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ARTICLE INFO ABSTRACT

Keywords: An extensive literature shows that race information can impact cognitive performance. Two key findings include
Attention an attentional bias to Black racial cues in U.S. samples and diminished recognition of other-race faces compared
Child.re.n to same-race faces in predominantly White adult samples. Yet face stimuli are increasingly used in psychological
Ed(;i]:rl;n research often unrelated to race (Conley et al., 2018) or without consideration for how race information may

influence cognitive performance, especially among developmental participants from different racial groups. In
the current study we used open-access data from the Adolescent Brain Cognitive Development™™ (ABCD) Study®
4.0.1 release to test for developmentally similar other- and same-race effects of Black and White face stimuli on
attention, working memory, and recognition memory in 9- and 10-year-old Black and White children (n=>5,659)
living in the U.S. Black and White children showed better performance when attending to Black versus White
faces. We also show an advantage in recognition memory of same-race compared to other-race faces in White
children that did not generalize to Black children. Together the findings highlight how race information, even
when irrelevant to an experiment, may indirectly lead to misinterpretation of group differences in cognitive
performance in children of different racial backgrounds.

Racial bias

1. Introduction

Race is a social construct that can influence how we perceive and
respond to others (e.g., Goff et al., 2008; Hetey and Eberhardt, 2014;
Hughes et al., 2019; Kubota and Ito, 2017). Social categorization based
on racial group membership is thought to be the byproduct of evolu-
tionary adaptations originally intended to identify those who may be
allies or adversaries (Cosmides et al., 2003; Tajfel, 1982), and has been
shown to be present early in development (Baron and Banaji, 2006;
Newheiser and Olson, 2012). Social categorization can be based on any
number of attributes, including age, gender, nationality, and religion
(Tajfel, 1978; Tajfel and Turner, 1979). However, in the United States,
race has historically been and remains a salient and culturally relevant
basis for social categorization, often judged based on readily observable
physical features (e.g., skin tone, hair texture) (Maddox and Chase,

2004; Maddox and Gray, 2002; but also see Richeson and Sommers,
2016). Indeed, people in the U.S. often automatically categorize others
into racial groups and use the associated, relevant category information
to prepare to respond and/or interact with them (Allport, 1954; Dovidio
et al., 1986; Fiske and Neuberg, 1990; Macrae and Bodenhausen, 2000).
In the current study, we test for: 1) developmentally similar effects of
Black and White race information on cognitive performance in White
youth as previously observed in White adults; and 2) whether these ef-
fects generalize to Black youth in the large open-access ABCD study that
is following brain and behavioral development in children in the U.S.
Perhaps not surprisingly, there is a large psychological literature
showing that race-related information can significantly impact cogni-
tion and behavior (see review Amodio, 2014). Faces, which portray
racial and other social categories as well as state information (e.g.,
gender, age, emotions), are frequently used as stimuli in psychological
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research, with over 15,000 studies reported in 2018 alone (Conley et al.,
2018) and in rapidly emerging, large open access datasets [e.g., ABCD
Study® (Casey et al., 2018), Human Connectome Project (HCP) (Barch
et al., 2013), and United Kingdom (UK) Biobank (Miller et al., 2016)].
However, most studies that use these face stimuli rarely examine the
influence of either the stimulus race or whether it may vary based on the
race of the participant.

1.1. Limited racial diversity in face stimulus sets

Although the racial and ethnic diversity in the U.S is increasing, with
White individuals making up only 61% of the population in 2020
compared to 72% in 2010 (Jones et al., 2021), many face stimulus sets
used in psychological and neuroimaging research remain racially ho-
mogeneous with the majority consisting of 90-100% White faces (e.g.,
Biehl et al., 1997; Calvo and Lundqvist, 2008; Ekman and Friesen, 1975;
Russell and Bullock, 1985). Table 1 summarizes a list of static,
non-computer-generated face stimulus sets and their percentages in di-
versity of the models. Systematic surveys of face stimulus sets used in
psychological research often fail to address this lack of diversity in
available stimulus sets (Cook and Over, 2021). However, recently, we
and others have created validated stimulus sets of racially and ethnically
diverse faces (Conley et al., 2018; Strohminger et al., 2016; DeBruine
and Jones, 2017a) to in part help address this problem.

Not only are face stimulus sets largely homogenous and predomi-
nantly pictures of White people, but research participant samples also
lack racial diversity (Ricard et al., 2023; Roberts et al., 2020) dimin-
ishing the generalizability of findings. Homogenous samples are espe-
cially an issue for studies that specifically examine the effects of race
information on behavior (Ricard et al., 2023; Roberts et al., 2020). In the
context of the ABCD Study that examines both behavioral and brain
responses, we reviewed the sample demographics of neuroimaging
studies that specifically tested for Black and White race information
effects on brain and behavior from 2000 to 2024 (n=>59 studies, See

Table 1
Face stimulus sets by race of models. Adapted from https://rystoli.github.io/
FSTC.html

