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Commonalities and differences
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Similarity is a central component of many cognitive processes . Current research suggests that simi-
larity is well characterized as a comparison of structured representations . This process yields com-
monalities, differences related to the commonalities (alignable differences), and differences not related
to the commonalities (nonalignable differences) . In the first study, further evidence for this tripartite
distinction is provided in a commonality and difference listing study involving pairs of pictures . This
study indicates that alignable differences rather than nonalignable differences are central to the com-
parison process by virtue of their connection to the commonalities . The second study further demon-
strates that alignable differences count more against the similarity of a pair than do nonalignable dif-
ferences . We end by discussing implications of the distinction between alignable and nonalignable
differences for other cognitive processes involving comparisons .

Similarity comparisons are ubiquitous in cognitive pro-
cessing. .Nc,k items are categorized on the basis of their
Slmilarlt\ to a stored category representation or to cate-
eorn exemplars (Smith & Medin, 1981) . New problems
are soled b\ using procedures taken from previous prob-
lems that ~~ere similar (Bassok. 1990 : Holyoak & Koh,
1987 : Keane . 1988 ; Kolodner, 1993 : Novick, 1988, 1990 ;
Ross, 1989) . Decisions may be based on the similarity of
the current situation to the situation that would result from
a choice (Smith & Osherson . 1989) . To the degree that we
understand hove similarity comparisons are carried out, we
may also gain insight into other cognitive processes that
invoke similarity

Recent research casts similarity as an alignment of struc-
tured representations akin to the comparison process in-
\oled in inalogical reasoning (Falkenhainer, Forbus, &
Gentner: 1989: Gentner & Markman, 1994, 1995 ; Gold-
stone. 1904 : Goldstone & Medin, 1994a ; Goldstone,
\iedin . & Gentner, 1991 ; Markman & Gentner, 1993a,
1993b : Medin, Goldstone, & Gentner, 1993) . This work ex-
tends the long-held assumption that the similarity of a pair
of items increases with its commonalities and decreases
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with its differences (e .g ., Tversky, 1977) by distinguishing
between two types of differences : those connected to the
commonalities (called a/ignab/e di/krences) and those not
connected to the commonalities (called nonalignable
Jerences) . The studies in this paper broaden our knowledge
about these two types of differences with evidence from
studies involving picture pairs . The first study replicates ear-
lier work done with word pairs . The second study focuses
on the relative impact of alignable and nonalignable dif-
ferences on rated similarity. To place these studies in per-
spective, we outline the view of the comparison process that
has emerged from recent research and use it to derive a set
of four predictions to be tested .

A Structural Alignment View of Similarity
Recent research on the structural alignment process

makes assumptions both about the nature of cognitive rep-
resentations and about the processes that compare those rep-
resentations . On the representation side, this view assumes
that representations are composed of object descriptors
(called attributes), objects (or entities), functions, and rela-
tions between representational elements.' For example, the
simple geometric configurations in Figure I A can be char-
acterized by the structured representations graphed in Fig-,
ure I B. Here, the circle and square (entities) are described
by such attributes as shadedand striped . These entities form
the arguments of the relation above (circle, square). A key
aspect of this representation is that connections between
elements in the representation are encoded explicitly with
labeled relations .

On the processing side, it is assumed that similarity com-
parisons involve a mechanism similar to the structure-
mapping process proposed for analogy (Falkenhainer
et al ., 1989 ; Gentner, 1983, 1989; Hofstadter & Mitchell,
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236 MARKMAN AND GENTNER

A

1994: Hoivoak & Thaiard, 1989 : Keane, 1988 ; Medin et al .,
I99"t . Intuitively, the main idea is that the comparison of
comply structures involves not only the matching of fea-
tures, but also the determination of which features and ob-
jects play the same role in the relational system . Specifically,
the structural alignment process seeks maximal structural/v
consistent matches, that is . those that satisfy the constraints
of pw•cllel connectitin and one-to-one mapping . Parallel
connectivity requires that matching relations have match-
ing arguments . For example, if the above(x,v) relations in
Figure I B are placed in correspondence, then the circle in
the top representation and the square in the bottom repre-
sentation must also be placed in correspondence because
both are the first arguments to the relation (i .e ., they are on
top) . Similarly, the square and the circle in the top and bot-
tom representations, respectively, must be placed in cor-
respondence because they are the second arguments of the
relation (i .e . . they are on the bottom) . One-to-one map-
ping states that each element in one representation can be
matched to, at most, one element in the other representation .
For example, if the circle in the top representation in Fig-
ure I B is mapped to the square in the bottom representa-

Shaded Medium Striped Medium

Striped

Square

Medium

B
Figure 1 . (A) Simple configurations of objects and (B) simple relational struc-

ture describing the configurations .

tion (because both are on top), then it cannot simultaneous)
be matched to the circle in the bottom representation .

In previous work, we established that the alignment pro-
cess yields commonalities and two kinds of differences :
those differences that are linked to the commonalities (called
alignahle differences) and those differences that are unre-
lated to the commonalities (called nonalignable differences)
(Gentner & Markman, 1994 ; Markman & Gentner, 1993a) .
For example, ifthe two drawings in Figure I A are matched
on the basis of their common above( .,i , ) relation (which
would then be a commonality of the pair), then the fact
that there is a circle on the top in one case and a square on
the top in the other would be considered an alignable dj

ference . Subjects typically state such alignable differences
as different values on a common predication : for example,
"There is a circle on top in one and a square on top in the
other." In contrast, the triangle in the left drawing, which
does not correspond to anything in the right drawing, is a
nonalignable difference . It is not part of the alignable
structure, as shown in Figure I B . Subjects typically state
that these differences are aspects of one item that are not
present in the other: for example, "There is a triangle in
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one configuration but not in the other ." More fundamen-
tally. alignable differences are corresponding elements
that are unlike, whereas nonalignable differences are non-
corresponding elements. On this view, the classification
of differences as alignable or nonalignable is done relative
to the way in which the two situations are aligned : that is,
relative to the perceived common structure .

This tripartite output of the comparison process departs
from the predictions of feature-based models of compari-
son (e .g., Tversky, 1977), which distinguish only between
commonalities (matching features) and differences (mis-
matching features). In addition, most feature-matching
models assume that the commonalities and differences of
a pair form independent sets . In contrast, on the structural
alignment view, alignable differences cannot be deter-
mined until the commonalities of the pair are known . Thus,
to the degree that the distinction between alignable differ-
ences and nonalignable differences proves important, rep-
resentational and processing assumptions beyond those
posited by simple featural models are required .

The structural alignment view makes four key claims
concerning commonalities and differences in similarity .
The first two predictions derive from the connection be-
tween commonalities and alignable differences . First, there
should be a numerical relationship between commonali-
ties and alignable differences : pairs with many common-
alities should have many alignable differences, and pairs
with few commonalities should have few alignable differ-
ences. Second, because alignable differences are mis-
matching representational elements that are connected to
the system of matching elements, alignable differences
should be conceptually linked to the commonalities from
which they are determined .

