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Behavioral information biases the expected facial appearance of members of
novel groups
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Abstract
The present study tests the hypothesis that behavioral information diagnostic of an out-group’s traits biases the expected facial
appearance of out-group members toward having facial features corresponding with the inferred traits. Participants formed a
stereotype about a novel group based on random exemplar faces, presented alongside descriptions of their behavior. The behavioral
information was manipulated to reﬂect either trustworthy or criminal traits, whereas the stimulus faces did not reﬂect any traits.
Afterwards, participants’ expected facial appearance of group members was assessed using a reverse correlation task. Independent
judges rated the resulting visualized expectations as more criminal in the criminal behavioral information condition than in the
trustworthy behavioral information condition. The current work establishes a causal link between behavioral information and
expected out-group faces where previously only correlations had been observed. Copyright © 2012 John Wiley & Sons, Ltd.
People form a great number of stereotypes in the course of
their lives, through processes of (non-)conscious covariance
detection (e.g., Ford & Stangor, 1992; Jussim, 1991; Lewicki,
1986), illusory correlation (Hamilton & Gifford, 1976; Hamilton
& Sherman, 1989; Mullen & Johnson, 1990), or social learning
and communication (e.g., Hirschfeld, 1995; Wigboldus, Semin,
& Spears, 2000). These formation processes can be simulated
in lab experiments (e.g., Crawford, Sherman, & Hamilton, 2002;
Sherman, 1996; Smith & Zarate, 1990). In these experiments,
participants typically receive information about traits or
behaviors of exemplars of a novel category. If those exemplars,
on average, possess a speciﬁc trait and variability across
exemplars is low, associations between groups and traits
will be formed (Dijksterhuis & van Knippenberg, 1999),
especially when group members are perceived as a uniﬁed
entity (i.e., highly entitative; Campbell, 1958; Crawford
et al., 2002; Hamilton & Sherman, 1996).
Most stereotype formation research assessed the impact
of newly formed stereotypes at the level of verbal trait and
behavior descriptions. On the basis of these measurements,
one might assume stereotype content to be abstract and
schematic (e.g., Higgins & Bargh, 1987). However, stereotypes
were originally deﬁned as “pictures in our head” (Lippmann,
1922). McArthur and Baron (1983) emphasized the contribution of physical appearance to stereotyping, as did Brewer
(1988), Carlston (1994), and McGarty (2002). Perceptual
information may even be the primary basis of conceptual
knowledge (Barsalou, 1999). In this view, the nature of
stereotype content is for an important part perceptual
(Zebrowitz, 1996). Perceptual stereotype content might contain

visual information (e.g., group members’ typical physical
appearance) as well as information from any other modality.
For instance, the auditive component of the stereotype might
consist of what people expect typical group members’ speech
to sound like, in terms of, for example, typical pitch or accented
speech (e.g., Gluszek & Dovidio, 2010).
Being multi-modal structures themselves, stereotypes
inﬂuence processes on non-semantic levels, such as face
perception. Speciﬁcally, faces are automatically categorized
by matching bottom-up perceptual information with top-down
stereotypical knowledge about categories (e.g., Freeman &
Ambady, 2011). For instance, stereotypical knowledge about
the category of homosexuals provides a template for the kind
of low-level visual input that is perceived as a gay face (Dotsch,
Wigboldus, & van Knippenberg, 2011). Indeed, ample studies
have demonstrated how existing categories and stereotypes
bias social and emotional face perception (e.g., Bijlstra,
Holland, & Wigboldus, 2010; Dotsch et al., 2011; Eberhardt,
Dasgupta, & Banaszynski, 2003; Hugenberg, 2005; Hugenberg
& Bodenhausen, 2004; Hutchings & Haddock, 2008), but none
have investigated the inﬂuence of newly formed stereotypes
on face perception. Here, we focus on the inﬂuence of newly
formed stereotypes on the expected facial appearance of
out-group members.
One could argue that the expected facial appearance of
members of a group is simply the aggregate of all previously
encountered exemplar faces. In line with Dijksterhuis and
van Knippenberg (1999), the stereotypical facial appearance
associated with a speciﬁc group would consist of the average
face conﬁguration that exemplars of the group display with
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low variability. However, faces are not just pure feature
conﬁgurations but take on social meaning as people infer traits
from faces (e.g., Todorov, Said, Engell, & Oosterhof, 2008;
Zebrowitz & Montepare, 2008). This opens up the possibility
that encountered exemplar faces might contribute to the inference of stereotypical traits. Perhaps even more interestingly,
the reverse might also take place: other sources than the face,
such as exemplar behavior, may inform stereotypical facial
appearance. Indeed, people use knowledge about someone’s
personality as a source of information about an individual’s
facial appearance (Hassin & Trope, 2000). We suggest that
this ﬁnding should generalize from the individual to the group
level, that is, that people use knowledge about exemplar group
members’ personality as a source of information about the
expected facial appearance of group members.
Assessing Expected Facial Appearance
One promising technique to assess the expected facial
appearance of group members is the so-called reverse
correlation method (Dotsch & Todorov, 2011; Gosselin &
Schyns, 2003; Todorov, Dotsch, Wigboldus, & Said, 2011).
Reverse correlation is a data-driven method that allows
researchers to probe internal representations of categories
without making any a priori assumptions about what those
internal representations might look like. The output of the task
is an image that visualizes people’s criteria for classifying a face
as belonging to a speciﬁc target category. Reverse correlation
tasks have been used to visualize the expected facial appearance
of various out-groups (e.g., Dotsch, Wigboldus, Langner,
& van Knippenberg, 2008; Dotsch et al., 2011; Imhoff,
Dotsch, Bianchi, Banse, & Wigboldus, 2011). For instance,
Dotsch et al. (2008) visualized what Dutch participants
expected typical Moroccan faces to look like. Moroccans
are a stigmatized immigrant minority group in the Netherlands
(see Coenders, Lubbers, Scheepers, & Verkuyten, 2008) and
are strongly associated with the trait criminal (Gordijn, Koomen,
& Stapel, 2001). In the task, participants were instructed to select
from two faces, shown side-by-side, the face that according
to them was most Moroccan-looking. In fact, all faces in the
task consisted of the same (non-Moroccan) base face but with
different random noise patterns superimposed. Because the
random noise distorted the base face, every face had a different
appearance. The average composite of the noise patterns
that participants, across a large number of trials, classiﬁed as
Moroccan is called the classiﬁcation image. When superimposed
on the original base face, the classiﬁcation image visualized
what people think a typical Moroccan face looks like. These
classiﬁcation images were rated by independent judges, and
these ratings revealed that, on average, participants expected
Moroccan faces to look criminal. Moreover, classiﬁcation
images of participants who had a more negative attitude
toward Moroccans, that is, who were more prejudiced, had
an even more criminal appearance. The reverse correlation
technique provides an excellent means for assessing participants’ subjective expectations of the typical facial appearance
of group members without forcing participants into being
biased: The presented faces were pure random variations
(without any a priori manipulations that may communicate
the researchers’ intention), and the word criminal was never
Copyright © 2012 John Wiley & Sons, Ltd.

