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a b s t r a c t
Race disparities in behavior may emerge in several ways, some of which may be independent of implicit bias. To
mitigate the pernicious effects of different race disparities for racial minorities, we must understand whether
they are rooted in perceptual, affective, or cognitive processing with regard to race perception. We used fMRI
to disentangle dynamic neural mechanisms predictive of two separable race disparities that can be obtained
from a trustworthiness ratings task. Increased coupling between regions involved in perceptual and affective processing when viewing Black versus White faces predicted less later racial trust disparity, which was related to implicit bias. In contrast, increased functional coupling between regions involved in controlled processing predicted
less later disparity in the differentiation of Black versus White faces with regard to perceived trust, which was unrelated to bias. These ﬁndings reveal that distinct neural signatures underlie separable race disparities in social
cognition that may or may not be related to implicit bias.
© 2016 Elsevier Inc. All rights reserved.

Race disparities are wide-ranging in behavior, from less perceived
trust in Black versus White faces (Stanley et al., 2011), lower ratings
on job performance for Black versus White managers (Greenhaus
et al., 1990), and broad deﬁcits in recognizing other- versus same-race
faces (Meissner and Brigham, 2001). Although cultural associations of
Black males with aggression (Dovidio et al., 1996) may potentially underlie these tensions by perpetuating implicit bias toward minorities
(e.g., McConnell and Leibold, 2001), other work suggests that race disparities emerge in several ways, some of which may be relatively independent of implicit bias. Disentangling the mechanisms underlying race
disparities that are and are not related to implicit bias is critical to develop strategies that most effectively mitigate their consequences.
A wealth of social psychological research has demonstrated the
pernicious effects of implicit bias on behavior (Gawronski et al., 2003).
For instance, individuals with higher versus lower levels of implicit
bias (as measured through subtle measures of prejudice) evaluate
Black faces as less trustworthy than White (Stanley et al., 2011), discriminate more against Black proposers in economic games (Kubota
et al., 2013; Stanley et al., 2011), have tenser intergroup interactions
(McConnell and Leibold, 2001), and have more stereotyped mental representations of outgroup members (Dotsch et al., 2008). In contrast, implicit bias does not predict own-race effects in memory for faces
(e.g., Slone et al., 2000), while the while the ability to distinguish
(i.e., differentiate) other-race faces from one another does predict
these effects (Goldstein and Chance, 1985; Hills and Lewis, 2006). For
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example, given a majority of Black professional basketball players,
White fans better recognize Black faces than do White novices because
they can better differentiate between them (Li et al., 1998). Even though
differentiation itself may be separable from bias (Ferguson et al., 2001),
less differentiation of outgroup versus ingroup members has downstream consequences on behavior. Indeed, individuals who do not differentiate other-race faces as well as others do not recognize them as
well as ingroup members (Goldstein and Chance, 1985) and stereotype
them more (Linville and Fischer, 1998).
However, it is unclear whether distinct components of race perception underlie race disparities due to bias or differentiation. To distinguish mechanisms for these disparities, our study dissociated biasrelated disparities from disparities relatively independent from bias
based on performance in a single task. The beneﬁt to using the same
task to disentangle neural mechanisms for these race disparities is
that it controls for differences due to task. When White individuals
view Black and White faces, they engage multiple processes reﬂected
in neural activity (Amodio, 2014). For instance, they differentiate faces
(Linville et al., 1989) as well as evaluate them (Stanley et al., 2012). In
the case of the former, these processes emerge from perceiving race,
but are not necessarily inﬂuenced by bias (Meissner and Brigham,
2001), whereas bias does inﬂuence evaluative judgments (Stanley
et al., 2011). Because neuroimaging has importantly localized brain regions contributing to perceptual, affective, and cognitive components
of race perception and how implicit bias impacts those regions' engagement (for reviews, see Amodio, 2014; Kubota et al., 2012), it allows us to
disentangle how neural activity contributes to later behavioral race disparities. This is a critical consideration because understanding how different race disparities arise provides a basis to develop interventions
that reduce them.
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Perceiving race engages affective processing regions, including the
amygdala and orbitofrontal cortex (OFC). Imaging work on implicit
bias has also found amygdala and OFC activity correspondence to
ingroup favoritism (Beer et al., 2008), suggesting these regions' responses to race may underlie individual differences in bias-related
race disparities. The amygdala has been implicated widely in emotional
face processing (Vuilleumier et al., 2001), with activity toward Black
versus White individuals reﬂecting threat (Chekroud et al., 2014).
Amygdala response to Black over White faces increases with more implicit bias (Phelps et al., 2000), suggesting greater responses to Black
versus White faces may underlie exacerbation of later bias-related
race disparities.
OFC activity also contributes to affective face processing
(Vuilleumier et al., 2001), particularly in cues that guide approachability
judgments related to trust (Willis et al., 2010). OFC activation reﬂects
affect-based judgments with regard to race in that it decodes representations of Black and White faces during friendship evaluation (Gilbert
et al., 2012), and potentially may represent racial groups during evaluation better than the amygdala (Amodio, 2014). Although less studied
in race perception than other regions, research suggests a strong role
of OFC in group preferences that reﬂect the representation of value
(Kringelbach and Rolls, 2004) such that stronger OFC responses to
ingroup versus outgroup members predict biases in liking of these individuals (Van Bavel et al., 2008). This positive outcome from stronger
OFC response allows for the possibility that stronger OFC response to
Black versus White faces may underlie attenuation of bias-related evaluative race disparities later.
Implicit bias also alters perceptual processing of other- versus samerace faces. Most studies on this topic have focused on the fusiform gyrus,
a region widely implicated in face processing (Kanwisher et al., 1997),
and for which viewing own- versus other-race faces enhances its response (Golby et al., 2001). Critically, White individuals with higher
levels of bias have increased fusiform activity in response to White as
compared to Black faces, whereas lower bias individuals do not exhibit
a difference (Brosch et al., 2012). However, the fusiform gyrus has also
been implicated in non-bias-related behaviors associated with race.
For instance, activity in this region contributions to own-race memory
biases driven by differentiation, such that lower activity toward
outgroup versus ingroup members may reﬂect perceptual homogeneity
and failures to encode outgroup members at an individual level (Golby
et al., 2001). These ﬁndings suggest that enhanced fusiform activity to
Black over White faces may underlie the later attenuation of biasrelated and bias-independent race disparities. However, even though
the fusiform may engage regardless of implicit bias, the connectivity
of the fusiform to different regions involved in affective or cognitive processing may differ in predicting race disparities related to bias versus
not.