The third and fourth predictions concern the distinction
between alignable differences and nonalignable differences .
For the third, subjects should focus on alignable differ-
ences rather than on nonalignable differences in compar-
isons. For example, they should find it easier to list align-
able differences than to list nonalignable differences . This
last prediction follows from the assumption that similarity
comparisons maximize the commonalities of a pair (Krum-
hansl, 1978 ; Sjoberg, 1972), combined with our claim that
alienable differences are more closely connected to com-
monalities than are nonalignable differences . For the fourth,
by the same reasoning, alignable differences should also
be more important in evaluating similarity comparisons
than should nonalignable differences. That is, all else being
equal. alignable differences should count more against the
similarity of a pair than should nonalignable differences .
At first, this prediction seems to lead to a paradox . The pairs
that have the most commonalities (and hence are most
similar) are also the pairs with the most alignable differ-
ences (and hence have the most salient differences) . How-
ever, it is well established that commonalities are more
important to the perception of similarity than are differ-
ences (Tversky, 1977) . Thus, the amount that commonal-
ities increase rated similarity is greater than the amount
that differences decrease similarity, so that pairs with many
commonalities and alignable differences are perceived as
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being more similar than pairs with few commonalities and
few alignable differences .

We have obtained evidence for the first three of these
predictions, but not for the fourth . In one study, we asked
subjects to list commonalities and differences for v .ord
pairs at different levels of similarity (Markman & Gentner .
1993a). In support of the first claim, the subjects listed
many alignable differences (along with many commonal-
ities) for similar pairs and few alignable differences (and
few commonalities) for dissimilar pairs . This finding was
reflected in a positive correlation between the number
of listed alignable differences and the number of listed
commonalities .

Consistent with the second prediction, there %%ere con-
ceptual relationships between commonalities and align-
able differences . For example, subjects listing conunonal-
ities for the pair car, motorcycle often said, "Both ha . e
wheels," while subjects listing diffrences for the same
pair often listed the alignable difference . "Cars ha%e fear
wheels and motorcycles have two wheels ." A sorting task
was used to confirm this relationship. The subjects x%erc
shown the commonalities and differences listed for a pair
and asked to put together any that they felt were concep-
tually related. The subjects sorted alignable differences tbur
not nonalignable differences) with the commonalities
(Markman & Gentner, 1993a) . As predicted, no relation-
ship between commonalities and nonalignable differences
was found by any of these criteria . The subjects listed fe%% er
nonalignable differences for similar pairs than for dissim-
ilar pairs, there was no significant correlation between the
number of listed commonalities and the number of non-
alignable differences, and commonalities and nonalign-
able differences were rarely conceptually linked .

The third claim-that comparisons make alignable . but
not nonalignable, differences salient-leads to the counter-
intuitive prediction that people should find it easier to list
differences for high-similarity pairs than for low-similarity
pairs . We tested this by giving subjects a large number of
word pairs--half of high similarity and half of lo%% simi-
larity-and asking them to list one difference for as mam
pairs as possible in 5 min (Gentner & Markman . 1990. As
predicted, the subjects in this "speeded difference task"
chose to list differences for many more high-similarity pairs
than they did for low-similarity pairs (M = 11 .4 and .v! =
5.9, respectively) . Furthermore, this effect was concentrated
in the alignable differences . These were listed about three
times as often as nonalignable differences overall and ac-
counted for the superiority of the high-similarity pairs . The
pattern that subjects list more alignable differences than non-
alignable differences has held across all our commonality
and difference listing studies (Gentner & Markman . 1994 :
Markman & Gentner, 1993a) . This pattern, together with
the striking finding that subjects in the speeded differences
task preferred to list differences for high-similarity pairs .
supports the claim that subjects find alignable differences
more natural than nonalignable differences .

However, the fourth prediction-that alignable differ-
ences should decrease similarity more than nonalignable
differences-remains unsupported . In our previous stud-
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ies, regression analyses showed that rated similarity in-
creased with commonalities and decreased with differences,
consistent with Tversky's (1977) findings . Also consistent
with Tversky's findings, the positive contribution ofcom-
monalities was larger than the negative contribution ofdif-
ferences . However, when we separated differences into
alignable and nonalignable differences, we found that (1) the
coefficient for alignable differences was not significantly
different from zero, and (2) the regression coefficient with
similarity was significantly negative for nonalignable dif-
ferences. These findings are the opposite of the predicted
pattern that alignable differences should count more against
similarity than should nonalignable differences .

These two discrepant findings may be explained by two
problems with the use of regression analysis to examine
how commonalities and differences are combined to form
an impression of similarity. First, in every study we have
done, we have obtained a significant positive correlation
between the number of listed commonalities and the num-
ber of listed alignable differences . Therefore, a linear model
cannot separate the (positive) impact of commonalities on
similarity from the (predicted negative) impact of align-
able differences on similarity. In part, this explanation
may also account for why the coefficient for nonalignable
differences is larger than the one for alignable differences .
The second potential problem is the well-known conundrum
that correlational analyses establish neither a causal rela-
tionship nor the direction of causality should a causal re-
lationship exist . Thus, the fact that the regression coeffi-
cients for nonalignable differences are larger than we might
have expected in advance may reflect a reverse causal link
between similarity and nonalignable differences . Subjects
may be most likely to list nonalignable differences for
low-similarity comparisons, for which they can think of
nothing better to do . On this view, the regression analysis
reflects a relationship between the similarity ofa pair and
the number of nonalignable differences that are listed, but
not the weight given to those nonalignable differences in
similarity comparisons .

Clearly, our earlier studies leave us with a puzzle . The
structure-mapping approach successfully predicts that
( I) there is a positive relationship between the number of
listed commonalities and alignable differences fora given
pair . (2) alignable differences are conceptually related to the
commonalities from which they were derived, (3a) align-
able differences are listed more naturally than are nonalign-
able differences, and (3b) differences are listed more easily
for similar pairs than for dissimilar pairs . However, if the
structural alignment view is correct, then alignable differ-
ences should count more against similarity than should
nonalignable differences . How can this issue be resolved?

To approach this question, we decided to repeat the com-
monality and difference listing studies with picture pairs,
in which the entire set of differences is visually available
to subjects. making it easy to list nonalignable as well as
al ignable differences . Thus, if the negative correlation be-
tween similarity and nonalignable differences found in
our previous studies was caused by neglect of nonalignable
differences, then it should no longer hold with these pic-

torial stimuli . The other predictions derive from the pre-
vious discussion . If the principles of structure-mapping
operate here as with the verbal materials we have used ear-
lier, then we should find positive correlations between
commonalities and alignable differences and between sim-
ilarity and commonalities, Thus, there should be a positi' e
correlation between similarity and alignable differences .

