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Abstract

Researchers investigating various facets of theory of mind, sometimes referred to as menta-
lizing, are increasingly exploring how social group membership influences this process. To
facilitate this research, we introduce the Black Reading the Mind in The Eyes task, a freely
available 36-item Black RME task with an array of norming data about these stimuli. Stimuli
have been created and equated to match the original Reading the Mind in the Eyes (RME)
task which included only White faces. Norming data were collected in three waves that char-
acterized the physical properties of the stimuli and also participants’ subjective ratings of the
stimuli. Between each round of ratings, stimuli that did not equate with the original RME task
or were not distinctly recognized as Black were removed and new stimuli were incorporated
in the next round until we obtained 36 distinctive Black RME targets that matched the 36
mental states used in the original RME stimulus set. Both stimulus sets were similarly diffi-
cult and subsequent testing showed that neither Black nor White participants’ mentalizing
accuracy varied as a function of target race. We provide instructions for obtaining the data-
base and stimulus ratings.

Introduction

The ability to infer others’ mental states, or mentalize, is a critical cognitive skill that enables
people to successfully navigate an increasingly complex social world. Social categories such as
race importantly shape the ways in which humans perceive and evaluate each other; however,
one of the most oft-cited measures of mentalizing from visual facial cues, the Reading the
Mind in the Eyes (RME) task, uses exclusively White target faces [1]. To date, few studies have
addressed how mental states are inferred from non-White faces, and whether or not this differs
from how mental states are inferred from White faces (c.f., Adams et al., 2009) [2]. To address
this gap, we developed a version of the RME task that uses Black target faces and is compatible
with the original Baron-Cohen et al. (2001) stimuli [1]. The goal of this database is to provide
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an open access stimulus set to spur future research, and we intend to expand the stimulus set
in the future to include other race faces. In this manuscript, we provide researchers with equat-
ing information and a link to the open access directory for the Black RME task.

People can rapidly and (somewhat) accurately extract rich social information from limited
perceptual cues [3-8]. Information about others’ mental states is among the most important
social information that can be gleaned from such cues. Deficits in mentalizing are associated
with difficulty in understanding and predicting the social environment and are suggested to be
a major feature of autism spectrum disorders [9]. The eyes in particular have been shown to
have a uniquely important role in conveying nuanced social information, particularly informa-
tion pertaining to secondary human emotions (e.g., [10-18]). Therefore, the RME test was
developed as a measure of peoples’ ability to infer mental states from the eyes.

The RME task

The original RME task was developed by Baron-Cohen and colleagues in 1997, then revised in
2001; this revised test has since been widely used to assess mentalizing ability [1,11]. Baron-
Cohen and colleagues initially found that being shown the eyes alone produced equally accu-
rate judgments of mental states (e.g. thoughtful, suspicious) as being shown an entire face [1].
Therefore, in the RME task, participants view a cropped photograph of a set of eyes that por-
tray a complex mental state and then select the correct mental state from four possible options.
Researchers quantify the degree to which individuals correctly identify the mental state for
each set of eyes, yielding a score of mentalizing accuracy. Among other questions, social cogni-
tion researchers have used this task to measure peoples’ tendency to engage in spontaneous
mental state inferences (e.g., [19,20]). The RME task has specifically been favored as a test of
adult mentalizing ability because tasks utilized with children are often too easy for adults and
do not allow for meaningful assessment of mentalizing accuracy in adulthood; that is, neuroty-
pical adults tend to perform at ceiling on standard false belief tasks when not under cognitive
load [21,22]. Given the multitude of ways that face processing and social cognition can vary as
a function of perceptual target race, it is paramount to expand our understanding of mentaliz-
ing processes by including more diverse face stimuli. The little research that has been done on
cross-race mentalizing indicates it very well may differ as a function of target race [2]. The
present work therefore aims to develop and share access to an RME test that uses Black stimuli
but is otherwise well equated with the widely-used original stimulus set.

Differences in social cognition as a function of target race

Particularly relevant to the present work, Adams and colleagues (2009) tested a cross-cultural
version of the RME test using White and East Asian eyes with native White American and
native Japanese participants [2]. They found evidence for both behavioral and neural differ-
ences in same- versus cross-race mentalizing: participants were more accurate at inferring
mental states from same-race targets than from cross-race targets, and this difference was asso-
ciated with increased bilateral posterior superior temporal sulci (STS) recruitment during
mentalizing [2]. This region has been extensively implicated in neuroimaging studies of theory
of mind, particularly among studies using the RME test (for reviews, see [23-25]).
Additionally, there is strong evidence that face processing and various social cognitive pro-
cesses may vary as a function of perceptual target race. The Other-Race Effect is a particularly
robust example of how face processing varies across target race; people consistently show
worse recognition memory for other-race faces compared to same-race faces ([26,27]; for
review, see [28]). Other-race faces are also thought to be processed in a more piecemeal inex-
pert manner based on facial features, unlike own-race faces which typically are processed in a
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configural, expert way [29,30]. Research suggests that piecemeal face processing may be a sub-
optimal strategy; such processing has been associated with decreased recognition memory
[31-33], and has recently even been linked to diminished perceptions of a face’s humanness
[34]. Numerous other social cognitive processes vary across perceptual target race, including:
stereotype activation [35-38], implicit racial attitudes and affective bias [39-44], trustworthi-
ness judgments and decision-making [45-47], and the neural empathic response to pain
[48,49]. These intergroup differences in perception and evaluation can have a host of negative
consequences for intergroup relations. However, in contrast to these other areas of investiga-
tion, intergroup mentalizing, a fundamental aspect of intergroup relations and social interac-
tions, has yet to receive substantial research attention. One possible explanation for this gap in
the literature is the lack of available measures.

Current research

To facilitate research on intergroup mentalizing, we sought to develop and share access to a
36-item Black RME (BRME) task that was equated with the original 36-item White RME task.
We present two studies that describe stimulus selection for the BRME (Study 1) and a compar-
ison of Black and White perceivers’ performance on both the original RME and the BRME
(Study 2).

Study 1
Method

Participants. Participants were recruited in three independent waves, with each wave
completing one round of ratings. Wave one consisted of 25 participants, wave two consisted of
26 participants, and wave three consisted of 33 participants. Based on our a priori exclusion
criteria, all participants were between the ages of 18-45 years old, were born in the United
States, and self-identified as Black. In total, 84 Amazon Mechanical Turk workers who met
these criteria participated in exchange for between $2.80 and $5.80, depending on the number
of trials in the rating wave in which they participated. We restricted the sample to only Black
participants in order to ensure the stimuli were distinctively perceived as Black and to elimi-
nate any potential effects resulting from the race of the experimenter who created the stimuli
(Asian) or other cross-race face processing differences.

