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nus article l'eViews tbe 1tan11 or limilaritY,. u u explanatory construct with a roeu1 on limilarity 
judamcnts. For similarity to be a uaeful comtnict. one must be able to l)>CCify the ways or respccg 
in wbicb hlo tbiap arc similar. One IOlutioD to this problem is to ratrict tbe DOtioo of liQailarity to 
~ pen:eptll&I proc:cs1CS. It iaarped that thia view ii too narrow and liJDitina, laaie.d, it ia 
PfOPOled that u important source or comtrainu ctema from tbc similarity compariloa procaa 
iuelf. Both new apcrimcau and other evidence arc descnDed that support tbe idea that ~ 
ate dctermiaed by proc:eues ialmlal to comparilom. 

Similarity is one oftbc mmt central tbeoretical constructs in 
psychoq)t h pen9des theories of cop.ition. Transfer of lam
ina is said to binae c:rucWty on the similarity of the transfer 
situation to the oriainal trainina context (Osaood.1949; lbom
dikc, 1931 ). AD important Oestalt principle of perccptua) orp. 
a.ization is that similar thinas will tend to be aroupecl qetber. 
The likelibood of succ:eufulty rememberina depends on the 
similarity of the oriainal encodina to those operations durina 
retrieval (Roediacr. 1990). Alla. people's beliefs about wbcthcr. 
tor example, ostriches have some pcope~ &Mn that robins 
baYe it. arc auumcd to vary IS a f'unctioa of bow similar robins 
UC to Oluicbea (Olbenon. Smith. Wilkie. Lopez. .t Shaflr, 
1990). Lutly, most of the otherwise distinct theories of catqori
zabc>n share the usumption that the likelihood of assianina 
some example to a catqory depends on the similarity of the 
eumple to the cateaory repraen&ation. David Premack (per
sonal communication, October 12, 1990) nicely summarized 
the attitude of many researchers: '"The human mind bas a con
siderable investment in similarit)r 

What euctly has the human mind invested in? hi this article 
we take a dOlc look at similarity 11 a tbeoretical and empirical 
c:omtruct. Altboup the fundamental im~ of similarity 
is both historically and intuitM:Jy compellina. the status of 
limilarity IS an explanatory construct bas been called into ques
tion. This queatioain& bas been partkuJarty evident in domains 
in wbicb researchers ~ sugested that people's conceptual 
systems are orpnizcd by naive theories <e.a.. Keil, 1989). The 
t.sic claim is that similarity is just too &exible and underdeter-
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mined to around cognition. Our aim will not be to resolve the 
t.enaion between similarity and· theory but to address the more 
aeneraJ question of whether similarity bas substance. To pro
vide the cont.ext for this discuasion, we 6nt need to make clear 
the imure of the criticisms of limilaritJ 

Citina the body of research auociat.ed with Tversky's featural 
theory of similarity (e.a.. Oati & 1Venky, 1984; 1Venky. 1977). 
Murphy and Medin (1985) noted that '"the relative weightina of 
a feature (u well as the relative importance of common and 
disti~ features> varies with the stimulus cont.ext and task, 
so that thae is no unique answer to the question of how similar 
is one object to another" (p. 296 }. They argued that similarity is 
too Oexible to de6ne cat.eaories and that it ii more like a depen
dent Ulan an independent Yariable: "The explanatory work is 
on the levd of determinina which attributes will be selected, 
with similarity beina at least as much a consequence as a cause 
of conceptUa.l coherence" (Murphy A Medin. 1985, p. 296). 

Philosopher NelsOn Goodman (1972) was more blunt; be 
called similarity .. invidious, insidious, a pretender, an impmo 
ter, a quack" (p. 437). Goodman claimed that the similarity of 
A to B ia an ill-ddned. meaninalaa notion unleu one can say 
"in what respects" A is similar to a He argued that simi~ 
like motion. requires a frame of referenc:c. Just as one bas to say 
wlllt 10methina is movina in relation to, one also must specify 
in what reapec:u two thinas are similar. For example, if Mary 
says that John is similar to Bill. one may baYc no idea what she 
means until she adds the oblervation that they both are avid 
cbea players. ID Goodman's words, •we must search i>r the 
appropriate replacement in aicb cue; and •is similar to' func. 
tioal IS little more than a blank to be filled" (p. .W5). In sbon. 
similarity seems to dislppear wben it is analyzed clolell' be
C&Ule the mean.in& is comeyecl by the spcci6c respects, not the 
aeneral notion of aimilaritJ 

U' Nellon Ooodman'I aqumcat ia conec:t. then one abouJd 
peibapl "psy - felPOCll. to the QOGCCPt or similarity aad 
w blJODd tbe emprinw of drcular nplanetiou. ._ be
lieve tbll the crm of the matter ii. in • mP«U aad tbll 
Oc>odmtn'I c:ritiquc needs to be taken terioully. There are 11'1· 
eral diltinct leftlel in wbidl OoodJDID couJd be c:orrec:t that 
vary dnmatically in their implicationa fbr psycholop For "
ample, one miabt asaume that the perceptual system deter· 
mines limilarity in a fAirty nps manner. In that cue, Good-
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man is technically correct in that the explanatory work is being 
done by the constraints embodied in the perceptual system. 
Still, psychologists would not find this too upsetting because 
they could say that "similarity" is just shorthand for similarity 
as constrained by the perceptual system. We shall argue, how
ever, that similarity is often quite flexible and that, therefore, 
Goodman's critique is potentially very damaging. However, we 
shall also argue that respects are systematically fixed by the 
similarity comparison process and that a good part of the ongo
ing research on similarity can be viewed as providing respects 
for similarity. Our thesis is that quite a bit is known about re
spects, perhaps even enough that similarity can survive as an 
explanatory construct. For the moment, however, that conclu
sion requires support from a number of facts not now in evi
dence. Before turning to this body of evidence, we offer some 
further distinctions to define our scope of inquiry. 

MEASURES OF SIMILARITY 

On a broad level, one may distinguish at least three distinct 
types of similarity: similarity as measured indirectly, direct 
judgments of similarity, and similarity as a theoretical con
struct. As an example of addressing similarity indirectly, people 
may be asked to identify individual confusable stimuli, and the 
pattern of confusion errors may reveal underlying similarities. 
The idea is that the more similar two stimuli are, the more 
likely they are to be confused (e.g., J. E. K. Smith, 1980). An
other measure might be false alarms in a new-old recognition 
memory test. The more similar a new item is to old items, the 
more likely that the new item should be judged as "old" (Gil
lund & Shiffrin, 1984). One might also index similarity by 
means of a same versus different judgment task. The more 
similar the stimuli, the longer it should take to respond that the 
stimuli are different and the more likely one should be to 
wrongly call the stimuli the same. Finally, as a fourth example, 
one may ask people to categorize novel examples on the idea 
that the more similar the new example is to instances of some 
category, the more likely it is that the new example will be 
assigned to that category. 

Other tasks require a direct assessment of similarity. People 
may be asked to rate the similarity or dissimilarity of stimuli on 
some scale or to judge which of a set of alternatives is most 
similar to some standard stimulus. 

Direct and indirect measures may be used as converging 
operations to get at similarity as a construct. The third and 
perhaps most central use of similarity is in models of cognition, 
which often assume that similarity is either directly or indi
rectly computed. For example, similarity-based models of cate
gorization assume that people evaluate the similarity of a new 
item to representations associated with alternative categories 
(e.g., Hintzman, 1986; Medin & Schaffer, 1978; Nosofsky, 1989; 
Reed, 1972). The Osherson et al. (1990) category-based induc
tion model posits that the similarity of conclusion members to 
premise members is explicitly computed to determine induc
tive judgments. To the extent that these models are successful, 
they indirectly support the theory of similarity they embody. 
Other models (e.g., Estes, 1972; Lee & Estes, 1977) contain pro
cessing mechanisms that lead to performance varying as a 
function of similarity. In these models, one should be more 

likely to confuse two stimuli that differ in only one way than 
stimuli that differ in two ways. Again, a successful model pro
vides support for both the processing assumptions and the as
sociated similarity analysis. 

In the present article, our focus will be on similarity judg
ments and their associated processes. Although we will make 
no strong claims about the status of indirect measures of simi
larity, later we take up the question of whether similarity is a 
unitary construct. In the next section, we further explicate criti
cisms of similarity and then turn to a detailed consideration of 
their implications. 

CASE AGAINST SIMILARITY 

Why have people like Murphy and Medin suggested that 
similarity is too unconstrained to ground other cognitive pro
cesses such as categorization? The argument is as follows: Simi
larity is assumed to be based on matching and mismatching 
properties or predicates. Two things are similar to the extent 
that they share predicates and dissimilar to the extent that pred
icates apply to one entity but not the other. However, any two 
things share an arbitrary number of predicates and differ from 
each other in an arbitrary number of ways (see Goodman, 1972; 
Watanabe, 1969). The only way to make similarity nonarbitrary 
is to constrain the predicates that apply or enter into the com
putation of similarity. It is these constraints and not some ab
stract principle of similarity that should enter one's accounts of 
induction, categorization, and problem solving. To gloss over 
the need to identify these constraints by appealing to similarity 
is to ignore the central issue. 

Defenders of similarity might point out that similarity seems 
to work quite well despite its detractors. For example, multidi
mensional scaling algorithms produce stable and informative 
solutions (e.g., Nosofsky, 1988; E. E. Smith, Shoben, & Rips, 
1974 ), and these representations of similarity are instrumental 
in determining property verification times and categoriza
tions. In addition, there is fairly good across-subject agreement 
in similarity ratings (although perhaps less agreement than one 
might expect; see Hutchinson & Lockhead, 1977). This agree
ment belies the argument that similarity is hopelessly ambigu
ous. Similarity seems to work well enough to support inductive 
inferences, categorization, and generalizations concerning 
learning, memory, and transfer. 

However, similarity critics are unlikely to be persuaded by 
the empirical success of similarity. Their response might be 
twofold. One ploy would be to argue that natural constraints on 
features for research participants tend also to be those for ex
perimenters and that this "hidden contract" gives similarity 
apparent stability. If this is so, then one needs to learn what 
these natural constraints are rather than attributing them to 
some objective state of affairs in the world. For example, Me
lara, Marks, and Lesko (1992) recently reported that whether a 
city block or Euclidean metric best described relations among 
multidimensional stimuli could vary as a function of instruc
tions. Previously, these metrics had been primarily linked to 
stimuli rather than optional processes. A related counterargu
ment is that researchers furthermore restrict their attention to 
only those experimental contexts in which their conjectures 
about the relevant aspects of similarity are likely to be sup-
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ported. If important factors are not allowed to ~ then these 
factors will not influence observations. 

One of the most influential similarity theorists, Amos 
Tversky, explicitly acknowledged the problem of constraints. 

When faced with a particular task (e.g. identification or similarity 
assessment) we extract and compile from our data base a limited 
set of relevant features on the basis of which we perform the re
quired task. Thus, the representation of an object as a collection of 
features is viewed as a product of a prior process of extraction and 
compilation. (Tversky, 1977, pp. 329-330) 

It is this prior process that similarity detractors would argue 
should be the focus of attention. (Despite the preceding declara
tion, as we will show, Tversky's work bears at least partially on 
this issue.) 

IMPLICATIONS 

At the very least, it seems that Nelson Goodman's critique 
cannot be dismissed out of hand. Just how serious the respects 
problem is may depend on both the goals of researchers and the 
domain in question. Consider some possibilities along with 
their implications for the stability of similarity. 

Similarity Is Hard Wired 

Earlier we mentioned this perspective, along with the idea 
that the term similarity could be thought of as shorthand for 
fixed, perceptual similarity. There are several limitations with 
this approach. One problem is that similarity relations may 
vary with processing time. In this case, the goal should be to 
specify a mechanism that could account for these changes. The 
explanatory power would then derive partly from the theory of 
similarity structure and partly from the processes that operate 
on it. 

Even if similarity appears to be fixed in particular domains, 
the basis for similarity may vary across domains. A model for 
generating past tense may be successful if it bases its generaliza
tion on phonological similarities (e.g., Rumelhart & McClel
land, 1986), but it is likely doomed to failure if it formulates 
generalizations in terms of semantic similarity. Semantic simi
larity, however, will be a necessary component in lexical prim
ing models (Meyer & Schvaneveldt, 1971 ). Therefore, using the 
general term similarity risks ignoring the important problem of 
how the right kind of similarity becomes linked with a given 
generalization. 

In our opinion, to claim that similarity is hard wired and 
perceptual is to draw an ill-advised sharp distinction between 
cognitive and perceptual processes. First of all, measures of 
perceptual similarity do not completely converge on a single 
construct. Palmer (1978) found that common structural rela
tions influence similarity, as measured by a perceptual same
different task. However, the influence of relational similarity is 
greater when figures are presented simultaneously than when 
one figure appears 1 s before the other figure, so similarity 
seems to be tied up with process. Furthermore, we have found 
that subjects judging the similarity of purely visual displays 
show sensitivity to abstract relations such as "in both displays, 
the left shape is larger and darker than the right shape" and 
"this display has elements of increasing darkness, just as this 

display has elements of increasing size" (Goldstone, Gentner, & 
Medin, 1989; Medin, Goldstone, & Gentner, 1990). These ob
servations belie clear boundaries between perception and con
ception. The reason to restrict similarity to purely perceptual 
aspects is to firmly ground it, but the cost of this restriction is a 
drastic reduction in similarity's dominion and, consequently, 
its explanatory power. Similarity cannot be completely inflexi
ble for the work it has to do. Later we shall argue that it is not 
necessary for similarity to be hard wired and perceptual be
cause cognitive constraints may also be powerful. 

Similarity Changes With Experience 

Selective Learning 

In the domain of discrimination learning, it has long been 
assumed that organisms can learn to attend to relevant dimen
sions and to ignore irrelevant or uninformative dimensions of 
stimuli. Theories of selective attention have been quite success
ful in accounting for a variety ofleaming and transfer phenom
ena (e.g., Fisher & Zeaman, 1973; Sutherland & Mackintosh, 
1971; Zeaman & House, 1963). Therefore, it seems natural to 
formulate models in which similarity can change with experi
ence. Indeed, L. B. Smith and Heise (1992) have argued that the 
role of perceptual similarity in conceptual development has 
been substantially underestimated because of a tendency to 
view perceptual similarity as fixed. 

