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In two experiments, we examined the representation, treatment, and attention devoted to the mem-
bers of reference (i.e., club members) and nonreference (i.e., not club members) categories. Consistent
with prior work on category interrelatedness (e.g., Goldstone, 1996 ; Goldstone, Steyvers, & Rogosky,
2003), the findings reveal the existence of asymmetric representations for reference and nonreference
categories, which, however, decreased as expertise and familiarity with the categories increased (Ex-
periments 1 and 2). Participants also more readily judged two reference exemplars as being the same
than they did two nonreference exemplars (Experiment 1) and were better at detecting reference than
nonreference exemplars in a set of novel, category-unspecified exemplars (Experiment 2). These find-
ings provide evidence for the existence of a feature asymmetry in the representation and treatment of
exemplars from reference and nonreference categories. Membership in a reference category acts as
a salient feature, thereby increasing the perceived similarity and detection of faces that belong in the
reference, in comparison with the nonreference, category.

Classic work on categorization has provided evidence
that categorization enhances the perception of between-
category differences and the perception of within-
category resemblances. This effect has been shown to apply
to the judgment of physical (e.g., Harnad, 1987; Tajfel &
Wilkes, 1963) and social (e.g., Eiser & Van der Pligt, 1984;
Krueger & Rothbart, 1990) stimuli and has proven larger
under conditions of enhanced judgment uncertainty, such
as when individuals have to map their judgment onto an
unfamiliar measurement unit (Corneille, Klein, Lambert,
& Judd, 2002). In past research, this effect has also been
examined for judgments of multifaceted stimuli (e.g.,
Corneille & Judd, 1999; Goldstone, 1996; Livingston,
Andrews, & Harnad, 1998) and the consequences of this
bias for memory have been addressed (e.g., Corneille,
Huart, Becquart, & Brédart, 2004; Huart, Corneille, &
Becquart, 2005; Krueger & Clement, 1994; Taylor, Fiske,
Etcoff, & Ruderman, 1978).
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In this work, the categories involved have generally
been given equal symbolic and attentional status. In some
circumstances, however, categories may be asymmetric, in
the sense that one category is the reference and category
nonmembers are defined merely as lacking those features
that characterize the members of the reference category.
Goldstone and colleagues (Goldstone, 1996; Goldstone,
Steyvers, & Rogosky, 2003) examined the consequences of
these reference effects for category learning. These authors
proposed that reference categories are likely to be organized
around a prototype, whereas nonreference categories are
likely to be distorted away from the category to which they
refer. They further suggested that the latter process may re-
sult in the emergence of more caricatured representations
for nonreference than for reference categories.

In Goldstone and colleagues’ (Goldstone, 1996; Gold-
stone et al., 2003) work, the category exemplars consisted
of a series of faces that were located along the left end
or the right end of a continuum of morphed faces. The
procedure controlled for prior familiarity with the exem-
plars and held constant both the differences between adja-
cent exemplars and within-category variability. Category
reference was operationalized through club membership
(the two categories were club members vs. not club mem-
bers) or learning order (participants first learned about
Category A members and only then learned about Cate-
gory B members). The participants were asked to catego-
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rize exemplars into one of two categories (e.g., club vs.
not club members). Feedback following each decision al-
lowed them to progressively improve their categorization
accuracy. Accuracy scores on this category-learning task
revealed that the tendency to categorize extreme exem-
plars better than typical category exemplars was larger for
the nonreference category (e.g., not club members) than
for the reference category (e.g., club members). In other
words, a larger caricature advantage was found in catego-
rizing the members of the nonreference group.

Whereas this work has provided preliminary evidence
for the role of category reference in the representation of
categories, there are a number of questions that this line of
research has left unanswered, two of which are examined
in this contribution. The first issue concerns people’s abil-
ity to discriminate between exemplars from reference and
nonreference categories and people’s willingness to report
on the similarity of exemplars from these categories: Are
subtle differences between members from a reference cat-
egory more easily or less easily noticed than differences of
the same magnitude between members of a nonreference
category? Independently of perceptual discrimination, are
people more or less likely to make decisions indicative of
beliefs about stronger similarities among reference exem-
plars than to make decisions indicative of beliefs about
those among nonreference exemplars? The second issue
concerns people’s ability to detect exemplars from ref-
erence and nonreference categories: Are people better at
detecting the presence of reference exemplars among a set
of distractors than at detecting the presence of nonrefer-
ence exemplars?

There are conflicting accounts for whether the members
of reference (club) or nonreference (not-club) categories
should be expected to be more distinct from each other.
On the one hand, reference category members might be
expected to be more distinct, because increased attention
to these members would emphasize their unique attri-
butes. In social psychology, members of one’s own group
(presumably, a reference category) are generally more in-
dividuated than members of other groups (e.g., Mullen
& Hu, 1989; Read & Urada, 2003). In face perception, a
reliable advantage has been found for the identification
of faces from one’s own race over that of faces from oth-
ers (Bothwell, Brigham, & Malpass, 1989). Part of these
effects seems to be due to perceptual systems becoming
selectively tuned to distinguish among habitually experi-
enced faces. On the other hand, reference faces might be
expected to be less distinct, because they all share a com-
mon, salient category membership. Levin (2000) has de-
scribed evidence that faces belonging to salient categories
are more similar to one another than are faces belonging
to backgrounded categories. If reference categories are
more salient than nonreference categories, faces sharing
areference category membership might be expected to be
judged more similar than are faces sharing a nonreference
category membership. A major goal of the present experi-
ments was to decide between these accounts.