Creation of stimuli. In order to create a BRME task that was equated with the original
RME task, one of the authors collected images of male and female Black faces portraying dif-
ferent emotional states from publicly available online media. This is similar to the original
RME task, which also used images of actors’ and actresses’ eyes as stimuli [1]. Faces were
selected from scenes in which the character was portraying one of the 36 target mental states
from the original task [1]. These images were converted to grayscale and cropped in Adobe
Photoshop. All images had a resolution of 96 DPI. The eye region of each face (eyes, eyebrows,
and bridge of the nose) was cropped using a rectangular area of 466 x 185 pixels, such that the
stimuli were the same size as those used in the original version of the task [1].

The RME task and the BRME task both use the same 36 sets of words [1]. Each set of words
included four answer choices, one of which correctly described the emotion shown by the eyes
and three of which were distractors. As in the development of previous versions of the RME,
the correct answer choice was determined by participant consensus (i.e., greater than 60%
agreement) [1,2]. The location of the target word and distractor choices was identical to that in
the Baron-Cohen et al. (2001) RME task [1]. The task was self-paced, although participants
were encouraged to respond quickly. Prior to the task, participants were shown a screen with
the following instructions (formatting included):
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“You will be viewing images of eyes. For each set of eyes, choose which word best describes
what the person in the picture is thinking or feeling. You may feel that more than one word
is applicable but please choose just one word, the word which you consider to be most
suitable.

Please make sure that you have read all 4 words before making your choice. The glossary of
some of the words will be provided together with each set of words.

You should also try to give your response as fast as possible and do not overthink.

Your ratings are very important to our research, so please choose the word that you
think best describes what the person is thinking or feeling.”

All target words and distractors are listed in S1 Table.

Based on the literature, the following selection criteria for our stimuli were used: at least
60% of participants chose the target word, and fewer than 25% of participants chose any single
distractor word for each image [1,2]. Following the identification of the emotion participants
were prompted to select the race of the target face (options: White, Black or African American,
American Indian or Alaska Native, Asian, Native Hawaiian or Other Pacific Islander, or
Other; Hispanic was included as an option in rounds two and three only). To ensure the faces
were perceived to be Black, we only included face stimuli that were identified as Black by at
least 84% of our participants and were identified as White a maximum of once. After the first
round of ratings, we opted to keep six face stimuli that were rated as White by 1/17 participants
(items: anticipating, desire, despondent, distrustful, fantasizing, and thoughtful). When these
items were rated in the second round, 0/25 participants rated them as White. No other stimuli
were ever rated as White in any of the three rounds of ratings.

One of the authors compiled a large pool of possible stimulus images; this pool was then
narrowed down by removing stimuli that did not meet the selection criteria between each
wave of ratings. The initial wave included 260 trials (one of which was the attention check
trial). The second wave included 170 trials (eight of which were attention check trials). The
final wave included 80 trials (eight of which were attention check trials). Between each itera-
tive wave of ratings, stimuli that failed to meet the selection criteria were removed and
replaced with new stimuli that were tested with the next wave of raters. This process contin-
ued until 36 final Black stimuli that met the predetermined selection criteria and provided us
with the 36 mental states used in the original Baron-Cohen et al. (2001) stimulus set were
obtained. When multiple possible stimuli fit the criteria for a given mental state, the stimulus
that had more in common with the original Baron-Cohen et al. (2001) stimulus for that men-
tal state was chosen (e.g. three possible stimuli fit the criteria for “insisting”; the only one that
had direct eye gaze was selected because the Baron-Cohen “insisting” stimulus had direct eye
gaze) [1]. If similarity to the Baron-Cohen et al. (2001) task was the same across multiple sti-
muli that all fit the criteria for a given mental state, the stimulus with higher resolution was
selected.

Due to differences in the number of stimuli we could find portraying each emotion, the
number of images tested for each item (i.e. for each of the 36 mental states) during each round
of ratings varied. In the first two rounds, the minimum number of stimuli tested per item in
any given round was two and the maximum number of stimuli tested per item was nine. By
the third round of ratings, only eight items remained that did not have stimuli that had met all
inclusion criteria during the previous two rounds. Of the remaining items requiring stimulus
images, the minimum number of stimuli tested per item was one and the maximum number
of stimuli tested per item was fourteen. For each mental state, each face was always paired with
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the same target and distractor words. Target and distractor words were taken directly from the
original RME task in order to ensure the Black RME stimulus set was equated and compatible
with the original White RME stimulus set [1].

Study 1 data are available at https://osf.io/2bd5a/.

Results
Data exclusions

To ensure a matched Black RME task, we collected multiple waves of stimulus piloting. Sti-
muli that did not equate with the original RME task [1] were eliminated and replaced in the
next wave. In wave one, seven participants were excluded for failing the only attention check.
For this attention check, participants were instructed to click a target word (“jealous”) while
viewing a face that showed the emotion “panicked”; all seven participants who failed this
check instead selected the correct answer choice (“panicked”) for the picture and not the
required response “jealous”. To avoid this problem in later waves, we increased the number
of attention checks to eight and required 75% accuracy (at least six out of eight correct), and
all trials instructed participants to click the correct, given answer word for the target face (i.e.
“For this face, please select panicked for your response” for a face that showed “panicked”).
Additionally, one participant was also excluded in wave one because they were not born in
the United States, resulting in a final sample size of 17 for wave one ()?age = 28.76,s=4.13,9
female).

In wave two, with the modified attention check criteria, no participants were excluded for
failing the attention checks. One participant was excluded because they identified as biracial,
resulting in a final sample size of 25 for wave two (X,,, = 31.12, s = 7.43, 8 female).

In wave three, two participants were excluded for accuracy below 75% on the attention
check trials. Seven additional participants who did not identify as Black were also removed,
resulting in a final sample size of 24 for wave three (X, = 29.38, s = 5.70, 5 female). Thus,
age = 29.88,5=16.09, 22 female).

After three waves of piloting, we obtained 36 Black face stimuli that met the selection crite-

age

across all three waves, our final sample size was 66 (x

ria. Half of the stimuli were female, representing the same gender composition as the stimuli
developed by Baron-Cohen et al. (2001) [1]. The itemwise ratings for the final stimuli are pro-
vided in Table 1. Because the stimuli were rated different numbers of times depending on how
many waves they were included in, the # for each item in the Black RME is also given. The n
for the White RME pilot testing was always 225 [1]. In the original task, forty stimuli were
selected based on ratings by eight pilot raters (five out of eight chose the correct answer and no
more than two out of eight chose any given foil) [1]. These forty stimuli were subsequently
rated by 225 pilot testers (no demographic data available); stimuli that resulted in accurate rat-
ings 50% of the time or less or in a specific incorrect answer choice being selected more than
25% of the time were removed. Four items were removed on the basis of these criteria, result-
ing in the final stimulus set containing 36 items. For a statistical comparison of the BRME and
the original RME task, see S2 Table and S1 Text.

