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a b s t r a c t
Affective biases toward racial out-group members, characterized by White perceivers' negative evaluations of
Black individuals, prevail in U.S. culture. Such affective associations have been found to guide race-based impression formation. Accordingly, individuals may strive to resolve inconsistencies when perceiving targets violating
their expectations. The current study focuses on the impact of evaluative incongruence on the activity of the
dorsomedial prefrontal cortex (dmPFC) — a brain region previously shown to support impression formation.
When asking participants to form impressions of positively and negatively evaluated Black and White individuals, we found preferential dmPFC activity in response to individuals paired with information that violates
race-based affective associations. Importantly, individual differences in internal motivation to respond without
prejudice (IMS) were found to shape the extent to which dmPFC activity indexes the interactive effects of race
and affective associations during impression formation. Speciﬁcally, preferential dmPFC activity in response to
evaluatively incongruent targets (i.e., Black-positive & White-negative) was present among participants with
lower, but not those with higher, levels of IMS. Implications and future directions are discussed in the context
of dmPFC involvement in social cognition.
© 2015 Elsevier Inc. All rights reserved.

Negative evaluations of Black individuals by White perceivers
frequently characterize the emotional undercurrent of Black–White relations in U.S. culture (Dovidio and Gaertner, 2004; Weisbuch et al.,
2009). Despite controversies over the underlying mechanisms, the
prevalence of such affective biases and their impact on race-based impression formation has been extensively documented (Allport, 1954;
Cottrell and Neuberg, 2005; Hugenberg and Bodenhausen, 2003;
Sherman et al., 2008). Indeed, racially biased expectations often guide
various facets of person perception. Whereas expectancy-consistent
information is preferentially attended to in some instances (Sherman
et al., 1998, 2000; Stangor and McMillan, 1992), people will often strive
to resolve perceived incongruence when encountering individuals violating their social expectations (Hamilton and Sherman, 1996; Hastie,
1980; Macrae et al., 1999). In such instances, perceivers can be motivated to form a more individuated impression of the targets (Brewer, 1988;
Fiske and Neuberg, 1990).
Studies of the neural correlates of impression formation converge on
the involvement of the medial prefrontal cortex (mPFC) (Amodio and
Frith, 2006; Mitchell, 2008). The dorsal region of the mPFC (dmPFC) is
sensitive to the perceived relevance of social information during impression formation (see Baron et al., 2011; Cloutier et al., 2011b;
Mitchell et al., 2004) and responds preferentially to targets paired
with unexpected person-knowledge (Cloutier et al., 2011a; Ma et al.,
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2011). Although recent studies also suggest a role for the mPFC in resolving inconsistencies arising from stereotypical expectations linking
race and facial expressions during face perception (Cassidy and
Gutchess, 2015; Hehman et al., 2014), the impact of race-based evaluative congruence on the neural substrates of impression formation has, to
our knowledge, not been investigated. To the extent that both societal
and personal prejudice often cast Blacks in a negative light, it is likely
that valenced descriptions differentially shape neural responses during
the formation of Black and White individuals. Indeed, previous brainimaging research suggests that individuals paired with information
that violates race-based expectations (i.e., Black-positive & Whitenegative) may elicit greater dmPFC activity (Cloutier et al., 2011a; Ma
et al., 2011).
Despite the pervasiveness of racial prejudice, individuals vary in
their evaluations of racial out-group members and in their motivations
to avoid being prejudicial toward others. Previous research using eventrelated potentials has demonstrated that brain activity registering racebased evaluative incongruence may depend on individual differences in
motivation and racial attitudes (Amodio et al., 2006, 2008). The dmPFC,
which has been found to index the violation of social expectancy, may
also be expected to be impacted by the perceiver's motivation but little
is known about whether or how dmPFC activity is shaped by individual
differences in attitudes and motivation associated with prejudice reduction (see Ames and Fiske, 2013; Kubota et al., 2012). For instance, targets violating affective expectations may evoke preferential dmPFC
activity among less prejudiced perceivers as they attempt to resolve incongruence (Cloutier et al., 2011a; Ma et al., 2011). Alternatively,
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reduced prejudice, driven by internalized beliefs to be egalitarian or attempts to behave in nonbiased ways, may attenuate their sensitivity to
evaluative incongruence, leading to relative diminished differential
dmPFC activity to evaluatively incongruent compared to evaluatively
congruent targets (Sherman et al., 2008). In the latter case, we would
also expect to see preferential dmPFC activity to evaluative incongruence among perceivers with higher levels of prejudice.
The current study aims to examine the neural response to both positive and negative impressions of Black and White individuals. Importantly, the current study is the ﬁrst to consider how variability in an
individual's orientation to race (e.g., attitudes and motivation) moderates dmPFC responses to social targets that violate, as opposed to
conform to, evaluative expectations during impression formation
(Plant and Devine, 2009).1 We hypothesize that there may be two competing hypotheses:
1) greater dmPFC activity to incongruent targets may be found among
perceivers motivated to exert greater effort to resolve expectation
violations (Cloutier et al., 2011a; Macrae et al., 1999); alternatively,
2) diminished dmPFC activity to evaluative incongruence may be found
among these individuals (highly motivated to avoid prejudice)
because they do not view positive Black targets (and negative
White targets) as incongruent in the ﬁrst place (by this logic, perceivers with anti-Black motives should exhibit greater activity for incongruent targets, who violate relatively prejudiced expectations)
(Monteith et al., 2009; Moskowitz et al., 1999).

