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Emotion regulation is essential for successful social interactions and function, which are important aspects of middle childhood. The
current study is one of the first to examine associations between neural correlates of implicit emotion regulation and indices of
social behavior and experience during late middle childhood. We examined neural activation during the implicit emotion
regulation condition of the Emotional N-back task using data from 8987 9- to 11-year-olds from the Adolescent Brain Cognitive
Development™ study. The brain regions assessed included areas linked to social cognition, social behavior, and emotion
recognition, including the amygdala, insula, middle temporal gyrus, and inferior parietal lobe. Greater number of close friends was
associated with significantly higher activation of the fusiform gyrus, insula, temporoparietal junction, inferior parietal lobe, and
superior temporal gyrus during implicit emotion regulation. Greater reciprocal social impairments were linked to decreased
fusiform gyrus activation during implicit emotion regulation. More experiences of discrimination were associated with a
significantly lower activation in the middle temporal gyrus during implicit emotion regulation. This study provides evidence that
both positive and negative indices of children’s social experiences and behaviors are associated with neural correlates of implicit
emotion regulation during late middle childhood. These findings suggest that both positive and negative indices of social behavior
and experience, including those within and not within the youth’s control, are associated with generally unique neural correlates

during implicit emotion regulation.

Neuropsychopharmacology (2022) 47:1169-1179; https://doi.org/10.1038/s41386-022-01286-5

Emotion regulation encompasses the processes influencing the
experience and expression of emotions [1, 2]. There are two types
of emotion regulation: explicit and implicit [3]. Implicit emotion
regulation, the focus of the current study, encompasses strategies
such as affect labeling and is characterized by a lack of intention
and supervision [4]. Successful emotion regulation is associated
with an increased ability to engage in socially appropriate
emotions and behaviors, which is itself associated with adaptive
social interactions and social competence [5-10]. In contrast,
disruptions in effective emotion regulation strategies may result
from negative social experiences (e.g., experiences of bullying)
and lead to difficulties with social behaviors and negative social
experiences [6, 11, 12]. Few, if any, previous studies have explicitly
explored the relationship between indices of social behavior or
experience and the neural correlates of implicit emotion regula-
tion during late middle childhood.

Previous cross-sectional research has examined the neural
correlates of social behaviors, social experiences, and emotion
regulation separately. Several overlapping regions, including the
amygdala and ventromedial prefrontal cortex (PFC), have been
implicated in previous research examining either the neural
correlates of social behaviors, social experiences, or emotion
regulation as assessed by the Emotional N-back (EN-back task)

[13-18]. Emotion regulation is generally are associated with
activity in frontal (e.g., superior frontal gyrus [SFG], orbitofrontal
gyrus, lateral and dorsolateral PFC) regions, temporal (e.g.,
temporoparietal junction [TPJ]) [17-19], and limbic (e.g., amyg-
dala) regions [20-23]. One study by Sebastian et al. (2010) [24]
using an implicit emotion regulation task with a mid-adolescence
sample found increased ventrolateral PFC activity when words
related to social rejection vs. social acceptance were used. This
suggests that there is potentially a link between social experience
and implicit emotion regulation, although the current study is the
first to our knowledge to explore this link in late middle childhood.

Late middle childhood, defined in our study as ages 9-10, is a
critical period for social behaviors and experiences [25-30]. As a
result of increased exposure to and development of relationships
with peers, friends, and teammates during middle childhood,
positive social behaviors, social experiences, and social skills
become increasingly important during this stage [27, 31-33].
Social behaviors and experiences in late middle childhood can be
distinguished by their valence; both positive and negative indices
of social experiences are important as each may have important
but varying implications for implicit emotion regulation. Positive
social indices can be defined as indices that increase or reflect
greater social competence, aid development of positive social
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behaviors, or reflect positive social experiences. In contrast,
negative indices reflect negative social behaviors or experiences
that may impede development of positive sociability. It is
important to note that indices over which children have control
(e.g., their overt behaviors) and those over which children have
either no or little control over (e.g., others’ behavior towards them)
both influence social behaviors and experiences during middle
childhood [27, 32, 34-40]. Given the importance of social
interactions in late middle childhood, this study aimed to
comprehensively examine social indices varying in both valence
and individual control, including engagement in extracurricular
activities, number of close friendships, aggression, victimization,
experiences of discrimination, and prosocial behavior.

