraulic principles. We shall pre- 
sumably need chemical and electrical systems as well and, among 
these, feedback devices to mediate hand/eye coordinations. We are 

* To be presented in an APA symposium on Implicit Knowledge, December 28, 
1968. Commentators will be Sidney Morgenbesser and Thomas Nagel. 
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not, then, to take the foregoing account as proposing a serious the- 
ory of the physics of shoe tying. 

Second, some of the behaviors we have supposed to be involved in 
shoe tying are of considerable complexity. It would seem, for ex- 
ample, that there can be no single button marked 'take the left free 
end of a shoelace in the left hand'. Seizing a shoelace involves the 
production of a complicated pattern of behavior having a character- 
istic unity and complexity of its own. A serious theory of the behav- 
ioral integrations involved in tying one's shoes must explicate this 
complexity. 

There is, then, a problem about when we are to represent a given 
form of behavior as "complex" and what the theoretical conse- 
quences of such a representation might be. We shall return to this 
problem presently. Prima facie, however, grasping a shoelace should 
be considered complex behavior, because doing so involves the pro- 
duction of motions that also play a role in other actions. 

We might thus consider expanding the population in one's head 
to include subordinate little men who superintend the execution 
of the "elementary" behaviors involved in complex sequences like 
grasping a shoelace. When the little man reads 'take the left free end 
of the shoelace in the left hand', we imagine him ringing up the 
shop foreman in charge of grasping shoelaces. The shop foreman 
goes about supervising that activity in a way that is, in essence, a 
microcosm of supervising tying one's shoe. Indeed the shop foreman 
might be imagined to superintend a detail of wage slaves, whose 
functions include: searching inputs for traces of shoelace, flexing 
and contracting fingers on the left hand, etc. 

But these are matters of empirical detail. Psychologists too seek 
to carve nature at the joints: to assign to the operation of a single 
causal agent whatever aspects of behavior have a common etiology. 
So questions about how many little men there are and about what 
functions each little man superintends can be left to them. What 
this paper will be most concerned with is the philosophical opinion 
that there is something methodologically wrong with the sort of ac- 
count I sketched. 

It is alleged, for example, that this kind of explanation is viciously 
circular. And indeed there would be something wrong with an ex- 
planation that said, "This is the way we tie our shoes: we notify a 
little man in our head who does it for us." This account invites the 
question: "How does the little man do it?" but, ex hypothesi, pro- 
vides no conceptual mechanisms for answering such questions. 

But this sort of objection is irrelevant to the explanation I had 
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envisaged. For my theory included a specification of instructions for 
tying one's shoes, and it was there that its explanatory power lay. In 
my story, appeals to the little man do not function as a way to avoid 
explaining how we tie our shoes. Rather the little man stands as a 
representative pro tem for psychological faculties which mediate the 
integration of shoe-tying behavior by applying information about 
how shoes are tied. I know of no correct psychological theory that 
offers a specification of these faculties. Assigning psychological func- 
tions to little men makes explicit our inability to provide an ac- 
count of the mechanisms that mediate those functions. 

We refine a psychological theory by replacing global little men 
by less global little men, each of whom has fewer unanalyzed behav- 
iors to perform than did his predecessors. Though it may look as 
though proceeding in this way invites the proliferation of little men 
ad infinitum, this appearance is misleading. 

A completed psychological theory must provide systems of instruc- 
tions to account for the forms of behavior available to an organism, 
and it must do so in a way that makes reference to no unanalyzed 
psychological processes. One way of clarifying the latter requirement 
is the following. Assume that there exists a class of elementary in- 
structions which the nervous system is specifically wired to execute. 
Each elementary instruction specifies an elementary operation, and 
an elementary operation is one which the normal nervous system 
can perform but of which it cannot perform a proper part. Intui- 
tively speaking, the elementary operations are those which have no 
theoretically relevant internal structure. Now to say an operation is 
elementary is to say that certain kinds of "how"-questions cannot 
arise about it. In particular, we cannot ask for instructions for per- 
forming it by performing some further sequences of operations. (It 
makes sense to ask how to spell 'add' but not to ask how to spell 'n'.) 
So, given a list of elementary instructions for producing a type of 
behavior, we need no further instructions for carrying out the in- 
structions on the list and no little men to supervise their execution. 
The nervous system carries out its complex operations in some way 
or other (i.e., by performing one or another sequence of elementary 
operations). 