Developmental Changes 

There has been a variety of proposals suggesting that relative 
to adults, children process stimuli in a more holistic manner 
(e.g., Keil & Batterman, 1984; Kemler-Nelson, 1989; Shepp, 
1983; L. B. Smith, l 989a; L. B. Smith & Kemler, 1977). The 
general idea is that children are less likely to analyze a stimulus 
into its components and instead respond in terms of overall 
similarity. Linda Smith (I 989b) has offered a quantitative model 
of perceptual classification based on the conjecture that there is 
a developmental increase in the tendency to differentially 
weight dimensions and specifically to give special weighting to 
identity of values along a dimension. These proposals and asso
ciated observations suggest that adults may be more analytic 
and more flexible about similarity than are children. 

Another observed trend is that, as children mature, their 
similarity judgments become increasingly based on more ab
stract, more relational, less superficial properties (Gentner, 
1988; Gentner & Toupin, 1986). Gentner (1988) cited evidence 
that children give attributional interpretations to comparisons 
that adults interpret relationally. Given "a cloud is like a 
sponge," a 5-year old typically explains that "They both are 
round and fluffy," whereas the adult typically responds, "They 
both hold water and give it back later." Although these develop
mental changes could stem from general processing differ
ences, Gentner and Rattermann (1991) reviewed work in devel
opment of similarity and concluded that the relational shift can 
largely be accounted for in terms of changes in the content and 
structure of knowledge (see also Carey, 1984 ). Consistent with 
this conclusion are demonstrations that young children are ca
pable of responding to abstract relations when they possess 
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appropriate knowledge (Brown, 1989, 1990; Gentner, 1977, 
1989). 

Knowledge and Expertise 

Chi, Feltovich, and Glaser (1981 ) noted that the basis for 
similarity appears to change with expertise. They examined 
how novices and experts classified physics problems. Novices 
tended to classify on the basis of superficial or surface features, 
whereas experts classified on the basis of deeper underlying 
principles. This difference between novices and experts ap
pears to be quite general. 

Knowledge effects extend even to infants. Kolstad and Bail
largeon (1991) have studied how l 0-12-month-olds generalize 
the concept of containing object on the basis of experience with 
particular cups. In the absence of specific knowledge, general
ization was based on overall similarity. When infants were 
given experience with the functional property that bottoms 
help contain substances, generalization was based on the func
tional property rather than overall similarity. 

Implications 

Each of the sets of observations just discussed seems to sug
gest that similarity is flexible rather than fixed. Goodman's 
criticism of similarity appears to be supported. However, simi
larity is not vacuously flexible as long as systematic changes in 
the process of determining similarity can be established. For 
example, the claim that similarity assessment shifts from a ho
listic to an analytic process asserts that specific processing con
straints are observable at particular ages. Similarity is con
strained to follow systematic changes in how it is determined. If 
similarity is conceived of as a process that acts on representa
tions, then it is partially fixed by the systematic processing 
changes suggested here. 

Similarity Changes in Context-Specific Ways 

Contextual Cues 

People's judgments of the typicality or goodness of example 
of instances of a concept have been shown to vary with the 
context provided (e.g., Roth & Shoben, 1983). Barsalou (1982) 
has demonstrated that similarity judgments also vary when par
ticular contexts are specified. For example, a snake and a rac
coon were judged much less similar when no explicit context 
was given than when the context of pets was provided. The 
general idea is that the context tends to activate or make salient 
context-related properties, and, to the extent that examples be
ing judged share values of these activated properties, their simi
larity is increased. 

Linguistic Context 

Linguistic contexts influence patterns of category extension 
in young children. In the procedure of interest, children are 
shown a set of objects varying in their similarity in terms of size, 
shape, and texture. In the control context, the experimenter 
points to an object and says "See this? Can you find another 
one?" In the linguistic context, the experimenter says "See this 

wug? Can you find another wug?" Relative to the control condi
tion, the linguistic context is associated with an increased ten
dency to generalize in terms of shape rather than size or texture 
(Landau, Smith, & Jones, 1988). Three-year-olds apparently 
know that in the context of a noun, shape is likely to be the 
relevant aspect of similarity (see also Ward, Becker, Hass, & 
Vela, 1991 ). 

Analogy and Relational Structure 

Recent research in analogy suggests that what is crucial in 
analogical reasoning is not overall similarity but relational or 
structural similarity (e.g., Gentner, 1983, 1989). We need to de
fine some terms to make this point clear. First, one may distin
guish between attributional and relational similarity. Roughly, 
the distinction is as follows: Attributes are predicates taking 
one argument (e.g., X is red, X is large), whereas relations are 
predicates taking two or more arguments (e.g., X collides with Y, 
X is larger than Y). Attributes are used to state properties of 
objects; relations express relations between objects or proposi
tions. 

Gentner has argued that relational similarity has a special 
status in analogical reasoning (see also Hesse, 1963). Thus, 
when one suggests that "an atom is like the solar system," the 
intended meaning involves relations such as "revolves around," 
"more massive than," and "attracts" rather than attributes such 
as "hot" or "yellow." According to Gentner's structure mapping 
theory, interpreting an analogy is fundamentally a matter of 
finding a common relational structure. The objects in the two 
domains are placed in correspondence on the basis of holding 
like roles in the relational structure, not on the basis of intrinsic 
attributional similarity. Thus, matches and mismatches in ob
ject attributes can be neglected. One further observation is that 
people prefer to interpret analogies in terms of deep, cohesive 
systems of relational matches rather than sets of isolated rela
tionships. That is, the presence of higher order relations be
tween relations is an important determinant of the subjective 
appeal of an analogy (Rattermann & Gentner, 1987). The key 
to analogy is common systems of relations rather than sheer 
number of matching predicates or overall similarity. 

Although there are differences between alternative theories 
of analogy, there appears to be a consensus that relational simi
larity is at the core of interpreting analogies (e.g., Holyoak & 
Thagard, 1989). The fact that people can correctly interpret 
analogies suggests that when cues indicate that a comparison 
involves an analogy, people realize that relational structure will 
be the relevant aspect of similarity. 

We believe that these observations on analogy are relevant to 
the understanding of similarity. First, this view suggests that 
abstract relations contribute to similarity. Most important, how
ever, we will argue that relational structures crucially deter
mine the process of setting up correspondences between enti
ties and that these correspondences are critical for determining 
similarity. 

Implications 

Q>ntext-specific changes in similarity reveal the further flexi
bility of similarity. Once again, however, the apparent flexibil-
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ity is governed by systematic changes with context. Although 
two things may vary in their similarity depending on context, 
the full process-structure specification of a similarity compari
son would take context into account. What seems to be random 
flexibility in item similarity becomes orderly when additional 
environmental variables are taken into account. 

Similarity ls Fixed Externally and Arbitrarily 

So far we have paid more attention to perceptual similarity 
than conceptual similarity, and so far similarity has not 
emerged as the sort of chameleon that Goodman suggested it 
might be. However, maybe we have only been looking where the 
light is good. Perhaps when we say that John is similar to Bill, 
no one understands us unless we say in what respects they are 
similar. Then we face the danger that similarity statements sim
ply assert that one or more predicates apply to the entities being 
compared. That is, similarity structure would do no explana
tory work, and the external specification of respects would 
have all of the burden. To the extent that this possibility is true, 
it would be very bad news indeed for psychologists who rely so 
heavily on the construct of similarity. In particular, as one 
moves from perceptual similarity to conceptual comparisons, 
this pessimistic view gains plausibility. Although we have good 
accounts of selective attention to brightness rather than shape, 
we are far from a credible account of selective attention in com
paring abstract concepts such as United States and Canada. 

INITIAL ASSESSMENT 

It seems to us that there is cause for concern about the status 
of similarity. The idea of similarity as fixed is likely to be of 
narrow application, because there is quite clear evidence for the 
flexibility of similarity. Still, as long as similarity structures are 
linked to corresponding processing principles that address 
changes with presentation time, experience, and context, one 
retains a reasonably coherent notion of similarity. The central 
question is whether similarity is even more flexible than 
current theories allow, so much so that similarity is often arbi
trary. 

In this article, we present several experiments that demon
strate that similarity is highly flexible, even disturbingly flexi
ble. Nonetheless, these observations will be used to argue for an 
important way in which respects are fixed: by the nature of the 
comparison process itself. Our thesis is that there are system
atic and well-structured patterns to how multiple pieces of in
formation are structured to yield similarity assessments. 

The principle underlying our thesis is that similarity needs to 
be understood as a process. Previous work ·by Tversky and 
others suggests that researchers ignore the processing side of 
similarity at their peril. We argue that an analysis of similarity 
processing is crucial to providing respects for similarity. 

FRAMEWORK FOR COMPARISON 

Functions of Similarity 

It may seem strange to raise the issue of what functions simi
larity serves, given that most researchers would concede the 
ubiquity of similarity in other cognitive tasks. We believe, how-

ever, that the issue merits a closer look, because the answers to 
this question provide the framework for a good deal of ongoing 
research. 

Similarity as a Heuristic 

One function of similarity is to allow people to make edu
cated guesses in the face of limited knowledge. The general 
notion is that, in the absence of specific knowledge, people use 
similarity as a guideline for action. To give a simple example, 
suppose one sees an unfamiliar type of snake and wonders if it 
might possibly be dangerous. To the extent that the snake in 
question resembles a rattlesnake rather than a common garter 
snake, one might be cautious. Presumably, people's perceptual 
and conceptual processes have evolved such that information 
that matters to human needs and goals can be roughly approxi
mated by a similarity heuristic'cMedin & Ortony, 1989). That is, 
similar things may behave in similar ways, and the things peo
ple tend to be reminded of are useful to an extent that far ex
ceeds what would be expected on the basis of random remind
ings. Again, note that what is relevant is often domain depen
dent. To continue with the snake example, it would not be 
particularly helpful to note that snake rhymes with snowflake. 

Goodman's argument against similarity as an explanatory 
construct is that the "with respect to" specification is doing the 
explanatory work, and not similarity itself. This oversimplifies 
the role that similarity plays. Much of the work on similarity in 
cognitive psychology has focused on how multiple pieces of 
information are integrated into a single evaluation. Researchers 
in categorization have evidence that matching and mismatch
ing properties are combined multiplicatively rather than addi
tively (Medin & Schaffer, 1978; Nosofsky, 1992). This multipli
cative rule corresponds to an exponential decay of similarity 
with psychological distance, and Roger Shepard (1987) has pro
posed that exponential-decay functions are a universal law of 
stimulus generalization. A deleterious effect of Goodman's 
equating "similarity" with "identical with respect to property 
X" is that the actual process for combining properties is not 
considered at all. The particular form of the integration process 
affects similarity judgments. As such, not all of similarity's ex
planatory work is performed by selecting the relevant proper
ties. The integration process that is involved in most similarity 
judgments places constraints on the similarity judgment: 

It is actually quite important that similarity judgments typi
cally involve multiple properties. If the "with respect to" clause 
is filled in with a specific property, then similarity statements 
are oflittle use. Ifltems X and Y are similar with respect to only 
a single property, then very few inferences can be made about Y, 
even if a great deal is known about X. By having a similarity 
judgment that encompasses several properties, inductions can 
be made with more confidence. If X and Y are similar with 
respect to many properties, then what is known about X may 
well transfer to Y In fact, one reason to say "X and Y are 
similar" instead of"X and Y are similar with respect to proper
ties P1, P2 , and so forth" is that one may wish to leave open the 
possibility that unknown properties are shared by X and Y By 
making a nonspecific similarity claim about X and Y, one ex
plicitly creates an expectation for new commonalities to be dis-
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covered (Gelman & Wellman, 1991; Medin & Ortony, 1989; 
Wellman & Gelman, 1988). 

Similarity as Comparison 

Similarity is also a type of comparison. Explicit similarity 
comparisons are often made in normal discourse. One may say 
that John is similar to Bill or that A is like B. The first statement 
is a similarity comparison, whereas the second is a simile. We 
believe that similes and similarity statements show a number of 
common properties (see Ortony, l 979, and Glucksberg & Key
sar, 1990, for discussion and relevant observations). First of all, 
both similes and similarity comparisons appear to be direc
tional. To say that surgeons are like butchers means something 
different than to say butchers are like surgeons. The former 
criticizes surgeons and the latter compliments butchers. 

Tversky (l 977) has provided direct evidence that similarity 
judgments may be directional in that they can be asymmetri
cal. In his contrast model, the less salient stimulus is more 
similar to the salient stimulus than vice versa. Tversky ob
served, for example, that people rate the similarity of Red 
China to North Korea to be less than the similarity of North 
Korea to Red China. They also overwhelmingly prefer the sec
ond comparison to the first when given a choice between them. 
In Tversky's model, asymmetries arise because the distinctive 
features of a in an (a, b) comparison receive more weight than 
the distinctive features of b. Later, we suggest an alternative 
basis for these asymmetries; for now, the important point is that 
similarity comparisons may be asymmetrical. 

Similarity comparisons also share with similes the property 
that certain comparisons are anomalous. We believe that, to 
some degree, each of the following comparisons is anomalous: 

1. Robins are similar to robins. 
2. Robins are similar to birds. 
3. Robins are similar to questions. 
One might say that the first statement is odd because robins 

are not similar to robins, rather, they are identical to robins. 
That is, the pragmatic principle of being informative is vio
lated. The second statement may fall prey to the same criticism; 
robins are not similar to birds, they are birds. That is, compari
sons seem to presuppose entities on the same level of abstract
ness. The third statement may seem strange because the term 
similar seems to presuppose some amount or type of similarity 
between robins and questions, neither of which is apparent. 

The reason that observations about anomaly are important is 
that they suggest that similarity judgments involve something 
more than just a calculation. If one assumes that similarity 
judgments consist of counting and weighting matching and 
mismatching properties, then all three of the preceding com
parisons are perfectly sensible in that they would yield some 
outcome. However, that outcome would not provide any indica
tion of anomaly. To the extent that similarity judgments incJude 
intuitions about anomaly, they must involve more than a 
weighting function on common and distinctive properties. 