Simple race perception tasks also elicit activity from regions implicated in cognitive control, and speciﬁcally lateral prefrontal cortex
(Amodio, 2014). Although many past neuroimaging tasks were not designed to assess control (e.g., Cunningham et al., 2004), past work has
identiﬁed a link between dorsolateral prefrontal cortex (dlPFC) activity
and controlling race-related stereotypes (Amodio, 2010). Prior work
shows that differentiation requires motivation and cognitive effort
(Hills and Lewis, 2006), suggesting that increased dlPFC activity toward
Black versus White faces may underlie later attenuation of race disparities in differentiating faces that are relatively independent from bias.
Indeed, individuals engage prefrontal regions when processing faces
they are more likely to differentiate (Feng et al., 2011). Prefrontal engagement has also been implicated in regulating prejudiced responses
(Amodio, 2014). For instance, control regions are more active in individuals with high versus low implicit bias when they evaluate Black versus
White faces (Richeson et al., 2003). More activation among higher bias
individuals suggests they may need more control to inhibit their bias
(Devine, 1989) and comply with egalitarian social norms (Richeson
et al., 2003).
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Overall, these ﬁndings suggest that bias impacts regions involved in
affective processing during race perception. While bias may also inﬂuence activity in perceptual and cognitive processing regions during
race perception, perceptual and cognitive associations with bias may
be inﬂuenced by connectivity to affective processing regions while perceiving race. These ﬁndings also suggest that the contributions of these
components of race perception to later race disparities may depend on
the disparity being assessed. To this end, we disentangled neural mechanisms predictive of different race disparities by connecting neural activity in a simple race perception task to two separable aspects of a
later trustworthiness ratings task: evaluative racial trust disparity
(i.e., perceiving less trust in Black versus White faces) and racial differentiation disparity (i.e., differentiating Black less than White faces). Differing from paradigms tracking activity during online evaluations, we
assessed whether variations in neural response while perceiving race
support later behavioral disparities within the same individuals. We
assessed trustworthiness because perceivers automatically extract information from faces regarding their trustworthiness (e.g., Meconi
et al., 2014; Todorov, 2008), suggesting reliability between brain activity when perceiving faces and later evaluations. These evaluations
occur in the absence of cognitive control (e.g., Rule et al., 2013;
Todorov, 2008), drawing on perceptual and affective processes
(e.g., Winston et al., 2002). Connecting to race biases, trustworthiness
evaluations draw from approach responses (Todorov, 2008) much like
evaluative associations with race that are distinct from stereotypebased biases (Amodio and Devine, 2006). At the same time, people
make distinctions between faces by way of their scale use when making
a series of trustworthiness evaluations (Linville et al., 1989). Differentiating faces requires motivation and cognitive effort (Hills and Lewis,
2006), suggesting differentiation draws more on control than automatic
evaluations.
In sum, we predicted that more fusiform and OFC activity toward
Black versus White faces would correspond with less racial trust disparity in later evaluations. Further, we expected that greater connectivity
between these regions would correspond with less racial trust disparity,
reﬂecting bias-related behavior as dynamically driven by perceptual
and affective processes. In contrast, given the association between
amygdala response to Black versus White faces and threat (Chekroud
et al., 2014), we expected greater amygdala activity toward Black versus
White faces to underlie more racial trust disparity later. In contrast, we
anticipated more fusiform or lateral prefrontal activity toward Black
versus White faces to correspond with less later racial differentiation
disparity given perceptual and cognitive contributions to differentiation. We also expected that more connectivity between regions
reﬂecting these processes would correspond with less racial differentiation disparity.
Methods
Participants
Thirty right-handed White adults with no history of neurological
problems (18–29 years, 17 female; Mage = 21.27, SD = 2.38) recruited
from Indiana University participated and provided informed consent.
This sample size was derived on the basis of past neuroimaging studies
on race perception (for a review of these studies, see Amodio, 2014).
The Indiana University IRB approved this study. Participation was completed over a pre-testing day and a separate scanning day.
Procedure
Pre-testing
Participants completed an extensive fMRI screening and measures
relevant to the present task and others in the laboratory. The behavioral
measures completed in the lab included the Implicit Association Test
(IAT) for race (Greenwald and Banaji, 1995; Greenwald et al., 2003) –
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which uses reaction time (RT) to quantify implicit race bias – the Attitudes Toward Blacks (ATB; Brigham, 1993) – which measures explicit
attitudes toward Black individuals (with higher scores indicating increased explicit anti-Black bias) – and Internal (IMS) and External
(EMS) Motivation to Respond Without Prejudice (Plant and Devine,
1998) – which assesses how motivated people are by internal and external, respectively, sources to not appear prejudiced (with higher
scores indicating increased motivation).
For the IAT, participants viewed 20 male faces (10 Black and 10
White not used in the full experiment) and 20 words (10 pleasant and
10 unpleasant) and categorized them in a stereotypically congruent
(e.g., a pleasant word paired with a White face) or incongruent (e.g., a
pleasant word paired with a Black face) way. The IAT followed the
seven-block protocol described in Greenwald et al., 2003. Congruent
and incongruent blocks were presented in a pseudorandom order,
meaning half of the participants saw the congruent block ﬁrst and half
saw the incongruent block ﬁrst. After removing trials less than 200 ms
and over 3000 ms, we used IAT D (Greenwald et al., 2003), which divides the RT difference between incongruent and congruent blocks by
the standard deviation of all latencies, as a measure of implicit race
bias. See Table 1a for descriptive statistics on these measures.
Scanning
Participants completed the fMRI study described below as well as a
separate study that did not concern race perception. The order in
which participants completed these studies was counterbalanced. Participants made age judgments in response to each face during the
fMRI race task (in order to ensure they were attending to the stimuli)
and were therefore unaware that the purpose of this study was to assess
race-based differences in perceived trust. After scanning, participants
rated all faces from the race fMRI study on their trustworthiness and
stereotypicality in a self-paced task. Ratings were collected on a
7-point scale (e.g., 1 = not at all trustworthy to 7 = very trustworthy).
The order of making trustworthiness and stereotypicality ratings was
counterbalanced among participants.
fMRI stimuli and task
Ninety Black and 90 White young male faces with neutral expressions were drawn from the Eberhardt Face Database (http://www.
stanford.edu/group/mcslab/cgi-bin/wordpress/examine-the-research/),
a database used in prior racial trust disparity research (Stanley et al.,
2011). Prior online ratings of 35 individuals who rated the Black faces
and 33 who rated the White faces showed the selected Black and
White faces did not differ in their attractiveness, p = .76. Prior online
ratings of 19 individuals who rated the Black faces and 19 who rated
the White faces were used to categorize faces as stereotypically low, medium, or high with respect to their race. Although stereotypicality could
promote differentiation to an extent, the stereotypicality manipulation

