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Two experiments examined the relation between stereotype disconfirmation and attentional processes.
Using an instrumental learning-paradigm, we successfully simulated stereotype acquisition and the subse-
quent subtyping of disconfirming exemplars. While replicating established markers of subtyping, the pres-
ent research demonstrates a hitherto neglected cognitive consequence of subtyping: Predictable stereotype
disconfirmation increased attention to features that facilitated discriminating between confirming and dis-
confirming exemplars, and reduced attention to features associated with the original stereotype. These
effects were not observed when stereotype disconfirmation was not easily predictable and, hence, subtyp-
ing proved difficult. The discussion focuses on implications for research on subtyping and stereotype
change.
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As other concepts in memory, social stereotypes play an
important role in helping humans to navigate through their
social environment. To fulfill this function, they must be accu-
rate to some degree (Judd & Park, 1993). Yet, negative stereo-
types about social groups tend to persist even if they are
fairly inaccurate. One important reason for the perseverance
of inaccurate negative stereotypes presumably is the limited
contact between people who hold stereotypes and the mem-
bers of stereotyped groups (Dovidio, Gaertner, & Kawakami,
2003). External factors, such as spatial or cultural segregation
of groups, as well as internal factors such as negative expec-
tancies and resulting avoidance behavior (Fazio, Eiser, &
Shook, 2004; Towles-Schwen & Fazio, 2003) contribute to lim-
ited contact, and prevent the experience of stereotype
disconfirmation.

But even with sufficient contact, a correction of the stereo-
type may not ensue. One reason why stereotypes persist in
the face of extended inter-group contact is the process of
subtyping (Brewer, Dull, & Lui, 1981; Taylor, 1981). In its
course, individuals who disconfirm the stereotype are grouped
into a new subcategory that is mentally segregated from the
rest of the group, thereby leaving the stereotype intact. For
ll rights reserved.

chologie 2, Universität Würz-

rg.de (R. Deutsch).
example, encountering a lawyer who is very introverted may
lead people to conclude that she is a very atypical lawyer,
and therefore not representative for the group as a whole.
The introvert lawyer may then be put in a new subordinate
category (Kunda & Oleson, 1995). Because disconfirming
exemplars are excluded from the superordinate category, sub-
typing maintains or even reduces the perceived variability of
the stereotyped group (e.g., Maurer, Park, & Rothbart, 1995).
Moreover, it maintains or makes the average of the stereotype
more extreme (e.g., Hewstone, Macrae, Griffiths, Milne, &
Brown, 1994).

Stereotype-disconfirmation is more likely to increase the per-
ceived variability of the category and change its central ten-
dency if there is little opportunity for subtyping. Research has
established a number of preconditions of subtyping (Richards
& Hewstone, 2001). For instance, subtyping is more likely to oc-
cur when the disconfirming exemplars deviate from the stereo-
type in an extreme (e.g., Kunda & Oleson, 1997) or atypical
(e.g., Weber & Crocker, 1983) manner. For example, subtyping
of a lawyer would be more likely if he was extremely vs. mod-
erately introverted. Moreover, subtyping is more likely to occur
if the disconfirming exemplars have some salient discriminative
attributes (e.g., Kunda & Oleson, 1995). For example, an intro-
verted lawyer would be more likely to be subtyped if, besides
being introverted, he would have a particular style of clothing
that distinguishes him from typical lawyers. Finally, research
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indicates that subtyping is more likely to occur if the social
perceiver has relatively high cognitive capacity (e.g., Yzerbyt,
Coull, & Rocher, 1999).1

Why do people engage in subtyping? As Richards and Hewstone
(2001) argue, ‘‘much of the literature on subtyping either explicitly
or implicitly suggests that perceivers are motivated to maintain
rather than to change their stereotypes in the face of disconfirming
information” (p. 56). The specific motives for this conservatism,
however, may be quite diverse. For example, members of advan-
taged groups may be motivated to maintain negative stereotypes
about stigmatized minorities ‘‘. . .because they use the stereotypes
to justify their social order, their sense of superiority to others, or
their own behavior” (Kunda & Oleson, 1995, p. 566). In addition to
social motives of this kind, other motives may also be regarded as
causes of fencing off stereotype-disconfirming observations. Revis-
ing one’s well established and simple stereotypes may collide with
a need for simplicity and cognitive closure (Kruglanski & Freund,
1983), the need to think and behave consistently (Festinger,
1957), or the need to maintain positive self-views, such as being
an unbiased person (Olson & Fazio, 2004).

But even without a direct and specific motivation to maintain
the stereotype, the operation of more general mechanisms may
prevent change. For example, being confronted with a person
who disconfirms stereotypes may evoke surprise, which then trig-
gers a search for specific reasons why this particular person devi-
ates from the stereotype (Kunda & Oleson, 1995). Finding such
person-specific reasons, however, then may protect the general
stereotype from change. For example, finding that the introverted
lawyer you just met is working full time for a human rights group
may serve as a sufficient explanation for why he is different. At the
same time, human rights activists may be perceived so different
from typical lawyers that the particular lawyer is no longer seen
as representative of the group of lawyers as a whole. Hence, in this
case, the desire to explain unexpected findings triggers processes
that may result in stereotype preservation. Also, subtyping may
be an indirect consequence of action-control in general (e.g., Hom-
mel, Müsseler, Aschersleben, & Prinz, 2001). Social interactions are
more or less rewarding not only depending on the interaction part-
ners per se, but also depending on the specific behaviors performed
during the interaction with those partners. Stereotypes may pro-
vide their holders with scripts, specifying how to interact with
members of stereotyped groups. If single members, however, devi-
ate predictably from the stereotype in an action relevant manner,
cognitively separating them from the rest is a functional means
for optimizing behavior and the ensuing outcomes. In line with this
notion, Shepard (1987) proposed that objects with similar conse-
quences are grouped together in memory. Consequently, discon-
firming exemplars may be subtyped, because they yield different
outcomes than the average category member.

While previous research has primarily studied the conse-
quences of subtyping for the structure and stability of an existing
stereotype, the present research investigates how subtyping may
change people’s attention to and usage of perceptual dimensions
related to the stereotype and subtype. Typically, social stereotypes
are based on perceivable features of individuals, which signify a
1 Besides subtyping, which is the focus of the present work, stereotype-disconfir-
mation can also trigger a process called subgrouping. In this case stereotype-
disconfirmation is processed in a way that promotes the formation of subgroups, and
can increase the perceived variability of the category and change its central tendency
if it. Unlike subtyping, subgrouping is not limited to individuals who disconfirm the
stereotype, and the subgroups are not excluded from the original category. Instead
‘‘subgroups may as likely be formed for clusters of individuals who are perfectly
consistent with the group stereotype but who manifest the stereotype in some unique
and different way” (Maurer et al., 1995;p. 813). Although superficially similar to
subtyping, subgrouping occurs under different conditions and has quite differen
cognitive consequences (for a review, see Richards & Hewstone, 2001).
,

t

group membership. For example, basic social categories such as
gender, ethnic origin, and age are relatively clearly discriminable
based on perceptual dimensions such as skin tone, skin structure
or body shape. The same is true for other social categories, albeit
the relation between perceptual features and group membership
may be fuzzier. Examples are dress codes associated with certain
professions, or verbal accents that may correlate with socioeco-
nomic status. Similarly, specific perceivable features typically are
related to subtypes. For example, Black businessmen sometimes
have been considered as representing a subtype of the group of
Blacks in general (e.g., Kunda & Oleson, 1995). In this case, subtype
membership can be inferred from features relating to the ethnic
descent, and features relating to the profession, such as wearing
a business suit. It is the latter features that particularly help distin-
guishing subtypes from regular types.

As diverse as the mechanisms underlying subtyping may be,
they imply similar changes in attention. According to the mech-
anism based on action-control, actors aim to discriminate be-
tween subtypes and regular types because they require
different behaviors if one is to achieve favorable (or not unfavor-
able) outcomes. People should actively search for (and choose)
the appropriate behaviors for a rewarding social interaction with
the different targets. Consequently, attention towards those fea-
tures that help distinguishing subtypes from regular types
should be generally increased. Also, as a consequence of this
need to match behavior to the target, attention to the major ste-
reotype-related dimension should be reduced because it alone is
not sufficient for action control. According to the mechanism
based on expectancy-violation induced surprise (Kunda & Ole-
son, 1995), people are motivated to explain the violation, there-
by potentially avoiding future surprises. To achieve this goal,
focusing on the specific features that discriminate subtypes from
regular types is a functional strategy. Similar to these non-direc-
tional motives, motives directed at protecting the stereotype
from change may increase people’s attention to and usage of fea-
tures that help identifying subtypes. If motives such as a need to
justify social hierarchies, a need to view oneself as being consis-
tent or acting according to norms of fairness fuel subtyping, it is
essential for stereotype holders to recognize exemplars belong-
ing to the subtyped category in an efficient way. Also, atypical
features of the subtyped exemplars should be processed with
priority, because they provide the justification for dismissing
these exemplars as evidence against the validity of the
stereotype.