Previous research supports the importance of these aspects of
social behaviors and experiences in late middle childhood. Certain
positive indices, including those in part under the control of the
child (e.g., prosocial behavior) as well as more externally
influenced factors (e.g., extracurricular activities engaged in during
the past 12 months), are associated with more positive social
outcomes, such as social competence [41-44]. Greater number of
friends has been associated with increased social competence, in
addition to fewer victim experiences [45-53]. Prosocial behavior in
school-aged children has been linked to constructive social skills,
as well as increased empathy and perspective-taking [54-59]. On
the other hand, negative aspects of social behaviors and
experiences have been associated with poorer social outcomes.
Experiences of discrimination [60] are associated with adjustment
difficulties and are inversely related to social connectedness [61],
although these experiences are likely influenced by other
sequelae of systemic racism. Other forms of victimization are
linked to decreased social standing and predict negative
perceptions of social abilities [62-64]. Aggression in children has
been linked to poor social adjustment plus fewer social goals
[53, 54, 62, 65-70].

In terms of the neural correlates of positive social behaviors and
experiences, the ability to predict others’ behaviors or to
understand another’s mental state is generally associated with
activation in a number of regions, including frontal (e.g.,
ventrolateral, ventromedial, and medial PFC) [71], parietal (e.g.,
fusiform gyrus) [72], temporal (e.g., temporal pole) [71], and limbic
(e.g., insula, amygdala) regions [73-76]. In contrast, the neural
correlates of negative social behaviors and experiences, including
social exclusion, aggression, and victimization, include disrupted
activation of the anterior, medial, and dorsolateral PFC, temporal
regions (e.g., superior temporal gyrus [STG]), ACC, frontal regions
(e.g., IFG, frontal opercular), amygdala, fusiform gyrus, and insula
[77-84].

The current study used data from the Adolescent Brain
Cognitive Development™ (ABCD) study to examine associations
between neural correlates of implicit emotion using the EN-back
task with social behavior and experience in a large late middle
childhood sample. This study chose to investigate social behaviors
and experiences both within and outside of a child’s control, as it
is important to know if those behaviors and experiences beyond a
child’s control can affect the neural correlates of implicit emotion
regulation. We selected regions of interest (ROIs) that were both
consistent with a review of literature which examined neural
correlates of emotion regulation [13-24] and social behaviors or
experiences [71-84] and were available in the ABCD dataset.
Although analyses were largely exploratory in nature, we did
expect to see altered activation in regions previously associated
with emotion regulation and social behaviors or experiences, such
as the STG, fusiform gyrus, and ACC. Specifically, we predicted
positive indices of social behavior and experience would be
associated with higher activation during the EN-back task in
neural regions related to emotion regulation of positive emotions,
such as the TPJ. Conversely, we hypothesized negative indices of
social behavior and experience would be associated with altered
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activation during the EN-back task in neural regions related to
emotion regulation of negative emotions, such as the amygdala.

MATERIALS AND METHODS

Participants

A sample of 10,372 children who completed the in-scanner EN-back task
was obtained from ABCD Study” Data Release 3.0 (Acknowledgements), a
large-scale study tracking 11,875 children ages 9-10 from 21 different
research sites across the United States. The study was approved by a
central Institutional Review Board at University of California, San Diego. All
parents and children provided written informed consent and assent,
respectively. Participants were removed from analyses either for having
task data that did not pass quality assurance criteria (i.e., did not have at
least one run that was complete, passed protocol compliance, and was
preceded by field maps within the last two scans; n=714). In addition,
participants with missing relevant imaging data (i.e,, imaging variables,
scanner information, quality assurance information) were removed from
analyses (n=671). The final sample size was 8987 individuals with
imaging data (Table 1 for demographic characteristics; Supplement for
study-wide exclusion criteria).