Given the many influences of training on featural en-
codings (see Palmeri, Wong, & Gauthier, 2004, for a re-
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cent review), it is possible that categorization training in-
duces asymmetric features for reference and nonreference
categories. More specifically, if people focus mostly on
establishing membership in the reference category, mem-
bers of the reference category may develop additional psy-
chological features, in comparison with members of the
nonreference category. In turn, perceptual features that
support the abstract category member label may be found
for the members of the reference category. Several empiri-
cal predictions would follow.

First, ambiguous items equally similar to reference
and nonreference categories will tend to be placed in the
reference category, because the midway item partially
possesses the features of the reference category and the
presence of a feature is more salient than its absence. The
difference between not possessing a feature and partially
possessing it is larger than the difference between par-
tially possessing a feature and fully possessing it (Tver-
sky, 1977). Consistent with this idea, an item that morphs
midway between a distinctive and a nondistinctive item is
judged to be more similar to the distinctive item (Tanaka,
Giles, Kremen, & Simon, 1998). Extending this idea to the
present situation, participants should more likely misclas-
sify a nonreference exemplar similar to the midway item
into the reference category than to misclassify a reference
exemplar similar to the midway item into the nonreference
category. Therefore, assimilation to the reference category
should be obtained.

Second, items that belong to the reference category
should be perceived as more similar to one another than
items that belong to the nonreference category will be.
Items sharing reference category membership should be-
come more subjectively similar because of the acquired
reference features that they share. This claim is based on
the finding that objects become more similar to one an-
other as the number of common features increases (Tver-
sky, 1977). For example, a circle and a triangle become
more similar if the same square pedestal is placed beneath
each. Similarly, items that are placed into a common sa-
lient reference category would also become more similar
to one another. Interestingly, Tversky also suggested that
subjective similarity between identical items increases as
the number of common features increases. Thus, same
judgments for two identical stimuli should be more fre-
quent for items belonging to the reference category than
for items belonging to the nonreference category. Accord-
ingly, the prediction for a perceptual discrimination task is
that perceivers should be more likely to correctly respond
same when an item that is presented twice belongs to a
reference, rather than to a nonreference, category. How-
ever, there should also be more incorrect same judgments
when two different items are presented that belong to a
reference, rather than to a nonreference, category.

Third, asymmetries in a search task may be predicted.
If training on a reference versus nonreference categoriza-
tion task causes the reference category items to acquire
additional features, relative to the nonreference category,
people should be better at detecting reference than at de-
tecting nonreference category items. This logic parallels
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Treisman and Gormican’s (1988) argument that the letter
R can be detected among Ps more efficiently than a P can
be detected among Rs because the R has a psychologically
salient feature, the diagonal slash \, that P does not possess.
Considerable evidence suggests that detecting an object or
category is easier if it is identifiable on the basis of a pres-
ent feature, rather than on the basis of an absent feature
(Agostinelli, Sherman, Fazio, & Hearst, 1986; Quinlan,
2003). One might predict that feature-based asymmetries
should exist only for hardwired perceptual features, such
as oriented lines and colors (Treisman & Gelade, 1980).
However, there are also influences of experience on what
counts as a psychological feature. Highly familiar con-
junctions of simple lines act as features for search tasks
(Shiffrin & Lightfoot, 1997), and searching for unfamiliar
objects among familiar objects is not as difficult as the
converse task (Wang, Cavanagh, & Green, 1994).

Overview of the Experiments

As in the original experiments by Goldstone et al.
(2003), we used multifaceted stimuli—namely, faces.
A morphing program allowed us to generate faces that
were previously unknown to the participants, thereby
controlling for prior beliefs and expectations. The neigh-
boring faces along a morph continuum differed by con-
stant amounts from each other, thereby holding constant
the variability of the two face categories and the physi-
cal differences between adjacent pairs of faces. In the
two experiments we conducted, the faces that half of the
participants saw lying on the left side of the continuum
were referred to as club faces and those lying on the right
side of the continuum were referred to as not-club faces
(Condition 1; left-end referent). Labeling was reversed for
the other half of the participants (Condition 2; right-end
referent). Each category comprised an equal number of
face exemplars, thereby controlling for category size, and
all the faces were presented the same number of times,
thereby controlling for familiarity.

In Experiment 1, participants completed a category-
learning task, followed by a perceptual discrimination
task. In the category-learning task, they sequentially
viewed the various face exemplars and predicted the cat-
egory membership of each. As in Goldstone et al. (2003),
feedback was provided following each decision, and this
helped the participants to progressively learn to correctly
assign the faces into the club and not-club categories. Un-
like in Goldstone et al., the category prototype was never
presented to the participants. This modification allowed us
to examine whether representational asymmetries would
survive in the absence of exposure to the prototype. In
addition, the statistical power of the experiment was en-
hanced, allowing us to detect whether asymmetries (i.e.,
caricature effect and assimilation toward the reference
category) would be magnified or weakened as familiarity
with the categories increased. In the subsequent percep-
tual discrimination task, the participants were sequentially
presented with pairs of faces. On a given trial, they either
saw the same face presented twice or saw two faces that
were adjacent on the morph continuum. The participants
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had to decide whether the two faces in each presented pair
were the same or different. This perceptual discrimination
task made it possible to examine the effect of reference on
the participants’ ability to discriminate between adjacent
faces and to examine the participants’ overall readiness to
judge two faces as being the same.