Finally, one expects both similarity statements and similes to 
be at least somewhat informative. If a person says "Lemons are 
like bananas," he or she is correct in that they are both fruits 
and both yellow, but the comparison is hardly informative. On 
the other hand, to say "Butchers are like surgeons" is to assert 

that some (salient) property of surgeons, such as precise cutting 
technique, is also true of butchers (see Ortony, 1979). We claim 
that similarity comparisons, like analogical comparisons, may 
also involve assertions in which properties of one entity become 
candidate properties of the other. That is, similarity is more 
than identity in certain respects. 

What we wish to emphasize is the observation that similarity 
is a type of comparison with properties that are distinct from 
those associated with the idea that similarity is a calculation. 
Consequently, similarity judgments may reflect both matching 
and mismatching properties as well as other processes asso
ciated with comparisons, such as directionality and implicit 
understandings about informativeness. These processes are 

· crucial to providing respects for similarity. 

Property Activation and Comparison 

Suppose one is asked to rate the similarity of the United 
States and England on a 20-point scale. What information will 
enter into the comparison? It seems exceedingly unlikely that 
people would be able to access all of their knowledge about 
these two complex entities. Presumably, only a small subset of 
one's knowledge about the United States and about England 
will be activated. Furthermore, there is no guarantee that corre
sponding pieces of information will be activated. Suppose, for 
example, that a person started to think about sports. He or she 
might retrieve information about England playing in the World 
Cup soccer match but, for the United States, initially access 
information mainly concerning basketball and football. Are 
these noncorrespondences simply treated as mismatches? 
Sjoberg (1972) argued that similarity judgments are obtained by 
an active search process in which the judge looks for ways in 
which the objects under consideration are similar. In this spirit, 
we suggest that accessed information for one concept will tend 
to be carried over and tested for applicability to the other con
cept (see Ortony's, 1979, ideas about "attempted predication" 
and Clement & Gentner's, l 991, discussion of the "carryover" 
of properties in the domain of analogy). For example, having 
focused on the fact that England is noted for its soccer teams, 
one might recall that the United States recently qualified for 
and played in the World Cup soccer match in Italy. Having 
thought about basketball in the United States, one may be un
able to retrieve any information about basketball in England. 
Nonetheless, rather than treating this information as a mis
matching property, one might infer that it is very likely that 
basketball is played in England, in which case the difference 
becomes converted into a similarity (and perhaps, as well, a 
difference in terms of the prominence ofbasketball as a sport). 

The idea that the comparison of two entities constrains the 
properties activated (and inferred) ought to extend to percep
tual as well as conceptual stimuli. At the level at which features 
are commonly described, features may not be instantiated in an 
all-or-none manner. Whether or not one decides that an object 
is red may depend on what it is being compared with. Finally, 
one might expect that when similarity comparisons are stated 
directionally, as in A is similar to B, properties of the B term 
will receive more weight as candidate inferences than proper
ties of the A term. This would follow from the idea that similar
ity comparisons are, at least in part, informative assertions. 
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Alignment and Structure 

In models in which similarity involves some function of 
matching and mismatching properties, implicitly there must be 
some process that brings properties into correspondence. We 
refer to the process by which entities associated with the object 
of comparison are put into correspondence as alignment. A 
cornerstone of our thesis is that the alignment process needs to 
be considered explicitly and that it is not trivial. 

We begin with a simple example. Suppose that Person I has a 
striped shirt and that Person 2 has both a striped shirt and 
striped pants. If one allows striped to be a feature, does one 
count just one match or two? If one decides to count just one 
match, then would Person 3, with a plain shirt and striped 
pants, also have one match on the feature striped when com
pared with Person I? If so, would the match count exactly the 
same as a striped shirt match? 

Now make the situation slightly more complicated. Person 1 
has on a black and white striped shirt and red and green check
ered pants, and Person 2 has on a black and white checkered 
shirt and red and green striped pants (any resemblance to actual 
people is strictly coincidental). Is one allowed to count both the 
red and green matches and the striped and checkered matches, 
or does a commitment to one exclude the other? That is, if one 
aligns striped with striped, does one get a mismatch for colors? 
Implicit in this example is the idea that structure and global 
consistency, rather than simple local matches, may be impor
tant in the process of determining similarity. 

We suggest that the alignment process for similarity may be 
roughly the same as the process of structural alignment in ana
logical mapping (Falkenhainer, Forbus, & Gentner, 1990; 
Gentner, 1983, 1989; A. B. Markman & Gentner, 1991 ). For 
example, in Falkenhainer et al:s (1990) structure-mapping en
gine (SME), an initial large, mutually inconsistent set of local 
feature matches is coalesced into global matches by imposing 
the constraint of structural consistency: one-to-one correspon
dences and consistent relational bindings. These globally con
sistent mappings constitute the possible interpretations of the 
comparison. The degree of match under a given interpretation 
depends not only on the number of matches but also on the 
structure of the common system (how deep, cohesive, and so 
forth; Forbus & Gentner, 1989). Matching features get more 
credit if they belong to larger connected systems (Clement & 
Gentner, 1991 ), and some nonmatching local correspondences 
will be accepted if justified by the common matching system. 
The net effect is to promote common systems pf intercon
nected knowledge. 

One implication of modeling similarity as alignment of con
nected structure is that (as discussed earlier) features of one 
domain may be hypothesized to be present in the other. For 
example, SME, as its final step, proposes candidate inferences 
that follow from the interpretation; predicates that belong to 
the common system in the base representation but that are not 
(yet) present in the target representation. 

We have dealt extensively with the details of the alignment 
process for similarity in other articles (Gentner, 1989; Gold
stone & Medin, in press; A. B. Markman & Gentner, 1991). 
Related models of the alignment process for analogy have also 
been proposed by Holyoak and Thagard (1989) and Hofstadter, 

Mitchell, and French (l 987). For now, we wish chiefly to em
phasize that alignment is a crucial aspect of the similarity com
parison process and that it must operate over systems of inter
connected features. 

Summary and Implications 

Our framework can be briefly summarized. First, similarity 
comparisons involve bringing aspects of the entities into corre· 
spondence. This alignment process is dynamic and is driven by 
multiple (global) constraint satisfaction rather than simply find
ing the best local matches in a piecewise manner. A further 
point is that just what gets aligned is not fixed a priori but 
depends on the particular comparison. Furthermore, the re
sults of the alignment process are weighted so as to favor the 
"best" alignments. Most important, the entities being com
pared mutually constrain the features that are acti'lated or in
ferred. Finally, comparisons may be directional and informa
tive. 

Shanon (1988) bas also argued that similarity judgments in
volve constructive processes. He suggested that rather than sim
ilarity being determined by features, the features are them
selves fixed by the similarity comparison. Although he pre
sented no empirical data, Shanon offered the compelling 
example of aunts examining their newborn nephew. "Each 
Aunt sees in the baby facial features resembling one of her an
cestors. The same face will be associated with different features 
depending on which other faces it is being compared with" 
(Shanon, 1988, p. 311 ). That is, just what features the baby's 
face "has" will vary with the comparison. 

So far, our theoretical framework far outruns any data that 
would reinforce it. The next section aims to simultaneously 
redress this imbalance and to provide further observations 
bearing on the issue of how aspects associated with the compari
son process may determine respects. 

RESPECTS ASSOCIATED WITH THE 
COMPARISON PROCESS 

The fact that respects can vary does not mean that similarity 
is slippery. We begin this section with some examples from 
Tversky's work in which respects are fixed by processes specific 
to the similarity judgment. Then we describe several new ex
periments bearing on the framework we have outlined. Finally, 
we consider the implications of this process orientation. 

Context Effects 

Diagnosticity 

Tversky's (1977) diagnosticity hypothesis is that properties 
that are useful for grouping or categorization become more 
salient and consequently exert greater influence on similarity 
judgments. This hypothesis implies that grouping will affect 
similarity. To test the diagnosticity principle, Tversky (1977; see 
also Tversky & Gati, 1978) collected sortings from one group of 
participants and then used the same stimulus sets to collect 
similarity judgments from a separate group of participants. In 
one study, the stimuli were names of countries. Given the set 
consisting of Austria, Sweden, Poland, and Hungary. people 
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tended to put Austria and Sweden in one group and Poland and 
Hungary in the other. Given the set consisting of Austria, Swe
den, Norway, and Hungary, people partitioned it into Sweden 
and Norway versus Austria and Hungary. This sets the stage for 
the test of the diagnosticity hypothesis. Participants in the simi
larity task had to choose which of Sweden, Poland, and Hun
gary was most similar to Austria or which of Sweden, Norway, 
and Hungary was most similar to Austria. The idea was that 
participants would implicitly group Sweden and Austria in the 
first case and Sweden and Norway in the second set. For the 
first set, Sweden was picked as most similar to Austria 49% of 
the time, compared with 36% for Hungary. In the second set, 
however, Sweden was picked only 14% of the time, compared 
with 60% for Hungary. That is, whether the third choice was 
Poland or Norway had a very large influence on whether Swe
den or Hungary was seen as most similar to Austria. 

The diagnosticity principle nicely accounts for the results 
just described. When Poland is part of the choice context, the 
natural grouping is in terms of political system (communist vs. 
noncommunist, at the time the study was conducted) and Aus
tria and Sweden share the property of being democracies. 
When Norway is part of the choice context, geographical loca
tion becomes a more natural way of grouping, and Austria and 
Hungary share geographical proximity. That is, the similarities 
change in a manner that can be predicted by the grouping data. 
In short, although similarity is not independent of the choice 
set, it shifts in a systematic manner with context. 

Extension Effect 

The extension effect is conceptually related to the diagnosti
city principle. The basic idea is that properties that are shared 
by all entities in some context have no diagnostic value, in the 
sense that they cannot be used to partition the set into (sub)cate
gories. When the context is extended or broadened to include 
entities that do not share these common properties, these prop
erties will acquire diagnostic value and become more salient. 
Therefore, the perceived similarity of two entities in the origi
nal context should be less than their perceived similarity in an 
extended context. For example, the perceived similarity ofltaly 
and Switzerland is less in the context of other European coun
tries than in a context that includes both European and Ameri
can countries, even when one controls for response scale effects 
associated with people's tendency to produce the same average 
rating for any set of comparisons (Tversky, 1977). 

Comparison and Respects 

The comparison framework assumes that similarity assess
ment is a dynamic, context-specific process that determines the 
appropriate alignment of entities. That is, similarity compari
son is less a computation over some feature space than it is a 
search process. We begin by describing two recent experiments 
that examined the role of the comparison process in feature 
activation and interpretation. 

Experiment 1: Ambiguity and Context-Specific Features 

According to the general framework we have been discuss
ing, activated properties of one entity in a comparison are evalu-

ated as candidate properties of the other entity. In the first 
experiment, participants were asked to compare a Stimulus B 
either with stimulus A alone or with Stimulus C alone. The 
stimuli were visual forms like those shown in Figure l . Partici
pants were asked to list common and distinctive properties in 
each comparison. Our aim was to show that the properties 
attributed to Stimulus B depend on whether it is being com
pared with A or C. In particular, the stimuli were constructed 
with the idea that a property attributed to B in an A-B compari
son might be incompatible with a property attributed to B in its 
corresponding B-C comparison. For example, for the third trip
let in Figure l, B might be said to be three-dimensional when 
compared with A but two-dimensional when compared with C. 

Method 

Subjects. Twenty-four University of Michigan undergraduates par
ticipated in this experiment in partial fulfillment of a course require
ment. Subjects were prescreened to have at least minimal familiarity 
with typing, but no subject failed to pass the prescreening. 

Materials. Twenty-one picture triplets were created using a Macin
tosh computer graphics program. Eight representative triplets are 
shown in Figures I and 2. There were two types of triplets: ambiguous 
and nonambiguous feature triplets. Seventeen ambiguous triplets were 
created. Ambiguous triplets were constructed by first creating a pic
ture (the B pictures in Figure I) with two possible interpretations. For 
example, Picture B in the top row of Figure I can be interpreted as 
possessing three or four prongs, depending on whether the right-most 
protrusion is considered to be part of the base or a prong. Second, the 
other two pictures of a triple, A and C, were constructed so as to em
body each of the two interpretations of B. For example, Picture A 
unambiguously represents a three-pronged object, whereas Picture C 
clearly possesses four prongs. 

The ambiguous interpretations of B were chosen to be mutually ex
clusive, either directly or indirectly. Picture B from the first row of 
Figure I has direct mutually exclusive interpretations. It is impossible 
for an object to simultaneously possess three and four prongs. Picture 
B from the second row of Figure I has indirectly mutually exclusive 
interpretations. Although there is nothing logically impossible about 
being square shaped and being pincherlike, the two interpretations are 
not simultaneously possible in the particular instantiation of Figure I. 
IfB is seen as having a pincherlike component, then there is no hidden 
line behind the circle; ifB is seen as having a square component, then 
there is a hidden line behind the circle. These two interpretations ofB 
are mutually exclusive because they require properties that cannot 
occur simultaneously. 

The A and C pictures for ambiguous sets were designed to (a) be fairly 
similar to B, (b) clearly reflect the two opposite interpretations of B, 
and (c) be approximately equally similar to B. The 17 sets were quite 
distinctive from each other, possessing different amounts of shading, 
different shapes, and different ambiguous features. 

Of the 21 picture triplets, 4 belonged to the µnambiguous set. The B 
pictures for the unambiguous sets were designed to have at least two 
critical features. One of these features was present in the A but not the 
C picture, and the other feature was present in the C but not the A 
picture. In the top row of Figure 2, B's peaks are at uneven heights 
(jagged). C shares this feature; A does not. B has three peaks. A also 
has three peaks, whereas Chas four. The critical features were designed 
to be (a) perceptually nonambiguous, (b) reasonably salient, and (c) 
easily expressible in English. The unambiguous stimuli were included 
to provide an index of the listing of common and distinctive features in 
the absence of ambiguity. 

Procedure. The subjects were instructed that they would see 21 
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~ ~ 
8ondCohen>0 ~ A and B Share: Four prongs 
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A and B Share: 
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A and B Differ: B's circle is 
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B 
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A and B Differ: Octagons with lines 
B is tilted inside 

B and C differ: 
B is larger 

A B c 

&
A and B Share: Band C share: 

two triangles 9/V\. Two triangles with "'S:"7_ 
with line above third inverted Af\.VV ~A 

A and B Differ: triangle / V~ 
B's line is B and C differ: 

A straight B B's inverted triangle c 
is connected to others 

Figure 1. Representative stimuli from Set I of Experiment I. (A and C's 
interpretations are "carried over" to B.) 

pairs of pictures and that they were to type in the similarities and 
differences between the pairs. They were given a sample -pair of a 
T-shaped object (A) and a T-shaped object with a tilted top bar (B). 
They were told that for similarities, they might list "Both have two 
lines. Both look like Ts. Both have a vertical line." F~r differences, they 
were told that possible differences might include "B's top bar is tilted 
upward on the right end. B looks like a children's slide. J\s lines form a 
right angle." 

