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Category cohesiveness, theories,
and cognitive archeology

DOUGLAS L. MEDIN and
WILLIAM D. WATTENMAKER

Why do we have the categories we have and not others? The set of
entities comprising our world could be partitioned in a virtually limitless
variety of ways, but most of these partitionings prove to be vague, ab-
surd, or useless, and only a tiny minority are informative, useful, and
efficient. This chapter is concerned with the (uestion of what makes
categories psychologically cohesive.

The question of what makes a concept coherent has received a variety
of answers, almost all of which rely directly or indirectly on the notion of
similarity (similar entities appear in the same class, dissimilar entities
belong to different classes). In the first part of this chapter we will argue
that similarity-based approaches are inadequate, in part because the
notion of similarity is too unconstrained and in part because these ap-
proaches fail to represent intra- and interconcept relations and more
general world knowledge. Following Murphy and Medin (1985) we sug-
gest, as an alternative approach, that concepts are coherent to the extent
that they fit people’s background knowledge or naive theories of the
world.

The second part of our chapter is concerned with constraints on theo-
ries. If anything can qualify as a theory and all theories are equally good,
then the problem of coherence simply has been shifted to a different
level without being addressed. An obvious alternative to the idea that all
theories are equally good is the idea that people prefer simple theories to
more complex ones. We shall argue, however, that the notion of sim-
plicity with respect to theories has many of the same limitations as the
notion of similarity with respect to category structures. We then outline
an alternative approach to constraints on theories that relies heavily on
ecological considerations. The main idea is that the interaction of orga-
nisms with their environment provides a source of constraints that may
become embodied in organisms. We refer to the search for such con-
straints as cognitive archeology. Although many of these constraints
concern perceptual processing, they may be paralleled by analogous
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28 DOUGLAS L. MEDIN AND WILLIAM D. WATTENMAKER

common scoring more points than their opponents, but one must turn to
more basic principles to explain why they score more points. In the same
way, similarity may be a by-product of conceptual coherence rather than
its determinant — having a theory that relates objects may constrain
which properties seem relevant and may make them seem similar.

It may seem that we are being a litde harsh on such an important
principle as similarity. We are not arguing that theories directly or dra-
matically alter appearances. Rather our claim is that the notion of sim-
ilarity is too flexible to provide an account of conceptual coherence. The
general form of argument we are advancing is that attempts to describe
category coherence in terms of similarity will prove useful only to the
extent that principles determining what is to count as a relevant proper-
ty and determining the importance of particular properties are spec-
ified. In this case, however, it is important to realize that the explanatory
work is being done by the principles that specify these constraints rather
than the general notion of similarity. In many cases perceptual experi-
ence may seem io naturally partition entities into categories. One can
think of the perceptual system as embodying a theory about what is
important in the world. That is, the perceptual system has some built-in
constraints on what will count as an attribute and what attribute relations
are salient (see Ullman, 1979, for elegant work that gets at some of these
constraints). The problem with the abstract notion of similarity is that it
ignores both the perceptual and theory-related constraints on concepts.

Even if one were to succeed in specifying perceptual constraints, the
problem of conceptual coherence would not disappear. Some categoriza-
tions blantantly contradict perceptual similarity (e.g., categorizing whales
as mammals) and the question of how much of our conceptual system is
based on perceptually determined features has yet to be determined. In
general, people seem to be flexible about similarity (even perceptual
similarity), and we know relatively little about nonperceptual constraints.
We think that theories play a significant role in determining which prop-
erties are relevant but that the role of theories goes far beyond that. The
notion that coherence derives from theories leads one to deemphasize
individual attributes in favor of a focus on relational properties and the
interaction of concepts in theorylike mental structures.

The insufficiency of correlated attributes

Although we have already argued that similarity does not sufficiently
constrain concepts, it may be that some general processing principles
that are based on similarity have greater explanatory power. One such
principle is correlated attributes. Rosch and her associates (Rosch, Mer-
vis, Gray, johnson, & Boyes-Braem 1976; Rosch 1978) have proposed
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that natural categories divide the world up into clusters of correlated
attributes that “cut the world at its joints.” This clustering principle is in
contrast to the idea that attributes occur in all possible combinations and
are thereby uncorrelated. Natural object categories at the “basic level”
(e.g., birds), which is neither the most specific nor most abstract level, are
said to maximize the correlational structure of the environment by pre-
serving these attribute clusters. In this view it is not undifferentiated
“similarity” that makes concepts cohesive, but some more elaborated
structure of correlations. An organism prepared to take advantage of
attribute correlations will tend to form categories that have high within-
category and low between-category similarity as a consequence of detect-
ing correlations.

