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Asymmetries of comparison

CYNTHIA M. AGUILAR and DOUGLAS L. MEDIN
Northwestern University, Evanston, Illinois

Tversky’s (1977) seminal work on directionality in judgments of similarity demonstrated that people
may not judge the similarity of A to B to be equal to the similarity of B to A. In a series of studies, we
investigated comparison asymmetries. In Experiment 1, our aim was to extend Tversky's findings to a
heterogeneous stimulus set, but no reliable asymmetries were observed. Experiment 2 employed a va-
riety of comparison judgments, and, although some of these measures showed asymmetries, we still
failed to observe asymmetries in rated similarity. A final attempt to obtain asymmetries used direction
as a within-subjects factor, and for the first time, rating asymmetries were observed. Our data reinforce
the idea of comparison asymmetries but suggest that similarity rating asymmetries are only observed

under quite circumscribed conditions.

Much of modern theorizing on similarity has focused on
similarity structure and has used geometric scaling mod-
els that represent similarity relations as distances in some
psychological space (see Schonemann, 1990; Shepard,
1987). The shorter the distance between two points, the
more similar are the two items being compared. Multidi-
mensional scaling (MDS) approaches have not, however,
paid much attention to the processing side of similarity
comparisons (see Krumhansl, 1978; Nosofsky, 1992, for
notable exceptions). Tversky (1977) demonstrated the flex-
ibility of comparison processes within the framework of
a featural-theoretical approach to the analysis of similar-
ity, known as the contrast model.

Tversky (1977) argued that metric models are not suf-
ficient for representing similarity data and showed that
similarity judgments violate axioms that must be satisfied
by all distance models—most notably, for present pur-
poses, symmetry. Symmetry is the assumption that the
distance between two items is the same regardless of the
direction of the comparison. However, people’s judgments
seem to show asymmetries. For example, Tversky reported
that people rate the similarity of North Korea to Red China
to be greater than the similarity of Red China to North
Korea. In general, asymmetries of judgment raise serious
problems for geometric models (but see Nosofsky, 1991,
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for a defense), but they are quite compatible with Tversky’s
model.

According to the contrast model, similarity is a weighted
combination of (1) the number of features common to two
objects (call them A and B), (2) the number of features
distinctive to object A, and (3) the number of features dis-
tinctive to object B.

The contrast model can be expressed in the following
equation:

S(A,B)=6f(ANB) — af (A — B) - Bf(B — A),

where the parameters 6, ¢, and 3 are weighting coeffi-
cients.! These weights may vary with the context and the
judgment task. The f function measures the salience or
prominence of the items. The contrast model distinguishes
between the two terms A and B. According to the con-
trast model, the A term is the subject of the comparison,
and the B term is the referent of the comparison. Such a di-
rectional comparison would be stated like this: How sim-
ilar is (subject = A) to (referent = B)?

In the contrast model, judgment asymmetries are ac-
counted for by the differential weighting of the distinctive
features of stimuli being compared. Similarity is reduced
more by the distinctive features of the subject (A term) than
by the distinctive features of the referent (B term)—that
is, & > B in the above equation. Therefore, if there are
two stimuli and one (Y) is more prominent than the other
(X), the similarity of X to Y will be greater than the sim-
ilarity from Y to X. Consider again the comparison in-
volving Red China and North Korea. Red China is more
prominent (distinctive) than North Korea and its distinc-
tive features receive more weight when it is the subject,
rather than the referent, of a comparison. The combination
of this difference in prominence and the weighting of the
distinctive features of the subject and the referent implies
that overall similarity will be reduced more when Red
China is the subject and North Korea the referent than
when their roles are reversed. In general, the contrast model

328



implies that symmetry will only hold if the objects being
compared are equally salient or if the judgment task is
nondirectional.

Tversky and Gati (1978) provided converging evi-
dence for their account of asymmetries. Twenty-one pairs
of countries were used, and, in each pair, one element was
more prominent than the other. Tversky and Gati employed
two measures of prominence. In one task, the subjects
were asked directly which one of the items in each pair
was more prominent, and in the other task, the subjects
were presented with each pair in two different orders and
asked which order they preferred. These two measures of
prominence had nearly perfect agreement and showed
strong asymmetries. The data showed that the prominent
item was preferred in the referent position.

In another task, a between-subjects design was used
to assess the similarity of the same 21 pairs of countries
described above. One group of subjects rated the similar-
ity of the 21 pairs of countries in one direction (where the
prominent item was in the subject position), whereas a
different group of subjects rated similarity in the opposite
direction. Tversky and Gati (1978) found that ratings for
the pairs with the prominent item as the referent were sig-
nificantly higher than those for pairs with the prominent
item as the subject (e.g., North Korea [nonprominent] was
judged to be more similar to China [prominent] than China
was to North Korea).

In the present experiments, we sought to explore sim-
ilarity asymmetries from the perspective of the contrast
model (Tversky, 1977) as well as some more recent ideas
concerning comparison asymmetries. To our surprise, we
found ratings asymmetries to be considerably less robust
than we had thought. This lack of asymmetries prompted
us to aim to clarify the conditions under which compar-
ison asymmetries are observed.

EXPERIMENT 1

Our goal in the first experiment was to replicate and
extend Tversky’s (1977) work on asymmetries of similar-
ity by investigating the role of homogeneity of stimulus
sets. Tversky’s original research used stimuli that sampled
a single domain (e.g., countries). This may have allowed
subjects to focus on a small set of features (e.g., location,
size) and to use these features for all of the judgments.
These features may also have mediated the differences
in prominence (preferred comparison order). On the other
hand, if asymmetries are robust, they should appear
whenever there are differences in prominence, regardless
of the overall set of items being judged and regardless of
whether the same small set of features can be used for all
judgments.

