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Any event in the history of the organism is, in a sense, unique. Consequently,
recognition, leaming, and judgment presuppose an ability to categorize stimuli
and classify situations by similarity. As Quine (1969) puts it: “There is nothing
more basic to thought and language than our sense of similarity; our sorting of
. : . of smilanty — that
under such different names as proximity, resemblance, communality, representa-
tiveness, and psychological distance — is fundamental to theories of perception,
learning, and judgment. This chapter outlines a new theoretical analysis of
similarity and investigates some of its empirical consequences,

The theoretical analysis of similarity relations has been dominated by geo-

els, Such models represent each object as a point in some coordinate
space so that the metric distances between the points reflect the observed simi-
larities between the respective objects. In general, the space Is assumed lo be
Euclidean, and the purpose of the analysis is to embed the objects in a space of
minimum dimensionality on the basis of the observed similarities, see Shepard
(1974),

In arecent paper (Tversky, 1977), the first author challenged the dimensional-
metric assumptions that underlie the geometric approach to similarity and
developed an alternative feature-theoretical approach to the analysis of similarity
relations. In this approach, each object a is characterized by a set of features, de-
noted 4, and the observed similarity of a to b, denoted s(a, b), is expressed as a
function of their common and distinctive features (see Fig. 4.1). That is, the ob-
served similarity s(a, b) is expressed as a function of three arguments: A N8, the
features shared by o and b; A — B, the features of ¢ that are not shared by b,
B — A, the features of b that are not shared by a. Thus the similarity between
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. b FIG.41. A graphical Mustra-

B—A tion of the relation between two
feature sets,

objects is expressed as a feature-matching function (i.e., a function that measures
the degree to which two sets of features match each other) rather than as the
metric distance between points in a coordinate space.
The theory is based on a set of gya qiptions about the observed

: scale 8, which preserves the

sla, b) > sle, d)], and a

scale f, defined on the relevant feature space such that

S(a, b) = 8f(AOB) — afid —B) — BB - A eref,a,8>0. (1)

According to this form, called th m.f the similarity of @ to b is
described as a linear combination (or a conirast] of The measures of their com-

| mon and distinctive features. Naturally, similarity increases with the measure of

|
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H:;,EJF . the common features and decreases with the measure of the distinctive features.

The contrast model does not define a unique index of similarity but rather a
family of similarity indices defined by the values of the parameters 8, a, and f.
For Example, if @ = 1, and a = § = 0, then S(z, b) = fid NB); that is, similarity
equals the measure of the common features. On the otEDhand, if 8 = 0, and
a=f=1,then ~S(a, b) = fld — B) + fiB — A); that is, the dissimilarity of @ to
b equals the measure of the symmetric difference of the respective feature sets,
see Restle (1961). Note that in the former case (§ = 1,a = § = 0), the similarity
between objects is determined only by their common features, whereas in the
latter case (f =0, a = § = 1), it is determined by their distinctive features only.
The contrast model expresses similarity between objects as the weighted dif-
ference of the measures of their common and distinctive features, thereby al-
lowing for a variety of similarity relations over the same set of objects,

The contrast model is formulated in terms of the parameters (8, a, f) that
characterize the task, and the scale f, which reflects the salience or prominengce
of the various featurgs, TAuS | measures the contribution of any particular
Tcommon or distinctive) feature to the similarity between objects. The scale
value flA) associated with stimulus a is regarded, therefore, as a measure of the
overall salience of that stimulus. The factors that contribute to the salience of a
stimulus include: intensity, frequency, familiarity, good form, and informational

€ scale [an

N content, The manner in whi ¢ parameters (#, a, i) depend on
the context and the task are discussed in the following sections,

This chapter employs the contrast model to analyze the following three prob-
lems: the relation between judgments of si difference; the nature of

"H—-_._.__._____.‘

4, STUDIES OF SIMILARITY 81

asymmetric similarities; and the effects of context on similarity. All three prob-
lems concern changes in simifarity induced, respectively, By THE formulation of
the _tagk (as judgment of similarity or as judgment of difference), the direction
of comparison, and the effective contexf (i.e., the set of objects under considera-
tion).

To account for the effects of these manipulations within the present theoreti-
cal framework, we introduce several hypotheses that relate focus of attention to
the experimental task. In particular, it is assumed that people attend more to

common features in judgments of similar rjud e of - difféténce,

These hypotheses are formulated in terms of the contrast model and are tested
in several experimental studies of similarity. For a more comprehensive treatment
of the contrast model and a review of relevant data (including the present
studies), see Tversky (1977).

@ SIMILARITY VERSUS DIFFERENCE

What is the relation between judgments of similarity and judgements of differ-
ence? Some authors emphasized that the two judgments are conceptually inde-
pendent; others have treated them as perfectly correlated. The data appear to
support the latter view. For example, Hosman and Kuennapas (1972) obtained
independent judgments of similarity and difference for all pairs of lower-case
letters on a scale from 0 to 100. The product-moment correlation between the
judgments was — 98, and the slope of the regression line was —91. We also col-
lected judgments of similarity and difference for 21 pairs of countries using a
20-point rating scale. The product moment correlation between the ratings was
again —98. The near-perfect negative correlation between similarity and differ-
ence, however, does not always hold.

In applying the contrast model to judgments of similarity and of difference, it
is reasonable to assume that enlarging the measure of the common features in-
creases similarity and decreases difference, whereas enlarging the measure of the
distinctive features decreases simpilazit d increases difference. More formally,
let s{a, b) and dia, b) denots measures of similarity and difference,
respectively. Thus s(a, &) is expeCled 10 increase with T4 M B) and to decrease
with T4 — B) and with fIB — A), whereas d(a, &) is expected to decrease with
flA N B) and to increase with T4 — B) and with {8 - A).