In Experiment 2, the participants completed a category-
learning task, followed by a visual search task. The category-
learning task was similar to that in Experiment 1, except
that exposure time was held constant for all the faces. In
the visual search task, the participants had to decide as
quickly and accurately as possible whether or not a par-
ticular target face was among a set of previously unseen
faces. We manipulated whether the target face was a club
or a not-club face and whether it was present or absent.
This task was used to examine how adept the participants
would be at correctly identifying reference and nonrefer-
ence exemplars against a background of novel distractor
faces.

The present experiments are a major extension to previ-
ous experiments on asymmetries in category representa-
tions due to category labeling (Goldstone, 1996; Goldstone
et al., 2003). In particular, these previous experiments
showed an influence of category labeling on categoriza-
tion performance itself. The present experiments extended
the influence of category labeling to separate tasks not
directly related to categorization. Accordingly, they are
consistent with the general campaign to chart the impor-
tance of categorization for tasks other than classification
(Markman & Ross, 2003). Moreover, the particular tasks
potentially affected have traditionally been considered
to be perceptual and attentional tasks. An effect of cat-
egory labeling on a simple task of deciding whether two
objects are identical or of picking out an object from a set
of distractors might be surprising for accounts that draw
a sharp boundary between perceptual and conceptual tasks
(Pylyshyn, 1999). These kinds of effects would, however,
be consistent with the results in a growing literature
suggesting that perceptual representations can be in-
fluenced by experience, task demands, and learned cat-
egories (Corneille et al., 2002; Goldstone, 1994b, 1998;
Levin, 2000; Wang et al., 1994).

EXPERIMENT 1

Method

Participants. Two hundred eighty-two undergraduate students
from Indiana University served as participants in order to fulfill a
course requirement. The students were randomly assigned to the two
labeling conditions.

Materials. The stimuli were faces that were generated by morph-
ing between photographs of two bald, male, European American
heads selected from Kayser (1997). Previous research has suggested
that morphs generated from the two selected faces do not introduce
conspicuous nonlinearities between physical and psychological scal-
ings (Goldstone & Steyvers, 2001). The morph sequence of eight
faces used is shown in Figure 1. Each of the morphs was automati-
cally generated, using a morphing technique described by Steyvers
(1999). Applying this technique, the main contours in the face im-
ages were delineated by 127 control lines. These control lines served
to align the features of the two faces. In the warping phase of this



morphing algorithm, correspondences were calculated between the
pixels of all the images to be morphed. Then, in the cross-dissolving
phase, the grayscale values of corresponding pixels were blended to
create the grayscale values of the resulting morph image. The faces
on the left and right ends of Figure 1 are actual faces, and the six
intermediate faces are blends of the two actual faces, with the pro-
portion of the rightmost face beginning at 0% for the leftmost face
and shifting along the series in equal 14.29% increments.

The prototype for each category can be defined as the central face
within the category’s set of four faces. The actual prototypes are not
part of the stimulus set. The left-end category consists of Faces 1—4,
with Faces 2 and 3 straddling the prototype. Similarly, the right-end
category consists of Faces 5—8, with Faces 6 and 7 straddling the
prototype. The caricature of a category is defined as the face that is
least like the faces from the other category. Each face was displayed
in grayscale with 256 possible brightness values per pixel (1 pixel =
0.034 cm) and measured 14.48 cm tall X 11.68 cm wide. Each face
was photographed against a dark background and was displayed on
a white Apple iMac computer screen. The average viewing distance
was 46 cm.

Procedure. The stimuli were divided into club members and not
club members. The dividing line between club members and not club
members is shown by the vertical line in Figure 1. For half of the
participants, those in Condition 1, the first four faces were club mem-
bers, and the last four faces were not club members. For the other
half of the participants, those in Condition 2, the first four faces were
not club members, and the last four faces were club members. The
latter factor (i.e., condition) is basically a counterbalancement, and
it will be ignored in the remainder of this article (mirror effects were
actually obtained within both condition groups). Thus, for the sake of
clarity, we will consider eight type of faces here : Clubl (i.e., Face 1
in Condition 1 and Face 8 in Condition 2), Club2 (i.e., Face 2 in Con-
dition 1 and Face 7 in Condition 2), Club3 (i.e., Face 3 in Condition 1
and Face 6 in Condition 2), Club4 (i.e., Face 4 in Condition 1 and
Face 5 in Condition 2), Not-Club4 (i.e., Face 5 in Condition 1 and Face 4
in Condition 2), Not-Club3 (i.e., Face 6 in Condition 1 and Face 3
in Condition 2), Not-Club2 (i.e., Face 7 in Condition 1 and Face 2 in
Condition 2), and Not-Clubl (i.e., Face 8 in Condition 1 and Face 1
in Condition 2). The experiment was divided into two phases: the
category-learning task and the perceptual discrimination task.

For the category-learning task, the participants were instructed
as follows: “You will see faces appear on the screen. Half of them
belong to a certain club, while the remaining half do not. If you think
that a face belongs to the club, press the ‘Y’ key for ‘Yes.” If you
think that it does not belong to the club, press the ‘N’ key for ‘No.””
Next, each trial began with a face appearing on the screen. The face

Caricature Prototype
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remained on the screen until the participant pressed the Y or N key.
Immediately after pressing one of the keys, feedback was given to
the participant. A v or an X indicated whether or not the participant
was correct or incorrect, respectively. In addition, written feedback
was provided in the form of “Yes, this face is a club member,” “No,
this face is not a club member,” ““Yes, this face is not a club member,”
or “No, this face is a club member.” The feedback was erased from
the screen after 1.5 sec. The blank interval between trials was 1 sec.
The category-learning task included 30 repetitions of the eight faces
shown in Figure 1, for a total of 240 trials. The order of the 240
trials was randomized. The placement of a face’s center was also
randomized within a 6 X 6 cm square in the center of the screen. The
participants were given breaks every 80 trials. During these breaks,
the participants were informed of their accuracy and speed during
the preceding block.

