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a b s t r a c t 

Inferring others’ mental states, or mentalizing, is a critical social cognitive ability that underlies humans’ remark- 

able capacity for complex social interactions. Recent work suggests that interracial contact shapes the recruitment 

of brain regions involved in mentalizing during impression formation. However, it remains unclear how a target’s 

perceived racial group and a perceiver’s previous contact with that racial group shapes mental state inferences. 

In this study, we examined brain activity in regions of interest associated with mentalizing and race perception 

among self-identified White perceivers who varied in lifetime contact while they inferred secondary emotions 

from perceived White eyes and perceived Black eyes (i.e., the Reading the Mind in the Eyes test). The interaction 

between lifetime contact and perceived target race predicted activity in the superior temporal sulcus (STS), a 

region consistently implicated in mental state inferences from perceptual cues, tracking eye gaze, and biological 

motion. Low and average contact White perceivers showed more left STS activity when inferring mental states 

from perceived White eyes than perceived Black eyes, whereas high contact White perceivers showed similar left 

STS activity regardless of perceived target race. These results indicate that interracial contact decreases racial 

biases in the recruitment of regions involved in mentalizing when inferring mental states from perceptual cues. 
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. Introduction 

Mentalizing, or theory of mind, is a critical component of social cog-

ition that involves understanding others’ thoughts, beliefs, and mental

tates as distinct from one’s own ( Leslie, 1987 ; Schurz et al., 2014 , 2021 ;

preng et al., 2009 ). This ability typically develops during early child-

ood between the ages of 4 and 5 years old ( Flavell, 1999 ; Perner and

ang, 1999 ; Saracho, 2014 ; Slaughter, 2015 ; Wellman et al., 2001 ). Im-

ortantly, theory of mind underlies how we as humans can success-

ully navigate complex social environments. Although theory of mind

s operationalized in multiple ways (e.g., trait inferences, false beliefs,

ental state inferences) and may be supported by a broad range of so-

ial cognitive processes, all theory of mind tasks involve thinking about

thers’ mental states ( Frith and Frith, 2006 ; Gallagher and Frith, 2003 ;

churz et al., 2014 ). One noteworthy facet of theory of mind involves

nferring others’ transient complex emotional states based on physical

ues (e.g., facial expression, eye gaze; Baron-Cohen et al., 2001 ; Baron-

ohen et al., 1997 , 1997 ). In the present work, we examine how White

erceivers’ history of cross-race experience with Black people influences

rain activity when inferring mental states from physical cues from

ame-race (i.e., White) and cross-race (i.e., Black) faces. 
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Substantial work in social neuroscience has characterized a network

f brain regions involved in mentalizing. Across different tasks, three

rain regions comprise a core mentalizing network. The dorsal me-

ial prefrontal cortex (DMPFC) is consistently found to be more ac-

ive when inferring mental states than when making other types of

udgments about others ( Handley et al., 2021 ; Mitchell et al., 2005b ,

005a ). The temporoparietal junction (TPJ) is also consistently prefer-

ntially recruited when people think about others’ mental states relative

o when they think about any other kind of social information ( Saxe and

exler, 2005 ; Young et al., 2010 ). Finally, the superior temporal sulcus

STS), which has been shown to support social perception ( Deen et al.,

015 ; Pelphrey et al., 2004 ; Zilbovicius et al., 2006 ), is often recruited

hen perceivers attempt to understand others’ intentions and track their

ye gaze ( Allison et al., 2000 ; Pelphrey et al., 2003 ; Pelphrey et al.,

004 ). In line with its involvement in perceiving eye gaze and biological

otion ( Deen et al., 2015 ; Pelphrey et al., 2003 ; Pelphrey et al., 2004 ,

004 ; Zilbovicius et al., 2006 ) previous work suggests that the STS may

e particularly important when deciphering others’ mental states based

n perceptual cues, i.e., inferring mental states based on others’ eyes

 Adams et al., 2009 ; Schurz et al., 2014 ). Together, these regions play

n important role in how we use theory of mind to navigate our social
nvironments. 
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Social neuroscientists have increasingly been interested in the neu-

al substrates of race perception (i.e., the perception of another’s race

hether accurate or not), and how interracial contact (i.e., increased

xpertise with other-race faces), in particular, may shape these pro-

esses. Many early studies have shown that White American perceivers

isplay preferential amygdala activity when viewing perceived Black

aces (for review, see Kubota et al., 2012 ), suggesting that these faces

ay be particularly salient or attention-grabbing to these perceivers

e.g., Cunningham and Brosch, 2012 ; Santos et al., 2010 ). However,

elzer et al. (2013) found that White perceivers do not display height-

ned amygdala sensitivity to perceived Black faces until they reached

dolescence. Furthermore, adolescents who report more diverse peer

ontact show an attenuated amygdala response to perceived Black faces

elative to their peers who report less diverse peer contact ( Telzer et al.,

013 ). Similarly, Cloutier et al. (2014) showed that higher levels of

hildhood interracial contact is associated with reduced amygdala ac-

ivity when White perceivers form private impressions of perceptually

amiliar perceived Black faces. Taken together, these studies suggest that

hite individuals who have experienced more diverse contact may ex-

erience perceived Black faces as less socially salient than White indi-

iduals who have not experienced as much diverse contact. 