In essence, although subtyping can be driven by different mo-
tives and cognitive mechanisms, it may uniformly shape attention
to and usage of perceptual dimensions related to the stereotype
and subtype. In other words, subtyping produces a change in the
mental representation of the original category. In particular, we
hypothesize that subtyping increases attention to certain percep-
tual dimensions, those that facilitate discriminating between the
subtype and the superordinate category, such as dress in the case
of the Black businessman subtype. Likewise, we hypothesize that
subtyping decreases attention to perceptual dimensions that were
originally thought to be predictive of the superordinate category,
such as skin tone in the case of racial stereotypes. To our knowl-
edge such attentional changes as a consequence of subtyping have
not been demonstrated. Research on subtyping has emphasized
that the content and valence of the original stereotype remain in-
tact, despite the experience of disconfirming instances. The present
research does not question the validity or significance of these ef-
fects. However, the novel possibility we wish to consider is that
subtyping does produce changes in the attention given to the
dimensions of relevance. In this way, subtyping may lead to
changes in the mental representation defining the original
category.
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The present research

In the present research, we designed two experiments to test
the hypothesized effects of subtyping on perception. The nature
of our hypotheses implied two deviations from traditional research
paradigms, which we will explain in the following paragraphs: (a)
The use of artificial stimuli and stereotypes, and (b) the use of po-
sitive stereotypes.

Traditionally, researchers have relied on pre-existing stereo-
types and presented research participants with disconfirming
exemplars. Different from this general approach, we studied ste-
reotypes about artificial instead of naturalistic stimuli, as has been
successfully done in a few previous studies (e.g., Rothbart & Lewis,
1988). We did so in order to maximize experimental control over
the perceptual features underlying the stereotype and the subtype.
Maximal control over these features is desirable because our
hypotheses address the attention that these features receive as a
function of subtyping. To achieve this, we simulated the acquisi-
tion of stereotypes and subtypes using the paradigm BeanFest,
which was recently developed to study attitude-learning as a func-
tion of exploratory behavior (Fazio et al., 2004).

BeanFest is a computer game simulating a world that consists of
beans of different types. The participant’s goal is to gain points by
repeatedly deciding which specific beans to approach and which
beans to avoid. Each bean has a positive or negative value, and par-
ticipants lose points when they approach a negative bean, whereas
they win points when they approach a positive bean. Participants
also can reject beans, in which case the participant’s point value
is unaffected. However, in such cases, the value of the bean (i.e.,
the points that would have been won or lost if the bean had been
approached) is not learned. At any given time, the participant’s
cumulative point value ranges from 0 to 100. The beans themselves
differ by shape and number of speckles. They can be viewed as
forming a 10 by 10 matrix in which one dimension represents
the shape of the bean, ranging from circular to oval to oblong,
and the other dimension represents the number of speckles, rang-
ing from one to ten (see Fig. 1).

Within the matrix, 24 beans were selected to represent a very
simple reward scheme. For example, in Fig. 2A, the 12 beans with
very few speckles were bad, i.e., they yielded a loss when ap-
proached, whereas the 12 beans with many speckles were good,
Fig. 1. Overview over the 10 by 10 bean matrix used as a basis
i.e., they yielded a gain when approached. In both experiments,
we first induced a stereotype about the positive area by handing
out written information, purportedly stemming from other partic-
ipants who had played the game earlier. This method had been
successfully used to simulate socially transmitted stereotypes or
prejudice in previous research (Fazio et al., 2004). We decided to
use only positive stereotypes in the present research, mainly be-
cause previous research indicates that participants vigorously
avoid beans presumed to be negative (Fazio et al., 2004). Therefore,
in the standard set-up, negative stereotypes would make stereo-
type disconfirmation very unlikely, simply because participants
can fully avoid the purportedly negative beans. With a positive ste-
reotype, however, disconfirmation will occur frequently, because
the positive expectation will promote approach behavior (Fazio
et al., 2004). Thus, the present operationalization focuses on posi-
tive stereotypes in order to increase the likelihood that partici-
pants will experience exceptions. Nevertheless, we are not aware
of any a priori reasons why the effects of disconfirmation, once
experienced, should differ for positive and negative stereotypes
in any qualitative manner.

Hence, with respect to Fig. 2, the stereotype-inducing reports
presented to participants suggested that the beans with many
speckles were good. We manipulated the way in which this stereo-
type was disconfirmed later during the game. As a control group,
we had one condition without any disconfirmation at all
(Fig. 2B). Those in another condition worked with a matrix in
which atypical, speckled beans were of negative valence, whereas
the more typical speckled bean was positive. In this case, the dis-
confirmation was clustered around very oblong beans with many
speckles (Fig. 2C). Clustered disconfirmation promotes subtyping,
because it associates a salient perceptual feature with stereotype
disconfirmation (Queller & Smith, 2002), making it easier to ab-
stract disconfirming exemplars into a subtype (Richards & Hew-
stone, 2001). A real-world example of clustered disconfirmation
would be meeting a number of introverted lawyers, who are also
casually dressed and are working for human rights organizations.
Finally, both experiments included a group with a matrix that in-
cluded the same degree of disconfirmation as the clustered discon-
firmation matrix, but this time distributed widely across the
category of beans with many speckles (Fig. 2D). That is, speckled
beans were sometimes negative, irrespective of their overall shape.
for generating stimulus materials in Experiments 1 and 2.



Fig. 2. Example of a simple reward-structure (A), no disconfirmation within the positive area (B), clustered disconfirmation within the positive area (C), and distributed
disconformation within the positive area (D).
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In this way, we could establish stereotype-disconfirmation without
an opportunity to identify an atypical subtype—a condition well
known to lead to stereotype change (Richards & Hewstone,
2001). In terms of our running example regarding lawyers, distrib-
uted disconfirmation would involve meeting a number of intro-
verted lawyers who were dressed diversely and who worked for
a variety of organizations. Note that the average degree of discon-
firmation was identical in the clustered and distributed group.

In both experiments, BeanFest was used as a learning para-
digm, involving reward contingencies similar to those described
above, and attention towards stereotype-relevant and stereo-
type-irrelevant perceptual dimensions was assessed using multi-
dimensional scaling (MDS; see Nosofsky, 1992). MDS is a
multivariate technique, which is frequently used by cognitive
scientists to study attention and categorization.2 An MDS analysis
uses similarity judgments between objects as input, and returns a
number of dimensions, which constitute a multidimensional space
in which the distance between any two stimuli reflects the extent
to which they have been rated as dissimilar. In the present study,
the MDS is conducted to analyze how many perceptual dimen-
2 For applications of MDS within the social psychological literature, see Levine
Halberstadt, and Goldstone (1996), who employed the technique to examine the
impact of analyzing reasons for one’s liking on the weighting of stimulus dimensions
and Fazio and Dunton (1997), who used MDS to study categorization by race as a
function of automatically-activated racial attitudes.
,

,

sions people use to judge the similarity of beans. The most obvi-
ous expectation is that people base their judgments on two
dimensions, namely shape and speckles. Besides a number of
dimensions, the MDS returns stimulus weights, which indicate
the location of objects in the multidimensional space. Objects
are located in such a way that the distances between the objects
reflect their perceptual similarity. In the present experiment, this
would mean that each bean has individual dimension weights
(or coordinates) that determine its place within the hypothesized
dimensions of shape and speckles. Beans that are close together in
this space were, on average, judged to be more similar than beans
that are far apart.

In addition, and most relevant for our purposes, some vari-
ants of the MDS also return dimension weights for each partici-
pant. These dimension weights give an estimate of the extent to
which the individual weighted each dimension in making his or
her similarity ratings. Applied to the present experiments, this
means that some participants may rely more on shape when
judging the similarity of beans, whereas others would more rely
on the number of speckles, whereas other participants might
give equal weight to the two dimensions. In other words, people
may attend more or less to a given dimension. In the MDS, such
differences would be mirrored in individual differences in the
weights associated with the extracted dimensions that corre-
spond to shape and speckles. The MDS returns a number of
dimensions, but their psychological meaning (e.g., whether they
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represent shape or speckles), however, must be inferred from the
multidimensional space. To this end, one can correlate stimulus
features (e.g., the number of speckles) with stimulus weights
of a given dimension. If the correlation is sufficiently high, one
can infer that a given dimension represents the given stimulus
feature. This is comparable to a factor analysis, where the psy-
chological meaning of single factors must be inferred from the
factor loadings of single items.

Experiment 1 was geared towards a first test of the major
hypotheses regarding the differential impact of subtyping on
attention-allocation and behavioral performance. In Experiment
2, we sought not only to replicate the effects observed in Experi-
ment 1 with a different stereotype, but also to establish that the
present paradigm replicates known consequences of subtyping, de-
spite the paradigm’s reliance on artificial stimuli.