In the second phase of the experiment, the perceptual discrimina-
tion task, the participants were instructed that they would see dis-
plays with two faces on the screen. Their task was to decide whether
the faces were exactly identical or differed in any way at all. The
participants were warned that all of the faces would be highly similar
to one another. The participants pressed the s key to indicate a same
response and the d key to indicate a different response. The computer
gave the participants trial-by-trial feedback by presenting either a v/
or an X for correct and incorrect responses, respectively. On each
trial, the two faces to be compared were selected from the set of
faces used during category learning. A pair of faces was presented
simultaneously on the screen, separated both horizontally and verti-
cally by 5 cm. The vertical displacement prevented the participants
from directly comparing face features at a particular height on the
screen. Each participant made 270 same/different judgments, equally
divided into same and different trials. On same trials, one of the eight
faces in Figure 1 was randomly selected and presented twice. On dif-
ferent trials, one of the seven pairs of adjacent faces in Figure 1 was
randomly selected and displayed. The pair of faces remained on the
screen until the participants responded. Immediately after the s or d
key had been pressed, feedback was provided, and after 1.5 sec, the
screen was erased. The blank interval between trials was 1 sec.

Results

‘We divided the participants’ categorization responses into
three blocks of 80 trials each. We then removed from the
analyses those participants (# = 12) who had not achieved
70% correct categorizations at the end of the third and last
categorization block. In all the analyses, we averaged across
the multiple observations collected for the same configura-

Prototype Caricature

1 2 3 4

Group 1 Club members

Not club members

Group 2 Not club members

Club members

Figure 1. In Experiment 1, a morph sequence of eight faces was divided into two categories. For half of the
participants, the left five faces belonged to a category of club members, and the remaining faces were labeled as
not club members. For the other half of the participants, these labels were reversed.
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tion (e.g., when considering how participants categorized
Club 1 in Block 1, we averaged across data obtained on the
10 presentations of Club 1 in Block 1).

Category-learning task. We first ran a MANOVA on
the categorization accuracy scores, with the eight lev-
els of the face factor within the three blocks as within-
participants factors. Main effects for face [F(7,1883) =
492.3, p < .001] and for block [F(2,538) = 411.05, p <
.001] were obtained. A face X block interaction was also
found [F(14,3766) = 9.27, p < .001]. Additional analy-
ses conducted on a dichotomous club factor (i.e., club vs.
not-club faces) clarified the meaning of the latter effects:
categorization was more accurate for club faces (M = .85,
SD = .069) than for not-club faces (M = .82, SD = .083)
[F(1,269) = 66.08, p < .001], and this effect decreased
across blocks [F(2,538) = 15.89, p < .001].

Figure 2 reports the mean categorization accuracy
scores across the various levels of the face factor for the
first, second, and third training blocks. As can be seen,
accuracy scores were on average higher for the club faces.
This difference decreased over blocks (mainly between
Blocks 1 and 2). Because lower accuracy scores reflect as-
signments to the alternative category, this finding may be
reinterpreted as follows: Consistent with the predictions,
not-club faces were assimilated to the club category more
than club faces were assimilated to the not-club category,
and this relative assimilation toward the club category de-
creased across blocks.

We also examined whether Goldstone et al.’s (2003)
caricature advantage for not-club faces could be replicated
in the context of the present experiment, which involved
no prototype, and whether this effect would prove sensi-
tive to the block factor. Because no actual prototype was
presented in the present experiment, we approximated ac-
curacy scores for the typical club face by averaging across
accuracy scores for Club Face 2 and Club Face 3, and we
approximated accuracy scores for the typical not-club face
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by averaging across accuracy scores for Not-Club Face 2
and Not-Club Face 3. Then, we established a caricature
advantage score by computing the result of the accuracy
for Not-Club Face 1 minus the accuracy for the typical
not-club face and subtracting from that the result of ac-
curacy for Club Face 1 minus the typical club face accu-
racy. This stronger caricature advantage for the not-club
faces, as compared with the club faces, decreased across
the levels of the block factor [F(2,538) = 7.99, p < .001],
although the advantage remained significant within each
of the three blocks (M for Block 1 = .066, SD = .238; M
for Block 2 = .017, SD = .127; M for Block 3 = .017,
SD = .098; all ps < .03).

Perceptual discrimination task. We had eight possi-
ble scores for the trials involving the same face presented
twice and seven possible scores for the trials involving
two different faces. We were interested in the impact of
category reference on perceived within-category variabil-
ity, so the analysis was conducted after dropping out the
Club4/Not-Club4 pair that crossed the category boundary,
as well as the corresponding Club4/Club4 and Not-Club4/
Not-Club4 pairs. The within-category variability was ana-
lyzed using same/different judgments from the following
data: Clubl_1-2 (Club1/Clubl score and Club1/Club2
score), Club2_2-3 (Club2/Club2 score and Club2/Club3
score), Club3_3-4 (Club3/Club3 score and Club3/Club4
score), Not-Club3_3-4 (Not-Club3/Not-Club3 score
and Not-Club3/Not-Club4 score), Not-Club2_2-3 (Not-
Club2/Not-Club2 score and Not-Club2/Not-Club3 score),
Not-Clubl_1-2 (Not-Club1/Not-Club1 score and Not-
Club1/Not-Club2 score).