Discussion

We developed a 36-item RME task with Black mentalizing targets that was equated with the
original RME task [1]. Henceforth we refer to this task as the Black Reading the Mind in the
Eyes (BRME) test. The stimuli were clearly recognized as Black by our Black participants. In
addition, the stimulus set had similar characteristics to the Baron-Cohen et al. (2001) stimulus
set. Both sets of stimuli have the same gender composition (50% female), and both sets of
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Table 1. Comparison of original (White) RME and Black RME items.

Mental state White RME % correct White RME % foil Black RME % correct Black RME % foil Black RME n Black RME % rated Black
accusing 78.7 12.0 64.0 16.0 25 92.0
anticipating 82.1 7.6 70.4 16.8 42 89.2°
cautious 1 84.9 8.9 83.2 9.9 42 92.1
cautious 2 79.6 11.1 73.4 12.8 42 94.1
concerned 79.9 10.3 71.4 17.8 42 90.1
confident 79.5 13.8 76.2 13.9 42 87.2
contemplative 72.9 14.7 76.0 16.0 25 92.0
decisive 74.7 12.9 66.7 16.7 24 95.8
defiant 83.6 8.9 80.0 12.0 25 100.0
desire 68.4 20.4 70.4 19.8 42 94.17
despondent 73.8 12.0 73.3 14.8 42 91.2*
distrustful 85.8 6.7 65.4 21.8 42 91.17
doubtful 72.9 16.0 75.0 12.5 24 95.8
fantasizing 1 86.7 6.2 84.2 7.9 42 92.1*
fantasizing 2 76.0 13.3 79.2 16.7 24 91.7
flirtatious 79.6 9.3 62.4 22.8 42 94.1
friendly 63.4 18.8 89.2 4.9 42 86.1
hostile 68.3 17.0 68.0 20.0 25 100.0
insisting 64.4 17.3 70.4 13.9 42 90.1
interested 1 88.0 6.7 84.0 8.0 25 92.0
interested 2 77.3 12.4 76.0 8.0 25 100.0
nervous 84.9 10.2 68.0 24.0 25 92.0
pensive 80.9 14.7 83.2 11.9 42 92.1
playful 75.6 124 77.3 14.8 42 86.1
preoccupied 1 64.9 21.8 66.5 17.8 42 87.2
preoccupied 2 72.9 19.6 71.4 17.8 42 91.2
reflective 64.4 21.8 79.2 8.3 24 95.8
regretful 65.8 22.2 88.0 8.0 25 96.0
serious 71.9 16.5 74.2 17.9 42 94.1
skeptical 90.2 44 70.4 9.9 42 95.1
suspicious 52.0 20.0 68.0 16.0 25 84.0
tentative 60.4 23.6 68.4 18.8 42 94.1
thoughtful 65.8 23.1 62.4 16.8 42 92.17
uneasy 79.1 16.4 84.0 8.0 25 88.0
upset 73.3 10.7 61.5 17.8 42 89.2
worried 81.3 15.6 87.5 4.2 24 87.5

Item-by-item breakdown of the percent of participants who selected the target words and most popular distractor words (i.e. foil) for the original White RME stimuli [1]
and the new Black RME stimuli.

*These items were rated as White by 1 participant in the first round of ratings. These items were never rated as White in subsequent rounds (i.e. 1/42 participants rated

the item to be White); thus we opted to include these items in the final stimulus set.

https://doi.org/10.1371/journal.pone.0221867.t001

stimuli depict the same target mental states to be inferred. Most importantly, participants

chose the correct target word and the most popular distractor with equal frequency between
both stimulus sets. Subsequent to piloting the BRME task, we examined whether the BRME
task and the original RME task were equally difficult for both Black and White participants.
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Study 2
Introduction

Because the 36-item BRME stimulus set developed in Study 1 was tested with only Black par-
ticipants, we further piloted the stimuli to confirm that the BRME and the original RME tasks
were equally difficult for non-Black participants. We used a 2 (participant race: Black, White)
x 2 (target race: Black, White) between-subjects design to assess accuracy differences between
the two stimulus sets. Specifically, we aimed to ensure there was no significant interaction
between participant race and target race on performance accuracy, which could suggest that
the difficulty between the two tasks was not equivalent for participants of different racial
groups (e.g., White participants may be more accurate on the original RME task compared
with the BRME task). Equating the difficulty of the tasks would allow researchers to assess
individual differences that contribute to disparities in intergroup mentalizing without the con-
cern that differences in accuracy may simply reflect task difficulty differences.

Method

Participants. One-hundred forty Black (n = 70) and White (n = 70) participants
(X = 29.92,s=9.21, 51 female (one participant did not report gender)) were recruited from
the University of Chicago Center for Decision Research and the University of Chicago Down-
town Research Lab. All participants were born in the United States, were between the ages of
18 and 50 years old, and self-identified as either Black or White per our a priori inclusion crite-
ria. Participants were compensated at a rate of $1 per 5 minutes for their time.

Stimuli. The 36-item stimulus set developed by Baron-Cohen and colleagues was used for
the White mentalizing task [1]. The BRME task developed in Study 1 was used for the Black
mentalizing task.

Protocol. Participants completed a brief pre-test demographic survey to confirm they met
the a priori inclusion criteria for this study. Only participants who met the demographic inclu-
sion criteria continued with the protocol. These participants were randomly assigned to com-
plete either the original RME task with exclusively White stimuli or the BRME task with
exclusively Black stimuli (between subjects). Each task consisted of 36 trials presented in ran-
domized order. Demographic questions were asked again after the RME task to confirm their
initial pre-test demographics. The experimental task was run on Inquisit Web Version 4.0
(https://www.millisecond.com/), and both pre- and post-test demographics were collected on
Qualtrics (https://www.qualtrics.com/).

Data analysis. We used mixed-effects logistic regression to analyze these data with the
Ime4 package (version 1.1-21) [50] in the R programming language (version 3.4.3) [51] on a
Mac computer running OS X version 10.11.6. The dependent variable was trial accuracy
(0 = incorrect and 1 = correct). The between-subjects factors were target race, which was con-
trast coded such that -0.5 denoted Black targets and 0.5 denoted White targets, participant
race, which was contrast coded such that -0.5 denoted Black participants and 0.5 denoted
White participants, and participant gender, which was contrast coded such that -0.5 denoted
male participants and 0.5 denoted female participants. We allowed for between-subjects vari-
ance in intercepts to account for variations in response accuracy.

