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As the racial composition of the population changes, intergroup interactions are increasingly common. To understand how we
perceive and categorize race and the attitudes that flow from it, scientists have used brain imaging techniques to examine how
social categories of race and ethnicity are processed, evaluated and incorporated in decision-making. We review these findings,
focusing on black and white race categories. A network of interacting brain regions is important in the unintentional, implicit
expression of racial attitudes and its control. On the basis of the overlap in the neural circuitry of race, emotion and decisionmaking, we speculate as to how this emerging research might inform how we recognize and respond to variations in race and its
influence on unintended race-based attitudes and decisions.
A new picture of the US has emerged from the recent 2010 census
data. Non-white minorities now comprise 36% of the US population, up 29% since the 2000 census1. More than ever, intergroup inter
actions are a ubiquitous element of daily life in the US, ushering in
a greater need to explore the mechanisms involved in intergroup
attitudes and beliefs. For the past few decades, scientists interested
in the mental representation of race and ethnicity have increasingly
turned to electrophysiology, functional magnetic resonance imaging
(fMRI) and other physiological methods to address how individuals process, evaluate and utilize human variation along the social
dimension of race in decision-making in everyday interactions. These
new tools push the frontiers of our understanding of how humans
perceive and evaluate race and how these processes relate to the type
of social behaviors that have consequential effects for the perceiver
and the perceived. They yield insights into how to address the unintended expressions of racial attitudes, including those that diverge
from conscious attitudes.
Here we review all of the studies using fMRI to examine responses
to black and white race categories in American participants. These
studies build on a rich literature, which began in the 1990s with
electrophysiological techniques being used to examine the neural
systems of race2. We selectively incorporate this literature, as well as
the more sparse research using patients with brain lesions, but focus
on studies examining blood oxygenation level–dependent (BOLD)
signal throughout the brain. These studies most consistently report
activation in a network of brain regions that includes the amygdala,
anterior cingulate cortex (ACC), dorsolateral prefrontal cortex
(DLPFC) and fusiform face area (FFA) (Table 1). We sought to integrate the modest, but growing, fMRI research on race with the aim
of characterizing what the results mean about intergroup perception,
and how these findings may link to real-world decision-making and
potential prospects for social change.
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Regions commonly implicated in the study of race
Amygdala. The amygdala, a subcortical structure in the anteriortemporal lobe, is the brain area that has been reported with greatest
frequency in studies of black-white race attitudes, beliefs and social
decision-making. The amygdala comprises a small group of nuclei
that are critical for the acquisition, storage and expression of classical
fear conditioning3. In humans, the role of the amygdala in emotional
learning is extended to include social means of fear learning, such as
verbal instruction and observation4. In addition, the amygdala has
widespread connections with the cortex. These connections link to
the amygdala’s broader role in detecting emotionally relevant stimuli
in the environment, including salient positive stimuli, and modulating
cognitive functions, such as attention and memory5–8.
It is the amygdala’s role in the detection of emotional relevance that
inspired the first investigations of its contribution to race processing. The history of race relations in the US, especially black-white
relations, is fraught with complex emotions, including fear, hostility
and lack of trust. Consistent with the emotional salience of race in
American culture and, increasingly, elsewhere, a number of studies
have found greater amygdala BOLD activity to outgroup race faces
(that is, faces judged as belonging to a race group different from
oneself) than to ingroup faces9–17. Although this pattern is generally
observed, inconsistencies exist, with some studies failing to report
an overall effect for black versus white in white American participants11,18, and others finding that black American participants show
either greater amygdala activity to ingroup19 or outgroup faces10. The
psychological study of race provides some potential insights into these
inconsistent findings.
For almost a century, psychologists studied the feelings and beliefs
that white Americans have about black Americans, and the data
demonstrate a consistent and marked drop in negative attitudes and
stereotypes20,21. However, for the past three decades, dissatisfaction
with survey-type measures of explicitly reported race attitudes and
stereotypes grew. This led investigators to develop indirect measures
of social cognition. Among the more widely used measures of implicit
social cognition is the implicit association test22 (IAT), which mea
sures the strength of association between concepts, such as white and
black, and attributes, such as good and bad. Using response latencies
to classify concept and attribute pairings, the IAT provides an index
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Table 1 Studies, stimuli, tasks, Montreal Neurological Institute coordinates and cortical regions involved in either viewing black and
white faces or correlated with measures of racial bias
Reference Stimuli