To evaluate the perceptual component of the partici-
pants’ responses, we averaged the mean percentage of
correct decisions across the two trial types (same and
different) within each of these six levels of the face lev-
els factor. So, for instance, accuracy at Club1_1-2 was
an average across the mean percentage of correct same
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Figure 2. Mean categorization scores (percentages of correct answers) and
standard errors as a function of face and block.



decisions for Club1/Clubl and correct different decisions
for Club1/Club2 trials. The six accuracy scores obtained
within each of the three discrimination blocks were ex-
amined as within-participants factors in a MANOVA. A
main effect of block approached the conventional level of
significance [F(2,538) = 2.87, p = .059], with accuracy
scores increasing across blocks. A main effect of face level
was also obtained [F(5,1345) = 6.96, p < .001], with ac-
curacy scores increasing as faces approached category
boundaries [the quadratic trend is F(1,269) = 21.15,p <
.001]. Importantly, additional analyses conducted on a di-
chotomous club factor revealed that accuracy scores did
not differ as a function of club [F(1,269) = 0.01, n.s.].
Independent of perceptual discrimination, there may be
a decisional component that contributes to same/different
judgments. To evaluate the decisional component of the
participants’ responses, we averaged across the mean per-
centage of same responses across the two trial types (same
and different) within each of the six levels of the face level
factor—for instance, the percentage same score at Club1_
1-2 averaged across the mean percentage of correct same
decisions on Club1/Clubl trials and the mean percentage
of incorrect same decisions on Clubl/Club2 trials. The
six percentage same scores obtained within each of the
three discrimination blocks were examined as within-
participants factors in a MANOVA. A main effect of face
level emerged [F(5,1345) = 55.82, p < .001], with per-
centage same scores decreasing as faces approached
category boundaries [the quadratic trend is F(1,269) =
198.54, p < .001]. Additional analyses conducted on a
dichotomous club factor also revealed that the participants
were more likely to call a pair of faces the same when these
faces pertained to the club category (M = .622,SD = .10)
than when they pertained to the not-club category (M =
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.603, SD = .096) [F(1,269) = 11.60, p < .001]. This ef-
fect emerged independently of the actual similarity of
these faces (otherwise, a main effect of club would have
been obtained on the accuracy scores examined above)
and independently of the block factor (otherwise, a club
X block interaction would have been obtained).

The mean percentage of same responses and the mean
perceptual discrimination scores obtained across the vari-
ous levels of the face level factor, when collapsing across
blocks, are reported in Figure 3. As can be seen from this
figure, the percentage of same responses varied positively
as a function of both club membership and face extrem-
ity. In contrast, perceptual discrimination scores varied as a
function of face extremity only. The impact of face extrem-
ity is consistent with results in the literature on categorical
perception (e.g., Harnad, 1987). Categorical perception has
classically been defined as a better perceptual discrimina-
tion for stimuli lying closer to the categorical boundaries,
and this effect was recently reported for face stimuli (e.g.,
Levin & Beale, 2000). More important to our present re-
search interests, the impact of the club factor on the per-
centage of same responses supports our prediction that sub-
jective similarity would be enhanced for the club faces.

Discussion

The results from Experiment 1 are informative in sev-
eral respects. First, Experiment 1 replicated prior research
on category asymmetry, even though the prototypical cat-
egory members were never presented in this experiment.
Like Goldstone and colleagues (Goldstone et al., 2003),
we found a relative caricature advantage when the not club
members were categorized, as compared with when the
club members were categorized. That is, the caricature was
more accurately categorized than the prototype to a larger
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associated standard errors, in perceptual discrimination as a function of face level.
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extent for not club members than for club members. This
caricature advantage for the not-club category, however,
diminished over time (although it was reliably present in all
three blocks). In Goldstone’s terms, this finding would sug-
gest that as training progresses, perceivers move from an
isolated (and prototypical) representation of club members,
paired with an interrelated (and caricatural) representation
for not club members, toward a representation that is more
isolated (and prototypical) for both categories.

The categorization results also supported the prediction
that the not club members would be assimilated into the
club category. Specifically, perceivers were more likely to
misclassify nonmembers as belonging to the club than they
were to misclassify club members as not belonging to the
club. This effect is consistent with the idea that reference
and nonreference exemplars display a feature asymmetry.
As was explained in the introduction, one possibility is
that the club members become associated with a shared
club feature but that the nonmembers do not become as-
sociated with as salient a common feature. Because the
difference between not possessing a feature and partially
possessing it is larger than the difference between partially
possessing a feature and fully possessing it, assimilation
toward the club category may have occurred. Interest-
ingly, this effect was found to decrease as the participants
learned to more accurately categorize the exemplars. Cat-
egory learning thus progressively decreased the impact of
feature asymmetry on categorization.

Experiment 1 also provided a novel test of whether the
participants’ judgments of within-category similarity were
asymmetric for reference and nonreference categories.
The participants’ ability to discriminate between two cat-
egory members did not differ for reference, as compared
with nonreference, categories. Nonetheless, an asymme-
try was revealed in that the participants were more willing
overall to claim that two reference category members were
the same than they were to claim that two nonreference
category members were the same. Together, these results
suggest that the depth of encoding for the reference and
the nonreference exemplars was equivalent but that the
participants were more willing to report similarity for the
reference exemplars. Again, this effect seems consistent
with the hypothesis of a feature asymmetry for reference
and nonreference members. According to the classic work
by Tversky (1977) on feature asymmetry, similarity in-
creases with the addition of a common feature.