Although this work lays the groundwork for our understanding of

he neural instantiation of how contact shapes race perception, research

pecifically exploring the link between interracial contact and mental-

zing is relatively sparce. Recent work suggests that increased contact

ay reduce the selectivity with which mentalizing brain regions are

ecruited specifically for mentalizing ( Handley et al., 2021 ). Regard-

ess of target race, low- and average-contact White perceivers recruited

rain regions involved in mentalizing and salience detection (right TPJ,

MPFC, left amygdala) more when inferring a mental state than when

aking a physical judgment about a target; however, high contact White

erceivers recruited these regions to a similar extent for both mental

tate and physical judgments ( Handley et al., 2021 ). Following from

hese findings, behavioral research found that high contact people are

ess accurate at inferring mental states from same- and cross-race tar-

ets, however, increased motivation to attend to the task reversed this

ffect ( Handley et al., 2021 ). In other words, high contact individuals

an mentalize more accurately than low contact individuals, but they re-

uire sufficient motivation to engage with the task to do so. We follow

p on these findings in the present work by investigating how contact

ay impact the neural substrates of mental states inferences associated

ith others’ secondary emotions based on perceptual cues (i.e., the eyes)

rrespective of perceiver motivation. 

One noteworthy component of theory of mind involves inferring oth-

rs’ mental states and/or secondary emotions based on readily avail-

ble perceptual information, which often includes information from the

ye region ( Baron-Cohen et al., 2001 ; Baron-Cohen et al., 1997 , 1997 ;

mery, 2000 ; Zebrowitz, 2006 ). Differences in people’s ability to use this

orm of mentalizing have been assessed using the Reading the Mind in

he Eyes (RME) test, a well-validated task that has been used in various

ocial cognition studies assessing mentalizing ability (e.g., Adams et al.,

009 ; Handley et al., 2021 )) and with various clinical populations, par-

icularly individual with autism (Baron-Cohen et al., 1999). The RME

est assesses perceivers’ ability to identify secondary emotion from the

ye region of a face (out of four choices). This represents a specific form

f mentalizing conceptualized by some as closer to emotion recogni-

ion than mentalizing per se ( Oakley et al., 2016 ; Quesque and Ros-

etti, 2020 ). RME test scores have been found to correlate with verbal

bility, raising further questions about what may impact task accuracy

 Peterson and Miller, 2012 ). However, with the creation of new RME

asks, the use of the RME allows for comparison of cross-race mental

tate inferences from perceptual cues ( Adams et al., 2009 ; Handley et al.,

021 ). 

Although no brain imaging study has explored how interracial con-

act shapes mentalizing based on perceptual cues such as those included

n the RME test, an fMRI study by Adams et al. (2009) explored how
2 
ative Japanese and White American perceivers respond to perceived

sian and perceived White RME tests. They found a within-culture ad-

antage for RME accuracy; in other words, White American participants

ere more accurate at the RME with White than Asian targets, whereas

ative Japanese participants were more accurate at the RME with Asian

han White targets. Notably, they also found that this cultural tuning

as associated with differential STS activity; White American partici-

ants displayed greater STS activity when inferring mental states from

hite than Asian targets, and similarly, Japanese participants showed

reater STS activity when inferring mental states from Asian than White

argets ( Adams et al., 2009 ). These findings further support the view that

he STS may be particularly involved when inferring mental states from

erceptual cues. Accordingly, differential STS activity across race may

e moderated by interracial contact when White American perceivers

omplete the perceived White and perceived Black RME tests. 

.1. Current study 

In the present work we explored how RME target race and partici-

ant’s history of interracial contact shape White perceivers’ brain activ-

ty during a perceived White/Black interracial RME test. We focus on

hite perceivers for this initial examination of how interracial contact

hapes mentalizing activity during the completion of a White/Black in-

erracial RME test. The sample was selected to assess the racial biases

hat White American perceivers may display when mentalizing about

erceived Black and White targets and how contact may mitigate those

iases. 

Based on work suggesting that the STS may be particularly impor-

ant when inferring mental states from perceptual cues like eyes and

ocial gaze ( Adams et al., 2009 ; Allison et al., 2000 ; Pelphrey et al.,

003 ; Pelphrey et al., 2004 ; Schurz et al., 2014 ), bilateral STS were crit-

cal a priori regions of interest (ROIs) for this work. We also included

ther regions from the mentalizing network (i.e., DMPFC; bilateral TPJ)

s a priori ROIs, in addition to bilateral amygdalae based on this re-

ion’s presumed role in race perception and salience detection. We also

eport exploratory whole-brain analyses; however, our analytical ap-

roach emphasizes interpreting results from ROIs associated with a pri-

ri predictions in accordance with best practices ( Vul and Pashler, 2017 ;

andbelt et al., 2008 ). 

. Methods 

.1. Participants 

We recruited and scanned sixty-one self-identified White partici-

ants ( M age = 25.05, SD = 7.34, 28 females, 31 males, 2 other gen-

er) from the University of Chicago and from the surrounding com-

unity in 2017–2018. All participants were neurotypical, had normal

r corrected-to-normal vision without color blindness, and were right-

anded, proficient English speakers. Participants had no history of drug

r psychotropic medication use, previous head injuries, or chronic ill-

ess that might affect mental, neural, or autonomic functions. 