But the nervous system performs elementary operations in no way 
at all: it simply performs them. If every operation of the nervous 
system is identical with some sequence of elementary operations, we 
get around proliferating little men by constraining a completed 
psychological theory to be written in sequences of elementary in- 
structions (or, of course, in abbreviations of such sequences). 
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We have been suggesting that the distinction between the homun- 
culus and the instructions whose performances he supervises is the 
distinction between what psychologists understand about the etiol- 
ogy of behavior and what they do not. The paradigmatic psychologi- 
cal theory is a list of instructions for producing behavior. A con- 
straint upon the vocabulary in which the instructions are formu- 
lated is that its terms designate only operations that are elementary 
for the organism in question. The little man's how-to books are, 
then, written in this vocabulary. Since, ex hypothesi, the nervous 
system just is a device for performing elementary operations, the 
more we know about the little man's library, the less we need to 
know about the little man. 

Or, to vary the image, every box name in a computer flow chart 
is the name of a problem. If the computer is to simulate behavior, 
every box name will be the name of a psychological problem. The 
problem is to specify a sequence of instructions which 

(a) will convert the input to the box into the output from the 
box, and 

(b) can be written in a way that mentions only operations that are 
elementary for the organism whose behavior we are trying to 
simulate. 

The problem is solved (an optimal simulation is achieved) when 
instructions are formulated which satisfy both these conditions and 
which meet the usual methodological constraints upon theories: 
simplicity, conservatism, coherence with theories in related sci- 
ences, etc. 

Philosophers who don't like the kind of psychological explanations 
I have been discussing have hoped to get mileage out of the distinc- 
tion between "knowing how" and "knowing that." They hold that 
intellectualist explanations fudge the distinction between knowing 
how to do something and knowing how the thing is done. In par- 
ticular, such explanations assume that in doing a thing one knows 
how to do, one employs the information that the thing can be done 
in such and such a way. In effect, intellectualist theories undertake 
to explain each bit of knowledge-how by postulating some corre- 
sponding bit of knowledge-that. Thus intellectualist theories appear 
to blur an important distinction. 

Ryle, for example, says "according to the (intellectualist) legend, 
whenever an agent does anything intelligently, his act is preceded 
and steered by another internal act of considering a regulative prop- 
osition appropriate to this practical problem." 1 But, he continues, 

1 The Concept of Mind (New York: Bames & Noble, 1949), p. 31. 
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this legend needs to be debunked. ". . . the general assertion that all 
intelligent performance requires to be prefaced by the consideration 
of appropriate propositions rings unplausibly, even wlhen it is apolo- 
getically conceded that the required consideration is often very swift 
and may go quite unmarked by the agent ... the intellectualist leg- 
end is false and . . . when we describe a performance as intelligent, 
this does not entail the double operation of considering and execut- 
ing" (29/30). 

The issue of consciousness lies athwart the issues about knowing 
how and knowing that. If the intellectualist says that, in tying one's 
shoes, one rehearses shoe-tying instructions to oneself, then the intel- 
lectualist is wrong on a point of fact. Children perhaps give them- 
selves instructions when they tie their shoes, and new sailors tie 
bowlines to the dictates of a small inner voice. But an adult tying 
his shoes normally has other things to think about. Indeed thinking 
about tying one's shoes may get in the way of doing it. "Thus the 
native hue of resolution is sicklied o'er with the pale cast of thought 
. . . ," etc. 

Well, why doesn't the discussion end here? The intellectualist says 
we give ourselves instructions when we tie our shoes. But it is intro- 
spectively obvious that we normally do no such thing. Hence intel- 
lectualist accounts must be false. 

One begins to see what is wrong with this argument when one 
notes that much of our behavior is responsive to internal and ex- 
ternal stimuli we are unable to report. Psychologists are forever find- 
ing out surprising things about the etiology of our behavior, often 
by employing quite unsurprising methods of investigation. 

For example: texture gradients, stereopsis, overlap, flow pattern, 
and other cues contribute to causally determining our visual esti- 
mates of depth. This is not a philosophical contention but a routine 
experimental finding. The significance of these sorts of variables can 
be demonstrated by untendentious employments of the method of 
differences. In a properly arranged experimental situation, any of 
these "cues" can make the difference between "seeing" depth and 
"seeing" a flat surface. 