mentioned in the task. Therefore, any criminal features in
the Dotsch et al. classiﬁcation images reﬂected spontaneous
use of criminal facial features in performing a Moroccan face
reverse correlation task.
The Current Work
In the Dotsch et al. (2008) reverse correlation task, the criminal
features in the expected facial appearance of Moroccans might
have been a result of negative traits inferred about the group,
or they might be a consequence of the actual or perceived facial
conﬁgurations of Moroccans in daily life. The use of real-world
groups, as in the Dotsch et al. paper, precluded drawing any causal
conclusions, because participants came to the lab with stereotypes
(i.e., expected facial appearance and typical traits) ready formed.
It is therefore unclear whether, as argued earlier, traits inferred
from the behavior of previously encountered exemplars
informed people’s expectations about the expected facial
appearance of group members. Here, we propose that behavioral
information diagnostic of an out-group’s traits will bias perceivers’ expectations of typical out-group facial appearance toward
having facial features corresponding with the inferred traits, even
if the original out-group faces did not have those features.
In order to establish for the ﬁrst time this causal link,
we aimed to experimentally demonstrate that the facial
representation of a novel group is affected by available
behavioral information about its exemplars. Trustworthy
behavioral information should cause people to expect faces
of a novel group to look more trustworthy, whereas criminal
behavioral information should cause people to expect faces of
a novel group to look more criminal. We aimed to provide a
conservative test of this hypothesis by providing participants
with more pertinent information than the behavioral information: the actual faces of the group members. The facial
representation of the novel group could therefore resemble
the mere aggregate of the presented faces of the group
members, ignoring any available behavioral information.
We tested this idea using a stereotype formation task in
which we showed descriptions of exemplar behavior alongside
exemplar faces of the novel group X. We manipulated exemplar
behavioral information to reﬂect either a trustworthy group
X or a criminal group X. Importantly, between behavioral
information conditions, group X faces did not differ. Subsequently, we assessed participants’ expected group X facial
appearance using a reverse correlation task similar to Dotsch
et al. (2008), in which participants repeatedly selected the
face that according to them was most likely to be a group X
member. We predicted that the classiﬁcation images (depicting
participants’ expected group X facial appearance) would vary in
line with the behavioral information manipulation. Note that
this does not necessarily have to be the case: the reverse
correlation task leaves participants opportunity to not use
the behavioral information, as participants could in principle
rely solely on the appearance of the original group X exemplar
faces when performing the reverse correlation task.
Moreover, in line with the ﬁndings of Dotsch et al. (2008)
that prejudice (i.e., a negative attitude) predicted bias in the
classiﬁcation images, we measured participants’ explicit
and implicit attitude toward the novel group. Although
implicit attitudes are often thought to stem from long-term
Eur. J. Soc. Psychol. (2012)
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socialization experiences (e.g., Rudman, 2004; Rudman, Phelan,
& Heppen, 2007; but see Castelli, Carraro, Gawronski, & Gava,
2010), both explicit and implicit attitudes toward groups can be
induced in the lab in just a single stereotype formation session
(see Ratliff & Nosek, 2010). When no norm exists that prevents
participants from explicitly stating a negative evaluation, there
usually is a correlation between explicit and implicit attitudes
(Greenwald, Poehlman, Uhlmann, & Banaji, 2009; also see
Gawronski & Bodenhausen, 2006). We therefore expected both
explicit and implicit attitudes to vary in line with the behavioral
information manipulation and to correlate with classiﬁcation
image bias.