On each of the 21 presentations, subjects saw one picture on the 
upper-left side of a Macintosh SE/30 screen and one picture on the 
upper-right side. There was a separate window in the bottom half of 
the screen for subjects to type in and edit their descriptions (using the 
delete key). For each pair, subjects were asked to list the similarities 
("List the features that the pairs share") and the differences ("List the 
features that the pairs differ on"). Subjects were not constrained to list 
a certain number of features for each pair. Instead, they were in
structed to type "END" when they were finished typing in features for 
a particular comparison. Whether they were asked to list similarities 
or differences first was randomized. 

On each trial, subjects saw two pictures from a given triplet set. 
Subjects either saw Pictures A and B or Pictures B and C. Pictures A 
and C were displayed on the left side, whereas Picture B was always 
shown on the right side. For each of the 21 picture triplets, either A and 
B were displayed or Band C were displayed, but never both. Whether a 
given subject saw A or C was randomized. The pictures were approxi
mately 3 cm x 3 cm and were separated from each other by 3 cm. The 

letter A was placed below the left object; the letter B was placed below 
the right object. These letters were provided to facilitate subjects' refer
ence to the objects. The order of presentation of the 21 triplets was 
randomized. 

Results 

Scoring. The primary data of interest involve the number of 
times properties are listed of B that are true of A and C, as a 
function of whether B has been paired with A or C. Figure 1 
illustrates the possible types of properties that could be listed 
for the last triplet of Figure 1. 

The ambiguous item B may be interpreted in a manner that is 
consistent with its comparison object. When B is compared 
with A, J\s unambiguous property of"a line crossing two trian
gles" may be carried across and used to describe B. Similarly, 
C's unambiguous property of"three triangles" can be applied 
to B when they are paired. Interpretations of B that are consis
tent with its comparison item also are possible when subjects 
list distinctive features. If subjects cite "B's line is straighter 
than J\s" as a difference between A and B, then B is still being 
interpreted as having a line connecting two triangles (like A) 
and not as having three triangles (like C). The similarities and 
differences that are listed in Figure I show representative sub-
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B ... o;g -· CF ................. '"' "' A B's srNlll shape is on top B c 

Fipw 1. Stimuli f'rom Set 2 of Experiment I. (A and Cs iDterpretalions an: contnstcd with B's.) 

jcct responses; all of these descriptions indicate interpretations 
of B that arc biased toward its comparison object. 

Figure I also shows interpretations of B that arc taken as 
evidence that its description is not biased toward its compari
son item. It subjects respond that •Both B and C baYe (at least) 
t'NO triuales. .. then B\ dacription is not biased toward Cs; in 
fact. tbe delc1 iptioo indicates that B is interpRted u poae11-

iD1 only two triaqles (like A). It a subject pa tbe desaipcion 
.. B bas one illOR triaqle than A." then this is also clear evi
dcoce tblt B ii beina iDtaprcted a sbowina tbree trianates (like 
C} and not M two triansJes with a 1p1nniq line. 

2-0," and "two venus three triangles," respective~ For the un
ambi&uous triads, there were two critical dimensions: one for 
the feature that A and B shared that C did not, and one for the 
feature that B and C shared that A did not. 

In sbon,. CID be iDtaprcted in a ~"1rlor 
compari.ton-incoruUld m•nncr To determiae tbe pndomi
naace or tbae two metbodl a iDrierprctiq tbe B 11am, tbe 
ratures listed iJr tbe 21 triads were analyzed. For tbia purpoae, 
only subject aapomes iJrc:ertain cri1icaJ dimensioaa were tabu
lated. For tbe ambipous triads. there was a siltlle critical di
IDCDlion cocaespoodiq 10 tbe dimension on which B wa am
hi,uou. and OD which A and C bad mutually adusM wJues. 
For tbe bar triplets in F'cme 1, tbe c:rilical dimemioQs were 
.. three versus tour pronp, • .. piocber vmus square," "'J.D ~ 

The values of the critical dimension were classified as .. based 
OD a property of K' or .. based on a property of c: The descris>
tion •both have tbree pronp" fbr tbe top triplet in Figure I 
would be classified U based OD a property of A. The descrQ>
tioD .. B's riabt-most 6nger is warpec1• would be classilied as 
bued OD. property ofC because tbe description implies that B 
is. lbur-iqered object and tbia pioperty is unambipously 
true ofC. The cafelOries rd'er 10 tbe pioperties used 10 interpret 
a For ewry m.s. tbe 12 mbjec:ts w11o receiYed >r11 pain and 
tbe 12 subjec:ts wbo receiYed C~ pain were dus;W into one 
of tbe two ~ It a subject did not menlion tbe critical 
Pl~ be OI' she WU not placed into either catep) 

A judp raled acb description M hued OD a property of A. 
hued on a property ofC. or .. unsure. .. Because the judac evalu· 
lled only descriplions that were bued on tbe critical dimen
sion, she wu bi&bly confident in ber classifications and ~ 
used the unsure catep)t Descriptions labeled unsure were not 



264 D MEDIN, R. GOLDSTONE. AND D GENTNER 

included in the data analysis. The judae was not informed of 
the experimenter's hypothesis; and a random sample of the 
judae's answm was checked by a second jud&e. The correlation 
between the two judges exceeded .90. 

Propmy /istingl. Descriptions based OD a property of C 
when C was praent and descriptions based on a property of A 
when A was present were combin«I and classified as compari
son-consistent properties. Descriptions based on a property of 
C when A was present and descriptions based on a property of 
A when C WIS present were combined under comparison-in
consistent properties. For the ambipous triads, the averaac 
number of comparison-c:onsistent properties was IS.7S. This 
tipre is sipibntJy paler than the averaae of 4.86 compari
son-inconsistent properties, paired l(l 6) • 9.42, p < .00 I. For l S 
of tbe 16 ambipous triads, tbe comparisoa-consisteot proper
ties were more prevalent than tbe comparison-inconsistent 
properties. F'iaure I shows typical properties that are listed for 
similarities and differences. As an example, fOr the: bottom 
triad of F'11Ure l, many pedple list .. Two triangles w1th line 
above" for B when it is paired with A, but no one lists this as a 
property that distinauisbes between B and C. Alternativel)4 
many people list '"Inverted third triangle between two trian
gles" as a property of B when it is paired with C, but nobody 
gives the "inverted third triangle" as grounds for distinguishing 
between A and a 

One alterna!e interpretation of the data is that (a) similarities 
are more likely to be listed than differences, (b) comparison
consistent properties are more likely to be listed as shared fea
tures than as distinctive features. and (c) these points alone 
account for the relative predominance or comparison-c:onsis
tent properties. Sipificantly more similarities were listed than 
differences. paired l(23) • 1.9, p < .OS. The average number of 
features listed as shared between two plctures was 2.S; the IMI'· 
age number of ditf'erenccs listed was 1.9. Ahhough there were 
somewhat more properties listed for similarities than ditf'er
ences, the relative predominance of comparison-consistent 
properties is found even for tbe .. ditf'erent" property listings. 
Just considerina tbe listing of different properties, compari
son-inconsistent properties were given an average of 4. 76 times 
and comparison-consistent properties were listed 7 .20 times. 
paired l(l6) • 3.43, p • .003. Thus, for example, people often 
list "Right-most prong is warped in B" as a difference between 
Band C in the top triad ofF'JIUl'C I, Jivina Ban interpretation 
that is consistent with C's property of having four pronp. 

A very different pattern of results was found for the unam
bipaous triads. On these triads, tbe compmisoo-coasistent de
scription WIS listed an averaae of 6.2S times, whereas tbe com
parison-inconsistent description was listed an averaac of 19 .2S 
times. paired 1(3) • -s.,., p < .001. All bu of tbe unam
biauous triads yielded more companso.inc:onsistent descrip
tions than comparison-consistent descriptions. Rousb1J4 wbea 
pracmed with A and B, people list lban:d Ploperiies tblt ue 
also shared by C; people list diatinctiw: popertics of A and a 
that B shares with C. F'ipre 2 shows typical buns tMI ue 
listed by subjects. For example, in the third triad. people sel
dom list "U-shape formation" as a shared pcopetty of A and 8, 
even tbouah they reau1arlY list it as a property ofB when distin
auishina it from C. The result fOr the unambipous stimuli is 
consisteni wdb other evideDc:e that suuesu tMldiatiactM fa-

tures are more prominent than common features with pictorial 
stimuli (Gali il 1Vmky, 1984). Comparison-inconsistent fea.. 
tures are disti~ features and comparison-consistent fea
tures are common features. 

Addilional obs6Vations. One other lindina, not directly 
tested for but clearly present in the data, was the relative pre
dominance of metapbon in similarity versus difference list
ings. Foreacb biad, the number of unique metaphon was tabu
lated for similarity and ditf'erenc:e listinp. A unique metaphor 
was dclined as any nonliteral term that was listed as a similarity 
but not a difference or as a ditf'erenc:e but not a similarit)' Thus, 
listing as a shared feature for A and Bin the top triad ofF'igure I 
.. Both look like combs" would be catqorized as a metaphor. A 
liberal criterion for metaphoricity was used. Only unique meta
pbon were counted because these tended to be unusual and 
uncontroversially metaphorical. Thus, .. Both have three 
pronas" was not considered, because prongs was mentioned at 
least once in the Ii.stings ofall 24 subjects as a similarity and a 
difference. 

An ~of 4.86 unique metaphors per triad was found in 
the similarity listings. The ~ number of unique meta
phors found in difference listings was sip.i&cantly less (0.90), 
paired 1(20) • 3.66, p < .002. For 20 of 22 triads. there were 
more unique metaphors found in similarities listings than in 
difference listings (of the 2 exceptions, I was an ambiguous 
triad and the other was an unambiauous triad). Althouah it is 
true that there were slightly more properties listed as similari
ties than ditf'erences (60.0 vs. 45.6 features per triad), this dif
ference is not close to the fivefold increase in metaphorical 
properties when switching from listing different properties to 
listing similar propenies. As an example of the effect, consider 
the first triad of Fiaure I , where 1 S mentions of forks. teeth. 
combs. valleys. and hairs were recorded when subjects were 
asked to find the similarities between B and either A or C. The 
only metaphors given when subjects were asked to list differ
ences were hands, prongs. and fingers. none of which is a 
unique metaphor. 

Discussion 

These results are consistent with the proposal that the inter
pretation of ambiauous stimuli (8 pictures) is based on proper
ties borro~ from the unambiauous stimuli with which they 
are compared. If the properties attributed to B were indepen
dent of its comparison picture, then comparison-inconsistent 
properties sbouJd be as commonly I.isled u comparisoo-consiJ. 
teat properties. The fact that A and C bias B's interpretation in 
mutually exclusive directions speaks apinst the possibility that 
B bas properties associated wdb both A and C and that proper
tiesare listed thatare consonant with tbe uoambiauouscompar
iion item. Sucb a claim would require tbe top triad off"llUR I\ 
• to bawe tbe pn>perties .... three proap• and .... l>ur 
proap.• Tbe point is that tbe 6pre may support mutually 
exclusive interpretations. 

Note that tbe results with unbipous stimuli are directly op
posite of those in which tbe features for stimulus B are unam
biauous (Figure 2). Unambiauous features of B are more likely 
to be mentioned when they differ from those of tbe comparison 
stimulus than when they malCb iL This result is consistent with 
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Gali and 1\'ersky's (1984) evidence that distinctive features are 
weiahted more heavily than common features i>r visual stimuli. 

Other experiments have shown an influence of context on 
the represenwion of ambiauous shapes. .Carmichael, Hopn. 
and Walter (1932) demonstrated that draw.inp are recalled so as 
to be consistent with their accompanyina label. Selfiidae (l 9S9) 
showed that a shape halfway between an A and an H is inter
preted u an A wben surrounded by C and T and u an H wben 
surrounded by T and E. Tbe current results dift'er fiom these 
findinp in two ways. rll'St. our subjects were not led to believe 
that tbe objects came fiom tbe same class or referred to tbe 
same thiq. Our subjecu listed both common and distinctive 
features of tbe object pain. Still. they were biased to interpret 
tbe objects IO 11 to hi&hliaht their commonalities. Second, our 
results show that context effects extend to contexts defined by 
comperison items and have opposite effects dependina on the 
clarity-ambiauit of an object. 

h is not dear euc:tJy what to make of the observation that 
metapbon wen: 6vc times u likely to be mentioned for similari
ties u i>r dilCtences. One possibility is that ditl'emlces are 
derivllM of similarities (lee also A. 8. Martcman cl Gentner, 
1991 ). For example, one miaht noce that a red circle and an 
oranae circle are both circles and both colored and then de
scribe tbe speci6c colors u differences. If dilFerences tend to 
be derivative of(aliped) similarities, then tbe features listed for 
dilFerences will tend to be more specific and. less abstract than 
those listed for similarities. The relative prominence of meta
phon for similarities would just be a specific instance of the 
general tendency tOr similarities to be more abstract than dif
ferences. 

In any event, this experiment provides a clear demonstration 
that tbe properties or features of an object depend on what it is 
beina compared with, even to the extreme in which the proper
ties attributed to it in one context conflict with properties anri~ 
uted to it in another context. We turn now to a further context 
effect. in this cue with conceptual stimuli. 

Experimenl 2: Context and Asymmetries 
The principle that properties activated for one entity of a 

comparison are evaluated with respect to tbe other entity 
should be especially true for conceptual entities that are richly 
structured. h seems likely in such cases that only a subset of the 
associated ini>rmation enten into a comparison (nail tbe ear
lier eumple o( tbe United States and Enaland). The present 
experiment attempted to provide evidence supportina this con
jec:ture by exploitina the potential uymmetry or comparisons. 
The idea is that properties of tbe bae or standard are more 
likely to become activated than properties of tbe taqet. This 
leads to.the predic:tion tba the common ptopaties associated 
with a similarity c:ompuison di&r dependina on the direction 
of the compuilon (tee also Gluclabera cl Keysar, 1990; Ortoa3' ·. 
1979). ID particular, the common ptopenia lilted when A IDcl 
B ~ beina compared miaht be more c:lolcl)' ISIOCiated with B 
when A ia beina compared with B IDcl man c:bely laOCiated 
with A when B is beina compared with A. 