fMRI task

x

y

10

Black and white faces

View faces, judge if male or female

–15.4
10.6

–6.5
–6.4

–20.5
–20.9

X

18

Black and white faces

N-back

–18.1
35.5

–5.0
–2.5

–15.9
8.7

X

56

Black and white faces

View faces and remember faces

–34.8

–42.6

–26.7

11

Black and white faces

Face to the left or right of fixation

43.4
36.7
–47.5

55.5
64.1
47.5

19.4
8.6
8.3

7.8
14.1
7.9

46.4
35.3
23.7

27.7
11.9
26.5

16.8

20

Black and white faces

Black and white faces

Face to the left or right of fixation
(face shown 30 ms or 525 ms)

Categorize race of face using pictures,
categorize race of face using words or
categorize shape of face

–12
24
36
27
36

–6
–9
3

36
18
18

24
33
33

–30
–45
51

–36
–42
–42

–21
–21
–24

28.9
18.1
18.1
15.9

2.2
–10.1
6.2
–0.4

–21.0
–26.3
–23.4
–25.0

X

–20.7
23.6

–10.7
–9.5

–18.9
–19.7

X
X

Social categorization task: age
Nonsocial categorization task: object
visible in array

26.8
26.8

–1.0
–3.3

–20.6
–22.6

36.7

–44.6

–17.6

Race IAT

30

0

–14

30
32
34

58
56
48

14
14
18

–8
8
8

32
40
34

24
14
28

15

Black and white faces,
dark or light skin

Face to the left or right of fixation

X

–6

Black and white faces

–27

–0.2

–20.9

17.5
–27.6

59.5
34.7

29.6
42.9

46
44
20

12
2
34

72

Black and white faces

16

Faces (same- and other- Cyberball
race and self-resembling)

99

Black and white faces

View individuals in painful or neutral
situations and participant’s rate their empathy

–21.7

17

Black and white faces

Primed with music: rap, metal or none, view
faces (at 32 ms or 525 ms)

–20
32
36
22

–4
–2
2
–4

–12
–18
–24
–24

–48
–44
28
–42
38
–18

34
36
–2
2
36
40

22
22
56
46
34
26

FFA

X

48
48
60
18

14

ACC

X

27
33
24
–57

Yes or no: over 21, vegetable preference
or presence of a dot

Black and white faces

DLPFC

X

18

Black and white faces

44

Amygdala

35.6

13
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12

–0.06

z

X

X

X

X

X
X
X

X
X
X

Categorize by group or by race
–2
6
16

1.7

–12.3
–6.9

–13.1

X
X

43.1

X
X

(continued)
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Table 1 (continued)
Reference Stimuli

83

Black and white faces

View faces and trait words and
remember them

100

Black and white faces

View individuals in painful or neutral
situations and participant’s rate their empathy
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fMRI task