order for every participant, because we thought it more likely
that the IAT would inﬂuence participants’ responses in the
reverse correlation task than that the reverse correlation task
would inﬂuence responses in the IAT. After all, people may
become aware of their implicit bias while responding in
the IAT (De Houwer, Teige-Mocigemba, Spruyt, & Moors,
2009; Monteith, Voils, & Ashburn-Nardo, 2001), whereas
this, presumably, is not the case in the reverse correlation task.

METHOD

In the stereotype formation task (adapted from Crawford et al.,
2002), participants were instructed to form an impression
of two novel groups, X and Y, based on exemplar faces and
behavioral descriptions presented on a computer screen. They
received this information in two blocks, one block per group.
Block order was counter-balanced. In total, participants
viewed 20 exemplar faces and behaviors per group. In each
trial, a label of the current group (“Group X” or “Group Y”)
was presented at the top of the screen, with an exemplar
face in the center of the screen, and a behavioral description
beneath it. The task was self-paced, that is, participants could take
as much time as they wished to look at each face-behavior pair.
The exemplar faces consisted of one of two base faces
(one for each group, counter-balanced across participants,
see Figure 1(a)) with superimposed noise that distorted the
faces to create subtle variations on the base face. The two
base faces were selected from the Radboud Face Database
(Langner et al., 2010). The selected faces (models 7 and 23)
were matched in valence and showed a neutral expression.
The images were cropped to 512 ! 512 pixels, converted to
grayscale, and blurred with a low-pass Gaussian ﬁlter (with
a kernel spanning 20 pixels in both image axes) to better
match the spatial frequency band of the noise. The noise
was constructed in the same manner as in Dotsch et al.
(2008), that is, by superimposing multiple layers of sinusoid
patches with random amplitudes in six orientations, ﬁve
spatial frequencies, and two phases.2 We created two sets of
20 noise patterns, one set for each base face (counter-balanced
across participants), resulting in 20 exemplar faces for one
group and 20 exemplar faces for the other group (see Figure 1
(b) for examples). Thus, each group was associated with a set
of faces that appeared to have more variability between groups
than within groups. Please note that as a result of this procedure,
the exemplar faces differed from each other only on the basis of
random noise patterns and the two different base faces.
Exemplar faces of one group were paired with 10 neutral
behaviors (e.g., “This member of group X/Y crosses the
street”) and 10 trustworthy behaviors (e.g., “This member of
group X/Y returns the wallet he found”). Exemplar faces of
the other group were paired with 10 different neutral behaviors
and 10 criminal behaviors (e.g., “This member of group X/Y

Participants
Seventy-seven students (13 men, Mage = 22.36, SD = 4.91)
from Radboud University Nijmegen participated in the stereotype formation study. They received €5 or course credits for
participating.
Overview and Design
The basic experiment consisted of four tasks, the stereotype
formation task, the reverse correlation task, an Implicit
Association Test (IAT; Greenwald, McGhee, & Schwartz,
1998) and explicit measures. In the stereotype formation task,
participants formed an impression of two novel groups, X and Y,
based on exemplar faces and behavioral descriptions. For half
of the participants, the group X behaviors were predominantly
indicative of the trait trustworthy and group Y behaviors
predominantly indicative of the trait criminal. For the other
half, this was reversed. Note that we were interested in the
induced group X stereotype only, as group X was the only
group being visualized in the reverse correlation task, but we
included group Y in the formation task to offset the behaviors
of group X. Importantly, in all cases, the exemplar faces
did not differ between experimental behavioral information
conditions. After a ﬁller task, we visualized participants’
expectations of typical group X faces using a reverse correlation
task (Dotsch et al., 2008; Mangini & Biederman, 2004), yielding
so-called classiﬁcation images. To assess the extent to which
participants’ group X classiﬁcation images varied in line with
the trustworthy or criminal behavior manipulation, a new group
of independent participants rated each participant’s resulting
classiﬁcation image on both traits.
The experimental design consisted of one betweenparticipants factor (group X behavioral information: trustworthy
versus criminal). Additionally, the design included several
counter-balancing factors to control for, for example, effects of
order and exemplar faces. These will be explained in more detail
later. After the reverse correlation task, we measured implicit
and explicit attitude toward group X.1 We decided to use this
1

After this procedure, we also administered a Moroccan IAT, a Dutch Need for
Closure scale (Cratylus, 1995) and a Need for Cognition scale (Cacioppo &
Petty, 1982) to explore potentially relevant individual differences, but these
measures proved unrelated to the processes investigated and are therefore
not reported in this article.