But, of course, no subject who is not himself sophisticated about 
psychology can tell you what cues determine his estimates of visual 
depth. It is a discovery that one responds to flow patterns in judg- 
ing spatial relations, and there are, doubtless, many more such dis- 
coveries waiting to be made. 

What is thus a matter of fact, and not of philosophy, is that the 
organism is unable to report a wide variety of its causal interactions 
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with its environment. But it might well be argued that this fact does 
not demonstrate the methodological probity of intellectualist the- 
ories. For the intellectualist is required to say not just that there are 
causal interactions in which the organism is unconsciously involved, 
but also that there are unconscious processes of learning, storing, 
and applying rules which in some sense "go on" within the organism 
and contribute to the etiology of its behavior. 

So, the anti-intellectualist argument could go like this: "Of course 
we are unconsciously affected by things like texture gradients, just as 
we are unconsciously affected by things like cosmic radiation. But 
intellectualists appeal to unconscious mental operations; and dem- 
onstrating unreportable causal agencies in perception provides no 
precedent for such an appeal." 

The answer, surely, is this. If the story about the causal deter- 
mination of depth estimates by texture gradients is true and if the 
central nervous system is the kind of organ most sensible people 
now think it is, then some of the things the central nervous system 
does, some of the physical transactions that take place in the central 
nervous system when we make estimates of depth, must satisfy such 
descriptions as 'monitoring texture gradients', 'processing informa- 
tion about texture gradients', 'computing derivatives of texture gra- 
dients', etc. For, on one hand, varying texture gradients does, in fact, 
cause concomitant variation in depth estimates, and on the other, 
the central nervous system is the organ whose functioning mediates 
this causal relation. And it is a point of logic that the central ner- 
vous system can be the organ that mediates the causal relation be- 
tween texture gradients and depth estimates only if its operations 
satisfy the sort of descriptions mentioned above, since whatever 
physical system mediates our perception of depth must, ipso facto, 
perform whatever operations are nomologically necessary and suffi- 
cient for depth perception. If, then, our perceptions of depth are 
mediated by the central nervous system and if depth estimates vary 
as a function of the first derivative of texture gradients, then among 
the operations of the central nervous system must be some which sat- 
isfy such descriptions as 'is computing the first derivative of texture 
gradient t'. 

But perhaps this shows only that the notion of some physical sys- 
tem mediating causal relations like the one between texture gradi- 
ents and depth perception is somehow confused. For how could some 
bioelectrical exchange in my nervous system satisfy a description 
like 'is processing information about texture gradients'? That is, 
how could an event which satisfies that sort of description also sat- 
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isfy physiological descriptions like 'is the firing of a phase sequence 
of neurons'? 

But this is an odd question. Suppose someone were to ask "how 
could a contraction of the muscles of the heart count as the heart 
pumping the blood?" Well, we might explain, what the heart is do- 
ing when it contracts in that way is: forcing the blood through the 
arteries. Just so, what the nervous system is doing when it exhibits 
that pattern of firing is: computing the first derivative of a texture 
gradient. Of course this is not the sort of thing we find out just by 
looking at the heart (nervous system). To know this sort of thing is 
part of knowing how the circulatory (nervous) system works; hence 
it is to know something of what the heart (brain) does. 

But doesn't the intellectualist account fudge the difference between 
knowing how and knowing that? 

To begin with, there is not one but a family of distinctions that 
goes by that name. 

There is, for example, the distinction between what we know how 
to do and what we know how to explain. The cases that come to 
mind here are skills, and the relevant gossip is that the best practi- 
tioner need not be the best teacher. (Analogously, many skills are 
best taught not by explanation but by example: golf, philosophy, 
etc.) 

Again, there are cases where we know how to do X and can give 
an account of what we do when we do X, but where it seems clear 
that the ability to give the account is logically and psychologically 
independent of the abilities involved in X-ing. Thus if I think 
about it, I can tell you which fingers I put where when I type 'Af- 
ghanistan' or tie my shoes. So, I know how to do it, and I know that 
when I do it I do it that way. But what I do when I do it has, I 
imagine, very little or nothing to do with what I do when I ex- 
plain how I do it. What suggests that this is so is that I don't have 
to think when I type 'Afghanistan' or tie my shoes, but I do have 
to think when I try to explain how I type 'Afghanistan' or tie 
my shoes. Many of the examples that come to mind here are habits, 
and the relevant gossip is that habits "run off automatically," are 
"smoother," "faster," "more unitary," etc., than corresponding un- 
habituated behaviors. 

