
A R T I C L E S

Daily life requires regular contact with individuals from different
demographic groups. Recent research suggests that brief interactions
with people from different racial groups can be disquieting and, some-
times, even psychologically threatening1,2. In addition to being awk-
ward, interracial interactions have been found to impair performance
on tasks requiring response inhibition, especially for individuals who
harbor relatively high levels of racial bias3. Specifically, the extent to
which white individuals reveal bias on an unobtrusive measure of racial
attitudes predicts the interference they exhibit on the Stroop color-
naming task after interacting with black, but not white, individuals.

This study examined one putative mechanism for the impact of
interracial contact on executive function; namely, resource 
depletion. This theory is based on the proposition that executive
attention is a limited, renewable resource that can be depleted tem-
porarily4,5. Performing a task that requires executive control impairs
performance on subsequent tasks that tap the same resource4–6.
How does this relate to interracial interactions? Considerable
behavioral research attests to the recruitment of central executive
processes to combat the expression of stereotypes and negative atti-
tudes that often come to mind automatically and unintention-
ally7–9. Moreover, previous research shows that white individuals
with higher levels of racial bias are particularly likely to activate neg-
ative stereotypes automatically upon exposure to black faces10.
According to resource depletion, therefore, executive control after
interracial interactions should be disrupted in proportion to indi-
viduals’ engagement of executive control processes, such as response
inhibition11, during the interaction.

Given the focus of the proposed resource depletion model on the
mediating role of executive control, we based the present investiga-
tion on emerging literature in cognitive neuroscience that has identi-
fied a complex circuit of brain structures—consisting, in part, of
dorsolateral prefrontal cortex (DLPFC) and anterior cingulate cortex
(ACC)12–19—that supports executive control. Specifically, research
suggests that DLPFC functions to maintain an attentional set by
modulating activity within posterior processing systems in a manner
that favors the selection of task-relevant processes16,20,21 (but see ref.
22), whereas the ACC monitors for the presence of conditions in
which control may be necessary, as in the conflict between intentional
and pre-potent responses12,13,23. Furthermore, recent imaging and
patient research suggests that executive function in humans is likely to
involve both ventral and dorsolateral PFC regions in both hemi-
spheres24–32. The right middle frontal gyrus of DLPFC, for instance,
has been associated with response inhibition in the go/no-go
task16,18,33,34, as well as the inhibition of imitative behavior35.

Because it is not yet feasible to measure brain activity during actual
face-to-face interracial interactions, we used fMRI to assess neural
activity in response to photographs of unfamiliar, black faces as a
proxy. That is, neural activity during the display of photographs was
expected to reflect meaningful aspects of the cognitive processes
engaged during an interracial interaction. Specifically, we investigated
individual differences in the activity of both left and right lateral PFC,
as well as ACC, in response to photographs of black faces, compared
to photographs of white faces. In accordance with the proposed
mechanism, we found that activity in lateral PFC and ACC varied sys-
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We investigated whether individual differences in racial bias among white participants predict the recruitment, and potential
depletion, of executive attentional resources during contact with black individuals. White individuals completed an unobtrusive
measure of racial bias, then interacted with a black individual, and finally completed an ostensibly unrelated Stroop color-
naming test. In a separate functional magnetic resonance imaging (fMRI) session, subjects were presented with unfamiliar black
male faces, and the activity of brain regions thought to be critical to executive control was assessed. We found that racial bias
predicted activity in right dorsolateral prefrontal cortex (DLPFC) in response to black faces. Furthermore, activity in this region
predicted Stroop interference after an actual interracial interaction, and it statistically mediated the relation between racial bias
and Stroop interference. These results are consistent with a resource depletion account of the temporary executive dysfunction
seen in racially biased individuals after interracial contact.
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A R T I C L E S

tematically as a function of scores on a measure of racial bias.
Furthermore, we found that individual differences in brain activity in
lateral PFC and ACC in response to black faces predicted Stroop per-
formance after interracial contact. Lateral PFC activity was found to
statistically mediate the relation between racial bias and Stroop
impairment after interracial, but not same-race, dyadic interactions.