Measures

The current study focuses on positive and negative social behavior and
experience indices, as both are important indicators of social experience.
All measures were collected at baseline assessment, unless otherwise
noted. See Supplemental Table 1 for associations between each of these
measures.

Table 1. Demographic Characteristics for sample®.

Variable Mean (or %) SD
Age (years) 9.93 0.007
Sex (female) 49.2 0.005

Ethnicity (%)

Caucasian 54.2 0.005
African American 12.8 0.007
Hispanic 12.8 0.013
Asian 2.1 0.006
Other 104 0.016

Financial adversity (n =8891) 043 0.011
Average motion® 0.32 0.003
Scanner type
Siemens 63.0 0.005
GE 24.6 0.005
Philips 121 0.003
Positive social behavior and experience indices

Prosocial behavior (n = 8971) 1.76 0.004

Number of activities in the past 12 months 3.58 0.025

(n =8986)

Number of Close Friends (n = 7167) 5.96 0.07

Negative Social Behavior and Experience Indices

Experience of Being Bullied (n = 8982) 1.86 0.004

Overt aggression (n =4832) 3.29 0.013

Overt victimization (n = 4832) 3.64 0.019

Reciprocal Social Impairments (n = 8505) 14.22 0.043

Social problems (n = 8980) 1.53 0.023

Experiences of discrimination (n = 8297) 1.17 0.004

SD standard deviation, GE general electric.

®Models were performed with available data; see each index for sample
size included in models.

bAverage motion is calculated as average framewise displacement.

Neuropsychopharmacology (2022) 47:1169-1179



Positive social behavior & experience

Prosocial behavior: The Prosocial Behaviors Subscale (PBS) is a 5-item
subscale from the Strengths and Difficulties Questionnaire [85] measuring
prosocial thoughts and behaviors in a child (e.g., “I try to be nice to other
people. | care about their feelings.”), rated from 0=Not true to 2=Certainly
true. The current study used an average of the responses to the 5 items,
with a higher score indicating more prosocial behavior. We analyzed both
youth-report and caregiver-report prosocial behavior, with results remain-
ing consistent.

Number of activities in the past 12 months: The caregiver-reported
Sports Activities Involvement questionnaire, based on the Vermont Child
Health and Behavior Questionnaire [86], asks caregivers about youth
participation in 32 different activities, including both sport (e.g.
gymnastics) and non-sport (e.g., music). Caregivers were asked to indicate
what type of activities their child participated in and whether they
participated in that activity in the past 12 months. The measure used was a
summation of the number of activities participated in the past 12 months.

Number of close friends: Caregivers reported on participants’ number
of male and female close friends [87], with the current study examining the
summation of the number of reported close friendships.

Negative social behavior & experience indices

Experience of being bullied: To measure bullying, the Introduction to
KSADS asks caregivers whether the youth was bullied at school or in the
neighborhood [87]. The question was rated as either “yes” or “no.”

Overt aggression and overt victimization: Overt Aggression and
Overt Victimization are both subscales of the youth-reported Peer
Experiences Questionnaire, measured at 2-year-follow-up, each with three
items [88, 89]. A higher summed score suggests either more aggression or
victimization. The summed scores for these subscales were analyzed as
separate predictor variables.

Reciprocal social impairments: Reciprocal social impairments [90]
were measured by the Short Social Responsiveness Scale (SSRS) at 1-year-
follow-up, which is composed of 12 caregiver-reported questions (e.g., “has
difficulty relating to peers”) taken from the Social Responsiveness Scale
(SRS) [91]. Although often used to index Autism Spectrum Disorder (ASD)
symptoms, the SSRS has been used to study general social impairments in
non-ASD populations [92]. A higher summed score suggests greater
impairments during reciprocal social interactions.

Social problems: The Child Behavior Checklist (CBCL) is made up of 112
caregiver-reported questions, with a higher score suggesting greater
psychopathology symptoms [93]. The current study examined the CBCL
social problems subscale (e.g., “doesn’t get along with other kids").