But this is too crude. For if tying my shoes is a habitual act, then 
typing 'Afghanistan' surely is not. I learned to tie my shoes, but I 
did not learn to type 'Afghanistan'. I have tied my shoes a thousand 
times before, but I cannot remember ever having typed 'Afghanistan' 
before. I am good at tying my shoes because I have practiced tying 
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my shoes. But I am good at typing 'Afghanistan' because I have 
practiced typing things like 'the quick brown fox jumped over the 
lazy dog'. There are, in short, many kinds of cases of knowing how, 
and being serious would involve distinguishing among them. 

This much does seem clear.: even where an agent knows how and 
is able to say how, there may be serious reasons for supposing that 
the logical and psychological relations between the two abilities are 
fortuitous. There is a real and important distinction between know- 
ing how to do a thing and knowing how to explain how to do that 
thing. But that distinction is one that the intellectualist is perfectly 
able to honor. Dogs, cats, and preverbal children know how to do 
all sorts of things they can't explain how to do; the ability to give 
explanations is itself a skill-a special kind of knowing how, which 
presupposes general verbal facility at the very least. But what has 
this to do with the relation between knowing how and knowing 
that? And what is there here to distress an intellectualist? 

Certain of the anti-intellectualist arguments fail to go through 
because they confuse knowing that with being able to explain how. 
Ryle argues that the humorist "knows how to make good jokes and 
how to detect bad ones, but he cannot tell us how to make good 
jokes and how to detect bad ones.... Efficient practice precedes the 
theory of it" (30). From this Ryle infers that "some intelligent per- 
formances are not controlled by any anterior acknowledgment of 
the principles applied to them" (30). But this conclusion does not 
follow unless an "acknowledgment" is taken to be some kind of an 
avowal. What follows is only that if intelligent performances are 
controlled by anterior acknowledgments of the principles applied in 
them, then it must be possible to "acknowledge" a principle (in 
whatever sense of acknowledging is relevant to the operation of that 
principle in controlling behavior), but to be unable to formulate 
the principle on demand. What, precisely, is the reason for believ- 
ing that this is not possible? 

If I know how to do X, it does not follow that I know how to ex- 
plain how X is done. There is at least that much to the distinction 
between knowing how and knowing that. Are intellectualist ac- 
counts of having and exercising mental competences precluded by 
this consideration? There is another question with which this one 
must not be confused. 

To ask whether the distinction between knowing how and know- 
ing that vitiates intellectualist accounts of mental competences (such 
as the ability to play chess, type 'Afghanistan', or speak Latin) is not 
the same as asking whether the distinction between knowing how 
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and knowing that vitiates putative intellectualist accounts of men- 
tal traits (like intelligence, stupidity, wit, sensibility, cupidity, judi- 
ciousness, and so on). 

This distinction between mental traits and mental competences 
is important. If John can play chess, then there is a specific activity, 
chess playing, at which John is more or less good. Similarly for typ- 
ing 'Afghanistan', speaking Latin, or any other mental competence 
that John may have. But if John is intelligent, there is no specific 
activity he need be good at, and if John is stupid, there is no specific 
activity he need be bad at. In this sense being intelligent is not a 
matter of doing something, and 'John is now being intelligent' is 
not a well-formed state description-unless it means "John is now 
doing something that it is intelligent of John to do." 

Being able to play chess is being able to do a certain sort of thing; 
being intelligent is being able to do things in a certain way. That is 
why John can be good at playing chess or bad at speaking Latin but 
cannot be good at being intelligent or bad at being stupid. 'Being 
intelligent' and 'being stupid' do not name actions or types of ac- 
tions; hence they do not name actions that can be performed well or 
badly. 

Traits give rise to adverbs, competences to verbs: we exhibit our 
competences in our activities and our traits in our style. Thus one 
can type 'Afghanistan' dashingly, speak Latin amusingly, and play 
chess intelligently, but it won't go the other way 'round. There is 
no X that you can do chess-playingly, Latin-speakingly, or 'Afghan- 
istan'-typingly. Things named by mental adverbs are categorically 
different from things named by mental verbs. 