Although the correlated attribute principle is attractive, it has several
limitations. One minor problem is that a cause and an effect may be
highly correlated, but they would probably be placed in different catego-
ries. A more serious problem is that, even with some predetermined set
of properties, there are so many possible correlations that it is not clear
how the correct ones get picked out (see Keil, 1981, for an extended
discussion of this problem). It would seem that some additional princi-
ples are needed to further constrain category cohesion, such as the no-
tion that correlations may be made more or less salient by people’s theo-
ries. This latter point of view leads to a further concession, namely, that
categories consistent with a theory, but violating correlational structure,
may nonetheless be cohesive (Barsalou 1983, 1985). B

The insufficiency of categorization theories

One might think that categorization theories might constrain similarity
in such a way as to give an account of category cohesiveness. The major
points of view concerning concepts, however, either say nothing about
structure or take a syntactic approach that is so impoverished it ignores
interproperty and interconcept relations.

Smith and Medin (1981) divide theories of category representation
into three basic approaches: the classical view, the probabilistic view, and
the examplar view. The classical view holds that all instances of a concept
share common properties that are necessary and sufficient conditions
for defining the concept. The probabilistic view denies that there neces-
sarily are defining properties and instead argues that concepts are rep-
resented in terms of properties that are only characteristic or probable
of class members. Membership in a category can thus be graded rather
than all-or-none, where the better members have more characteristic
properties than the poorer ones. The exemplar view agrees with the
claim that concepts need not contain defining properties, but further
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32 DOUGLAS L. MEDIN AND WILLIAM D. WATTENMAKER

triangle inside a circle and a circle inside a triangle. Rather, one needs an
internal structure that is more than a simple list and both structural
constraints and explanatory power will derive from this richer structure.
One might attempt to represent this complex internal structure in terms
of a (higher-level) holistic attribute. To take this step, however, is to
concede the inadequacy of the notion of independent properties and to
abandon the goal of explaining similarity in terms of matching and
mismatching attributes.

Categorization as attribute matching. A major respect in which at-
tribute matching may be too limited is that our representations may
include information concerning operations, transformation, and (indi-
recily) relations among properties. Consider the following example
taken from Rips and Handle (1984). The participants in their experi-
ment were asked whether an object 5 inches in diameter was more likely
to be a coin or a pizza. Although the object’s size was roughly midway
between large coins and small pizzas (as determined by prior norms),
participants tended to categorize it as a pizza. One reason for this judg-
ment might be that pizzas are more variable in size and though the
probability of a 5-inch pizza is low, it is higher than that of a 5-inch coin.
As Rips and Handle (1984) point out, however, there may be more
involved here than brute knowledge about variability. We know that
coins may have a size mandated by law and this and related knowledge
about the nature of coins supplies information about potential size and
variability.

Again one might attempt to represent this knowledge in terms of
complex attributes involving higher order properties. Although this may
be technically correct, it misses the important point that the explanatory
work is again being done by the theory — constrained processes that
generate these complex attributes — rather than by attribute matching
per se. Thus, although attribute matching could be made consistent with
these facts, it does not by itself explain or predict them.

Categorization as a malching process. Even if one could appropri-
ately constrain auributes, relations, and the internal structure of at-
tributes and relations, it still might prove misleading to think of categori-
zation as involving a matching process establishing some form of identity
between concept and exemplar. For example, the attributes and rela-
tions associated with higher level concepts and relations may be more
abstract than those associated with lower level concepts or exemplars.
Instead of matching of identities, categorization may be based on an
inference process (see Collins 1978). For example, jumping into a swim-
ming pool with one’s clothes on is in all probability not directly associated
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with the concept intoxicated, yet that information might well be used to
decide that a person is drunk. Categorizing the person as intoxicated
may “explain” his or her behavior even though the specific behavior was
not previously a component of the concept. Concepts may represent a
form of “shorthand” for a more elaborate theory, and a concept may be
invoked when it has sufficient explanatory relationship to an object
rather than when it matches an object’s attributes. That is, the rela-
tionship between a concept and examples may be closely analogous to
the relationship between theory and data. If this is so, then it is mislead-
ing to represent categorization solely in terms of some form of matching.