Face stimuli dataset Citation % Diversity in
Models
RADIATE Conley et al., (2018) 74%
MR2 Database Strohminger et al., 70%
(2016)
Face Research Lab London Set DeBruine and Jones, 60%
2017a
Chicago Face Database (3.0) Ma et al., (2015) 54%
NimStim Tottenham et al., 42%
(2009)
Center for Vital Longevity Minear and Park, 24%
(2004)
10k US Adult Faces Database Bainbridge et al., 16%
(2013)
Developmental Emotional Faces Meuwissen et al., 10%
Stimulus Set (2017)

NIMH-ChEFS adolescent face
stimulus set
Pictures of Facial Affect

KDEF

Max Planck FACES Database

Radboud Faces Database

Young Adult White Faces with
Manipulated Versions

Social perception of bodies [neutral
faces]

High quality white fe/male stimuli

Basel Face Database

Oslo Face Database

Coffman et al., (2015)

Ekman and Friesen,
(1976)

Lundqvist et al.,
(1998)

Ebner et al., (2010)
Langner et al., (2010)
DeBruine and Jones,
(2017b)

Morrison et al., (2017)

Jones et al., (2018)
Walker et al., (2018)
Chelnokova et al.,
(2014)

8%
0%
0%
0%
0%
0%
0%
0%

0%
not reported
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Supplemental Text and Table S1). Fig. 1 shows that on average less than
25% of studies included a representative sample - a pattern that has not
changed in nearly 25 years. Studies examining responses to race infor-
mation in nonrepresentative samples cannot make general claims about
in-group or out-group effects in the general population, given that ef-
fects are only tested in participants of one race.

Another important concern is how a mismatch between stimulus and
sample racial demographics might inadvertently lead to performance
differences between racial groups when race information is not the focus
of the study. These group differences may be misinterpreted as related to
the race of the participant rather than to interactive effects of stimulus
race and participant race. It is this concern that the ABCD study design
potentially raises (i.e., a mismatch in stimuli and participant race that
inadvertently leads to the perception of group differences in
performance).

1.2. Biased attention to racial cues

Limited racial diversity in stimuli and samples is surprising given the
large adult literature demonstrating that race information can signifi-
cantly and differentially influence psychological and cognitive processes
as a function of participant race. One such set of studies has focused
mainly on Black racial cues (e.g., Black faces or individuals) and have
been conducted largely in the U.S. where race is particularly salient
given its historical context and present systemic racial biases. The
findings show biased attention toward Black, compared to White, faces
are associated with faster, more accurate responses and/or greater
distractibility by these cues in both Black and White adults (Bean et al.,
2012; Correll et al., 2002, 2006; Donders et al., 2008; Richeson et al.,
2003; Richeson and Shelton, 2003; Rubien-Thomas et al., 2021; Tra-
walter et al., 2008). This bias of attention toward Black facial cues is
associated with early stages of rapid visual and face processing (Brosch
et al., 2013; Contreras et al., 2013; Golby et al., 2001; Hughes et al.,
2019; Natu et al.,, 2011; Ratner et al.,, 2013; Reggev et al., 2020;
Rubien-Thomas et al., 2021) and thought to be related to negative ste-
reotypes of Black individuals as threatening (Brosch et al., 2013; Stolier
and Freeman, 2016; Rubien-Thomas et al., 2023), consistent with cues
of physiological threat being processed early and rapidly (Ohman et al.,
2001). These basic attentional effects also may be related to heightened
arousal due to the social threat of appearing prejudiced in response to
racial cues (Richeson and Trawalter, 2008).

Racial biases have been observed early in development. Infants

D Majority White Sample
. Representative Sample

Number of studies

2000-2004 2005-2009 2010-2014 2015-2019 2020-2024
Published year

Fig. 1. Number of neuroimaging studies published between 2000 and
2024 (N=59) examining the effects of race information on brain and
behavior with and without representative samples. Representative samples
are defined as those having an equal representation of Black and White
participants.
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process race-relevant cues and even young children categorize people
into racial in-groups and out-groups (Dunham et al., 2018; Katz and
Kofkin, 1997; Nesdale, 2001). Furthermore, assigning negative attri-
butes to out-group individuals, even those based on arbitrary distinc-
tions, is evident by early childhood (Dunham et al., 2011; Patterson and
Bigler, 2006; Rutland et al., 2005) and White children as young as six
demonstrate negative associations with Black faces compared with
White faces in the U.S. (Baron and Banaji, 2006; Williams and Steele,
2019). Although the number of studies including Black youth is limited,
there is some evidence of negative associations and rejection of Black
faces and dolls relative to White ones among these youth (Meltzoff and
Gilliam., 2024; Kleider-Offutt et al., 2018). Together, these studies
suggest that racial biases emerge early in development for both Black
and White Americans, but the impact of racial information (e.g. Black
and White faces) on visual attention and information processing has not
been directly assessed to date.