Experiences of discrimination: The Perceived Discrimination Scale
[94], measured at 1-year-follow-up, consists of seven youth-reported
questions on being treated unfairly or negatively and feeling unaccepted
based on demographic characteristics (e.g., “l feel that others behave in an
unfair or negative way toward my ethnic group”), with each experience
rated from 1=almost never to 5=very often. A higher average score
suggests greater experiences of discrimination. Although this measure was
created using children ages 14-19, it has been used previously with
children as young as age 9 [95].

EN-back. The EN-back [96] is a variant of the original HCP n-back task [15]
measuring implicit emotion regulation and working memory (Supplement
for task description). Although both explicit and implicit emotion
regulation are important in late middle childhood, the EN-back is the only
emotion regulation task in the ABCD study. For imaging analyses, we
examined the emotion vs. neutral contrast after collapsing across N-back
level. In this contrast, the happy and fearful faces were contrasted with
neutral faces (emotion vs. neutral) to examine responses specific to
emotionally evocative stimuli as a measure of implicit emotion regulation
and reactivity [97, 98].

Imaging procedure: All children were run on a 3T scanner (either
Siemens or General Electric) with a 32-channel head coil. Each child
completed T1-weighted and T2-weighted structural scans (1-mm isotropic)
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before completing tasks, which were counterbalanced across subjects (see
Casey et al., 2018 for details [16]). Head motion was monitored in real time
using a system called FIRMM (fMRI Integrated Real-time Motion Monitor)
[99], which calculates motion values and summary statistics during scan
acquisition, providing estimates of movement.

A pre-processing pipeline was created using the Multi-Modal Processing
Stream (MMPS), a software package developed by the Center for
Multimodal Imaging and Genetics (CMIG). Using this software, head
motion was corrected by registering each frame to the first using AFNI's
3dvolreg [100] and B, distortions were corrected using a reversing polarity
method [101]. Task-related activation strength was then calculated at the
individual level using a general linear model (GLM) in AFNI's 3dDeconvolve
[100]. The hemodynamic response function was modeled as a gamma
function with temporal derivatives using AFNI. The GLM coefficients and t-
statistics were then sampled onto the FreeSurfer-generated cortical
surface. Processed task data were mapped to 18 cortical ROIs for each
hemisphere based on the Desikan-Killany atlas [102]. Subcortical structure
segmentations were based on FreeSurfer (aseg) sub-cortical parcellations
[103]. Based on previous research, ROIs focused on the amygdala, nucleus
accumbens, insula, medial orbitofrontal cortex (mOFC), IFG, ACC (caudal,
rostral, and average), posterior cingulate cortex (PCC), inferior temporal
gyrus (ITG), middle temporal gyrus (MTG), SFG, STG, temporal pole,
fusiform gyrus, occipitotemporal gyrus (OTG), inferior parietal lobe (IPL),
and TPJ [104-114]. The TPJ was defined in the current study as an
aggregate of the IPL and STG ROIs as both regions contribute to the TPJ's
response to representational mental states [115]. The average beta weights
for the emotion vs. neutral contrast for each of these ROls were examined
(i.e., average across both trial runs).