Summary

We think that similarity-based approaches to category goodness are in-
sufficient to explain conceptual coherence and the richness of concep-
tual structure. We choose the word insufficient because we do not wish to
imply that this approach is completely wrong or misleading. Similarity,
in an appropriately constrained form, may provide a natural explana-
tion for at least some cases of conceptual coherence. One key to progress
might rest with analyses of relational properties rather than a focus on
attributes (we argue in the section on Theories, Relational Coding, and
Linear Separability [below] that this is part of the solution). If one makes
the plausible assumption that our perceptual apparatus becomes at-
tuned (either ontogeneticaily or phylogenetically) to informative aspects
of our environment, then an ecological approach to perception may
.vnoian some ways to pin down the notion of similarity. Even in this case
it may prove useful to think of perceptual processes as embodying a
theory about the world. At the same time it does not seem likely that one
can draw a sharp distinction between perceptual and-conceptual catego-
ries, and categories that seem grounded in perception may be signifi-
cantly influenced by the sorts of conceptual structures developed on the
basis of interaction with the associated entities. One can view our ap-
proach as supplying constraints missing from the (perceptual) similarity
explanation, rather than simply contradicting it.

Table 3.1, taken from Murphy and Medin (1985), summarizes the
differences between the similarity-based approach and the theory-based
approach on a number of dimensions. We use “attribute” as a generic
term for features, properties, propositions, and other independent
chunks of knowledge, and “underlying principle” to refer to causal con-
nects or explanatory relations that we have been describing as parts of
theories.

One general way to characterize the difference between the two ap-
proaches is to say that the theory-based approach expands the bound-’
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not for robin, eagle, or other specific birds. B. Tversky and Hemenway
(1984) analyze this behavior in terms of cooperative rules of communica-
tion (Grice 1975) and implicit contrast sets (the diagnosticity principle —
“two legged” does not distinguish robins from eagles). It appears then
that attribute listings are constrained by a variety of factors other than
simple truth conditions. People are unlikely to list flammable as a proper-
ty of money, not because it does not burn but because flammability is not
central to the role money plays in our theories of economic and social
interaction. Therefore, attribute listing may predict goodness-of-exam-
ple ratings because both attribute listings and goodness-of-example rat-
ings are constrained by the same theories and systems of knowledge.

Theories and correlated attributes

We earlier considered the idea that coherent concepts are structured in
terms of correlated attributes, but we expressed reservations because of
computational problems associated with the many possible correlations.
Theories may constrain correlated attributes in at least two distinct ways.
First of all, theories may influence the salience of individual attributes
and pairs of attributes. More fundamental, however, is the potential role
of theories in linking properties in an explanatory system. For example,
within the category bird, there is probably a correlation between the type
of feather and whether or not the feet are webbed. But this is not a raw
correlation that just happens to emerge, but rather a matter of logical
and biological necessity. Adjusting to an aquatic environment may bring
about a number of adaptations (e.g., webbed feet, water-repellent feath-
ers) that would manifest themselves as correlated attributes. That is,
people not only notice feature correlations, but they can deduce reasons
for them based on their knowledge of the way the world works.

Not only is it the case that people can develop explanations for cor-
relations, but also the availability of such explanations plays a causal role
in the development of categories. We have recently completed a set of
studies in which people were asked to sort descriptions into categories.
In one case, for example, the descriptions were sets of symptoms and the
categories were hypothetical diseases. The task was set up so that people
could sort on the basis of a single property, or on the basis of two
different sets of correlated attributes. The two sets of correlated at-
tributes differed in terms of how readily people might think of a causal
association between them. Pilot work had suggested that some pairs of
symptoms (e.g., dizziness and earaches, weight gain and high blood pres-
sure) were easier to link than others (e.g., earaches to high blood pres-
sure, dizziness to weight gain). People showed a strong tendency to
cluster on the basis of correlated attributes for which a causal link could
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be easily made. They also justified their sortings in terms of specific
causal linkages explaining dizziness and earaches in terms of an ear
infection that could disturb the vestibular organ. Thus feature correla-
tions may be important in conceptual representations primarily when
they can be represented as theoretical knowledge. The focus on corre-
lated attributes underlines the importance of relational properties, and
the study just described shows that theoretical considerations determine
which relational properties are used to develop categories.