Copyright © 2012 John Wiley & Sons, Ltd.

Materials
Stereotype Formation Task

2
The random noise pattern consisted of superimposed truncated sinusoid
images in 6 orientations (0º, 30º, 60º, 90º, 120º, and 150º) ! 5 spatial frequencies (2, 4, 8, 16, and 32 cycles per image) ! 2 phases (0, p/2), with random
contrasts (amplitudes). In sum, the random noise was a function of 4092 parameters, each deﬁning the contrast value of one truncated sinusoid spanning
two cycles.
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Figure 1. Base faces (a) and example stimuli in stereotype formation
task for each base image (b)

robs another person in an alley”). The speciﬁc face-behavior
pairings were randomized within groups. Which set of 10
neutral behaviors was associated with which group was counterbalanced across participants. Exemplar order was randomized.
Reverse Correlation Task
To visualize the face participants expected typical group X
members to have, we used a two-image forced choice reverse
correlation task adapted from Dotsch et al. (2008; also see
Dotsch & Todorov, 2011; Mangini & Biederman, 2004).
In 480 trials, participants repeatedly chose from two faces
presented side-by-side the face that most likely was a member
of group X. All faces in this task were generated using as base
face the average of the two blurred base faces from the stereotype formation task (Figure 2(a)). Averaging the two base
faces ensured that stimuli in the reverse correlation task were
equally likely to resemble group X and group Y faces. We
generated random noise patterns in exactly the same manner
as for the stereotype formation task (Footnote 1) and Dotsch
et al. (2008). In a single trial, one stimulus consisted of
the base face with a random noise pattern and the other with
the negative pattern superimposed (Figure 2(b)). Because the
random noise patterns distorted the base face, the faces
appeared to be different in every trial. All participants received
identical sets of noisy stimuli but in random order. Averaging
all noise patterns chosen as group X member per participant
resulted in individual classiﬁcation images, representing what
a participant expected typical group X members to look like.3
Implicit Association Test
In the IAT, participants classiﬁed positive (e.g., love) and
negative words (e.g., death), and the group labels “Group X”
3

Note that the classiﬁcation images can in principle be very different from the
base images used. For instance, in Dotsch et al. (2008), a White Scandinavian
base face was used, although the classiﬁcation images clearly appeared Chinese
or Moroccan, and in Dotsch et al. (2011), a male base face was used, although
the resulting feminine classiﬁcation image clearly appeared feminine.

Copyright © 2012 John Wiley & Sons, Ltd.

and “Group Y” into categories. Our IAT consisted of ﬁve
blocks in the following ﬁxed order: (1) a practice block of
20 trials in which participants classiﬁed positive words with
the left key and negative words with the right key; (2) a practice
block of 20 trials in which participants classiﬁed positive words
and the label “Group X” with the left key and negative words
and the label “Group Y” with the right key; (3) a target block of
40 trials, with the same key mapping as the previous block; (4)
a practice block of 20 trials, in which participants practiced the
reversed mapping of the group labels: classifying positive words
and the label “Group Y” with the left key and negative words
and the label “Group X” with the right key; (5) a target block of
40 trials, with the same key mapping as the previous block. We
chose to present the blocks in ﬁxed order, because (i) we were
interested in variance due to our manipulation only; keeping the
order constant allowed us to reduce error, and (ii) to keep the
number of counter-balancing factors in our study limited.
In each block, every type of stimulus was shown an equal
number of times. Within blocks, the order of stimuli was
randomized. Faster responses in Blocks 2 and 3 than in Blocks
4 and 5 were assumed to indicate stronger positive than negative
associations with group X and stronger negative than positive
associations with group Y. We computed IAT scores using the
D-measure algorithm (Greenwald, Nosek, & Banaji, 2003).
Explicit Measures
Using a 7-point scale ranging from 1 (I strongly disagree) to 7
(I strongly agree), we asked participants to indicate their
agreement to two statements measuring how positive and how
negative they evaluated group X (“I have a positive evaluation
of group X”; “I have a negative evaluation of group X”).
Rating Task
To quantify the extent to which classiﬁcation images reﬂected
meaningful variation caused by the behavioral information
manipulation, 31 independent judges (four men; Mage = 22.29,
SD = 5.56) rated the individual group X classiﬁcation images
on trustworthiness and criminality. They received €2 or course
credits in return. In a block per trait, judges rated all images
using a 9-point scale ranging from 1 (not trustworthy/criminal)
to 9 (very trustworthy/criminal). The inter-rater reliability for
both the trustworthiness and criminality ratings was high
(Cronbach’s alpha > .91). Trials in which judges responded
faster than 300 milliseconds have been removed (<1%). We
standardized ratings per participant. Subsequently, for each
classiﬁcation image, we calculated averaged trustworthiness
and criminality ratings.
Procedure
Participants started with the stereotype formation task, in
which they were asked to form an impression of group X
and group Y based on group members’ pictures and behavioral
descriptions. It was explained to them that the behavioral
descriptions represented typical behavior of the group member
whose picture they were viewing and that random noise was
added to pictures to make it more difﬁcult to recognize the
faces underneath.
Eur. J. Soc. Psychol. (2012)
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Figure 2. Averaged base face (a), example stimuli with noise superimposed (b) and inverse noise superimposed (c)