Black and white faces

Trust game

of individual differences in the ease of association, such as black and
good versus white and good. When such measures of social cognition
that bypass access to conscious control are used, the findings stand in
contrast to the picture obtained from the self-report measures of attitudes and stereotypes. Specifically, for white Americans, even when
weak or no race preference is apparent on explicit, self-report measures, substantial levels of preference for positive stereotypes of white
rather than black are observed on the IAT23. For black Americans,
the pattern is more complex, with 40% of black Americans showing
a pro-white preference on the IAT, 40% showing pro-black attitudes
and 20% neutral with regard to race23. This variability in race attitudes
across and within race groups is thought to reflect cultural and social
learning of race attitudes and stereotypes24–26. Notably, implicit attitudes show predicative validity; the magnitude of preference exhibited
on the test predicts a host of discriminative behaviors, from nonverbal
avoidance to evaluating an individual’s work27.
This dissociation between the explicit reporting of race attitudes
and implicit race preference as assessed with the IAT mirrors an
early finding from research in patients with amygdala damage who
demonstrate disruption of the indirect, physiological expression of
fear memories, leaving the explicit knowledge of these memories
intact28,29. If the amygdala is linked more strongly to implicit mea
sures of emotional learning, variability in implicit measures of race
attitudes might mediate amygdala responses to ingroup versus outgroup faces. In an initial demonstration of this relationship, participants were asked to view pictures of black and white faces while BOLD
responses were measured and implicit and explicit assessments of
race attitudes were conducted18. Although this study did not find an
overall BOLD signal difference between black and white faces in white
American participants, this BOLD difference correlated with two
implicit measures of pro-white race preference across participants:
the IAT and eyeblink startle to black versus white faces, a physiological assessment of negative affect to outgroup versus ingroup faces30.
In contrast, none of the explicit measures of race attitudes correlated
with amygdala activation9,12.
This link between the implicit expression of race attitudes and amygdala activation to black and white faces implies that the manner
in which race stimuli are interpreted may be more important than
942