Experiment 1

In Experiment 1, we aimed to test the following hypotheses
derived from our theoretical framework. First, because the sub-
type in the clustered disconfirmation condition was based on a
combination of the stereotypic dimension (number of speckles)
and the other dimension (shape), we expected subtyping to in-
crease attention towards the non-stereotypic dimension (shape),
whereas no such effect should occur with distributed disconfir-
mation. Second, we expected a reduced attention towards the ste-
reotype-related dimension (speckles) with subtyping, but not
with distributed disconfirmation. With clustered disconfirmation,
people learn that they cannot predict the effect of a bean from
speckles alone, and therefore are expected to pay relatively less
attention to it. It is important to note that pre-tests had revealed
that shape is perceptually dominant over speckles. More specifi-
cally, MDS analyses indicated that about 60% more weight was gi-
ven to the shape of the beans than to their number of speckles
when similarity judgments were sampled without having played
the BeanFest game. Hence, any effect of experiencing stereotype
disconfirmation must be judged against this baseline. Conse-
quently, we expected the dominance of shape over speckles to
be strongly reduced with no disconfirmation or with distributed
disconfirmation, but less so with clustered disconfirmation. In
this latter case, participants’ experiences will give them more rea-
son to attend to shape. Finally, we anticipated that with clustered
disconfirmation, people would behave more successfully than
with distributed disconfirmation. Mentally separating the discon-
firming exemplars from the rest, as well as the enhanced predict-
ability of disconfirmation makes solving the task much easier
with clustered than with distributed disconfirmation.
Method

Participants and design
Seventy-one Ohio State University students enrolled in intro-

ductory psychology courses (43 females and 28 males) partici-
pated in this experiment for research credit. At most, four
participants were present for each session. Data from one partic-
ipant were excluded from the analyses because she was not a na-
tive speaker and indicated that she did not understand the
instructions correctly. Data from another participant were ex-
cluded because he already had participated in a very similar
experiment using the same paradigm. Hence, the following anal-
yses are based on N = 69. The design involved three experimental
groups, representing different levels of stereotype-disconfirma-
tion: no disconfirmation, clustered disconfirmation, and distrib-
uted disconfirmation of the stereotype (see Fig. 2B–D,
respectively).
Materials
All stimuli were derived from the 10 by 10 bean matrix depicted

in Figs. 1 and 2A. For the learning phase, 12 beans from the first
and second columns (i.e., beans with few speckles) and 12 beans
from the 9th and 10th columns (i.e., beans with many speckles)
were selected. For the similarity ratings, 12 beans were selected
in a way as to give a representative sample of the bean matrix.
Referring to the 10 by 10 coordinate system, the following beans
were chosen: 1 by 1, 1 by 10, 2 by 2, 2 by 5, 2 by 9, 5 by 1, 5 by
10, 9 by 2, 9 by 6, 9 by 9, 10 by 1, and 10 by 10. These beans were
used to generate 66 pairs of beans, representing each possible com-
bination of non-identical beans.

Procedure
When participants arrived at the lab, they were seated in indi-

vidual cubicles and provided extended written instructions for
BeanFest. The experimenter read the instructions aloud, while
the participants read along.

General instructions. Participants were informed that they would
play a game that involves beans, which they could choose to ap-
proach or to avoid. Every bean would have a positive or negative
point value throughout the game. They could learn about the value
of a given bean by approaching it, but not if they would avoid it.
Thus, in order to learn which beans to chose and which beans to
avoid, they would first have to sample a few. They were told that
their task was to gain as many points as possible, and that reaching
100 points represented winning the game, whereas reaching 0
points represented losing the game. After having won or lost, the
game would be re-started. Because pilot-testing had revealed that
some people had difficulty discerning the critical dimensions of the
stimuli in the number of trials that were to be presented, these
instructions explicitly informed the participants that the beans
varied in shape (‘‘from circular to oval to oblong”) and in the extent
to which they are speckled (‘‘marked by anywhere from very few
to some to many speckles”). In addition, the information that
was to be displayed on the computer screen was illustrated and de-
scribed. Finally, the instructions indicated that the experiment
would begin with a practice block of 6 trials. Participants were
forewarned that the 6 beans to be presented would be just a few
of the ones that they would see during the actual experiment,
but that the beans would have the same value as they would dur-
ing the experiment. These trials were described as their first oppor-
tunity to begin to learn about some of the beans and to familiarize
themselves with the feedback displays. They were explicitly in-
structed that, given these goals, they should respond YES (i.e., ap-
proach) on each of the 6 practice trials.

Stereotype induction. After the general instructions, but prior to the
beginning of play, stereotypic knowledge about some of the beans
was conveyed. They were told that the focus of the BeanFest exper-
iment was not on individual learning, but on how people learn
across generations (see Fazio et al., 2004; Experiment 5 for a more
detailed description of the method). They were presumably later
generation participants. Earlier generations of participants in the
game had provided written observations and suggestions, and they
would have access to two such generation reports. Under this
guise, participants received suggestions asserting that beans with
many speckles are good, but that nothing clear could be said about
the valence of the other beans. Hence, the information conveyed
positive expectations about the rightmost area of the bean-matrix,
which were then confirmed or disconfirmed to varying degrees,
depending on experimental conditions.

Game phase. At the beginning of BeanFest, participants underwent
a practice block of six trials. Three beans from each of the two re-
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gions of the matrix were presented, all of which confirmed the con-
veyed expectations. Participants were asked to accept each prac-
tice bean, in order to familiarize themselves with the feedback
and point displays and begin to associate a few specific beans with
their point values. When finished with the practice phase, partici-
pants started the actual game, which consisted of four blocks of 24
trials. The 24 trials involved the beans within the selected regions
of the matrix (see Fig. 2A–D). Each bean was presented once in
each block in a random order; thus, all 24 beans were seen four
times. During a trial, participants were presented with a bean in
the upper portion of the monitor. They had to indicate whether
they wanted to accept or reject the bean. Participants responded
by pressing either the ‘‘yes’’ or the ‘‘no’’ button on the keyboard.
After responding to each bean, the lower portion of the monitor
was adjusted according to the participant’s decision. All of the
information about the participant’s point value was located in
the lower right corner of the monitor. The point value was repre-
sented both numerically and graphically as a bar ranging from 0
to 100. These fluctuated in response to the participant’s decision
to accept a bean as a function of the bean’s value. In the lower left
corner of the monitor, participants were presented with informa-
tion about their response and the bean’s value. The participant’s re-
sponse appeared as either yes or no. The bean’s value appeared
below the response, but only if the participant chose to approach
the bean. Participants started the game with 50 points, with reach-
ing 100 representing winning the game, and reaching 0 represent-
ing losing the game. If participants won or lost, the game restarted.
Participants would restart at 50 points. The game restarted as
many times as the participants won or lost. With any restarted
games, the beans retained their original values. Thus, participants
did not have to relearn the beans if they played multiple games.

Similarity judgments. When all participants were finished playing
BeanFest, they received instructions on the computer screen for
the similarity judgments, which served as input for the MDS-anal-
yses. All 66 pairs were presented in a sequence that was randomly
determined for each participant. For each pair, participants were
instructed to judge their perceptual similarity on 9-point scales la-
beled from not at all similar to very similar. They were instructed to
give quick responses, but were not paced. Before the first trial, par-
ticipants saw an overview of the bean-matrix similar to Fig. 1 for
15 seconds, to give them a frame of reference for judging percep-
tual similarity. At the beginning of each trial, a pair of beans was
presented on the screen, with one bean on the left and one on
the right. After the judgment for a bean was collected, the next trial
started.

Results

The results will be organized along two questions. First, we will
examine how learning about clustered and distributed disconfir-
mation influenced attention towards the two perceptual dimen-
sions of the bean matrix. Second, we will examine how our
experimental manipulation affected participants’ performance
during the game.

Attentional effects
We predicted that the type of stereotype disconfirmation would

affect which features of the exemplars receive more or less atten-
tion. To test this prediction, we conducted MDS analyses using the
perceptual similarity ratings as input. We used the ALSCAL module
that is part of SPSS 14.0 for the following analyses. We performed
an INDSCAL analysis, which has the advantage of returning not
only stimulus weights for a given similarity space, but also individ-
ual weights, which provide an estimate of how much a person is
making use of the given dimension. We then analyzed the individ-
ual dimension weights as a function of experimental conditions.
This way, we inferred how much attention was given to the dimen-
sions as a function of clustered vs. distributed disconfirmation.