In order to evaluate the role of homogeneity, both a
stimulus set in which all the word pairs sampled a single
domain (homogenous) and a set that sampled a variety of
domains (heterogeneous) were used. The heterogeneous
stimulus set included the same pairs as in the homogeneous
condition, but these were intermixed with word pairs that
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sampled a variety of other domains (e.g., furniture, tools,
toys). The homogeneous condition closely followed Tver-
sky’s (1977) original study. We employed many of the
same countries that were used in the Tversky’s study; how-
ever, some of the countries are no longer in existence, and
pilot work suggested that Northwestern University under-
graduates are not as knowledgeable of world geography as
1970’s Hebrew University undergraduates. Hence, our list
was slightly different from Tversky’s.

In order to establish the expected direction of asym-
metries, measures of the relative values of stimuli on
the dimensions of interest were taken. Specifically, sub-
jects made judgments about which of the countries was
larger and more populous and which of the animals was
bigger and more ferocious. Size and ferocity should be
major determinants of prominence for the animal stim-
uli, given that these are the two dimensions that typically
turn up in MDS solutions (e.g., Henley, 1969). The pre-
diction is that, if an animal is judged to be bigger or more
ferocious, it is the more prominent animal of the pair. For
the countries, we expected that prominence would be
based on size and population (or at least highly corre-
lated with them), although we have no independent evi-
dence supporting this conjecture. According to Tversky’s
(1977) contrast model, similarity should be greater when
the prominent item of a pair is the referent, rather than the
subject, of a comparison.

Measures of Prominence

Method

Subjects. The subjects from this study were 40 individuals on
the Northwestern University campus who volunteered their time.
The experimental session lasted approximately 5 min.

Materials and Design. The stimuli were 12 pairs of animals and
12 pairs of countries, where one item in each pair was more promi-
nent than the other. Some of the word pairs were taken from the
Tversky (1977) study, and others were chosen by the authors. The
animal pairs were selected from an MDS representation of animals,
where the dimensions were ferocity and size (Henley, 1969). The
animal stimuli were chosen so that one of the members of the pair
was more ferocious or bigger than the other. The country stimult
were selected in the same manner as the animal stimuli; however,
an MDS scaling solution was not used. .

To validate these expectations, the experimental condition had the
subjects make a total of 24 choices. Domain was a within-subjects
factor, so that all the subjects made choices about animals and
countries. Within each domain, the subjects made judgments about
some feature of each pair (for the animals, size or ferocity, and for
the countries, population or size). The subjects made 12 choices
about either the relative ferocity or the relative size of 12 pairs of
animals and about either the relative size or the relative population
of 12 pairs of countries. Overall, the subjects made 24 choices con-
cerning two dimensions of two different domains (one dimension
per domain).

The stimuli were presented in the context of a sentence. For ex-
ample, for a stimulus from the domain of animals, where the frame
of reference was ferocity, the sentence read: “Which is more fero-
cious, a dog or a cat?” All the stimuli and orders were randomized
and counterbalanced.

Procedure. The subjects were given a three-sheet booklet. The
first page listed instructions, which the subjects read and then pro-
ceeded with the task. Each of 12 pairs from a single domain was
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listed on a single page. The pairs were counterbalanced so that each
item of a pair appeared first in the sentence an equal number of
times. The order of the pages were counterbalanced so that half the
subjects rated the countries first and the other half rated the coun-
tries second.

Results

The measures of prominence showed strong differ-
ences for the animal and the country pairs. For the ani-
mal stimuli, where subjects judged which animal is more
ferocious, a t test showed a significant difference from
chance [.5;¢#(11) =4.88, p < .01]. The size dimension of
the animal domain also showed strong preferences and
agreement across subjects. For all of the items, the subjects
agreed on which animal was larger 75% or more of the
time. A t test showed a significant difference from chance
[.5;¢(11)=15.42, p < .01].

The country stimuli also showed strong agreement for
both population and size. For population, a ¢ test showed
a significant difference from chance [.5; #(11) = 6.97,
p <.01]. The size dimension showed even stronger con-
sensus, where all but one pair showed a strong (75% or
more) preference [the associated £(11) =9.94, p < .01].
These observations set the stage for expected asymmetries
in similarity ratings.

Ratings

As mentioned before, the goal of this experiment was
to extend Tversky’s (1977) work on similarity asymme-
tries by investigating the role of homogeneity in similar-
ity comparisons. The predicted direction of asymmetries
was derived from the prominence judgments. On the
basis of the contrast model, the rated similarity when the
prominent item is in the referent position should be
greater than the similarity when the prominent item is in
the subject position.

Method

Subjects. The subjects were 84 Northwestern University under-
graduates, half of whom were from an introductory psychology
class, who participated in this experiment in partial fulfillment of a
course requirement, and the other half were paid for their partici-
pation. The subjects were run in groups of 1 to 6 students. The ex-
perimental session lasted approximately 10 min.

Materials and Design. The stimuli were the word pairs used in
the prominence measure experiment above. In addition to the two
domains used during pretesting, there were 12 other word pairs used
in the heterogeneous condition. These pairs were chosen to sample
a variety of domains and to be as heterogeneous as possible (e.g.,
toys, beverages, tools, etc.). These pairs were taken from the Battig
and Montague (1969) category norms.

The experiment was a 2 X 2 between-subjects design, where the
variables were condition (homogeneous or heterogeneous) and di-
rection (prominent:nonprominent vs. nonprominent:prominent).
The list of pairs was randomized with respect to order of compari-
son, and order was counterbalanced across subjects. In the homo-
geneous condition, the subjects rated the similarity of 12 pairs from
the country domain, then rated 12 pairs from the animal domain.
The domains were counterbalanced so that half of the subjects rated
the animal domain first and the other half rated the animal domain
second. In the heterogeneous condition, there were an additional 12

pairs that sampled a variety of domains. These pairs were inter-
mixed with the 24 pairs from the homogeneous condition. All of
these stimuli were completely randomized and presented on a com-
puter screen.