Experiment 1
Our first experiment focused on the neural activity in regions impli-
cated in executive control, and its correlations with individual differ-
ences in racial bias, as well as differences in performance on a
behavioral task of response inhibition after interracial contact. The
primary question was whether neural activity in brain regions
known for their participation in cognitive control mediates the rela-
tion between racial attitude bias and inhibitory task performance
after interracial contact.

RESULTS
Session 1
Preliminary analyses revealed that racial bias scores ranged from +65 ms
to +390 ms (mean = 249) and Stroop interference scores ranged from
–29 ms to +212 ms (mean = 85). In replication of our previous work3,
individuals with greater bias revealed greater impairment on the
Stroop task than individuals with lower bias, r13 = 0.67, P < 0.01.

Session 2
Correct responses in the spatial location task during the fMRI session
were at ceiling for both black and white faces, and there were no dif-
ferences in mean RTs (mean = 466.2 ms and 441.7 ms, respectively;
t14 = 1.18, P > 0.25). Initial results revealed that BOLD signal intensi-

ties were significantly greater in response to black faces compared to
white faces (P < 0.005 corrected, see Table 1) in several PFC regions.
Significant activations were revealed in regions of both right and left
lateral PFC, as well as in the ACC (Fig. 1). These findings suggest that,
as a group, participants engaged cognitive control brain regions to a
greater extent upon exposure to faces of black males compared to
faces of white males, despite the fact that the task did not explicitly
require cognitive control.

Recall, however, that our primary interest was not in differences
between activity in response to black compared to white faces;
instead, we were interested in the relations among neural activity,
racial bias and Stroop impairment after interracial contact.
Specifically, the present work examined whether neural activity in
response to black faces in brain regions implicated in cognitive con-
trol statistically mediates the relation between racial bias and Stroop
impairment after interracial contact. Three sets of analyses are
required in order to establish statistical mediation36. Analyses must
address the following: (i) whether racial bias predicts activity in lat-
eral PFC and ACC during the presentation of black faces (ii) whether
activity in these regions during the presentation of black faces pre-
dicts inhibitory task performance after interracial contact; and (iii) if
the correlation between racial bias and Stroop impairment is reduced
when the variance associated with the proposed mediator (i.e., neural
activity) is accounted for.

To consider these conditions of mediation, we conducted region of
interest (ROI) analyses for the brain regions that revealed significant
activation in our black compared to white contrast (Table 1).
Specifically, we extracted the mean percent signal change associated
with the presentation of black faces compared to baseline, and white
faces compared to baseline, in each of these regions, for each partici-
pant, and then examined their correlations with participants’ IAT and
Stroop scores. One-tailed significance levels are reported for the cor-
relations reflecting our a priori hypotheses.

Correlations between racial bias and neural activity
Results revealed that racial bias scores predicted signal intensities
in response to black faces within a region of the ACC extending
into right medial frontal gyrus (BA 32; x, y, z: 6, 39, 33; r = 0.44,
P = 0.05). Furthermore, neural activity in the right middle frontal
gyrus of DLPFC (BA 9; x, y, z: 39, 48, 27) was significantly corre-
lated with IAT scores (r = 0.53, P < 0.05). These regions within the
right ACC and right DLPFC were relatively more active, upon
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Figure 1 Statistical activation map of black faces > white faces contrast,
showing regions in right and left middle frontal gyri, as well as right anterior
cingulate cortex. See Table 1 for coordinates.

Figure 2 Scatterplots of significant correlations between racial bias and neural activity. (a) Right anterior cingulate (6, 39, 33); (b) right middle frontal
gyrus of DLPFC (39, 48, 27).
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A R T I C L E S

exposure to black faces, for individuals with higher racial bias
scores (Fig. 2a,b). Importantly, neither signal intensities in right
DLPFC, nor those in this region of ACC, in response to white faces,
reliably predicted IAT scores (r = 0.22 (DLPFC) and 0.17 (ACC);
both P > 0.40). No other significant correlations between neural
activity and IAT scores emerged (all r < 0.30).