We aimed to create strong associations between groups and
traits. Because transference of traits from individual group
members to other members of the group is strongest for groups
that are perceived to be highly entitative (e.g., Crawford et al.,
2002), all participants received the same high entitativity
instruction before each block of the stereotype formation task:
“The members of group X [Y] are very similar to each other
and do not differ in many ways from each other. The members
come from similar backgrounds and have the same opinions,
similar important beliefs, and similar personalities. Across a
variety of situations, members of group X [Y] will act in a
similar manner.” (Crawford et al., p. 1080).
After the stereotype formation task, participants completed
an unrelated ﬁller task, which lasted on average about
18 minutes. Subsequently, they proceeded with the reverse
correlation task, the IAT, and explicit measures. Afterwards,
participants were debriefed and thanked.
Each participant’s classiﬁcation image was calculated,
and, as explained previously, rated by independent judges on
trustworthiness and criminality. These ratings were used as
dependent variables in data analysis.

visual group X representation) based on the reverse correlation
data. Trials with response latencies below 300 milliseconds were
excluded from analysis (2.20%). The classiﬁcation images were
calculated by averaging the sinusoid amplitude parameters of the
selected noise patterns. The resulting average noise patterns
were then superimposed on the base image to create the ﬁnal
classiﬁcation image for each participant. In order to visually
illustrate the effect of the behavioral information manipulation,
we calculated the averaged classiﬁcation images for the participants in the criminal and trustworthy conditions separately
(Figure 3). The individual classiﬁcation images were rated
on criminality and trustworthiness by independent judges as
described in the method section. For each image, we calculated
the averaged criminality and trustworthiness ratings, which
correlated r = ".91. We therefore combined the two ratings
to compute a trustworthiness index by subtracting the averaged
criminality ratings from the averaged trustworthiness ratings
for each stimulus. A positive trustworthiness index therefore
indicated that a classiﬁcation images was rated as more
trustworthy than criminal.
Exclusion Criteria

RESULTS
Data Preprocessing
Implicit Association Test
We processed the IAT data according to the D-measure
algorithm (Greenwald et al., 2003). There were no participants with more than 10% of response latencies below
300 milliseconds. Trials with latencies above 10.000 milliseconds
were excluded from analysis (0.04%). Latencies on trials with
incorrect responses were replaced by the block mean latency
of correct responses + 600 milliseconds. Latencies were then
averaged for each block. We then computed difference scores
for practice blocks (Block 4"Block 2) and target blocks
(Block 5"Block 3), divided by their pooled SDs. The ﬁnal
D-score constituted the average of the two resulting difference
scores. A positive D-score therefore indicated stronger positive
than negative associations with group X (and stronger negative
than positive associations with group Y).
Reverse Correlation Task
We generated classiﬁcation images representing what participants expected typical group X members to look like (i.e., their
Copyright © 2012 John Wiley & Sons, Ltd.

Two participants who scored more than 2.5 inter-quartile
ranges below or above the median IAT D-score within their
respective behavioral information conditions as well as across
conditions were removed from analysis.4 The ﬁnal data set
contained 75 participants.
Analyses
Analytical Strategy
For each of the dependent measures (classiﬁcation image ratings,
group X explicit evaluation, and group X implicit evaluation),
we performed hierarchical linear regression where in a ﬁrst step,
the respective dependent measure was predicted by behavioral
information condition (effects coded; 1 = trustworthy versus
"1 = criminal) only. In a second step, to account for
counter-balancing effects, we entered the base image used
with group X faces (Base Image), noise set used with group
X faces (Noise Set) and presentation order of the groups in
the stereotype formation task (Order) and their ﬁrst-order
interactions with behavioral information condition. All
counter-balancing variables were effects coded.
4
When keeping all outliers in the data set all reported effects are still signiﬁcant, with the exception of the effect of behavioral information condition on
IAT D-scores.
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Figure 3. Averaged classiﬁcation images for trustworthy behavioral
information condition (a) and for criminal behavioral information
condition (b)