All participants met our a priori inclusion criteria for participation:

hey were all White European-Americans who did not identify as His-

anic or mixed race, between the ages of 18–50 years old, and born in

he United States. We also screened participants to ensure an adequate

istribution of interracial contact. Specifically, we used an abbreviated

ersion of the contact questionnaire described in full below to ensure at

east twenty participants (32.8% of the sample) reported at least 15%

hildhood contact with Black people. The remaining forty participants

ould report any level of contact. 

.1.1. Data exclusions 

For fMRI analyses, we excluded data from 3 participants due to either

echnical issues involving the scanner ( n = 1) or excessive movement ( >

 mm within runs) during scanning ( n = 2). Our final sample for fMRI
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Fig. 1. Example Black RME stimulus. The answer 

choices provided with this image included: preoccu- 

pied, insisting, grateful, and imploring (correct answer: 

preoccupied). Black RME stimuli were provided by 

Handley et al., 2019 . 
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nalyses therefore included 58 participants ( M age = 24.72, SD = 6.87, 28

emales, 28 males, 2 other gender). For behavioral analyses, data from

ll 61 participants were retained ( M age = 25.05, SD = 7.34, 28 females,

1 males, 2 other gender). 

.2. Stimuli 

During the RME test, participants viewed a cropped image depict-

ng a pair of eyes and selected which secondary emotion (out of four

ossible options) those eyes convey. Although the initial RME test in-

luded only perceived White target eyes ( Baron-Cohen et al., 2001 ), an

quated version of the test using perceived Black target eyes has re-

ently been developed ( Handley et al., 2019 ). The equated perceived

lack RME test depicts the same 36 mental states as the original per-

eived White RME test and lists the same answer choices with each

ental state ( Handley et al., 2019 ). The tests were equated on diffi-

ulty using a 2 (perceiver race: Black, White) × 2 (perceived RME target

ace: Black, White) between subjects design ( Handley et al., 2019 ). The

resent work uses a combination of both RME tests ( Baron-Cohen et al.,

001 ; Handley et al., 2019 ); however, we manipulate perceived RME

arget race within subjects. See Fig. 1 for an example stimulus from the

erceived Black RME test. 

.3. Experimental protocol 

For the main experimental task of the study, participants completed

n interracial RME test consisting of 36 perceived White RME trials

nd 36 perceived Black RME trials (72 total experimental trials). The

tudy used a fast event-related design in which Black and White RME

rials were presented in pseudo-randomized order, with randomization

onstrained so that participants never saw more than three consecutive

lack or White RME trials. Trials were presented over three runs; each

un lasted 257.5 s and contained 24 RME trials (12 Black; 12 White)

ith jittered fixations between trials lasting either 0.5 s, 3 s, 5.5 s, or 8 s

etween each trial. Stimulus presentation and jitters were optimized us-

ng optseq2 (available at https://surfer.nmr.mgh.harvard.edu/optseq/ ).

etween each run, participants were given a short break and reminded

f the task instructions. 

Each RME trial lasted 7 s total, including stimulus presentation and

esponse window. During stimulus presentation, participants were first

hown the RME stimulus image centered on a black screen with each

f the four answer choices displayed in a large white font in a different

orner of the screen. Participants viewed the stimulus image and answer

hoices for 5.0 s. The response window immediately followed stimulus

resentation. After the stimulus presentation, a green fixation cross re-

laced the RME stimulus image for 2.0 s while the answer choices re-

ained on the screen in their original locations. See Fig. 2 for a diagram

f the timing for one RME trial. Participants were instructed to select

heir answer using a button box when the green fixation appeared on

he screen. Participants were given two button boxes and instructed to
3 
se their middle and index finger on each hand to make their selections;

he left hand always selected answers on the left side of the screen and

he right hand always selected answers on the right side of the screen,

ut half of the participants used their middle finger to select the lower

orner choice and their index finger to select the upper corner choice,

hereas this was flipped for the other half of participants. 

In the days preceding their scanning session, participants completed

arious questionnaires including an interracial contact questionnaire.

he other questionnaires collected were used for unrelated resting state

nalyses and an in-scanner task which was completed before the RME

ask; no predictions based these questionnaires in relation to the RME

ere made or the related data analyzed in any way as part of this study.

mmediately prior to entering the scanner, participants were trained on

he scanner-adapted RME task, the stimulus presentation and response

indow timing and cues, and the use of the button boxes. After scan-

ing, participants completed a visual perspective-taking task and were

hanked for their participation, debriefed, and compensated at a rate of

10/hour for out-of-scanner time and $25/hour for in-scanner time. 

.4. Interracial contact questionnaire 

Prior to scanning, participants completed a computer-based ques-

ionnaire quantifying the racial composition of their social networks in

hildhood and currently. Participants indicated approximate percent-

ges of people from different racial groups (Asian, Black, Hispanic,

hite, and other; Cloutier et al., 2014 ) in social categories that var-

ed in closeness (e.g., friendships, peers, neighbors, etc.). Percentages

ere required to sum to 100. Participants reported this information for

our discrete time periods: 0–6 years old, 7–12 years old, 13–18 years

ld, and presently. 