Method 
5llb}ftu 11l.irty-U UnMnity ofMicbipn underpaduates partjc

i)Jllled in this experiment in panial filHlUment of a c:oune ~ 
meat. 

MallriaJs. Tbc 11 pain of words listed in Table I wen: used as 
mat.eriaJs. The word pain were chosen IO sample a variety of domains, 
to be fairly simi tar, .~ to .have a variety of salience dift'emJces. Some 
words we~ relatively similar in their salience (,squirms and mice) and 
some bad a relatively laqe salience imbaJance (for our participants, 
Uni/Id Slam was likely to be 1bOR salient than England). 

Pruc«iutt. Subjects were presented with a seven-pqe booklet, 
eacb paae containina three pain of words. Subjects were iostruc:ted to 
(a) rate, oa a 2~poiat scale ran&ina from "°' similar al all (l) to highly 
similar(20), the similarity oftbe words, and (b) list the features that the 
two words bad in common. They wen: told to list as many similarities 
u they could, without spendina more than I min on any word pair. The 
word pain wen: displayed in the form MHow similar is X IO Y1"' fol
lowed by the statement '"Consider Y. List the properties that X has in 
common with v:' Eiabteen subjects received booklets that bad Mx~ 
&lied in with the left words ill Table 1 and Mr &lied in with the riabt 
words. The other 18 subjects received booklets with the opposite as
sipments. 

Apprmimat.ely 12 cm of white space was left between word pain for 
subjects to write down their properties. The order or the pases (except 
the 6nt) was randomized. Subjects took approximately 20 min to 
complete the booklet. 

Results 

Scoring. All feature listings were transcribed into a com
puter spread sheet, randomized, and given to two naive judges 
to score. They were given the word pain and instructed to place 
each feature that was listed by a subject into one of the follow
ing five categories: (a) equally applicable to both concepts, (b) 
biased toward the meanin& of the left concept, (c) biased toward 
the meaning of the right concept, (d) true of the left concept and 
not true of the right concept, or (e) true of the right concept and 
not true of the left concept. 

Judges were told that the second and third cateaories were to 
be used if tbe feature was true of both words but seemed more 
appropriate for or applicable to one of the words. For example, 
the feature Mbotb are scientists" is true of Einstein and Frank
lin. but both judges decided that the feature was more appn> 

Table l 
J.Jbrd Pain and Similarity Ratings: ExperimenJ 2 

X,Y 
Similarity 
ofX to Y 

12.14 
9.14 

l l.16 
5.00 

10.14 
5.53 
9.79 

12.ll 
1.37 
7.11 

11..26 
12.61 
1.16 

10.37 
11.16 
11.21 
8.42 

. Similarity 
ofY to X 

11.'40 
8.77 

11.88 
6.12 

11.94 
5.65 

10.94 
11.35 
7.47 
7.47 

11.63 
15.13 
7.94 

11.24 
12.94 
10.39 
7.50 
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priate to Einstein. Simi~ •eaien at movie tbeatRs" WIS 

judged to be more appropriate to popcorn than chocolate ban, 
and .. aids digestion" was jud&ed to be more appropriate to 
prunes than apples. The fbur1b and 6fth c:aieaories were re
~ i>r clcar<Ut ~ in which a feature was true. for only 
one oftbe words. For ex.ample. the feature .. both fAmous Ameri
cus" was rated by the judaes to be trUe of Beqjamio Franklin 
but not Albert Einstein. · 

R.alini. A pand 10taJ of 2,103 futures was listed by the 
subjects, countina each token separate~ In this ftni analysis, 
no attempt was made to IJOUP similar descriptions tosetJ>er. 
The two judaes qr'Ced on 87'- of their assi&nments of these 
features to tbe ratin1 categories. The judaes' responses were 
then collapsed into three catqories, depcndina on whether the 
feature was biased toward neither word, toward the base word 
(Yin •ffow similar is X to Y1"'). or toward the taraet word. 
Judae I rated 432 f'eatures u biased toward tbe base, 377 as 
biased toward tbe taqet. And 1,294 as equal or neutral. Judge 2 
rated 413 features IS biased towl..'"Ci the base, 363 IS biased 
toward tbe tarp:t, and 1,327 as equ;a.L For both judges, tbe num
ber of features biased toward the base was (marainally) signifi
cantly pater than the number of features listed that were 
biased toward the taract (Judae I: sign test Z • 1.88, two-tailed 
p• .06; Judae 2: Z• l.79. two-tailed p• .073). lfonly features 
are used for which the two jud&es pve the same code, then the 
number of second {~ word biased features is significantly 
greater than tbe number of ftnt (taraet) word biased features 
(368 vs. 312; Z • 2.16, two-tailed p < .OS). An example of the 
bias is as follows: Subjects are more likely to mention the proJ>
erty .. both are found on farms" when asked .. How similar are 
dogs to cowf!" than when asked "How similar are cows to 
dop?" 

This asymmetry also :-eid for an analysis of tokens rau:er 
than types. To creare equivalence classes, a tr: ,-d judge grouped 
the 2, I 03 descriptions into semantically sim.; · .u groups, result
in1 in 33S c:ateaories. I.( CMr 1S'- of the descnptions ofa cate
gory were judpd to be biased toward one comparison word's 
meanina, then tbe catqory was considered to be biased toward 
the word. Final~ the judae determined wt-.ether the category 
was more often iavobd in descriptions when lhe word that the 
categ0ry was biased toward was in tbe base or the taraet. As an 
example, subjects were more likely to refer to tbe category 
.. both make a lot of money" (which included descriptions such 
as .. both earn a good livina" and '"both are ricbj when asked to 
com~ ensineen with doctors rather than docton with en&i
neen. Overall, cateaories were more frequently iDYObd when 
the biaed 'lllQd was in the base position (binomi&J Z • 1.91. 
P< .05). 

The fourtb and 6ftb cateaories were ~ only 30 times by 
Judge I and 19 times by Judie 2. Altbou~~1 the results are in the 
direc:tioa of fiM>rin& tbe bae, DO Ap1Dcaat difbences are 
oblened between tbe tmc QI cases b JudlC I and 10 b Judie 
2) and Wiil concept (ll ~ b.,. l and 9 b ""* 2) 
himina if only tbae codes are comidered. 

Similaril)' jrM/prlnu. Altbouib asymmetries in similarity 
judgments were not the i>cus of this study, the ratinas are sum
marized in Table I. The average absolute difrerace in ratiap 
for a pair was 0.96. which is roqhly oftbe mapitude observed 
by Tvenky and Olli (1978). 

One other analysis was conducted that was inspired by casual 
observation of the data. Most of the subjects completed the 
booklet in pen. It was noticed ~ there were a number of 
crossed-out ratings: ratings that were written by subjects and 
then crossed out and. repl~ by another rating. There were 34 
such crossed-out ratinas in total. In 22 of these cases, the 
crossed-out rating was replaced by a higher rating (e.g.. .. ,.. was 
crossed out and replaced with "8"). ID 12 cases., the crossed-out 
ratiq was replaced by a lower ratios. This marginally si&nifi
cant difference (sian test Z • I. 71, two-tailed p • .088) is consis
tent with tbe hypothesis that siinilarity ratinas reflect an active 
process of searc:hina for commonalities. Oriainally low ratings 
may be raised as subjects discoo;er new features shared by tbe 
words. 

Discussion 
The results support tbe prediction that the properties may be 

more closely associated with one concept than another and that 
the common properties activated for a similarity comparison 
depend on the direction of the comparison. Note that this 
asymmetry requires two things to be true: that activated proper
ties of one concept are evaluated with respect to tbe other con
cept and that the activation is biased toward the base concept. 
Therefore, the magnitude of the second process may represent a 
seriou~ underestimate of the likelihood of the first process. An 
cur.; - ~ may serve to underline this observation. We have in
forma. :y asked a number of people to list numerous properties 
of candy bars, and no one bas said that one property is that 
people can buy them in movie theaters. However, thai is f.lr and 
away the most frequently mentioned common property when 
people are asked to compare candy bats and popcorn. This 
particular property did not, however, yield an asymmetry, be
cause it was very likely to be mentioned reprdless of the direc
tion of the comparison. 

A critic might properly note that we used a Wrly strong exper
imental manipui.tion aimed at asymmetries. In addition to the 
directional comparuons, we explicitly asked participants to 
focus on the base term before beainnina to list common fea
tures. We believe our experimental stratqy is justified as a test 
of the idea that (common) features may vary with respect to 
bow closely they are associated with different concepts. That is, 
if common features for comparisons are equally true or equally 
linked with both entities, then our "strona" experimental ma
nipulation would not have suc:ceeded. ID follow-up work by 
Cynthia Aauilar, Evan Heit, and Doqias L Medin. partici
puts were simply asked to list common and distinctive features 
(with DO instruction to consider the bue term), and consistent 
asymmetries or common features lilvorina the base term were 
fbund. 

Tbe results support two CODclusions in reprd to similarity 
~One is that tbe commoa faauresoftwocoocepu 
may di&r •• ftlnctioa or tbe diret:doa or. comparison, and 
the -.:oad is that the di&rence ii in the direction of &Mxina 
properties that are more dmeJy associated with tbe base or 
pound of a comparison than with the tar'll=t- These 6.ndiap 
are consistem with Ortony's (1979) theory of salience imbal
a.nc:e and his analysis of asymmetries of similarity (see also Or· 
tolll' \bndruska, foa. A Jones, 1985). They also fit nicely with 



llESPECTS FOR SlMILAlllTY . 267 

our aeoeral arpment that respects~ fixed by the comparison 
process itself. 

Experimml 3: ConJeXt and Changes in Respects 

To live a similarity ratina,.a subject must implicitly or explic· 
illy decide what levels of similarity c:orrespood to the different 
numeric ratiop. Attbough typically instructed that a rating oft 
means not similar at aJJ and a ratina of9 means hjg/IJy similar, 
subjects must decide what counts as bi&hly similar. Parducci 
(1965) bas persuasivdy arped that tbe entire set of compari
sons determines what ratios a particular comparison will re
ceM:. A moderately similar pair of objects may receive a ratiq 
of 7 in a contat of many biably dissimilar comparisons but a 
ratina of J in a context of biably similar comparisons. 

The third experiment i!Mstipted a more radical context 
sensitivity. ~ suuat that •biabty similar" will depend both 
OD poteDlial contrast comparisons and OD deciding what re
spects are rdevut. Tbe scale used to rate a particular compari
son depends OD tbe c:ompuisoo itself and tbe respects it SUl
psts, and not just tbe other compuisoas. Some evideDce tor 
this poaibility comes from F"tllenbaum and Rapoport'! (1974) 
analysis of Charles Fillmore's similarity ratings of verbs and 
acc:ompanyin& protocol. The researcben reported tbe follow
iq: '1Ftllmore] .iud&a that 'Acquit' is similar to 'Clear' because 
they are .rynonym.r. ~· is similar to 'Convict' because they 
are altm1atives from IM same c/a.s.s, and 'Apologize' is similar to 
'Forsive' because OM htu 1/te other as iU goal (p. 57)." If one 
thinks of similarity ratinp as judaments or-How similar is X to 
Y, with respect to aspects {Z}?'" then the .. with respect to aspectS 
{Z}" clause is not completely determined until the actual com
parison items X and Y are presented. 

In the third experiment, we systematically examined the pos
sibility of comparison-defmed respects by presentina subjec:ts 
with ~ and c:ombinai-conllxt comparisons. In 
the ~ comparisons, stimuli A and B are pre
sented, and stimuli A and C are presented in separate contexts. 
In the combined-context comparisons, both pairs are presented 
in the same context. \\brds are compared with antooymical)J 
metapboricallJ andcatqoricaJlysimilarwords. When tbesepe
rate-context similarity ratinp are contextually separated, they 
can be based on di&reot respects. For example, in antonymic 
comparisons such IS bladl-wbite, there may be I tendency to 
focus OD dift'erences. Caleaorical comparisons (e.&.. ~red) 
may i>c:us OD shared iespec11. By CO~ MJen the p9irs 
appear in tbe same coatat. there may be a tendency b tbe 
same pool of respects to be iDYOMd. In the cue of antonyms, 
this sbould shift lltteDtion to shared respects and boost similar
it)t In the a. of metapbon, the natural respects lbould tend to 
be abl1nd shared Dlura, and tbe combined COlllat may 
bipliahlnriRn•c:bi111P1openies.OveralJ.llllOllymiccompari
SODI lbouJd receM bjper similarity ratinp and metaphoric 
colllPU'ilona Iowa' ratinp in the combined coatat. ldatiYe to 
calepical c:omparisoas. 

Nate tbal the predicted ildaKtion just delcribed di&ra 
from expectations lllOcilted with a ranae:-frequency account of 
c:oDlal elec:ts. Consider amoaymic pmin.. They may receM 
somewhat lower similarity rmnp than do cateaorical compari
sons when presented in ~contexts. Tbe tendency to me 

the full range of the scale may attenuate these differences. In 
tbe combined context, the categorical comparisons should be 
boosted relative to the antonymic comparisons because the full 
ranee of the scale can be used (antonyms will take up the low 
end and categorical comparisons the high end). In general, dif
ferences that appear in the separate-context condition should 
be amplified in the combined-context condition. 

Method 

SMbj«U. ~ Univenity of Michipn underJn,duates par
tici.,.sed in this experiment in partial fulfillment of a c:ounc require
ment. 

Mollrillb. lbirty-ciabt sets of three pbrucs (in most cues. phrases 
were sinale wonls> were comtnacted. Two dil'emlt types of sets wae 
used. 

In lllllOlrYmk seu, the standard phrase is an antonym of one word 
and is catqorically related to the other phrase. 1be sets {sunrise, sun
set. A1Dbea~ and {bUck, white, red} are antoaymic sets. There were 
eiabt sucb tets. 