There is even evidence that theoretical expectations can dominate
data in the perception of correlations. Chapman and Chapman (1967,
1969) presented evidence that therapists and undergraduate subjects
using certain diagnostic tests perceived correlations between test results
and psychological disorders when in fact there were none — or even
when the opposite correlation occurred. For example, in the draw-a-
person test, observers have the expectation that paranoia or suspicious-
ness of others will be revealed by how the eyes are drawn and these
expectancies prevent observers from objectively evaluating this rela-
tionship. On the positive side, there is evidence that in processing nu-
merical information involving possible correlations, performance may
be improved dramatically simply by the addition of meaningful labels
for the variables that suggest their theoretical significance (e.g., Adel-
man 1981; Muchinsky & Dudycha 1974; Wright & Murphy 1984).

Theories, relational coding, and linear separability

Earlier we mentioned observations suggesting that linear separability is
not a natural constraint on human categorization. Current categoriza-
tion models implicitly assume that abstract structural constraints on cate-
gories hold across all realizations of that structure. We argue, however,
that abstract category structures and knowledge structures interact to
determine ease of learning. Linearly separable categories, for example,
may be easier to learn than categories that are not linearly separable only
in a limited number of contexts. The relative difficulty of the two struc-
tures may interact with the knowledge structures that are brought to
bear on the task. Linear separability may not be an invariant or natural
constraint because people’s theories, and hence their categories, typically
have more internal structure than can be captured by an independent
summing of evidence or by similarity to a prototype. If this is true, then
if a prior theory suggests that summing or similarity matching is impor-
tant, linear separability would become important.

Some recent work by Wattenmaker, Dewey, T. Murphy, and Medin
(1986) demonstrates this interaction of knowledge structures and abstract
category structures. The motivation for this research derives from the
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derived categories correlate highly with the degree to which examples
satisfy the relevant goal or approximate the ideal value. He also per-
formed similar analyses on common categories such as fruit and tools.
Although the underlying goal or dimension for natural categories was
speculative (e.g., for fruit, how much people like it), they proved to be
significantly correlated with exemplar goodness even after the effects of
frequency and family resemblance were partialed out. This suggests that
natural concepts are at least partially organized in terms of underlying
dimensions that reflect how the concept normally is involved with peo-
ple’s goals and activities.

Fillmore (1982) has made a related suggestion about the source of
typicality structure. He argued that concepts are represented in terms of
“idealized cognitive models.” For example, the concept bachelor can be
defined as an unmarried adult male in the context of a society in which
certain (idealized) expectations about marriage and marriageable age
are realized. The existence of “poor examples” of this concept ~ Catho-
lic priests, homosexual men, men cohabiting with women friends, etc. —
does not mean, Fillmore argues, that the concept itself is ill-defined.
Rather, the claim is that the idealized cognitive model does not-fit the
actual world very well. Clearly, such a model is an example of what we
have been calling “theories,” since it provides a means of connecting
many concepts to explain diverse facts. Mohr (1977) has argued that this
is the correct way to view platonic universals, and Lakoff (1982; Chapter
4, this volume) has developed this notion of idealized mental models in
some detail. For example, he has shown that typicality effects arise in
part from interactions associated with multiple, overlapping cognitive
models.

Fixed semantic structures and dynamic theories

Our focus on similarity and categorization theories may be a little mis-
leading with respect to the arguments we have been making concerning
interproperty and interconcept relations. Much of the research on se-

mantic memory based on networks or sets of features can be viewed as

attempts to represent just these relationships. Although attempts to rep-
resent these relationships in semantic structures allow for greater
richness in conceptual representations, we see two fundamental prob-
lems with current approaches.

Johnson-Laird, Herrmann, and Chaffin (1984) argue that fixed se-
mantic structures do not adequately capture people’s knowledge about
the world. To borrow one of their examples, people know that a tomato
is more “squishable” than a potato, although it would seem implausible
that this fact is directly represented in semantic memory. Furthermore,
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relational properties like “squishable” are highly dependent on context
and the operations of freezing the tomato and boiling the potato would
reverse the observations. It is very difficult to represent this flexibility of
relationships in a fixed structure. The problem is not that relational
properties are unconstrained but rather that much of our knowledge is
computed rather than prestored. Network models do allow computation
(e.g., inheritance links may allow one to infer that Helen of Troy had
both arteries and veins), but it seems from examples like the operation of
freezing that not all computations are wired into a network structure. It
would seem that network models must be. flexible enough to allow ex-
periments to be run and evaluated “mentally” where the results of such
experiments are constrained by world knowledge and people’s theories
about the world.