The use of picture pairs also allows us to escape some
limitations of the word-pair materials used in previous stud-
ies . With word pairs, the conceptual representations must
be inferred from subjects' feature listings . Because suh-
jects typically do not list relations between attributes, the
prediction that alignable differences are connected to struc-
tural commonalities requires additional analyses (like the
sorting task described above, Markman & Gentner . 1993a ) .
By using picture pairs, we can manipulate the individual
components and their interrelations within the scenes-:\
related advantage is that picture pairs permit us to 'ar'
whether a difference is alignable or nonalignable . and thus
lend themselves to separating the effects of ahgnahle and
nonalignable differences on subjects' judgments of simi-
larity. Finally, with pairs ofconcepts . there is vanabiht, due
to variations in subjects' conceptual representations of these
words as a function of past experience . Since much of the
information relevant to the picture pairs is derived directl\
from the pictures themselves, there should be less variahil-
ity between subjects than in previous studies .

Thus, in Experiment I, we investigated whether picture
pairs would yield the same pattern of commonality and
difference listings already obtained with word pairs in sup-
port of the first three predictions of structural alignment
In this study, subjects listed commonalities and ditlcrences
of pictorial scenes rather than of individual concepts . I t
these scenes yielded the same patterns across commonal-
ities and differences as do word pairs . we would he able to
generalize our results beyond preexisting taxonomic cat-
egory representations . Furthermore . if the results of this
first study showed the same effects as the pre\ iota stud-
ies, then the stage would be set for a systematic manipu-
lation of alignable and nonalignable differences to test the
fourth prediction-that alignable differences count more
than nonalignable differences in judgments of similantn .

A subsidiary goal of this study was to examine factors
that promoted correspondences between items in each
picture . To this end, we created eight triads of pictures like
the one in Figure 2 . From these triads, two sets of picture
pairs were created. The picture in A was paired with the
picture in B in one stimulus set and with the picture in C
in the other stimulus set . This design allowed us to compare
how the same item in one picture would be matched to di f-
ferent items in different comparisons. We also wanted to
have pairs that spanned a range of similarities . s o the stim-
ulus set included four low-similarity pairs (formed by ar-
bitrarily pairing the eight pictures from the triads that were
not already used) and four high-similarity pairs in which
similar objects were placed in a similar relational structure
(i .e ., literally similar pairs ; Gentner. 1983. 1989) .

In Experiment I, we asked whether the pictorial stim-
uli would support the first three predictions of structural
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alignment . First, as in previous studies, the number ofalign-
able differences listed for a pair should be positively re-
lated to the number ofcommonalities listed (and thus both
should show a positive relationship to rated similarity) .
Second, the alignable differences should be conceptually
related to the way that elements of the pictures were placed
in correspondence . Third . comparisons should focus on
alignable rather than nonalignable differences . If these
patterns held for pictorial pairs as they do for word pairs .
this would strengthen the claim that commonalities . align-
able differences, and nonalignable differences were the re-
sult of a general similarity-comparison process .

EXPERIMENT I

Method
Subjects . The subjects in this study were 40 undergraduates from

the University of Illinois who were given course credit for their
participation .

Materials . Two between-group stimulus sets were created, each
containing 16 pairs of pictures . The heart of each stimulus set was a
group of 8 triads of pictures (like the one in Figure 2) . In the first
stimulus set, the target picture (e .g ., Figure 2A) was paired with one
of the other two pictures (e .g ., Figure 2B), and in the second set, the
target picture was paired with the other picture (e .g., Figure 2C) . The
eight remaining pictures were arbitrarily paired to form four more
pairs . Finally, four pairs in which similar objects participated in sim-

61

A

Figure 2 . Sample triad of pictures used in Experiment I .
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C

ilarcausal relations (literally similar pairs) were Included in each set
to ensure that the sets covered a wide range of similarities . All pic-
tures were drawn with a computer drawing package and ~kcre
mounted individually on colored paper .

Procedure . The subjects were run individually at a table in a
small room . At the start of a trial, the experimenter placed a pair of
pictures in front of the subject and asked him/her to list either the
commonalities or the differences of the pair. The subjects listed ei-
ther the commonalities or the differences of a pair . but not both
Thus, 2 subjects were required to get a complete set of commonal-
ity and difference listings for each stimulus set .

The subjects listed the commonalities and differences aloud into
an audio tape for I min . The experimenter timed each trial with a
watch . At the end of I min, the experimenter signaled the subject to
stop, and placed the next pair of pictures in front of him/her . Gener-
ally, the subjects finished listing commonalities and differences well
before the minute was up . A short break was given after eight trials
After listing commonalities or differences for all 16 pairs . the sub-
ject saw each pair a second time and rated its similarity on a 9-point
scale .2 The session took approximately 25 min to complete

Design . Similarity ofthe picture pairs was manipulated within sub-
jects, so that each subject saw pairs that spanned a range of similari-
ties . For purposes of the analyses, the stimuli were divided into three
groups (i .e ., low similarity, medium similarity, and high similanty) on
the basis of subjects' similarity ratings . There were 2 between-subject
stimulus sets and 10 random stimulus presentation orders, with 4 sub-'
jects seeing each order. The dependent measures were the number of
commonalities, alignable differences, and nonalignable differences
listed by the subjects, as well as the rated similarity of the items .

t
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Scoring . fhe protocols were transcribed and scored using the
procedure we had employed previously (Markman & Gentner,
1993a t For commonality listings, one commonality, was counted for
each item subjects listed as part of both pictures : for example, "Both
hate Christmas trees ." Difference listings were separated into align-
able di flerences and nonalignable differences . An item was counted
as an alienable difference if subjects mentioned that the pictures dif-
fered along some common aspect : for example . "One picture has a
t ase and the other has an angel ." An item was scored as a nonalign-
able difference if the subject mentioned an aspect of one of the pic-
tures and simply negated it for the other picture (or failed to mention
the other picture at all) : for example, "One picture has a train (and
the other does not) ." As discussed in our previous work (Markman
& Gentner. I993a), this scoring procedure is conservative in that
subjects could see a feature as an alignable difference but fail to
place it in the appropriate linguistic form . However, this conser-
tatism should only make our hypotheses more difficult to support by
uniformly decreasing the level of alignable differences (which are
assumed to he the more important kind of difference) . One rater
scored the entire data set and a second naive rater scored a random
20°° suhsample of the data . There was 94°%o agreement between the
racers

Results
Prediction 1 : Numerical relationships between com-

monalities and differences . We begin with an examination
of the numerical relationships between listed properties .
Table I shows the mean number of listed commonalities,
alienable dtfference,t and nonalignable differences for pairs
of to w . medium, and high similarity (as defined by subjects'
ratings) . The low-similarity pairs had a mean rated simi-
larit~ of l 94, the medium-similarity pairs had a mean
rated similarity of 4 .79, and the high-similarity pairs had
a mean rated similarity of 7 .34. Furthermore, as planned,
the tt,o stimulus sets each spanned a range of similarities .
For Set I . the rated similarities ranged from a low of 1 .17
to a high of-1.98 with a mean ot'4 .13 . For Set 2, the range
teas 1 .46 to 8 .00 with a mean of 5 .10 .