Study 2 data are available at https://osf.io/9v3yn/.

Results

Importantly, none of the factors involving target race (i.e. the two separate stimulus sets) sig-
nificantly predicted participant accuracy (see Table 2). The main effect of target race was not
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Table 2. RME response accuracy model.

Fixed effects:

Intercept

Target race

Participant race

Participant gender

Target race x participant race

Target race x participant gender
Participant race x participant gender

Target race x participant race x participant gender

b Estimate SE Clgso, z-value p-value

1.009 0.064 [0.858, 1.117] 15.724 < 0.001*

-0.066 0.125 [-0.185, 0.320] -0.527 0.598
0.369 0.128 [0.130, 0.646] 2.885 0.004 *
0.079 0.126 [-0.150, 0.355] 0.625 0.532
0.217 0.251 [-0.718, 0.291] 0.866 0.386
0.237 0.257 [-0.738, 0.291] 0.922 0.356

-0.449 0.252 [-0.988, 0.021] -1.785 0.074
0.358 0.513 [-1.510, 0.549] 0.698 0.485

Logistic regression results on response accuracy in the RME task indicating influences of target race and participant race and gender. Asterisks indicate significant

results.

https://doi.org/10.1371/journal.pone.0221867.t1002

significant, nor were the interactions involving target race (target race x participant race, target
race X participant gender, and target race x participant race x participant gender) (see
Table 2). Including participant gender did not impact the results of the study (i.e., the target
race X participant race did not emerge when removing participant gender).

We found a significant main effect of participant race such that White participants
(x = 0.750, s = 0.433) were significantly more accurate than Black participants
(Xcuray = 0.672, s = 0.469), regardless of the race of the mentalizing target (b = 0.427,
SE = 0.126, Clys¢, = [0.180, 0.673], z = 3.394, p < 0.001). However, this main effect did not
involve differences between the stimulus sets, as supported by the nonsignificant two-way
interaction of participant race and target race (see Table 3). Therefore, we did not find evi-
dence suggesting differences in difficulty between the RME and the BRME task.

accuracy

Discussion

Accuracy on the tasks did not differ as a function of the race of the mentalizing targets. Neither
the target race main effect nor any interactions involving target race significantly predicted
accuracy, suggesting that inferring mental states from the Black RME task is similarly difficult
as it is from the White RME task developed by Baron-Cohen and colleagues [1].

General discussion

We developed an RME task using Black target faces that was equated with the original all-
White RME task [1]. In Study 1, Black raters confirmed the mentalizing targets appeared to be
Black, and they chose the target words and most popular distractors with the same frequency

Table 3. Descriptive statistics for Black and White participants on the Black and White RME tasks.

Black RME proportion correct White RME proportion correct
Black participants =0.689, s =0.463,n =39 =0.651,5s=0.477,n =31
White participants =0.755,5 =0.430, n = 35 =0.745,s = 0.436, n = 35

Cell means, standard deviations, and sample sizes for the non-significant target race x participant race interaction.
Note that although White participants were significantly more accurate than Black participants at both RME tasks,
there were no significant effects involving target race, suggesting both stimulus sets are similarly difficult for both

racial groups tested.

https://doi.org/10.1371/journal.pone.0221867.t003
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as did the raters who were used to develop other versions of the RME test [1,2]. In Study 2, tar-
get race did not influence Black and White participants’ mentalizing accuracy. Results from
Studies 1 and 2 indicate that the BRME task can be used either alone or in conjunction with
the original White RME task developed by Baron-Cohen and colleagues (2001) in future men-
talizing research. The present results are fully consistent with the two sets of mentalizing tar-
gets being compatible in mentalizing difficulty. Thus, we have created a stimulus set that will
enable researchers to test mentalizing accuracy from a more diverse pool of perceptual targets.

Study 2’s aim to ensure no significant difference between participant race and target race
on performance accuracy may seem surprising given previous work on the denial of secondary
emotional states to outgroup members (e.g., [52], for review see [53]). Because the current
work focused on accuracy at inferring secondary emotions (i.e., participants must choose one
of four secondary emotions to attribute to the target), and not the tendency to attribute sec-
ondary emotions in the first place, we did not base the current predictions in that literature.
This is a worthwhile future direction to determine how group membership influences accuracy
of inferring secondary emotions. The BRME stimulus set can facilitate research in this
domain.

In Study 2, we observed that overall, Black participants were less accurate than White par-
ticipants; however, this difference did not vary as a function of target race. While we are confi-
dent this difference does not reflect differences in the difficulty of the task given that target
race influenced mentalizing accuracy similarly for Black and White participants, the partici-
pant race effect was nonetheless surprising. It is possible that Black and White participants dif-
fered on other factors (e.g., education, socioeconomic status) that could influence RME
performance, however, this data was not collected as part of this pilot study. Using a sample
that is 50% Black is not typical for research that has used the RME task to date, and it is possi-
ble that results from these previous studies do not generalize to more diverse participant popu-
lations; this is an important question for future work. This research is unable to differentiate
these possibilities, which warrant future research specifically designed and powered to detect
such individual difference effects.

Additional important future directions can be gleaned from the extensive literature on the
biological factors that influence performance on the RME test. Although an extensive review
of this literature is beyond the scope of the present work, we briefly highlight major findings
from this research. First, studies have identified a link between increased oxytocin and RME
accuracy among both neurotypical adult men [19] and male teenagers and young adults (ages
12-19 years old) with autism spectrum disorders [54]. Second, RME performance appears to
be dependent on normal amygdala and orbitofrontal cortex function. Individuals with bilateral
amygdala lesions and individuals with bilateral orbitofrontal lesions were both significantly
less accurate at inferring complex mental states from the eyes than were healthy controls
[21,55]. Thus, there appears to be some biological basis for RME performance that future
research should explore with this more diverse mentalizing task.

Previous research has also found a small but significant gender difference in RME accuracy
between men and women (d = 0.21) such that women were more accurate than men [56].
Results suggested a genetic basis for this difference. Among women, RME accuracy was associ-
ated with a specific single-nucleotide polymorphism, whereas among men this association was
absent [56]. In line with this gender difference in RME accuracy, testosterone has been nega-
tively associated with RME performance. For example, fetal testosterone levels are negatively
correlated with 6-8 year old children’s RME scores [57], and women were significantly less
accurate at the RME test following testosterone administration than they were following pla-
cebo administration [58]. We did not observe a significant participant gender effect. However,
given that previous RME studies have not typically included a large proportion of Black
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participants, it is possible that something about participant race may moderate the RME
accuracy gender differences. This is an intriguing possibility that future research should
investigate.