(Supplementary Material). Positive and negative words did not signiﬁcantly differ on arousal or stereotypicality. In addition, within each valence, words ascribed to Black and White faces did not signiﬁcantly
differ on perceived valence.
Procedure
In the scanner, participants took part in the impression formation
task during which they formed impressions of Black and White faces
paired with either positive or negative words. Before this task, participants completed an Evaluative Priming Task outside the scanner to assess their levels of implicit prejudice and an unrelated fMRI task
during which participants viewed Black and White faces in a 1-back
task. After the scan session, participants were given a set of questionnaires, including explicit measures of prejudice, internal and external
motivation to respond without prejudice, and a measure of contact
with racial out-group members during childhood. For the purposes of
the primary fMRI analysis, this ultimately yielded a 2 (Race: Black vs.
White) × 2 (Valence: Positive vs. Negative) within-subject design,
with measures of implicit and explicit prejudice, internal and external
motivation to respond without prejudice, as well as the amount of interracial contact with Black individuals during childhood (see Cloutier
et al., 2014). Details on the impression formation task and individual difference measures (including the Evaluative Priming Task and post-scan
questionnaires) are described in greater details below.
Impression formation task

Materials and methods

Stimuli

Participants received instructions and performed practice trials prior
to the event-related fMRI session during which they completed the impression formation task (Fig. 1). Participants were instructed to form
impressions based on both the faces and the words paired with the
faces based on their gut reactions, while giving evaluations from 1 to 8
(1 is very negative; 8 is very positive). The labels of the scale were
counterbalanced between participants, and recoded to form an evaluation rating for each condition (i.e., higher value indicates more positive
rating). Participants were instructed to rest each hand on a button box.
Across two runs, 20 unique male faces (5 White faces paired with positive words, 5 Black faces paired with positive words, 5 White faces
paired with negative words, and 5 Black faces paired with negative
words) were presented 4 times each pseudorandomly. The stimulus
face was superimposed on a black background, with a positive or negative adjective presented in white beneath the face. Each face was consistently paired with 2 positive or 2 negative words. The face-valence
pairing was counterbalanced between participants. The trial sequence

A stimulus set consisting of 20 male full-color faces (50% Black) with
neutral facial expressions was used. Stimuli were cropped in an oval
shape (features such as hair and clothing were removed). An independent group of 18 participants provided ratings for the faces and words
in a pilot study. Ratings of attractiveness, threat, masculinity, and
prototypicality for their respective racial groups were used to select
the facial stimuli (e.g., “to what extent do you think this person looks attractive/threatening/masculine/prototypical to his race?”, 1 = Not at all,
7 = Very much). Stimuli from each racial group did not signiﬁcantly
differ on these dimensions (see Table S1 in Supplementary Material
for comparison between conditions).
In addition, a word stimulus set was created from a pool of affective
words (Anderson, 1968). Twenty positive and twenty negative adjectives were selected and pilot-rated to not differ on perceived valence
(i.e., comparison between words ascribed to Black and White targets
within each valence), stereotypicality, or arousal on a 7-point Likert
scale (Valence: 1 = Very Negative, 7 = Very Positive; Stereotypicality:
1 = Very Stereotypic to African Americans, 7 = Very Stereotypic to
Caucasian Americans; Arousal: 1 = Not aroused at all, 7 = Very
aroused). Mean ratings of the word stimuli were reported in Table S1

Fig. 1. Schematic representation of the task structure for the impression formation task.