In Experiment 2, we more directly tested this hypothesis
of a feature asymmetry in the representation of reference
and nonreference categories. In Experiment 2, the partici-
pants again learned about the categories via club/not-club
categorization training, just as they did in Experiment 1.
In Experiment 2, however, the category-learning task was
followed by a visual search task. As has already been men-
tioned, performance in visual search tasks is known to be
better when the searched-for item has an added feature
that is not present in the distractor items than when the
searched-for item exhibits the absence of a feature that is
present in the distractor items (e.g., Treisman & Gormi-
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can, 1988). Thus, for example, searching for a R in a field
of Ps is faster than searching for an P in a field of Rs. This
is such a replicable effect that the feature search task has
also been employed to provide evidence that one set of
items shares a feature that the other set of items does not
(for an example with face stimuli, see Levin, 2000).

In the visual search task in Experiment 2, we examined
the participants’ ability to correctly determine the presence
or absence of reference versus nonreference faces pre-
sented in a field of previously unseen faces. The use of a
visual search task thus allowed for a straightforward test of
the feature asymmetry hypothesis: If reference exemplars
are defined by a feature that is lacking in the nonreference
exemplars, the participants should be better (and possibly
faster) at detecting reference than at detecting nonreference
faces in a background of novel distractor faces.

To equate exposure to reference and nonreference ex-
emplars prior to the visual search task, all the faces were
shown for a fixed time during the category-learning task.
Incidentally, this modification allowed us to examine
whether representational asymmetries for the reference
and nonreference categories would survive a tight control
of exposure time.

EXPERIMENT 2

Method

Participants. One hundred twenty-five undergraduate students
from Indiana University served as participants in order to fulfill a
course requirement. The students were randomly assigned into the
two labeling conditions.

Procedure. This experiment was divided into a category-learning
task and a visual search task. For the category-learning task, the
stimuli were identical to those used in Experiment 1, and the proce-
dure was the same, except for the differences noted here. There were
216 trials, consisting of 27 repetitions of each of the eight faces.
Each face to be categorized was shown for 1,300 msec; then the
display was erased, and the participants were asked to categorize
the face as either belonging to the club or not. The feedback tim-
ing was identical to that in Experiment 1. During the feature search
phase, the participants saw 128 trials, consisting of 16 repetitions of
each of the faces in Figure 1. The 16 repetitions were evenly divided
into randomized absent and present trials. On present trials, one
of the faces from Figure 1 was selected as a target. It was shown
to the participants for 2 sec. Then a display with seven faces was
presented, and the target was included as one of the faces. Absent
trials followed the same procedure, except that the target face was
not included among the seven faces. The nontarget distractors were
not selected from the remaining faces shown in Figure 1 but, rather,
were chosen from a set of 16 additional bald heads. The distractors
were borrowed from Kayser (1997) and were selected to be approxi-
mately equally similar to the endpoint faces in Figure 1. Similarity
was quantitatively based on our similarity assessments, using a tech-
nique described by Goldstone (1994a). The participants pressed the
Y key to indicate presence of the target face and the N key to indicate
absence. The computer gave the participants trial-by-trial feedback
by presenting either a v or an X for correct and incorrect responses,
respectively. After 1.5 sec, the screen was erased. The blank interval
between trials was 1 sec. For each search display, each of the faces
was photographed against a black background. The seven faces were
displayed in equal intervals around a circle. An example of a search
display is shown in Figure 4. The target face, when present, was
equally likely to appear in any one of the locations. Each of the faces



in a search display was 4 X 3.5 cm. This radius of the entire circle of
faces was 15.5 cm. The average viewing distance was 46 cm.

Results

As in Experiment 1, we removed from the analyses
those participants (# = 13) who had not achieved 70%
correct categorizations at the end of the third and last cat-
egorization block. In all the analyses, we averaged across
the multiple observations collected for a same factorial
event (e.g., when considering how the participants catego-
rized Club2 in Block 3, we averaged the data obtained for
the nine presentations of Club2 in Block 3).

Category-learning task. We first ran a MANOVA
on the categorization accuracy scores, with the eight lev-
els of the face factor within the three blocks as within-
participants factors. Main effects for face [F(7,777) =
130.77, p < .001] and for block [F(2,222) = 238.98,p <
.001] were obtained. A face X block interaction was also
found [F(14,1554) = 6.09, p < .001]. Additional analy-
ses conducted on a dichotomous club factor clarified the
meaning of the latter effects: Categorization was more ac-
curate for club faces (M = 0.829, SD = 0.075) than for
not-club faces (M = 0.798 , SD = 0.094) [F(1,111) =
15.08, p < .001], and this effect decreased across blocks
[F(2,222) = 5.93, p < .005].

Figure 5 shows the mean categorization accuracy scores
across the various levels of the face factor for the first,
second, and third training blocks. As can be seen, accu-
racy scores were, on average, higher for the club faces.
This difference decreased over blocks. Thus, consistent
with the results of Experiment 1, assimilation toward the
reference category was obtained, and this effect decreased
with category learning.