1.3. Other race-effect in recognition memory

Race information also affects differentiation and recognition, in a
well-documented phenomenon known as the other-race effect. This ef-
fect reflects worse ability of individuals, in overwhelmingly White
samples, at recognizing and differentiating faces from a racial or ethnic
out-group compared to their own racial in-group (White faces; Meissner
and Brigham, 2001; Stelter and Degner, 2018). The other-race effect
appears to be less robust in Black adults living in the U.S., a finding
attributed to their having significant contact with, as well as a greater
motivation to individuate, White people, given the group’s status as
both the numerical majority and dominant racial group in the U.S.
population (Hugenberg et al., 2013). Still, the other-race effect is
observed early in development, emerging by the first year of life (Katz
and Kofkin, 1997; Kelly et al., 2007), presumably due to less familiarity
with out-group faces and, thus, depends in part on the racial environ-
ments to which children are exposed (Bar-Haim et al., 2006).

Other-race effects have been reported in other forms of memory
beyond recognition memory. For example, working memory perfor-
mance for same-race faces has been shown to be enhanced compared to
other-race faces in adults (Gonzalez and Schnyer, 2019; Stelter and
Degner, 2018), but the literature is somewhat mixed (c.f. Sessa and
Dalmaso, 2016). Together these findings suggest that race information
can influence memory performance, typically with better memory for
same-race faces.

1.4. The current study

The current study attempts to fill a gap in the literature associated
with limited racial diversity in stimuli and samples by testing for dif-
ferential effects of race information as a function of participant race on
different cognitive processes in children. Specifically, we examine
whether stimulus race (i.e., Black and White faces) influences measures
of attention, working memory, and recognition memory performance in
Black and White children from the ABCD Study in similar ways as pre-
viously observed in adults. First, we test if in- and out-group effects on
cognition previously observed in predominantly White adult samples is
present in White youth. Second, and importantly, we test if these in- and
out-group effects generalize to Black youth. We chose the ABCD open
access dataset for the following reasons: First, the dataset includes
racially diverse face stimuli in the experimental design of two cognitive
tasks: the fMRI n-back task with 2 memory load conditions (0- and 2-
back); and a subsequent behavioral recognition memory task for items
from the n-back task. Together these tasks tap aspects of three cognitive
domains: attention, working memory, and recognition memory (see
Methods for operational definitions). Second, the ABCD Study sample of
nearly 12,000 youth was designed to estimate the diversity of the U.S.
population including on race (Garavan et al., 2018), providing relatively
large samples of youth from different racial groups. As such, this open
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access dataset provides an opportunity to examine the less researched
question of how race information impacts cognitive performance in
children from different racial backgrounds.

Based on the existent literature, we had two primary hypotheses: 1)
Given the majority of prior evidence of attentional bias to Black faces
relative to White faces in both Black and White participants (Bean et al.,
2012; Donders et al., 2008; Trawalter et al., 2008), we predicted better
attentional performance to Black relative to White faces regardless of
participant race; and 2) given prior findings of other-race effects on
recognition memory (Bar-Haim et al., 2006; Meissner and Brigham,
2001; Stelter and Degner, 2018), we predicted worse recognition
memory for other-race compared to same-race faces for both Black and
White participants, but especially for White participants. Given the
mixed literature on stimulus race effects for working memory, we had no
directional predictions, but included this cognitive domain to test for
specific versus general effects of race information on cognitive
performance.

2. Methods
2.1. Sample

Participants were 9- and 10-year-old Black and White youth with
data in the ABCD Study data release 4.0.1 (https://ABCDStudy.org,
https://nda.nih.gov/abcd; DOIL: 10.15154/1523041). Primary exclusion
criteria for this study included those who did not complete both the n-
back and subsequent recognition memory tasks (n=99) or had a diag-
nosis of autism spectrum disorder, cerebral palsy, schizophrenia, intel-
lectual disability, or history of epilepsy, seizures, or brain trauma
(n=476). Subjects who performed below chance (60% accuracy at p
<.05) on the n-back task (n=633) were also excluded. Finally, we subset
the data to only include participants whose parents identified them as
either “Black” (n=1,022) or “White” (n=4,637) for a total sample of
n=>5,659 youth in the primary analysis. Demographics are reported in
Table S2 (left panel). The primary results reported in the paper are based
on this sample.

Because Black and White participant groups varied on a variety of
demographics (Table S2, left panel), we performed a secondary analysis
on group-matched Black and White participants across age, sex, parent
education, parent income, and fluid intelligence (Matrix Reasoning;
Wechsler Intelligence Scale for Children (5th Edition), 2014) using
propensity scores (Ho et al., 2011). This secondary analysis resulted in a
subsample of 998 participants (50% Black, 51.6% female), reported in
Table S2 (right panel).