Procedure. The subjects were run on Macintosh computers.
Half of the subjects were presented with sentences of the form
“How similar is X to Y?” whereas the other half were presented
with the reverse form, “How similar is Y to X?”” Each sentence was
presented for 8 sec, and then the rating scale appeared. Once the
rating scale appeared, the subjects clicked on the number that best
assessed the similarity of the items presented. The rating scale
ranged from 1 to 9, where 9 represented maximal similarity.

Results and Discussion

Our initial interest was in the role that homogeneity of
the stimulus set might play in similarity asymmetries.
But to our surprise, we did not replicate Tversky’s (1977)
judgmental asymmetries, even in the homogeneous con-
dition. This occurred despite the fact that there were clear
differences in measures of prominence for the animal and
country stimuli. In addition, the pairs involving countries
included a subset of those used earlier by Tversky, and
we observed no asymmetries for these 5 pairs. Only those
pairs that showed agreement on the two dimensions (7
for the animal pairs, 11 for the countries) were included
in the analyses. (The analysis using the entire set also did
not show any significant differences.)

The average similarity ratings across all the pairs for the
animal condition when the stimuli were homogeneous
were virtually identical. The mean similarity rating when
the prominent animal was in the referent position agreed
with the rating when the prominent animal was in the sub-
ject position, within rounding error (4.88). The means
for the animal condition when the stimuli were heteroge-
neous (completely randomized) are also nearly the same
(4.56 vs. 4.49).2 The country stimuli also failed to yield
the predicted pattern of asymmetries in either the homo-
geneous (5.48 vs. 5.39) or the heterogeneous condition
(5.48 vs. 5.52). In short, no asymmetries were evident.

As a follow-up study, we tried what we thought was a
stronger manipulation. Specifically, we ran a condition
in which the dimension of interest was specified. For ex-
ample, the subjects were asked “How similar is North
Korea to China with respect to size?” The idea was that
the feature set would be fixed and that differences in
prominence along these dimensions would produce
asymmetries. Specifically, comparing the alternative with
the smaller value to the alternative with the larger value
on the dimensions should have yielded higher ratings
than reversed comparisons. But again, we did not observe
asymmetries—the ratings were virtually identical across
both directions of comparison.

Overall, we failed to find any asymmetries of judgment
and failed to replicate Tversky’s (1977) results. However,
the measures of prominence used in this study, although
similar, were not identical to those used by Tversky. In
another attempt to produce asymmetries, the next exper-
iment used the same measures of prominence taken by
Tversky, as well as some additional ones.



EXPERIMENT 2

Experiment 2 used multiple measures of prominence.
Many of the stimuli were taken from Medin, Goldstone,
and Gentner’s (1993) second experiment, because feature-
listing data showed some properties consistent with asym-
metries. A second aspect of this experiment was based on
the contrast model’s ideas concerning the flexible pro-
cessing of similarity versus difference judgments. In the
contrast model, more weight is placed on the common
features when judging similarity, and more weight on
the distinctive features when judging difference. This dif-
ferential weighting makes the contrast model more flex-
ible in handling nonequivalences between similarity and
difference.

To test this idea concerning differential weighting,
Tversky (1977) asked subjects to assess the similarity or
difference of 20 sets of four countries; each set included
a prominent pair and a nonprominent pair (e.g., East
Germany—West Germany and Sri Lanka—Nepal, respec-
tively). If the prominent pair has a greater number of
both common and distinctive features than the other pair,
it may be judged to be more similar and more different than
a less prominent pair (i.e., one with fewer common and
distinctive features). In support of this prediction, people
judged prominent pairs, such as East Germany and West
Germany, to be both more similar to and more different
from each other than nonprominent pairs, such as Sri
Lanka and Nepal.

In Experiment 2, it was also examined whether this pre-
sumed differential weighting is reflected in feature list-
ing. A prediction consistent with the contrast model (but
not demanded by it) is that a greater number of common
features may be listed for similarity comparisons than
for difference comparisons. In addition, a greater number
of distinctive features might be listed for the first term of
the comparison than for the second term of the compar-
ison, because distinctive features are assumed to receive
greater weight. (Again, this prediction would be consis-
tent with the contrast model but is not required by it.)

Another goal of this experiment was to further explore
the processing side of similarity, not only from the per-
spective of the contrast model, but also from that of other
recent ideas concerning the comparison processes. In
particular, Ortony (1979) has proposed that the salience
or importance of a common feature may vary across con-
cepts. Furthermore, Glucksberg and Keysar (1990) have
argued that understanding comparisons may entail a focus
on the referent, where properties of it become candidate
properties for the subject (see, also, Clement & Gentner,
1991). In support of these ideas, Medin et al. (1993, Ex-
periment 2) found that common properties of an A,B
comparison were rated as being more closely associated
with the B stimulus when A was compared with B and
more closely associated with the A stimulus when B was
compared with A. These observations raise the possibil-
ity that asymmetries arise from differential salience of
common features. That is, the concept with the more pro-
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totypical common feature may be judged to be the more
prominent item. For example, people may rate the simi-
larity of North Korea to Red China to be greater than that
of Red China to North Korea because the common feature,
communist country, may be more salient or prototypical
of China.

In short, Experiment 2 had three goals: One was an-
other attempted replication of Tversky’s (1977) rating
asymmetries, on the basis of an assessment of converging
measures of prominence and their relations to similarity
and difference ratings. A second was to see whether dif-
ferential weighting is reflected in feature listings. A final
goal was to examine the questions of whether the focus
of attention is on the referent or the subject term of the
comparison and whether asymmetries arise out of distinc-
tive features of the subject term or differential salience of
common features.

Some groups of subjects were asked to make promi-
nence judgments, other groups to make similarity and
difference ratings, and, finally, a third group of subjects
made both ratings and listed features to justify their rat-
ings. The prominence judgments were used to make pre-
dictions about the direction of asymmetries in rated sim-
ilarity and difference. The feature listings were used to
investigate the role of differential salience.