Now, according to Ryle, "the crucial objection to the intellectual- 
ist legend is this. The consideration of propositions is itself an op- 
eration, the execution of which can be more. or less intelligent, less 
or more stupid. But if, for any operation to be intelligently exe- 
cuted, a prior theoretical operation had first to be performed and 
performed intelligently, it would be a logical impossibility for any- 
one ever to break into the circle" (30). 

This is, I think, perfectly correct. The little man, as we might say, 
has in his library pamphlets entitled Tying One's Shoes, Speaking 
Latin, and Typing 'Afghanistan', but no pamphlet entitled Being 
Intelligent or Speaking Latin Fluently or Typing 'Afghanistan' with 
Panache. There are no titles corresponding to mental adverbials be- 
cause the mental adverbials refer, not to acts the little man is re- 
quired to execute, but rather to the manner or quality of his per- 
formance qua executive. To put it another way, the pamphlet the 
little man consults on how to speak Latin will be the same pamphlet 
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he consults on how to speak Latin well. This had better be true on 
threat of a version of Ryle's regress: if instructions for speaking 
Latin are distinct from instructions for speaking Latin well, then 
these latter must, in turn, be distinct from instructions for speaking 
((Latin well) well) and so on ad infinitum. Again: 'speaking Latin 
well' is not the name of an activity distinct from that of speaking 
Latin. We learn to speak Latin well by practicing speaking Latin 
tout court. The man who is speaking Latin and the man who is 
speaking Latin well are doing the same thing, though the second 
man is doing it better. 

In short, the intellectualist legend is not about the mental ad- 
verbials but about mental competence terms, and a vicious circle 
would indeed be generated if we attempted to apply the intellectual- 
ist model for having and exercising mental competences to the ex- 
planation of having or exhibiting mental traits. But there is nothing 
in the intellectualist position that commits the holder of it to any 
such error. Intellectualism is a theory about the role that mental 
processes play in the production of behavior-but having a trait is 
not a matter of producing behavior. 

Someone may know how to X and not know how to answer such 
questions as "how does one X?" But the intellectualist account of 
X-ing says that, whenever you X, the little man in your head has ac- 
cess to and employs a manual on X-ing; and surely, whatever is his 
is yours. So, again, how are intellectualist theories to be squared 
with the distinction between knowing how and knowing that? 

The problem can be put in the following way. Intellectualists 
want to argue that cases of X-ing involve employing rules, the ex- 
plication of which is tantamount to a specification of how to X. 
However, they want to deny that anyone who employs such rules, 
ipso facto, knows the answer to the question "How does one X?" 

What, then, are we to say is the epistemic relation an agent neces- 
sarily bears to rules he regularly employs in the integration of be- 
havior? There is a classical intellectualist suggestion: if an agent 
regularly employs rules in the integration of behavior, then if the 
agent is unable to report these rules, then it is necessarily true that 
the agent has tacit knowledge of them. 

So far, of course, this is just a way of talking. The serious ques- 
tions are: what, if anything, would make it reasonable to decide to 
talk this way, and, if we decide to talk this way, what kinds of evi- 
dence should we take to be relevant to assessing claims that some 
organism tacitly knows some proposition? The following remarks 
are intended to be pertinent to both these questions. 
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Although an organism can know how to X without knowing the an- 
swer to the question "How does one X?," it cannot know how to X 
unless there is an answer to the question "How does one X?" Now 
one kind of requirement it would be rational to place upon a psy- 
chological theory is this: for every behavior an organism knows how 
to perform, a psychological theory of that organism must supply an 
answer to the question "How does one produce behaviors of that 
kind?" 

Not every way of formulating a psychological theory does, in fact, 
permit it to meet this requirement. For example, a psychological 
theory might be formulated as a set of laws that relate the behavior 
of an organism to its inputs or to its neurological states or to both. 
Such a theory might, in principle, correctly predict each occurrence 
of a certain type of behavior, thus explaining the occurrences by 
subsuming them under general laws. Yet this kind of theory would 
not, in any obvious sense, provide answers to the question "How 
does one produce behaviors of that type?," and hence would fail to 
satisfy the condition we have stipulated. 