The relative weight assigned to the common and the distinctive features may
differ in the two judgments because of a change in focus. In the assessment of
similarity between stimuli, the subject may attend more to their commaon
features, whereas in the assessment of difference between stimuli, the subject
may attend more to their distinctive features. Stated differently, the instruction
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to consider similarity may lead the subject to focus primarily on the features
that contribute to the similarity of the stimuli, whereas the instruction io
consider difference may lead the subject to focus primarily on the features
that contribute to the difference between the stimuli. Consequently, the rel-
ative weight of the common features is expected 1o be greater in the assessment
of similarity than in the assessment of difference.

To investigate the consequences of this focusing hypothesis, suppose that
both similarity and difference measures satisfy the contrast mode] with apposite
signs but with different weights. Furthermore, suppose for simplicity that both
measures are symmetric. Hence, under the contrast model, there exist non-
negative constants @ and A such that

s(a, b) > s(c,e) iff BfANB) — fid —B) - fiB - A)
> 8CNE)-AC-E)-RE-C), (2)

and

dig, b) > dic,e) iff fA-B)+flB-A)-NA ME)
>AC-E)+fE-O -MCNE) (3)
The weights associated with the distinctive features can be set equal to 1 in the
symmetric case with no loss of generality. Hence, # and \ reflect the relative
weight of the common features in the assessment of similarity and difference,
respectively,

Note that if @ is very large, then the similarity ordering is essentially deter-
mined by the common features. On thecoti@rhand, if A is very small, then the
difference ordering is determined primarily by the distinctive features. Conse-
quently, both s(a, b) > s(c, €) and d(a, b) > d(c, ¢) may be obtained whenever

fiA NBY>ACNE) and fId —B)+fiB — A)>fIC ~ F) 4+ AE—C). (&)

That is, if the common features are weighed more heavily in judgments of simi-
larity than in judgments of difference, then a pair jects with many comm
and many distinctive features may be perceived as both more similar and moge

different than another pair of objects with fewer common and fewer distinctive
!ea[um.

Similarity Versus Difference

All subjects that took part in the experiments reported in this chapter were
un dergraduate students majoring in the social sciences from the Hebrew University
in Jerusalem and the Ben-Gurion University in Beer-Sheba, They participated in
the studies us part of the requirements for a psychology course, The material was
presented in booklets and administered in the classroom. The instructions were
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printed in the booklet and also read aloud by the experimenter. The different
forms of each booklet were assigned randomly to different subjects.

Twenty sets of four countries were constructed. Each set included two pairs
of countries: a prominent pair and a nonprominent pair. The prominent pairs con-
sisted of countries that were well known to the subjects (e.g., US.A-USSR.).
The nonprominent pairs consisted of countries that were known to our subjects
but not as well as the prominent pairs (e.g., Paraguay—Ecuador). This assumption
was verified in a pilot study in which 50 subjects were presented with all 20
quadruples of countries and asked to indicate which of the two pairs include
countries that are more prominent, or better known. For each quadruple, over
B5% of the subjects ordered the pairs in accord with our a priod ordering. All 20
sets of countries are displayed in Table 4.1,

Twa groups of 30 subjects each participated in the main study. All subjects
were presented with the same 20 seis in the same order. The pairs within each
set were arranged so that the prominent pairs appeared an equal number of times
on the left and on the right. One group of subjects — the similarity group —
selected between the two pairs of each set the pair of cOUNTIES AT 3re more

TABLE 4.1
Percentage of Subjects That Selected the Prominent Pair in
the Simitarity Group (T1,) and in the Difference Group (11,

Prominent Pairs Nongrominent Pairs “, M, I+ I,
1 W, Germany-E. Germany Ceylon—Nepal 66.7 0.0 136.7
2 Lebanon-Jordan Upper Volta=Tanzania  69.0 43.3 112.3
1 Cannda-US.A. Bulgaria-Albania 80,0 16.7 26.7
4 Belgium—Holland Peru—Costa Rica T8.6 214 100.0
5§ SBwitzerland ~Denmark Pakistan—Mongolla 55.2 8.6 £3.8
6 Syrin-Irag Liberia-Kenya 6313 8.6 91.9
7 USS.R.-US.A. Paraguay - Ecuador 20.0 100.0 120.0
f Sweden-Norway Thailand —Burma 69.0 40.7 109.7
9 Turkey-Greece Bolivia—Honduras 51.7 B6.7 1384

10 Austria-Switzerland Zaire—Madagascar 79.3 4.1 103.4

11  ltaly—France Bahrain—Yemen 448 T0.0 114.8

12 China—Japan Guatemala—Costa Rica  40.0 93.1 133.1

13 5. Korea-N. Korea Nigeria— Zaire 63.3 60.0 123.3

14 Uganda-Libya Paraguay —Ecuador 213 65.5 BR.8

15  Australia—5. Africa Iceland—New Zealand 574 60.0 117.1

16 Poland-Crechoslovakia Colombia—Honduras B2.8 7.0 119.8

17 Portugal-Spain Tunis—Morocco 552 733 1285

18 Vatican—Luxembourg Andorma—San Marino 50.0 85.7 135.7

19  England -Ireland Pakistan—Mongolia BO.0 58.6 138.6

20 Norway-Denmark Indonesia - Philippines 5.7 25.0 76.7

Average 59.1 4.4 113.5
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similar. The second group of subjects — the difference group — selected between
the two pairs in each set the pair of countries that are more different.