2.2. Behavioral paradigms

We assessed attention and working memory with the ABCD n-back
task that includes a low load (0-back) and a high load (2-back) memory
condition (Casey et al., 2018, see specific task details below). For the
purposes of this study, we operationally defined attention as perfor-
mance on the 0-back condition of the n-back task, which requires par-
ticipants to detect a rare face stimulus (target) among sequentially
presented non-target face stimuli in a manner similar to a continuous
performance task, a traditional measure of attention (Kardan et al.,
2022; Lin et al., 1999). We defined working memory as performance on
the 2-back condition of the n-back task, which requires participants to
maintain and update stimulus information to detect whether a current
stimulus is the same as the one presented 2 trials back. We used per-
formance on the n-back task to test our first hypothesis of better atten-
tional performance to Black relative to White faces regardless of
participant race [i.e., we predicted a stimulus race X task condition
where the 0-back condition (attention), but not the 2-back condition
(working memory), was predicted to show better performance to Black
compared White faces.]

Recognition memory was assessed by the ability to subsequently
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recognize old stimuli from the n-back task relative to new stimuli (see
specific task details below). We used performance on this task to test our
second hypothesis of worse recognition memory for other-race
compared to same-race faces for both Black and White participants (i.
e., participant race X stimulus race interaction). For both the n-back task
and the recognition memory task, race of the face stimulus was inci-
dental and not part of the task instructions. Together, the n-back task
and the recognition memory task allowed us to examine the effects of
stimulus race as a function of participant race for three cognitive do-
mains: attention (0-back), working memory (2-back), and recognition
memory.

2.3. N-back task

The n-back task (Casey et al., 2018; Fig. 2) included two runs of eight
blocks each. On each trial, participants were asked to respond as to
whether the picture was a “Match” or “No Match.” Participants were
told to make a response on every trial. In each run, there were four
blocks of the high memory load (2-back) condition for which partici-
pants were instructed to respond “match” when the current stimulus was
the same as the one shown two trials back; and four blocks were the low
load memory load (0-back) condition for which participants were
instructed to respond “match” when the current stimulus was the same
as the target presented at the beginning of the block. A 2.5 s cue at the
beginning of each block indicates the task condition to be performed as
shown in Fig. 2.

Blocks of trials consisted of happy, fearful, and neutral facial ex-
pressions as well as places. Individual faces were unique to only one
facial expression and were not repeated for the other expressions. Each
block consisted of 10 trials and each stimulus was presented for 2 s
during which time the participant had to respond, followed immediately
by a 500 ms fixation cross (i.e., 10 trials of 2.5 s each). Of the 10 trials in
each block, 2 were targets and the rest were nontargets. There were 160
trials total with 96 unique stimuli of 4 different stimulus types (24
unique stimuli per type) presented in separate blocks in each run. In
total there were 80 trials that assessed sustained attention (0-back
condition) and 80 trials that assessed working memory (2-back condi-
tion), and 20 trials for each stimulus type in each of the two memory
load conditions. Four versions of the task that pseudo-randomized the
order of conditions and stimulus types within each block were randomly
assigned to participants. Participants completed the n-back task either in

Attention Working memory Recognition
(0-back) (2-back) memory
0-back target =
2-back 9
- o NEW|
ATCH NO MATCH| ATCH NO MATCH o NEW

il

: /
IMATCH NO MATCH| oL

MATCH NO MATCH OLD NEW

Fig. 2. Cognitive Task Design. Illustration of the n-back and recognition
memory paradigms. The n-back task included two memory load conditions: the
0-back (left panel) and the 2-back (middle panel). The 0-back condition
required sustained attention in order to detect a rare target. The 2-back con-
dition required maintenance and updating of any stimulus that repeated itself 2
trials later (working memory). The recognition memory task (right panel)
tested for memory of items from the n-back task. Words in red represent cor-
rect responses.
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the scanner (n=5649) or on a laptop/testing computer (n=10). Test
environment information was included as a covariate (see Results and
Table S6 and S10). Prior to completing the task, participants practiced
both the 0-back and 2-back conditions based on unique face and place
stimuli not included in the actual task.

2.4. Recognition memory task

The recognition memory task (Casey et al., 2018; Fig. 2) was
completed within an hour of completing the n-back task. The task
examined recognition memory for the stimuli from the n-back task
(described above). The recognition memory task included 48 old stimuli
presented during the emotional n-back task and 48 new stimuli, with
equal numbers of each stimulus type in the old and new stimulus sets (12
each of happy, fearful, and neutral facial expressions as well as places in
each set). Only face stimuli were analyzed in the present study. A total of
96 trials were presented during the recognition memory test. Partici-
pants were asked to rate each stimulus as either “Old” or “New”. Each
stimulus was presented for 2 s during which time the participant was
required to respond and followed immediately by a 1 s presentation of a
fixation cross. All participants completed the recognition memory task
on laptops or testing computers. Instructions and a 2-trial practice (one
“Old” from the task practice and one “New” stimulus) preceded the
recognition memory task.

For both the n-back task and recognition memory task, places were
excluded from the analysis. The remaining data were collapsed across
face stimulus type (fearful, happy, neutral faces) blocks due to an
insufficient number of trials with Black and White faces to analyze
stimulus race by emotional categories (neutral, positive, and negative
facial expressions) separately. The mean proportion of Black stimuli
(among Black and White stimuli) was .49 (SD=.030) in the n-back task
and .53 (SD=.017) in the recognition memory task. This Black to White
stimulus ratio was treated as a covariate in secondary analysis of per-
formance on each task (See Results).