For these results to be compatible with those of previ-
ous studies, high-similarity pairs should have more listed
eummonalities than low-similarity pairs. Indeed, as the
similaritt of the pairs increased, the number of listed corn-
monalities increased [F(2,29) = 51 .02, p < .001 ], with sig-
nificantly more commonalities listed for high-similarity
pairs ( .tl = 6.53) than for medium- (,1i = 4 .24) or low-
similarity pairs ( :14 = 1 .54) and more commonalities listed
for medium-similarity pairs than for low-similarity pairs
tall ps < .05. Bonferroni) . Similarly, the number of align-
ableditferences listed increased with similarity [F(2,29) =
6 87 . p < . 05] . More alignable differences were listed for

high-similarity (M = 3 .20) and medium-similarity ( .tl =
2 .97) pairs (which did not differ from one another) than
for low-similarity pairs (M = 1 .91) (both ps < .05, Bon-
ferroni) . In contrast, the number of listed nonalignable
differences did not differ significantly across the three
levels of similarity [F(2,29) = 2 .28, p > .10) .

This pattern is reflected in correlational analyses per-
formed on the mean number of listed items and mean sim-
ilarity ratings of the pairs in each set . As predicted, there
was a significant positive correlation between rated simi-
larity and the number of commonalities listed for each
pair [r(14) = 0.98 for Stimulus Set I and r(14) = 0 .91 for
Stimulus Set 2, both ps < .001 ] . Furthermore, as expected,
there was a significant positive correlation between rated
similarity and the number of alignable differences listed
[r(14) = 0 .71 for Stimulus Set I , r( 14) = 0 .50 for Stim-
ulus Set 2, bothps < .05) . In contrast, no significant cor-
relation was obtained between rated similarity and the
number ofnonalignable differences listed fr( 14) = -0 07
for Stimulus Set I and r(14) = 0 .12 for Stimulus Set
both ps > .10] .

Correlational analyses can also be used to examine the
claim that pairs with many commonalities have many
alignable differences, while pairs with few commonalities
have few alignable differences . Consistent with this pre-
diction, there was a positive correlation between the nurn-
berof listed commonalities and the number of listed alien-
able differences [r(14) = 0 .69 for Stimulus Set I , r( 14) =
0.58 for Stimulus Set 2, both ps < . 05] . In contrast, no sig-
nificant correlation was obtained between commonalities
and nonalignable differences [r(14) = - 0 .06 for Stimu-
lus Set 1, r(14) = 0.03 for Stimulus Set 2, both ps > .10]
As in previous findings, this pattern suggests that the
alignable differences are related to the commonalities but
that the nonalignable differences are not .!

Prediction 2: Conceptual relationship bets+een com-
monalities and differences . The defining characteristic
ofalignable differences is that they are connected to corn-
mortalities, Consistent with the first prediction of struc-
tural alignment, we have already demonstrated that align-
able differences are numerically related to commonalities .
We now turn to the second prediction with an examination
of conceptual relationships between alignable differences
and the correspondences from which they are derived . We
examined all ofthe consensus differences, defined as those
differences listed by at least 5 subjects . The differences were
compared with the original pictures to determine what type

Table 1
mean Commonalities, Alignable Differences, and Nonalignable Differences

as a Function of Pair Similarity in Experiment I

Pair

	

Number of
Similarity

	

Pairs
Rated

Similarity Commonalities
Alignable
Differences

Nonalignable
Differences

Total
Differences

Lot, 10 1 .94 1 .54 1 .91 2 .y9 4 .90

Medium 13 4 .79 4 .24 2 .97 2 .23 5 .20

High 9 7 .34 6 .53 3 .20 3 .36 6 .56

Note--Low-similarity pairs had a mean similarity rating less than 3 .66, medium-similarity pairs had
a mean similarity rating between 3 .67 and 6 .33, and high-similarity pairs had a mean similarity rating
greater than 6 .34 .



of correspondence (if any) was required to determine this
difference. For example, in the comparison between Fig-
ures 2A and 2B, noticing that both pictures have Christ-
mas trees may lead to the discovery that the ornaments on
the trees differ .

In all, there were 72 consensus alignable differences .
All of these differences were clearly the result of a partic-
ular correspondence between a pair of pictures . Of the 72
consensus alignable differences, 43 (60%) were derived
from objects that seem to have been placed in correspon-
dence on the basis of their attribute similarity . For exam-
ple . all 10 subjects listing differences for the pair made up
of Figures 2A and 2B pointed out that the Christmas trees
(which are placed in correspondence on the basis of their
perceptual similarity) have different ornaments . The re-
maining 29 (40%) consensus alignable differences were
associated with relational commonalities . For example,
7 10 of the subjects listing differences for the pair made
up of Figures 2A and 2C pointed out that there was a vase
on top of the fireplace in one picture and an angel on top
of the fireplace in the other . Similarly, 7'10 subjects list-
ing differences for the pair made up of Figures 2A and 2B
said that the star on top of the tree and the angel on top of
the tree were a difference between the pictures . In these
two examples, the items placed in correspondence were not
perceptually similar, but rather played like roles in a match-
ing relation between the pictures, evincing the hallmark of
analogical comparisons .

In contrast to the alignable differences, the nonalign-
able differences were generally not related to the corre-
spondence between the pictures . In all, there were 33 con-
sensus nonalignable differences . Of these, 27 (82%) were
not obvio;isN related to the commonalities of the scenes .
For example. 7 10 subjects listing differences for the pair
in Figures _ :\ and 2B pointed out that there was a window
in one picture, but not in the other . Clearly, the window is
a salient perceptual aspect of the picture . but it does not
have a correspondence with any of the elements in the
other picture . The remaining 6 (18%) were situations in
which two items were placed in correspondence, leading
to the perception of a missing property for one of the
items. For °xample, 6%l0 subjects listing differences for
the pair in Figures 2A and 2B pointed out that there were
stockings in one picture but not in the other . This differ-
ence may have been salient because there were corre-
sponding fireplaces in each scene, only one of which had
stockings hanging from it . It is an open question as to
whether there is a psychological difference between these
two subtypes of nonalignable differences (see also Mark-
man & Medin, 1995, for a discussion of this issue) .

Prediction 3 : Alignable differences favored over non-
alignable differences . This study has provided support
for the first two predictions of structural alignment . How-
ever, there is an interesting difference between the results
of this study and those of the previous studies with word
pairs (Gentner & Markman, 1994 ; Markman & Gentner,
1993a) . In our previous work, there were generally fewer
nonal ignable differences listed than alignable differences .
In contrast, in the current study, using pictures, the over-
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all number ofnonalignable differences listed ( .tf = 22 .79)
was roughly the same as the number of alignable differ-
ences listed (M = 2 .70) . This finding does not seem com-
patible with the claim that comparisons focus on alignable
differences rather than on nonalignable differences . In
casting about for the reason for this difference, we consid-
ered two ways that the picture pairs differed from the word
pairs. First, in the word studies, the words denoted indi-
vidual concepts, while the pictures used here depicted rel-
atively complex scenes . Second, for the word pairs, the rep-
resentations of both items had to be kept in working
memory, whereas for the current picture pairs . the pairs
remained in front of the subjects while they were listing
differences . Thus, subjects in the word task may have been
limited to considering material in a narrower attentional
focus than were subjects in our current picture task .