In 1Mtllp/toriad seu, the standard is metapborically related to one 
word and catepically related to the other phrase. 1be set {sic.in, bait. 
bai1' is a meupborical set. Slcin and bane are metapborically related; 
both are the ouuide COYCrina oflivina objects. Skill and lulir bdona to 
the caiepy body pans. Many of the metaphorically related phrases 
were borrowed from Gentner (1988). There were 30 metaphorical sets. 

Ewnples include {Rolls Royce, champape. \blbwaao~. {Monday, 
January. Sunday}, {sun, liabtbulb, moo~. and {insult, slap, promise}. 

Procttitn. All comparisons were presented on Macintosh com
puters. Subjects saw a comparison for each of the 38 sets of phrases. 
Separated- and combineckoatext comparisons each compased half of 
the trials. For all comparisons. subjects were instructed to rate phrases 
for similarity. Subjects were told, "A ratin& of I means that phrases are 
not similar at all. A ratina of 9 means that the pbrascs are highly simi
lar. Use the numbers 2-8 for intmnediat.e dqrees of sim.ilarit)"' For 
the sepante.coatCJ.t condiboa, two words were shown next to each 
other; one word was the standard word and the other word bdonaed in 
the standard word's translOrmationaJ, antonymic, QI' mctapborical set. 
For combined-coatat comparisons, all three phrases Mre presented 
simultaneously in the form of an isosceles trian&k Subjects rated the 
similarity of the top word 10 the left word and the top word to the right 
word. Subjects were iDltnlC:ted to look a all three words befOre ratina 
the two peirs. 

Subjects receMd one block of c:ombi~ comparisons and 
one block of ume-coatext comparisons. The order of blocks was ran
domized, as was the posibon of the lower words in the combincckon
tat comparisoll. 

Results 

Tbe question of areatest importaoce is whether similarity 
r'llinp vary systemalically with c:oatat. That is, does the simi
larity between a s-ir of words depend on v.betber the words 
were praent.ed in~ plin« in a combined consext? Sev
eral measures indicated tbal tbe presentation contat does in
fluence the similarily of antoaymjc, c:atepical, and metaphor
ical compaisoas. 
~I&. filhtantoaymic sets were presented to SU~ 

jeas. The data sugest that antonyms are judged to be more 
similar to each other in the combined-context comparison than 
in the separate-Context comparison. There is not an equally 
silJ'iPDI efl'ect fbr catepically related phrues. Collapsina 
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ewer the eiaht sets ~ an interaction. For separate.context 
c0mparisons, the standard phrase and its antonym received an 
averar.e similarity rating of 4.S, compared with a rating of S.O 
between the standard and the cateaorically related phrase. 
paired l(7) • 2.47, p <.OS. For combined-context comparisons, 
the averqe standard-antonym rating was 5.5, com.pared with a 
mean standankatqorical rating of5.3 (p > .OS). Tbe interac· 
tion between comparison type and presentation type was signif
icant, F(l, 28) • 4.8, p < .OS. The c:rouoYeJ' interaction was 
primarily caused by the substantial increase in similarity for 
antooymically related phrases when they were jud&ed in the 
context of a c:ateaorically related phrase. For example, blacJc and 
wha received a similarity ratina of 2.2 when presented by 
themselves; this rating increased to 4.0 when block was simuJta.. 
neously compared with whM and mi (fwl only increased 4.2 
to4.9). 

1Wo items produced ratina reYUSals with the cbanae in con
text. The separate-context comparison for one of these items 
was sunrise-sunset• 4.6 and sunrise-sunbeam • 5.2; the com
bineck:ontext comparison MS sunrise-sunset • 6.4 and 
sunrise-sunbeam• S.1. As such, whether sunset or sunbeam is 
more similar to sunrise depends on whether the words are pre
sented in two pairs or sim~ For seven of the ei&ht 
antonymic sets, standatd-antonym similarity increased more 
than standankatqorical similarity in the move from sepa
rate- to combineck:ootext comparisoDL 

Sipificant results were also obtained in analyzing the data 
by classifying subjects. For 49 of63 subjects, the average similar
ity ratinas for the eiaht antonymic sets showed a greater increase 
in standard-antonym similarity than s~orical sim
ilarity when aoin& from separate to combined comparisons. 

Mnaphorical Sd.s. Thirty metaphorical sets were pre
senled. Cateaorically related phrases become more similar to 
one another when they are presented in tbc context of meta· 
pborically relaled phrases. Apin, there was an interaction be
tween comparison and presentation type. For sepante-eontext 
comparisons, the standard pbrue and its metaphor received an 
average similarity rating of 4.4, compared with a rating of 5.0 
between the staodard and the cateaorically related phrase. For 
combineckontext comparisons, the standard-metaphor rating 
was 4.5, compared with a standard-cate&orical rating of 5.8. 
This interaction wassipificant, F(l, 116)• 4.92, p<.05. Asan 
example of this intenctioo, lbr the separate-context compari
son. skin-hair • 4. 7 and skin-bmlt • 6.6; for the combined
cootext compmisoo, skin-hair• S.S and skin-but ... 5.3. Such 
ratina rewnaJs were bmd iJr only two sets; such a revenal 
indicates t.lm wbicb of two concepts ii more similar to a tliird 
depends on the presentation iJrmlt of the comparison. For 20 
of the 30 sets, standankatqorica similarity increased m<>R 

than standard-metaphor similarity when aoina from~ 
to combineckoatat c:omperisom. 

Tbe raultl ... pbrw sets.are suppol'ted by the dU brokm 
down by subjects. Fort)l-l¥e of 63 mbjeds sbowed pater~ 
... to combiDeckoatext similarity incrases lbr catep>rically 
rei.ed pbnaa than iJr metapborically relaled pbrua. 

.Disawion 

Different standards of comparison and diJrerelll respects 
seem to be used depending OD the particular phrases being 

compared. A standard phrase does not seem very similar to its 
antonym when they are compared in isolation because the 
focus is on their dimensional difference. For example. black 
and white seem very different when presented as a separate 
pair. The standard becomes much more similar to the antonym 
when the standard phrase is simultaneously compared with a 
cateaorically related word. Presentin& a black to red compari
son in the same context as the black to white comparison sub
stantially increases the rated similarity of black to white. Our 
interpretation of this effect is that seParate<antext compari
sons use difl'erent standards of similarity and focus on difl'erent 
respects. When antonyms are compared by themselves, the sin
&le difference between them is bi&)ity salient. The properties 
that are shared by the antonyms fall into the baclcgrouad. The 
fact that white and black are at opposite ends of the pay scale is 
particularty salient. 1be r.ct that black and white are both 
monochrome colon on endpoints of the any scale is not as 
salient. This commonality becomes more important when red 
is included in the context. 

For metaphorical sets, the standard phrase seems more simi
lar to a categorically related phrase when it is simultaneously 
compared with a metaphorically related phrase. The ratings for 
metaphorical pairs did not tend to vary with context. Although 
we will not pretend that we expected this exact pattern of re
sults, they are aenerally consistent with our arguments. For a 
metaphorical comparison such as skin venus bark, under
standin& the metaphor involves fixina respects. For metaphors, 
it is not clear what the contrast set would be (presumably, alter
native metaphors involving the same respects), and the compari
son should be less susceptible to contextually suggested alterna
tive respects. For the catego~ comparisons, the three-way 
context may increase the size of the contrast set and highlight 
additional shared respects. Ahhougb the precise interprewion 
of these results is uncertain, it is clear that context produces 
differential effects on antonyms, metaphors, and categorical 
comparisons that can be understood in terms of varying con
trast sets and rcspecu. 

Nonindependence of Feature Weighting 

A recent series of studies by Goldstone, Medin, and Gentner 
(1991) bu indicated that feature weiaJiting is not independent 
of the outcome of the comparison process. An example of their 
stimulus materials is shown in f"ipre 3. Participants were 
shown a standard (T) and dift'erent pairs of alternative stimuli 
and asked to judae which of the alternatives was more similar to 
the standard. For example, A contains the most attributional 
m•cbcs (bianale. circ:le, sbadin&), whereas D contains the most 
relational matches (two &aura with the same shape, all figures 
bDe tbe same sbadin&). Band Care intermediate in both attri
butional and relational matches. 

Note t.lm, as one IDCMS from A and C to B and 0. one 
attributional match (lhadilll) ii mDOYed and one relational 
m.rdl ii added (lame ...,in&). Au1bermore, a one JDOYa 

from A ad B toC and Q one relational match (two fiaures with 
tbe ame lbapet ii added ad one attn"butional match (trianaie 
~is removed. If features are evaluated independently, then 
A should be picked as more similar than C to T to the same 
dqree that B is picked as more similar than D to T (simi~ A 
should be picked over B to the extent that C is picked over D). 
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Figwr J. Sampk stimuli from tbe Goldstone, Medin, and Gentner 
(I 991) experiments. (As one lDO¥eS from A and C to 8 and 0, ID attri
butional match with T is removed [sbadina) and a relational malCb ii 
added [same shad in&). Similarll4 in toilll from A and B to C and O. an 
attributional malCb is(trianaJc) deleted and I rdational mat.ch is (same
shape fiawa) added. From "Relational Similarity and tbe Noninde
pendence of Features iD Similarity Judammu" by R. L Goldstone, 
D. L Medin, and D. Gentner, 1991, CogniJM Pzycha/oo 1J. p. 25'. 
Copyriaht 1991 by Academic Press. Reprinted by ~ 

The resuhs were that people's jud&meots departed systemati
cally from independence. Speci6call% the violations of inde
pendence were in the direction of choosing A and Dover Band 
C on the paired tes1S. Goldstone et al. (1991) referred to this 
tendency as a .. Max .. e&c:t: If the choice stimuli are attribution
ally similar to the standard, then an extra attributional match 
bas more weight than an extra relational match; if the alterna
tives are relationally similar, then an extra relational match bas 
more weight than an extra attributional match. h is u if attri
butes and relations form distinct .. pools .. and shared features 
a1fect similarity more if the pool they are in is already relatively 
tarae. 

The comet interpretation of these Mu eff'ec:ts is not entirely 
clear. One might argue that participants 6nd the judgment task 
to be ambiguous and assume that whichever type of similarity 
is maximized must be what the experimenter bad in mind. An 
equally plausible alternative is that Max effects are directly tied 
to the alignment and comparison process and do not depend 
OD praamabc factors. Wbalever the correct interpretation, it is 
clear that the wei&bt gMn to a puticular match depends OD the 
other matches in the scene. 

Nor are these Max efrec:ts restricted to attributes and rela
tions. f'ipre 4 shows another of a variety of stimulus sets that 
can produce nonindependencc of features. The A. 8, C. and D 
stimuli can match the standard T in either alobal letter form (A 
and T share the ak>baJ letters B and F) or local letter form (q., 
T and B both ha\'e a slobaJ letter constructed &om S's>. Apin, 
participants systematically c:boole both A and 0 u DIOR simi
lar to T than B and C. Tb8t is, ii ia better to muimitt either 
alobal matdles or local matches tho to have a mixture of local 
and pobal matches Other stUdies rcw:aJ similar e&c:ts i:Jr 
shapes versus sbadina. cuned shapes versus stni&bt shapes. 
and witbi• w:nus acros.part matches. TberdOre, the Max 

: principle appears to have some aeneraJit)l 

Alignment 

As we noted earlier, in models in which "similarity involYes 
some function of matchina and mismatchin& properties, im-

plicitly there must be some process that brings properties into 
c:o1 1espoodence.. A c:ornerstone of our thesis is that the alip
ment process needs to be considered explicitly and that it is not 
trivial. . 

A. B. Marlcman and Gentner (1990) have investipted the 
relation between similarity and alignment using scenes such as 
the one shown in f'raure 5. The two women are highly similar 
pe1ceptually, but they play different roles in the scenes. In the 
scene on the left, the woman is the m:ipi4Pu; in the scene on the 
n,ht, the woman is the donor. In this sense. the scenes involve 
croa mappina in that the most natural perceptual correspon
dences conflict with the relational correspondence (Gentner & 
Toupin. 1986). 

In A. B. Markman and Gentner's (1990) stu~ the experi
menter pointed to the cross-mapped object and asked partici
pants to point to the object in the other scene that .. went with• 
the cross-mapped object. One group of participanu was lint 
asked to make similarity judgments and then Pen the map
ping questions, and another poup was asked only the mappin& 
questions. The Jl'OUP that lint made similarity judgments was 
f&r more likely to map accordina to the relational structure 
[from the woman in scene (II) to the squirrel in scene (b) J than 
was the control group. Other control conditions ruled out 
amount of exposure to the materials as the reason for the differ
ence. In short, A. B. Markman and Gentner's study showed that 
similarity judgments involve determining the best global align
ment and are sensitive to relational structure. 

The interactive nature of comparison processes and reason-
ing was nicely described by John Turner (1987): 

The assumption here is that catqOrization and comparison de
pend on each other and neither can exist without t_he ot~ tb_e 
division of stimuli into classes depends upon percel\led s1m11-n
ties and differences (comparative relations), but stimuli can only 
be compared in so far as they ba'<le already been cateaorized u 
identical. alike, or equivalent at some bi&ber leYel of abstraction, 
wbich in tum presupposes a prior proccu of comparison and so 
OIL (p. 46) 

Turner's ideas anticipated the results of further research by 
A. 8. Markman and Gentner(l 991 ), sbowin& the importance of 
alipment in determinina commonalities and ditfeienc:tS. 
They presented participants with pain of concepts varying in 
their similarity and asked them either to list commonalities or 
to list difl'e1eoces between the concepts. As one might expect, 
tbe number of commonalities listed decreased systematically 
as the similarity of the concept pairs decreased. Surprisi~ 
howew:r, the number of difl'erenccs listed did not change at all 
as a function of the similarity of the pair. Subjects listed just as 
many difl'.eaences tor very similar pain as tOr very diflerent 
pain. liowem', as similarity decreased, the nature of the di&r
ences c:hanpd &om what one would call &lip.able differences 
to aonalipable dil"eteuc:es. 