We calculated an average childhood and current contact score with

lack and White people, then computed a difference score by subtracting

heir average contact with White people from their average contact with

lack people. These difference scores could range from − 100, which rep-

esents 0% contact with Black people, to + 100, which represents 100%

ontact with Black people. Overall, participants’ average childhood con-

act score was − 68.166 ( SD = 17.222) and their average current contact

core was − 45.507 ( SD = 27.325). These scores were significantly pos-

tively correlated ( r = 0.341, t (56) = 2.714, p = 0.009), so we aver-

ged them into a composite measure of lifetime contact ( M = − 56.837,

D = 18.467). In follow-up analyses, we decompose interactions with

ontact re-centered at + /- 2 SD from the mean for consistency with

revious work from our lab ( Handley et al., 2021 , 2021 ). In this in-

tance, + 2 SD corresponds to a lifetime contact score of − 19.903 and

 2SD corresponds to a lifetime contact score of − 93.771. See Fig. 3 for

iolin plots depicting the distributions for childhood, current, and life-

ime contact scores. 

https://surfer.nmr.mgh.harvard.edu/optseq/
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Fig. 2. Diagram depicting one RME trial, including timing information. Jittered fixations between trials lasted either 0.5 s, 3 s, 5.5 s, or 8 s. 

Fig. 3. Violin plots depicting the distribution of childhood, current, and life- 

time contact difference scores in the study sample. 
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.5. ROIs 

Because previous work specifically implicates bilateral STS in in-

erring mental states from the eye region (e.g., Adams et al., 2009 ;

churz et al., 2014 ), these regions were primary a priori ROIs for

nalyses. We selected additional ROIs based on their involvement in

entalizing and theory of mind, including bilateral TPJ and DMPFC

 Cloutier et al., 2017 ; Schurz et al., 2014 ; Spreng et al., 2009 ).

e note that meta-analyses of brain regions involved in mental-

zing diverge regarding specific coordinates for ROIs. Specifically,

preng et al. (2009) identify STS coordinates that differ from the re-

ion identified as STS in a later meta-analysis that specifically reviewed

ME task activity as opposed to mentalizing in general ( Schurz et al.,

014 ). For consistency with previous work addressing the effects of con-

act on social cognition (e.g., Cloutier et al., 2014 ; Cloutier et al., 2017 ),

oordinates for all mentalizing ROIs (e.g., bilateral STS, bilateral TPJ,

nd DMPFC) were selected from a meta-analysis by Spreng et al., 2009 .

owever, readers should note the coordinates presented in the results

ection below; the region we label left TPJ may in fact be closest to the

eft STS region identified by Schurz et al. (2014) as being involved in

erforming the RME task. Furthermore, the STS coordinates we use are

ituated in anterior, rather than posterior, STS. 

We also selected bilateral amygdala as a priori ROIs because this re-

ion is often differentially recruited as a function of target race (for
 a  

4 
eview, see Kubota et al., 2012 ). Further, amygdala response has been

hown to be modulated by perceiver’s history of interracial contact (e.g.,

loutier et al., 2014 ; Handley et al., 2021 ; Telzer et al., 2013 ). Coordi-

ates for amygdala ROIs were selected from Cloutier et al., 2014 . 

.6. fMRI data acquisition 

Anatomical and functional imaging was performed on a 3T Philips

chieva Quasar scanner at the University of Chicago Magnetic Reso-

ance Imaging Research Center. Functional imagers were collected in

 functional runs of 103 TRs (TR = 2.50 s) each, using pulse sequence

arameters (TR/echo time = 2500/25 ms, flip angle = 79°, contiguous

lices with 3.28 mm thickness, gap = 0.72 mm, FOV = 210 × 210 mm,

pproximately 64 × 64 mm matrix, 3.28 × 3.28mm 

2 voxel size). High-

esolution structural images were acquired in the sagittal plane using

 T1-weighted 3D Turbo Field Echo (TFE/MP-RAGE) anatomical scan

TR = 8.5 ms, echo time = 4.0 ms, FOV = 240 × 228 mm, 1.0 mm slice

hickness, no gap, 240 × 228 mm matrix, 1.0 × 1.0 × 1.0mm 

3 voxel

ize). 

Functional imaging data were preprocessed using SPM8

 http://www.fil.ion.ucl.ac.uk/spm ), facilitated by a custom suite

f scripts for fMRI analysis ( https://github.com/ddwagner/SPM8w ),

o remove sources of noise and artifacts and realigned within and

cross runs to correct for head movement and transformed into a

http://www.fil.ion.ucl.ac.uk/spm
https://github.com/ddwagner/SPM8w
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1 Although the multiple ROIs were selected a priori based on an extensive 

literature exploring the network of brain regions involved in mentalizing, it is 

noteworthy that as a result the reported findings do not survive conservative 

Bonferroni correction. 
tandard anatomical space (3 mm isotropic voxels) based on the ICBM

52 brain template (MNI, Montreal Neurological Institute), which

pproximates the Talairach and Tournoux atlas space ( Talairach and

ournoux, 1988 ). Normalized data were then spatially smoothed (8 mm

WHM) using a Gaussian kernel to increase the signal to noise ratio

nd reduce the impact of anatomical variability not corrected for by

tereotaxic normalization. 