To us it seems that this pattern of flexibility and need for concern
about extension to examples in the world leads naturally to viewing
concepts as embedded in theories. Theories are dynamic and represent
“mental models” of the world based on perception, memory, and imag-
ination (see Johnson-Laird, 1983, for further arguments along these
lines). Note that we are arguing for an ecological approach because the
notion of mental models is almost vacuous without their extension to the
world.

Ziff (1972) provides some delightful examples illustrating the role of
mental models or conceptual schemes in understanding. For example, it
seems sensible to say “a cheetah can outrun a man,” but what about a
one-day-old cheetah, or an aged cheetah with arthritis, or a healthy
cheetah with a 100-pound weight on its back? What we mean when we
say that a cheetah can outrun a man is that under some tantalizingly
difficult-to-specify circumstances, a cheetah would outrun a man. Ziff
refers to this set of conditions as a conceptual scheme and makes the
point that two people understand each other to the extent to which these
conceptual schemes are shared. These implicit theories, which are likely
quite flexible (imagine two veterinarians running a home for aged
cheetahs) constrain our understanding of relationships among concepts.

Summary

We have been arguing that concepts should be viewed as embedded in
theories. The idea is that coherence derives from both the internal struc-
ture of a conceptual domain and the position of the concept in the
complete knowledge base (the external structure). Properties such as
high within-category similarity and low between-category similarity may
be by-products of internal structure as well as the rest of the knowledge
base. The tendency to relate concepts and theories appears to be such
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most simple. Consequently, simplicity as a product constraint says little
about how people come up with theories or how or why they might
consider alternative descriptive languages. Although it is conceivable
that simplicity constrains theories in just this way, we shall argue that it is
more fruitful to look for constraints in terms of processes.

Rule induction and product versus
processing constraints

There is a considerable literature on rule learning and much of it has
been devoted to the relative difficulty of different types of rules (e.g.,
Haygood & Bourne 1965). This literature presents a mixed picture in
that, for example, the greater ease of conjunctive than disjunctive rules
may not be consistent over stimulus types (e.g., Reznick & Richman
1976). For our present purposes, we wish to emphasize that to the extent
that research focuses on the relative difficulty of different types of rules
at the expense of search for processing mechanisms, constraints will
tend to be stated in terms of products rather than processes. Almost all
of the work on rule learning has used experimenter-defined rules. In
contrast to this approach, we have been evaluating candidate constraints
using a rule-induction paradigm where subjects are presented with cate-
gories and asked to come up with a rule that not only will work for the
set of examples but also could be used to classify new instances (Medin,
Wattenmaker, & Michalski 1986). An example of this task is shown in
Figure 3.2 where the requirement is to state a rule that could be used to
decide if a train is East- or Westbound. The reader may wish to under-
take this task before reading further.

It should be obvious that there is a large set of potential rules. Our
goal is to develop principles that determine which subsets of these poten-
tial rules people find natural.

The task shown in Figure 3.2 is fairly difficult. Only a few people
discovered the classifier using a simple property (East trains have three
or more different loads). From a sample of 60 participants, we obtained
19 conjunctive rules (e.g., East trains have a triangle load and 3 or more
loaded cars) and 32 disjunctive rules (e.g., West trains have two cars or a
car with a jagged top). Given the background of research suggesting
people have difficulty with negations, it is interesting that a fair number
of rules involved negative properties (e.g., East trains have 3 or more
cars and a triangle load and not a jagged top). These negative properties
were almost exclusively associated with either conjunctive rules or the
conjunctive part of a complex disjunctive rule (e.g., West trains have
white engine wheels and not an oval-shaped car or else three circular
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East Troins

West Troins

Figure 3.2. What separates the Eastbound trains from the Westbound trains?

loads). Therefore, it does not seem feasible to develop constraints at the
level of products such as conjunctive versus disjunctive rules.

What happens when one attempts to develop constraints in terms of
processes? Without any pretense of doing more than providing an il-
lustration, consider the following process model for the rule-induction
task: People focus on one category and begin by looking for a descriptor
that holds for all members of the positive (focus) set and does not apply
to any counterexample. If one is found, then a simple rule can be gener-
ated. If no single descriptor works, because there are counterexamples,
then one of two strategies may be applied. If there are numerous coun-
terexamples, then people may look for combinations of properties (e.g.,
“X and Y”) that span the set but do not generate counterexamples. If
there are only a few counterexamples, then people may attempt to elimi-
nate them by negating properties of the counterexamples not present in
the positive set. For example, for the problem in Figure 3.2, a person
may notice that all Eastbound trains have a triangle load but that two
<.<nm:uo==a trains do also. This description is complete but not con-
sistent. They might then look for combinations of properties that apply
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The rule “short or a circular load” was never given, but rules of the form
“short or long with a circular load” were fairly frequent.