A. B. Markman and Gentner O 991} uped tbla dilielences 
are more easily ..:c e11ed when two ~ncepts are aliped and 
that di.tleieuces often e:meqe out of commonalities. For ex.am
ple, people list as a similarity of houl.J and mot.t/.s ta biably 
similar pail) that one can st.my OYemight in them; then they list 
as a difference that one usually stayS i>r only one ni&bt in a 
motel but tOr multiple nishts in a hotel. The difference is asso
cilled with ID aJiped ~ In C:Ontrut, when c:omparin& 
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FigwT 4. Another set of stimUli that produce Max effects. (A and Dare judged to be more similar to T 
than B or C. That is, two alobal or two local matches are more effective than one local and one &)obal 
match. From ~Rdational Similarity and the Nonindependence of Features in Similarity Judplents" by 
R. L Goldstone. 0 L Medin, and D Gentner, 1991, Cognitive Psychology. 2J. p. 2S S. Copyriaht 1991 by 
Academic Press. lleprioted by permission~ 

motels with a very different concept such as hammers. subjects 
do not tend to list aligned diff'erences but tend to name thinp 
that apply to one item and not the other (e.g.. one can stay in a 
motel but not a hammer and one can bit things with a hammer 
but not a motel). 

Alignment works to fill in respecu: 1\vo scenes are similar 
with respect to features (both attributes and relations) that be
long to matching scene partS. In a separate article (Goldstone & 
Medin, in press), we have dealt extensively with the alignment 
process for similarity comparisons and have described a com
putational model for alignment, SIAM (similarit)4 inieractM 
activation, and mappina). based on inieractM activation of~ 
cal information to achieve ak>bal constraint satisfilction. SIAM 
successfu.lly captwa the ~ contributions of aliped and 
nonaligned matches to simi~ includina the iDcreasiq im
ponance of aliped m'leha 11 procmina time iDc:reasa. 
SIAM his also rec:eMd support iJr a number of other counter· 
intuitiYe pndictioas; iJr nample, SIAM c:orrec:dy predicts tbla 
matcbina noodiapostic features (features shared by all objec:u 
in scenes> inc:reues the cue with which acroswcene mappinp 
are made (see Goldstone, 1991, and Goldstone & Medin, in 
press. b other a•mple!O. 1'bele observ8tioDS underline the 
point tbll wbetba' .. faluft IDllCb between two ICCllCI will 
COWlt II I fealure IDllCb Clad bow much ii will count) depends 
OD wbetber tbe illtuR llUltdl belonp to CCXlespondias 

(aliped) pu11 (lee mo Clement A Gentner, 1991 ). 

• Summary 
The observations and experiments just descn"bed not only 

suuest tUi the similarity compuison proc:ela needs to be IYI-

tematically studied, they also provide important constraints on 
respects. Although we are far from a full account ofhow similar
ity comparisons fix respects. it is clear that comparison is cru
cially involved in determining what properties will be accessed, 
inferred, or discovered and bow properties will be weighted. 
Similarity is not a nondecomposable construct so much as it is a 
dynamic process. We now turn to some implications of these 
findings. 

IMPLICATIONS 
Views of Similarity 

It may be useful to review the points of view with which we 
bepn this article. F"mt, there is the position that the perceptual 
system provides an uncbanaing bedrock for simi~-Tbere 
are three ~r problems with this view One is that even within 
a siqle procedure iJr assessiq ~ _perfOrmance may 
vary with factors sucb u processin1 time and ~ experi
ence. The second problem, discussed at leqtb by L B. Smitb 
and Heise (1992), is that this position creates a dichocomy be
tween pen:eptUal and conceptUal similarity and tKitJy con
cedes that beyond bard-wired perceptual similarity. everythina 
it ~- Furtbermon. paceptual limillrity may be 
stlble Ollly iD CODfa1I wilb relmwily •ma~ simple stimuli 
where tbe alipment procaa it straiabdbrwanl. W'd.b more 
complex and unfamiliar entities. bowe'Yer, tbe sim,&e story may 
not IO throuab. and implicil 1'P1mprions about compuison 
proc:eaes may need to be made aplicit. \\'= concur with 1... B. 
Smith and Heise (J 992) in tbinkiq that (perceptual) similarity 
lbouJd be more ambiliow. 
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Figrn $. Sample stimuli from the A. B. Markman and Gentner (1990) experiments. (On superfic:ial 
arounds. tbe woman in (a) should be matched with the woman in (b ). With respect to roles, however, the 
squirrel ill (b) is tbe recipient and should be matched witb the woman in (a), who is also tbe recipient. 
From '"AnaJosjc:al Mappina Dwina Similarity Judaments" (p. 39) by A. a. Markman and n Gentner, 
1990, in ProcMlinl! of tlw Twd/th Anlltllll Confermc' of tlw Co,nitiw Scilna Soci«1' Hillsdale. NJ: 
Erlbmam. Copyrilbt 1990 by CopitM Science Society lac:orporared. Reprimed by ~ 

The third major problem with viewina similarity IS bed is 
that it leads researchers to ipore the procasiq side or similar
ity. Our studies, .. well u ~show similarity to be dynamic 
and context dependent. Experiment l used perceptUal stimuli 
and showed that the properties ora pyen stimulus can vary as a 
fuoctioa or wbal it ii compared with. Experiment 2 used con
ceptual stimuli and demonstrated tbat the CIOllUllOll properties 
that are instantiated between two stimuli depend on the direc
tion or the comparison. Experiment.J observed that similarity 
judgments depend on the respects tbat are biahliahted by po. 
teDtial contrast seu. Finally. the series or studies by Goldstone 

et al. (1991) have indicated tbat the weiabt &Mn to a particular 
perceptUa) ptopaty depends OD the distribution or other prop
erties present (the Mu dfec:t). Similarly. Clement and Gentner 
(1991) band tbat the importance o( • predicate match de
pended on its connectivity to other matcbtt This IClds up to a 
similarity tbat is too dynamic to be treated u 6Jed. 

1be second and third positions on simi~ namel)4 that it 
may vary with experience and with context, are steps in the 
ri&b1 direc:ticm, in our opinion. These positions are consistent 
with the pl or identifyina combinations or similarity struc
tures and proc:essiq mechanisms that serve to lix respects. We 
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believe. however, that these views arc incomplete because they 
have ignored the role of the comparison process in fixina re
~ 

Of course, one could broaden the definition of context to 
include comparisoos and thereby encompass our results. The 
risk associated with an ever broader definition of context is that 
it will become a vaaue appeal when precision and attention to 
process is needed (E. R. Smith cl Zarate. 1992. fbr a positive 
example of such precision). In f&irness to those who emphasize 
the role of context. it must be said that the results of the first 
experiment do not discriminate between a acneraJ context ef
fect and an effect tied to implicit or explicit comparison. On the 
other band, the opposite pattern of results would also have been 
consistent with context effects. The second experiment would 
need to expand the notion context to include asymmetries. The 
third study wu speci6cally orpn.i.zed around an anticipated 
context eft'ect; note, however, that ranae-frec:iuency theo~ a 
model for context efl'ects on judament, did not capture the 
differential effects of context on antoayms, metaphors, and cat
egorically related items. Nor can either the mappina results of 
A. B. Markman and Gentner (1990) or the temporal aspects of 
alipment described by Goldstone and Medin (in press) be ca~ 
turcd by a aeneraJ context efl'ect. Although it is diflicult to draw 
a sharp line between context efl'ects and comparison-specific 
effects, we bel~ that our framework for comparison points us 
in the direction of particaJar process models. 

The fourth position we mentioned It the beginning of this 
anicle is that similarity is so unconstrained that it may play 
little or no role in fixing respects. This position will remain 
viable li>r at least as Iona as the understanding of similarity is 
incomplete. Al the same time, however, the present observa
tions reduce the scope of this negative thesis by showing that 
respects arc 11 least partially bed by the similarity (compari
son) process. 

Our framework provides a fifth perspective on similarit): On 
a superfJcial level of analysis, one could take our review of re
spects as sbowina that similarity is completely ulll'U))t That is, 
our results demonstrate that similarity, even perceptual similar
ity. is biahly variable and comparison dependent. However, 
such a conclusion misses the central point. We have argued that 
similarity cannot be defined in a manner that iporcs the pro
cessing side of similarity. Similarity judgments a.re highly vari
able but bound to the details of the comparison process. 

Qnodman's Thesis Revisited 

Nelson Ooodmaa (1972) called similarity a chaindeou. but 
we believe that similarity is more like two yoked chameleons: 
The entities enterina into a comparison jointly constrain one 
another and jointly determine the outcome of a similarity com
parison. (That is, pandoxical~ two chameleons may behave iD 
a more ordaty manner than~ Thul. similarity ischaqeable 
and coatai dependnt but sys~ 6x.ed in c:oatat. 11lil 
systemabcity allows a person to understand what other people 
mean when they say '"X is similar to V: evea when they do not 
explicitly mention respects. Our studies show that people's 
.iudamems of similarity rdec:t c:omtraints that 5er\IC to ix re
spects. In short, althouab the comparison proc:ea is dynamic, it 
is also lawful. 

Goodman's thesis also lends itself to an implicit theory of 
similarity comparison that is inadequate. It seems to presu~ 
pose a set of independent features whose shared status may be 
affirmed when a similarity statement is made. This theory has 
al least three serious, related problems. FltSt of all, it does not 
address the issue of bow multiple respects are integraled to 
determine similarity. a critical aspect of the inference function 
of similarit}: Second, it misses the distinction between attri
butes and relations and consequently ignores structure. 
Gentner and her colleques (ea., Gentner, 1983; Gentner cl Rat
termanll, 1991) b8Ye, in contrast, stressed the importance of 
structure for suidina inferences. for example, consider what 
one mi&ht know about quaggas (some hypothetical or unfamil
iar entity) from the statement '"Quagps are similar to zebras. .. 
Although we have no data bearina on this question, our intu
itions are that people miabt be at least modestly confident that 
quaagas arc booved animals and not especially certain about 
whether or not they are stripCd. H<><Md is (by conjecture) pan 
of an interrelated set of propenies associated with zebru, 
whereas striped seems more to be an isolated propert): In any 
event, Goodman's framework would find the comparison com
pletely uninformative until the respects were specifically men
tioned. The third problem is that this view does not address the 
possibility of comparison-dependent and dynamically con
structed features. In brief, although we believe that attention to 
comparison processes provides an important source of con
straints on respecu, we do not endorse the implicit theory of 
similarity associated with Goodman's challenge. (In fairness to 
Goodman, we should add that he might not endorse it either; 
his goal was simply to point out some of the vagaries of similar
ity statements) 

Implications for Similarity Theories 

Although we have claimed that the comparison process 
serv.:s to fix respects, we have not offered a specific computa
tional or mathematical model to account for the full range of 
results described. A summary of the principle ideas associated 
with our comparison framework is as follows: 

1. Similarity comparisons involve mutually constraining 
property instantiation and interpmatioos. 

2. Similarity comparisons are informative and may be direc
tional. 

3. The respects associated with similarity assessments a.re 
influenced by the comparison context. 

4. Similarity comparisons involve alipment driven by 
alobal constraint Sltis&ctioa. 

5. The contribution of a match to similarity comparisons 
depends on the ownll paUern of correspondences between 
entities. 

Each of these statements can be directly or indirectly linked 
wi&b related evidence. Expcrimea& l demoastnted compari
IOHpCCik property illlerpr'eWioa. &penmem 2 sbowed thlt 
the common features moci•ecl with directional comparisons 
tend to be more closely associated with the bue term than the 
tarpt term. This oblervaboa is consistent with the idea that 
directional comparisons ill\'OM assertions or attempted predi
cations ~ also OrtoDJ 1979). l'Venky's (l 977) diaposticity 
and extension efl'ects, aloq with the results of our Experiment 
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3. show that comparison contexts serve to b respects. The A. 
8. Markman and Gentner (1990) study (refer again to rigure S) 
has provided ditut evidence on aJoba1 constraint satisfaction 
and alignment, and their observations on similarities and dif
ferences (A. 8. Madman cl Gentner, 1991) have yielded impor
tam indirect evidence for alignment (see also Goldstone, 1991 ). 
Finally, the Goldstone et al. (1991) Mu effects and the Gold
stone and Medin (in press) results on the differing contribu
tions of aligned and nooaliped feature matches to similarity 
have clearly shown nonindependem feature weighting (see also 
Clement cl Gentner, 1991 ). 

These observations do not add up to a computational model, 
but they place imponaot constraints on theories of sirnilarit)t 
Specifically, it seems clear that models that attempt to capture 
the process of alignment and comparison, such as SME. ACME 
(Analogical Constraint Mappioa Engine), and SIAM, are prom
ising candidates worthy of further development and testina. All 
three models rely oa relatidDal structure to achieve global con
straint satisfaction, and, therefore, all three reject the idea of 
independent, additive features. lo our opinion, what these mod
els cw1entJy lack is a wdl-speci6cd mechanism for feature coo
strual and colltn1- and comparisoo-specific fature construc
tion (see Hofstadter cl Mitchell, in press, for some interesting 
ideas along these lines). Ideally, there would be some level of 
abstraction intermediate between our general framework and 
our two computational implementations, SME and SIAM. The 
goal would be a general model with some allowance for task
specific implemeotational details. Still, we think that the com
bination of a framework and computational examples shows 
that when it comes to comparison processes, we are not propos
i ng to replace silence with vagueness.. 

Our results are more striking from the perspective of geomet
ric and featural models of similarity. These models do not ad
dress either relational structures or the processes by which 
correspondences are achieved (they are also silent about con
text- and comparison-specific feature construction). Conse
quently, they do not address many of the results described in 
this article. Tversky's (1977) original wort on diagnosticity and 
the extension effect pointed to the significance of similarity 
processes, and the present article continues in this ditutioo. 
Featural and geometric models have been and will continue to 
be very useful tools for psycholoaists. but they are limited in 
critical ways. 

Is Similarity a Unitary Construct? 