For each participant, general linear models (GLMs) were constructed

o examine condition-specific brain activity as a function of RME target

ace (Black or White). At level 1, GLMs incorporating each of the two

onditions (Black; White) and covariates of non-interest (a session mean,

 linear trend to account for low-frequency drift, and six movement pa-

ameters derived from realignment corrections) were convolved with a

anonical hemodynamic response function and used to compute param-

ter estimates for each condition at each voxel. At level 2, participants

ere compared across conditions for whole brain exploratory analyses.

.7. Data analysis 

We used mixed-effects regression to analyze both the fMRI ROI and

ehavioral data with the lme4 package ( Bates et al., 2014 ) in the R

rogramming language ( R Core Team, 2016 ). All statistical tests were

wo-tailed. Target race ( − 0.5 = Black RME targets and 0.5 = White RME

argets) was the sole within-subjects factor. The z -scored lifetime con-

act difference score was the sole between-subjects individual difference

actor. For analyses, we modeled random effects for the intercept. We

ncluded all trials, regardless of participant accuracy, in all ROI and ex-

loratory whole-brain analyses. 

.7.1. ROI analyses 

We used linear regression to analyze BOLD activity in a priori ROIs

bilateral STS, bilateral TPJ, DMPFC, and bilateral amygdala) as a func-

ion of RME target race and participants’ lifetime contact scores. For all

MRI results, coordinates are provided in Montreal Neurological Insti-

ute (MNI) space. 

.7.2. Exploratory whole-brain analyses 

We emphasize results from our planned comparisons in a priori ROIs

n this paper. We ran two exploratory whole-brain GLM analyses for

he Black > White (i.e., greater brain activity in these regions during

erceived Black RME trials than during perceived White RME trials)

nd White > Black (i.e., greater brain activity in these regions during

erceived White RME trials than during the perceived Black RME tri-

ls) comparisons. We used an uncorrected voxel-level threshold of p ⟨

.001 and a cluster extent threshold of 53 voxels as determined by Al-

haSim. The Black ⟩ White contrast was coded such that Black = + 1 and

hite = − 1. The White > Black contrast was coded such that White = + 1

nd Black = − 1. Time and dispersion regressors for each condition for

oth contrasts were set to 0. These results are exploratory and should

e interpreted with caution and only within the context of the planned

omparisons in our a priori regions of interest reported in the main text.

.7.3. Behavioral 

We used logistic regression to predict RME trial accuracy (1 = cor-

ect, 0 = incorrect) as a function of RME target race and participants’

ifetime contact scores. 

. Results 

.1. ROI analyses 

We extracted BOLD activity from ROIs in left STS (MNI x, y, z = − 59,

 15, − 16, 8 mm sphere) right STS (MNI x, y, z = 57, − 10, − 20, 8 mm

phere), left TPJ (MNI x, y, z = − 56, − 55, 16, 8 mm sphere), right TPJ

MNI x, y, z = 54, − 51, 17, 8 mm sphere), DMPFC (MNI x, y, z = − 3, 55, 23,

 mm sphere) and bilateral amygdala (left amygdala: MNI x, y, z = − 24,
5 
 6, − 24, 4 mm sphere; right amygdala: MNI x, y, z = 18, − 6, − 21, 4 mm

phere). Average parameter estimates were extracted for each condition.

he size of these ROIs is commensurate with differences in anatomical

ize between these regions and with ROI volumes from our previous

ork. All ROI results (including non-significant results) are reported in

able 1. 1 

.1.1. Target race and lifetime contact predict bold activity in left STS 

uring the RME task 

There was a significant main effect of target race on left STS activity

uch that participants showed greater STS activity when inferring men-

al states from White eyes than when inferring mental states from Black

yes ( b = 0.523, SE = 0.210, t (56) = 2.492, p = 0.016, 95% CI = [0.112,

.935]). However, this main effect was qualified by a significant inter-

ction between target race and lifetime interracial contact ( b = − 0.546,

E = 0.211, t (56) = − 2.589, p = 0.012, 95% CI = [ − 0.959, − 0.133]; see

ig. 4 ). To decompose this interaction, we tested simple differences be-

ween left STS BOLD activity when inferring mental states from White

yes compared to when inferring mental states from Black eyes at low

 − 2SD), average (0SD), and high ( + 2SD) lifetime interracial contact.

ow ( b = 1.615, SE = 0.471, t (56) = 3.429, p = 0.001, 95% CI = [0.692,

.539]) and average ( b = 0.523, SE = 0.210, t (56) = 2.492, p = 0.016,

5% CI = [0.112, 0.935]) contact participants showed significantly more

eft STS activity when inferring mental states from White eyes than when

oing so from Black eyes. High contact participants, however, showed

imilar levels of STS activity regardless of RME target race ( b = − 0.569,

E = 0.471, t (56) = − 1.207), p = 0.232, 95% CI = [ − 1.492, 0.355]). We

lso assessed the slopes within each condition by dummy coding target

ace; neither slope was significant (Black trials: b = 0.382, SE = 0.421,

 (63.445) = 0.907, p = 0.368, 95% CI = [ − 0.444, 1.208]; White tri-

ls: b = − 0.164, SE = 0.421, t (63.445) = − 0.388, p = 0.699, 95%

I = [ − 0.990, 0.662]). 