Because the bean-matrix involves two dimensions (shape and
speckles), it is plausible to expect that the MDS would return the
best fit for a two-dimensional solution. In this (and the following)
Experiment, this was actually not the case. Instead, a three-dimen-
sional solution provided a better, and overall acceptable fit,
Stress = .14, RSQ = .82. We suspected that the third dimension
might be related to the novelty of a given bean, because some of
the beans that were used for the similarity ratings had not been
presented during the game. To interpret the meaning of a given
MDS dimension, we predicted the stimulus weight of each bean
on this dimension (i.e., a bean’s location on this dimension) from
each bean’s number of speckles, shape, and novelty. Particularly,
these three features were entered into a regression analysis as
simultaneous predictors. Speckles and shape were coded ranging
from 1 to 10 according to their location in the 10 � 10 bean matrix.
Novelty was coded as a dichotomy, reflecting whether the bean
had or had not been presented during the game. This analysis re-
vealed that shape was related to Dimension 1, speckles were re-
lated to Dimension 2, and novelty was related to Dimension 3
(see Table 1). Because the novelty dimension is not relevant for
the theoretical predictions, further analyses will be focused on
shape and speckles. Also, novelty had an incremental RSQ of only
.081, indicating that this dimension was relatively unimportant
for participant’s perceptual space.

How did the presence and distribution of disconfirming events
affect people’s perceptions of the beans? To address this question,
we examined each participant’s squared dimension weights for the
dimensions identified as shape and speckles. Note that whereas
shape and speckles are objective stimulus-features, the individual
dimension weights serve as estimates of the extent to which any
given participant relied on shape versus speckles when judging
similarity. In Fig. 3, the mean squared dimension weights are plot-
ted as a function of type of disconfirmation. Participants in the con-
dition with no disconfirmation and with distributed
disconfirmation gave relatively equal weight to the stereotypic
f

f



Table 1
Beta weights from regression analyses predicting each of the three MDS dimensions
from the beans’ shape, speckles, and novelty (Experiment 1)

Dependent variables Predictors

Shape Speckles Novelty

Dimension 1 �0.839 0.266 0.026
Dimension 2 0.115 �0.966 �0.324
Dimension 3 �0.052 0.205 0.866

Note. Beta weights in boldface are significant at least p < .01.

60

70

80

90

100

1 2 3 4
Block

%
 C

o
rr

ec
t 

R
es

p
o

n
se

s

None

Distributed

Clustered
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dimension (speckles) and the non-stereotypic dimension (shape).4

With clustered disconfirmation, however, participants gave consid-
erably more weight to the non-stereotypic dimension compared to
the stereotypic dimension (see Fig. 3). This interpretation is sup-
ported by a 2 (dimension) � 3 (disconfirmation) ANOVA on the
squared dimension weights. This analysis revealed a main effect of
dimension, indicating that generally more weight was given to
shape, F(1,66) = 9.45, p = .002, g2 = .13. Most importantly, however,
this main effect was qualified by an interaction of dimension and
disconfirmation, F(2,66) = 4.66, p = ,013, g2 = .12. Simple contrasts
revealed that different weight was given to shape and speckles with
clustered disconfirmation (p < .001), but not with distributed
(p = .988) and no disconfirmation (p = .196). Furthermore, partici-
pants in the clustered disconfirmation condition weighted shape
more heavily than did those in the distributed condition (p = .009)
and the no disconfirmation condition (p = .087). Likewise, partici-
pants in the clustered disconfirmation condition weighted speckles
less heavily than did those in the distributed condition (p = .008)
and the no disconfirmation condition (p = .057). Thus, without dis-
confirmation and with distributed disconfirmation, shape and speck-
les were weighted equally, whereas with clustered disconfirmation,
shape received significantly more weight, and speckles received sig-
nificantly less weight in judgments of perceptual similarity.5

Learning
To validate our presumption regarding the ease of learning

cases of clustered versus distributed disconfirmation, we examined
participants’ game performance. We first recoded participants’ re-
sponses as to whether they were correct (approaching positive
beans, avoiding negative beans) or incorrect (approaching negative
beans, avoiding positive beans). We then submitted the overall
percentage of correct responses to a 4 (Block) � 3 (Disconfirma-
tion) ANOVA, with the first factor varying within, the last factor
varying between subjects (see Fig. 4). Because percentages violate
homogeneity assumptions of the ANOVA, we performed an arcsine
transformation (Kirk, 1968) on the raw percentages before submit-
ting them to the ANOVA. For the sake of readability, we report the
4 Recall that the pretesting we had mentioned earlier indicated the naturally
dominant dimension to be shape. That is, when participants who did not play
BeanFest and, hence, were not exposed to any differential outcomes for the various
beans, judged similarity, they attended much more to the shapes dimension than to
the speckles dimension. Thus, the relative equivalence of the weights for shape and
speckles in the no disconfirmation and distributed disconfirmation conditions
appears to reflect greater attention than is typical for speckles when that dimension
has been made more hedonically significant. In the actual game, speckles distin-
guished those beans that produced gains from those that yielded losses.

5 We also analyzed the squared dimension weights including the third dimension
that was related to novelty, using a 3 (dimension) X 3 (disconfirmation) ANOVA. The
main effect of dimension was significant, F(2, 132) = 91.124, p < .001, g2 = .58,
indicating that the least weight was given to the novelty dimension. This main effect
was qualified by an interaction of dimension and disconfirmation, F(4, 132) = 4.23, p =
.003, g2 = .12. Contrast analyses revealed that the novelty dimension was not affected
by disconfirmation, F(2, 66) = 2.31, p = .108, g2 = .065, whereas the shape dimension,
F(2, 66) = 3.78, p = .028, g2 = .103, and the speckles dimension, F(2, 66) = 4.00, p = .023,
g2 = .108, were. The main effect of disconfirmation was not significan, F < 1. This
further suggests that the novelty dimension is relatively unimportant.
raw percentages in Fig. 4. The analysis revealed that participants’
performance significantly increased with the number of blocks,
F(3,198) = 23.39, p < .001, g2 = .26. Participants improved from
81% correct responses in the first block to 92% correct responses
in the fourth block. Most important to the present hypotheses,
however, people were differentially successful depending on the
type of disconfirmation, F(2,66) = 54.83, p < .001, g2 = .62.6

Contrast analyses revealed that participants performed best
without disconfirmation (M = 96%, SEM = 1.53), second best with
clustered disconfirmation (M = 88%, SEM = 1.53), and worst with
distributed disconfirmation (M = 79%, SEM = 1.44). This rank order
was apparent from block one to block four (all p < .05). In essence,
as anticipated, participants were more successful with clustered
than with distributed disconfirmation.

Discussion

The results of Experiment 1 proved supportive of our hypothe-
ses. To study disconfirmation of a pre-existing stereotype, we in-
duced expectations within the artificial world of BeanFest.
Drawing upon a technique previously used by Fazio et al. (2004),
we provided participants with reports purportedly stemming from
previous generations of participants, indicating that beans with
many speckles were positive. This induction was successful, as par-
ticipants performance during the game was very good from block 1
on, indicating that they followed the by-and-large correct rule con-
veyed in the reports. However, two of the three groups experienced
occasional disconfirmation of their positive expectations during
the game.

We predicted that the opportunity to mentally cluster excep-
tions to the rule would have consequences for individuals’ mental
representations of the original category. More specifically, we pre-
dicted that subtyping would affect the amount of attention that
individuals would subsequently direct towards those features rel-
6 There was also evidence that the linear effect of the number of blocks was
ifferent for the three types of disconfirmation, F(6, 198) = 2.71, p = .015, g2 = .08.
ontrast analyses indicate that for the no disconfirmation group, performance did not
iffer as a function of block, reflecting the close to perfect performance from the first
lock on, F(3, 64) = 2.15, p = .102, g2 = .092. For the clustered disconfirmation group,
erformance varied as a function of blocks, F(3, 64) = 13.81, p < .001, g2 = .39. Simple
ntrasts indicate that performance increased between block one and two (p < .01), as
ell as block three and four (p < .05), but not between block two and three (p = .126).
r the distributed disconfirmation group, performance also varied as a function of

locks, F(3, 64) = 6.36, p = .001, g2 = .23. Simple contrasts indicate that with
istributed disconfirmation, performance increased between block one and two (p <
01), but not between block two and three (p = .775) or between between block three

nd four (p = .216).
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evant to the stereotype and those features relevant to the excep-
tions. To test this prediction, we examined participants’ judgments
of the perceptual similarity of pairs of beans following the BeanFest
game. In particular, we studied the weight that participants subse-
quently gave to the stereotype relevant (speckles) and irrelevant
(shape) features of beans, by using the similarity judgments as in-
put to an individual difference MDS. In accord with the hypothesis,
we observed that shape and speckles received equal attention with
no disconfirmation or distributed disconfirmation. With clustered
disconfirmation, however, attention towards the stereotype-rele-
vant feature was reduced, whereas attention to the feature distin-
guishing exceptions from the rule was increased. These results
suggest that while subtyping may have the consequence of stabi-
lizing the original category, it also may make it less likely that peo-
ple attend exclusively to the dimensions originally associated with
the stereotype. For example, when learning about the subtype of
Black businessmen, attention to features associated with ethnic
descent (e.g., skin tone) may be reduced, whereas attention to fea-
tures that help recognizing the subtype (e.g., signs of a particular
profession, such as clothing) may be increased.