Classiﬁcation Image Ratings
As described earlier, classiﬁcation image ratings were
standardized per judge prior to analysis, after which we
computed a trustworthiness index for each stimulus by
subtracting the averaged criminality ratings from the averaged
trustworthiness ratings for that stimulus. As predicted, classiﬁcation images of participants in the trustworthy behavioral
information condition (n = 37) were rated as more trustworthy
and less criminal (M = 0.38, SD = 0.98, n = 38) than classiﬁcation
images of participants in the criminal behavioral information
condition (M = "0.38, SD = 1.04, n = 37 ), b = 0.36, t(73) = 3.28,
p < .01, R2 = 0.13. Entering the counter-balancing factors
into the regression analysis did not increase R2 signiﬁcantly,
F(6, 67) < 1, p = .62.
Group X Explicit Evaluation
Participants in the trustworthy behavioral information condition
had more positive (Mtrustworthy = 6.08, SD = 1.19 vs. Mcriminal =
2.95, SD = 1.88) and less negative (Mtrustworthy = 2.79, SD = 2.06
vs. Mcriminal = 5.14, SD = 1.90) explicit evaluations of group X
than those in the criminal behavioral information condition,
respectively bpositive = 0.71, t(73) = 8.62, p < .001, R2 = 0.50,
and bnegative = "0.51, t(73) = 5.13, p < .001, R2 = 0.26. Entering
the counter-balancing factors into the regression analysis
increased R2 signiﬁcantly for positive evaluation, to R2 = 0.64,
F(6, 67) = 4.14, p < .01, but not for negative evaluation,
F(6, 67) = 1.59, p = .16. Importantly, for positive explicit evaluation, the effect of behavioral information condition was
still signiﬁcant in the more complex model, bpositive = 0.54,
t(67) = 5.93, p < .001. All three counter-balancing variables
interacted with the effect of behavioral information condition.

Speciﬁcally, the behavioral information condition effect on
positive explicit evaluation was stronger when group X
was presented ﬁrst, b = .14, t(67) = 2.11, p = .04; when the
left base face in Figure 1(a) was used for group X,
b = .25, t(67) = 2.78, p < .01; and weaker when Noise Set
1 was used for group X, b = ".33, t(67) = 3.22, p < .01.
However, because the main effect of condition was signiﬁcant
in both the simple model and the model including the
counter-balancing variables, and the interactions were only
observed for positive explicit evaluation, the conclusion that
behavioral information affected explicit evaluation remained.
Group X Implicit Evaluation
Participants’ IAT D-scores also varied as a function of behavioral information condition, b = "0.24, t(73) = 2.16, p < .03,
R2 = 0.06. Participants in the trustworthy behavioral information condition had stronger positive than negative associations with group X (M = 0.35, SD = 0.35) compared with
participants in the criminal behavioral information condition
(M = 0.16, SD = 0.41). Entering the counter-balancing factors
into the regression analysis did not increase R2 signiﬁcantly,
F(4, 67) < 1, p = .68. However, the effect of behavioral information condition on IAT D-scores was no longer signiﬁcant
(and reversed sign), b = 0.20, t(67) = 1.40, p = .17. This was
presumably the joint result of an initially small effect and the
loss of degrees of freedom due to the additional predictors.
Correlations between Measures
See Table 1 for a correlation matrix of all variables. Although
positive and negative explicit evaluations correlated with participants’ implicit evaluation, surprisingly, ratings of classiﬁcation
image trustworthiness and criminality (trustworthiness index)
correlated only with participants’ explicit evaluation. That is,
participants who evaluated group X more positively or less
negatively on an explicit level created classiﬁcation images that
were rated as more trustworthy and less criminal. This was not
observed on the implicit level.

DISCUSSION
Using a stereotype formation task, we tested whether verbal
behavioral information diagnostic of an out-group’s traits
biases perceivers’ visual expectations of typical out-group
faces toward having facial features corresponding with the
inferred traits. Our hypothesis was conﬁrmed: classiﬁcation

Table 1. Correlation matrix of all variables

1. Manipulation (1 = trustworthy, "1 = criminal)
2. Classiﬁcation image trustworthiness index
3. Positive explicit evaluation
4. Negative explicit evaluation
5. Implicit evaluation (IAT D-score, higher is more positive implicit evaluation)