I think these considerations underlie one of the more fundamen- 
tal methodological worries in contemporary psychology. Psycholo- 
gists in the tradition of American behaviorism, who have taken the 
nomological-deductive model of scientific explanation as self-evi- 
dently appropriate for the formalization of psychological theories, 
have had a gnawing hunch that the kinds of questions about behav- 
ior they seek to answer are not the kinds of questions that concern 
theorists interested in the machine simulation of behavior. Now if 
what we have been saying is correct, this may be literally true. For 
a psychological model in the form of a machine program for simu- 
lating the behavior of an organism ipso facto provides, for each type 
of behavior in the repertoire of that organism, a putative answer to 
the question "How does one produce behaviors of that type?," the 
form of the answer being a set of specific instructions for producing 
the behavior by performing a set of machine operations. Hence to 
be interested in simulating behavior is to be interested in a range of 
"how"-questions about behavior that psychological theories built 
on the nomological-deductive model are not designed to answer. 
This is a state of affairs which ought to give philosophers of science 
pause, since it suggests that scientific theories may compete not only 
in such well-known respects as predictive power, simplicity, and so 
on, but also in the range of types of questions to which they seek to 
provide answers. 

So, now, the situation is this: not only is it the case that an orga- 
nism can know how to X only if there is an answer to the question 
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"How do you X?," but also: if an organism knows how to X, then 
nothing is a simulation of the behavior of the organism which fails 
to provide an answer to the question "How do you X?" 

Now I want to say: if X is something an organism knows how to 
do but is unable to explain how to do, and if S is some sequence of 
operations, the specification of which would constitute an answer to 
the question "How do you X?," and if an optimal simulation of the 
behavior of the organism X-s by running through the sequence of 
operations specified by S, then the organism tacitly knows the an- 
swer to the question "How do you X?," and S is a formulation of 
the organism's tacit knowledge. 

This, however, leaves us in a slightly curious conceptual situation. 
On the present account, "tacit knowledge" is, inter alia, a theoreti- 
cal term in psychology. The term is introduced by reference to the 
computational operations of some optimal simulation of an orga- 
nism, but the relation that the term designates presumably holds 
between the organism itself and some proposition, rule, maxim, or 
technique. And this might appear paradoxical. For how could any 
fact about the computational operations of some machine (even a 
machine that optimally simulates the behavior of an organism) pro- 
vide grounds for asserting that an epistemic relation holds between 
an organism and a proposition? That is, in attributing tacit knowl- 
edge to an organism, we infer from a fact about a simulation of the 
organism to a fact about the mental life of the organism. And one 
might reasonably want to know what sort of inference this could 
possibly be. 

This is as much a problem about machines as about organisms. 
Let us start with the former. 

In describing the propositions, maxims, or instructions that a ma- 
chine employs in the computation of its output, we are ipso facto 
describing the etiology of its output. After all, what happens when 
a computer "understands" or "executes" a certain set of "instruc- 
tions" is simply that some very complex physical system changes 
physical states in a certain characteristic way. A programming lan- 
guage mediates between these physical states and English (roughly) 
by assigning the machine states to sentences of English in a way that 
preserves desired logical-mathematical relations among these sen- 
tences. (For example, the programming language may assign states 
of the machine to sentences of English in such fashion that if S1, S2, 
. . ., Sn is a sequence of machine states and F1, F2, . . . , F, 1, Fn are 
the formulas of English assigned, respectively to S1, S2,. .. , St _, Sn, 

then the machine runs through the sequence SI, S2, .. . , SS only if 
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F1, F2, ... , Fj1 constitutes a proof of F,. Patently, the assignment 
could be made in some other way; only, if it were, the machine's 
change of states could ipso facto not be interpreted as proofs.) 

In short, a programming language can be thought of as establish- 
ing a mapping of the physical states of a machine onto sentences of 
English such that the English sentence assigned to a given state ex- 
presses the instruction the machine is said to be executing when it 
is in that state. Conversely, if L is a programming language for ma- 
chine M, then it is a fact about each (computationally relevant) 
physical state of M that a certain sentence of English is its image 
under the mapping effected by L. Such facts are, one might say, on- 
tologically kosher. In particular, each (computationally relevant) 
machine state Si has a true description of the form: 'is the machine 
state assigned English formula Fi under the mapping effected by the 
programming language of the machine'. It follows, then, that to 
give the sequence of English sentences that the programming lan- 
guage of a machine associates with the physical states the machine 
runs through in the course of a given computation is ipso facto to 
give a true description of the causal sequence underlying the ma- 
chine's production of output. It is thus to give one kind of descrip- 
tion of the etiology of the machine's behavior. 