We also observed, as expected, that when the exceptions to the
rule were clustered, i.e., when they were perceptually atypical
exemplars of the class of speckled beans, participants better
learned to avoid them as the game proceeded. This suggests that
the opportunity to mentally group disconfirming exemplars in-
creases one’s ability to respond favorably to atypical exemplars,
whereas omitting such an opportunity makes it harder to treat
the exceptions to the rule in an appropriate way. In a real world
example, this would suggest that forming a subtype of introverted
lawyers would help people to engage in positive interactions with
introverted vs. extraverted lawyers, because the subtype would be
of help in discriminating between the two groups of lawyers.

Experiment 2

In Experiment 2, we wanted to replicate and extend the results
obtained in Experiment 1. The overall operationalizations and
hypotheses of Experiment 2 were similar to Experiment 1. How-
ever, to make sure that the judgmental weighting of dimensions
observed in Experiment 1 was not driven by the particular percep-
tual features linked to the stereotype (i.e., speckles) and the sub-
type (i.e., oblong shape and speckles), Experiment 2 modified the
stereotype and subtype that was operationalized within the Bean-
Fest paradigm. Specifically, in Experiment 2 the positive stereotype
was conveyed regarding round beans instead of speckled beans.
Hence, in Experiment 2, the stereotype was related to the naturally
dominant dimension of shape (see footnote 4). Consequently, we
expected that the weight given to shape should be reduced with
clustered compared to distributed and no disconfirmation. Con-
versely, we expected that the weight given to speckles should be
enhanced with clustered disconfirmation compared to distributed
and no disconfirmation. Furthermore, a different sampling of bean
pairs was employed to obtain the similarity judgments than in
Experiment 1. To get a more representative sample of the bean ma-
trix, more beans from the center of the bean-matrix were sampled,
while reducing the total number of beans by two in order to relieve
the burden on the participants.

More importantly, Experiment 2 also aimed to provide direct
evidence that our specific paradigm (i.e., clustered disconfirmation
in BeanFest) indeed induces subtyping processes similar to those
that have been observed with more naturalistic materials. Specifi-
cally, we aimed to test whether typical outcomes of subtyping (e.g.,
bolstering of the original stereotype) can also be observed in the
present paradigm. To this end, additional dependent variables
were introduced, particularly the belief in the validity of the ste-
reotype and a measure of perceived category valence. If our para-
digm maps processes similar to past subtyping research,
clustered disconfirmation should yield more positive estimates of
category valence and a greater belief in the stereotype compared
to distributed disconfirmation. Moreover, a de-categorization of
disconfirming exemplars should occur with clustered but not with
distributed disconfirmation.

To examine de-categorization, we introduced an explicit cate-
gory label referring to the stereotypic beans. Specifically, for half
of the participants, round beans were introduced as Kambo beans,
and before they actually played the game, they practiced categoriz-
ing beans as Kambo vs. non-Kambo. After the game, we measured
people’s willingness to use the category Kambo in the same catego-
rization task as before. Based on previous research on subtyping,
we expected that clustered and, hence, predictable disconfirmation
would result in de-categorizing the specific disconfirming exem-
plars, whereas such a specific effect should not occur for distrib-
uted and, hence, less predictable disconfirmation. Thus,
subtyping on the basis of the distinct perceptual features that are
associated with clustered disconfirmation was expected to de-
crease the likelihood that participants would continue to label
the disconfirming exemplars as Kambos, even though such round
beans were initially accepted as members of the Kambo category.
Beyond that, we also wanted to explore how the presence vs. ab-
sence of a distinct category label might influence the attentional
effects observed in Experiment 1. This is an interesting question
because many stereotypes come with a ready to use explicit cate-
gory label (such as the elderly, Blacks etc.), and one might argue that
the presence of such strong labels may interfere with the atten-
tional changes observed in Experiment 1.

Method

The methods of Experiment 1 and Experiment 2 were very sim-
ilar. In the following, we describe only the unique aspects of Exper-
iment 2 in detail.

Participants and design
One-hundred twenty-seven Ohio State University students en-

rolled in introductory psychology (65 females and 62 males) par-
ticipated in this experiment for research credit. The design was a
mixed 2 (category learning present vs. absent) � 3 (disconfirming
events: none vs. distributed vs. clustered) with both factors being
manipulated between participants.

Materials
All stimuli were derived from the 10 by 10 bean matrix depicted

in Fig. 1. The stimuli selected for the learning phase, however, dif-
fered from Experiment 1. In particular, instead of using the two
leftmost and two rightmost columns of the matrix, 12 stimuli from
the upper two rows (i.e., round beans) and 12 stimuli from the low-
er two rows (i.e., oblong beans) were selected. Within the round
beans, the three different reward patterns used in Experiment 1
were superimposed to the round beans, while the oblong beans
were always negative. For the similarity ratings, 10 beans were se-
lected in a way as to give a representative sample of the bean ma-
trix, this time drawing more beans from the center area. Referring
to the 10 by 10 coordinate system, the following beans were cho-
sen: 1 by 1, 1 by 10, 2 by 5, 5 by 5, 5 by 8, 6 by 3, 6 by 6, 9 by 6, 10
by 1, and 10 by 10. These beans were used to generate 45 pairs of
beans, representing each possible combination of non-identical
beans.

Procedure
The procedure was similar to that of Experiment 1 with a few

exceptions.
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Category learning. Half of the participants began with a category-
learning task. In this task, they were instructed that there was a
specific category of beans, Kambo beans, about which they were
going to learn in the future. To begin with, they were instructed
that they should learn to discriminate Kambo beans from other
beans. The only hint they got was that ‘‘Kambo beans tend to be
round”. Then they were successively presented with 20 round
and 20 oblong beans, and instructed to indicate whether the given
bean would be an exemplar of Kambo beans or not, using the
appropriate key on the keyboard. Participants received error-feed-
back and showed nearly perfect performance after a few trials.

Stereotype induction. Stereotype induction was similar to Experi-
ment 1, except that the verbally conveyed stereotype referred to
the round beans as being good. In the category-learning group,
the round beans were addressed as Kambo beans—the name the
participants had just practiced.

Game phase. The game phase was identical to Experiment 1, except
that the transposed reward scheme was used.

Similarity judgments. Collection of similarity judgments was identi-
cal to Experiment 1, except that only 10 beans were used, resulting
in only 45 trials.

Re-classification. Those participants who had learned to classify
round beans as Kambo beans again engaged in a classification task.
They were presented with half of the bean matrix (i.e., 50 beans),
sampled in a ‘‘checkerboard” manner, to reduce the working load
of participants. Referring to the 10 by 10 coordinate system, beans
were chosen according to the following schema: 1 by 2, 1 by 4, 1 by
6, 1 by 8, 1 by 10 for the first row; 2 by 1, 2 by 3, 2 by 5, 2 by 7, 2 by
9 for the second row, and so forth. All participants who worked on
the re-classification task were presented with the same selection of
stimuli. As a consequence of this selection, only two of the three
disconfirming exemplars, and only four of the nine confirming
exemplars were actually presented during the re-classification
task. Participants were instructed to remember what they had
learned earlier, at the beginning of the experiment, about how
Kambo beans looked. No reference was made to the game or the
stereotype. Error feedback was omitted this time.

Final questions. Finally, we asked participants about their general
impression of how good the round beans (or Kambo beans, in the
category learning condition) had been. This question was used to
study any changes in perceived category valence as a function of
learning. Additionally, we asked participants about how valid they
perceived the conveyed stereotype to be.

Results

Attentional effects
As in Experiment 1, we tested our hypotheses regarding the

attentional effects of stereotype disconfirmation by submitting
Table 2
Beta weights from regression analyses predicting each of the three MDS dimensions
from the beans’ shape, speckles, and novelty (Experiment 2)

Dependent variables Predictors

Shape Speckles Novelty

Dimension 1 �0.971 �0.015 �0.209
Dimension 2 �0.139 �0.016 �0.982
Dimension 3 0.131 �0.942 0.039

Note: Beta weights in boldface are significant at least p < .01.
the similarity judgments to an MDS, using an INDSCAL model.
Mirroring the results observed in Experiment 1, the three-
dimensional solution was superior to the two-dimensional solu-
tion with respect to Stress (0.15) and RSQ (0.82). To interpret the
dimensions, we performed three regression analyses, each using
the features number of speckles, shape, and novelty as simulta-
neously entered predictors. The weights of dimension one,
dimension two, and dimension three served as the dependent
variable in the three analyses, respectively. Results indicate that
dimension one represents shape, dimension three represents
speckles, and that dimension two represents novelty (see Table
2). As in Experiment 1, we refrained from analyzing the novelty
dimension, as it is not relevant to the present hypotheses. The
novelty dimension presumably emerged as a consequence of
the sampling method used.