x

y

z

–48
–32
–12
22
22
18
–22
28
22

18
30
38
44
32
46
10
26
24

42
40
44
28
34
28
60
44
54

40.1
–31.6

54.5
60.7

20.7
–12.3

X

40.1

42.6

19.7

X

1.2
–1.9

61.8
31.0

20.6
24.9

46.5

–68.8

27
–15

2
–1

Amygdala

DLPFC

ACC

X

–12.0
–23
–14

39

20

40

–6
–3

–22
41

40
7

FFA

X

X
X
X
X

other, perceptual distinguishing characteristics. For instance, equivalent amygdala activation to light- and dark-skinned faces labeled as
black has been observed, suggesting that differential amygdala BOLD
responses to black and white faces cannot be attributed to color or
contrast differences14. In addition, the variability in amygdala activ
ation across white American participants9,18, as well as inconsistent
reports of amygdala activation to ingroup versus outgroup races
among black participants10,19, is indicative of variability in implicit
attitudes. Investigators found that children with William’s syndrome,
a genetic condition marked by overfriendliness, had reduced amygdala
reactivity to threats and decreased FFA and amygdala interactions,
showed no pro-white racial bias, but had intact gender role associations, supporting a role of the amygdala and threat detection in race,
but not gender, attitudes31. These results suggest that variability in
amygdala reactivity across individuals and groups reflects individual
differences that emerge from many sources, including temperament
differences and exposure to cultural attitudes. In other words, variability in amygdala activity may reflect the mind of the perceiver rather
than differences in the perceptual characteristics of race stimuli.
Although the amygdala is the brain region most consistently
implicated in fMRI studies of race, the expression of race attitudes
undoubtedly reflects a network of regions. Notably, even though
amygdala activation consistently correlates with implicit race preference measures, damage to the amygdala only impairs performance on
physiological measures of implicit preference, leaving performance
on the IAT intact32. These results, and others, suggest the neural representation of implicit and explicit race attitudes likely entails a range
of overlapping and interacting brain systems.
The ACC. Another brain region that has often been reported in neuro
imaging studies of race is the dorsal ACC. Neuroscientists generally
observe activation of the dorsal ACC when individuals experience
conflict between prepotent and intentional response tendencies,
including those elicited using cognitive control tasks such as the
Stroop and Ericksen flanker tasks33,34. It has been proposed that the
ACC is involved in monitoring for response competition and, once a
conflict is detected, serves to engage executive control35. In the race
context, conflict between automatic, prepotent feelings and conscious
VOLUME 15 | NUMBER 7 | JULY 2012
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intentions to respond fairly may explain the involvement of the ACC.
Equality norms in American society dictate that behaving in a racially
biased manner is unacceptable and many individual Americans share
that aspiration. Ironically, although contemporary cultural norms
stress equality and fairness, the culture is also saturated with negative
associations of black Americans. Thus, for many individuals, conflict
persists between egalitarian goals and automatic negative attitudes
and stereotypes36,37.
A number of studies report evidence of ACC activation in response
to black and white faces, and a few suggest that BOLD response patterns reflect conflict between prepotent, automatic race attitudes
and explicit, intentional race beliefs about equality. Such a specific
claim is possible because of convergence between neural activity and
behavior. Evidence that increased ACC activation in white participants to black faces correlates with their pro-white IAT scores indicates that the stronger the automatic negative response to black, the
greater the conflict as reflected in the ACC11. In addition, when white
American participants view black and white faces either subliminally
or supraliminally, differential BOLD responses in the amygdala are
stronger during subliminal presentation9. Supraliminal presentation
results in greater activation of the ACC, DLPFC and ventral lateral
PFC11. Furthermore, the reduction in differential BOLD responses
in the amygdala during the supraliminal condition correlates with
increased activation in the ACC and DLPFC. Again, increases in ACC
activation during supraliminal presentation of black faces has been
attributed to the detection of a conflict between egalitarian conscious
beliefs, activated by conscious perception of other race faces, and prowhite implicit attitudes.
Although these fMRI findings imply a role for the ACC in the detection of conflicting equalitarian conscious beliefs and implicit pro-white
attitudes, they do not, with the exception of the IAT, examine variability in any psychological measure that indicates increased conflict. An
event-related brain component measured using electroencephalography, error-related negativity (ERN), reflects ACC activation in a number
of cognitive conflict tasks38. To address the dissociation between explicit
and implicit attitudes, researchers assessed the magnitude of the ERN
in participants that varied in their desire and motivations to be free of
prejudice39. Previous research has shown that some individuals may be
more internally motivated to control racial attitudes as a chronic tendency, but others need external motivation, such as equality norms, to
implement cognitive control efforts40,41. Individuals that were internally
motivated by their own standards to be nonprejudiced showed larger