Participants
We recruited 47 participants who self-identiﬁed as Caucasian
American (one participant indicated both Caucasian and Latino identity) from the greater Chicago area. Each participant received $50 for participating in the study. Of these 47 participants, two were excluded from
data analysis due to excessive movement in the scanner, and one was
excluded for failing to follow task instructions. The remaining 44 participants between the ages of 19 and 34 (24 female; mean age = 24.4
years, SD = 4.32 years) were included in the analysis. Participants reported normal or corrected-to-normal vision, were right-handed, and
reported no abnormal neurological history. The study was approved
by the Institutional Review Board at the University of Chicago and participants provided informed consent.
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was presented as the following: face-and-word pair (2000 ms) and ﬁxation cross (500 ms). Null events were created by presenting a ﬁxation
cross for 2500 ms for a varying number of times and were interspersed
in a pseudorandom fashion to introduce jitter into the fMRI time-series
to create inter-trial intervals of either 500 ms, 3000 ms, 5500 ms, or
8000 ms. Stimuli were projected onto a screen measuring 240 mm by
180 mm (faces measuring 75 mm by 75 mm). E-Prime 2.0 (www.
pstnet.com/eprime) was used for stimulus presentation and data
collection.
Individual difference measures
The Evaluative Priming Task was administered to implicitly assess
racial bias (Fazio et al., 1995). Participants were instructed to categorize
a word as positive or negative following the presentation of a Black or a
White face (we used a different face stimulus set as the impression formation study). An implicit index of prejudice (IP) was computed from
the differences in reaction times (RTs) in the Evaluative Primint Task
using the following formula: IP = (RTBlack_Positive − RTBlack_Negative) −
(RTWhite_Positive − RTWhite_Negative). Greater scores indicate higher levels
of pro-White or anti-Black bias. Further details about the Evaluative
Priming Task procedure are described in the Supplementary Material.
Participants completed self-report questionnaires to assess their
prejudicial attitudes. Speciﬁcally, participants completed the following
questionnaires: the six-item Modern Racism Scale (MRS, McConahay,
1986), which was designed to assess the participants' explicit prejudice
against Black individuals on a 5-point Likert scale (e.g., “Over the past
few years, the government and news media have shown more respect
for Blacks than they deserve”), the internal and the external motivation
to respond without prejudice scales on a 9-point Likert scale (IMS and
EMS, Plant and Devine, 1998), and an interracial contact measure
which assesses individual differences in contact with members from different races during three separate stages of childhood (age 0–6, 6–12,
and 12–18) for adults and peers in their social network respectively
(e.g., “Not including your family, what percentage of the children/adults
you knew belonged to each of the following categories? Asian, Blacks,
Latino, etc.”). The participants' childhood exposure to Black individuals
was used as a covariate in the study to isolate the potential impact of interracial exposure on race perception (e.g., see Cloutier et al., 2014).
Upon completing the questionnaires, participants were debriefed and
compensated.
fMRI data acquisition and analysis
Anatomical and functional whole-brain imaging was performed on a
3-T Philips Achieva Quasar scanner. High resolution T1-weighted anatomical images were acquired in the sagittal plane using a 3D Turbo
Field Echo (TFE/MP-RAGE) anatomical scan (TR = 8.5 ms, TE =
4.0 ms, FOV = 240 × 228 mm, 1.0 mm slice thickness, no gap,
240 × 228 mm matrix, 1.0 × 1.0 × 1.0 mm voxel size). Functional images
were collected in 2 runs of 105 TRs each, using pulse sequence parameters (TR/TE = 2500/28 ms, ﬂip angle = 81°, contiguous slices with
3.28 mm thickness, gap 0.72 mm, FOV = 210 × 210 mm, approximately
64 × 64 mm matrix). MRI data was collected at the University of Chicago
Brain Research Imaging Center.
Functional MRI data was analyzed using the general linear model
(GLM) in the SPM8 (Wellcome Department of Cognitive Neurology,
London, UK). Data were preprocessed to remove sources of noise and
artifacts prior to analysis. Images were realigned within and across
runs to correct for head movement. Functional data were transformed
into a standard anatomical space (3 mm isotropic voxels) based on
the ICBM 152 brain template (Montreal Neurological Institute) which
approximates the Talairach atlas space (Talairach and Tournoux,
1988). Normalized data were then spatially smoothed using an 8-mm
Gaussian kernel to increase the signal-to-noise ratio and to reduce the
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impact of anatomical variability that was not corrected for by the
stereotaxic normalization.
For each participant, a GLM was constructed to examine conditionspeciﬁc brain activity, e.g., brain regions preferentially responsive to
positive Black faces, positive White faces, negative Black faces, and
negative White faces. This GLM, incorporating task effects and
covariates-of-no-interest (a session mean, a linear trend to account for
low-frequency drift, and six movement parameters derived from realignment corrections), was convolved with a canonical hemodynamic
response function and was used to compute parameter estimates (β)
and t-contrast images (containing weighted parameter estimates) for
each condition at each voxel. Contrast images-of-interest for each participant (i.e., positive vs. negative Black faces, positive vs. negative
White faces, positive Black vs. positive White faces, and negative Black
vs. negative White faces) were submitted to a second-level randomeffects analysis to create t-images across participants.
Empirically supported Region of Interest (ROI) analyses were conducted to identify the hypothesized impact of prejudicial attitudes on
the dmPFC response to negative White, negative Black, positive White,
and positive Black faces. To examine the impact of evaluative congruence, we identiﬁed the 8-mm spherical ROI for the dmPFC (MNI: 2,
54, 30) from a study that also examined the neural basis underlying
violations of social expectancies (Cloutier et al., 2011a). To examine
how individual variability in prejudicial attitudes relates to dmPFC
response while partitioning out other prejudice-related covariates,
parameter estimates for each condition were extracted to examine the
effect of individual differences on dmPFC responses in the contrastsof-interest.
In addition, we performed an exploratory second-level whole-brain
regression analysis to identify the impact of the perceivers' amount of
IMS on brain responses associated with the contrast images of interest
(Incongruent vs. Congruent faces). The focus on IMS aimed to complement results from the correlation analyses examining associations between individual-difference measures of prejudicial attitudes and
dmPFC activity (see Table 1). We used the Monte Carlo simulations
using AlphaSim (Ward, 2000) to calculate the minimum cluster size at
an uncorrected threshold of p b .001 (required for a whole-brain correction of p b .05). Minimum cluster size was determined to be 66 contiguous voxels.
Results
Behavioral results
The means for MRS, IMS, EMS, and the mean percentage of Blacks
who made up the participants' social network during childhood measured by interracial contact were 1.78 (SD = .65, α = .84), 7.41
(SD = 1.48, α = .87), 4.6 (SD = 1.96, α = .86), and 7.81% (SD =
7.91%), respectively.2 The means for IP (the implicit index of prejudice
calculated based on the RT differences to conditions of interest) was
Table 1
Partial correlations between each individual-difference variable (controlling for all other
four individual difference variables) and effects of Race, Valence and their interaction in
the dmPFC.