Let T1; and [, denote, respectively, the percentage of subjects who selected
the prominent pair in the similarity task and in the difference task. (T hroughout
this chapter, percentages were computed relative to the number of subjects who
responded to each problem, which was occasionally smaller than the total num-
ber of subjects.) These values are presented in Table 4.1 for all sets, If similarity
and difference are complementary (i.e., # = \), then the sum I, + I; should
equal 100 for all pairs. On T.hand,if f > A, then this sum should exceed
100. The average value of T, + 11, across all subjects and sets is 113.5 , Which is
significantly greater than 100 (1 = 3.27, df = 59, p < .01). Moreover, Tahle 4.1
shows that, on the average, the prominent pairs were selected more frequently
than the nonprominent pairs both under similarity instructions (59,1%) and
@ww%m“ ot
sults demonstrate that the relative weight of the common an e distinctive
features vary with the nature of the task and support the focusing hypothesis

Ith.-!l people attend more to the common features in judgments of similarity than
in judgments of difference.

@ DIRECTIONALITY AND ASYMMETRY

Symmetry has been regarded as an essential property of similarity relations, This
view underlies the geometric approach to the analysis of similarity, in which dis-
similarity between objects is represented as a metric distance function. Although
many types of proximity data, such as word associations or confusion probahbili-
ties, are often nonsymmetric, these asymmetries have been attributed to response
biases. In this section, we demonstrate the presence of systematic asymmetries in
direct judgments of similarity and argue that similarity should not be viewed as a
symmetric relation. The observed asymmetries are explained in the contrast
model by the relative salience of the stimuli and the directionality of the
comparison.

Similarity judgments can be regarded as extensions of similarity statements
(i.e., statements of the form “g is like b"). Such a statement is directional: it has
a subject, a, and a referent, b, and it is not equivalent in general to the converse
similarity statement " is like @." In fact, the choice of a subject and a referent
depends, in part at least, on the relative salience of the objects. We tend to select

the more salient stimulus, or the prototype, as a referent and the less salient

sOmulTz; : §We say “the porirail resembles the

person” rather than “the person resembles the portrait.” We say “the son re-
sernbles the father” rather than “the father resembles the son,” and we say
“North Korea is like Red China™ rather than “Red China is like North Korea.”

As is demonastrated later, this asymmetry in the choice of similarity statements
is associated with asymmetry in judgments of similarity. Thus the judged similarity
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of Morth Korea to Red China exceeds the judged similarity of Red China to
North Korea. In general, the direction of asymmetry is determined by the rela-
tive salience of the stimuli; The variant is more similar to the prototype than
vice versa,

If s(a, b) is interpreted as the degree to which a is similar to b, then a is the
subject of the comparison and b is the referent. In such a task, one naturally
focuses on the subject of the comparisen. Hence, the features of the subject are
weighted more heavily than the features of the referent (i.e., a > f). Thus simi-
larity is reduced more by the distinctive features of the subject than by the dis-
tinctive features of the referent. For example, a toy train is quite similar to a real
train, because most features of the toy train are included in the real train. On the
other hand, a real train is not as similar to a toy train, because many of the fea-
tures of a real train are not included in the toy train.

It follows readily from the contrast model, with a > 3, that

s

sla, b)Y > s(b, a) iff
8flA NB)—affA —B)— BB —A) > 0fld NB)—afiB —A)— B4 —B)
iff AB—A) > fid -8 (5)

Thus s(a, b) > s(b, a) whenever the distinctive features of b are more salient than
the distinctive features of @, or whenever b is more prominent than 2. Hence, the
conjunction of the contrast model and the focusing hypothesis (a > §) implies
that the direction of asymmetry is determined by the relative salience of the
stimuli so that the less salient stimulus is more similar to the salient stimulus
than vice versa.

In the contrast model, s(a, &) = s(b, a) if either id —B)=fiB —A)ora=4f.
That is, symmetry holds whenever the objects are equally salient, or whenever
the comparison is nondirectional. To interpret the latter condition, compare the
following two forms:

1. Assess the degree to which @ and b are similar to each other.
2. Assess the degree to which a is similar to b.

In (1), the task is formulated in a nondirectional fashion, and there is no reason
to emphasize one argument more than the other. Hence, it is expected thata=§
and s(a, b) = s(b, a). In (2), on the gMePhand, the task 1s directional, and hence
 subject is likely to be the focus of attention rather than the referent. In this
case, asymmetry is expected, provided the two stimuli are not equally salient.
The directionality of the task and the differential salience of the stimuli, there-

fore, are necessary and sufficlent for asymmetry,
In the following two studies, the directional asymmetry prediction, derived

from the contrast model, is tested using semantic (i.e., countries) and perceptual
(i.e., figures) stimuli. Both studies employ essentially the same design. Pairs of




59 o

86 TVERSKY AND GATI

stimuli that differ in salience are used to test for the presence of asymmetry in
the choice of similarity statements and in direct assessments of similarity.

Similarity of Countries

In order to test the asymmetry prediction, we constructed 21 pairs of countries
so that one element of the pair is considerably more prominent than the other
(e.g, US.A.—Mexico, Belgium—Luxembourg). To validate this assumption, we
presented all pairs to a group of 68 subjects and asked them to indicate in each
pair the country they regard as more prominent. In all cases except one, more
than two-thirds of the subjects agreed with our initial judgment. All 21 pairs of
countries are displayed in Table 4.2, where the more prominent element of each
pair is denoted by p and the less prominent by q.