Overall then, the results from the Medin, Wattenmaker, and Michalski
rule-induction experiments are fairly consistent with the process model
just outlined. The model could be formalized in terms of a computer
program that embodied processing constraints and would be capable of
inducing rules similar in form to those generated by human subjects. In
fact, this series of studies had as its purpose toevaluate a specific inductive
learning program, INDUCE (Michalski 1980, 1983a,b). Yet to be deter-
mined is the extent to which we are studying fairly general processing
constraints as opposed to constraints associated with our particular tasks
and stimulus materials. Although we do believe that the rule-induction
studies underline the importance of developing processing constraints
rather than product constraints, we are not under the illusion that theory
construction and rule-induction are identical.

Rules versus theories. The work on rule induction just described
has no semantics associated with it. The informal process model would
say nothing about why, in our earlier study on correlated attributes,
people preferred sorting by one pair of correlated attributes (those for
which a causal connection could readily be made) rather than some
alternative pair. Again, one needs to consider relational properties and
the question of how theories might constrain them.

In one line of follow-up work we have used the trains shown in Figure
3.2 but presented different category labels and cover stories. For exam-
ple, a participant might be told that the categories were trains run by

. smugglers versus legal trains, or trains constructed by creative versus
uncreative children, or trains that travel in mountainous versus flat-ter-
rains. Our preliminary data suggest that different labels influence rule
inductions in systematic ways. As one example of a change, the moun-
tainous versus flat terrain labels make it much more likely that a partici-
pant will come up with the rule that the trains in one category have three
or more different loads. When the smuggler category included the train
carrying a diamond-shaped load, a few participants gave rules of the
form “diamond-shaped load or . ..” even though the diamond descrip-
tor applied to a single load. In addition, for these more meaningful
categories, we have some evidence that participants are more likely to
tolerate rules that are either incomplete or have counterexamples.

The follow-up work with meaningful labels suggests that one will need
some form of representing people’s real world knowledge in order to
predict their rule inductions more accurately. The idea would be that
this knowledge might make certain properties and combinations of
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properties more salient and thereby influence the particular rule induc-
tions that people develop.
Actually, we think this example is quite deceptive in that it overlooks a

crucial component of theory construction — the development of a de-
scriptive language and basic operations associated with it. It simply is not
t the world p ovides the basic units of analysis nor that
o a common set of descriptive
“point is provided by a more recent
i : in collaboration with Glenn Nakamura)
using a richer set of stimulus materials. The category examples were
children’s drawings associated with the draw-a-person test used in
clinical assessment. For a fixed set of drawings, we varied the category
labels. For example, one set of participants might be told the drawings
were done by mentally healthy versus disturbed children, another set
told the drawings were done by creative versus noncreative children,
and still another set told the drawings were done by farm versus city
children. The results cannot be described simply in terms of the relative
salience of a fixed set of properties, because category labels and descrip-
; sendent. For example, participants in one condi-
tion might note that the humans drawn by farm children all had at least
some animal parts in them (e.g., a piglike nose), but when the same
drawings were labeled as creative or mentally disturbed no participant
e presence of animal parts. .
be tempted to describe these results in terms of property

particular experiences). Kant’s terms (Kant 1933) correspond closely to
Wittgenstein’s distinction between “seeing the object” and “seeing the
object as.” The same object (e.g., a triangle) can be seen as a geometric
drawing, a wedge, a mountain, a triangular hole, a threat, an arrow, and
5o on (see also Barresi 1981). We think this distinction is also important
for the draw-a-person stimuli. Actually, in each of the different labeling
conditions people stated rules at an abstract level and used the inferred
properties of the drawings as support. For example, in the case of draw-
ings supposedly done by farm children the rule might be that “each
drawing reflects some aspect of farm life.” One drawing might be seen to
have a piglike nose, another to have a farmer’s work clothes, and so on.
These observations suggest that the drawings do not manifest some
fixed set of properties that vary in salience so much as they “support” a
limitless set of properties that derive from the interaction of the draw-
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tures rather than a mapping of attributes or properties. This line of
work makes the important point that theories often are constrained by
the fact that theories in one domain often are exported to another do-
main (for some interesting examples taken from psychology, see Gent-
ner & Grudin 1985). Consider, for example, theories about extroversion
and introversion. Based on a reservoir metaphor, one views extroverts as
having excess energy that is often expressed socially. On the other hand,
if one takes homeostasis as the appropriate metaphor, then one might
think of extroverts as being chronically underaroused and seeking social
stimulation. This analysis of analogy and metaphor strikes us as a very
promising approach to constraints, and it should pay off 1o the extent
that principles associated with mapping from one domain into others
can be developed (see Gentner 1983). Of course, this transference from
domain to domain will need to be traced back to some original theory or
set of theories.