was of interest for a separate study and not relevant to testing the
present hypotheses. No interactive effects of stereotypicality with race
occurred in the discussed regions. As such, stereotypicality will not be
discussed in further depth here because it is beyond the scope of this
paper. However, faces varying on stereotypicality were modeled separately in our ﬁrst-level design matrix given that they were built into
the study design.
The task was modeled as an event-related design over two runs lasting three minutes (90 TRs) each. Participants viewed images (45 Black
and 45 White faces in each run, as well as 15 instances of a Black and
White randomly checkered visual noise image) for 1 s each. The noise
image was included for the option of comparing face-related brain activity to non-face visual stimuli, but this comparison was not used in
the present analyses. Images were randomly presented, and all conditions were equally represented in both runs. The order of stimuli and
ﬁxations were created using a random number generator and by manual inspection to verify that no two stimuli of the same type (e.g., low
stereotypicality Black faces) appeared twice in succession and that no
stimuli of the same race appeared more than three times in succession.
For each trial, participants categorized whether they thought a face was
younger or older than 24 years old during the 1-s presentation of the
face. The goal of these ratings was to identify brain regions engaged
when participants made categorical judgments non-speciﬁc to race
about Black and White faces. Because in everyday life individuals do
not typically make explicit race judgments on Black and White individuals (e.g., “is this person Black or White?”), the fMRI race literature typically uses such judgments during fMRI tasks (e.g., Cunningham et al.,
2004; Hart et al., 2000; Richeson et al., 2003). Age categorization is
one such task in which individuals evaluate individuals without explicitly evaluating their race (e.g., Ronquillo et al., 2007; Wheeler and Fiske,
2005) .
Periods of jitter, in the form of a ﬁxation cross at the center of the display, ranged from 1 to 7 s and were pseudorandomly presented
throughout the task. More speciﬁcally, there were ﬁve 1-s ﬁxations,
six 3-s ﬁxations, four 5-s ﬁxations, and 2- to 7-s ﬁxations in each run
(Mjitter = 3.35 s; SD = 2.03), with 8 s of ﬁxation at the beginning and
10 s at the end, for a total of 75 s of ﬁxation and 105 s of stimulus presentation during the task. Four dummy scans were also included at
the start of each run in order to allow for stabilization of the scanner signal. These were excluded from analyses.
Participant responses were monitored to ensure attention during
the task. Suggesting sufﬁcient attention to the task, participants
responded to an average 171.63 (SD = 8.32) of 180 trials for an average
response rate of 95.35% (SD = 4.62%). Participants responded that a face
was younger than 24 an average of 93.27 times (SD = 21.08), and 78.37
times (SD = 20.45) that a face was older than 24. Before scanning, participants completed ten 1-s practice trials during which they made age
judgments of ﬁve Black and ﬁve White female faces. These faces were
unique from those used during the scanner task.