1

2

3

0.36
0.71
"0.51
0.24

0.46
"0.38
.08

"0.73
.32

4

".29

Note: IAT, Implicit Association Test.
Correlations in bold are p < .05.
Copyright © 2012 John Wiley & Sons, Ltd.
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images of participants in the criminal behavioral information
condition were judged to be more criminal than those of
participants in the trustworthy behavioral information condition. Because the presented exemplar faces in the formation
task were kept constant (and counter-balanced), the reported
bias in the expected facial appearance of group members could
be caused only by exemplars’ behavioral information. Note
that participants’ expectations for typical group X faces could
simply have resembled the base face used for group X in
the formation task. Instead, behavioral information about the
exemplars inﬂuenced the expected facial appearance of a
typical group X member. To our knowledge, the current work
is the ﬁrst in demonstrating experimental effects of behavioral
information on the expected facial appearance of out-group
members. Previous work has made use of existing groups,
because of which the bias in expected facial appearance could
have been a result of the actual facial appearance of previously
encountered group members. Here, we demonstrated that
behavioral information unrelated to facial appearance is sufﬁcient
to generate this bias.
The current work highlights the usefulness of reverse correlation tasks to assess spontaneous face processing biases.
However, the outcome of the reverse correlation task, a classiﬁcation image, should not be equated with visual stereotype
content, however tempting. In fact, here, the classiﬁcation image is interpreted as what participants expected faces of typical
group members to look like. These expectations might have
been drawn either from a mental visual image or from verbal
knowledge about the group. Below, we brieﬂy expand on
these two options.
In the ﬁrst account, the mental visual image account, it is
assumed that participants, on the basis of verbal information,
imagined what typical out-group faces looked like and
encoded a biased visual image into their stereotype. Thus,
parallel to integrating the verbal behavioral information into
a more abstract verbal stereotype (i.e., either criminal or
trustworthy), participants may also have formed a visual
mental image of the group’s typical facial appearance partly
on the basis of the exemplar faces provided. The crucial
assumption is that in the process of forming a visual image, the
concurrent processing of encoding and integrating behavioral
information may already have biased the mental representation
of the group’s facial features in line with the stereotype. In the
subsequent reverse correlation task, the participants could then
simply compare the presented stimulus faces with their mental
image of the group’s typical face and choose the one with the
most feature overlap.
In the alternative account, the verbal stereotype account,
it is assumed that participants’ decisions in the reverse correlation task are merely based on the abstract verbal stereotype
they have formed of the group, that is, either criminal or
trustworthy. In choosing between two stimulus faces, participants
choose the one that looks more criminal or trustworthy. The
verbal stereotype then becomes a heuristic tool to choose
between the two stimulus faces without having to resort to
a mental visual image of group X. However, in this case,
participants use a mental visual image of what a criminal or
trustworthy face looks like.
On the basis of our present data, we cannot decide which of
these two accounts is the most plausible one. However, we
Copyright © 2012 John Wiley & Sons, Ltd.

slightly favor the mental visual image account, for various
reasons. First and most importantly, while the verbal stereotype account may seem the most parsimonious one at ﬁrst
sight (because it circumvents the assumption of the formation
of a visual representation of group X), it is actually more
cumbersome by positing a more complex decision process.
That is, in the verbal stereotype account, deciding between
two stimulus faces requires that participants ﬁrst retrieve the
verbal stereotype, then its concomitant visual stereotype and
ﬁnally use the latter as a heuristic device to decide which of
two faces most likely is from group X. In contrast, the mental
visual image account only requires the additional assumption
of the parallel formation of a visual representation of group
X to make for a simpler direct facial feature matching decision
process. Second, in real life people can identify virtually
immediately members of speciﬁc categories in a split second.
It seems implausible that they rely on verbal stereotype activation
and subsequent retrieval of the facial features belonging to the
stereotype to accomplish this fast social category identiﬁcation.
The most plausible account of this identiﬁcation process seems
to be that people have mental visual representations of groups
in which features associated with their stereotypical expectations
have been incorporated, probably because in the formation
of these visual stereotypes, facial features without speciﬁc
stereotypic connotations and trait-related features have merged
into a holistic representation face representation of the group in
question (see Dotsch et al., 2011). It is quite conceivable that,
in an embryonic form, the participants in the present study
similarly formed a visual image of group X in which features
of the exemplar faces and features of the induced trait have
similarly merged into a single face representation. Considering
these arguments, we slightly favor the mental visual image
account over the verbal stereotype account. However, as
indicated earlier, our data do not provide conclusive evidence
concerning either explanation.
Participants’ explicit and implicit attitudes varied in line
with the behavioral information manipulation. This replicates
work by Ratliff and Nosek (2010), who induced both implicit
and explicit attitudes in a similar stereotype formation paradigm,
using personality traits instead of behavioral information,
but without the assessment of effects on the expected facial
appearance of group members. The behavioral information
manipulation had a stronger effect on explicit attitudes than
on implicit attitudes. This ﬁts theories stating that the implicit
system learns more slowly than the explicit system (Rydell &
McConnell, 2006; Sloman, 1996; Smith & DeCoster, 2000).
Perhaps leaving more time between stereotype formation
and attitude assessment or presenting more group exemplars
would increase the effect of behavioral information on implicit
attitudes. Additionally, the IAT might be a noisier measure
than explicit ratings. For instance, the IAT score not only
reﬂects implicit attitudes but also individual differences in
task switching capacity (Klauer, 2005; Mierke & Klauer,
2001), generating spread across participants unrelated to the
behavioral information manipulation.
The IAT D-score showed a positivity bias (i.e., the average
IAT D-score was not negative in the criminal behavioral information condition). One possible source of this bias is the ﬁxed
IAT block order that we used to minimize between-participant
variation. Group X was always paired ﬁrst with positive
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stimuli (and Y with negative). This may have slightly strengthened the association of group X with positive valence (and Y
with negative) as a result of which the later reversal (i.e., pairing
group X with negative and Y with positive) may have yielded
slower responses. Thus, this order of IAT blocks may have
unintentionally produced slightly more positive evaluations of
group X and slightly more negative evaluations of group Y.
Another source of bias might be the fact that the IAT, pitting
group X against group Y, was administered after participants
performed the extensive reverse correlation task, which was
focused only on group X. This greater exposure to group X than
to group Y might have induced a positivity bias toward group X
in a way similar to the implicit partisanship effect (Greenwald,
Pickrell, & Farnham, 2002; Pinter & Greenwald, 2004). A
third reason might be the fact that we had a predominantly
female sample, and the faces in the stereotype formation
phase were all generated using a male base face. This might
have biased the implicit evaluation of group X in a general
direction. Nonetheless, and more importantly, people had
relatively more negative implicit attitudes in the criminal
behavioral information condition than in the trustworthy
behavioral information condition.
Unexpectedly, implicit attitudes did not predict the expected
out-group facial appearance. This means we did not conceptually replicate Dotsch et al. (2008), in which more implicitly
prejudiced participants (i.e., participants with stronger negative
implicit attitudes) demonstrated more criminal-looking mental
representations of typical out-group faces. However, explicit
attitudes did correlate with the expected out-group facial
appearance. Dotsch et al. (2008) did not report any correlations
between explicit attitudes and visualized representations of
Moroccan faces. Re-analysis of their data (Dotsch et al.,
Study 2) for the purpose of the current work showed that
neither positive nor negative explicit attitudes correlated with
the criminality or trustworthiness judgments of participants’
visualized representations of Moroccan faces. This might be
explained by a social norm not to appear explicitly prejudiced
toward real-world groups (Crandall, Eshleman, & O’Brien,
2002; Dovidio & Gaertner, 2004). This norm might not be
in place for the novel and neutrally labeled group X in the
current study.
The absence of the correlation between implicit attitudes
and expected out-group facial appearance might be explained
by the slow-learning mechanism mentioned previously. The
learning history for the new group might simply not (yet) be
comparable with the extensive and culturally embedded learning history for existing groups, such as Moroccans. Another
potential explanation might be the unusual character of the
present IAT, in which the stimuli for the group X and group
Y categories were the group X and group Y labels themselves.
Generally, IATs use a more varied set of words that are
representative of the categories of interest. Furthermore, the
Dotsch et al. study used a single target IAT (Bluemke &
Friese, 2008; Karpinski & Steinman, 2006) as a measure of
implicit association strength, in which no reference category
is used, instead of a traditional two-category IAT. This
methodological decision might have contributed to the absence
of the previously observed correlation.
In the stereotype formation task, each group was
assigned only one trait, opposite in valence. Likewise, our
Copyright © 2012 John Wiley & Sons, Ltd.