Measures of Prominence
Method

Subjects. The subjects were 44 undergraduates from the Uni-
versity of Michigan, who were paid for their participation. The sub-
jects were assigned to either the judgment condition (n =21) or the
preference condition (n = 23). The experimental sessions were con-
ducted with groups of 2-5 subjects and lasted approximately
10 min.

Materials, Design, and Procedure. For all conditions, the stim-
uli used were 30 pairs of words. The majority of the word pairs (17
out of 30) were borrowed from Medin et al.’s (1993) second exper-
iment. These pairs were chosen because they showed strong asym-
metries in feature listings. The remaining word pairs were also cho-
sen to sample a variety of domains and to show a difference in
prominence.

In the judgment condition, the 30 word pairs were presented on
a single page in a random order. The subjects read the instructions .
and chose the more prominent item in each of the 30 pairs.

For the preference condition, the stimuli were presented on a sin-
gle page in two columns. One column displayed one order, and the
other column displayed the reversed order. For example, in one col-
umn, the subjects would see the comparison “A brain is similar to
a corporation,” and in the other column, the subjects would see “A
corporation is similar to a brain” (some of the comparisons were
clearly metaphoric). The order of the comparisons was counterbal-
anced across subjects. The subjects indicated which direction of
comparison seemed more natural to them.

Results

The results from the judged prominence measure
showed reliable differences in prominence ratings for a
strong majority of the pairs. On average, one item of a pair
was selected as more prominent 70% of the time.3 By a
binomial test, a proportion of .71 or greater is reliable, and
18 of the 30 pairs met this criterion (compared with a
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Table 1
Results From the Three Measures of Prominence-Direct Ratings,
Preferred Similarity Order (s), and Preferred Difference Order (d)

Order Preference

p q

Prominent Nonprominent I I, I,
kangaroo rabbit 86 35 61
surgeon butcher 86 .70 56
us England 86 30 35
cherry grape 82 48 52
zebra skunk 82 .83 39
Einstein Franklin 77 .39 43
brain computer 77 78 48
elephant gorilla 77 .65 61
chocolate bar popcorn 77 35 48
apple prune 77 .74 30
brain corporation 72 .65 48
stomach box 72 39 44
campfire lantern 72 .83 56
wallet purse 72 .35 30
doctor engineer 72 .65 56
dog cow 72 .30 26
house tent 72 .83 83
brain stomach 72 .70 78
ghost shadow 68 43 65
bicycle skateboard 68 .96 70
orange lemon 64 .65 43
shark pitbuil 64 83 74
hats earmuffs 59 91 61
watermelon football 59 .65 39
pencil crayon 59 .70 61
English Spanish 59 .57 61
porcupine coconut 59 .30 30
car blimp 59 .70 83
frisbee boomerang 50 .70 83
onion garlic 50 .65 56
Average 70 61 54

chance expectation of 3 pairs). Our mean proportion is,
however, considerably lower than the .92 proportion ob-
served by Tversky and Gati (1978). The prominent mem-
ber (p), based on this measure, of each pair is listed in
the leftmost column of Table 1, and the second column
contains the nonprominent item (g). The first numerical
column gives the prominence proportions for each pair.
These proportions are based on the proportion of people
who chose p as the more prominent item in the pair. For
example, in the zebra/skunk pair, .82 proportion chose
zebra as the more prominent item.

The second measure of prominence, preferred com-
parison order in a similarity frame, also yielded reliable
asymmetries. However, they were a bit weaker than those
observed for direct ratings of prominence. The average
deviation from .5 across the pairs was .20. A binomial test
indicated statistically reliable differences (p < .05) for
8 of the 30 pairs. By chance, only 3 pairs should produce
reliable differences.

The final measure of prominence, preferred compari-
son order in the frame of difference, yielded still weaker
differences in prominence. The average deviation from .5
across the pairs was .14. A binomial test indicated statis-
tically reliable differences for only 5 of the 30 pairs (again,
chance expectation was that 3 pairs would be reliably

different). The preference proportions for similarity and
difference can be found in the last two columns, respec-
tively, of Table 1. The proportions are represented in the
direction favoring the prominent item ( p term) in the ref-
erent position.

Using the first measure of prominence to fix the com-
parison order (see Table 1), the direction favoring the p
term in the referent position was selected as more natural
61% of the time. For example, in the comparison zebra:
skunk, zebra was the more prominent item of the pair;
hence, the proportion .83 represents the proportion of
people who chose the comparison “A skunk is similar to
a zebra” as the more natural comparison.

Our data show far less agreement on measures of promi-
nence than was observed by Tversky and Gati (1978).
The correlation of preferred comparisons in the similar-
ity frame with judged prominence was only —.25 (n.s.).
These two measures were the ones used by Tversky and
Gati. Thus, it is surprising that they did not show signif-
icant agreement. The correlation between preferred com-
parisons in the difference frame and judged prominence
was marginally significant (—.31, p =.09). Note that the
negative correlation means that people preferred to have
the more prominent item as the referent rather than as
the subject. The strongest correlation was found between



the two preferred comparison measures (r=.52, p < .01).
This means that the same term tends to be preferred as
the subject (or referent), regardless of whether the com-
parison involves similarity or difference.

We turn now to the question of whether these measures
of prominence are accurate predictors of rating asymme-
tries in similarity and/or difference judgments. Equally
important, we would like to know if these same promi-
nence effects are present in other measures of similarity
and difference (e.g., ratings and, possibly, feature listings).

Similarity and Difference Ratings
Method

Subjects. The subjects were 261 undergraduates from the Uni-
versity of Michigan, the majority of whom participated in this ex-
periment in partial fulfillment of a course requirement, and some of
whom were paid for their participation. The sessions were con-
ducted with groups of 2-5 subjects. The sessions lasted approxi-
mately 35 min for the rating and feature-listing condition and ap-
proximately 10 min for the rating only conditton.