Table 1
Behavioral data summary.
A. Mean (SD) values for dependent variables and questionnaire measures
Racial trust disparity

Racial differentiation disparity

IAT D

ATB

IMS

EMS

.20 (.65)

.02 (.04)

.43 (.36)

43.52 (12.15)

38.28 (6.10)

29.66 (9.94)

Racial differentiation disparity

IAT D

ATB

IMS

EMS

.06

.39⁎
−.001

.57⁎⁎
−.29
.29

−.28
.46⁎
−.25
−.72⁎⁎

.19
.12
.21
.27
−.08

B. Correlations (r) between dependent variables and questionnaire measures

Racial Trust Disparity
Racial Differentiation Disparity
IAT D
ATB
IMS
⁎ p b .05.
⁎⁎ p b .01
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Data acquisition and analysis
Whole-brain imaging was performed on a Siemens 3.0T TIM Trio
MRI scanner at the Indiana University Imaging Research Facility in
Bloomington, Indiana. Anatomical images were acquired with a highresolution 3-D magnetization prepared rapid gradient echo sequence
(224 slices, TE = 3.02 ms, TR = 2200 ms, ﬂip angle = 9°,
.8 × .8 × .8 mm voxels). Functional images were collected over two
runs of 90 time points each, using a fast ﬁeld echo-planar sequence sensitive to blood oxygen level-dependent contrast (T2*; 32 slices with
3.5 mm thickness and 3.5 mm skip, TR = 2000 ms, TE = 30 ms, ﬂip
angle = 70°).
Preprocessing and analyses of functional data were conducted in
SPM8 (Wellcome Trust Centre for Neuroimaging, London, UK). Images
were slice-time corrected, realigned to correct for motion, normalized
to the MNI (Montreal Neurological Institute) template, and smoothed
using a 8-mm FWHM isotropic Gaussian kernel. Data were resampled
to 3 mm-isotropic voxels in a 96 × 96 matrix. Using custom artifact detection software to detect motion artifact (http://www.nitrc.org/
projects/artifact_detect), runs were analyzed on a participant-byparticipant basis to detect outlier time points. We excluded volumes
during which participant head motion exceeded 1 mm and volumes in
which the overall signal for that time point fell three standard
deviations outside the mean global signal for the entire run. Outlier
time points were excluded from the GLM analysis via the use of
participant-speciﬁc regressors of no interest. A general linear model incorporating the seven image types and covariates of no interest (a session mean, a linear trend, six movement parameters derived from
realignment corrections), computed parameter estimates (β), and tcontrast images (containing weighted parameter estimates) for each
comparison at each voxel and for each participant.1 In the GLM, event
duration was modeled as 1 s to account for the entire presentation of
each stimulus.

Whole-brain analyses
In order to determine how brain activity to Black over White faces
varied with race-related behavior, we created the contrast
[Black N White] for each participant. First-level [Black N White] images
were submitted to the second-level covariate analyses. Participantlevel covariates of interest were racial trust disparity (indicated by
post-task ratings; see below for calculation) and racial differentiation
disparity (indicated by post-task ratings; see below for calculation).
Consistent with the little prior work on the neural correlates of race differences in trust, peak coordinates were identiﬁed by an extent threshold of 15 contiguous voxels (resampled) exceeding a voxel-wise
threshold of p b .005 (Stanley et al., 2012). One-thousand Monte Carlo
simulations indicated this provided a corrected experiment-wise
threshold of p b .05. This method (described in Slotnick et al., 2003)
has been used in numerous social cognition studies. We identiﬁed the