Next, we tested the hypothesis that the more prominent element is generally
chosen as the referent rather than as the subject of similarity statements. A
group of 69 subjects was asked to choose which of the following two phrases
they prefer to use: "p is similar to ¢,” or “q is similar to p.” The percentage of
subjects that selected the latter form, in accord with our hypothesis, is displayed
in Table 4.2 under the label IT, It is evident from the table that in all cases the
great-majortty Of subjectsselected the form in which the more prominent country

serves as a referent.
e e

TABLE 4.2
Average Similarities ond Differences for 21 Palrs of Countries
p q Il e q) £ slg.p) | dip,q) '>d(q. P
1 USA, Mexico 1.1 646 7.65 11.78  10.58
2 USSR, Pedand 98,6 15,12 1518 |.637 _  230d
3 China Albanis 94.1 B.69 9.16 | 14.56 12.16
4 USA, Lsrael 95.6 9201065 | 13.78 12.53
5 Japan Philippines 94.2 { (1237 11.95 7.74 5.50
6 U.SA. Canada 97.1 16. ; 4.40 3.82
T USSR, Lrael 91.1 3.41 369 | 1841 17.25
8 England Ireland 971 | 1332 1349 7.50 5.04
3 W. Germany Austria «87.0 T 695 667
10 USSR, France - 824 15.70 15.00
11  Belgium Luxembourg *95.6 15.54 16.14 4.80 393
12 US.A. USSR, ‘657 j 5,54 6.20 | 16.65 16.11
li Chima N. Korea 956 12.13 14.22 820 748
14 India Ceylon 971 9T ' 551 132;
15 USA. France . B6.8 / Trgn—'rrﬁ rmfs_"ﬁ.u
16 USSR Cuba + 91.1 11.46 1232 | 1150 10.50
17 England Jordan . 985 497 652 | 1581 14.95
18 France lurus! B6.8 748 734\ | 1220 _ 1LEB
19 USA. W.Germany 94,1 @%ﬂ" 10.70] § 10.25 1138
20 USSR Syria 98.5| T B51 - y
2i  France Algeria es.ail 7.86 794 | 1058 10.15
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To test the hypothesis that s(g, p) > sp. g), we instructed two groups of 77
snbjects each to assess the similarity of each pair on a scale from 1 (no similarity)
to 20 (maximal similarity). The two groups were presented with the same list of
21 pairs, and the only difference between the two groups was the order of the
countries within each pair. For example, one group was asked to assess “the de-
gree to which Red China is similar to North Korea,” whereas the second group
was asked to assess “the degree to which North Korea is similar to Red Chipa.”

> The lists were balanced so that the more prominent countries appeared about

an equal number of times in the first and second position. The average ratings
for each ordered pair, denoted s(p, q) and s(g. p) are displayed in Table 4.2.
The average $(g, p) was significantly higher than the average s(p, q) across all
subjects and pairs. A t-test for correlated samples yielded ¢ =292, df = 20, and
p < 01. To obtain a statistical test based on individual data, we computed for
each subject a directional asymmetry score, defined as the average similarity for
comparisons with a prominent referent [i.e., s{g, p) minus the average similarity
for comparison with & prominent subject, i.e., s(p, )] . The average difference
(.42) was significantly positive: r = 2.99,df = 153, p < 0l.

The foregoing study was repeated with judgments of difference instead of
judgments of similarity. Two groups of 23 subjects each received the same list of
21 pairs, and the only difference between the groups, again, was the order of the
countries within each pair. For example, one group was asked 1o assess “the de-
gree to which the US.5.R. is different from Poland,” whereas the second group
was asked to assess “the degree to which Poland is different from the US5.R.”
All subjects were asked to rate the difference on a scale from 1 (minimal differ-
ence) to 20 (maximal difference).

If judgments of difference follow the contrast model (with opposite signs)
and the focusing hypothesis (o > ) holds, then the prominent stimulus p is
expected to differ from the less prominent stimulus ¢ more than g differs from p
lie., dip, q) = dlq, p)]. The average judgments of difference for all ordered
pairs are displayed in Table 4.2. The average d(p, 4) across all subjects and pairs
was significantly higher than the average dlq, p). A t-test for correlated samples
yielded r = 2.72, df = 20, p < 01. Furthennore, the average difference between
dip, q) and dig, p), computed as previously for each subject (.63), was signifi-
cantly positive: ¢ = 2.24, df = 45, p < .05. Hence, the predicted asymmetry was
confirmed in direct judgments of both similarity and difference.

: Similarity of Figures

Two sets of eight pairs of geometric figures served as stimuli in the present study.
In t, one figure in each pair, denoted p, had betier form than the
other, d&Moted q. In Ihl:. the two figures in each pair were roughly
equivalent with respect to goodness of form, but one figure, denoted p, was
richer or more complex than the other, denoted g. Examples of pairs of figures
from each set are presented in Fig. 4.2.
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We hypothesized that both goodness of form g

FIG. 4.2, Examples of pairs of
figures used to test the prediction
of asymmetry. (a) Example of a
D palr of figures (from Set 1) that

differ in goodness of form. ()
Example of a pair of figures {from
Set 2) that differ in complexity.

te to

the salience of geomeirig figures. Moreover, we expected a “good figure” to be

more salient than a “bad figure,” although the latter is generally more complex.
For pairs of figures that do not vary much with respect to goodness of form,
however, the more complex figure is expected to be more salient.

A group of 69 subjects received the entire list of 16 pairs of figures. The two
elements of each pair were displayed side by side. For each pair, the subjects
were asked to choose which of the following two statements they preferred to
use: “the left figure is similar to the right figure,” or “the right figure is similar
to the left figure.” The positions of the figures were randomized so that p and
g appeared an equal number of times on the left and on the right. The proportion
of subjects that s rm *'g is similar to p*' 2/3 in all pairs
except one. Evidently, the more salient figure (defined as previously) was generally

chosen as the referent rather than as the standard.