Correlations between neural activity and inhibitory performance
We tested whether the neural activity in response to viewing black
faces in the ROIs that showed significant correlations with IAT scores
(i.e., right middle frontal and right ACC) also predicted individuals’
post-interaction Stroop performance. Results revealed that activity in
the right middle frontal gyrus predicted Stroop interference after the
interracial interaction (Fig. 3; r = 0.69, P < 0.01), as did right ACC
activity (r = 0.47, P < 0.05). Thus, both right DLPFC and ACC activity
in response to black faces correlated with individuals’ Stroop impair-
ment after a face-to-face interracial interaction. Activity in response
to viewing white faces in these regions did not reliably predict Stroop
impairment (r = 0.29 (DLPFC) and 0.03 (ACC), respectively).
Consistent with resource depletion, these findings indicate that indi-
vidual differences in the neural response to black faces in brain
regions specifically implicated in the efficient inhibition of pre-potent
responses16,18,33–35 reliably predict individual differences in impair-
ment on a task that requires the inhibition of pre-potent responses.

Tests of mediation
We conducted regression tests of mediation36 on the neural activity
in response to black faces of the right middle frontal gyrus ROI 
(BA 9; 39, 48, 27) and the right ACC ROI (BA 32; 6, 39, 33). We used
the neural activity to black faces compared to baseline in the present
analyses, as it is likely to reveal activation most similar to the experi-
ence of interacting with an unfamiliar black male. Results showed
evidence of mediation by right DLPFC, but not ACC. Specifically, in
a regression in which both IAT bias scores and right middle frontal
activity were included as predictors of Stroop interference, neural
activity remained a reliable predictor (b = 180.6, P < 0.05), and the
effect of racial bias on Stroop interference decreased significantly
(from r = 0.67 to r = 0.50; Sobel test Z = 1.66, P < 0.05).
Consequently, the present results are consistent with the hypothesis
that racial bias predicts Stroop impairment after interracial interac-
tions because of resource depletion.

Experiment 2
Although the findings of the first experiment offered considerable
evidence for the resource depletion mechanism, a comprehensive
examination must consider whether neural activity in the regions
identified in experiment 1 also predicts cognitive inhibitory per-
formance after same-race interactions. We examined this question
in experiment 2. Again, racial bias was expected to predict neural
activity to black faces, but neural activity was not expected to pre-
dict Stroop impairment after same-race contact. Consistent with
previous work3, the correlation between IAT bias and Stroop inter-
ference after same-race interactions did not approach statistical
significance, r13 = –0.07, P > 0.40.

Correlations between racial bias and neural activity
In replication of the findings of experiment 1, planned comparisons
showed that IAT scores predicted signal intensities in response to
black faces in both the right ACC (r = 0.70, P < 0.005) and the right
middle frontal gyrus (r = 0.50, P < 0.05). Moreover, activity in
response to white faces in these regions did not correlate reliably with

IAT scores (r = –0.13 and 0.24, respectively; P > 0.05). Thus, racial
bias scores predicted the response to black faces of the same regions
within right DLPFC and right ACC found in experiment 1.

Correlations between neural activity and inhibitory performance
Consistent with predictions and in contrast to experiment 1, neither
right middle frontal gyrus activity, nor right ACC activity, in response
to black faces, reliably predicted Stroop interference after same-race
interactions (r = –0.07 and 0.06, respectively; both P > 0.40). Thus,
the present results indicate that the proposed mechanism for the
impact of racial bias on inhibitory performance after interracial inter-
actions does not generalize to same-race interactions.

Coupled with the findings of experiment 1, the present data offer
considerable support for resource depletion as a viable mechanism
through which interracial contact impairs executive function.
Specifically, we found that racial bias predicted brain activity in a
region distinctly involved in the inhibition of pre-potent responses
(i.e., right middle frontal gyrus of DLPFC) during the presentation of
black, but not white, faces. Moreover, right middle frontal activity to
black faces predicted the extent to which individuals were impaired
on the Stroop task, after having interacted with a black individual
during an independent testing session, but not after having interacted
with a white individual. Furthermore, when both racial bias scores
and activity in right middle frontal gyrus were considered in one
model as predictors of Stroop interference after interracial contact,
brain activity remained a reliable predictor, and the effect of racial
bias was reduced—suggestive of partial mediation.