Are the various measures or uses of similarity more or less 
the same? One way to assess whether these alternative measures 
are aettina at a unitary construct of similarity is to see wbet.ber 
or not they agree with one another. Altbouib it would stny 
from our overall purposes to provide a general revi~ the evi
dence is mixed and should prompt caution. TYenlcy and Gali 
(1982) used a variety of meuures in their studies of the coinci
dence hypothesis: tbe idea thllt tbe dissimilarity between two 
objects ditlerina on two dimensions may be taraer than would 
be predicted on tbe t.sis of their unidimensional dille.eoces. 
They found suppon fbr the coi~ hypothesis usioa judg
ments of similarity and dissimi~ rec:apit.ion memory 
errors. and classification and inference decisions as dependent 

variables. This result sugaests that the various measures involve 
a common underlying componeoL 

On the other hand, difl'erent measures of similarity often 
yield lower correlations than one would expect if tbe measures 
were solely an index of similarity plus some noise. Podaoruy 
and Garner (1979) compared similarity ratinp with same-dif
ference reaction times and observed only a modest correlation 
f-.S88). Seraent and Takane (1987) collected similarity judg
ments, derived a multidimensional scalin& solution, and then 
attempted to use this solution to predict speeded same-differ
ence judgments. They observed some systematic discrepancies 
between the two measures. Keren and Baggen (1981) noted that 
(unspeeded) similarity judgments did not accurately predict the 
pattern of confusions under speeded identification (see also 
Beck. 1966; Klein A: Barresi, 1985). Dissociations have also 
been found in memory studies. For example, Rattermano and 
Gentner (1987) found that subjects' rated similarity of stories 
varied independently of the degree to which one story re
minded them of the other. 

One miabt take these observations as evidence that direct 
and inditut measures of similarity are fundamentally differ
ent. Bebe endoniog such a conclusion, one should ome that 
different measures of the same type may not agree with each 
other. For ex.ample, the pattern of performance may vary as a 
function of processing time. Goldstone (1991) collected same
difference judgments under three different deadlines and ob
served that the correlation between reaction times at various 
deadlines decreased as a function oftbe difference in deadline. 
Ratcliff and McKoon (1989) found that attributional similarity 
is available earlier in processing than relational information 
(see also Goldstone et al., 1991 ). Studies comparing unspeeded 
similarity judgments and speeded reaction times vary both the 
type of measure and the processing time. Therefore, it is un
clear how much of the difference depends on task as opposed to 
time pressure. What these observations do show is that similar
ity (as measured) varies systematically across conditions. 

As a funher complication, Medin et al. (1990) noted a diver
gence between two direct judgment ~res. Although simi
larity judgments sometimes correlate very highly with dissimi
larity judgments (e.a., - .98; Tvenq 1977), Medin et al. found a 
much reduced association. For example, Stimulus B in Figure 6 
tended to be selected as more similar than Stimulus A to the 
standard T by people makin& similarity judgments and as more 
dift'ereot by people malcin& dissimilarity judgments. Overall, 
the correlations between similarity and difl'ereoce jud&Jnents 
were -.67 and-.70 fbr two ditferent stimulus sets. 

The available data sugest that difl'erent measures of similar
ity are clearly sipificantJy correlated and that they are also 
tappina di&erent phenomena to some extent. Measures of simi
larity are not biahly enoup correlated t1M1a one could s11ccess
fully arpe that similarity is bed or invariant. Different mea
sures of similarity may enpp diftiemlt processes. In the same 
wrsus di&erent judpumt task, spottina one di.frerenc:e is sufli.. 
cient to elicit a '"di&renl• aapome; it is unlikely that similarity 
ratings proceed by buntina fOr a sinale fatural di&rence be
tween compued items. Comenely, similarity ratina tasks in
volve processes that are not required in a same ~us different 
judgment task. For example, accordina to the range-frequency 
adjustment process (Krumbaml, 1978; Parducci, l 96S), people 
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wbo are asked to use a numeric scale tend to (a) divide the ranae 
into a fixed number of intervals of equal breadth and (b) es~ 
lisb interVals that are used with equal frequenc)t Still, diJf'erent 
measures of similarity are correlated. Althouah ditfemlt tasks 
inve>M difl'erent processes, there would also appear to be 
shared components. A description of bow measures are ~ 
ciated and dissociated will require an analysis of the processes 
and structureS required for the taSlcs. We see no alternative to 
this empirical-theoretical prescription. 

1be experiments on which we have focused have involved 
direc:t judaments of similarity in almost every case. Again, we 
are llJIOStic about the aenera1itY of our results for contexts in 
which similarity is indirectly evaluated. For example, we do not 
know whether patterns of false alarms on new-old reco&nition 
memory tests will show any of the comparison-dependent pn> 
ceues described beR (but there is evidence for strona direc
tional asymmetries in memory comparisons [e.g., Aptinelli, 
Sherman, Fazio, &: Heant, 1986] and Max-like dl"ects in pat
terns of false alarms~&: Gati, 1982]). The key point is 
that one needs to see similarity as not only structure but also 
process, and a larae m.;ority of the work on similarity pro
cesses remains to be done. 

Relation to Other Ideas 

Our results are perhaps most compatible with research on 
analog)' Gentner and others have stressed the importance of 
alignment processes in understandina analasies, and there is 
mounting evidence that alignment is a central aspect of similar
ity comparisons (e.a.. Goldstone, 1991; Goldstone &: Medin, in 
press; A. B. Markman &: Gentner, 1990). Although early work 
on analol}' treated the representation of the base and target of 
an analogy as bed, more recently ideaS about comparison-de
pendent inferences and dynamic rerepresentation have been 
advanced (e.g.. Gentner, 1989; Gentner &: Rattermann, 1991 ; 
Hofstadter &: Mitchell, in press). Again, the upshot of these 
innovations is to focus attention on the comparison process. 

The present framework is also paralleled by findings in the 
literature on decision makina. An early view of decision malt-

t ... 
T 
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Fll'ft 6. A sample l1imuJus set in wbic:b similarity and clillerence 
judplalll are aot mirrar ilDllCS or each Giber. (Tbe lt.IDdan1 T ii 
anributionally similar to A becaUlle they botb bsvc a chec:bnd cirde. 
The stimulus 8 does DOt have tbil attnbutioaal match but instead 
shares i "'•rhi111 relation, "same lbadinl. .. with 1) 

iaa was that preferences preexisted and were revealed by 
choices. There is mountina evidence, however, that preferences 
are often constructed durina the judament process itself (e.g.. 
Simonson .t 1\ienky, 1991; 1\ierSky &: K.ahneman, 1986; 
T~ Sattath, .t S1ovic, I 9R8). For example, what is objec
tively the same situation may lead to different choices depend
ing on bow the problem is framed. We believe that closer analy
ses will reveal some close correspondences between fiodinas 
on decision makina and phenomena associated with similarity 
judaments. 

By conjecture, the present framework miaht also extend to 
the categorization literature. Recen~ researchers have at
tempted to integrate similarity-based learnina with explana
tion-based or knowledge-driven learo.ina. One approach bas 
been to assume that knowledge selects and weights features 
from a preexistina pool of features (e.a.. Lebowitz, l 986a, 
1986b). Wisniewski and Medin (1991) araued that this a~ 
proacb is inadequate and that knowledge determine$ which fea
tures will be constructed and inferred, u well as bow features 
are weiahted (see also Banalou, 1987, 1989, for further exposi
tion of the idea that categorization is dynamic and construc
tive). Lee Brooks has also recently suggested that categorization 
at least partially determines which features are perceived or 
inferred to be present in the situation (Brooks, Allen,&: Nor
man, 1991 ). The present results and framework are very com
patible with these results on the role of knowledge in category 
leamina. 

What is common to each of these areas is a particular view of 
consttuctive processes. Consttuctivism is not a prescription for 
chaos but for giving proper attention to process. Although the 
attention given to representation and sttucture has been benefi
cial, one should never think that representations come out of 
the mind in pure form without any influence of process. Much 
of the orderliness seen may reflect orderliness of processina 
principles. 

Similarity as Ground 

Does the fact that respects can be specified mean that similar
ity can around other cognitive processd? There is no simple 
answer to this question. The observation that children seem to 
be less flexible about similarity than adults and that noun con
texts bias even )'OUDI children in the direction of object shapes 
suuesu that early noun cateaories may be orpni.zed by similar
ity principles. 1be further suaaestion that children tend to be 
holistic rather than analytic in their object perception (e.a.. 
Kemler-Nelson. 1989) fits aicely with other evidence sbowina 
that children tend to usume that labels apply to whole objects 
(E. M. Markman, 1990). The c:oopei:ation of these constraints 
would lead to a cobemJt account of the acquisition of object 
casepics, and similarity would be an important pan of the 
story (e.a., see Gentner .t Rattcrawua. 1991). 

Tbe picture wilb rapec:t to complex pen:eptua1 catepia 
ilM:llvina Ktiom. CYellSI, or concep1a that are panially or not• 
all perc:eptu.I in dwac:ter seems mudl more unclear. The con
strainla needed to specify rapects may end up doina most of 
the explanatory work. Whit is needed is a systematic analysis of 
the conditionsofleamina in terms of what information is avail
able in what COntall. 
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Recently. researchen have questioned the role of similarity in 
catetorization. Rips (1989) argued apinst what be ca11ed the 
resemblance' theory. .the theory that •the object is a member of a 
caiegory if it is sufficiently similar to known category 
members" (p. 21 ). In one of his experiments, subjects were told 
to imaaine a 3-in. (7 .62-cm) ob~ and were asked whether it 
was more similar to a quarter or a pizza, and which it was more 
likely to be. Subjects considered the object more similar to a 
quarter but bdiewd tbat it was more likely to be a pizza, pre
sumably because of the arcater variability in pizza sizes. Simi
larly. Gelman and Markman (1986) and Carey (1984) found that 
even children as youq as 4 years make inductive inferences on 
the basis of category knowled&e and not visual similarit)t Given 
tbese results, to what extent does the comparison process dis
cussed here influence categorization and induction? 

These raeaichers treat similarity as physical similarit)t Rips 
(1989) araued that if nonphysical resemblances are considered. 
then the force of the rescinb1ance theory is weakened. If the 
possibility of abstract similarities is included, then resem
blance theory is "'alt &om ils moorinp" and cannot serve u a 
constraint on atelOrization. ffowe\oer, we araue that if similar
ity is viewed u the outcome of a particular comparison process 
involvina alianment, carryoYer of properties. and an active 
search b commonalities. then it is still constrained even if 
abstraet properties arc admitted into the analysis. Abstract 
commonalities are often mentioned in our subjects' compari
sons. and we see no reason to limit similarity to physical simi
larit)t 

Whether or not the comparison process that we describe 
plays a key role in categorization is still an open question. We 
do have suggestive evidence fOr some parallels. In one experi
ment, one poup of subjects jud&ed Doberman pinschen to be 
more like raccoons than sharks. Other subjects judged Dober
man pinschers to more likely be members of Group A (boar, 
lion, shark} than Group B {boar. lion. raccoon). These results, 
like Rips's. are problematic tor accounts in which a fixed. con
text-independent similarity computation determines categori
zation. Taken one categary member at a time, Doberman 
pinschers are less similar to Group A animals than Group 8 
animals. The results can. however. be explained by a compari
son-specific interpretation process similar to the one we previ
ously invoked. Doberman pinschen seem to be placed in Cate
gory A because all CatelOl'Y A animals and Doberman 
pinschen are ferocious. .. Ferocious .. becomes important be
cause it emeracs as a similarity between all three categOry 
members. Earlier. we band that similarity comparisons cause 
properties of one item to be carried aver to the other item. This 
process would also explain bow the presence of hoar and lion 
would increase the likelihood of categOrization on the buis of 
(~ 

Baically. the same arcument holds i>r the role or similarity 
in other COIJlitM functioaa. The aaenda is to specify respects 
and then determine whether similarily will bold up uader de
tailed examination of acquisition and use conditions. At pres.. 
eat. we cannot provide a dc6nitM IDS'WU to the cp:stioa of 
how well similarity can support reasonina and other~ 
functions. We have shown tmt similarity is not the cbaotic 
thing that its severest critics claim, and we have provided a basis 

for looking in the right place. Similarity is far from an empty 
concept with no explanatory power. 

In fairness to si11.1ilarity critics. it must be said that a chaotic 
similarity is only pa.rt oftbe problem. To the extent that similar
ity is fixed by pis, theories. and belief systems. it is these 
factors that have explanatory power. Our pl in this article has 
been to point to a major source of (previously unexplored) con
straints on similarity rather than to resolve the issue of whether 
and bow well similarity can around other proc:eues. If similar
ity is chaotic, it cannot around anythiq; if similarity is not 
chaotic, then it may have a role to p~ Frank Keil w suuested 
(personal communication, October 18. 1991) that similarity 
may take over where theories leave ofr. The general idea is that 
knowledae, theories. and belief systems do provide critical con
straints but that they inevitably run into ignorance when the 
reasoner is fOn:ed to resort to heuristics and strategies to pro
ceed. The heuristic function of similarity may do important 
wort in learnina and induction. From this perspective, a criti
cal research agenda is to describe the integration and coordina
tion of similarity-based and knowledge-driven processes. 

Similarity as Comparison 

Finally. to focus on similarity solely with respect to its ability 
to constrain other cognitive functions may be to miss the cen
tral point. Similarity is a comparison process that itself is a 
fundamental cognitive function. Similarity needs to be under
stood on its own, just as do other comparisons such as simile, 
metaphor, and anal<>o From this perspective, similarity in
volves far more than a simple computation over a set of fixed 
features. Instead, similarity is always dynamic, is often inher
ently asymmetrical. and discovers and alians features rather 
than just addina them up. Similarity has its own mysteries that 
we are only beginning to undentand. 

Conclusion 

It is natural to assume that, to constrain similarity compari
sons appropriately. the representation of each of the constituent 
terms must be rigid. In contrast, our observations suggest that 
the effective representations of the constituents are determined 
in the context of the comparison. not prior to it. It is as if the 
two terms were dancers: Each dancer may have a repertoire of 
stylistic preferences. but the actual performance depends on an 
interaction between the two. For asymmetrical comparisons. 
the "base dancer" takes the lead and the "tarJet dancer" fol. 
lows. The result is appropriately constrained even tbouah the 
constituents arc quite tlexible. 

Clearly. the framework we ~ provided i>r similarity com
parison is more of an aaenda than a set of answers. Nelson 
Goodman (1972) was correct toaraue tbat respect tor similarity 
requires specifyina rapectS. h is incorrect to think that the 
answen to the respects question ~ littJe to do with similarity 
odler than to npoee it as an empty notion. Rapecu are deter
mined by &cton tbat are intrinsic to the compuilon process. 
When man:ben ult people "How similar are X and Yr' it is 
as if people are answerina the subtly different question .. How 
are X and Y similar?" That is, a critic:a1 aspect of similarity 
comparisons is the procedure for fixina respecu. 
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