Materials and Design. The stimuli were the same 30 pairs of
words used in the prominence conditions. The word pairs were dis-
played in the following form: for similarity judgments, “How sim-
ilar is A to B?” or, for difference judgments, “How different is A
from B?”

The experiment was a2 X 2 X 2 between-subjects design, where
the factors were two conditions of a judgment task (subjects made
etther similarity judgments or difference judgments), two condi-
tions of directionality (subjects received either a pg comparison or
a gp comparison), and two conditions of the rating task (with or
without feature listings). There were two orders of presentation for
the stimuli—a random order and its reverse. If a word appeared in
more than one pair (e.g., brain, stomach), at least one other item in-
tervened between the pairs containing that word.

Procedure. There were two conditions of this experiment: the
rating plus feature-listing condition and the rating only condition.
In the rating plus feature-listing condition, each subject was pre-
sented with a booklet. The subjects read the instructions to them-
selves, and then the experimenter read the instructions aloud. The
subjects did two things: (1) made a rating based on the similarity (or
difference) between the pairs of words, using a 9-point scale (where
9 represented maximal similarity or maximal difference), and (2) listed
the features/properties that came to mind as they made the ratings.

For each pair, the subjects always made their rating first and then
listed features. The subjects were instructed to list both common
and distinctive features and to specify which of the words in the pair
they were describing. The groups were run in either a similarity
condition or a difference condition; type of judgment was a be-
tween-subjects factor. All the subjects were given 1 min per item.

For the rating only condition, each subject was presented with
the sheet of paper containing the 30 comparisons. The rating scale
was the same as the one described above. All the subjects began at
the same time and worked at their own pace to complete the task.

Results

Between-groups analyses. For purposes of an overall
statistical test, difference ratings were converted to sim-
ilarity ratings by subtracting each difference rating from
10. The analysis of variance revealed a marginal main ef-
fect of judgment [F(1,248)=3.26, MS,=53.33, p=.07].
That is, there was a slight asymmetry between the ratings
for judgments of similarity and those for judgments of
difference, where similarity derived from similarity rat-
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ings was higher than that derived from difference ratings
(mean similarity rating = 4.72, mean similarity score for
difference ratings = 4.57). Table 2 presents the mean rat-
ings for each of the 30 comparisons across judgment tasks
(similarity and difference), directions ( p/q and ¢/p), and
conditions (with feature listings and without feature list-
ings) as a function of prominence based on direct ratings
of salience (the first prominence measure).*

Prominence and asymmetries. According to the
contrast model, the main contributing factors to asymme-
try are prominence differences and comparison direction.
The less prominent item should be more similar to (and
less different from) the prominent item than vice versa.
The pairs for which both items were judged as being
equally prominent are not included in the means. As
noted before, some of the measures of prominence did not
converge, and, therefore, the assessment of asymmetries
was based on a combination of these measures (linear
regression).

A regression analysis, with the three measures of promi-
nence as predictors, was performed, with the dependent
variable being the difference in rating between one order
( pg) and the other (gp) for each of the four main compar-
isons. In all, four multiple regressions were performed.
The results from these analyses show that the measures
of prominence were not reliable predictors of rating asym-
metries. The regression equation that used the measures
of prominence to predict similarity ratings (with feature
listing) produced an R? of only .03 [F(3,26) = 0.31,p >
.10]. The same held true when these measures of promi-
nence were used to predict similarity without feature list-
ings. This regression equation produced an R? of .04
[F(3,26) = 0.33, p > .10]. The same lack of reliability
held for asymmetries of difference judgments. Difference
ratings with feature listings produced an R? of only .07
[F(3,26) = 0.60, p > .10], and for difference judgments
without feature listings, the R? was .14 [F(3,26) = 1.36,
p > .10]. In short, the three measures of prominence
whether in isolation or in combination, failed to reliably
predict asymmetries of either similarity or difference rat-
ings. Rating asymmetries tended to be small and, at least
with respect to our measures of prominence, unsystematic. -
We turn now to analyses based on the idea that differences
in the salience of common features may mediate asym-
metries of judgment.

Feature Listings Results

Common and distinctive features. The focus of the
feature-listing analysis is to search for effects of direc-
tion, type of comparison, and differences in the salience
of common and distinctive features within pairs of con-
cepts (asymmetries). First of all, consider the idea, con-
sistent with the contrast model, that similarity versus dif-
ference judgments lead to differential attention to common
and distinctive features, respectively. One might expect
more common features listed for judgments of similarity
and more distinctive features listed for judgments of dif-
ference. Among the 22,940 features that were listed,
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Table 2
Prominence Proportion by Direct Rating Measures and Average Similarities (s)
and Differences (d) for Both Feature Listings and Rating Only Conditions
p q Ratings Plus Feature Listings Ratings Only