judges were instructed to rate classiﬁcation images on
the same valenced traits. It is therefore unclear whether
the classiﬁcation images and ratings reﬂected mere valence
or the actual traits criminal or trustworthy. Importantly,
we acknowledge the equivocal speciﬁcity of our results
(valence versus speciﬁc traits) but emphasize that the mechanism (that behavioral information affected the expected
facial appearance of group members) remains the same,
regardless of the effects taking place on the level of valence
or traits. Moreover, note that previous work on reverse
correlation technique successfully visualized representations
of John Travolta and Tom Cruise (Mangini & Biederman,
2004), Mona Lisa (Kontsevich & Tyler, 2004), or the
orthogonal dimensions of trustworthiness (valence) and
dominance (Dotsch & Todorov, 2011), demonstrating that
classiﬁcation images are not strictly limited to conveying
valence. Future research might tease apart the inﬂuence of
valence and speciﬁc traits (similar to Amodio & Devine,
2006; Dotsch et al., 2011), for instance, by inducing multidimensional stereotypes which vary on more dimensions
than just the valence dimension. Furthermore, it might not
even be necessary to associate groups with speciﬁc stereotype content as classifying faces as merely an out-group
might already be sufﬁcient for a negativity bias to emerge
in face perception. Work on this intriguing possibility has
already been initiated (Ratner, Dotsch, Wigboldus, van
Knippenberg, & Amodio, in preparation).
Here, because of our programmatic interest in how
group stereotypes inﬂuence face perception, we focused on
the inﬂuence of behavioral information on the expected facial
representation of group members. However, on ﬁrst sight, it
seems probable that the same processes are at work in the
expectations that people form about individuals. It has been
shown that knowledge about a person’s personality shapes
the perception of facial features and perceived similarity of
faces (Hassin & Trope, 2000). The current work builds on
these earlier ﬁndings by directly tapping into the effects of
behavioral information on visual representations. However,
we also extend the earlier ﬁndings to the group level, which
is not trivial. Forming expectations about the facial appearance
of group members might be a qualitatively different process
than forming expectations about the facial appearance of
individuals. For group-based expectations, information about
multiple individuals needs to be integrated into a single
stereotype, whereas for individual-based expectations no such
information integration process is required. As a consequence,
any ﬁndings about forming impressions about individuals do
not directly generalize to what happens during forming stereotypes about groups.
The major contribution of the present study is that it
establishes a causal link between behavioral information
about exemplars and the expected facial appearance of
group members. It demonstrates that verbal information
unrelated to visual appearance can affect visual representations of groups in a spontaneous manner. When people
witness members of a speciﬁc novel group commit a criminal act, what they learn is not only that the group might
behave criminally but also that group members’ faces look
criminal, even though the original faces might not have
looked criminal at all.
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