1
We analyzed RTs to age decisions in a 2 (Race: Black, White) x 2 (Age: younger, older)
repeated-measures ANOVA. No main effects of Age or Race emerged, ps N .91. An unexpected Age x Race interaction emerged, F(1, 29) = 9.29, p = .01, η2p = .24. Participants
had longer RTs toward Black faces categorized as younger (M = 683.84, SD = 71.39) versus older (M = 653.90, SD = 54.28), F(1, 29) = 4.41, p = .05, η2p = .13. In contrast, participants had longer RTs toward White faces categorized as older (M = 683.91, SD = 62.90)
versus younger (M = 655.65, SD = 45.63), F(1, 29) = 5.25, p = .03, η2p = .15. Critically, the
differences in RTs for younger versus older faces for both Black and White faces did not
correlate with racial trust disparity, racial differentiation disparity, IAT D, IMS, EMS, or
ATB, ps N .12. To further verify that age categorization did not inﬂuence later trustworthiness evaluations by race, we tested for the presence of an Age (younger, older) x Race
(Black, White) interaction on trustworthiness evaluations. No interaction emerged,
F b 1, p = .55. These analyses suggest that the age categorization task did not unduly inﬂuence trustworthiness evaluations by race. Thus, consistent with prior race perception
work using simple categorization tasks (e.g., Hart et al., 2000; Ronquillo et al., 2007;
Wheeler and Fiske, 2005), we did not include age decisions or reaction times (RTs) to these decisions in our ﬁrst-level model.
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anatomical location and Brodmann area of each emergent region
using the Automated Anatomical Labeling atlas (Tzourio-Mazoyer
et al., 2002) within MRIcron (Rorden and Brett, 2000). To justify and
aid in our interpretation of emergent activated regions, we used
NeuroSynth (www.neurosynth.org; Yarkoni et al., 2011) to verify that
similar activations found in other experiments reﬂected the hypothesized perceptual, affective, and cognitive processes.
Psychophysiological interaction analyses
Psychophysiological interaction (PPI) analyses performed using gPPI
(http://www.nitrc.org/projects/gppi) (McLaren et al., 2012), examined
functional connectivity from seed regions identiﬁed by the wholebrain analyses (described below) also varying with individual differences in race-related behavior. The deconvolved time series from a
6 mm radius spheres around the coordinates of these seed regions
were extracted from each participant. First-level images were entered
into the second-level covariate analyses to identify regions whose functional connectivity to seed regions varied by race-related behavior
when perceiving Black versus White faces. We again identiﬁed regions
with an extent threshold of 15 contiguous voxels (resampled) exceeding a voxel-wise threshold of p b .005 for a corrected experiment-wise
threshold of p b .05.
Results
Racial trust disparity
Behavior
Like prior work (Stanley et al., 2011), we standardized ratings for
each participant around their mean rating. A paired-samples t-test revealed no overall difference in the perceived trustworthiness of White
faces (M = .10, SD = .33) and Black (M = −.10, SD = .33) faces,
t(29) = 1.67, p = .11, replicating prior work (Stanley et al., 2011). We
subtracted the mean of standardized ratings of Black faces from the
mean of standardized ratings of White faces to quantify relative racial
trust disparity in each participant. Critically replicating prior work
(Stanley et al., 2011), individuals with more implicit race bias expressed
more racial trust disparity, r(28) = .39, p = .03, 95% CI [.035 .66]
(Fig. 1a). See Table 1b for correlations between dependent variables
and questionnaires.
fMRI
We ﬁrst assessed regions whose response to Black vs. White faces
varied by individual differences in racial trust disparity in a covariate
analysis (Table 2a). Consistent with our hypotheses, this analysis revealed right orbitofrontal cortex (OFC) activation (Fig. 1b). Relatively
more activation toward Black versus White faces predicted later reduced racial trust disparity.
PPI revealed regions whose functional connectivity with the
right OFC seed (peak MNI coordinates 18, 66, 0), identiﬁed by the
above whole-brain analysis, also varied by individual differences in racial trust disparity when perceiving Black versus White faces. As predicted, functional coupling with the seed region varying by individual
differences in racial trust disparity emerged in right fusiform gyrus
(Fig. 1c, Table 2b). Simply put, more fusiform-OFC connectivity when
perceiving Black versus White faces predicted less later racial trust
disparity.
Racial differentiation disparity
Behavior
To assess the differentiation of perceived trustworthiness in Black
and White faces, we calculated the probability of discriminating between category members separately for Black and White faces using
the distribution of scale use in the trustworthiness ratings task. We calculated differentiation using the probability of differentiation (PD),
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Fig. 1. The magnitude of bias-related racial trust disparity (A) depended on individual differences in orbitofrontal response to Black versus White faces (B) and orbitofrontal-fusiform
connectivity when perceiving Black versus White faces (C).

where i is the level on the scale and P is the proportion of ratings at the
nth level (Linville et al., 1989):
P D ¼ 1−