prominent nonprominent s(pq) s(gp) 4(pq) d(gp) s(pq) s(gp) d(pq) digp)
brain corporation 3.92 4.54 6.39 5.92 4.58 3.85 4.45 6.06
stomach box 3.33 3.36 6.59 6.97 3.85 3.24 6.34 6.27
hats earmuffs 6.03 6.05 4.08 3.82 5.33 5.39 4.19 4.30
watermelon football 3.03 3.28 6.97 6.44 4.15 3.39 6.47 6.52
Einstein Franklin 6.00 5.90 4.69 441 5.76 4.88 4.00 5.22
ghost shadow 3.85 351 6.64 6.36 4.30 3.70 6.00 6.06
kangaroo rabbit 5.97 4.87 5.00 4.87 4.39 4.76 4.59 5.45
surgeon butcher 4.18 4.59 6.03 6.33 3.88 3.58 6.28 6.45
cherry grape 6.72 6.54 3.90 3.54 5.21 5.45 3.66 412
campfire lantern 5.95 5.31 4.74 4.56 5.06 5.42 6.52 5.03
brain computer 6.00 6.28 4.85 4.77 6.76 5.52 391 4.56
elephant gorilla 4.36 4.46 5.87 6.15 3.64 3.88 6.19 6.52
pencil crayon 6.64 6.90 3.54 326 6.48 6.09 4.86 353
English Spanish 5.36 5.28 4.64 5.49 4.36 4.73 5.16 5.12
orange lemon 7.21 6.97 372 3.51 5.85 6.48 334 3.12
bicycle skateboard 5.49 5.64 4.62 4.87 4.88 4.79 5.06 4.76
wallet purse 7.08 7.26 354 3.44 6.42 6.61 3.70 334
zebra skunk 4.49 4.05 5.59 5.10 3.85 3.97 6.15 6.03
chocolate bar popcorn 3.79 4.26 5.64 6.10 3.76 3.15 6.48 6.22
doctor engineer 572 5.21 5.64 5.26 4.61 4.97 5.45 5.66
porcupine coconut 1.97 1.54 8.44 2.36 1.76 1.73 8.09 8.25
dog cow 4.44 4.64 6.15 5.26 321 3.61 6.50 6.61
car blimp 3.05 3.26 6.92 7.18 2.82 2.91 7.03 6.48
apple prune 4.92 4.59 4,97 5.26 3.85 421 5.03 5.12
house tent 5.51 5.46 5.67 5.79 4.64 5.09 5.19 5.30
us England 5.95 6.13 5.28 5.10 4.88 5.58 4.78 4.94
shark pitbull 4.56 4.72 5.85 6.05 4.18 3.88 5.70 6.25
brain stomach 4.05 4.69 5.90 5.72 3.67 3.48 6.88 6.88
frisbee boomerang 6.02 6.26 3.92 3.74 6.27 5.97 4.03 4.00
onion garlic 6.72 6.38 3.38 3.44 5.70 5.85 3.66 3.58
Average 5.08 5.06 5.31 5.24 4.60 4.54 5.32 5.39

10,210 (45%) features were listed for similarity judg-
ments, and 12,730 (55%) features were listed for differ-
ence judgments. For the features listed for similarity
judgments, 3,301 (or 32%) were common features (68%
were distinctive). For the difference judgments, only 2,431
(or 19%) were common. In brief, on this gross level, the
relative proportions of common and distinctive features
were consistent with the contrast model.

Distinctive features. As suggested before, it would be
consistent with the focusing hypothesis of the contrast
model if more distinctive features were listed for the sub-
ject term of the comparison than for the referent term.
For similarity judgments, more distinctive features were
listed for the subject term (X, = 57.1) than for the ref-
erent term (X = 51.1). This held for 23 out of 29 pairs
(x*=8.33, p < .01). For difference judgments, the same
pattern of results was observed: More distinctive features
were listed for the subject term (X,,,; = 118.4) than for
the referent term (X ;= 108.3). This held for 23 out of 28
pairs (¥2 = 12.46, p < .01). Thus far, it seems that the
feature-listing results fit nicely with expectations gener-
ated from the contrast model.

There was also consistent agreement between the num-
ber of distinctive features listed and the preferred com-
parison order. For similarity judgments, there were 20

cases in which more distinctive features were listed for
the preferred referent, 9 cases in which more distinctive
features were listed for the preferred subject, and one tie
(Z=1.92, p < .05). For difference judgments, the oppo-
site pattern appeared. There were 21 cases in which more
distinctive features were listed for the preferred subject
and only 9 cases in which more distinctive features were
listed for the preferred referent (Z=2.48, p < .01). How-
ever, these reliable comparison differences were not cou-
pled with rating asymmetries.

Further predictions follow from a more detailed analy-
sis of feature listings. More distinctive features should be
listed for the more prominent member of pairs. For each
of the four conditions (two directions X two judgments),
the number of distinctive features was tallied. For exam-
ple, in the comparison of zebra with skunk, the number
of times that a feature distinctive to zebra (the prominent
item of the pair) was mentioned was totaled across each of
the four conditions (s(zebra:skunk), s(skunk:zebra),
d(zebra:skunk), d(skunk:zebra)) and then compared to the
number of times a feature distinctive to skunk was listed
for each of the four conditions.

For similarity judgments, there were 18 cases in which
the prominent item had more distinctive features listed,
9 cases in which the nonprominent item had more dis-



tinctive features, and one tie. For difference judgments,
the corresponding cases were 17 and 11. Neither of these
differences is statistically reliable. There are, however,
consistent differences in distinctive features within a pair.
For 22 out of 29 pairs, the member with more distinctive
features for similarity also had more distinctive features
for difference judgments (p < .01, by a binomial test).

The consistent difference in distinctive features listed
for items of the pairs suggests yet another possible pre-
dictor of asymmetry. Are asymmetries of judgment sys-
tematically related to distinctive feature differences? The
answer appears to be no for both similarity and difference
judgments. Using the 22 pairs where the distinctive fea-
tures agreed in both similarity and difference judgments,
a t test found no significant differences in ratings [£(21) =
0.535, p > .10, for similarity ratings, and ¢(21) = 0.735,
p > .10, for difference ratings]. The same pattern of results
held for the ratings that did not ask for feature listings
[£(21)=0.558, p > .10, for similarity ratings, and ¢(21) =
—0.283, p > .10, for difference ratings].

Common feature analysis. Our feature-listing data
have shown that distinctive features are more closely as-
sociated with one item of the comparison (more distinctive
features listed for the subject of the comparison). The
next natural question is whether the same holds true for
common features. Medin et al. (1993) found that common
features were more closely associated with the referent
term, rather than with the subject term. Overall, there was
no reliable trend for biased common features to be pref-
erentially associated with either the subject or the referent
terms of comparisons. A biased common feature refers to
features that are common to both items of the comparison
but independently judged to be biased toward one of the
concepts. For example, in comparing dogs and cows, peo-
ple often list the feature found on farms as a common fea-
ture, but independent judges rated this feature as more
true of cows than of dogs.