Accessing the BRME stimuli

We provide unrestricted access to the BRME stimulus set (36 Black stimuli) and a key specify-
ing all answer choices and their corresponding on-screen locations (see S2 Text). To access the
BRME stimuli, interested users may submit a form available on our lab website (http://ifsnlab.
org/). Access will be limited to research purposes only. Additionally, we will track the number
of downloads and users’ reported purposes for downloading the stimuli. Following form sub-
mission, users will be automatically redirected to a download link for a zipped file containing
all of the BRME stimuli and the aforementioned answer key. A variable guide for Study 1 is
also included in this zipped file.

In future work, we aim to develop a database of RME tasks using targets from additional
racial groups. Such a database would have a number of potential uses for social cognition
researchers, particularly those interested in theory of mind and the influence of race on social
cognitive processes. This BRME task represents an important first step toward the develop-
ment of such a database. A more diverse stimulus set is valuable in and of itself in the sense
that it increases the generalizability of any results drawn from the task; however, the BRME
task will specifically enable researchers to investigate how Black perceivers mentalize from
same-race perceptual targets. Given psychology’s historical dependence on samples of White
undergraduate students, expanding research in a meaningful way to include subjects who have
been traditionally ignored by our discipline is an important endeavor [59]. The BRME task
will allow researchers to more effectively study diverse participant populations within the con-
text of theory of mind and mentalizing from visual perceptual cues.

Supporting information

S1 Table. RME target words and distractors. Complete list of all 36 sets of target words and
distractor choices.
(DOCX)

$2 Table. Overall descriptive statistics for target words and distractors. Overall percent of
participants who selected the target words and most popular distractor words for the original
White RME stimuli [1] and the new Black RME stimuli. Note that the White RME stimuli
were rated by Baron-Cohen and colleagues’ (2001) sample (participant race not reported) and
the Black RME stimuli were rated by the Black participants in Study 1 of the present work.
(DOCX)

S1 Text. Statistical comparison of average target and most popular distractor accuracy
between BRME and original RME tasks. Independent samples ¢-tests showed that overall, the
percentages of judges who selected the target word and the most popular distractor word for
the Black stimuli did not significantly differ from the percentage of judges who selected the tar-
get word and the most popular distractor word for the White stimuli in Baron-Cohen and col-
leagues (2001) sample [1], (#(35) = 0.552, p = 0.584, Clgse, = [-2.609, 4.559] for target words,
and #(35) = -0.131, p = 0.896, Clyse, = [-2.608, 2.291] for the most popular distractor words; see
S2 Table).

(DOCX)

$2 Text. BRME download instructions. All 36 BRME stimuli and their associated target
words are available to download for academic use from our lab website (http://ifsnlab.org/). A
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“Read Me” text file is also included with the BRME stimulus set download. This supplemental
text is the verbatim text from the Read Me file that is included with the download file contain-
ing all BRME stimuli.

(DOCX)

Author Contributions

Conceptualization: Grace Handley, Jennifer T. Kubota, Tianyi Li, Jasmin Cloutier.
Data curation: Grace Handley, Tianyi Li.

Formal analysis: Grace Handley, Jennifer T. Kubota, Tianyi Li, Jasmin Cloutier.
Resources: Jennifer T. Kubota, Jasmin Cloutier.

Software: Jennifer T. Kubota, Jasmin Cloutier.

Supervision: Jennifer T. Kubota, Jasmin Cloutier.

Writing - original draft: Grace Handley, Jennifer T. Kubota, Jasmin Cloutier.

Writing - review & editing: Grace Handley, Jennifer T. Kubota, Tianyi Li, Jasmin Cloutier.

References

1. Baron-Cohen S, Wheelwright S, Hill J, Raste Y, Plumb I. The “Reading the Mind in the Eyes” test
revised version: A study with normal adults, and adults with Asperger syndrome or high-functioning
autism. J Child Psychol Psychiatry. 2001; 42: 241-251. https://doi.org/10.1111/1469-7610.00715
PMID: 11280420

2. Adams RB, Rule NO, Franklin RG, Wang E, Stevenson MT, Yoshikawa S, et al. Cross-cultural Reading
the Mind in the Eyes: An fMRI Investigation. J Cogn Neurosci. MIT Press; 2009; 22: 97—108. https://doi.
org/10.1162/jocn.2009.21187 PMID: 19199419

3. BruceV, Young A. In the eye of the beholder: The science of face perception. New York, NY, US:
Oxford University Press; 1998.

4. HaxbyJV, Hoffman EA, Gobbini MI. The distributed human neural system for face perception. Trends
Cogn Sci. Elsevier; 2000; 4: 223-233. https://doi.org/10.1016/S1364-6613(00)01482-0

5. HaxbyJ V, Gobbini MI. Distributed neural systems for face perception. In: Rhodes G, Calder A, Johnson
M, Haxby J V, editors. Oxford Handbook of Face Perception. Oxford University Press; 2011. pp. 93—
110.

6. Cloutier J, Mason MF, Macrae CN. The perceptual determinants of person construal: Reopening the
social-cognitive toolbox. Journal of Personality and Social Psychology. Cloutier, Jasmin: Department of
Psychological and Brain Sciences, Dartmouth College, Moore Hall, Hanover, NH, US, 03755, jasmin.
cloutier@dartmouth.edu: American Psychological Association; 2005. pp. 885-894. https://doi.org/10.
1037/0022-3514.88.6.885 PMID: 15982111

7. Cloutier J, Turk DJ, Neil Macrae C. Extracting variant and invariant information from faces: The neural
substrates of gaze detection and sex categorization. Soc Neurosci. Routledge; 2008; 3: 69-78. https://
doi.org/10.1080/17470910701563483 PMID: 18633848

8. Todorov A, Mende-Siedlecki P, Dotsch R. Social judgments from faces. Curr Opin Neurobiol. 2013; 23:
373-380. https://doi.org/10.1016/j.conb.2012.12.010 PMID: 23347644

9. Baron-Cohen S, Leslie AM, Frith U. Does the autistic child have a “theory of mind”? Cognition. 1985;
21: 37-46. PMID: 2934210

10. Baron-Cohen S, Wheelwright S, Jolliffe T. Is there a “language of the eyes”? Evidence from normal
adults, and adults with autism or Asperger syndrome. Vis cogn. United Kingdom: Taylor & Francis;
1997; 4: 311-331. https://doi.org/10.1080/713756761