2.5. Analytical approach

Analyses were conducted using R version 4.3.1 (R Core Team, 2023).
We used d-prime (d’) as our dependent measure for both the n-back (0-
and 2-back) task and recognition memory task. D-prime is an index of
signal detection sensitivity between signal and noise (Stanislaw and
Todorov, 1999) and was calculated using the “psycho” package asd’ =z
(H) - z(F), where z(H) and z(F) are the z transforms of hit rate and false
alarm rate, respectively. In the n-back task, d-prime was calculated
separately for the 0-back and 2-back conditions and for Black and White
faces based on the number of hits and false alarms in identification of
targets and nontargets. For the recognition memory task, d-prime was
calculated separately for Black and White faces based on the number of
correct and incorrect detections of old (i.e. items from the n-back task)
and new stimuli.

The effects of participant race, stimulus race, task condition (0-back,
2-back), and their interactions on n-back and recognition memory per-
formance were tested with mixed-effect models using the “Ime4” pack-
age (Bates et al., 2015). In the n-back model, since the two conditions
(0-back and 2-back) were interleaved blocks during data collection, we
included the two conditions in a single model to control for their effects
in performance (i.e., control for variance in performance on the 2-back
in the 0-back measure and control for variance in performance on the
0-back in the 2-back measure). Random effects for subjects and family
nested within-site were included in each model as random intercepts to
account for ABCD Study sampling design (Saragosa-Harris et al., 2022).

Given our hypothesis of enhanced attention (0-back) performance to
Black faces relative to White faces, regardless of the participant race, and
no predicted differences in working memory (2-back performance), we
expected to see an interaction of stimulus race X task condition (0- or 2-
back) in the mixed-effect model for the n-back task. In the recognition
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memory model, the condition factor represents the condition (0- or 2-
back) in which stimuli were originally presented in the n-back task.
Given our hypothesis of the other-race effect in recognition memory, we
predicted worse performance of the other-race stimuli in the recognition
memory task for both Black and White participants (i.e., an interaction
between stimulus race and participant race in the mixed-effect model).
To interpret significant interactions, post-hoc analyses were performed
using non-parametric Monte Carlo t-tests with 10,000 permutations with
Bonferroni correction for multiple comparisons.

3. Results
3.1. N-back task

Main effects. The mixed-effect model testing participant race (Black
and White), stimulus race (Black and White), and task condition (0- and
2-back) on behavioral performance (d-prime) during the n-back task
showed main effects of task condition (F(1)= 673.53, p <.001), stimulus
race (F(1)= 360.07, p <.001) and participant race (F(1)= 191.44, p
<.001) on d-prime (Table 2). D-prime was higher for the 0-back (1.68
+0.95) than the 2-back condition (1.32+0.89; p <.001); for Black (1.61
+0.96) than White stimuli (1.39+0.90; p <.001); and for White (1.56
+0.93) than Black participants (1.231+0.94; p <.001).

Interactions. Consistent with our first hypothesis of better attention
(0-back) performance to Black relative to White faces, regardless of the
participant race; and no predicted differences in working memory (2-
back) performance (d-prime), we observed a stimulus race X task con-
dition (0- or 2-back) interaction (F(1)= 202.22, p <.001) (See Fig. 3A
and Table 3). There was also a stimulus race X participant race inter-
action (F(1)= 5.93, p <.05; see Table S3).

For the stimulus race X task condition interaction, we performed
post-hoc analysis separately for Black and White stimuli in each of the
two task conditions (0- or 2-back). The results are depicted in Fig. 3A
and Table 3. They show that as predicted, all participants, regardless of
race, were more sensitive (higher d-prime) to Black compared to White
faces in the 0-back (attention) condition. For the 2-back (working
memory) condition, all participants showed only a slight improvement
in d-prime for Black compared to White stimuli (effect size .04). Thus,
the higher sensitivity to Black than White faces for both Black and White
participants was driven by the 0-back (attention) condition consistent
with our first hypothesis of better performance when attending to Black
faces regardless of the participant’s race.

Given group differences in participant demographics that could
potentially impact performance, we performed two subsidiary analyses
to control for these group differences. First, we group-matched Black
and White participants for age, sex, parent education, parent income,

Table 2
Mixed-effect model examining task condition, stimulus (Stim) race, and partic-
ipant (PA) race for the n-back memory task (n=5659).