IMS
EMS
IP
MRS
Childhood Interracial
Contact

Race
(White N
Black)

Valence
(Positive N
Negative)

Race × Valence
(Incongruent N
Congruent)

.058 (.186)
−.026 (−.008)
−.087 (−.002)
−.185 (−.205)
.106 (.131)

.121 (.087)
−.056 (−.002)
.062 (−.010)
.076 (−.018)
−.185 (−.190)

−.419** (−.508***)
−.072 (−.168)
−.030 (−.102)
.002 (.280)
−.239 (−.185)

The partial correlation coefﬁcients are presented above. The values in parenthesis represent bivariate correlation coefﬁcients.
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MIP = 19.10 ms, SD = 47.29 ms (for the formula of the index of IP, see
Procedure: Individual Difference Measures).
Mean level effects
The participants' evaluation ratings and RT data during the impression formation task were cleaned by removing trials in which RTs
were 3.5 SD away from the individual mean RT. Evaluations and RT
data were then submitted to a 2 (Race: Black vs. White) × 2 (Valence:
Positive vs. Negative) repeated-measures ANOVA. Although no main effect of Race on evaluations was found, there was a main effect of Valence
on evaluation ratings, F(1,43) = 369.973, p b .001, ƞ2p = .896. Speciﬁcally, faces paired with positive words (M = 6.131, SE = .097) were
rated more positively than faces paired with negative words (M =
2.636, SE = .104), t(43) = 19.235, p b .001, on average across race. In
addition, an interaction between Race and Valence was found,
F(1,43) = 4.701, p = .036, ƞ2p = .099. Black faces paired with negative
words (M = 2.739, SE = .110) were rated more positively than White
faces paired with negative words (M = 2.533, SE = .114), t(43) =
2.559, p = .014. There was no difference in ratings between White
faces and Black faces paired with positive words. When examining RT
data, we found no evidence of a main effect of Valence, Race, or an
interaction.
Individual differences
To examine the impact of motivation on performance during the impression formation task, we estimated the evaluation as a function of
Race, Valence, IMS, and all interactions. There was no signiﬁcant interaction between IMS and Valence, or between IMS and Race. Critically,
there was a signiﬁcant three-way interaction between Race, Valence,
and IMS, F(1,42) = 7.974, p = .007, ƞ2p = .160. Similar tests of the moderating inﬂuence of MRS and IP revealed no evidence of an interaction
with Race, Valence, or Race × Valence Interaction, F b .472.
To clarify the interaction between IMS and Race × Valence Interaction, we examined the relationship between IMS and evaluative congruence and incongruence separately. We found a negative correlation
between IMS and ratings of evaluatively congruent faces, r(42) =
−.341, p = .024. On the other hand, IMS did not correlate with ratings
of evaluatively incongruent faces, r(42) = .081, p = .601, suggesting
divergent evaluations between incongruent and congruent faces with
decreasing levels of IMS (see Fig. 2). Partial correlation between IMS
and the Race × Valence interaction on evaluations remained when controlling for EMS, r(41) = −.411, p = .006. In addition, the relationship