DISCUSSION
The present work considered, and found evidence for, one putative
mechanism for the impact of interracial contact on inhibitory task
performance. That is, our data supported resource depletion as a
viable mechanism through which interracial contact temporarily
impairs executive function. We used experimental behavioral data in
tandem with fMRI data collected during a separate testing session to
examine a theoretical model of the effect of social behavior on cogni-
tion. Social cognitive neuroscience approaches, such as this one, may
soon prove useful for testing the plausibility of mechanisms that have
been proposed for any number of psychological phenomena (see 
ref. 37 for a similar argument), as well as highlight the relevance of
research in cognitive neuroscience to social behavior.

One puzzling facet of the present findings is that neural activity in
the right middle frontal gyrus of DLPFC was a statistical mediator of
Stroop performance after interracial contact, but activity in ACC was
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Figure 3  Stroop interference by right middle frontal gyrus activity (39, 48, 27).
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not. Although it is unclear what role each region plays in the control
of pre-potent behaviors, some work suggests that DLPFC is involved
in exacting control, whereas ACC is responsible for monitoring the
need for control16. Consequently, the partial dissociation between
these two regions found in the present work could suggest that actu-
ally engaging in cognitive control during interracial contact, rather
than simply monitoring the need for control, may be primarily
responsible for the subsequent executive dysfunction. As this explana-
tion is only speculative, future research is needed.

One intriguing aspect of the present findings is the emergence of
a positive correlation between racial bias scores and the recruitment
of executive control regions upon exposure to black faces. Although
this finding is somewhat counter-intuitive, it must be interpreted
within the context of contemporary societal norms in which it is
unacceptable to show prejudice. Furthermore, many individuals
who generate high scores on subtle measures of racial bias endorse
egalitarian values and aspire to behave in nonprejudiced ways38.
Coupled with previous findings that racial bias predicts the auto-
matic activation of negative stereotypes10, our results suggest that
individuals with high scores on subtle measures of racial bias may
put forth additional effort to control their thoughts and behaviors
in order to live up to their egalitarian, nonprejudiced values. As
interracial contact becomes increasingly involuntary, therefore, the
present results suggests that harboring racial bias may be maladap-
tive to optimal cognitive functioning.

METHODS
Experiment 1
Participants. Fifteen healthy white American undergraduates (8 female; mean
age = 20.5 years), all right handed, with normal or corrected vision, provided
written, informed consent to participate in this study for a combination of
partial course credit and monetary compensation ($20).

Session 1: behavioral testing. Before the fMRI session, participants were met
by a white experimenter who took them to a laboratory testing room where
they began a study entitled “Serial Cognition: the influence of one cognitive
task on a subsequent task when there is a delay between the two.” Similar to
our previous study3, the first cognitive task was the implicit associations test39

(IAT) that served as an unobtrusive measure of racial bias. Next, participants
engaged in an ostensibly unrelated 5-min session with a black experimenter
that occurred in a different testing room. During the ‘delay task,’ participants
spent about 1 min introducing themselves, then were asked to comment on
two issues, each for about 2 min (the college fraternity system and racial pro-

filing, in counterbalanced order), presumably to create stimulus materials for a
different study. The black experimenter did not make any comments other
than asking participants to comment on the two issues. Afterwards, partici-
pants were met by the original experimenter who took them back to the origi-
nal testing room, where they performed the second ‘cognitive task’—a Stroop
(1935) color-naming test—which measured inhibitory performance40.