Figure 4. A sample display of the feature search task in Experi-
ment 2. Note: This is a target-present trial; Face 1 is presented at
the left end of the display.
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We also examined whether caricature effects could be
replicated in the context of the present experiment, which
involved no prototype and kept exposure times to the faces
constant. The scoring for the caricature advantage was the
same as that in Experiment 1. As was the case in Experi-
ment 1, this stronger caricature advantage for the not-club
faces, relative to the club faces, decreased across the lev-
els of the block factor [F(2,222) = 6.21, p < .003] but
remained significant within each of the three blocks (M
for Block 1 = .11, SD = .3; M for Block 2 = .07, SD =
.23; M for Block 3 = .02, SD = .08; all ps < .008).

Visual search task. We considered separately the
percentages of correct decisions for the face-present and
face-absent trials as a function of face. We first considered
the face-present trials. A main effect of face was found
[F(7,777) = 2.90, p < .006]. Further analyses conducted
on a dichotomous club factor confirmed our hypothesis
for better detection of the club faces (M = .861, SD =
.096) than of the not-club faces (M = .834, SD = .104)
[F(1,111) = 10.44, p < .002]. Interestingly, although
not related to the present research interests, a quadratic
trend was also obtained on these trials [F(1,111) = 4.01,
p < .05], with better detection scores, on average, for
stimuli lying closer to the category boundaries. For the
face-absent trials, no effect of the face factor was obtained
[F(7,777) = 1.7, n.s.].

In summary, the participants reported more accurately
on the presence of reference faces than on the presence of
nonreference faces, but they did not differ in the accuracy
with which they reported the absence of reference versus
nonreference faces. The mean percentages of correct de-
cisions for the face-present and face-absent trials across
the eight levels of the face factor are reported in Figure 6,
which offers a finer-grained illustration for the aforemen-
tioned effects.

We also analyzed the participants’ response latencies as
a function of face. For each of the eight faces separately,
and for the target-absent and target-present trials sepa-
rately, we removed response latencies that were associated
with incorrect answers and response latencies that were
three SDs above or below the mean response time for that
face. These response time analyses failed to produce any
significant effect for the club factor.

Discussion

The categorization results obtained in Experiment 1
were replicated in Experiment 2, even though the par-
ticipants’ exposure to the faces was held constant across
the various face presentations in this experiment. Thus, it
cannot be argued that representational asymmetries (i.e.,
caricature effects, assimilation to the reference category)
emerged because of a difference in exposure times for ref-
erence and nonreference faces. One may also note here that
representational asymmetries were unlikely to result from
a deeper encoding of the reference faces, since no refer-
ence effect was obtained on the perceptual component of
the perceptual discrimination task in Experiment 1.

Beyond this successful replication for representational
asymmetries in these challenging conditions, the visual
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Figure 5. Mean categorization scores (percentages of correct answers) and
standard errors as a function of face and block.

search findings brings further support to our hypothesis
that there is a feature asymmetry in the representation of
reference and nonreference categories. We posited that
reference exemplars share a feature that is lacking for the
nonreference exemplars. The finding of better detection
of the reference exemplars, relative to nonreference ones,
is consistent with this hypothesis. Importantly, this effect
could not be attributed to a general tendency for reporting
the presence of reference faces. If this had been the case,
lower accuracy scores would have been obtained for the
reference faces on the face-absent trials. This clearly was
not the case (see Figure 6).

Although not at the focus of the present contribution, a
quadratic trend was found on the face factor, with relatively

better performances, on average, for faces lying at moder-
ate values of the continuum than for those lying at extreme
values. This effect, which was obtained in an experimental
setting that offered a tight control for face exposure, seems
to provide original support for the categorical perception
hypothesis (e.g., Harnad, 1987). Specifically, stimuli lying
closer to the category boundaries may benefit from a per-
ceptual discrimination advantage (Experiment 1), a higher
decision criterion for responding same (Experiment 1), and
a detection advantage (Experiment 2). One possibility for
the latter advantage, however, is that boundary stimuli, be-
cause of enhanced classification uncertainties, were more
deeply encoded in the category-learning task, resulting in
better detection subsequently.
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GENERAL DISCUSSION

The research presented here suggests that reference-
based category asymmetry is much broader than has pre-
viously been envisioned. Not only does category reference
produce asymmetry in categorization decisions (Experi-
ments 1 and 2), but also it produces asymmetry in judg-
ments of within-category similarity (Experiment 1) and
asymmetry in attention to the presence of reference ver-
sus nonreference category members (Experiment 2). As in
prior work (Goldstone et al., 2003), Experiments 1 and 2
replicated the finding that the advantage for categorizing
the caricature versus the prototype was stronger in the non-
reference than in the reference category. Categorization
asymmetry was also indicated by stronger assimilation of
the nonreference exemplars into the reference category
than vice versa. These categorization asymmetries occur
even when no reference prototype is actually presented
to the participants, and they survive under controlled
exposure time. The present work also demonstrated that
reference-based categorization asymmetries decrease as
category learning progresses. A further notable contribu-
tion of the present work is that category reference does not
result in an asymmetry in perceptual discrimination but
does produce a decisional asymmetry: Although within-
category perceptual discrimination accuracy did not
vary as a function of reference versus nonreference sta-
tus, there is, nonetheless, a higher probability of judging
two reference, as compared with nonreference, category
exemplars to be the same. In another novel extension of
reference-based category asymmetry, we found that cat-
egory reference facilitates the detection of reference ex-
emplars, relative to nonreference exemplars. Finally, we
demonstrated that detection is facilitated for stimuli lying
at the category boundaries, highlighting a detection ad-
vantage component of categorical perception. Overall, this
set of findings seems consistent with the hypothesis of a
feature asymmetry in the representation of reference and
nonreference categories (Levin, 2000). As was discussed
in the introduction, the existence of a feature advantage for
reference exemplars would lead to the three major results
examined and obtained in this contribution: assimilation
of nonreference exemplars toward the reference category,
enhanced judgments of similarity for reference than for
nonreference exemplars, and better detection of reference
than of nonreference exemplars.