Cognitive archeology

By now it should be clear, if not by elegance of presentation then cer-
tainly by repetition, that we think that constraints on theories should be
developed in terms of a process model growing out of an analysis of the
relationship between people and their environment. But one needs a
strategy for going about this. In this section we describe a strategy based
on the work of Gibson, Neisser, and Shepard, which we refer to as
cognitive archeology, and then suggest a heuristic device derived from
this sirategy for identifying constraints on theories.

Relationships between organisms and the environment. One of Gib-
son’s major contributions was to argue that perception is active rather
than contemplative and passive, and that the perceptual system repre-
sents an adaptation of organisms to their environment (e.g., Gibson
1979). The environment provides an anchor and perceptual systems are
constrained to respond to the information embodied in that environ-
ment. For example, according to Gibson, constancy is not a mental con-
struct but rather an objective property of the environment.

In his recent discussion of Gibson’s work, Russell (1984) focuses on the
adaptive function of perception. In his words, “So one way of describing
the message of TDP [Theory of Direct Perception] is that we should net
be overimpressed by the analogy between a perceptual system and a
cognitive system, but should bear in mind that in the other direction
there is an analogy with a respiratory system” (Russell 1984:167). One
could conceive of breathing as the perception of oxygen but that would
probably yield few insights into the process of respiration. Analyzing
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perception in terms of cognitive operations, Russell argues, may be simi-
larly unilluminating.

Gibson recognized that there was more to perception than knowledge
of properties of objects. There are also affordances which are based on
relationships between objects and particular organisms. Every object is
involved in infinitely many objective affordances, only some of which are
specified unambiguously by optical information. Neisser (Chapter 2, this
volume) extends this view by including the notion of conceptual proper-
ties, which are defined by the relationship between objects and certain
systems of cultural or scientific beliefs. Thus perception is direct, where-
as categorization is not, because categorization depends on the fit be-
tween objects and the theories we make about them.

Aside from the general point that theories are about the world,
Neisser’s view links theories to the perception of the properties of objects
and affordances associated with the interaction of organisms and their
environment. One might wonder whether these linkages or moorings
are sufficient to keep the ship of conceptual properties and theories
from going adrift. The main point we wish to make, however, is that
organisms reflect the (evolutionary) history of their interaction with
their environment in terms of adaptive specializations, and this is as true
for the cognitive system as it is for the respiratory system.

Adaptive specializations can take a variety of forms. Consider, for
example, the case of nest building in the long-tailed tailorbird, which
actually sews leaves together to provide a superstructure for its nest.
Conceivably, tailorbirds are very intelligent and nest building reflects
just one instance of elaborate forms of learning that take place in each
generation. Another possibility is-that tailorbirds have a specialized abil-
ity to learn how to build nests that does not extend to other domains. Of
course, the entire pattern of behavior could be innate and, in fact, for
nest building in tailorbirds, that is the case. Since adaptive specializations
that attune organisms with the demands of their environment can be
expressed in varied forms, it may take experimental intervention to
determine the particular form of adaptation that is present. For exam-
ple, many organisms display day — night cycles or biological (circadian)
rhythms in their behavior. These cycles could be totally driven by the
presence or absence of light. When rats are placed in continuous
darkness, however, they continue to manifest cycles of activity that close-
ly mirror day and night. This result suggests that rats have some form of
“internal clock.” Although this clock is not accurate to the second and
exposure to prolonged periods of darkness can lead to asynchrony with
day and night, these clocks quickly become calibrated when rats are
reexposed to a normal pattern of day and night. In brief, the form of
adaptation associated with circadian rhythms in rats was discovered by
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stimulus is not expected) and both assume that temporal contiguity,
spatial proximity, and similarity of magnitudes (of cause and effect or of
conditioned and unconditioned stimulus) influence performance (at-
tribution and conditioning, respectively). The parallels are close enough
that people in animal conditioning are taking attribution theory se-
riously (e.g., Bolles 1976; Dickinson, Shanks, & Evenden 1984) and ex-
amination of the literature on animal conditioning might prove to be a
useful source for identifying candidate constraints on causal attribu-
tions.