X

P 2i

Here, PD for Black faces refers to the probability that two randomly
chosen Black faces would differ in perceived trustworthiness, and PD
for White faces refers to the probability that two randomly chosen
White faces would differ on this attribute. A paired-samples t-test revealed less differentiation of outgroup members (M = .76, SD = .05)
versus ingroup members (M = .78, SD = .05), t(29) = 2.30, p = .03,
d = .42. We subtracted the PD of Black faces from the PD of White
faces for each participant to quantify racial differentiation disparity.
fMRI
We ﬁrst assessed regions whose response to Black versus White
faces varied by individual differences racial differentiation disparity
(Table 3a). As hypothesized, activity in lateral prefrontal regions
(Fig. 2a) varied by racial differentiation disparity. Individuals with
more dorsolateral and ventrolateral prefrontal activity toward Black
versus White faces had less racial differentiation disparity later.
We ﬁrst focused our PPI analyses on the right dlPFC seed (peak MNI
coordinates: 24, 42, 21) identiﬁed by the whole-brain analysis because
its relationship with differentiation disparity was more robust than
the other emergent right dlPFC region. PPI revealed regions whose functional connectivity with the seed while perceiving Black versus White
faces varied by individual differences in racial differentiation disparity
(Table 3b). Interestingly, enhanced connectivity to the seed when perceiving Black versus White faces that varied by racial differentiation

disparity emerged in left middle cingulate cortex (Fig. 2b). Simply put,
more functional coupling between dlPFC and cingulate cortex when
perceiving Black versus White faces predicted less disparity in differentiating them later. PPI analyses from the left ventrolateral prefrontal
seed (peak MNI coordinates: − 30, 51, 3) and a second dorsolateral
seed (peak MNI coordinates: 27, 48, 15) yielded no signiﬁcant
activations.
Discussion
Distinct and separable patterns of neural activity when perceiving
race predicted later obtained racial trust disparity related to implicit
bias and racial differentiation disparity unrelated to bias. These relationships occurred even without participant awareness that they would
later rate faces on their trustworthiness. Speciﬁcally, when perceiving
race, the engagement of brain regions shown by related work to reﬂect
perceptual and affective components of race perception (Amodio, 2014)
predicted later racial trust disparity, a behavior related to implicit bias
(Stanley et al., 2011). Moreover, the engagement of brain regions previously shown to reﬂect a control-related component of race perception
(Amodio, 2010) predicted later racial differentiation disparity.
Our ﬁnding that higher implicit bias predicts more expressed racial
trust disparity replicated prior work (Stanley et al., 2011). We extended
this work by demonstrating that the OFC response to Black over White
faces predicted less racial trust disparity later. In the context of past imaging work on OFC and work showing effects of emotion on intergroup
attitudes (DeSteno et al., 2004), bias-related racial trust disparity may
potentially arise via affective responses to Black versus White faces.
Our ﬁndings extend work ﬁnding that OFC activation to different groups
reﬂects the increased liking of group members (Van Bavel et al., 2008),
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Table 2
Covariate analyses showing individual differences in racial trust disparity predicted by
neural response to Black N White faces.
Region

BA

A. Increased activation with more racial trust disparity
R inferior parietal gyrus
40
Increased activation with less racial trust disparity
L superior occipital gyrus
19
R cerebellum (crus II)
R orbitofrontal cortex
10

k

t

17

3.44

15
20
18

4.75
4.04
3.38

MNI coordinates
54, 51, 54
−18, −78, 21
51, −54, −45
18, 66, 0

B. Increased connectivity with orbitofrontal cortex (18, 66, 0) with less racial trust
disparity
Occipital lobe
R fusiform gyrus
37/19
106 4.52
24, −51, −9
L primary visual cortex
17
77 4.44
−6, −75, −6
R fusiform gyrus
20
17 3.38
33, −27, −27
R inferior occipital gyrus
19
41 3.48
45, −78, −3
Temporal lobe
R inferior temporal gyrus
20
15 4.41
63, −45, −24
L superior temporal gyrus
38
75 3.91 −51, 6, −12
R middle temporal gyrus
21
72 3.65
48, −42, −3
R superior temporal gyrus
48
55 3.60
66, −36, 24
L parahippocampal gyrus
28
20 3.58 −21, 9, −27
Parietal lobe
L angular/superior parietal inferior 39/7/40/2 1645 5.27 −24, −63, 33
parietal/postcentral gyrus/
precuneus
L inferior parietal gyrus
2
41 4.06
51, −33, 54
R superior parietal gyrus
5
45 3.63
21, −57, 54
R postcentral gyrus
43
30 3.65
57, −9, 30
Frontal lobe
L orbitofrontal gyrus
11
24 4.66 −18, 60, 9
L precentral gyrus
6
42 4.19 −48, 3, 57
8
114 3.87 −27, 18, 51
L middle frontal gyrus
R precentral gyrus
6
32 3.62
42, −9, 48
R middle frontal gyrus
46
15 3.59
48, 54, 0
L middle frontal gyrus
45
45 3.51 −45, 36, 36
R inferior frontal operculum
44
21 3.47
45, 21, 36
Subcortical
R pallidum
60 4.23
15, −3, 6
R putamen
25 3.80
30, −18, 12
L caudate/putamen
32 3.70 −18, 6, 12
Other
R cerebellum
71 3.79
42, −69, −24