between IMS and the Race × Valence interaction on evaluations held
when including other individual-difference measures as covariates
(i.e., EMS, MRS, IP, and childhood interracial contact), r(37) = −.358,
p = .025.
Additionally, we examined the impact of individual-difference measures on RTs in response to targets varying in Race and Valence. There
was a signiﬁcant interaction between IMS and Valence on RT, F(1,
42) = 4.192, p = .047, ƞ2p = .091. Speciﬁcally, RTs in rating negative
versus positive faces tended to converge for perceivers with higher
levels of IMS, r(42) = − .301, p = .047. There was no interaction
between IMS and Race, or between IMS, Race, and Valence.
fMRI results
ROI analysis: Mean level effects
A 2 (Race: Black vs. White) × 2 (Valence: Positive vs. Negative)
ANOVA was performed on dmPFC activity. No main effect of Race or Valence was found, F b 3.598. Critically, a signiﬁcant two-way interaction
between Race and Valence emerged, F(1, 43) = 6.654, p = .013,
ƞ2p = .134. We observed an increased dmPFC activity in response to
evaluatively incongruent than congruent faces. Speciﬁcally, greater
dmPFC response was found for Negative White faces (M = .602, SE =
.179) than for Negative Black faces (M = .207, SE = .178), t(43) =
2.344, p = .024. A trend suggesting increased dmPFC response to Positive Black faces (M = .391, SE = .180) than to Positive White faces
(M = − .036, SE = .179) was also found, t(43) = 1.820, p = .076. In
addition, greater dmPFC response was found for Negative White faces
than for Positive White faces, t(43) = 3.234, p = .002, but not between
Positive Black and Negative Black faces, |t| b .92.
ROI analysis: Individual difference effects
As mentioned previously, individuals with high levels of IMS, who
tend to be more egalitarian, may be less likely to rely on race when
forming their impressions about others, and are thus less sensitive to
evaluative incongruence. Therefore, we chose to selectively focus on
the impact of IMS on dmPFC responses to evaluatively congruent and
incongruent faces. To help isolate the effects of IMS from other measures
of prejudice-related individual differences, such as MRS, IP, EMS, and
childhood interracial contact, we additionally included a set of covariates in our multiple regression models. The relationship between IMS
and the dmPFC response to the Race × Valence interaction remains signiﬁcant with or without controlling for the covariates (EMS, IP, MRS and
childhood interracial contact; see Table 2). In addition, none of the other
individual difference measures, including EMS, IP, MRS, and childhood
interracial contact, predicts dmPFC response in the same way as IMS,
|t| b 1.89.
Effects of internal motivation to respond without prejudice

Fig. 2. Divergent evaluations of congruent and incongruent faces were found among
perceivers with lower levels of IMS.

In order to identify the impact of IMS on dmPFC response to evaluative incongruence, we ran a simple regression on IMS and dmPFC activity. Although there was on average more pronounced activity in dmPFC
to incongruent as compared to congruent faces, higher levels of IMS attenuated this effect, b = −.726, SE = .190, t(42) = −3.821, p b .001. In
other words, the impact of evaluative incongruence on impression formation, as indexed by the dmPFC activity, was more pronounced
among perceivers with lower levels of IMS. Conversely, having internalized an egalitarian view by holding higher levels of IMS precluded an
otherwise preponderant dmPFC activity in response to evaluative incongruence during race-based impression formation.
In order to further characterize the impact of IMS on the effects of
Race, Valence, and their interaction in the dmPFC response, we plotted
the Race × Valence interaction for high and low IMS respectively. Specifically, we centered IMS scores on low IMS (MIMS − SDIMS) and on high
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Table 2
Identiﬁcation of BOLD signal as a function of Valence and Race.
BA