Statistical analyses

Due to the inclusion of siblings in the ABCD Study dataset, family unit was
clustered as a random intercept, as were the 21 research sites. Age, sex,
race/ethnicity, financial adversity (an assessment of material hardship or
deprivation recommended as a measure of socioeconomic status [116]),
average head motion, and scanner type were included as covariates. Every
predictor (e.g., amygdala, IPL) and outcome variable (e.g., prosocial
behavior, overt aggression) was winsorized to three standard deviations
from the mean to minimize the influence of extreme values. All analyses
were conducted in R Ime4 package [117]. For imaging analyses,
hierarchical linear models (HLMs) analyzed associations between each
individual outcome (i.e., either positive or negative social behavior or
experience index) with the average beta weights for each a priori ROI (e.g.,
amygdala, IPL) separately by hemisphere for the emotion vs. neutral
contrast as the predictor variables, as well as covariates. For example, one
HLM examined the association between overt victimization and activity of
the left OTG. We ran 36 HLM:s for our 9 social indices, totaling 324 models.
HLMs were run using the available data for each social experience and
behavior index (Table 1 for sample sizes). ROIs were False Discovery Rate
corrected (FDR-corrected) for multiple comparisons for each individual
social experience or behavior index separately by hemisphere (i.e., 18 FDR-
corrected models for left ROIs, 18 FDR-corrected models for right ROIs).
Results with FDR-corrected p values < 0.05 were considered significant.
This multiple comparison method was utilized to control type 1 error-rate
and hemispheres were FDR-corrected separately to account for the strong
correlations between left and right ROIs. See the Supplement for follow-up
analyses and results, including analyses incorporating EN-task behavioral
results, with results reported below remaining consistent with the inclusion
of task accuracy as a predictor in the models.

RESULTS

Positive social behaviors and experiences

Number of close friends. For the emotion vs. neutral contrast,
greater number of close friends was associated with higher left
fusiform gyrus and left insula activation (Table 2, Fig. 1). Greater
number of close friends was also associated with both higher left
IPL activation and higher left STG activation. Lastly, greater
number of close friends was associated with higher left TPJ
activation.

No other positive social behavior or experience indices (i.e.,
prosocial behavior, number of activities in the past 12 months)
were significantly associated with activation in any of the
examined regions (Supplemental Table 2-4 for model results).
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Table 2. Positive social behavior and experience and emotion faces versus neutral faces: significant results®.
ROI Number of close friends
Beta SE T-statistic P value FDR corrected P value R?
ACC Left 0.016 0.179 1.470 0.14 0.29
Right 0.014 0.182 1.342 0.18 0.62
Amg Left 0.025 0.147 2373 0.018* 0.05
Right 0.023 0.158 2173 0.030* 0.62
cACC Left 0.020 0.188 1.926 0.05 0.14
Right 0.018 0.186 1.673 0.09 0.62
FuG Left 0.030 0.156 2.765 0.006** 0.03* 0.009
Right 0.008 0.152 0.747 0.45 0.62
IFG Left 0.010 0.094 0.925 0.36 0.41
Right 0.009 0.099 0.892 0.37 0.62
ITG Left 0.006 0.121 0.521 0.60 0.64
Right —0.010 0.115 —0.984 0.32 0.62
Ins Left 0.035 0.234 3.292 0.007*** 0.018* 0.009
Right 0.024 0.221 2.309 0.021* 0.62
IPL Left 0.028 0.214 2.648 0.008** 0.029* 0.009
Right 0.019 0.212 1.780 0.08 0.62
mOFC Left 0.004 0.064 0.358 0.72 0.72
Right 0.007 0.062 0.696 0.49 0.62
MTG Left 0.012 0.179 1.173 0.24 0.35
Right —0.003 0.183 —0.274 0.78 0.84
NAcc Left —0.010 0.140 —0.902 0.37 0.41
Right 0.002 0.141 0.205 0.84 0.84
OTG Left 0.015 0.126 1.410 0.16 0.29
Right 0.008 0.121 0.735 0.46 0.62
PCC Left 0.016 0.209 1.461 0.14 0.29
Right 0.016 0.208 1.526 0.13 0.62
rACC Left 0.013 0.142 1.190 0.23 0.35
Right 0.010 0.150 0.952 0.34 0.62
SFG Left 0.012 0.227 1.148 0.25 0.35
Right 0.014 0.228 1.332 0.18 0.62
STG Left 0.028 0.250 2.668 0.008** 0.029* 0.009
Right 0.017 0.241 1.602 0.11 0.62
TmP Left 0.011 0.083 1.051 0.29 0.38
Right 0.011 0.079 1.013 0.31 0.62
TPJ Left 0.031 0.251 2.890 0.004** 0.029* 0.008
Right 0.020 0.248 1.873 0.06 0.62