ERN responses during stereotype incongruent errors than individuals that required external motivation to be nonprejudiced, indicating
that increased internal motivation to respond without prejudice may
amplify cognitive conflict mechanisms39,42. These findings and others
suggest the detection of conflict, as expressed in BOLD responses in
the ACC and ERN, is a first step in engaging regulatory mechanisms to
control the expression of implicit race attitudes, even when individuals
are not explicitly instructed to do so42–44.
The DLPFC. The majority of the race studies that report activation of
the ACC also report activation of the DLPFC. The DLPFC is a region
that has been shown across a range of cognitive tasks to be involved
in top-down executive control45. For instance, in working memory, it
was proposed that the DLPFC is involved in the top-down control of
sensory and motor representations necessary for performance on the
task45. Affective neuroscientists believe that the DLPFC is important
in the cognitive regulation of emotion, modulating responses in the
amygdala and striatum, most likely indirectly through its connectivity with the ventral medial PFC46. Thus, the ACC is involved in
nature neuroscience
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performance monitoring, whereas the DLPFC is involved in implementing control47. Dysregulation in either region can lead to reductions in self-control, either through a failure to note a potential error
or a failure to implement task- or goal-appropriate responses. Studies
of race processing posit that the DLPFC works in concert with the
ACC, with the ACC detecting a conflict between conscious intentions
and implicit attitudes and the DLPFC engaging a regulatory mechanism to control unwanted, implicit racial associations48.
Evidence for a role of the DLPFC in the regulation of implicit attitudes
comes from a series of studies in which the effect of interracial contact
on cognitive control was measured11. White American participants with
more negative implicit race attitudes performed worse on a Stroop test
after interracial interactions than after same-race interactions49,50. Stroop
impairment, the researchers argued, may have resulted from depletion
of cognitive resources with efforts to control negative racial attitudes
in the interracial context. Notably, the magnitude of BOLD activity in
the ACC and DLPFC when viewing black and white faces correlated
with pro-white IAT scores, but only DLPFC activation mediated the
relationship between implicit race preference and Stroop interference11.
These findings suggest that a DLPFC regulatory mechanism may be
engaged during interracial interactions to inhibit implicit race attitudes
based on internal beliefs or awareness of societal attitudes.
The FFA. What the reviewed studies have in common is that they
investigated responses to ingroup and outgroup faces rather than to
alternative, verbal representations of racial groups19. Many studies
on face processing demonstrate the importance of a region of the
fusiform gyrus, the FFA. Research on face recognition, such as distinguishing between faces and non-faces, and between familiar faces and
unfamiliar or new faces, implicates the FFA51,52. This distinction is
apparent in patients with damage to the fusiform gyrus who typically
have difficultly differentiating between faces, but can readily distinguish faces from objects52,53. The ability to distinguish among faces
is influenced by race, suggesting a possible role for the FFA. Research
shows that individuals are faster and more accurate at recognizing
faces of ingroup members than outgroup members, often referred to
as the other-race, cross-race or same-race effect54,55.
Following from the cross-race recognition findings, researchers
recorded BOLD activity from black and white participants while they
viewed and attempted to remember pictures of unfamiliar black and
white faces and objects (for example, radios)56. Behaviorally, they
replicate the same-race advantage. Moreover, participants exhibit
greater FFA activation when viewing same-race faces compared
with other-race faces. This activation difference correlates with the
memory advantage for same-race faces (see refs. 14,57 for similar
findings in the N170, but also see refs. 58,59), suggesting that outgroup or unfamiliar faces may not be ‘faces’ with the same intensity
as ingroup or familiar faces60. Researchers examining the cross-race
effect argue that participants process outgroup members primarily
at the category level (race group) at the expense of encoding individuating information because of differences in category expertise
or motivated ingroup attention61–63. Lower FFA activity may reflect
a failure to encode outgroup members at the individual level and promote an outgroup homogeneity effect, whereby outgroup members
are perceived as more similar to each other than ingroup members.
This perceptual homogeneity may then contribute to poor memory
for racial outgroup members and negative implicit evaluations.
A recent investigation using multivoxel pattern analysis to determine whether BOLD activation patterns can predict race from face
stimuli found successful prediction in the FFA, but only in participants high in implicit pro-white race bias60. The finding that higher
943
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Figure 1 The brain regions most often reported in studies of race. The
amygdala has been linked to automatic race evaluations and the FFA is
involved in the rapid identification of other race individuals. The ACC is
thought to detect conflict between implicit race attitudes and conscious
intentions to be nonbiased. When such conflicts are detected, the DLPFC
may regulate negative evaluations.