Directly judged prominence also did not predict the fre-
quency of biased common features. There were, however,
systematic patterns favoring one member of a pair over
the other in the assignment or attribution of common fea-
tures (as Ortony, 1979, and Glucksberg & Keysar, 1990,
might predict). Regardless of the direction of the com-
parison, one of the concepts consistently had more com-
mon features listed as biased toward it than did the other
concept. This pattern held for both similarity and differ-
ence judgments (similarity, sign test Z = 5.33, p < .01;
difference, sign test Z=2.37, p < .05). Furthermore, for
23 of the 28 pairs showing item differences in the number
of biased common features within a pair, the difference
was in the same direction for similarity and difference.
These data suggest that common features may be more
central or closely linked to one concept than to the other.
Furthermore, this concept (the one with more biased
common features listed) was also preferred as the referent
of the comparison. This trend was evident for both sim-
ilarity and difference comparison order and was statisti-
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cally reliable for difference judgments (sign test Z=2.46,
p <.01). These data are consistent with the referent model.

Discussion

Although we employed the same measures of promi-
nence as Tversky (1977), we again failed to observe rating
asymmetries. An important difference between our data
and Tversky’s is that our judged prominence and com-
parison frame preference measures were only weakly cor-
related. Furthermore, a regression analysis found that
these prominence measures did not reliably predict
asymmetries in either similarity or difference ratings.

The feature-listing data do provide support both for
the contrast model and for the idea that people give more
weight to the referent of comparisons. More distinctive
features were listed for the subjects of comparisons, and,
for similarity, people preferred that concepts with more
distinctive features be placed in the subject position (as
would be expected in accordance with the contrast model).
The idea that similarity comparisons begin with a focus
on the referent also received some support. This perspec-
tive suggests that properties of the referent are evaluated
with respect to the subject and may represent candidate in-
ferences that people may be biased to adopt (Medin et al.,
1993). Independent judges reliably rated common fea-
tures as being biased toward one member of pairs. Fur-
thermore, people reliably preferred to place the member
with a greater number of biased common features in the
referent position. This fits with the referent model. An
issue for both the contrast model and the referent perspec-
tive is that these prominence effects were not translated
into rating asymmetries.

Our null results on rating asymmetries do not appear to
be easily dismissable as being due to a weak experimental
manipulation. The problem with suggesting that subjects
treated the judgment task as nondirectional is that both the
feature-listing data and other measures of prominence
show clear effects of directionality. That is, the precondi-
tions necessary for observing judgment asymmetries were
in place. As a final effort to produce rating asymmetries,
in Experiment 3 we shifted from a between-subjects to
a within-subjects design in which subjects made simi-
larity (or difference) judgments across two directions of
comparison.

EXPERIMENT 3

At this point, it appears that asymmetries of comparison
can be reliably produced and linked to prominence judg-
ments but that rating asymmetries are themselves much
less robust. Our final study aimed to produce rating asym-
metries by more strongly emphasizing the directionality
of the comparison. In Experiment 3, direction was used
as a within-subjects factor, so that all the subjects rated
one direction and its reverse. We used stimuli from the pre-
vious experiment that showed strong agreement in judged
prominence within a word pair as well as between judged
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prominence and comparison frame preference. The gen-
eral idea was that a within-subjects comparison of direc-
tions would serve to further highlight directionality.

Method

Subjects. The subjects from this study were recruited from the
Chicagoland area. The subjects volunteered their time. The task
took less than 5 min to complete.

Materials, Design, and Procedure. The stimuli used in this ex-
periment were 12 word pairs from the previous experiment (Exper-
iment 2) that showed strong agreement in prominence within a
word pair as well as between two different measures of prominence
(direct ratings of prominence and natural order comparison in a
similarity frame). The subjects were approached and asked whether
they would like to participate in a psychology study. They were
asked to assess the similarity (or difference) of 12 word pairs (two
directions for each pair). The similarity was rated on a scale from 1
to 9, where 9 represents maximal similarity (or maximal difference).

The word pairs were presented in a sentence form. For each com-
parison, one order was presented, and immediately following that
comparison, its reversed order was presented. All the orders were
counterbalanced and randomized. The subjects read the instruc-
tions and completed the task at their own pace.

Results and Discussion

The similarity ratings revealed a significant difference
in ratings across directions. The contrast model predicts
that similarity ratings will be greater when the prominent
item is in the referent position, rather than the reversed di-
rection. The data support this prediction [4.22 and 3.97;
t(11)=2.30, p < .05]. The predicted difference appeared
in 9 of the 12 pairs.

The contrast model also predicts that difference asym-
metries should follow with opposite signs. That is, the
comparison with the prominent item in the subject posi-
tion should be more different from the comparison with
the prominent item in the referent position. The data also
agree with this prediction; the difference rating when the
prominent item was in the referent position (M = 5.66) was
less than when the prominent item was in the subject po-
sition (M = 5.84). Although this difference is small, a ¢ test
shows it to be reliable [¢(11) = —2.57, p < .01]. This dif-
ference held for 7 of the 12 pairs, and there were three ties.

In brief, the within-subjects manipulation was suc-
cessful in producing rating asymmetries for both simi-
larity and difference comparisons. This pattern held for
a considerable majority of the pairs but was far from
unanimous. On the other hand, Tversky’s (1977) original
finding of asymmetries in similarity ratings only held for
15 of the 21 pairs, which is essentially the same propor-
tion as we observed (9 of 12). We now turn to the impli-
cations of our findings as a whole.