This reasoning suggests a further analysis . We ha% e ar-
gued that comparisons generally focus on those common-
alities and alignable differences connected to the most
systematic matching structure (cf. Gentner. 19891 . Align-
able differences arise from a set constrained by the match-
ing structure, but nonalignable differences can be drawn
from a potentially indefinite set . By this reasoning. we
would expect greater between-subject consistency in list-
ing alignable differences than in listing nonalignahle differ-
ences . One piece of supporting evidence for this claim is
that, of the 105 consensus differences described above
(i .e ., those listed by at least 5 subjects) . 72 (69%) were align-
able differences and only 33 (31 %) were nonalignable di f-
ferences . This finding is consistent with the claim that com-
parisons focus subjects on alignable differences . with
other differences being optional .

Discussion
The results of Experiment I bear out the predictions of

structural alignment. In support of' the first prediction .
pairs with many commonalities also had many alignable
differences, while pairs with few commonalities had fey+
alignable differences . In contrast, there was no significant
relationship between the number of commonalities and
the number of nonalignable differences listed for a pair . I n
support of the second prediction, consensus alignable dif-
ferences were clearly derived conceptually from corre-
spondences between the pictures, while only a small sub-
set of the nonalignable differences appeared to be at all
related to the correspondences . This finding reinforces the
idea that structural alignment rather than mere feature over-
lap determines the commonalities and differences of a
pair. Finally, in support of the third prediction . there was
greater consistency in the listings ofalignable differences
than in the listings of nonalignable differences, suggesting
that the alignable differences were the result of a search
for a common relational system, while the nonalignable
differences were not .

Commonalities, differences, and similarity : T,,io
pilot studies . These data clearly demonstrate that com-
monalities and alignable differences are related, but com-
monalities and nonalignable differences are not . They also
provide some evidence that comparisons focus on align-
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able differences rather than on nonalignable differences .
However, this study does not permit us to examine the rela-
tionship between commonalities, alignable differences, non-
alignable differences, and the perception of similarity. As
discussed above, regression analyses cannot effectively dis-
criminate between the impact of commonalities on simi-
larity and the impact ofalignable differences on similarity .
Thus, another methodology is required to address this issue .

The most straightforward test of this hypothesis is a
forced-choice task that pits an item serving as an alignable
difference against the same item serving as a nonalignable
difference . Such a task is illustrated in Figure 3 . Here the
choice alternatives are nearly identical to the standard, ex-
cept that a new item (the bird) has been added . In one case,
the item is added as a nonalignable difference (here, be-
hind the target), but in the other it is added as an alignable
difference (here being shot at by the man) . If subjects find
that the alignable difference decreases similarity more than
does the nonalignable difference, then, if they are asked to
select the figure most similar to the standard, they should
select the nonalignable difference choice . We conducted a
pilot study with 24 subjects, who were given choices in-
volving eight triads structured like the one in Figure 3 . Con-

Nonalignable difference choice

sistent with the idea that alignable differences decrease
similarity more than do nonalignable differences, on 88%
of the trials (significantly above chance), subjects selected
the nonalignable difference choice as most similar to the
standard. Further support for this focus on the alignable
difference was that 14/24 subjects justified their responses
after the conclusion of the experiment with such statements
as, "The object of the action was important . anything else
was unnecessary" and "[I looked to see that) the object
that was being acted on stayed the same ."

One problem with this methodology is that the align-
able difference replaces the object in the standard . For ex-
ample, in the alignable difference choice in Figure 3, the
bird replaces the target . Thus, subjects could be selecting
the picture that contains all of the same elements as the
standard . This objection can be countered by using triads
like the one in Figure 4 . Here, the object replaced by the
alignable difference still appears in the picture in a differ-
ent location (here the target now hangs on the tree) . In a
second pilot study, 16 subjects were each presented \v ith
eight triads like the one in Figure 4 . As expected, the sub-
jects selected the nonalignable difference choice as most
similar on 95% of trials (again more than would be ex-

Alignable difference choice

Figure 3 . Sample set of pictures that could be used to determine whether alignable differences or nonalignable
differences count

more against rated similarity .



peered by chance) . Once again, however, there is a second
e xplanation . i n this study, subjects may be selecting the
item that has all of the elements of the original study in their
original location . Clearly these pilot studies are consistent
with the idea that alignable differences decrease similar-
itx more than do nonalignable differences . Unfortunately,
it is not possible to rule out all alternative explanations for
the data in a single forced-choice study .

Because of the difficulty in equating the comparison
figures on all dimensions except the item appearing as an
alignable difference or as a nonalignable difference, we
adopted a different methodology . Understanding the logic
of this method requires a deeper examination of the pre-
diction that alignable differences count more against sim-
ilarity than do nonalignable differences . One way to in-
terpret this claim is that any alignable difference counts
more against similarity than does anv nonalignable dif-
ference. However, the prediction of structural alignment is
more subtle . The impact of a given difference is greater if
it is connected to the common structure than if it is not, be-
cause subjects focus more attention on alignable differ-
ences than on nonalignable differences when making
compansons . I f the corresponding objects that make up an
alignable difference are similar (within the context of the
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Alignable difference choice
Figure 4 . Another set of pictures that could be used to assess the relative impact of alignable and nonalignable differences on simi-

larity. Here, the target in the alignable difference choice is located on the tree .

relational role they fill), then the alignable difference
should not decrease similarity much . If the corresponding
objects are dissimilar, then the alignable difference should
decrease similarity greatly. In contrast, because nonalign-
able differences have no corresponding objects in the
other scene, there should be considerably less variation in
similarity as the object changes .'

Thus, we suggest that variations in an alignable differ-
ence will affect similarity more than variations in a non-
alignable difference . We can test this proposal empirically
using a set of pictures like the one in Figure 5 . 5 The stan-
dard (Figure 5A) depicts a robot fixing a car. This stan-
dard is compared with a picture that contains a particular
alignable difference (e .g ., a robot fixing something else)
or to one that contains a nonalignable difference (e .g ., some
other item on the floor near the robot) . An item added
as an alignable difference can be either similar (as in Fig-
ure 5B, in which the robot now fixes a truck) or dissimi-
lar (as in Figure 5C, in which the robot fixes another
robot) . The same two items (a truck or a robot) can be
added as a nonalignable difference as well (as in Figures
5D and 5E, respectively). The central prediction of struc-
tural alignment is that the variation of the item will mat-
ter much more for alignable differences than for non-
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alignable differences . That is, when subjects rate the sim-
ilarity of all four pairings of standard with alternative,
there should be a greater difference in rated similarity be-
tween the two alignable difference pairs (e .g ., 5B and 5C)
than between the two nonalignable difference pairs (e .g .,
5D and 5E) . This pattern of data would lead to an interac-
tion between the type of difference and the "similarity" of
the added item to the corresponding item in the alignable
difference .