bias decreases the similarity of FFA representations suggests that
stronger race bias may be associated with larger differences in the
perceptual experience of black and white faces.
Brain systems of detecting race and controlling attitudes
In the social psychological literature on race, a hierarchical control
model has been proposed in which higher order personal and societal
motivations influence other, lower order aspects of person construal,
such as the application of category-based evaluations derived from
race64. This psychological model implies at least two stages in the
processing of race stimuli. The first requires the detection, categorization and automatic evaluation of race. In the neuroimaging research
using face stimuli described above, this initial stage likely involves
the amygdala and FFA, both of which show responses to subliminally
presented ingroup and outgroup race faces12 (Fig. 1). The amygdala
appears to be involved in the detection of race stimuli and its evaluation as expressed with the IAT and physiological responses18. The FFA
also seems to rapidly process race information, but shows a greater
response to ingroup race faces. Although there is evidence of connectivity between the amygdala and FFA in the processing of fear
faces, such that increased activation of the FFA to fear versus neutral
faces is abolished with amygdala damage65, it is unknown how this
connectivity may influence responses to faces that vary by race.
The second proposed stage of race processing involves higher order
personal and societal motivations that exert some control over lower
order processes. In the fMRI research of race, this stage likely involves
the ACC and DLPFC, which may not respond without awareness9 (but
see ref. 14). Consistent with its role in cognitive tasks, the ACC may
detect conflict between prepotent, evaluative race preference and personal and/or societal goals to be nonprejudiced. Individual variability
in these higher order goals appears to be reflected in indicators of ACC
activity39. When a conflict exists, the ACC engages top-down regulatory
mechanisms that involve the DLPFC. Consistent with studies of emotion
regulation, the DLPFC is likely involved in modulating amygdala activity, resulting in diminished BOLD responses12. This emotion regulation
circuitry, in which the DLPFC exerts some control over the amygdala,
perhaps through its connectivity with more ventral PFC regions66,
944