by suggesting that more evaluation of Black relative to White faces may
signal similar trustworthiness evaluations of these faces later.
Supporting a role for OFC in trustworthiness evaluation, and reﬂecting
a critical role for OFC in affective processing (Murray and Izquierdo,
2007), individuals with OFC lesions have difﬁculty using facial cues to
make approachability judgments (Willis et al., 2010). Complementing
this work, OFC activity uniquely decodes the perception of Black from
White faces during affect-based friendship judgments, and the extent
of its decoding correlates with evaluative (i.e., assessing race-valence
associations) but not stereotyping (i.e., assessing race-stereotype associations) bias (Gilbert et al., 2012). Because participants were unaware
they would evaluate trustworthiness after scanning, our ﬁndings
uniquely show a robust relationship in how the brain perceives race
and later explicit trustworthiness evaluations that potentially bypass
cognitive control. This is a critical distinction because it suggests that individual differences in controlled processes do not affect all bias-related
behaviors. Although participants were unaware of our focus on trustworthiness evaluations, however, control processes could have been
engaged regardless given the fact that we presented only Black and
White faces. This presentation may have raised participants' potential
awareness of our interest in race, which resulted in increased engagement in race-related control regions.
Enhanced OFC-fusiform coupling when perceiving Black versus
White faces also predicted less later racial trust disparity. A wide body
of literature implicates the fusiform in perceptual face processing
(Ishai et al., 2005), with responses decoding race in high, but not low,
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Table 3
Covariate analyses showing individual differences in racial differentiation disparity predicted by neural response to Black N White faces.
Region

BA

k

t

A. Increased activation with more differentiation disparity
R inferior occipital gyrus
19
23
4.07
L middle temporal gyrus
21
17
3.91
R middle occipital gyrus
39
15
3.88
Increased activation with less differentiation disparity
L ventrolateral prefrontal cortex
47
26
3.98
R dorsolateral prefrontal cortex
46
40
3.84
R dorsolateral prefrontal cortex
46
18
3.33

MNI coordinates
33, −81, −9
−45, −39, −3
36, −66, 24
−30, 51, 3
24, 42, 21
27, 48, 15

B. Increased connectivity with dorsolateral prefrontal seed (24, 42, 21) with less
differentiation disparity
Frontal lobe
L middle cingulate gyrus
6/24
54
5.04
−12, −18, 48
L rectus gyrus
11
27
5.01
0, 60, −18
L precentral gyrus
6
102
4.96
−27, −6, 45
R precentral gyrus
4
27
3.97
36, −27, 57
R precentral gyrus
6
47
3.41
51, −6, 48
Parietal lobe
R postcentral gyrus
4
38
4.41
39, −27, 42
Temporal lobe
R inferior temporal gyrus
20
36
3.37
51, −15, −18
L superior temporal gyrus
20
36
3.37
−51, −6, −9
R middle temporal gyrus
21
17
3.34
54, 3, −24
Occipital lobe
L lingual gyrus
27
48
4.40
−15, −39, −3

bias perceivers (Brosch et al., 2012) and suggesting that less activity toward Black faces versus White begets their being processed as less
“face-like” among White perceivers (Kubota et al., 2012). If OFC activity
toward group members reﬂects affective processing in terms of liking
(Van Bavel et al., 2008), coupling with regions implicated in enhanced
perceptual processing of faces while merely perceiving race suggests
that augmented perceptual-affective processing during race perception
has critical implications for the later bias-related evaluations of faces in
that they potentially reduce racial trust disparity. It is critical to note,
however, that the racial trust disparity measured here reﬂects an evaluative race bias versus a bias based on stereotype application. Indeed,
these differing implicit biases have distinct neural correlates (Amodio,
2014). Although we cannot rule out that demonstrated racial trust disparity resulted from stereotype application, the present results should
be interpreted as a neural basis for individual differences in evaluative
race biases.
Beyond revealing mechanisms for bias-related racial trust disparity,
these data revealed that in the context of the same task, a unique neural
signature predicts later race disparities unrelated to bias. Speciﬁcally,
enhanced activity in dlPFC activity, a region widely identiﬁed in simple
race perception tasks (Cunningham et al., 2004), linked to greater control of stereotypic responses to race (Amodio, 2010), and maintaining
control more broadly (MacDonald et al., 2000) predicted less later racial
differentiation disparity. People differentiate outgroup less than
ingroup members (Linville et al., 1989), a ﬁnding replicated in our behavioral results. Differentiating between faces requires sufﬁcient motivation and control (Hills and Lewis, 2006), suggesting that individual
differences in regions implicated in both race perception and cognitive
control should predict the relative differentiation of later trustworthiness evaluations of Black relative to White faces. Theoretical models of
prejudice suggest that a ﬁrst step in reducing prejudice is to foster
more motivated individuated (i.e., differentiated) thinking about others
(Fiske and Neuberg, 1990). Although bias and racial trust disparity were
unrelated to racial differentiation disparity here, our neuroimaging results point to a possible intervention for future research to investigate
that examines motivating participants to differentiate faces in order to
potentially reduce overall racial trust disparity. Motivation to perceive
people as individuals decreases the application of stereotypes to
other-race faces (e.g., Blair, 2002). Motivation to perceive people as
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Fig. 2. The magnitude of racial differentiation disparity depended on individual differences in dorsolateral prefrontal response to Black versus White faces (A) and dorsolateral prefrontalcingulate connectivity when perceiving Black versus White faces (B).