(A)

Figure 5 . Sample set of pictures used in Experiment 2 .

(C)

(E)

EXPERIMENT 2

Method
Subjects . The subjects in this study were 24 members of the Co-

lumbia University community who were paid for their participation .
Design . There were two levels of item similarity (similar'dissim-

ilar) and two levels of difference type (alignable .'nonalignable) . Both
factors were run within subjects . Order of stimulus presentation was
determined randomly for each subject with the restriction that the
subject never rate two pairs from the same stimulus set in a row



Materials. Eight sets of pictures were generated . Each set con-
sisted of a standard and four comparison figures . In each compari-
son figure . a new local item was added either as an alignable differ-
ence or as a nonalignable difference . The new item was similar to the
corresponding item in the standard picture in one of the alignable
difference alternatives and was dissimilar to the corresponding item
in the other . The same two local items were added to form the two non-
alignable difference alternatives . Similarity between the local items
of the two alignable difference pairs and the standard's items (and
thus between corresponding items) was determined by our intu-
itions . and was later confirmed by the ratings in the similarity task .
The stimulus set is summarized in Table 2 .

Stimuli were drawn with a computer graphics package . Each stim-
ulus pair was placed on a sheet of paper . The standard was always on
top . At the bottom of the page was a similarity scale ranging from I
(labeled high/. dissimilar) to 9 (labeled highly similar) . The 32 stim-
ulus pairs were organized into booklets . The instructions were
placed on the first page of the booklet .

Procedure . The subjects were given the booklet with the stimu-
lus materials and were seated at a table . The subjects were asked to
look at the pictures and to rate the similarity of the pair on the scale
pro ided : they were encouraged to look through the booklet prior to
making the ratings to get a feel for the range of materials in the study .
The rating task took approximately 10 min to complete .

Results
The results bear out the prediction that deviations from

the standard matter more in computing similarity if they
are alignable with elements of the standard than if they are
not . The mean rated similarity of the four kinds of picture
pairs for each stimulus set is presented in Table 2 . A 2 x 2
repeated measures analysis of variance (ANOVA) was per-
formed on the mean rated similarity for each item . There
were main effects of both item similarity and difference
type. On average, similar items (,t4 = 6 .58) yielded higher
similarity ratings than did dissimilar items (ib1 = 5 .67)
[F(1 .7) = 12.96. p < .05] . Also, as we found in the pilot
studies, nonalignable difference pairs ( :M = 6 .64) yielded
higher similarity ratings than did alignable difference pairs
( ;t4 = 5 .61) (F(1 .7) = 10.63.p < .05] . This difference sug-
gests that a given mismatch counts more against similar-
ity as an alignable difference than as a nonalignable dif-
ference . As predicted, there was an interaction between item
similarity and difference type [F(1,7) = 8.19, p < .05] .
This interaction reflects that, as expected, the rated simi-
lanty for similar a] ignable difference pairs (,14 = 6 .33) was
significantly greater than the rated similarity for different
alignable difference pairs (M = 4.88) [t(7) = 3 .76,p < .05,
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Bonferroni]. while the difference in rated similarity be-
tween similar nonalignable difference pairs (.tl = 6 .82) and
dissimilar nonalignable difference pairs ( .tl = 6 .46) %%as
not significant [t(7) = 1 .61 . p >.05] . The same pattern
was obtained in a subject analysis . The difference in rated
similarity between similar and dissimilar alignable differ-
ence pairs (M = 1 .45) was significantly larger than the
difference in rated similarity for similar and dissimilar
nonalignable difference pairs (M= 0.35) [1(23) = 5 .92 .
p < .001] .

Discussion
These findings extend our previous work by providing

an explicit demonstration that the impact of alignable dif-
ferences on rated similarity is greater than the impact of
nonalignable differences on similarity. First, as in the pilot
studies. alignable difference pairs were given lower sinu-
larity ratings than were nonalignable difference pairs . Sec-
ond, as predicted, subjects were much more sensitive to
the degree of difference for alignable differences than for
nonalignable differences . This is consistent with the claim
that similarity comparisons focus on alignable differences
over nonalignable differences . As discussed above, this fo-
cus on alignable differences does not imply that any non-
alignable difference will be disregarded, Oor that any gn en
alignable difference will greatly decreasejsimilanty . In one
stimulus set, a robot fixes a car in the standard and a truck
in the alignable comparison figure . Whge these pictures
are clearly different, subjects' overall assessment of sim-
ilarity was still quite high (M = 6.54 out of9 .00) . The point
is that variations in this local item similarity (e .g . . replac-
ing the truck by a robot) had a much greater impact on
overall similarity (thereby lowering the rated similarity to
4 .75) than did parallel variations within the nonalignable
difference alternatives. Thus, while both alignable and non-
alignable differences count against similarity (all pairs
were given ratings less than 9 on the scale), the subjects
were much more sensitive to variations in the properties
appearing as an alignable difference than to variations in
the properties appearing as nonalignable differences .

GENERAL DISCUSSION

The studies presented here support the view that simi-
larity comparisons involve an alignment of structured rep-

Table 2
Summary ofStimulus Set for Experiment 2 and Similarity Ratings for the Four Conditions of This Study

Target

	

Similar

	

Dissimilar

	

Alignable Difference Pairs

	

Nonalignable Di fference Pairs

Relation

	

Object

	

Object

	

Object

	

Similar

	

Dissimilar

	

Similar

	

Dissimilar

Shooting Target Bottle Bird 5 .67 4 .67 7 .88 7 .50

Painting Large painting Small painting Sculpture 5 .38 4 .83 7 .17 6 .17

Reaching Cookies Cake Cereal 7 .38 6 .38 6 .75 6 .13

Giving Woman Squirrel Garbage can 7 .08 4 .71 6 .96 7_2 5

Cooking Hot dog Marshmallows Flag 7 .00 3 .38 7 .25 6 04

Rescuing Child Infant Cat 6 .54 5 .63 6 .42 7 08

Repairing Car Truck Robot 6 .54 4 .75 6 .17 5 58

Fighting Man Large man Small man 5 .04 4 .67 5 .96 5 .92

Mean 6 .33 4 .88 6 .82 6 .46
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resentations (Falkenhainer et al ., 1989; Gentner, 1983, 1989 ;
Gentner & Markman, 1994, 1995 ; Goldstone, 1994 ;
Goldstone & Medin, 1994a ; Goldstone, Medin, & Gent-
ner, 1991 ; Markman & Gentner, 1993a, 1993b; Medin et L1.,
1993). This view assumes that connections are of para-
mount importance in mental representations, and that these
connections are established via labeled and directed rela-
tions. This pattern of connections is crucial to the struc-
tural alignment process .