N-back Memory Task
Dependent variable: d-prime

Predictors Estimates 95% CI P

Condition 0.17 0.15-0.18 <0.001
(0-back)

Stim race -0.12 -0.14 - -0.11 <0.001
(White)

PA race 0.16 0.14-0.18 <0.001
(White)

Condition x Stim race -0.09 -0.10 - -0.08 <0.001
(0-back x White)

Condition x PA race 0.01 -0.00 - 0.03 0.053
(0-back x White)

Stim race x PA race (White x White) 0.02 0.00 - 0.03 0.015

Condition x Stim race x PA race -0.00 -0.01 - 0.01 0.743
(0-back x White x White)

Observations 22636
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and fluid intelligence to minimize the differences, resulting in equal but
fewer numbers of Black (n=499) and White (n=499) participants
(n=998, See the right panel of Table S2 for demographics of this sample
by participant race). Even with a smaller subset of the data, the
regression model showed similar results and importantly the predicted
stimulus race X task condition interaction (p <.001) (see Table S4, S5).
Second, we tested our mixed-effect model on the original sample
(n=5659) but included the covariates of age, sex, parent education,
parent income, test environment (in-scanner and on laptop/testing
computer), Black to White stimulus ratio and fluid intelligence. This
analysis also revealed similar results including the hypothesized stim-
ulus race X task condition interaction (p <.001) (see Table S6).

3.2. Recognition memory task

Main Effects. Our mixed-effect model testing the effects of stimulus
race (Black, White), task condition (0-back, 2-back), and participant
race (Black, White), and their interactions on d-prime showed main ef-
fects of task condition (F(1)=26.16, p <.001), stimulus race (F(1)=
44.35, p <.001), and participant race (F(1)=>5.27, p <.05) (Table 4). D-
prime was higher for items from the 0-back (0.45+-0.77) than the 2-back
condition (0.38+0.79; p <.001); for White (0.49+0.78) than Black
stimuli (0.34+0.77; p <.001); and for White (0.42+0.77) than Black
participants (0.37+0.81; p <.001).

Interactions. Consistent with our second hypothesis of an other-race
effect on memory recognition, there was an interaction of stimulus
race X participant race (F(1)=106.54, p <.001) on recognition memory
performance as measured by d-prime (Fig. 3B and Table 5). There was
also an interaction of participant race X task condition (0-/2-back) (F
(1)=7.81, p <.01.) (Table S7).

The post-hoc analysis of the interaction of stimulus race X participant
race is reported in Table 5. These results reveal greater recognition
memory in White participants for same-race (White) faces (0.52+0.78)
than for other-race (Black) faces (0.33+0.76; p <.001; Fig. 3B). Black
participants showed a similar but nonsignificant pattern of greater
recognition memory for Black faces (0.39+0.82) over White faces (0.35
+0.79, p >.05; Fig. 3B). Effect sizes of .24 and .05 for White and Black
participants, respectively, indicate the interaction was driven by a same-
race stimulus advantage in White participants (Table 5).

To control for differences in Black and White participant de-
mographics on performance, we again performed two additional ana-
lyses using the group-matched samples (Table S8) and mixed-effect
model with covariates (Table S10). We observed similar results,
including the predicted participant race X stimulus race interaction (p
<.001) for both models. We showed an advantage for same-race faces on
recognition memory performance for White participants (p <.001) and
not Black participants (p =.32) in the group-matched sample (Table S9).
Together the results show an added benefit for White participants only
in recognition of same-race (White) faces.

4. Discussion

Here, we used the large, open access ABCD Study dataset to examine
interactive effects of stimulus and participant race on cognitive perfor-
mance in children. We found that the effects of race information on
cognitive performance varied by cognitive domain and participant race.
Specifically, both Black and White children showed enhanced attention
to Black faces compared to White faces. We also showed an other-race
effect for recognition memory, but only for White youth (i.e., better
performance to same-race White faces than to other-race Black faces).
Finally, both Black and White participants showed slightly better
working memory performance to Black compared to White faces.
Together, these findings highlight that race information can differen-
tially influence aspects of cognitive performance in relation to the race
of the participant and potentially benefit performance for some groups
of youth over others. Importantly, the results underscore the need for
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Fig. 3. Performance on the n-back and recognition memory tasks. A) D-prime for the 0-back (attention) and 2-back (working memory) conditions by memory load
task condition. Participants show better performance to Black, compared to White, faces in the 0-back condition and to a lesser extent in the 2-back condition. B)
Recognition memory as measured by d-prime by participant and stimulus race. Only White participants show a significant same-race face advantage in recognition

memory. Error bars represent standard errors. *p <.05, ***p <.001.

Table 3
Post-hoc analysis of stimulus race X memory load task condition for d-prime on
the n-back task (n=5659).

Table 5
Post-hoc analysis of stimulus race X participant race for d-prime on the recog-
nition memory task (n=5659).

Condition  Black White t- Observations  Effect size
Stimuli Stimuli statistic (Cohen’s d)
0-back 1.88 + 1.47 £ <22 5659 0.44
0.93 0.92 x107®
2-back 1.34 + 1.31 £ =0.0192 5659 0.04
0.90 0.88
Table 4

Mixed-effect models examining task condition, stimulus (Stim) race, and
participant (PA) race for recognition memory task (n=5659).