results in diminished emotional or evaluative responses in affect tasks.
However research has yet to link decreased evaluative responses to race
stimuli to this circuitry. Unlike studies of emotion regulation, this control
circuitry may engage automatically when personal or societal egalitarian
goals conflict with implicit evaluative attitudes, but there is no reason to
think that this circuitry could not be intentionally engaged.
Our initial discussion of fMRI race literature involves a look at
isolated regions of interest and this discussion reflects the current
status of this literature. However, with advancement in fMRI
methods, researchers are now able to move beyond modular discussions and to begin to understand the coherence among regions
using network analytic techniques (for example, psychophysio
logical interaction analysis, structural equation modeling, multivariate autoregressive modeling, Granger-causality and dynamic
causal modeling). These techniques have the advantage of moving
beyond functional segregation to understand how these areas integrate and the strength of that integration across different aspects of
race processing and prejudicial behaviors. For example, these techniques may increase our understanding of what regions are critical
for producing and reducing racially biased responding and whether
these networks differ across domains. In the future, researchers
should incorporate these techniques to build a more sophisticated
understanding of these networks across perception, evaluation and
decision tasks.
The malleability of the circuitry of race
In the early days of research using indirect measures of race attitudes, especially those that relied on automatic responses, researchers
assumed that the outcome of racially negative attitudes was fixed.
After all, conscious attitudes are markedly different in their valence,
showing far more positive attitudes, and the subjective experience of
taking a test of implicit attitudes does not evoke confidence in changing them. The initial assessment was a grim future for intergroup
relations67–69. However, emerging research demonstrates that racebased preferences, even those that are automatic, seem to be malleable and dependent on both situational and dispositional factors 70,71.
Consistent with this malleability of the expression of race attitudes, a
number of studies have found that alterations of stimuli, context and
task demands can change race-related BOLD responses.
For example, in the initial investigation of the role of the amygdala in
the expression of indirect race preferences, a second study used pictures
of familiar and admired black and white individuals11. This change in
stimuli diminished differential amygdala activation to outgroup race
faces and its relation to measures of implicit race preference. Similarly,
changing task demands to promote focusing on the individual rather
than the social group diminished differential amygdala BOLD responses
to outgroup versus ingroup faces13. These findings imply that exposure
to counterstereotypic/familiar faces or introducing individuating goals
shapes amygdala involvement in responding to race.
Changing the context of the interracial interaction also alters racerelated BOLD responses linked to conflict and regulation. Although
ACC activation is usually greater to outgroup race faces11, when participants play a cyberball game with partners of different races, social
exclusion by ingroup race partners results in greater ACC activation
than social exclusion by outgroup race partners16, presumably reflecting greater conflict and social pain with social exclusion from members
of your own race group. The situation can also increase or decrease
internal goals for reducing race-based discrimination. For example,
presenting individuals with music primes associated with race categories (rap, heavy metal or no music) reveals that priming with rap
music increases DLPFC and amygdala activation to black versus white
VOLUME 15 | NUMBER 7 | JULY 2012
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faces in white American participants internally motivated to be nonprejudiced17. These findings suggest that both internal goals and other
stimuli in the environment can alter the neurocircuitry of race.
What has been interpreted to be race-based processing may also
reflect a more general response in intergroup contexts. In two recent
studies, researchers arbitrarily assigned mixed-race participants to
one group or another. Subjects viewed pictures of members of their
own arbitrarily assigned group or the other group during fMRI.
The studies report heightened activity in the FFA to faces of arbitrarily assigned ingroup members compared with outgroup members, regardless of race72,73. These results suggest that expertise with
ingroup race exemplars per se may not lead to altered FFA responses74,
but rather that the salient social group identity in the situation, which
may or may not be race, could dictate lowered attention to outgroup
members at the expense of encoding individuating features.
It is also important to note that differences in BOLD responses as
a function of race may reflect a number of psychological processes,
including basic visual perception differences to reflections of personally
held beliefs and/or culturally acquired semantic associations that may
result in behavioral expressions of prejudice. In the absence of data linking brain activation with discriminative behavior or measures of racial
prejudice that are reliably predictive of discriminative behavior, such as
the IAT, it is difficult to interpret BOLD differences linked to race. Future
scholars interested in the neuroscience of race should aim to flush out
the contributions of the different brain regions and networks implicated
in race processing to real world discrimination using more diverse techniques, such as network analyses, studies in patients with brain lesions,
physiological manipulations (for example, transcranial magnetic stimulation or psychopharmacology), and/or existing psychological manipulations that may engage or disrupt processing (for example, racial bias
malleability techniques or emotion regulation strategies).
Emerging trends and future directions
The research to date provides a framework for understanding how race
is processed by the brain, and how neural circuits that are implicated
in a range of affective and cognitive functions may also be involved
in the identification and evaluation of race groups and the expression
of behavior. As mentioned above, this research is limited by the range
of analytic and neuroscience techniques that have been used. Future
research will be enhanced by expanding the range of approaches used
to understand the representation of race in the brain. By integrating
research on race with the larger human neuroscience literature, we
can take advantage of our knowledge of brain function to explore
domains relevant to our understanding of race.
Race-based preferences in decision-making. Understanding how
people process and evaluate social groups is invaluable in that it
provides insight into the mechanisms of prejudice and prejudice
reduction. Ultimately, however, researchers seek to push this frontier further by bridging the gap between laboratory brain science
and real-world behaviors and judgments in socially consequential
scenarios. Researchers are increasingly interested in the psychological
and neural correlates of social decisions. One relatively new avenue
for investigation uses emerging advances in decision science to study
how race influences social decision-making.
For example, neuroeconomics provides a framework for understanding human decisions by combining classic behavioral economic
tasks, quantitative tools and human neuroscience techniques75. The
neural circuits typically implicated in neuroeconomic studies of
decision-making overlap with those observed in studies of race. For
instance, the amygdala is involved when emotion affects actions and
nature neuroscience
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values through its connectivity with the striatum76 and ventral medial
PFC77. The amygdala is linked to judgments of trust78, as well as