How did the presence and distribution of disconfirming events
affect people’s perceptions of the beans? In Fig. 5, the mean
squared dimension weights for the dimensions indicative of shape
and speckles are plotted as a function of type of disconfirmation.
Participants in the condition without disconfirmation and with dis-
tributed disconfirmation gave more weight to the stereotypic
dimension (shape) than participants who experienced clustered
disconfirmation. Generally speaking, participants with clustered
disconfirmation gave the most weight to speckles (the non-stereo-
typic dimension), participants without disconfirmation gave the
least weight to speckles, and participants with distributed discon-
firmation fell in-between the former two. This interpretation is
supported by a 2 (dimension) � 3 (disconfirmation)� 2 (category
label present or absent) ANOVA on the squared dimension weights.
This analysis revealed a main effect of dimension, indicating that
generally more weight was given to shape, F(1,121) = 236.7,
p < .001, g2 = .66. This main effect was qualified by an interaction
of dimension and disconfirmation, F(2,121) = 3.92, p = .022,
g2 = .06. Contrast analyses revealed a significant effect of type of
disconfirmation on attention to shape (p = .023) and a marginally
significant effect on attention to speckles (p = .066). Shape was
weighted equally given no disconfirmation and distributed discon-
firmation (p = .98), but less so with clustered disconfirmation
(p < .05 for both comparisons). Speckles were weighted less with-
out disconfirmation than with clustered disconfirmation (p = .02),
but the weight of speckles in the distributed disconfirmation did
not significantly differ from the other two conditions (both
p > .20). No other main effect or interaction reached statistical sig-
nificance (all p > .10), indicating that the presence vs. absence of a
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verbal category did not affect how participants weighed shapes
and speckles.7

Categorization
Subtyping suggests that disconfirming exemplars are excluded

from the original category. To test whether this process actually
occurred in our paradigm, we compared the probability of catego-
rizing the two presented disconfirming exemplars vs. the four pre-
sented non-disconfirming exemplars as Kambo beans for those
participants who experienced one of the two types of disconfirma-
tion. An inspection of the means (see Fig. 6) suggests that partici-
pants who experienced clustered disconfirmation were less
willing to categorize disconfirming than confirming exemplars as
Kambo beans. For those who experienced distributed disconfirma-
tion, there was only a very small difference in the likelihood of cat-
egorizing confirming and disconfirming exemplars as Kambo
beans. A 2 (disconfirmation)� 2 (exemplar status) ANOVA with
the first factor varying between, the second factor varying within
participants supports this interpretation. As in Experiment 1, we
performed an arcsine transformation (Kirk, 1968) on the raw prob-
abilities before submitting them to the ANOVA. For the sake of
readability, we report the raw probabilities in Fig. 6. Overall, dis-
confirming exemplars were less likely to be categorized as Kambos
than confirming exemplars, F(1,41) = 14.98, p < .001, g2 = .27. This
main effect, however, was qualified by a two-way interaction of
type of disconfirmation and exemplar status, F(1,41) = 4.43,
p = .041, g2 = .10. Simple contrasts revealed that for disconfirming
exemplars, categorization-likelihoods were lower with clustered
than with distributed disconfirmation (p = .038), but not for con-
firming exemplars (p = .780). Moreover, with clustered disconfir-
mation, disconfirming exemplars were less likely categorized as
Kambos than confirming exemplars (p < .001), whereas this differ-
ence was not significant with distributed disconfirmation
(p = .224). The main effect of type of disconfirmation was margin-
7 We also analyzed the squared dimension weights including the third dimension
that was related to novelty, using a 3 (dimension) X 3 (disconfirmation) X 2 (category
label present or absent) ANOVA. The main effect of dimension was significant, F(2
242) = 151.04, p < .001, g2 = .55, indicating that the least weight was given to speckles
the most weight was given to shape, and the novelty dimension fell in-between. This
main effect was qualified by an interaction of dimension and disconfirmation, F(4
242) = 3.08, p = .017, g2 = .048. Contrast analyses revealed that the novelty dimension
was not affected by disconfirmation, F(2, 121 = 1.09, p = .339, g2 = .018, whereas the
shape dimension, F(2, 121) = 3.89, p = .023, g2 = .06, and the speckles dimension, F(2
121) = 2.73, p = .066, g2 = .044, were. No other effect was significant, all F < 1.3. As in
Experiment 1, this suggests that the novelty dimension is relatively unimportant.
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ally significant, F(1,41) = 3.53, p = .067. In sum, this analysis sug-
gests that participants with clustered disconfirmation, but not with
distributed disconfirmation, selectively de-categorized disconfirm-
ing exemplars. What clearly had been a Kambo during the early
category-learning portion of the experiment, was less likely to be
considered a Kambo after subtyping of the beans that produced
an unexpected negative outcome.

Valence of round beans
How did experiencing disconfirmation change participants’

evaluation of the stereotype related set of stimuli as a whole? Par-
ticipants who learned the category Kambo were asked to evaluate
the Kambo beans, whereas participants who learned about the ste-
reotype by reference to round beans were asked to evaluate round
beans. We submitted participants’ evaluations to a 3 (disconfirma-
tion) � 2 (category label) ANOVA with both factors varying be-
tween subjects. This analysis revealed that participants evaluated
the stereotype-related group more positively without (M = 6.00,
SEM = .162) than with (M = 5.15, SEM = .20) the category label
Kambo, F(1,121) = 10.95, p = .001, g2 = .08. This effect was indepen-
dent of the type of disconfirmation, as suggested by the lack of an
interaction of category and disconfirmation, F < 1. More important
to the present hypotheses, there was an indication that evaluations
varied as a function of disconfirmation, F(2,121) = 2.66, p = .074,
g2 = .04 (see Fig. 7). Contrast analyses suggest that the stereotype
related group was evaluated more positively with clustered than
with distributed disconfirmation (p = .023). The contrasts between
no disconfirmation and clustered disconfirmation (p = .247), and
no disconfirmation and distributed disconfirmation (p = .276),
failed to reach statistical significance. The subtyping permitted
by the clustered disconfirmation preserved the positivity of the
stereotype.

Belief in stereotype
Previous research on subtyping suggests that the opportunity to

exclude disconfirming exemplars from a stereotyped group leaves
the original belief in the stereotype intact. Only non-predictable
disconfirmation, which prevents systematic de-categorization of
exemplars, is likely to promote a reduction of the perceived valid-
ity of the stereotype (Richards & Hewstone, 2001). To test whether
this effect was also evident in the BeanFest paradigm, we analyzed
participants’ belief in the verbally conveyed stereotype about
round beans/Kambo beans as a function of the presence of absence
of a verbal category and the type of disconfirmation. The 3 (discon-
firmation) � 2 (category) ANOVA with both factors varying be-
tween subjects revealed a significant main effect of category,
nfirmation. Error bars reflect 95% CIs of the means.
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F(1,121) = 4.22, p = .042, g2 = .03, indicating that participants per-
ceived the previously conveyed stereotype to be more accurate
when a verbal category was absent (M = 6.10, SEM = .153) than
when it was present (M = 5.55, SEM = .22). More importantly, how-
ever, the belief was affected by the type of disconfirmation,
F(2,121) = 3.02, p = .053, g2 = .05, see Fig. 8. Contrast analyses re-
vealed that the group who had experienced distributed disconfir-
mation found the verbally conveyed stereotype to be less
accurate than those who experienced no disconfirmation
(p = .031) or clustered disconfirmation (p = .041), with the latter
two groups having comparable levels of belief (p = .860). This effect
was independent of the presence of absence of a category, as indi-
cated by the lack of a two-way interaction, F < 1.