To test for asymmetry in judgments of similarity, we presented two groups of
66 subjects each with the same 16 pairs of figures and asked the subjects to rate
(on a 20-point scale) the degree to which the figure on the left is similar to the
figure on the right. The two groups received identical booklets, except that the
left and right positions of the figures in each pair were reversed. The data shows
that the average s(g, p) across all subjects and pairs was sipnificantly higher than

M‘_awatest for correlated samples yielded ¢ = 2.94, df = 15,

p < .01. Furthermore, in both sets the average difference between s(g, p) and
#(p, q) computed as previously for each individual subject (.56) were significantly
positive. In Set 1, ¢ =2.96, df = 131, p < 0], and in Set 2,¢r=2.79,df =131,
p <0l

The preceding two studies revealed the presence of systematic and significant
asymmetries in judgments of similarity between countries and geometric figures.
The results support the theoretical analysis based on the contrast model and the
focusing hypothesis, according to which the features of the subject are weighted
more heavily than the features of the referent. Essentially the same results were
obtained by Rosch (1975) using a somewhat different design. In her studies, one

e
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stimulus (the standard) was placed at the origin of a semicircular board, and the
subject was instructed to place the second (variable) stimulus on the board so as
“to represent his feeling of the distance between that stimulus and the one fixed
at the origin." Rosch used three stimulus domains: color, line orientation, and
number. In each domain, she paired prominent, or focal, stimuli with nonfocal
stimull. For example, a pure red was paired with an off-red, a vertical line was
paired with a diagonal line, and a round number (e.g., 100) was paired with a
nonround number (e.g., 103).

In all three domains, Rosch found that the measured distance between stimuli
was smaller when the more prominent stimulus was fixed at the orign. That is,
the similarity of the variant to the prototype ter—than-the-similarity of
the prototype to the variant. Rosch also showed that when presented with sen-
tence frames containing hedges such as * is virtually " subjects
generally placed the prototype in the second blank and the variant in the first,
For example, subjects preferred the sentence “103 is virtually 100" to the sen-
tence “100 is virtually 103."

In contrast to direct judgments of similarity, which have traditionally been
viewed as symmetric, other measures of similarity such as confusion probability
or association were known to be asymmetre. The observed asymmetries, however,
were commonly attributed to a response bias, Without denying the important
role of response biases, asymmetries in identification tasks occur even in situa-
tions to which a response bias interpretation does not apply (e.g., in studies
where the subject indicates whether two presented stimuli are identical or not),
Several experiments employing this paradigm obtained asymmetric confusion
probabilities of the type predicted by the present analysis. For a discussion of
these data and their implications, see Tversky (1977).

@ CONTEXT EFFECTS

The preceding two sections deal with the effects of the formulation of the task
{as judgment of similarity or of difference) and of the direction of comparison
(induced by the choice of subject and referent) on similarity. These manipula-
tions were related to the parameters (8, a, J) of the contrast model through the
focusing hypothesis. The present section extends this hypothesis to describe the
manner in which the measure of the feature space f varies with a change in
context.

The scale f is generally not invariant with respect to changes in context or
frame of reference. That is, the salience of features may vary widely depending
on implicit or explicit instructions and on the object set under consideration,
East Germany and West Germany, for example, may be viewed as highly similar
from a geographical or cultural viewpoint and as quite dissimilar from a political
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viewpoint. Moreover, the two Germanys are likely to be viewed as more similar
to each other in a context that includes many Asian and African countries than
in a context that includes only European counftries.

How does the salience of features vary with changes in the set of objects under
consideration? We ENE that the % f“ of f;:;gi is determined, in part at
least, by theirfdi icity (i.e., classificato ificance)} A feature may ac-
quire diagnostic value (and hence become more salient) in a particular context if
it serves as a basls for classification in that particular context. The relations be-
tween similarity and diagnosticity are investigated in several studies that show

how the similarity between a given pair of countries is varied by changing the
context in which they are embedded.

Tha Extension of Context

According to the preceding discussion, the diagnosticity of features is determined
by the prevalence of the classifications that are based on them. Hence, features
that are shared by all the objects under study are devoid of diagnostic value, be-
cause they cannot be used to classify these objects. However, when the context
is extended by enlarging the object set, some features that had been shared by all
ghjects in the original context may not be shared by all objects in the broader
context. These features then acquire diagnostic value and increase the similarity
of the objects that share them. Thus the similarity of a pair of objects in the
original context is usually smaller than their similarity in the extended context.

To test this hypothesis, we constructed a list of pairs of countries with a com-
mon border and asked subjects to assess their similarity on a 20-point scale. Four
sets of eight puirs were constructed. Set 1 contained eight pairs of American
eountries, Set 2 contained eight pairs of European countries, Set 3 contained
four pairs from Set 1 and four pairs from Set 2, and Set 4 contained the remain-
ing pairs from Sets 1 and 2. Each one of the four sets was presented to a different
group of 3036 subjects. The entire list of 16 pairs is displayed in Table 4.3.

Recall that the features “American” and “European” have no diagnostic value
in Sets 1 and 2, although they both have diagnostic value in Sets 3 and 4. Conse-
quently, the overall average similasity in the heterogeneous sets (3 and 4) is ex-
pected to be higher than the overall average similarity in the homogeneous sets
(1 and 2). The average similarity for each pair of countries obtained in the
homogeneous and the heterogeneous contexts, denoted 5, and s5,, respectively,
are presented in Table 4.3, In the absence of context effects, the similarity for
any pair of countries should be independent of the list in which it was presented.
In contrast, the average difference betweens, and s, (57) Is significantly positive:
r=2.11,df=15,p < .05.