A similar pattern of results was shown in right STS and right TPJ,

owever, the interaction was not significant in these regions (right STS:

 = − 0.356, SE = 0.187, t (56) = − 1.898, p = 0.063, 95% CI = [ − 0.723,

.012]; right TPJ: b = − 0.319, SE = 0.160, t (56) = − 1.995, p = 0.051,

5% CI = [ − 0.633, − 0.006]). We did not decompose the interaction term

n these regions because it was not significant in the omnibus models.

lthough the interaction of target race and lifetime contact only sig-

ificantly predicted left STS activity, we are reluctant to make strong

laims about lateralization of this effect. Based on the marginal signifi-

ance values found in right STS and right TPJ, it is not clear what would

merge if a larger sample of participants were included. No significant

esults were found in any other ROIs (all p -values > 0.1). 

.1.2. Target race alone predicts bold activity in left TPJ during the RME 

ask 

We also found a significant main effect of target race in left TPJ

uch that participants showed greater activity in this region when in-

erring mental states from White eyes than when doing so from Black

yes ( b = 0.456, SE = 0.190, t (56) = 2.400, p = 0.020, 95% CI = [0.084,

.829]). 

.2. Exploratory whole-brain analyses 

For the Black > White contrast, there were no significant clusters

bove the 53-voxel threshold for the Black > White contrast. 

The White > Black contrast revealed one 809-voxel cluster in visual

ortex for the White > Black contrast. This cluster included three sig-

ificant peaks (uncorrected p < 0.001) at MNI x, y, z = 12, − 99, 15 (V2,

rodmann area 18; t = 6.08), MNI x, y, z = 15, − 93, 6 (V1, Brodmann
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Table 1 

Regression Results Table Predicting Activity in All Regions of Interest from Target Race, z-Scored Lifetime 

Contact, and their Interaction. 

Beta SE df t -value p -value 95% CI 

Left TPJ 

Intercept − 1.203 0.469 56 − 2.565 0.013 [ − 2.122, − 0.284] 

Target race 0.456 0.190 56 2.400 0.020 [0.084, 0.829] 

Lifetime contact ( z -scored) 0.458 0.471 56 0.972 0.335 [ − 0.465, 1.381] 

Target race × lifetime contact ( z -scored) − 0.205 0.191 56 − 1.075 0.287 [ − 0.579, 0.169] 

Right TPJ 

Intercept − 2.124 0.309 56 − 6.878 < 0.001 [ − 2.73, − 1.519] 

Target race 0.002 0.159 56 0.014 0.989 [ − 0.31, 0.315] 

Lifetime contact ( z -scored) 0.410 0.310 56 1.323 0.191 [ − 0.198, 1.019] 

Target race × lifetime contact ( z -scored) − 0.319 0.160 56 − 1.995 0.051 [ − 0.633, − 0.006] 

DMPFC 

Intercept − 3.595 0.548 56 − 6.556 < 0.001 [ − 4.669, − 2.52] 

Target race 0.358 0.363 56 0.985 0.329 [ − 0.354, 1.07] 

Lifetime contact ( z -scored) 0.312 0.551 56 0.567 0.573 [ − 0.767, 1.392] 

Target race × lifetime contact ( z -scored) − 0.604 0.365 56 − 1.654 0.104 [ − 1.319, 0.112] 

Left STS 

Intercept − 1.754 0.406 56 − 4.317 < 0.001 [ − 2.55, − 0.958] 

Target race 0.523 0.210 56 2.492 0.016 [0.112, 0.935] 

Lifetime contact ( z -scored) 0.109 0.408 56 0.268 0.790 [ − 0.69, 0.909] 

Target race × lifetime contact ( z -scored) − 0.546 0.211 56 − 2.589 0.012 [ − 0.959, − 0.133] 

Right STS 

Intercept − 1.425 0.327 56 − 4.353 < 0.001 [ − 2.066, − 0.783] 

Target race 0.285 0.187 56 1.529 0.132 [ − 0.08, 0.651] 

Lifetime contact ( z -scored) 0.438 0.329 56 1.332 0.188 [ − 0.206, 1.082] 

Target race × lifetime contact ( z -scored) − 0.356 0.187 56 − 1.898 0.063 [ − 0.723, 0.012] 

Left Amygdala 

Intercept − 0.971 0.316 56 − 3.070 0.003 [ − 1.591, − 0.351] 

Target race 0.365 0.219 56 1.670 0.101 [ − 0.064, 0.794] 

Lifetime contact ( z -scored) 0.061 0.318 56 0.193 0.848 [ − 0.561, 0.684] 

Target race × lifetime contact ( z -scored) − 0.168 0.220 56 − 0.764 0.448 [ − 0.599, 0.263] 

Right Amygdala 

Intercept − 0.876 0.382 56 − 2.296 0.025 [ − 1.625, − 0.128] 

Target race 0.262 0.281 56 0.932 0.355 [ − 0.289, 0.813] 

Lifetime contact ( z -scored) 0.464 0.383 56 1.210 0.231 [ − 0.287, 1.215] 

Target race × lifetime contact ( z -scored) − 0.092 0.282 56 − 0.325 0.746 [ − 0.645, 0.461] 

Fig. 4. The interaction between lifetime interracial contact and RME target 

race significantly predicted BOLD activity in left STS. Low and average contact 

White perceivers showed significantly greater left STS activity when inferring 

mental states from White eyes than when doing so from Black eyes, whereas 

high contact White perceivers showed no difference in left STS activity re- 

gardless of RME target race. − 2SD corresponds to a lifetime contact score of 

− 93.771, 0SD corresponds to a lifetime contact score of − 56.837, and + 2SD 

corresponds to a lifetime contact score of − 19.903. 
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rea 17; t = 5.28), and MNI x, y, z = 18, − 81, 15 (V1, Brodmann area 17;

 = 5.00). 