Experiment I tested whether three prior findings ob-
tained with verbal stimuli (Gentner & Markman, 1994;
Markman & Gentner, 1993a) would generalize to pictor-
ial stimuli . The results showed that, as predicted, alignable
differences were positively correlated with commonalities
and nonalignable differences were not. Furthermore, this
study demonstrated explicitly that alignable differences
arise from corresponding elements in a pair . Finally, these
results yielded greater between-subject consistency for
listings of alignable differences than for listings of non-
alignable differences, as would be expected if comparisons
focused subjects on differences connected to the common
structure .

Although the results of Experiment 1 strengthened the
evidence for the structural alignment account, it still re-
mained to be demonstrated that subjects' subjective as-
sessments of similarity were affected differentially by
alignable and nonalignable differences . The results of Ex-
periment 2 showed that the degree to which an alignable
difference decreased similarity varied greatly with its sim-
ilarity to the corresponding item in the standard . In contrast,
variations in an item serving as a nonalignable difference
did not much affect overall similarity. These findings bear
out the prediction that alignable differences are a more
focal part of similarity comparisons than are nonalignable
differences .

Generality
These studies show that the relationship between com-

monalities and alignable differences is not specific to word
pairs . In addition, the present results suggest that the dis-
tinction between alignable and nonalignable differences is
general to the comparison process and not specific to tax-
onomic categories . Other research suggests that these pat-
terns are not specific to any particular level of taxonomic
abstraction either. For example, as we found here, Mark-
man and Wisniewski (1996) demonstrated that subjects
asked to Iist commonalities and differences of pairs made
up of subordinate-, superordinate-, and basic-level con-
cepts listed more commonalities and alignable differences
for similar pairs than for dissimilar pairs at all levels of ab-
straction. Interestingly, Markman and Wisniewski found
that basic-level categories were the most abstract categories
at which many commonalities and alignable differences
could be obtained in comparisons, and speculated that the
basic-level advantage in categorization might be related to
this ability to fluently compare items .

In general, we find that highly similar pairs have many
commonalities and many alignable differences . This pat-
tern has been obtained when the highly similar pairs con-

sisted of pairs of categories from the same ontological class
(Markman & Gentner, 1993a), pairs of subordinate cate-
gories from the same basic-level category (Markman &
Wisniewski, 1996), and pairs of pictures in which similar
objects take part in similar actions (in the present studies) .
Clearly, however, similarity taken to the limit yields iden-
tical pairs, which have many commonalities and no dif-
ferences. Thus, we are left with the paradox that highly sim-
ilar pairs have many commonalities and many alignable
differences, but the most similar pairs (i .e ., identical pairs)
have many commonalities and no differences . Further re-
search must determine whether the observed numerical
relationship between commonalities and alignable differ-
ences holds for all highly similar pairs that are not identi-
cal, or whether at some point prior to identity the positive
relationship between commonalities and alignable differ-
ences is no longer obtained .

The present data underline the importance of represen-
tational connectivity on the determination of differences .
However, a robust effect found across several experiments
(Clement & Gentner, 1991 ; Goldstone, 1994 ; Goldstone
et al ., 1991 ; Markman & Gentner, 1993b) is that the impor-
tance of a feature match on similarity also depends on its re-
lationship to the overall alignment . For example, Clement
and Gentner found that subjects asked to j udge which of two
matching facts contributed most to an analogy chose the
one that was connected to a causal antecedent that matched
a causal antecedent in the other passage . A similar point
was made by Markman and Gentner (1993b) and Ratter-
mann, Gentner, and DeLoache (1990), who found that the
objects that people tended to place in correspondence in a
pair of pictures' were those that played similar roles in a
matching relational structure .

Factors That Influence Alignment
The use of picture pairs in Experiment I afforded us the

opportunity to look at the factors that lead subjects to form
correspondences. Based on the local-to-global algorithm
employed by computational models of structural compar-
ison (Falkenhainer, Forbus, & Gentner, 1986,1989 ; Gold-
stone, 1994 ; Holyoak & Thagard, 1989 ; Keane & Brayshaw,
1988), we expected to find-and did indeed find-that
items were sometimes placed in correspondence on the ba-
sis of local attribute similarities, for example, the match-
ing Christmas trees in Figures 2A and 2B . A prediction that
is both more specific and more important to the structure-
mapping approach is that frequently items were placed in
correspondence because they played the same role in a
matching relational structure . For example, the angel in
Figure 2B was typically placed in correspondence with
the star in Figure 2A on the basis of their like positions
atop the matching trees in the pictures. Subjects' willing-
ness to place nonidentical objects in correspondence, i f by
so doing they could preserve a systematic structural align-
ment, is consistent with previous findings (e.g ., Clement
& Gentner, 1991 ; Gentner & Schumacher, 1986 ; Gentner
& Toupin, 1986; Goldstone & Medin, 1994a, 1994b ; Hal-
ford, 1993 ; Maarkman & Gentner, 1993b; Spellman &
Holyoak, 1993) .



This analysis suggests that attribute alignable differ-
ences are often the result of relational correspondences in
a scene . According to structural alignment, however, the
opposite pattern should not be obtained : attribute matches
should not lead to the determination of relational alignable
differences . This prediction is based on the fact that rela-
tional correspondences are used to constrain the set of ob-
ject matches, but that attribute correspondences are not
used to search for relational matches . Consistenfwith this
prediction, only 2 of the 72 consensus, alignable differ-
ences (i .e ., those listed by 5 or more subjects) were rela-
tional alignable differences that were related to attribute
correspondences .

In sum, structural alignment posits that the overall rep-
resentational alignment, and not simply a summation of
object similarities, determines scene similarity . Object align-
ment depends not only on the two compared objects' fea-
tural commonalities and differences, but also on the best
relational alignment between the scenes . In some compar-
isons (e .g ., literal similarity matches) both the attribute and
the relational information correspond, making the object
correspondences in these pairs very robust .

Structural Alignment in Cognitive Processing
From a functional perspective, it makes sense that the

comparison process should promote large structural align-
ments. Such a.. preference for systematicity in interpre-
tation maximizes the chance of perceiving and using im-
portant predictive information such as common causal
relations and other higher order patterns . Moreover, peo-
ple can use differences that are connected to common
causal systems as the basis for new causally relevant pre-
dictions from the base to the target, and these inferences
can be used to increase the systematicity (i .e ., coherence)
of the target (Bowdle & Gentner, 1996; Clement & Gentner,
1991 ; Gentner & Bowdle, 1994) . Another point to con-
sider on the ecological side is that in everyday reasoning
situations the comparison items will typically share rele-
vant commonalities. Their alignable differences-those
connected to the common system-are thus likely to be
those most relevant to current concerns .