There may be even closer ties between perception and causal attribu-
tion. Michotte’s (1963) classic work on the perception of causality still
makes fascinating reading, and he himself was well aware of the poten-
tial link between causal perception and thought. In his words, “There
are some cases, viz. launching and entraining, in which a causal impres-
sion arises, clear, genuine, and unmistakable and the idea of cause can
be derived from it by simple abstraction in the same way as the idea of
shape or movement can be derived from the perception of shape or
movement” (Michotte 1963:270-271).

For a second example of our point, we turn once again to correlated
attributes. Rosch, Mervis, and their associates (see Mervis & Rosch, 1981,
for a review) have argued that the world is structured in terms of clusters
of correlated attributes. Sensitivity to correlated attributes might be em-
bodied in a (large) computational device that stores information about
pairs of attributes, triples, and so on (see Hayes-Roth & va&m-wrcn.r
1977). Aside from the problem mentioned in the first section of this
paper concerning the many possible correlations, we think something as
important as sensitivity to correlated attributes would likely not be man-
ifest in a general purpose computational device. As one alternative, the
Medin and Schaffer (1978) context model assumes that people store
examples of concepts and that categorization decisions are based on
reasoning by analogy from examples that are retrieved by the probe. For
instance, some novel four-legged creature might be classified as a mam-
mal because it is quite similar to an elephant (or in another case to a
mouse) and the categorizer may know that elephants (or mice) are mam-
mals. The context model constrains similarity to be an interactive func-
tion of maiching and mismatching properties. Although the model is
noncomputational and makes no direct assumptions about the encoding
of attribute correlations, it nonetheless behaves in a manner that is sen-
sitive to correlated autributes (e.g., Medin, Altom, Edelson, & Freko

1982). Incidentally, there is evidence that people’s categorization deci-
sions reflect a sensitivity to correlated attributes even when they are
totally unable to verbalize the basis of their decisions (Lewicki 1985;
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Wattenmaker 1986). People’s sensitivity to correlated attributes appears
to have both analytic and nonanalytic components.

The general point is that there may be interesting linkages among
structural constraints in the environment, nonconscious and relatively
inflexible perceptual and memorial mechanisms, and more flexible the-
ories. As an aside, the context model evolved out of analyses of animal
learning and memory (see Medin & Reynolds, 1985, for a review). Re-
gardless of whether the context model is otherwise a good or bad model,
it seems likely that we will need categorization models that can achieve
sensitivity to correlated attributes without conscious computations. Fur-
thermore, it seems possible that more conscious, flexible theorizing may
inherit or not deviate substantially from these constraints. For example,
Medin and Smith (1981) asked different groups of subjects to employ
different strategies in the same categorization task. These instructions
produced large phenotypic differences in performance, but in each case
the context model was able to provide an accurate fit to the data by the
assumption that strategies worked to change the salience of different
properties comprising the examples.

To extend this example a bit, we have also recently examined a modi-
fied version of the context model where it is assumed that if responding
by analogy with retrieved information is successful, then similarities be-
tween the current material and what was retrieved are made more sali-
ent, whereas if the analogy fails differences between the current material
and what was retrieved are made more salient. These assumptions lead
the model to behave in a rulelike way without directly incorporating
rules, just as earlier versions of the model led to sensitivity to correlated
attributes without computing correlations. We refer to the representa-
tions that give rise to rulelike performance as rule precursors. What is
interesting about these rule precursors is that they can be used to predict
the explicit rules that people give in our rule-induction task. For exam-
ple, for the trains shown in Figure 3.3, simulations of this modified
context model lead to precursors that behave like a conjunctive rule or
like a rule plus exception strategy, but we do not observe precursors that
behave like a simple disjunction. In other words, the constraints associ-
ated with these precursors may tend to be paralleled by corresponding
constraints on the explicit rules that people give us.

It may be that the above parallels between noncomputational pro-
cesses and rules or strategies either are accidental or occur for some
trivial reason. We have only begun to study nonanalytic learning to see if
people’s rulelike behavior conforms to predictions of the context model,
and it should be clear that our example is intended to be only illustrative.
We do think it is important to realize that the mere fact that theories are
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