Brain region

k

t

y

z

b.001
b.001
b.001

−24
24
36

−57
−54
−69

−24
−15
−27

5.76
4.66

b.001
b.001

−9
−54

−90
−39

0
0

113
87
107
178

5.47
5.04
4.30
4.23

b.001
b.001
b.001
b.001

−57
−12
−3
−42

−39
−96
45
18

0
0
30
−18

255

4.71

b.001

−9

−93

12

b.001
b.001

176

6.97
5.53
4.95
4.71
4.38

b.001
b.001

27
−30
18
27
33

−48
−45
−63
−78
−30

−24
−27
24
27
72

86
76
100

4.81
4.80
4.57

b.001
b.001
b.001

39
−3
18

−63
0
−66

−6
33
24

277
76
74

5.82
4.87
4.11

Negative N Positive
BA17 L Calcarine
BA21 L STS

291
102

White Negative N White Positive
L STS
BA17 L Middle occipital
dmPFC
L vlPFC
Black Negative N Black Positive
BA18 L Cuneus

Congruent N Incongruent
R VTC
Posterior cingulate gyrus
R Precuneus

MNI coordinates
x

White N Black
L VTC/Cerebellum
BA37 R VTC/Cerebellum
R Cerebellum

White Positive N Black Positive
R VTC/Cerebellum
L VTC/Cerebellum
R Precuneus
R Middle occipital gyrus
BA3
R Postcentral gyrus

p

352
294
156

Exploratory whole-brain analysis reporting activations determined to be signiﬁcant on 44
participants (threshold = p b .001, uncorrected; clusters N/=66 voxels determined by
AlphaSim; actual values are reported in the table). BA=approximate Brodmann's area location. Coordinates are from the MNI atlas. Locations of the activations are determined
based on the functional responses superimposed on averaged anatomical MRI images.
Contrasts that do not identify suprathreshold regions are not reported.4

IMS (MIMS + SDIMS). The dmPFC activities in response to each condition
(i.e., White Positive, Black Positive, White Negative, and Black Negative)
versus baseline were ﬁtted into regression models where the low-IMS
centered and the high-IMS centered scores served as the predictor respectively to avoid dichotomizing the continuous predictor (see Irwin
and McClelland, 2003), controlling for covariates related to prejudicial
attitudes and interracial contact. The intercepts for each regression
model were plotted in Fig. 3C.
Given that both IMS and EMS constitute measures of motivation to
respond without prejudice, we included EMS as the covariate in the regression model. IMS still served as a signiﬁcant predictor for dmPFC response to incongruent vs. congruent faces, b = − .710, SE = .198,
t(41) = − 3.583, p = .001. On the other hand, when controlling for
IMS, EMS did not predict dmPFC activity. In addition, when controlling
for other individual-difference variables in addition to EMS (MRS, IP,
and childhood interracial contact), the impact of IMS on dmPFC activity
to incongruent vs. congruent faces holds, b = − .705, SE = .251,
t(37) = −2.809, p = .008.3 This pattern of results suggests that the inﬂuence of internal motivation to control prejudice on dmPFC recruitment in forming impressions of evaluative-incongruent and congruent
exemplars cannot be easily attributed to other individual-difference factors related to race perception and attitudes (Fig. 3B).
Whole-brain analysis
Brain regions preferentially recruited as a function of the Race and
Valence conditions are reported in Table 2. In accordance with the incongruence effect obtained from the dmPFC ROI analyses, greater
dmPFC activity was found for Negative White than for Positive White
faces. Interestingly, greater activity in the ventral temporal cortex
(VTC) was found for White compared to Black faces, corroborating previous ﬁndings suggesting that the VTC is preferentially recruited when

Fig. 3. The dmPFC activity in response to evaluative incongruence varies as a function of
perceivers' levels of IMS. (A) The ﬁgure presents the sagittal sections illustrating the
dmPFC activation obtained from the whole-brain regression analysis. Decreasing dmPFC
activity was found with increasing levels of IMS. (B) Greater dmPFC response to
evaluatively incongruent than to congruent faces was only found for perceivers with
lower levels of IMS, above and beyond other relevant individual-difference variables.
(C) The ﬁgure represents the Race × Valence interaction on dmPFC activity as a function
of levels of IMS. The dmPFC ROI used was identiﬁed from an independent study (MNI:
2, 54, 30; see Cloutier et al., 2011a). Higher levels of internal motivation to respond
without prejudice attenuated differential dmPFC response to evaluative incongruence
vs. congruence, controlling for covariates related to prejudicial attitudes and interracial
contact.