11. Baron-Cohen S, Jolliffe T, Mortimore C, Robertson M. Another advanced test of theory of mind: Evi-
dence from very high functioning adults with autism or Asperger syndrome. Child Psychology & Psychi-
atry & Allied Disciplines. United Kingdom: Cambridge University Press; 1997. pp. 813—-822. https://doi.
org/10.1111/j.1469-7610.1997.tb01599.x

PLOS ONE | https://doi.org/10.1371/journal.pone.0221867 September 19, 2019 11/14


https://doi.org/10.1111/1469-7610.00715
http://www.ncbi.nlm.nih.gov/pubmed/11280420
https://doi.org/10.1162/jocn.2009.21187
https://doi.org/10.1162/jocn.2009.21187
http://www.ncbi.nlm.nih.gov/pubmed/19199419
https://doi.org/10.1016/S1364-6613(00)01482-0
https://doi.org/10.1037/0022-3514.88.6.885
https://doi.org/10.1037/0022-3514.88.6.885
http://www.ncbi.nlm.nih.gov/pubmed/15982111
https://doi.org/10.1080/17470910701563483
https://doi.org/10.1080/17470910701563483
http://www.ncbi.nlm.nih.gov/pubmed/18633848
https://doi.org/10.1016/j.conb.2012.12.010
http://www.ncbi.nlm.nih.gov/pubmed/23347644
http://www.ncbi.nlm.nih.gov/pubmed/2934210
https://doi.org/10.1080/713756761
https://doi.org/10.1111/j.1469-7610.1997.tb01599.x
https://doi.org/10.1111/j.1469-7610.1997.tb01599.x
https://doi.org/10.1371/journal.pone.0221867

@ PLOS|ONE

Black "Reading the Mind in the Eyes" task

12

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.
24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Adolphs R, Gosselin F, Buchanan TW, Tranel D, Schyns P, Damasio AR. A mechanism for impaired
fear recognition after amygdala damage. Nature. Macmillian Magazines Ltd.; 2005; 433: 68. Available:
http://dx.doi.org/10.1038/nature03086

Adams RB, Kleck RE. Effects of direct and averted gaze on the perception of facially communicated
emotion. Emotion. Adams, Reginald B., Jr.: Department of Psychology, Tufts University, 490 Boston
Avenue, Medford, MA, US, 02155, rba@alum.dartmouth.org: American Psychological Association;
2005. pp. 3—11. https://doi.org/10.1037/1528-3542.5.1.3 PMID: 15755215

Caldara R, Schyns P, Mayer E, Smith ML, Gosselin F, Rossion B. Does prosopagnosia take the eyes
out of face representations? Evidence for a defect in representing diagnostic facial information following
brain damage. J Cogn Neurosci. 2005; 17: 1652—1666. https://doi.org/10.1162/089892905774597254
PMID: 16269103

Dotsch R, Todorov A. Reverse correlating social face perception. Soc Psychol Personal Sci. SAGE
Publications Inc; 2011; 3: 562-571. https://doi.org/10.1177/1948550611430272

Jack RE, Schyns PG. The human face as a dynamic tool for social communication. Curr Biol. 2015; 25:
R621-R634. https://doi.org/10.1016/j.cub.2015.05.052 PMID: 26196493

Lee DH, Susskind JM, Anderson AK. Social transmission of the sensory benefits of eye widening in fear
expressions. Psychol Sci. SAGE Publications Inc; 2013; 24: 957-965. https://doi.org/10.1177/
0956797612464500 PMID: 23620549

Schurgin MW, Nelson J, lida S, Ohira H, Chiao JY, Franconeri SL. Eye movements during emotion rec-
ognition in faces. J Vis. 2014; 14: 14. Available: http://dx.doi.org/10.1167/14.13.14

Domes G, Heinrichs M, Michel A, Berger C, Herpertz SC. Oxytocin improves “mind-reading” in humans.
Biol Psychiatry. Elsevier; 2007; 61: 731-733. https://doi.org/10.1016/j.biopsych.2006.07.015 PMID:
17137561

Rice K, Viscomi B, Riggins T, Redcay E. Amygdala volume linked to individual differences in mental
state inference in early childhood and adulthood. Dev Cogn Neurosci. Elsevier Ltd; 2014; 8: 153—-163.
https://doi.org/10.1016/j.dcn.2013.09.003

Stone VE, Baron-Cohen S, Knight RT. Frontal lobe contributions to theory of mind. J Cogn Neurosci.
1998; 10: 640—656. https://doi.org/10.1162/089892998562942 PMID: 9802997

Birch SAJ, Bloom P. The curse of knowledge in reasoning about false beliefs: Research report. Psychol
Sci. 2007; 18: 382—386.

Gallagher HL, Frith CD. Network and psychological effects in URBAN MOVEMENT.pdf. 2003;7: 77-83.

Schurz M, Radua J, Aichhorn M, Richlan F, Perner J. Fractionating theory of mind: A meta-analysis of
functional brain imaging studies. Neurosci Biobehav Rev. Elsevier Ltd; 2014; 42: 9-34. https://doi.org/
10.1016/j.neubiorev.2014.01.009 PMID: 24486722

Spreng RN, Mar RA, Kim ASN. The common neural basis of autobiographical memory, prospection,
navigation, theory of mind, and the default mode: A quantitative meta-analysis. J Cogn Neurosci. 2008;
21:489-510. https://doi.org/10.1162/jocn.2008.21029 PMID: 18510452

Barkowitz P, Brigham JC. Recognition of faces: Own-race bias, incentive, and time delay. J Appl Soc
Psychol. Wiley/Blackwell (10.1111); 1982; 12: 255-268. https://doi.org/10.1111/j.1559-1816.1982.
tb00863.x

Lindsay DS, Jack PC, Christian MA. Other-race face perception. J Appl Psychol. 1991; 76: 587-589.
https://doi.org/10.1037//0021-9010.76.4.587 PMID: 1917773

Meissner CA, Brigham JC. Thirty years of investigating the own-race bias in memory for faces: A meta-
analytic review. Psychol Public Policy, Law. US: American Psychological Association; 2001; 7: 3—-35.
https://doi.org/10.1037/1076-8971.7.1.3

Michel C, Rossion B, Han J, Chung C-S, Caldara R. Holistic processing is finely tuned for faces of one’s
own race. Psychol Sci. SAGE Publications Inc; 2006; 17: 608—615. https://doi.org/10.1111/j.1467-
9280.2006.01752.x PMID: 16866747

Cloutier J, Macrae CN. Who or what are you?: Facial orientation and person construal. Eur J Soc Psy-
chol. 2007; 37: 1298-1309. https://doi.org/10.1002/ejsp

DeGutis J, Wilmer J, Mercado RJ, Cohan S. Using regression to measure holistic face processing
reveals a strong link with face recognition ability. Cognition. 2013; 126: 87—-100.