Learning
As in Study 1, we recoded participants’ responses as to whether

they were correct (approaching positive beans, avoiding negative
beans) or incorrect (approaching negative beans, avoiding positive
beans). We submitted the overall percentage of correct responses
to a 4 (Block) � 3 (Disconfirmation) � 2 (Category) ANOVA, with
the first factor varying within, the last two factors varying between
subjects. As in Experiment 1, we performed an arcsine transforma-
tion (Kirk, 1968) on the raw percentages before submitting them to
the ANOVA. For the sake of readability, we report the raw percent-
ages in Fig. 9. The analysis revealed that participants’ performance
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beans) towards the beans as a function of the level of disconfirmation (Experiment
2). Error bars reflect 95% CIs of the means.
significantly increased with the number of blocks, F(3,363) = 52.62,
p < .001, g2 = .30. Participants improved from 82% correct responses
in the first block to 91% correct responses in the fourth block. Most
important to the present hypotheses, people were differentially
successful depending on the type of disconfirmation,
F(2,121) = 75.62, p < .001, g2 = .56. Contrast analyses revealed that
participants performed best without disconfirmation (M = 95%,
SEM = 1.18), second best with clustered disconfirmation (M = 89%,
SEM = 1.11), and worst with distributed disconfirmation (M = 80%,
SEM = 1.15). This rank order was apparent in block one (all
p < .05), block two (all p < .001), block three (all p < .001), and in
block four (all p < .01).8

Performance was also better in the presence (M = 90%,
SEM = .93) than in the absence (M = 86%, SEM = .95) of a verbal cat-
egory, F(1,121) = 8.63, p = .004, g2 = .067. Moreover, the effect of
the category differed as a function of practice, as is expressed in
an interaction with the number of blocks, F(3,363) = 7.76,
p < .001, g2 = .060. Contrast analyses indicated that the presence
or absence of a category had significant effects in block one
(p < .001) and block two (p < .01), but not in block three (p = .345)
and block four (p = .819) (see Fig. 10). Performance, however, sig-
nificantly increased as a function of blocks in both groups (both
p < .001). Apparently, the disadvantage of not having learned to
discriminate round from oblong beans was overcome by practice.
No other effect reached statistical significance (all F < 3.0, all
p > .05). In sum, just as in Experiment 1, being confronted with
clustered disconfirmation resulted in more successful behavior
than being confronted with distributed disconfirmation, and this
disadvantage remained significant up to the fourth block. In addi-
tion, Experiment 2 revealed that the presence of a verbal category
8 There was also evidence that the linear effect of the number of blocks was
ifferent for the three types of disconfirmation, F(2, 121) = 4.02, p = .001, g2 = .062.

rther analyses indicate that the effect of block was significant in all three groups
ll p < .01), but that the effect of the number of blocks was strongest with clustered

isconfirmation (g2 = .460), weakest without disconfirmation (g2 = .117), and
termediate for distributed disconfirmation (g2 = .259). For the clustered disconfir-
ation group, simple contrasts indicate that performance increased between block

ne and two (p < .001), as well as between block two and three (p < .001), but not
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initially improved performance, but this advantage was lost with
more practice.

Discussion

The results of Experiment 2 replicated and extended what we
had previously observed in Experiment 1. First, we repeated the
basic experimental design, using a different stereotype (round
beans instead of speckled beans) and a different set of exemplars
from the bean matrix, as well as a different set of stimuli for the
similarity judgments. The effects observed in Experiment 1 proved
to be robust against these variations. As in the first experiment, the
data were consistent with our predictions. The type of disconfirma-
tion significantly influenced attention towards the stereotype- and
disconfirmation-related dimensions. Participants gave significantly
less weight to the stereotype-related dimension (i.e., shape) when
disconfirmation was clustered and hence predictable than when it
was distributed and hence less predictable. There was also a trend
that the disconfirmation-related dimension was attended to most
with clustered disconfirmation, least without disconfirmation,
with the distributed disconfirmation condition falling in-between
the former two.

In addition, we sought to replicate well-established findings
from the literature on subtyping. While subtyping is known to
maintain the belief in the stereotype as well as the central ten-
dency of the category, disconfirmation that does not lend itself to
subtyping has been repeatedly demonstrated to loosen the belief
in the stereotype and to change the central tendency in the direc-
tion of the disconfirming events (Richards & Hewstone, 2001). We
hypothesized that our distributed disconfirmation would be a
model of the latter process, whereas clustered disconfirmation
would be a model of subtyping. Consequently, we expected the
evaluation of the stereotyped category (i.e., round beans) to be
more positive with clustered than with distributed disconfirma-
tion. Moreover, we expected the belief in the accuracy of the ste-
reotype to be higher with clustered than with distributed
disconfirmation. Both predictions were supported by the results
of Experiment 2. Although with both variables, the comparison be-
tween the three groups of disconfirmation only resulted in margin-
ally significant main effects, the critical contrasts between
clustered and distributed disconfirmation were significant in both
cases. In addition, we examined how the willingness to apply a
previously learned verbal category to the stereotyped group was
affected by the experience of disconfirmation. We hypothesized
that clustered and hence predictable disconfirmation would result
in a tendency to exclude the disconfirming exemplars, whereas no
such tendency should be apparent with distributed and hence less
predictable exemplars. The data from the re-categorization task in
Experiment 2 supported this prediction. What once was perfectly
acceptable as a member of the Kambo category no longer was con-
sidered a Kambo following the subtyping promoted by clustered
disconfirmation.
General discussion

Encountering exemplars that contradict one’s social stereotypes
does not reliably promote an update of stereotypic knowledge. One
psychological process that is known to prevent stereotype-change
is subtyping, whereby disconfirming exemplars are excluded from
the stereotypic group, keeping the perception of the group con-
stant. While previous research has primarily studied the conse-
quences of subtyping for the structure and stability of the
original stereotype, the present research investigated how subtyp-
ing changes attention and perception. We argued that although
subtyping can be driven by different motives and cognitive mech-
anisms, it may uniformly shape attention to and usage of percep-
tual dimensions related to the stereotype and subtype. Perceivers
should exhibit increased attention to those features that help dis-
tinguish the regular exemplars from the disconfirming exemplars.
For example, after having learned a subtype about Black business-
men, attention towards cues indicating the profession of a person
such as clothing should be enhanced. This also implies, compared
to the case of no disconfirmation, a reduced attention towards
those features that previously constituted the stereotype. For
example, attention perceptual features related to ethnic descend
such as skin color should be reduced after learning about a subtype
of an ethnic group.

To test these hypotheses, we induced an artificial stereotype,
relating to a certain group of stimuli in a computer game, which
simulates instrumental behavior in the context of collecting po-
sitive and negative beans (Fazio et al., 2004). Importantly, the
stimuli differed with respect to two simple and quantifiable per-
ceptual dimensions, i.e., shape and the number of speckles. In
two experiments, we created the equivalent of socially-transmit-
ted stereotypes by informing participants that other students
who played the game found a certain group of stimuli to be ben-
eficial. During the game, participants either experienced no dis-
confirmation, clustered disconfirmation, or distributed
disconfirmation of the stereotype they had acquired. The latter
two conditions differed only with respect to the predictability
of the disconfirmation, i.e., how easily the disconfirming exem-
plars could be identified by attending to the stereotype-unre-
lated dimension.

The results indicate that within this necessarily artificial and
controlled environment, we were able to replicate a variety of basic
effects documented within the subtyping literature. In particular,
Experiment 2 demonstrated that subtyping was more evident with
clustered disconfirmation than with distributed. In the clustered
condition, the fact that a given exemplar would disconfirm was re-
lated to another salient feature such as a particular shape or the
degree of speckles. Participants with clustered disconfirmation
maintained the belief in the stereotype and the perceived valence
of the group at levels comparable to the condition without discon-
firmation. Also, disconfirming exemplars were de-categorized, as
indexed by our repetition of a simple category-identification task.
The beans that disconfirmed the stereotype were no longer consid-
ered to warrant the category label. Results were quite different
when disconfirming exemplars were not associated with another
salient feature (distributed disconfirmation). In this case, the belief
in the stereotype was reduced, and the perception of the stereo-
typic category was more negative compared to the other two con-
ditions. Moreover, there was no indication that the specific
disconfirming exemplars were de-categorized, suggesting that
they could not be recognized easily. This pattern of results suggests
that the present paradigm indeed serves as a valid laboratory ana-
logue of subtyping.

Most important, both experiments provide evidence that clus-
tered, but not distributed disconfirmation reduced the attention
towards the dimension that was related to the stereotype. The
experiments also provided evidence that clustered disconfirmation
actually increases the attention directed at non-stereotypic dimen-
sions. When features other than the stereotypic facilitated making
good decisions, participants started to pay more attention to them,
and to have less faith in the features that were relevant according
to the stereotype. With regular, but unpredictable disconfirmation,
this effect was not present.

Implications for research on subtyping

The present results have important implications for research on
subtyping and stereotype change. First, in demonstrating that sub-
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typing increases attention to and use of subtype-related perceptual
dimensions, and decreases attention to and use of stereotype-re-
lated perceptual dimensions, the present research uncovered a
hitherto overlooked consequence of subtyping. This finding is
important because it relates to stereotype change in various ways.
On one hand, the observed attentional effects may promote main-
tenance of stereotypes in the face of disconfirming information. In
fact, becoming more efficient at discriminating confirming and dis-
confirming exemplars may contribute to the preservation of the
original stereotype. On the other hand, the attentional conse-
quences of subtyping clearly affect stereotype use, restricting its
domain of application.