The IAT measures automatic associations between categories (e.g., flowers,
insects) and evaluations (positivity, negativity), and it has recently been used
in numerous studies as a measure of subtle differences in the automatic associ-
ation of social groups with evaluative categories39. The IAT in the present
study required participants to categorize White names, Black names, Positive
words, and Negative words as quickly as possible by pressing one of two
marked response keys. In one block of 40 trials, White names and Positive
words shared a response key, and Black names and Negative words shared a
key (White+/Black– phase). In another block of 40 trials, the associations were
reversed—white with negative, and black with positive (White–/Black+ phase).
The order of these two phases was assigned to participants according to an
ABBA scheme. All IAT latencies under 300 ms and over 3,000 ms were re-
coded41, then mean latencies for the White+/Black– phase were subtracted
from mean latencies for the White–/Black+ phase for each participant in order
to index their level of racial bias.

Thus, these IAT racial bias scores reflect the differential ease with which
individuals were able to associate the white American and black American
racial groups with positive concepts, compared with negative concepts.
Consequently, the bias scores do not allow for the distinction between the
extent to which individuals hold particularly favorable attitudes toward their
own racial group, or particularly negative attitudes toward blacks, or, rather,
some combination of the two. Furthermore, in addition to assessing a subtle
form of racial bias that is hard to control, IAT bias scores could also reflect
differences in cultural, rather than personal, beliefs about the relevant
groups41, or baseline individual differences in general processing speed42.
Thus, these scores should not be over-interpreted as perfect estimates of
individuals’ racial attitudes.

The Stroop task was conducted with a color-coded four-button response
box. Instructions were to report the color of the font type in which a stimulus
word appeared, as quickly and accurately as possible, by pressing the appropri-
ate key on the response box. The stimulus words were either color words (e.g.,
“red”) or strings of Xs (for control). Color names or control Xs appeared on
the screen one at a time, in one of the following four colors: yellow, red, green
or blue. Each word or control stimulus appeared for a maximum of 2,000 ms,
preceded by a fixation cross (+). The inter-trial interval was 1,500 ms. The task
consisted of 20 practice trials followed by 7 blocks of 12 trials each, for a total
of 84 experimental trials. ‘Incompatible’ trials were those in which the color
name appeared in a color other than its semantic meaning (e.g., the word “red”
written in blue type). Control trials, in contrast, were those in which the string
of Xs appeared in blue type. Stroop interference scores were calculated by sub-
tracting mean latencies associated with control trials from mean latencies
associated with incompatible trials.

Session 2: fMRI testing. No less than 2 weeks after participating in the first ses-
sion, all 15 participants came to the MRI facility for an ostensibly unrelated
study examining the “perception of spatial location.” Participants were con-
tacted by a different experimenter from those associated with session 1, and no
reference to the previous session was made.

Stimuli and apparatus. Thirty-two digitized color images of different black
and white young adults, each bearing a neutral expression, were used as stim-
uli43. Photographs were taken in full-face frontal view. Each face was then
standardized for brightness and contrast, then centered in the image frame
such that the eyes always appeared in the same place.

Imaging data acquisition. Scanning involved blocked presentation of faces.
Experimental blocks (25 s each) alternated with baseline blocks that consisted
of a blank screen with a central fixation point (10 s each). During each experi-
mental block, 12 faces (different individuals of the same race) were presented
one at a time for 2 s each, on either the right or left side of fixation. A total of 12
experimental blocks (6 of each race) and 14 baseline blocks were acquired. A
total of 176 image volumes were used for analyses. Participants were instructed
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Table 1 Regions showing greater activity to black faces than to white
faces

Regions of peak activation in Black > White contrast

Coordinates
Brain region BA x y z Size t-value

R anterior cingulate cortex 32 6 39 33 11 3.05

R anterior cingulate cortex 24 12 30 18 16 4.87

24 6 18 30 19 4.52

R middle frontal gyrus 9 39 48 27 11 3.18

9 33 57 18 17 4.31

L middle frontal gyrus 46 –45 42 15 16 4.11

46 –39 36 24 16 3.46

R inferior frontal gyrus 10 27 63 –3 11 4.24

L/R supplementary motor area 6 0 6 48 19 5.81

R insula –– 39 9 9 13 5.09

BA, approximate Broadmann’s area location. L, left; R, right; Talairach45 coordinates of
locations based on center of mass. Size, number of 3 × 3 × 3 mm voxels.