GENERAL DISCUSSION

Although most of our findings were couched in terms
of nonreplication of rating asymmetries, we believe that
a closer look at the context of these findings is consid-
erably more informative. First, consider some positive
findings. People do show consistent patterns of preferred

comparison order that are correlated with feature-listing
measures. For example, distinctive features are more ac-
cessible for the subjects than are the referents of compar-
isons. In addition, certain common features tend to be more
reliably associated with one member of a pair than with
the other, and people prefer to place items with a greater
number of biased common features in the referent position
of comparisons. These feature-listing and preference ef-
fects are not, however, associated with rating asymmetries.
That is, the measures of prominence appear to be more ro-
bust than the presumed consequences of prominence dif-
ferences.

Other aspects of our data provide some support for more
recent ideas of the processes of similarity. Both Ortony
(1979) and Glucksberg and Keysar (1990) have suggested
that features shared by two concepts may be more closely
associated with one concept than with the other. Medin
et al. (1993) raised the additional possibility that similar-
ity comparisons are biased toward the referent (properties
of the referent may be evaluated with respect to the sub-
ject) and that, therefore, common features may tend to be
more closely associated with the referent than with the
subject of comparisons.

The above view requires two factors to produce asym-
metries of ratings. One is differential salience of common
features, and the other is that the particular common fea-
tures entering into a comparison not vary substantially as
a function of the direction of the comparison. North
Korea will be more similar to Red China than Red China
is to North Korea if the most important common feature
remains communism for each comparison. If the compar-
ison of Red China with North Korea shifts to a common
feature salient for North Korea (e.g., hostility toward the
United States), ratings may not show any asymmetry.

Medin et al. (1993) did report a shift favoring common
features salient for the referent term, but they did not look
for main effects of individual items. The present results do
show this main effect and are consistent with the notion
of biased common features. We also find that people pre-
fer to place items with a greater number of biased common
features into the referent position of comparisons. The rel-
ative weakness of rating asymmetries would have to be
explained after the fact by the claim that the features en-
tering into the comparison shifted as a function of com-
parison direction. A problem for this position is that asym-
metries should have appeared when the dimension or
feature (e.g., size) was explicitly mentioned in the com-
parison statement, but they did not. Again, the weak link is
between notions of prominence and ratings.

Now let us return to the contrast model. In some re-
spects, its successes are complementary to those of the
referent model. First of all, people listed common fea-
tures more often when making similarity judgments than
when making difference judgments. More important, our
feature-listing data were consistent with differential atten-
tion to the subject term, in that more distinctive features
were listed for subjects than for referents of comparisons.
This finding should have set the stage for rating asym-



metries, but we failed to observe them when comparison
order was varied between subjects. Finally, the contrast
model correctly predicts the direction of asymmetries that
we did observe in Experiment 3, where comparison order
was varied in a within-subjects design.

Another finding was that the different measures of
prominence were not strongly convergent. Although Tver-
sky (1977) took two measures of prominence and showed
virtually unanimous agreement, identical measures of
prominence in our study showed very little overlap, and
their correlation was nonsignificant.

Our data suggest that rating asymmetries are generally
quite weak and only evidenced under circumscribed con-
ditions. They are considerably less robust than we would
have thought at the beginning of this line of work. The
only evidence we have seen that would suggest otherwise
is a recent experiment by Catrambone, Beike, and Neiden-
thal (1996). Their study used countries varying in their
familiarity as stimuli. In the main condition of interest,
similarity statements were directional (where the subject
and the referent were made explicit), much as in the
Tversky (1977) study and in our studies. They found small,
but reliable, asymmetries, with similarity being higher
when an unfamiliar country was compared with a famil-
iar country (consistent with Tversky’s model).

Catrambone et al. (1996) used a procedure in which di-
rection of comparison was varied across subjects. That is,
half of the subjects saw familiar countries compared with
unfamiliar countries, and half were given comparisons in
the opposite direction. In our work, we had always varied
comparison direction (across pairs) within subjects, and
a conjecture is that their procedure made the asymmetries
more salient. To test this idea, we ran a replication of the
Catrambone et al. experiment, using their stimuli and
with both their procedure and ours (for different subjects)
and with groups sizes comparable with those of Catram-
bone et al. Unfortunately, we found no reliable asymme-
tries in either condition. For both procedures, the means
were in the right direction, but the difference favoring un-
familiar to familiar was less than a 10th of a rating point.
We have no speculations as to why our exact replication
failed to yield reliable asymmetries (they are not even re-
liable if we collapse across conditions to produce twice
the number of subjects run by Catrambone et al.). Our non-
replication does reinforce the idea that rating asymme-
tries are very sensitive and can only be produced under
circumscribed conditions.

We should emphasize that there is no particular reason
to focus on rating asymmetries as the sole or even the
privileged measure of asymmetries. The feature-listing
data, ratings of biased common features, and preferred
comparison order represent measures of directionality in
similarity and difference comparisons that models of sim-
ilarity must address. If similarity or difference ratings
constitute a less sensitive index of comparison asymme-
tries, perhaps attention should shift to other measures of
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directionality. As we have seen, although these measures
did not strongly converge, they did provide evidence con-
sistent with both the contrast model and the referent model.
Overall, our findings pose further challenges with respect
to a unitary notion of salience or prominence. Salience ap-
pears be a multifaceted construct that we are only begin-
ning to understand.
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NOTES

1. Technically speaking, the above equation only represented a spe-
cial case of the contrast model. Tversky’s (1977) more general model al-
lows three distinct mappings of the three feature sets into real numbers.

2. The means are presented so that the comparison with the promi-
nent item in the referent position is the first mean and the comparison
with the prominent item in the subject position is the second reported
mean.

3. .72 or greater was used because, in the Tversky, 1977, paper, this
is the prominence proportion he obtained for most of his comparisons.

4. There was also no effect of feature listings on ratings {F(1,248) =
0.31, MS,=5.10,p > .1].

5. There was a small number of people who gave the same ratings for
both directions of comparison. There were 3 of these in each condition
(similarity and difference). The analyses done without these subjects
were still significant.

(Manuscript received September 8, 1997;
revision accepted for publication April 13, 1998.)