Similar results were obtained in an earlier study by Sjdberg (1972) who
showed that the similarities between string instruments (banjo, violin, harp,
electric guitar) were increased when a wind instrument {clarinet) was added to

}
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TABLE 4.3 Jo
Average Similarities of Countrige-in Homogensous
and m«@‘mn:u HoM D ﬂ.‘:ﬂ[}
Countries 5[ sl B) g 1o 5)
Panama—Costa Rica 12.30 13.29
Arpentina-Chile 1317 14.36
Canada—U.8.A. (T _— 1586
Paraguay —Bolivia 13.48 14.43
AZTRIREN SHF0T Mexico—Guatemala 1136 12.81
Venezuela—Calombin 1206 13.06
Brazil-Uruguay 13.03 14.64
Peru—Ecuador 13.52 14.61
'_'_'_,_..—-"'_‘———_
England —Ireland Ciiss 1331)
Spain—Portugal L1544 14.45)
Bulgaria - Greece {_1 1.44 11.00 !
: Sweden—Norway 17.09 _15.03)
ENeopsan couniziee France-W. Germany 10.88 11.51
Yugostavia - Austria 84T 9.86
Italy —Switzerland 10.03 11.14
Belgium —Holland 15.39 17.06

this set. Hence, Sjdberg found that the similasity in the homogeneous pairs (ie.,
pairs of string instruments) was increased when heterogeneous pairs (i.e., a string
instrument and a wind instrument) were introduced into the list. Because the
similarities in the homogeneous pairs, however, are greater than the similarities
in the heterogeneous pairs, the above finding may be attributed, in part at least,
to the common tendency of subjects to standardize the response scale (ie., to
produce the same average similarity for any set of comparisons).

Recall that in the present study all similarity assessments involve only homo-
geneous pairs (i.¢., pairs of countries from the same continent sharing a common
border). Unlike Sjaberg’s (1972) study that extended the context by introducing
heterogeneous pairs, our experiment extended the context by constructing heter-
ogeneous lists composed of homogeneous pairs. Hence, the increase of similarity
with the enlargement of context, observed in the present study, cannot be ex-
plained by the tendency to standardize the response scale.

Study 5] Similarity and Clustering

When faced with a set of stimuli, people often organize them in clusters to reduce
information load and facilitate further processing. Clusters are typically selected
in order to maximize the similarity of objects within the cluster and the dissimi-
larity of objects from different clusters. Clearly, the addition and/or deletion of
objects can alter the clustering of the remaining objects. We hypothesize that
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changes in clustering (induced by the replacmnen j crease the
0 the new cl based and co;

15 that share these features. Hence, we exper:t
that changes in context which affect the clustering of objects will affect their
sirnilarity in the same manner.

The procedure employed to test this hypothesis (called the disgnosticity
hypathesis) is best explained in terms of a concrete example, taken from the
present study. Consider the two sets of four countries displayed in Fig. 4.3,
which differ only in one of their elements (g or g).

The sets were constructed so that the natural clusterings of the countries are:
pand ¢ vs. a and & in Set 1;and b and g vs. ¢ and a in Set 2. Indeed, these were
the modal classifications of subjects who were asked to partition each quadruple
into two pairs. In Set 1, 72% of the subjects partitioned the set into Moslem
countries (Syria and Iran) vs. non-Moslem countries (England and Israel); whereas
in Set 2, 84% of the subjects partitioned the set into European countries (England
and France) vs. Middle-Eastern countries (Iran and lsrael). Hence, the replace-
ment of p by g changed the pairing of a: In Set 1, 2 was paired with b; whereas
ifi Set 2,2 was paired with ¢. The diagnosticity hypothesis implies that the change
in clustering, induced by the substitutior of the odd element (p or g), should
produce a corresponding change in similarity. That is, the similarity of England

to Israel should be here it is natu
than in Set 2 where it is not. Likewise, the similarity of Iran to lsrael shuu]d be

they are not.

To investigate the relation between clustering and similarity, we constructed
20 pairs of sets of four countries of the form (g, b, ¢, p) and (2, b, ¢, q), whose
elements are listed in Table 4.4. Two groups of 25 subjects each were presented
with 20 sets of four countries and asked to partition each quadruple into two
pairs. Each group received one of the two matched quadruples, displayed in a
row in random order.

greata-.r in Set i_Lg.:hgmjbf.y_tmﬂn_by_lruuped Together, than in Set T whir_e_

—~
)
ISAAEL
Set 1
b @ C
ENGLAND SYHIA IRAMN
375% 25% 375%
& FIG.4.3. An example of two
ISAAEL matched sets of countries used lo
Set 2 test the diagnosticity hypothesis.
b c The percentage of subjects that
ENGLAND FRANCE IRAN ranked each country below (as
24.2% 30.3% 45 5% most similar to the target) is pre-
sented under the country.

TABLE 4.4

Classification and Similarity Data for the Test of the Diagnosticity Hypothesis

elg) - e(p)

Dip, q)

bip) — big)

Greece
China
Malta

India
Switzerland

Hungary
Madagascar
Poland
Argentina
Turkey

Yugoslavia
Japan

Crete

China
Belgium

Paland

Iceland
Czechoslovakia
Brazil

Grecce

LULS.5.R.

2 England
3 Bulgaria
4 US.A.

5 Cyprus

6 Sweden

—>7—lstael . England __ .

lceland

Holland

Finland

60.0
58.9

Poland
Irag

Morway
Pakistan

Kuwait

Sweden

Turkey

8  Austria
Iran

9
10

11

66.9

USA.