Recognition Memory Task
Dependent variable: d-prime

Predictors Estimates 95% CI P

Condition 0.03 0.02 - 0.04 <0.001
(0-back)

Stim race 0.04 0.03 - 0.05 <0.001
(White)

PA race 0.02 0.00 - 0.04 0.022
(White)

Condition x Stim race -0.00 -0.02 - 0.01 0.400
(0-back x White)

Condition x PA race 0.02 0.00 - 0.03 0.005
(0-back x White)

Stim race x PA race (White x White) 0.06 0.05 - 0.07 <0.001

Condition x Stim race x PA race 0.00 -0.01 - 0.01 0.580
(0-backx White x White)

Observations 22636

considering stimulus and sample demographics in study design, anal-
ysis, and interpretation of findings.

4.1. Attentional bias to race information

As predicted, both Black and White children showed a higher
sensitivity to Black compared to White faces when detecting a rare target
face among sequentially presented non-target faces during the 0-back

Participant Black White t- Observations  Effect size
race Stimuli Stimuli statistics (Cohen’s
d)
Black 0.39 0.35 0.05291 2044 0.05
+0.82 +0.79
White 0.33 0.52 <.001 9274 0.24
+0.76 +0.78

condition of the n-back task. The sequential search for a rare target is
characteristic of continuous performance tasks that have traditionally
served as measures of attention (Kardan et al., 2022; Lin et al., 1999).
The findings of enhanced attention to Black faces, regardless of partic-
ipant race, in the current study with this measure, is consistent with the
adult literature (Bean et al., 2012; Richeson and Trawalter, 2008; Tra-
walter et al., 2008) and with studies showing advantages in early or
rapid processing of Black faces over White faces in U.S. samples (Brosch
et al., 2013; Contreras et al., 2013; Golby et al., 2001; Hughes et al.,
2019; Natu et al.,, 2011; Ratner et al., 2013; Reggev et al., 2020;
Rubien-Thomas et al., 2021). Advantages in processing of Black faces or
individuals has been interpreted as reflecting negative stereotypes of
Black individuals as threatening (Brosch et al., 2013; Stolier and
Freeman, 2016; Rubien-Thomas et al., 2023) just as cues of physiolog-
ical threat are processed early and rapidly (Ohman et al., 2001). These
basic attentional effects also may reflect heightened arousal due to the
social threat of appearing prejudiced in response to racial cues (Richeson
and Trawalter, 2008). Importantly, we see these effects even though
stimulus race was incidental to the task and not part of the task
instructions.

Our results extend adult findings to a developmental population.
Prior studies have provided evidence that young children assign nega-
tive attributes to out-group individuals (Dunham et al., 2011; Patterson
and Bigler, 2006; Rutland et al., 2005) and that White children in the U.
S. demonstrate negative associations with Black faces compared with
White faces (Baron and Banaji, 2006; Williams and Steele, 2019). While
few studies have included Black youth, those studies suggest similar
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negative and threatening associations with Black racial stimuli relative
to White ones in U.S. samples (Meltzoff and Gilliam., 2024;
Kleider-Offutt et al., 2018). However, in the current study, we uniquely
show a specific racial bias in attention to Black faces that is not only seen
in White children, but in Black children too — a pattern that has only
been shown in adults to date.

4.2. Other-race effect in recognition memory

Our findings on the impact of race information on recognition
memory are in part consistent with the well-documented other-race
effect. The literature has shown that participants, in predominantly
White samples, are worse at recognizing and differentiating racial out-
group members compared to their own racial in-group (White faces;
Meissner and Brigham, 2001; Stelter and Degner, 2018) - an effect
observed early in development (Katz and Kofkin, 1997; Kelly et al.,
2007). In the current study, we found that White children showed worse
recognition of other-race (Black) faces (i.e., better recognition of White
faces by White participants). Black children showed a somewhat similar,
but nonsignificant pattern (i.e., worse recognition of White compared to
Black faces) of only a nominal effect size (Cohen’s d =.05).

The lack of an other-race effect for Black children may be related to
the racial environments to which children are exposed (Bar-Haim et al.,
2006). In the U.S., White people make up 61% of the population,
whereas Black people represent only 14% of the U.S. population (Jones
et al., 2021). As such there is likely over-exposure of Black youth to
White people. Historically and presently, White people hold more po-
sitions of authority which could also necessitate differentiation and
recognition of White individuals by Black youth (Hugenberg et al.,
2013). Thus, Black children in the current U.S.-based sample may have
developed expertise in recognizing other-race (White) individuals that
they encounter.

4.3. Influence of race information on working memory

We had no hypothesis for whether race information would influence
working memory performance. The literature to date is mixed on how
same- or other-race information influences working memory (Gonzalez
and Schnyer, 2019; Sessa and Dalmaso, 2016; Stelter and Degner, 2018).
However, both Black and White participants showed a small advantage
in performance to Black faces relative to White faces in the 2-back
condition of the working memory task. This observed advantage in
working memory performance for both Black and White children may
simply reflect upstream attentional effects on working memory as
measured by the n-back task. This interpretation is consistent with ev-
idence of enhanced attention to Black versus White faces on the 0-back
(attention) condition of the n-back task by both Black and White
children.