More generally, the present findings also confirm that
nonreference categories are organized in relation to refer-
ence categories, whereas reference categories are more
isolated from their conceptual neighbors. As a matter of
fact, the assimilation effect obtained in Experiments 1 and
2 appears quite consistent with this notion. It seems un-
reasonable, however, to argue for a definitive answer as to
whether category relatedness results in the organization
of nonreference exemplars away or toward the reference
category. Recall that Goldstone and colleagues proposed
that reference categories are organized around a referent
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category prototype, whereas nonreference categories are
organized around a nonreferent caricature. The hypoth-
esized result of this difference in representational orga-
nization was a relative advantage for the categorizing of
the caricature for the nonreference category, as compared
with the reference category.

Looking at the pattern of results, however, it is also pos-
sible that all exemplars are organized around the reference
prototype (and only that referent). In this conceptualiza-
tion, category learning progresses through a comparison
of each exemplar encountered with the reference category
prototype (i.e., the club prototype). For reference category
exemplars, categorization accuracy decreases with dis-
tance from the reference prototype, producing maximal
accuracy at the category prototype. For nonreference cat-
egory exemplars, categorization accuracy increases for
exemplars that are furthest from the reference category
prototype. That is, it is easier to exclude an exemplar that
is very dissimilar from the club prototype from the club
than it is to exclude an exemplar that is more similar to the
club prototype from the club. This process would produce
both assimilation toward the reference category and maxi-
mal categorization accuracy at the caricature face for the
nonreference category.

This same idea of comparison of all exemplars with the
reference category prototype can account for participants’
sameldifferent judgments as well. Assuming that all the
exemplars were compared with the reference prototype
during the early stages of the categorization process, it
makes sense that the participants formed less differenti-
ated representations for the reference category than for
the nonreference category. This is because the distances
between the reference exemplars and the reference pro-
totype have a much smaller range (i.e., from 0.5 to 1.5 in
the present study) than do the distances between the non-
reference exemplars and the reference prototype (from 2.5
to 5.5 in the present study). In other words, the constant
reference to the reference prototype may have resulted in
the perception of smaller intracategorical variations for
the reference than for the nonreference category. This, in
turn, may have enhanced the probability for same deci-
sions for the reference exemplars.

Finally, the finding that the participants more readily
detected the presence of reference category members than
that of nonreference category members might also be ac-
counted for by the comparison of all the exemplars with
the reference category prototype during category learn-
ing. In this conceptualization, the prototypical reference
category member is accessed and referred to on every
categorization trial. Thus, additional experience with the
reference category prototype might make exemplars simi-
lar to this well-learned reference prototype more detect-
able than exemplars that are less similar to the reference
prototype. Although the pattern of results across the eight
individual faces is not entirely consistent with this idea,
the enhanced detection of faces at the category bound-
ary (a categorical perception effect) may be occluding a
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more detailed pattern of best detection at the reference
category prototype and worst detection at the nonrefer-
ence category caricature.

Both the referent prototype only and the referent pro-
totype + nonreferent caricature accounts of the data thus
lead to the same set of predictions with regard to the asym-
metries emerging in the representation, treatment, and at-
tention devoted to reference and nonreference categories.
Clearly, our experiments do not provide, and were cer-
tainly not aimed at providing, a test of this idea of the or-
ganization of all exemplars around the reference category
prototype, as compared with the combination of more
established claims of (1) organization of the reference
category around its prototype and of the nonreference
category around its caricature, (2) enhanced similarity of
reference category members due to a common club fea-
ture, and (3) better detection of reference category mem-
bers because of the added club feature. Still, the referent
prototype only account seems, in some ways, more par-
simonious and provides one additional advantage. With
this account, we do not have to explain why a feature adds
similarity at the decisional stage but not at the perceptual
discrimination stage. This account remains speculative,
however, and in the absence of complementary evidence,
the feature asymmetry hypothesis seems better suited to
account for the data obtained for the perceptual discrimi-
nation and visual search tasks.

Before concluding, one should note a possible limita-
tion of the present research: The categories being tested
here may have been perceived as variants of two different
faces, not the sets of different exemplars typically associ-
ated with classification experiments. This might matter if
reference effects are limited to situations in which partici-
pants are led to focus on subtle differences in shape that
represent variants of one thing. Although this limitation is
common in the context of categorization work that relies
on morphed stimuli, further research should be done to
examine whether the effects obtained here can be gen-
eralized to categories involving stimuli morphed across
multiple source images (see Corneille & Judd, 1999, for a
morphing procedure allowing this kind of test).

CONCLUSION

We found that a simple category-labeling manipula-
tion affects not only categorization performance, but
also performance on tasks normally thought to be based
on perceptual and attentional processes, rather than on
the high-level cognitive processes associated with clas-
sification. The minimal nature of our category-labeling
manipulations seems impressive. The asymmetry effects
obtained here were not caused by minority status, exem-
plar frequency, a participant’s own perspective regarding
in-groups and out-groups, or even familiarity or exposure
time. Rather, the labels alone, and the reference status that
they conveyed, sufficed to induce asymmetries in both
classification and perceptual performance.
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