Now suppose that there is a machine that optimally simulates the 
behavior of some organism. Then, first, a given type of behavior ap- 
pears in the repertoire of the machine if and only if the correspond- 
ing type of behavior appears in the repertoire of the organism; and 
second, for each type of behavior in the repertoire of the machine, 
there exists a sequence of sentences of English that the programming 
language of the machine maps onto the sequence of machine states 
which terminates in that behavior. (I am assuming, for the sake of 
simplicity and because it doesn't matter, that the machine and the 
organism have only one way of producing the kind of behavior in 
question.) Finally, by the argument given above, such a sequence of 
English sentences is a true description of the etiology of the ma- 
chine's output. 

But, now, the following seems to me to be a reasonable principle 
of inductive inference. If D is a true description -of the etiology of 
an event e, and if e' is an event numerically distinct from e but of 
the same kind as e, then it is reasonable to infer, ceteris paribus, 
that D is a true description of the etiology of e'. This is intended to 
be a formulation of the inductive principle that permits us to infer 
like causes from like effects. It goes without saying that a serious 
formulation of that principle would need to be hedged about with 
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caveats: as, for example, that D contain only projectable predicates, 
that some restrictions be placed upon the cases when two events are 
to be counted as being of the same type, etc. None of this need con- 
cern us here, however, since our goal is only the modest one of dis- 
playing the inference from the computational character of machines 
to the tacit knowledge of the organisms they simulate as recogniz- 
ably similar to orthodox patterns of scientific inference, whatever 
the detailed analysis of such patterns of inference may turn out 
to be. 

If machines and organisms can produce behaviors of the same 
type and if descriptions of machine computations in terms of the 
rules, instructions, etc., that they employ are true descriptions of the 
etiology of their output, then the principle that licenses inferences 
from like effects to like causes must license us to infer that the tacit 
knowledge of organisms is represented by the programs of the ma- 
chines that simulate their behavior. Of course this inference is ana- 
lytic only where we know that a given simulation is optimal, and 
since claims for optimality are always empirical claims, we must run 
an inductive risk when we infer from the operations of a well-evi- 
denced simulation to the tacit knowledge of an organism. Since the 
inference from like effects to like causes is an inductive inference, 
all that a well-evidenced simulation gives us is inductive evidence 
for believing that we have discovered something about the tacit 
knoweldge of the organism we are studying. What more would it be 
rational to want? What more would it be possible to have? 

JERRY A. FODOR 

Massachusetts Institute of Technology 

ARE MATHEMATICAL TRUTHS SYNTHETIC A PRIORI? * 

T HE outlines of the partial answer that I can offer to this 
question have been argued for in my earlier papers.' In the 
present one, I shall first summarize their relevant aspects. 

The question was initially posed by Kant, and most existing discus- 

* To be presented in an APA symposium on Mathematical Truth, December 29, 
1968. Commentators will be Richard Montague and Charles D. Parsons. 

1 See the following papers of mine: "Are Logical Truths Analytic?," Philosophi- 
cal Review, Lxxiv, 2 (April 1965): 178-203; "Kant's 'New Method of Thought' and 
His Theory of Mathematics," Ajatus, xxvii (1965): 37-47; "An Analysis of Analy- 
ticity," in Deskription, Analytizitdt und Existenz, 3-4 Forschungsgesprdch des 
internationalen Forschungszentrums Salzburg, ed. Paul Weingartner (Salzburg 
and Munich: Verlag Anton Pustet, 1966), pp. 193-214; "Are Logical Truths Tau- 
tologies?," ibid., pp. 215-233; "Kant Vindicated," ibid., pp. 234-253; "Kant and 
the Tradition of Analysis," ibid., pp. 254-272; "Kant on the Mathematical 
Method," The Monist, Li, 3 (July 1967): 352-375; "On Kant's Notion of Intuition 
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