N. Korea

Algeria

Italy

W. Germany

China

Japan

48.8

Angola

Libya

Uganda

73.3

New Zealand
Kuwait
Turkey

Jordan

Australia

Iran

France

12 England

13 Venezuela

60.7

Brazil

Colombia

76.8

Poland

Tunis

Greece

Syria

Hungary
Algeria

14 Yugoslavia
15 Libya
16 China

73.2

42.2

.5.A. Indanesia

India

Italy

USSR,

4.5
359
52.2
39.6

IR A

,|l|?n

Spain
Albania
San Marino
France

England

Jamaica
Holland
Poland

Monaca
Austria

N. Korea

W. Germany
Haiti

Belgium
Czechoslovakia

17 France
19 Luxembourg
20 Yugoslavia

18 Cuba
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Let a,(b, ¢) denote the percentage of subjects that paired a with b rather than
with ¢ when the odd element was p, etc. the difference D{p, g)=a,(b,c) —a,(b, c),
therefore, measures the effect of replacing g by p on the tendency to classify a
with b rather than with ¢. The values of D{p, q) lor each one of the pairs is pre-
sented in the last column of Table 4.4. The results show that, in all cases_the re-
placement of ¢ b
diff
MNext, we presented two groups of 33 subjects each with 20 sets of four
countries in the format displayed in Fig. 4.3. The subjects were asked to rank, in
each quadruple, the three countries below (called the choice ser) in terms of
their similarity to the country on the top (called the rarger). group received
exactly one quadruple from each pair. If the sinfTATY of & to a, say, is inde-
pendent of the choice set, then the proportion of subjects who ranked b rather
than ¢ as most similar to @ should be independent of whether the third element
in the choice set is p or q. For example, the proportion of subjects who ranked
England rather than Iran as most similar to Israel should be the same whether
the third element in the choice set is Syria or France, In contrast, the diagnosticity
hypothesis predicts that the replacement of Syria (which is grouped with Iran)
by France (which is grouped with England) will affect the ranking of similarity
so that the proportion of subjects that ranked England rather than Iran as most
similar to lsrael is greater in Set 1 than in Set 2,

Let bi(p) denote the percentage of subjects who ranked country b as most
similar to @ when the odd element in the choice set is p, etc, Recall that b is
generally grouped with ¢, and ¢ s generally grouped with p. The differences
B(p) — blg) and elq) — e(p), therefore, measure the effects of the odd elements,
p and g, on the similarity of b and ¢ to the target a. The value of these differences
for all pairs of quadruples are presented in Table 4.4, In the absence of context
effects, the differences should equal 0 ici othesis,

the differences should . In Fig. 4.3, for example, b(p) — blg) =37.5 —
“2=T3T, and elg) - e(p) = 45.5 — 37.5 = 8. The average difference across all

pairs of quadruples was 11%, which is significantly positive: 1 = 6.37, df = 19,
< 01.
d An additional test of the diagnosticity hypothesis was conducted using a
slightly different design. As in the previous study, we constructed pairs of sets
that differ in one element only (p or q). Furthermore, the sets were constructed
so that b is likely to be grouped with q, and ¢ is likely to be grouped with p.
Two groups of 29 subjects were presented with all sets of five countries in the
format displayed in Fig. 4.4, These subjects were asked to select, for each set, the
country in the choice set below that is most similar to the two target countries
above. Each group received exactly one set of five countries from each pair.
Thus the present study differs from the previous one in that: (1) the target con-
sists of a pair of countries (2, and a,) rather than of 2 single country; and (2)
lhe subjects were instructed to select an clement of the choice set that is most
Mo se shs dneass sathae than ta rank sll slsmante of the choice set.

changed the pairing of a in the direction; the
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L | *
PORTUGAL SPAIN
el R R T TERPOLS
B b ! e
4 P FRANCE | ARGENTINA  BRAZIL
R 1%
]
FIG.4a4, Two sets of count ay ay
used to test the diagnosticity hy- PORTUGAL SPAIN
pothesii. The percentage of mub- Sa 2 s = —_— = ‘
jects who selected esch country t = — ~ " 5 c
(as most similar to the two target FRANCE BELGIUM I BRAZIL
countries) is presented below the 18% 14% BE%
m“wl —— o 1

The analysis follows the previous study. Specifically, let b(p) denote the pro-
portion of subjects who selected country b as most similar to the two target
countries when the odd element in the choice set was p, etc. Hence, under the

diagnosticity hypothesis, the differences b(p) — blg) and c(g) — elp) should

both be positive, whereas under the assumption of context independence, both
differences should equal T, The vali erences for all 12 pairs of

sefs are displayed In Table 4.5 The average difference across all pairs equals
10.9%, which Is significantly positive: r=3.46,df=11,p < .01.

In Fig. 4.4, for example, France was selected, as most similar to Portugal and
Spain, more frequently In Set 1 (where the natural grouping is: Brazil and
Argentina vs. Portugal, Spain, and France) than in Set 2 (where the natural
grouping s: Belgium and France vs. Portugal, Spain, and Brazil), Likewise,
Brazil was selected, as most similar to Portugal and Spain, more frequently in
Set 2 than in Set 1. Moreover, in this particular example, the replacement of p
by q actually reversed the proximity order, In Set 1, France was selected more
frequently than Brazil; in Set 2, Brazil was chosen more frequently than France.

There is considerable evidence that the grouping of objects is determined by
the similarities lmnn| them Thn pruwdlng ltudlus provide :\rldanm t'ur the

o

The diagnosticity pﬂ.nciplt that underlies the latter pmun m-y_i;roﬂde a h:}r to
the understanding of the effects of context on similarity.