individuals perceive same-race as compared to other-race faces
(Golby et al., 2001). The ventrolateral prefrontal cortex (vlPFC) was
also found to show greater activation to Negative White than to Positive
White. The vlPFC has previously been shown to be responsive when
perceiving targets paired with person knowledge (Cloutier et al.,
2011b; Satpute et al., 2014), and updating impressions based on diagnostic behaviors (Mende-Siedlecki et al., 2013), thus possibly integrating various sources of information available during impression
formation (see Cloutier et al., 2011b). In addition, this region has also
been found to play a role in cognitive and emotion regulation operations
(Ochsner et al., 2009; Wager et al., 2008). Therefore, preferential vlPFC
activity when perceiving incongruent White faces may suggest a tendency to resolve inconsistency between information and expectation
for in-group members. However, the design of the current study does
not allow for an understanding of the strategy applied in resolving the

Table 3
Identiﬁcation of BOLD signal showing differential activity to evaluative incongruence in relation to increases and decreases in internal motivation to respond without prejudice.
BA

Brain region

Decreasing activity with increasing IMS
dmPFC/Anterior cingulate
R Supplementary motor area
R Temporal pole
L Insula
L Putamen
L Middle occipital gyrus
L Cerebellum
BA8 L Middle frontal gyrus

k

757
402
338
85
98
322
149

t

4.72
4.49
4.82
4.82
3.69
3.83
4.74
4.47

p

b.001
b.001
b.001
b.001
b.001
b.001
b.001
b.001

MNI coordinates
x

y

z

−6
12
45
−39
−18
−24
−27
−24

45
12
24
18
6
−81
−69
21

9
66
−27
3
0
3
−27
45

Increasing activity with increasing IMS
NA
Exploratory whole-brain regression analysis reporting activations determined to be significant on 44 participants (threshold = p b .001, uncorrected; clusters N/=66 voxels determined by AlphaSim); BA = approximate Brodmann's area location. Coordinates are from
the MNI atlas. Locations of the activations are determined based on the functional responses superimposed on averaged anatomical MRI images.
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inconsistency — whether participants rely on prior knowledge and discount incongruent information or update their impression.
We also performed an exploratory whole-brain regression analysis
to identify all brain regions activated to incongruent vs. congruent
faces as a function of IMS (Table 3). In accordance with the results of
the ROI analysis on dmPFC, we found decreased dmPFC activity to incongruent versus congruent targets in relation to increased levels of
IMS (Fig. 3A).

Discussion
When asking White perceivers to form impressions of White and
Black faces paired with valenced descriptive words, we found greater
dmPFC activity to evaluatively incongruent targets (i.e. White faces
paired with negative traits and Black faces paired with positive traits)
compared to congruent targets (i.e. White faces paired with positive
traits and Black faces paired with negative traits). These results converge with recent ﬁndings showing greater dmPFC responses to stereotypically incongruent faces based on the interaction of race and facial
expressions of emotion (Hehman et al., 2014). Importantly, this pattern
of result was attenuated by the perceivers' motivation to avoid being
prejudiced, such that only perceivers low in IMS showed a difference
in dmPFC activity when forming impressions. Indeed, high-IMS perceivers did not exhibit such difference in dmPFC activity. This inﬂuence
of IMS on differential dmPFC activity cannot be attributed to other individual differences, including EMS, explicit prejudice, implicit prejudice,
or childhood interracial contact. Importantly, EMS neither predicted
neural and behavioral responses in the same way as IMS, nor did it alleviate the relationship between IMS and dmPFC response (i.e., the association between IMS and dmPFC activity held after controlling for EMS),
indicating that tendencies to avoid prejudice driven by external motivation (e.g., social norms to appear unbiased) are not as effective in shaping race-based impression formation as having internalized goals to be
nonprejudiced (Amodio et al., 2006). Accordingly, these ﬁndings not
only provide implications for our understanding of the neural substrates
of race-based impression formation but also represent a novel demonstration of how individual differences in motivation can impact dmPFC
activity during social cognition.
The dmPFC is engaged when attributing psychological states to conspeciﬁcs (Amodio and Frith, 2006; Corradi-Dell'Acqua et al., 2015; Mar,
2011), supports the individuation of in-group members during impression formation (Freeman et al., 2010; Harris and Fiske, 2006), and preferentially responds to the availability of person-knowledge when
perceiving others (Cloutier et al., 2011b; Todorov et al., 2007). To our
knowledge, the current study is the ﬁrst fMRI investigation of racebased evaluative congruence during impression formation. Previous research has shown that the dmPFC responds preferentially to targets
paired with unexpected person-knowledge (Cloutier et al., 2011a; Ma
et al., 2011; Mende-Siedlecki et al., 2012), but none of them have specifically looked at violations of race-based affective expectations. Critically,
however, the preferential recruitment of dmPFC underlying impression
formation of incongruent targets was absent in high-IMS perceivers. In
addition, results from the whole-brain regression analysis demonstrate
decreased anterior cingulate cortex activity with increased levels of IMS
(Table 3), suggesting that control of race-based incongruence was not
higher among high-IMS perceivers during the impression formation
task (see Amodio et al., 2008). These results give rise to the possibility
that high-IMS perceivers were less sensitive to evaluative incongruence
as a result of their internalized goal to be nonprejudiced, rather than by
exerting greater efforts to regulate racial bias when forming impressions of targets violating affective expectations. This interpretation is
consistent with the proposition that internally motivated, but not externally motivated, individuals may be initially training themselves to
reduce biased affective associations distinguishing in-group and outgroup members (see Sherman et al., 2008).