4.4. Limitations

The current study provides novel evidence that stimulus race can
differentially impact cognitive performance as a function of participant
race in children, but there are potential limitations of this study to
consider. First, while attempts were made to match the Black and White
participants on family education and income and other variables, the
groups still differed on a number of factors (Table S1). The limited
ability to match groups, in part, reflects sampling issues of the ABCD
Study (Compton et al., 2019), but also the inequality of structural racial
discrimination in the U.S. from which the sample was obtained (Krieger,
2012; Richeson and Sommers, 2016). Second, the ABCD Study was not
designed to test for stimulus race effects. However, the large number of
Black and White face stimuli and similarity in Black-to-White stimulus
ratio for the n-back and recognition tasks allowed us to test for potential
stimulus race effects. Further, Black to White stimulus ratio was treated
as a covariate in our models. So the observed results are unlikely due to
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differences in the number of Black versus White face stimuli in either
task. Third, we focused our analyses only on the effects of Black and
White stimuli for Black and White participants due to fewer face stimuli
of other races and ethnicities in the n-back and recognition memory
tasks. As such, the specificity of our findings and their generalizability to
other racial and ethnic groups in the U.S. cannot be determined. We also
collapsed across face stimulus type (fearful, happy, neutral faces)
because of an insufficient number of trials with Black and White faces to
analyze stimulus race by emotional categories (neutral, positive, and
negative facial expressions) separately which in part hinders our inter-
pretation on whether attentional bias to Black faces reflects negative
stereotypes of Black individuals as threatening. However, in studies
where only neutral Black and White faces are used as stimuli (e.g. on a
go/nogo task), an attentional bias to Black versus White faces in both
Black and White participants is observed too (Rubien-Thomas et al.,
2021). Moreover, in studies that include Black and White participants
and face stimuli in emotional conditions of threat, reward and non-
arousal, greater attentional bias to Black than White faces in both Black
and White participants has been shown in the threat relative to the
reward and nonarousal conditions (Rubien-Thomas et al., 2023). These
findings, although from adults, are consistent with an interpretation of
racial attentional bias as related to negative stereotypes of Black in-
dividuals as threatening. Fourth, although our findings are, in part,
consistent with the literature for White participants, with benefits in
performance to both same- and other-race stimuli across different
cognitive domains (Meissner and Brigham, 2001; Stelter and Degner,
2018; Bean et al., 2012; Richeson and Trawalter, 2008; Trawalter et al.,
2008), the interpretation of our findings for Black participants is more
limited. Measures currently available in the ABCD Study dataset do not
allow us to test for potential factors that may contribute to the observed
effects (e.g., intergroup contact, race of the experimenter, implicit racial
bias, stereotype threat, etc.). Finally, while the current study examined
stimulus race effects of Black and White faces, other forms of de-
mographic bias could have been present or interacted with race (e.g.,
gender bias, Johnson et al., 2012). Future intersectional frameworks and
methodology will be important and necessary for understanding how
the interaction of different aspects of stimuli and participant identities
influences performance on cognitive tasks.

5. Conclusion

Racial biases that indirectly impact behavior emerge early in
development although most research in this area has focused on adults
and predominantly White participants and none to date have examined
the influence that racial stimuli have on different domains of cognitive
performance. Here, we use a large, open access dataset to illustrate
interactive effects of stimulus and participant race on cognitive perfor-
mance in both Black and White children. Specifically, both Black and
White children showed enhanced attention to, and modest improve-
ments in working memory for, Black faces compared to White faces (i.e.,
better accuracy detecting a rare Black face target). This finding is
consistent with the literature on attentional bias to Black faces that has
been associated with negative racial stereotypes associated with threat
in U.S. adult samples (Rubien-Thomas et al., 2023). White children also
showed an advantage in recognition memory performance for same-race
faces compared to other-race faces. This finding is consistent with the
documented other-race effect in recognition of out-group faces (i.e.,
worse differentiation and recognition of other-race faces) observed in
predominantly White samples (Meissner and Brigham, 2001; Stelter and
Degner, 2018). Importantly, Black children did not show this advantage
in recognition performance. Such interactive effects of stimulus race
with participant race may lead to misinterpretation of performance
differences between racial groups.

Together the findings highlight: 1) the importance of racially diverse
samples when assessing stimulus race effects; and 2) that race infor-
mation in face stimuli can differentially influence aspects of cognitive
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performance in children from different racial backgrounds, even when
the study is not theoretically motivated or experimentally designed to
specifically examine the effects of same- and other-race stimuli. More-
over, our findings underscore the need to consider stimulus and
participant race when analyzing data from studies like the ABCD study
that include diversity in both the sample and stimuli. In sum, just as
descriptions of sample demographics in empirical studies are impera-
tive, and now a requirement for publication in many scientific journals,
so too is the need for descriptions of stimuli demographics. Moreover,
analyses and/or consideration of how a mismatch in stimuli and
participant demographics may inadvertently contribute to group dif-
ferences in performance may help constrain interpretations of empirical
findings across development.
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