individuals may thus decrease overall racial disparity, although whether
this would subvert the inﬂuence of implicit bias on disparity is unclear.
Future research should directly test this intervention's effects on both
behavior and associated neural response.
Functional coupling between dlPFC and the middle cingulate cortex
when perceiving Black versus White faces predicted less racial differentiation disparity. Although we initially predicted coupling between
dlPFC and other prefrontal regions typically implicated in cognitive control, coupling with cingulate may be tentatively interpreted within the
context of prior work. The middle cingulate activates when individuals
monitor changes in stimulus faces (Lee et al., 2012) and encode faces
more broadly (Haxby et al., 1996; Ng et al., 2006), processes that contribute to individuation (Fiske and Neuberg, 1990). Future work should
be designed to more closely examine a potential link between face differentiation and individuation-related processes reﬂected in neural activity. Of interest would be to determine whether a control-based
mechanism predicting later racial differentiation disparity acts through
individuation-related processing.
Curiously, the data did not evidence amygdala activation covarying
with racial trust disparity as predicted. Prior work has found that the
amygdala activates in the presence of very trustworthy and very untrustworthy faces (Said et al., 2009). At the same time, the amygdala
also engages to Black versus White faces with very brief presentations
(Cunningham et al., 2004) or responses that scale with implicit bias
(Phelps et al., 2000). At ﬁrst blush, it may seem curious that amygdala
activity did not predict later racial trust disparity. Based on the literature, however, this may not have occurred for several reasons. First,
that the Black and White faces in the present study did not differ in
overall trustworthiness and that the amygdala tracks extreme instances
of trustworthiness may have prohibited emergent amygdala response.
Second, prior work ﬁnding race-related amygdala response in an
event-related design has done so using very brief presentations, and
not for stimulus durations similar to the 1-s duration used here
(Cunningham et al., 2004). Third, while amygdala response to race
may represent social group information via detection, it does not reﬂect
race-based information that shapes trust decisions (Stanley et al., 2012).
The absence of amygdala response does not mean that its activation
does not contribute to racial trust disparity, however. While the present
study offers initial insight into how brain activity corresponds with later
racial trust disparity, future work should examine a more exact time
course of this relationship to further elucidate neural contributions to
behavior.
The present task found evidence for unique neural signatures within
the race perception network predicting bias-related racial trust

disparity and racial differentiation disparity obtained from the same
task. However, it is important to note that these ﬁndings should be
kept in the context of race disparities related to aspects of trustworthiness ratings. For instance, just because dlPFC activity contributed to racial differentiation disparity and was unassociated to bias-related race
disparities here, it does not suggest that dlPFC activity never predicts
bias-related behaviors. Illustrating the importance of task context in
interpreting race disparities, prior work on interracial contact shows
that individuals with higher versus lower levels of implicit bias have
more interference on the Stroop task, which draws upon controlled processing, after participating in interracial interactions (Richeson and
Shelton, 2003). Future studies may show that different components of
the race perception network are sensitive to bias or not depending on
task context. However, the present work critically shows that dissociable aspects of the race perception network underlie later obtained in
bias-related and differentiation-based race disparities associated with
trustworthiness. These dissociations have critical implications for the
development of strategies targeted to speciﬁcally reduce racial trust disparity and racial differentiation disparity.
It is also important to note that although the a priori regions of interest discussed here (i.e., OFC, fusiform, and dlPFC) are well-characterized
in terms of race perception (Amodio, 2014), they are also implicated in
processes beyond those discussed here. To justify the interpretation of
these ﬁndings, we veriﬁed that the locations of emergent regions were
involved in face processing, affective processing, and cognitive control,
respectively, via a large database of neuroimaging studies (Yarkoni
et al., 2011). We speciﬁcally veriﬁed that the regions activated in the
present task had also been activated by tasks manipulating face processing, affective processing, and cognitive control. This suggests that
interpreting our ﬁndings in the context of perceptual, affective, and cognitive processing is appropriate. However, future work on race and
trustworthiness evaluation can verify the nature of the present ﬁndings
by manipulating these processes and by studying the effects of these
manipulations on the relationship between brain activity and later aspects of trustworthiness evaluation. It would also be worthwhile to examine whether these contributions to later behavior are causal by
testing the relationship of different activation patterns to online trustworthiness evaluations.
Trustworthiness evaluations and their differentiation among racial
minorities have critical implications for intergroup interactions, particularly for cross-racial empathy. Indeed, prior ERP work has found disparity in components of empathy by race (Sessa et al., 2014). Critically,
increased other-race contact reduces the association of racial bias with
race disparities in empathy (Avenanti et al., 2010; Cao et al., 2015),
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and also impacts neural responses to race (Cloutier et al., 2014). Because
people have stronger empathic responses to those who look trustworthy (Sessa and Meconi, 2015), increased other-race contact may potentially alter neural response to race in a way that decreases racial trust
disparity and also reduces race disparity in empathy. By revealing distinct neural mechanisms that support later aspects of disparities in
trustworthiness evaluation, the present data enhance our knowledge
of the neural correlates of race perception and related behavior. The understanding gained from these ﬁndings can be leveraged by future work
to reduce the pernicious societal consequences of race disparities in social cognition.
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