Despite evidence that internal motivation attenuates prejudiced behaviors (Amodio et al., 2003; Devine et al., 2002; Plant et al., 2010; Riek
et al., 2013), this is to our knowledge the ﬁrst study demonstrating that
highly internally motivated individuals, as a result of their internalized
goal and personal beliefs to be nonprejudiced, become less sensitive to
what others perceive to be evaluatively incongruent. In apparent contrast with our current ﬁndings, a previous study using event-related potentials during a Weapon Identiﬁcation Task found that high-IMS
individuals exert greater effort to avoid potential prejudicial responses
as indexed by a larger error-related negativity (ERN) component
(Amodio et al., 2008). However, the Weapon Identiﬁcation Task and
the impression formation task performed in the current study differ in
important ways. Impression formation may not typically involve conﬂict monitoring (see Cloutier et al., 2011a; Mende-Siedlecki et al.,
2012), particularly among perceivers holding internalized egalitarian
beliefs. Whereas the Weapon Identiﬁcation Task has been used to measure motivation to monitor and regulate biased responses by isolating
errors from accurate trials, impression formation processes may instead
be susceptible to be shaped by persistent efforts to avoid prejudice.
This interpretation of our fMRI results is further supported by the
fact that preference ratings for congruent and incongruent targets in
the current study only differed for low-IMS perceivers, whereas evaluative congruence did not impact preference ratings given by high-IMS
perceivers. Further examination reveals that the divergence in preference ratings among low-IMS perceivers was driven by more positive
ratings for positive White faces than Black faces. On the contrary,
high-IMS perceivers viewed White and Black faces paired with positive
traits in a similarly favorable light, lending support for previous research
suggesting increased preference for positive Black targets among highIMS individuals (Riek et al., 2013). In line with previous research suggesting that high-IMS individuals are more likely to engage in approach
strategies to achieve positive outcomes during interracial interaction
(Plant et al., 2010), our ﬁndings suggest that individuals with higher
levels of IMS may be less inclined to use race-based expectations to
form impressions of targets.
The obtained results offer a novel demonstration of how individual
differences can impact the recruitment of the dmPFC, a brain region believed to be central to social cognition. Our results demonstrate that internally motivated individuals may be less sensitive to race as a result of
the internalization of egalitarian attitudes. These ﬁndings offer insights
into potential mechanisms by which persistent efforts to avoid prejudicial responses may efﬁciently alter race-based impression formation.
Footnote
1. We also examined amygdala activity to explore the potential relationship between valence and race during impression formation
(Kubota et al., 2012). Amygdala ROI was identiﬁed from a previous
study on race perception (Cloutier et al., 2014). Results and discussions of ﬁndings on amygdala were reported in Supplementary
Material.
2. Our samples could be considered relatively high on IMS, because
mean IMS is signiﬁcantly higher than the midpoint of the 9-point
scale, t(43) = 10.836, p b .001; our samples scored slightly less
than average EMS, t(43) = −1.356, p = .182.
3. One participant did not complete the childhood interracial contact
measure; data from this participant was only excluded when adding
childhood interracial contact as a covariate in analysis.
4. In the Incongruent N Congruent contrast, dmPFC emerges using a
more liberal threshold (p b .005, uncorrected; cluster size N/=40).
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