DISCUSSION

The investigations reported in this chapter were based on the contrast model
according to which the similarity between objects is expressed as a linear com-
bination of the measures of their common and distinctive features. The results
provide support for the general hypothesis that the parameters of the contrast




clg) — etp)

bip) — big)

09t

TABLE 45
Similarity Data for the Test of the Diagnosticity Hypothesis
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model are sensitive to manipulations that make the subject focus on certain
b (e oy i o G foot iyt o Bt e features rather than on others. Consequently, similarities are not invariant with

it e I respect to the marking of the attribute (similarity vs. difference), the directional-
ity of the comparison [s(a, b) vs. s(5, a)] , and the context (i.e., the seT of objects
under consideration). In accord with the focusing iypothesis, Study 1 shows
that the relative weight attached to the common features is greater in judgments
b e bt B o B 2 of similarity than in judgments of difference (i.e., @ > ). Studies 2 and 3 show
i bats ¥ that people attach greater weight to the subject of a comparison than to its
referent (ie., a > f). Studies 4 and 5 show that the salience of features is deter-
mined, in part, by their diagnosticity (i.e., by their classificatory significance),

g . What are the implications of the present findings to the analysis and represen-
Ea £ g8 PIE g tation of similarity relsh‘un:y indicate that there is no unitary con-
53 gg % i‘ g ﬁ 55 : g cept of similarity that is applicaBl# To all different experimental procedures used

to elicit proximity data. Rather, it appears that there is a wide variety of similarity
relations (defined on the same domain) that differ in the weights attached to the

g various arguments of the feature-matching function. Experimental manipulations
E'g . mm E . - [ that call attention to the common features, for example, are likely to increase
, E: 5% a E g E,E %‘ﬂ the weight assigned to these features. Likewise, experimental manipulations
MeD <=0 === (e.g., the introduction of a standard) that emphasize the directionality of the
comparison are likely to produce asymmetry. Finally, changes in the natural
clustering of the objects under study are likely to highlight those features on
i § which the clusters are based.

wg = e R pendence are stafis and experimentally reliable in the sense t

sl s ey were ohsﬁmww mental condi-

ffons, the eflects are relatively small_Consequently, complementarity, symmetry,

_E e85 g ] or context independence may provide good first approximations to similarity
E : g_-E <fa2 3 E data. Scaling models that are based on these assumptions, therefore, should not
EEEZLR3333

be rejected off-hand. A Euclidean map may provide a very useful and parsimonious
description of complex data, even though its underlying assumptions (e.g.,
symmetry, or the triangle inequality) may be incorrect. At the same time, one

should not treat nm,.wﬁwﬂuﬁz
& 3 § g a _a psychological theory of similarity. An analogy to the measurement ol physical
;} i E z 2 ;E cEEE % tance illustrates the point. The knowledge that the earth is round does not
Sw<<z ; CEaCaa prevent surveyors from using plane geometry to calculate small distances on the
surface of the earth. The fact that such measurements often provide excellent
approximations to the data, however, should not be taken as evidence for the

% 1 : flai-earth model.
EH 2 E E E < 5 E Finally, two major objections have been raised against the usage of the con-
é H E 23 5.% :Fi Eg <3 cept of similarity [see e.g,, Goodman (1972)] » it has been argued that
- - similarity is relative and variable: Objects can be viewed as either similar or dif-

E"J"LII‘QEIE‘LHF J’- ‘pl..g' - D HII-II

0.z 4. Hr‘i‘;

" -
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ferent depending on the context and frame of r:ference. similarity often
does not account for our inductive practice but rather is inferred from it; hence,
the concept of similarity lacks explanatory power.

Although both objections have some merit, they do not render the concept of
similarity empirically uninteresting or theoretically useless. The present studies,
like those of Shepard (1964) and Torgerson (1965), show that similarity is in-
deed relative and variable, but it vares in a lawful manner. A comprehensive

gory, therefore, should describe not only how similarity is assessed in a given
situation but also how it varies with a change of context. The theoretical develop-
ment, outlined in this chapter, provides a framework for the analysis of this
process.

As for the explanatory function of similarity, it should be noted that similarity
plays a dual role in theories of knowledge and behavior: It is employed as an in-
dependent variable to explain inductive practices such as concept formation,
classification, and generalization; but it is also used as a dependent variable to be
explained in terms of other factors. Indeed, similarity is as much a summary of
past experience as a guide for future behavior, We expect similar things to be-
have in the same way, but we also view things as similar because they behave in
the same way. Hence, similarities are constantly updated by experience to re-
flect our ever-changing picture of the world.
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Aspects of a Stimulus:
Features, Dimensions, and
Configurations

W. R. Garner
Yale University

ABSTRACT

Several necgszary distipctions about properties of stimuli are made. Component
properties gsiconsist of either dimensions gatures,
variables for which mutually exclusive levels exist, and guantitative dimensions
are distinguished from gualitative dimensions on the basis of the role of zero:

Zero is a positive value for quantitative dimensions but simply indicates absence

of dimension for qualitative dimensions.fFeatures| are variables that exist or do

not exist, so that zero is confounded asTTevel on a variable and as absence of

the feature. Wholistic properties can be simple wholes, templates, or gconfigura-

tions, with simple wholes {and possibly templates) not being more than the sum

of the parts; configural properties are emergent properties, thus other than the

sum of the parts. Component and wholistic properties are different aspects of
the same stimulus, becavse they coexist and are not independent. Implications

of these distinctions for several cognitive tasks are made, including free classifica-

tion, concept learning, decision and cheice, and speed and accuracy of stimulus

identification. Implications for modes of processing are also discussed.

ASPECTS OF A STIMULUS:
FEATURES, DIMENSIONS, AND CONFIGURATIONS

In the beginning is a stimulus. At least a stimulus is at the beginning of nearly
every experimental procedure designed to tell us about human information
processing, or cognitive psychology, more broadly speaking. But a stimulus is