.3. Behavioral analyses 

Although this fMRI study was not powered to reliably detect indi-

idual difference effects at the behavioral level, we present exploratory

ehavioral results (but see Study 2 in Handley et al., 2021 for an ade-

uately powered, preregistered behavioral test of White perceivers’ per-

ormance on the Black and White RME test). We used logistic regression

o predict RME trial accuracy (1 = accurate, 0 = inaccurate) from target
6 
ace (Black = − 0.5, White = 0.5), z -scored lifetime interracial contact,

nd the interaction of these factors. We observed a significant main ef-

ect of target race ( b = − 0.269, SE = 0.068, z = − 3.970, p < 0.001, 95%

I = [ − 0.401, − 0.136]) such that participants were more accurate on

lack RME trials ( M accuracy = 68.078%) than they were on White RME

rials ( M accuracy = 62.705%). No significant effects involving interracial

ontact emerged (all p -values > 0.400). We also conducted a linear re-

ression to predict RME reaction time during the response window from

arget race (Black = − 0.5, White = 0.5), z -scored lifetime interracial

ontact, and the interaction of these factors. We observed a significant

ain effect of target race ( b = 28.063, SE = 18.200, t (59.038) = 2.319,
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 = 0.024, 95% CI = [4.345, 51.781]) such that participants were faster

o respond on Black RME trials ( M reaction time = 739.273 ms) than on

hite RME trials ( M reaction time = 767.336 ms). Again, no significant ef-

ects involving interracial contact emerged (all p -values > 0.380). 

. Discussion 

In this initial investigation of how contact shapes brain activity dur-

ng an interracial RME test we found that contact moderated activity in

eft STS. Similar to previous work using intergroup RME paradigms (i.e.,

hite/Asian RME; Adams et al., 2009 ), we found preferential left STS

ctivity for ingroup RME targets relative to outgroup RME targets. How-

ver, this was only true among perceivers with low and average quanti-

ies of lifetime interracial contact. High contact perceivers recruited left

TS similarly regardless of whether they were inferring mental states

rom a perceived ingroup or outgroup members’ eyes. STS activity when

nferring secondary emotions based on physical cues may be meaning-

ully shaped by the types of exposure to others that we have experi-

nced. These findings, however, do not necessarily suggest that low and

verage contact White perceivers mentalize “more ” in response to per-

eived White than perceived Black targets; in fact, our behavioral re-

ults (wherein all participants regardless of contact were more accurate

t inferring mental states from Black eyes than from White eyes) sug-

est there is some dissociation between the neural engagement in these

asks and observed behavioral outcomes. However, it is certainly note-

orthy that perceived Black and perceived White targets evoke different

evels of STS activity among people with relatively limited cross-race

xperience, but they do not do so among people with more extensive

ross-race experience. This is further evidence that STS activity when

nferring mental states from perceptual cues like the eyes is, to some

xtent, culturally tuned (e.g., Adams et al., 2009 ). 

The dissociation between the behavioral results, in which perceivers

ere overall more accurate at the perceived Black RME test than at the

erceived White RME test, and fMRI results, in which contact shaped

entalizing brain activity as a function of race, is somewhat surprising.

he perceived Black RME test was equated on mental states, answer

hoices, and overall test difficulty (see Handley et al., 2019 ). However,

hen the tests were equated, perceived RME target race was manipu-

ated between subjects: perceivers saw either the perceived Black RME

est or the perceived White RME test. It is possible that the within sub-

ects manipulation of perceived target race in this work made race more

alient, encouraging our White perceivers to accurately respond to per-

eived Black RME trials. Although it would be interesting to analyze

ME trials as a function of accuracy, there are too few trials per con-

ition and it is impossible to equate the content (e.g., mental states,

alence of expression, target gender) so that each individual participant

ot equivalent correct/incorrect trial types, making such analyses unin-

erpretable. However, we note that this pattern of results was obtained

n previous behavioral work that also manipulated perceived RME tar-

et race within subjects ( Handley et al., 2021 ). Furthermore, it is pos-

ible that the tuning of neural responses to intergroup mentalizing as

 function of lifetime interracial contact does not override other pro-

esses (i.e. motivation) impacting mentalizing accuracy. Future work

hould address this question more directly by either manipulating per-

eived RME target race between subjects or by modifying the RME task

o allow separate analysis of accurate and inaccurate trials. Such stud-

es would further contribute to our understanding of how culture, more

roadly, can shape mentalizing processes and outcomes ( Lin et al., 2018 ;

u et al., 2021 ). It is also possible that the affective valence of the per-

eived mental states may differentially impact behavioral and neural

esponses as a function of the perceived race of the targets and of the

ontact of the perceivers. Limits of the RME task do not allow to test this

ypothesis with the present data; however, future work should explore

his possibility. 