©
20

03
 N

at
u

re
 P

u
b

lis
h

in
g

 G
ro

u
p

  
h

tt
p

:/
/w

w
w

.n
at

u
re

.c
o

m
/n

at
u

re
n

eu
ro

sc
ie

n
ce



A R T I C L E S

to fixate centrally and to indicate whether the face appeared on the right or left
of the screen by pressing a button in the corresponding hand. Target photo-
graphs appeared on each side of the screen an equal number of times within
each experimental block, and presentation order was randomized.

Gradient-echo echoplanar MR images were acquired using a 1.5-tesla GE
Signa System. A quadrature birdcage head coil was used for RF transmission
and reception. In each of 25 non-contiguous planes parallel to the anterior-
posterior commissure, 112 T2*-weighted MR images depicting BOLD con-
trast were acquired with TE 35 ms, TR 2,500 ms, flip angle 90°, slice thickness
4.5 mm and skip slice 1 mm. Head movement was limited by foam padding
within the head coil. For each subject, anatomical images were acquired using
a high-resolution 3-D spoiled gradient recovery sequence (SPGR; 124 sagittal
slices, TE = 3 ms, TR = 7.7 ms, flip angle = 15°, IR prep time = 315 ms, FOV =
24, voxel size = 1 × 1 × 1.2 mm).

fMRI data analysis. For each functional run, data were preprocessed to remove
sources of noise and artifact. Using SPM99 (Wellcome Department of
Cognitive Neurology), data were then realigned within and across runs to cor-
rect for head movement, and coregistered with each participant’s anatomical
data. The resulting images were then transformed into a standard anatomical
space with a cubic (3 × 3 × 3 mm) voxel size. The images were further smoothed
using an isotropic Gaussian filter of 6 mm FWHM and corrected for global
activity by proportional scaling. The different stimulation conditions (black or
white faces, and baseline) were then modeled as boxcar functions, convolved
with a hemodynamic response function. To identify the regions with significant
BOLD changes to the two race conditions, statistics were computed on a voxel-
by-voxel basis, using the general linear model44. These individual results were
then submitted to a second-level, random-effects group analysis to create mean
t-images (thresholded at P < 0.005 corrected, minimal cluster size of 10 voxels).
To conduct the ROI analyses, an automated peak-search algorithm identified
the location of peak activations in each region based on t-value and cluster size.

Experiment 2
Participants. Fifteen healthy white American undergraduates (8 female; mean
age = 19.8 years), all right handed, with normal or corrected vision, provided
written, informed consent to participate in this study for a combination of
partial course credit and monetary compensation ($20).

Session 1: behavioral testing. The procedure for the behavioral testing session
was identical to that reported in experiment 1, however, participants engaged
in an interaction with a white, rather than with a black, experimenter during
the delay period. Preliminary analyses revealed that IAT scores ranged from
+78 ms to +428 ms (mean = 274) and interference scores ranged from –63 ms
to +296 ms (mean = 81).

Session 2: fMRI testing. The procedures of the fMRI session were identical to
those in experiment 1. Preliminary analyses revealed that correct responses in
the spatial location task were at ceiling for both black and white faces, but the
mean RTs for black faces were significantly slower than for white faces (M =
554.6 and 498.7, respectively; t14 = 6.10, P < 0.0005). Consequently, time on
task was controlled for in all subsequent analyses.

Analyses for experiment 2 were limited to the ROIs from experiment 1 that
were found to correlate positively with IAT bias and post-contact Stroop per-
formance. Specifically, the mean percent signal changes from baseline to
black faces and to white faces in the right middle frontal ROI (BA 9; 39, 48,
27) and the right ACC ROI (BA 32; 6, 39, 33) examined in experiment 1 were
extracted. These mean percent signal changes were then used in mediation
analyses, similar to those conducted in experiment 1. Such a procedure pro-
vides a conservative test of whether the patterns that emerged in experiment 1
would also be revealed in experiment 2, when participants engaged in same-
race, rather than interracial, contact.
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