Wang R, LiJ, Fang H, Tian M, Liu J. Individual differences in holistic processing predict face
recognition ability. Psychol Sci. SAGE Publications Inc; 2012; 23: 169—-177. https://doi.org/10.1177/
0956797611420575 PMID: 22222218

Richler JJ, Cheung OS, Gauthier |. Holistic processing predicts face recognition. Psychol Sci. 2011; 22:
464-471. https://doi.org/10.1177/0956797611401753 PMID: 21393576

PLOS ONE | https://doi.org/10.1371/journal.pone.0221867 September 19, 2019 12/14


http://dx.doi.org/10.1038/nature03086
https://doi.org/10.1037/1528-3542.5.1.3
http://www.ncbi.nlm.nih.gov/pubmed/15755215
https://doi.org/10.1162/089892905774597254
http://www.ncbi.nlm.nih.gov/pubmed/16269103
https://doi.org/10.1177/1948550611430272
https://doi.org/10.1016/j.cub.2015.05.052
http://www.ncbi.nlm.nih.gov/pubmed/26196493
https://doi.org/10.1177/0956797612464500
https://doi.org/10.1177/0956797612464500
http://www.ncbi.nlm.nih.gov/pubmed/23620549
http://dx.doi.org/10.1167/14.13.14
https://doi.org/10.1016/j.biopsych.2006.07.015
http://www.ncbi.nlm.nih.gov/pubmed/17137561
https://doi.org/10.1016/j.dcn.2013.09.003
https://doi.org/10.1162/089892998562942
http://www.ncbi.nlm.nih.gov/pubmed/9802997
https://doi.org/10.1016/j.neubiorev.2014.01.009
https://doi.org/10.1016/j.neubiorev.2014.01.009
http://www.ncbi.nlm.nih.gov/pubmed/24486722
https://doi.org/10.1162/jocn.2008.21029
http://www.ncbi.nlm.nih.gov/pubmed/18510452
https://doi.org/10.1111/j.1559-1816.1982.tb00863.x
https://doi.org/10.1111/j.1559-1816.1982.tb00863.x
https://doi.org/10.1037//0021-9010.76.4.587
http://www.ncbi.nlm.nih.gov/pubmed/1917773
https://doi.org/10.1037/1076-8971.7.1.3
https://doi.org/10.1111/j.1467-9280.2006.01752.x
https://doi.org/10.1111/j.1467-9280.2006.01752.x
http://www.ncbi.nlm.nih.gov/pubmed/16866747
https://doi.org/10.1002/ejsp
https://doi.org/10.1177/0956797611420575
https://doi.org/10.1177/0956797611420575
http://www.ncbi.nlm.nih.gov/pubmed/22222218
https://doi.org/10.1177/0956797611401753
http://www.ncbi.nlm.nih.gov/pubmed/21393576
https://doi.org/10.1371/journal.pone.0221867

@ PLOS|ONE

Black "Reading the Mind in the Eyes" task

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Hugenberg K, Young S, Rydell RJ, Almaraz S, Stanko KA, See PE, et al. The face of humanity: Config-
ural face processing influences ascriptions of humanness. Soc Psychol Personal Sci. 2016; 7: 167—
175. https://doi.org/10.1177/1948550615609734

Devine PG. Stereotypes and prejudice: Their automatic and controlled components. Journal of Person-
ality and Social Psychology. US: American Psychological Association; 1989. pp. 5—-18. https://doi.org/
10.1037/0022-3514.56.1.5

Bargh JA, Chen M, Burrows L. Automaticity of social behavior: Direct effects of trait construct and ste-
reotype activation on action. Journal of Personality and Social Psychology. US: American Psychological
Association; 1996. pp. 230—244. https://doi.org/10.1037/0022-3514.71.2.230

Eberhardt JL, Purdie VJ, Goff PA, Davies PG. Seeing black: Race, crime, and visual processing.
J Pers Soc Psychol. 2004; 87: 876—893. https://doi.org/10.1037/0022-3514.87.6.876 PMID:
15598112

Gaertner SL, Dovidio JF. Understanding and addressing contemporary racism: From aversive racism
to the common ingroup identity model. J Soc Issues. Wiley/Blackwell (10.1111); 2005; 61: 615-639.
https://doi.org/10.1111/j.1540-4560.2005.00424.x

Banaji M, Greenwald AG. Implicit stereotyping and prejudice. The Psychology of Prejudice: The Ontario
Symposium, Vol 7. Hillsdale, NJ, US: Lawrence Erlbaum Associates, Inc; 1994. pp. 55-76.

Wittenbrink B, Judd CM, Park B. Evidence for racial prejudice at the implicit level and its relationship
with questionnaire measures. J Pers Soc Psychol. US: American Psychological Association; 1997; 72:
262-274. https://doi.org/10.1037/0022-3514.72.2.262

Fiske ST. Stereotyping, prejudice, and discrimination. The handbook of social psychology, Vols 1-2,
4th ed. New York, NY, US: McGraw-Hill; 1998. pp. 357—411.

Nosek BA, Smyth FL, Hansen JJ, Devos T, Lindner NM, Ranganath KA, et al. Pervasiveness and corre-
lates of implicit attitudes and stereotypes. Eur Rev Soc Psychol. 2007; 18: 36—88. https://doi.org/10.
1080/10463280701489053

Dasgupta N, McGhee DE, Greenwald AG, Banaji MR. Automatic preference for white americans: Elimi-
nating the familiarity explanation. J Exp Soc Psychol. 2000; 36: 316—328. https://doi.org/10.1006/jesp.
1999.1418

Amodio DM, Harmon-Jones E, Devine PG. Individual differences in the activation and control of affec-
tive race bias as assessed by startle eyeblink response and self-report. J Pers Soc Psychol. 2003; 84:
738-753. https://doi.org/10.1037/0022-3514.84.4.738 PMID: 12703646

Stanley DA, Sokol-Hessner P, Banaji MR, Phelps EA. Implicit race attitudes predict trustworthiness
judgments and economic trust decisions. Proc Natl Acad Sci. 2011; 108: 7710-7715. Available: http://
www.pnas.org/content/108/19/7710.abstract PMID: 21518877

Strachan JWA, Kirkham AJ, Manssuer LR, Over H, Tipper SP. Incidental learning of trust from eye-
gaze: Effects of race and facial trustworthiness. Vis cogn. Taylor & Francis; 2017; 25: 802—-814. https:/
doi.org/10.1080/13506285.2017.1338321