to implicit race preference. This overlap inspired a recent investigation of implicit preferences on decisions in a behavioral economics
trust game79. During this game, measures of implicit race preference,
as assessed with the IAT, correlate with decisions to trust, such that
those with a stronger pro-white preference choose to invest more
money with white economic partners. An examination of BOLD
responses during this task revealed that activation of amygdala to
black versus white economic partners correlates with implicit preference. Moreover, the decision bias, that is, the differential investments
with black versus white partners, correlates with activation in the
striatum9. These findings are consistent with a model in which the
amygdala codes evaluative information that is integrated with action
values via its connectivity with the striatum80.
One potentially important tool that is commonly used in decision science is the quantification of behavior. Much like perceptual
psychophysicists, neuroeconomists and decision scientists increasingly use mathematical models to both precisely characterize individual  differences in decision variables, as well as to differentiate
components of updating value representations75. Given that race
influences both decisions and affective learning about others81, incorporating the quantitative tools of decision science may provide a more
nuanced understanding of the effect of racial group on behavior and
brain function.
Of course, economic decisions are only a subset of the real-world
decisions that race may influence. To the extent that we can integrate
insights from neuroeconomics and decision science into social decision
making, it is important to extend these tools to other domains in which
race may be involved. For example, there is strong evidence that race
attitudes influence legal decisions, often unintentionally82. A recent
investigation examined whether BOLD responses to black versus white
faces correlates with legal decisions to award black victims damages
for discrimination. Increased activation of the DLPFC and parietal
cortex correlate with damages awarded, implying a larger network of
regions involved in producing discriminative behaviors83. There is
also a growing literature examining electrophysiological correlates of
racially biased decisions to shoot in potential crime scenes2,84, exploring how race influences this exceptionally consequential domain.
In addition to economic and legal decisions, unintended race bias
influences hiring decisions and medical decisions85–88. Knowing how
to extend insights from laboratory science to problems outside of the
laboratory is always a challenge and is not unique to research on race.
However, it is important to start with a clear and detailed understanding of the range of means by which race can influence decisions both
generally and in specific social domains. By combining affective, social
and economic neuroscience approaches and insights with decision
tasks reflecting socially relevant consequences, we will obtain a better
understanding of how our implicit attitudes may, or may not, seep into
the choices we make.
Controlling and changing race preferences. If our implicit race preferences can influence social choices in a manner that is inconsistent
with our values and intentions, than an obvious goal is to discover the
means by which we can control or eliminate their effect. Given the
overlap in circuitry involved in studies of race and emotion regulation,
we can take cues from research on regulation to develop interventions
that might alter race attitudes. A common technique in studies of
emotion regulation is to reappraise or re-interpret an emotionally salient event in an effort to alter its emotional effect. This can be done by
changing one’s perspective or goals when encountering a stimulus or,
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more explicitly, by instructing participants to interpret the stimulus
in a way that alters their emotional reaction89.
Social psychologists already utilize techniques reminiscent of
reappraisal that aim to decrease negative evaluations of outgroup
members90–92. Recent neuroeconomic research suggests that a
perspective-shifting instruction designed to encourage reappraisal
alters the emotional effect of choice outcomes and changes decisions93,
which appears to utilize an emotion regulation circuitry94. It is possible
that strategically instructing participants to encourage the reappraisal
of an outgroup member may help to reduce the effect of unwanted
implicit attitudes on social decisions, such as on legal decisions.
However, a limitation of the typical reappraisal manipulation is
that its effect can be transient. Emotion regulation strategies typically
used in cognitive behavioral therapy, which is a compilation of techniques including effortful practice, demonstrate a more lasting effect
on unwanted emotional responses, primarily in clinical populations.
In some ways, diversity training protocols shown to affect implicit
attitudes may be analogous95. One important limitation of these
techniques is that they require effortful practice over time to be successful. As such, they may not always be practical or feasible.
In the broader emotion regulation literature, all of these techniques and others (for example, extinction) seek to control the emotional response through prefrontal inhibition of the amygdala, but
they leave the original affective representation relatively unaltered.
Behavioral research has shown that, although increasing cognitive
control through manipulations decreases race preference, the original
negative associations with the racial group remain intact 96. A more
effective and longer lasting technique would be to change the original negative association, thereby eliminating the need for cognitive
control. Emerging neuroscience research suggests that one way to do
this may be to target reconsolidation. Studies on reconsolidation have
shown that every time a memory is retrieved it undergoes a re-storage
or reconsolidation process97. During reconsolidation, much like initial
consolidation, the memory is fragile and prone to disruption or interference. Recent research reveals that by precisely timing the presentation of interfering information to occur during the reconsolidation
period, the original memory or association may be persistently
changed, with one consequence being an altered emotional response98.
To date, the use of these techniques has mostly been limited to simple
laboratory associations and memories. In the future, as we start to
understand these processes better, it may be possible to extend this
technique and others to reduce or eliminate the negative associations
underlying unwanted implicit race attitudes and stereotypes.
Conclusions
A few decades ago, it was unthinkable that looking at the brain to
understand representations of social groups such as black versus white
was even possible, let alone that such explorations could yield useful
knowledge. Evidence from neuroscience has been vital in clarifying
the nature of how intergroup cognition unfolds. Moreover, the neuro
science of race has been useful in pointing the way toward the type of
new behavioral evidence needed to answer questions of not only what
happens when intergroup cognition is at stake, but whether and how
change is possible in real human interactions.
How to use this knowledge from brain and behavior to further
extend basic knowledge and to drive applications is the obvious next
generation of questions that we must pose. If good people who intend
well act in a manner inconsistent with their own standards of egalitarianism because of the racial groups to which ‘the other’ belongs,
then the question of change takes on new and urgent meaning. This
urgency requires that we attend to the evidence about how our minds
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work when we confront racial and other group differences. Thus far,
we have obtained modest evidence about these processes as they operate in our brains, unbeknownst to our conscious selves. The question
of what we will do with these insights awaits an answer.
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