We suggest that structural alignment is a general com-
parison mechanism, We have also suggested that implicit
or explicit comparisons are a central part of many other
cognitive processes. Given this assumption, alignable dif-
ferences should be crucial to other cognitive processes be-
yond direct simi larityjudgments . For example, Goldstone
(1994) found that similarity increased subjects' sensitiv-
ity to alignable properties in a perceptual matching task
(see also Goldstone & Medin, 1994a), In this study, sub-
jects saw scenes composed of two pairs of butterflies dis-
played briefly on the screen, in which there were certain
overall alignments, for example, top butterfly on left -+ top
butterfly on right, and so forth . After the screen was erased,
subjects rated the similarity of the scenes ; they were then
asked to indicate whether aligned butterflies or unaligned
butterflies had matching values along a given dimension
(e.g ., were the wings shaded in the same way) . A signal-
detection analysis indicated significantly greater sensitiv-
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ity (d') for feature matches and mismatches for aligned
butterflies than for nonaligned butterflies . Thus, compar-
ing scenes facilitates the determination of both matching
and mismatching features of corresponding objects .

Structural alignment theory also applies fruitfully in
decision making. For example, Tversky's (1972) elimina-
tion by aspects (EBA) model compares the items in a
choice set on the basis of their values on a common di-
mension . Items with unsatisfactory values on that dimen-
sion are eliminated . This process is repeated until one item
remains. Thus, EBA focuses on alignable differences of
items in the choice set . Markman and Medin (1995) tested
the importance of alignable differences in choice directly .
They compared subjects' justifications for choices be-
tween pairs of video games with commonality and differ-
ence listings for the same pairs obtained from a separate
group of subjects. In their justifications, subjects consis-
tently used alignable differences rather than nonalignable
differences, suggesting that alignable differences played a
greater role in choice processing than did nonalignable
differences . Likewise, Johnson (1988, 1989) found that
people were more likely to compare items in a choice set,
and to rely on comparable attributes of the choices, when
the items were similar than when they were dissimilar .

Some recent evidence on the creative extension of known
categories is also consistent with the structural alignment
view. Karmiloff-Smith (1990) asked children to draw pic-
tures of people and houses that "do not exist." She found
that children often drew new items that were similar to
known items but had alignable differences with them . For
example, a "person that does not exist" might have three
eyes or six legs . Ward (1994., 1995) found a similar pattern
with adults . He asked college students to craw fantasy an-
imals, and they too tended to have alignab!e differences
with known animals . Furthermore, he notes that new in-
ventions often maintain the structure of prior artifacts with
just those alignable differences needed for the new func-
tion (Ward, 1995) . . For example, early trains were built to
resemble stagecoaches running on tracks instead of on
roads (even to the extent of retaining such maladaptive
qualities of the original as having the conductor and the
brakeman sitting on the outside of the car) .

Structural alignment may also illuminate the well-
known distinctiveness effects in memory (Hunt, 1995 ; Hunt
& McDaniel, 1993) . In the von Restorff effect, an item is
well remembered when it is embedded in a list context that
makes it distinctive (e .g ., a number may be well remembered
in a list of nonsense syllables) . Hunt and McDaniel (1993)
suggest that structural alignment, with its clear connection
between commonalities and alignable differences, may
provide the basis for an explanation of these phenomena .

Finally, both ease of alignment and the distinction be-
tween alignable and nonalignable differences are impor-
tant in conceptual combination. Two main strategies have
been uncovered for the way subjects interpret novel
noun-noun phrases : slot filling (Murphy, 1988) and prop-
erty mapping (Wisniewski & Gentner, 1991) . In slot fill-
ing, a relation is posited between the concepts (e .g ., a
zebra chair is a chair that zebras sit in) . In property map-
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ping, a property of one noun is carried over to the second
(e .g ., a zebra horse is a horse with stripes) . Wisniewski (in
press) has found that property-mapping definitions are
given most frequently when the concepts denoted by the
nouns are similar, whereas slot-filling interpretations are
given most frequently when the nouns are not similar . This
pattern suggests that property mapping may involve struc-
tural alignment. Further evidence is provided by Wisniew-
ski and Markman (1993), who compared definitions of noun
pairs to commonality and difference listings of the same
word pairs, and found that property-mapping definitions
selectively made use of the alignable differences rather
than of the nonalignable differences of the words . In con-
trast, slot-filling definitions did not involve either the align-
able or the nonalignable differences of the words . Thus,
alignment and mapping may be a natural mediator of con-
ceptual combination for comparable terms (Wisniewski &
Gentner, 1991).

Conclusion
The present work links similarity to the structure-

mapping process models of analogy and metaphor, thereby
providing a more precise descriptive vocabulary for talk-
ing about comparison. This alignment process seems to
apply to both perceptual and verbal materials across a
range of cognitive domains . As with Tversky's contrast
model, which permitted a new level of specificity of pre-
diction by incorporating both commonalities and differ-
ences into the account of similarity, the structural align-
ment view increases the specificity of similarity models
by suggesting the tripartite distinction of commonalities,
alignable differences, and nonalignable differences . We
believe that this heightened precision will bear fruit in the
study of comparison as a component of cognitive pro-
cessing more generally .
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NOTES

I . Attnbutcs and relations are predicates with truth values, Functions
differ from predicates in that they map from a set of arguments onto values

COMMONALITIES AND DIFFERENCES
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other than truth values . For example, a function like color (ball) = red
may be used to represent the dimension of color . The same assertion
could be represented using color as an attribute, as in red (ball)-or
using color as a relation, as in color (ball, red) . We assume that how a
property is represented will affect the way it is processed . The represen-
tations presented in this paper are meant as plausible psychological con -
struals .

2 . Although subjects in this study performed both the commonality
and difference listing task and the similarity rating task, subjects in our
previous studies (Markman & Gentner . 1993a) performed only one of
the tasks . Since the relationship between rated similarity and listed com-
monalities, alignable differences, and nonalignabie differences parallels
that in previous studies in which the tasks were not performed t ogether.
i t is unlikely that the present results are an artifact of having the same
subjects perform both tasks .

3 . The high correlation between commonalities and alienable differ-
ences once again makes multiple regression analysis inappropriate for
examining the relationship between rated similarity and listed common-
alities . alignable differences, and nonalignable differences . For compar-
ison with previous work, we point out that if this analysis is carried out .
a significant positive regression coefficient for commonalines i' oh-
tained and nonsignificant coefficients for both alignabie and nonaligm
able differences are found . This lends weight to our suspicion that our pre-
viously obtained significant negative coefficient was artifactual That i .,
rather than nonalignable differences' leading to low similarity.the causal-
ity may be that low-similarity pairs (because they afford few alignable
differences) promote a strategy of searching for nonalignable differences
The present use of picture pairs made nonalignable differences easily
available for both high- and low-similarity pairs .

4 . This analysis requires that the added nonalignable difference does
not lead the subject to reinterpret the main action of the picture to form
new alignable differences with the other scene .

5 . We thank Brian Ross for suggesting this experiment .
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