Kubota JT, Li J, Bar-David E, Banaji MR, Phelps EA. The price of racial bias: Intergroup negotiations in
the ultimatum game. Psychol Sci. 2013; 24: 2498-2504. https://doi.org/10.1177/0956797613496435
PMID: 24121413

Contreras-Huerta LS, Baker KS, Reynolds KJ, Batalha L, Cunnington R. Racial bias in neural empathic
responses to pain. PLoS One. Public Library of Science; 2013; 8: €84001. Available: https://doi.org/10.
1371/journal.pone.0084001

Xu X, Zuo X, Wang X, Han S. Do you feel my pain? Racial group membership modulates empathic neu-
ral responses. J Neurosci. Society for Neuroscience; 2009; 29: 8525—-8529. https://doi.org/10.1523/
JNEUROSCI.2418-09.2009 PMID: 19571143

Bates D, Mé&chler M, Bolker B, Walker S. Fitting linear mixed-effects models using Ime4. J Stat Softw.
2014; 67: 1-48. https://doi.org/10.18637/jss.v067.i01

R Core Team. R: A language and environment for statistical computing. Vienna, Austria: R Foundation
for Statistical Computing; 2016.

Leyens J, Paladino M, Rodriguez-Torres R, Vaes J, Demoulin S, Rodriguez A, Gaunt R. The emotional
side of prejudice: The attribution of secondary emotions to ingroups and outgroups. Personality and
Social Psychology Review. 2000; 4:186—197.

Haslam N, Loughnan S. Dehumanization and infrahumanization. Annual Review of Psychology. 2014;
65: 399-423. https://doi.org/10.1146/annurev-psych-010213-115045 PMID: 23808915

Guastella AJ, Einfeld SL, Gray KM, Rinehart NJ, Tonge BJ, Lambert TJ, et al. Intranasal oxytocin
improves emotion recognition for youth with autism spectrum disorders. Biol Psychiatry. Elsevier Inc.;
2010; 67: 692—-694. https://doi.org/10.1016/j.biopsych.2009.09.020 PMID: 19897177

PLOS ONE | https://doi.org/10.1371/journal.pone.0221867 September 19, 2019 13/14


https://doi.org/10.1177/1948550615609734
https://doi.org/10.1037/0022-3514.56.1.5
https://doi.org/10.1037/0022-3514.56.1.5
https://doi.org/10.1037/0022-3514.71.2.230
https://doi.org/10.1037/0022-3514.87.6.876
http://www.ncbi.nlm.nih.gov/pubmed/15598112
https://doi.org/10.1111/j.1540-4560.2005.00424.x
https://doi.org/10.1037/0022-3514.72.2.262
https://doi.org/10.1080/10463280701489053
https://doi.org/10.1080/10463280701489053
https://doi.org/10.1006/jesp.1999.1418
https://doi.org/10.1006/jesp.1999.1418
https://doi.org/10.1037/0022-3514.84.4.738
http://www.ncbi.nlm.nih.gov/pubmed/12703646
http://www.pnas.org/content/108/19/7710.abstract
http://www.pnas.org/content/108/19/7710.abstract
http://www.ncbi.nlm.nih.gov/pubmed/21518877
https://doi.org/10.1080/13506285.2017.1338321
https://doi.org/10.1080/13506285.2017.1338321
https://doi.org/10.1177/0956797613496435
http://www.ncbi.nlm.nih.gov/pubmed/24121413
https://doi.org/10.1371/journal.pone.0084001
https://doi.org/10.1371/journal.pone.0084001
https://doi.org/10.1523/JNEUROSCI.2418-09.2009
https://doi.org/10.1523/JNEUROSCI.2418-09.2009
http://www.ncbi.nlm.nih.gov/pubmed/19571143
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1146/annurev-psych-010213-115045
http://www.ncbi.nlm.nih.gov/pubmed/23808915
https://doi.org/10.1016/j.biopsych.2009.09.020
http://www.ncbi.nlm.nih.gov/pubmed/19897177
https://doi.org/10.1371/journal.pone.0221867

@ PLOS|ONE

Black "Reading the Mind in the Eyes" task

55.

56.

57.

58.

59.

Stone VE, Baron-Cohen S, Calder A, Keane J, Young A. Acquired theory of mind impairments in individ-
uals with bilateral amygdala lesions. Neuropsychologia. 2003; 41: 209-220. https://doi.org/10.1016/
s0028-3932(02)00151-3 PMID: 12459219

Warrier V, Grasby KL, Uzefovsky F, Toro R, Smith P, Chakrabarti B, et al. Genome-wide meta-analysis
of cognitive empathy: Heritability, and correlates with sex, neuropsychiatric conditions and cognition.
Mol Psychiatry. Nature Publishing Group; 2018; 23: 1402—1409. https://doi.org/10.1038/mp.2017.122
PMID: 28584286

Chapman E, Baron-Cohen S, Auyeung B, Knickmeyer R, Taylor K, Hackett G. Fetal testosterone and
empathy: Evidence from the empathy quotient (EQ) and the “Reading the Mind in the Eyes” test. Soc
Neurosci. Routledge; 2006; 1: 135—-148. https://doi.org/10.1080/17470910600992239 PMID: 18633782

van Honk J, Schutter DJ, Bos PA, Kruijt A, Lentjes EG, Baron-Cohen S. Testosterone administration
impairs cognitive empathy in women depending on second-to-fourth digit ratio. Proc Natl Acad Sci.
2011; 108: 3448-3452. https://doi.org/10.1073/pnas.1011891108 PMID: 21300863

Henrich J, Heine SJ, Norenzayan A. The weirdest people in the world? Behav Brain Sci. 2010; 33: 61—
135. https://doi.org/10.1017/S0140525X0999152X PMID: 20550733

PLOS ONE | https://doi.org/10.1371/journal.pone.0221867 September 19, 2019 14/14


https://doi.org/10.1016/s0028-3932(02)00151-3
https://doi.org/10.1016/s0028-3932(02)00151-3
http://www.ncbi.nlm.nih.gov/pubmed/12459219
https://doi.org/10.1038/mp.2017.122
http://www.ncbi.nlm.nih.gov/pubmed/28584286
https://doi.org/10.1080/17470910600992239
http://www.ncbi.nlm.nih.gov/pubmed/18633782
https://doi.org/10.1073/pnas.1011891108
http://www.ncbi.nlm.nih.gov/pubmed/21300863
https://doi.org/10.1017/S0140525X0999152X
http://www.ncbi.nlm.nih.gov/pubmed/20550733
https://doi.org/10.1371/journal.pone.0221867