Recent evidence suggests that social categories may be acti-
vated not inevitably upon the perception of exemplars, but as a
function of which perceptual features are attended to and,
hence, how the target is categorized (Quinn & Macrae, 2005).
From this perspective, one can predict that the attentional ef-
fects observed in the present research may reduce the degree
to which the stereotypic category is used to categorize exem-
plars. Take the hypothetical example of a stereotype holder
who develops a subtype of a race stereotype, i.e. Black physi-
cians. Based on the present findings, this should enhance atten-
tion to cues that help recognizing occupation when members of
the stereotyped group are encountered. This, in turn, may re-
duce the likelihood that racial features primarily drive categori-
zation processes, and consequently the activation of associated
stereotypic features. It is important to note that the predictabil-
ity of disconfirmation may be a crucial precondition for the
present attentional effects to occur. Without a consistent pair-
ing of a particular perceptual dimension with the occurrence
of stereotype-disconfirmation, giving special attention to a
dimension other than the stereotype-related ones has no func-
tional value.

The present research also highlights a source of subtyping
that has received relatively little attention. Just as in the real
world, many motives may have facilitated subtyping in the
present study. However, the nature of the present paradigm
makes it likely that subtyping was greatly influenced by the
need to optimize instrumental behavior during the game. As
such, subtyping in the present paradigm may be understood
in terms of mechanisms of action-control in general (e.g., Hom-
mel et al., 2001), and learning about contingencies between
stimuli, behaviors, and outcomes in particular (e.g., Fiedler,
Walther, Freytag, & Stryczek, 2002). This mimics the way ste-
reotypes are often used in natural settings: as (sometimes
biased) tools that help individuals make behavioral decisions
and judgments while navigating the social environment, to de-
cide whom to trust or distrust, to hire or to fire, to socialize
with or whom to ostracize. Indeed, subtyping in the service of
instrumental behavior should be particularly likely when per-
ceivable features allow predicting whether an exemplar will
or will not confirm the stereotype. For example, when interact-
ing with a Black physician, various situational and personal fea-
tures (e.g., consulting the person at a practice; the person
wearing a white coat) indicate that the person belongs to the
hypothetical Black physician subtype, thereby presumably trig-
gering a different set of behavioral scripts than when interact-
ing with a non-subtyped Black person. Without predictability,
subtyping would not affect action control in instrumental set-
tings. Interestingly, subtyping in the service of other motives,
such as maintaining a societal status quo or protecting existing
category structures from change may not be as dependent on
predictability. Potentially, these two forms of subtyping differ
also with respect to their effects on attention. Future research
should aim at comparing subtyping in the service of action con-
trol and subtyping in the service of other motives.
Validity of the present paradigm

The present research differs from most previous studies on sub-
typing in at least three ways. First, we used artificial instead of nat-
uralistic stereotypes and stimuli. Second, the nature of the learning
task required, in contrast to many other studies, the exclusive use
of a positive stereotype. Third and relatedly, our participants
formed verbally conveyed preconceptions about rewards that were
associated with Kambo beans, and disconfirming exemplars chal-
lenged the group-outcome association. In previous studies, how-
ever, participants had preconceptions about traits (e.g.,
introversion) that could be associated with certain groups (e.g.,
librarians), and the disconfirming exemplars challenged the
group-trait association. Given these differences, one may wonder
about the extent to which the present results may generalize to
other settings.

For a number of reasons, we are quite confident that such
generalizations would be valid. First, the findings clearly indicate
that we were able to replicate established empirical markers of
subtyping in the present paradigm. Clustered compared to dis-
tributed disconfirmation led to greater belief in the stereotype,
a more extreme central tendency, and a de-categorization of dis-
confirming exemplars. Thus, similar processes apparently oper-
ated in this artificial task as in more naturalistic paradigms.
Second, just as with stereotyping in general (e.g., Smith & DeC-
oster, 1998), subtyping can be partially understood as a conse-
quence of general principles of learning and memory (Queller
& Smith, 2002). Particularly, Queller and Smith (2002) demon-
strated that subtyping is an inherent feature of connectionist
network models of memory. In their simulations, networks were
fed with inputs designed to mimic stereotypes and stereotype
disconfirmation. But the inputs are abstract patterns of activa-
tion values ranging between �1 and +1. As such, they may rep-
resent any category structure, be it social or non-social. Hence,
connectionist learning-mechanisms exhibit subtyping indepen-
dent of which specific category or stereotype is actually repre-
sented. In line with this reasoning, artificial stimuli have been
previously used to successfully study phenomena related to ste-
reotyping or subtyping (e.g., Rothbart & Lewis, 1988). Third, and
related to the previous argument, only a few of the potential
motives for subtyping are specific to social stimuli. In fact, such
specificity is likely only for such motives as the desire to main-
tain social stereotypes justifying inequalities or the desire to act
in a fair manner. The motive to think and act consistently, the
need for closure, the need to explain the disconfirmation of
expectancies, and the need to discriminate between confirming
and disconfirming exemplars so as to optimize instrumental
behavior, on the other hand, are neither theoretically, nor empir-
ically limited to social settings and stimuli (for examples, see
Kunda & Oleson, 1995; Shepard, 1987).

Moreover, we wish to reiterate the point we made in the intro-
duction section about positive versus negative stereotypes. When
negative prejudices operate, people are relatively less likely to
experience disconfirmation than when positive prejudices exist
(Fazio et al., 2004), because they presumably try to minimize con-
tact with the negatively-valued group. However, when interactions
with a negatively-stereotyped group do occur, any ensuing in-
stances of disconfirmation will promote the very same attentional
shift processes that have been illustrated in the present research.
Hence, the fact that disconfirmation is less likely given the avoid-
ance behavior prompted by negative attitudes does not mean that
the present findings are irrelevant to negative stereotypes. The rel-
ative infrequency of such disconfirming events simply suggests a
more prolonged process. Thus, the intensity of the effect, not its
occurrence, may be less for negative stereotypes than for positive
stereotypes.
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Finally, introducing positive and negative outcomes instead of
stereotypic traits is an alteration that should have little influence
on the processes underlying subtyping and its consequences. In-
deed, we observed substantial convergence between our findings
and the conditions known to induce subtyping in traditional para-
digms. One reason for this convergence could be the structural
similarities between our set-up and previous studies. In traditional
studies, a stereotyped group label (e.g., Black) is associated with
defining characteristics (e.g., dark skin tone) and stereotypic traits
(e.g., athletic). Disconfirming individuals (e.g., a non-athletic Black
person) challenge the link between the group label (e.g., Black) and
the stereotypic trait (e.g., athletic), and the disconfirming individ-
ual may be decategorized. The link between defining characteris-
tics (e.g., dark skin tone) and the group label (e.g., Black),
however, is not challenged explicitly. In our set-up, a stereotyped
group label (Kambo beans) is associated with a defining character-
istic (e.g., round shape) and particular outcomes (reward when ap-
proached). Disconfirming exemplars (a non-rewarding Kambo
bean) challenge the link between the group label (e.g., Kambo)
and the expected outcome (reward). As in the traditional case,
the disconfirming exemplar may be decategorized, while the link
between defining characteristic (e.g., round shape) and the group
label (Kambo beans) is not challenged explicitly. Given these sim-
ilarities, we think it is obvious that the two paradigms result in
similar outcomes. If anything, we would expect effects to be stron-
ger with a valence-based disconfirmation, given that valence gen-
erally has strong effects on attention and categorization (e.g., Fazio
& Dunton, 1997; Smith, Fazio, & Cejka, 1996). In sum, there are
many reasons to believe that the present findings reflect funda-
mental processes that are applicable to more naturalistic settings
involving more social stimuli.
Conclusion

In essence, the present research demonstrates a hitherto ne-
glected cognitive consequence of subtyping: Subtyping enhances
the attention to and use of perceptual dimensions related to the sub-
type, and reduces the attention to and use of perceptual dimensions
related to the stereotype. This finding is relevant for at least two rea-
sons. First, it implies that subtyping, besides stabilizing the original
stereotype, may have the potential to reduce the use of the original
category associated with the stereotype. Second, it provides further
insights into the mechanisms driving subtyping. Attentional effects
of the kind we observed in the present studies may be important cog-
nitive mediators that facilitate the construction of subtypes. More-
over, the use of a learning-paradigm makes it likely that subtyping
was partially driven by the need to optimize instrumental behavior.
This motive, in parallel with other social and non-social motives,
may also be relevant in naturalistic settings, where stereotype hold-
ers may use subtype-membership as a discriminant cue for selecting
social behavior adjusted to yield maximally rewarding interactions
with the subtyped exemplars. Finally, the present research suggests
that the present learning-paradigm may serve as a laboratory model
of subtyping. Despite its artificial nature, we were able to replicate
central empirical markers of subtyping, suggesting that comparable
psychological mechanisms were in operation.

In their review of the literature on subtyping, Richards and Hew-
stone (2001) concluded: ‘‘For subtyping, the consequences are largely
negative because ... this process leaves the content of the stereotype
unchanged and excludes disconfirming members from the group”
(p. 70). The present research extends this assessment. The findings
illustrate another cognitive consequence, one which is of less dubious
value. Subtyping decreases attention to stereotype-related dimen-
sions, increases attention to other dimensions, and may therefore re-
duce the use of the original stereotypic category.
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