Replicating previous research, we found preferential left TPJ activ-

ty for ingroup relative to outgroup targets (i.e., Adams et al., 2009 ;
7 
heon et al., 2011; Liew, Han, Aziz-Zadeh, 2011; Richins, Barreto, Karl,

 Lawrence, 2019; Meconi, Vaes, & Sessa, 2015), but this effect was

ot impacted by interracial contact. At first this finding seems to di-

erge from the STS response that was shaped by the perceiver’s contact.

owever, the STS may be particularly important for inferring mental

tates from eyes (e.g., Saxe, 2006; Gallagher and Frith, 2003 ). Indeed,

TS activity is observed during face perception (e.g., Haxby, Hoffman,

 Gobbini, 2000; Pelphrey et al., 2004 ) and the perception of biological

otion (Thompson, Clarke, Stewart, & Puce, 2005; Puce & Perrett, 2003;

llison et al., 2000 ). It is therefore not surprising that it’s recruitment

ay be tuned by social experience impacting perceptual expertise, such

s interracial contact. In comparison, the TPJ, which is recruited during

heory of mind, empathy, and perspective-taking (e.g., Hooker, Verosky,

ermine, Knight, D’Esposito, 2010; Lombardo et al., 2010; Young, Cush-

an, Hauser, & Saxe, 2007), has been found to index differential engage-

ent with stimuli during mentalizing (e.g., Dang et al., 2022 ; Bledowski,

rvulovic, Goebel, Zanella, & Lindin, 2004; Corbetta, Patel, & Shulman,

008). 

It is also noteworthy that these findings diverge somewhat from pre-

ious work on how interracial contact impacts the neural substrates

f mentalizing from same- and cross-race face targets. Specifically,

andley et al. (2021) found that contact was associated with changes

n mentalizing-related brain activity regardless of target race (e.g., see

loutier et al., 2017 ), whereas in the present work we found that con-

act impacted brain regions recruited during mentalizing in a target

ace-dependent manner. We argue that differences between the men-

alizing tasks used in these studies may underlie these divergent results.

andley et al. (2021) used a more general task in which objective accu-

acy was not attainable; when mentalizing, participants merely thought

bout one specific mental state (level of interest) for various perceived

lack and White faces. In that less effortful task that did not require

pecific inferences based on perceptual cues, high contact peoples’ ex-

erience with more diverse faces may make all encountered faces less

alient rather than impacting face processing in any kind of race-specific

ay. However, in the present RME task, objective accuracy is attainable,

nd participants might have been more motivated to attend to the task.

hen processing is more effortful, or the stimuli are salient enough, our

ontact histories may meaningfully shape how we attend to faces in a

ore race-dependent manner. This possibility is further corroborated

y recent evidence showing that high contact White perceivers who

iewed videos of violent interactions between perceived White police

fficers and perceived Black civilians preferentially engaged brain re-

ions supporting mentalizing compared to low contact White perceivers

ho viewed these same interactions ( Dang et al., 2022 ). In other words,

hen viewing highly salient, dynamic, and attention-grabbing stimuli,

ontact and perceived target race impacted mentalizing-related brain

ctivity. Similarly, it is possible that perceivers found the RME task to

e socially more salient than to the more general mentalizing task used

n Handley et al. (2021) . This may also in part explain why participants

ere overall motivated to be accurate, particularly when presented with

erceived Black RME trials. Contact therefore appears to have both gen-

ral and race-specific impacts on brain activity during mentalizing. 

Although this work provides an important first step toward un-

erstanding how contact shapes brain activity when inferring mental

tates from physical cues across target race, we acknowledge that the

resent work has limited generalizability. Our sample included only self-

dentified White American participants, and our stimuli included only

erceived White and Black targets. Accordingly, it is important to note

hat the results and conclusions drawn from this study should not be

eneralized to perceivers and faces of all races. Further work involv-

ng more diverse participants and targets will be necessary to general-

ze beyond the present sample and stimulus set. Extending this work to

articipants and targets from different racial and ethnic backgrounds

s a necessary future direction that will elucidate to what extent these

ndings reflect the specific context of White Americans thinking about
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erceived Black and White peoples’ emotions, or to what extent they

eneralize to broader contexts. 

Interracial contact appears to have a nuanced, sometimes subtle, but

otentially important effect on various social cognitive processes – in-

reasingly, its complex impact on mentalizing and its relation to social

alience is revealed through neuroimaging investigations such as this

ne (see also Dang et al., 2022 ; Handley et al., 2021 ). As highlighted

y others, mentalizing may not be a panacea for prejudice reduction

e.g., Paluck et al., 2021 ) – in fact, our results and the results of pre-

ious brain imaging investigations ( Dang et al., 2022 ; Handley et al.,

021 ) suggest that more complex downstream consequences of interra-

ial contact cannot be explained by similar or even greater mentalizing

bout outgroup members alone. Although in many instances greater in-

erracial contact appears to diminish differences in neural engagement

owards perceived Black and White individuals ( Cloutier et al., 2014 ;

loutier et al., 2017 ; Handley et al., 2021 ; Telzer et al., 2013 ), it may

nly contribute to prejudice reduction in particularly salient contexts

e.g., Dang et al., 2022 ). 
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