SE standard error, FDR false discovery rate, R? R-squared, ROI region of interest, Amg amygdala, NAcc nucleus accumbens, Ins insula, mOFC medial orbitofrontal
cortex, IFG inferior frontal gyrus, cACC caudal anterior cingulate cortex, rACC rostral anterior cingulate cortex, ACC anterior cingulate cortex, OTG
occipitotemporal gyrus, IPL inferior parietal lobe, TPJ temporoparietal junction, ITG inferior temporal gyrus, MTG middle temporal gyrus, PCC posterior cingulate
cortex, SFG superior frontal gyrus, STG superior temporal gyrus, TmP temporal pole, FuG fusiform gyrus.

Significance codes: *=<0.05; **=<0.01; ***=<0.001.

“Note, FDR-corrections were performed by hemisphere (i.e., 18 FDR-corrections for left ROIs; 18 FDR-corrections for right ROIs.).

Negative social behaviors and experiences

Reciprocal social impairments. There was an association between
greater reciprocal social impairments and lower left fusiform
gyrus activation for the emotion vs. neutral contrast (Table 3;
Fig. 2).

Experiences of discrimination. Greater experiences of discrimina-
tion were associated with lower left MTG activation for the
emotion vs. neutral contrast (Table 3; Fig. 2).

SPRINGER NATURE

No other negative social behavior or experience indices
(i.e, experience of being bullied, overt aggression, overt
victimization, or social problems) were significantly associated
with any of the examined ROIs (Supplemental Tables 5-8 for
model results).

Additional analyses
Further statistical and behavioral analyses and their results can be
found in the Supplement and Supplemental Tables 9-14.

Neuropsychopharmacology (2022) 47:1169-1179
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t statistic

-0.99

Decreased Activation

Fig. 1

0

Increased Activation

Association between positive social behavior and experience indices and activity in a priori ROIs during Emotion Faces versus

Neutral Faces contrast. Color bar depicts t-statistic range. Warm colors indicate increased activation, cool colors indicate decreased activation
relative to baseline. A t-statistics from all models examining associations between a priori ROIs and number of close friends, whether or not

they passed FDR correction.

DISCUSSION

This paper investigates the relationship between implicit emotion
regulation and aspects of positive and negative social behavior
and experiences. For positive social behavior and experiences,
more close friends were associated with higher activation in
several regions previously linked to emotion regulation and
mentalization. For negative social behaviors and experiences,
greater reciprocal social impairments were associated with lower
fusiform gyrus activation and greater experiences of discrimina-
tion were associated with lower MTG activation, regions which
have been associated with emotion regulation in previous studies
[110, 112, 113]. Overall, the current study found both indices
inside (i.e, number of close friends) and outside (i.e., experiences
of discrimination and reciprocal social impairments) of the child’s
control were significantly associated with implicit emotion
regulation neural correlates. Our study shows both social indices
within and beyond a child’s control relate to neural activation
associated with implicit emotion regulation, indicating it is
possible a social behavior or experience may have an impact
even if it does not appear explicitly influential to social relation-
ships or development. The results of the current study improve
our understanding of the associations between neural correlates
of implicit emotion regulation and social behaviors and experi-
ences, finding both positive and negative social behavior and
experience indices were associated with generally distinct regions
of activation during implicit emotional regulation.

The current paper was the first to our knowledge to investigate
neural correlates of implicit emotion regulation with quantity of
close friendships, a positive social behavior and experience index
that is at least partially within the child’s control. The results
showed higher activation of the STG, IPL, TPJ, fusiform gyrus, and
insula during implicit emotion regulation when associated with
greater number of close friends. Consistent with our findings,

Neuropsychopharmacology (2022) 47:1169-1179

higher left insula activation has been shown to be associated with
implicit emotion processing and parasympathetic activation,
which has in turn been linked to affiliative emotions [118, 119].
Research has also shown greater left insula compared to right
insula activation in various functional imaging studies of
unconditional love [120], which is arguably present in close
friendship [121]. Thus, the present study found greater close
friendships are associated with greater activation in a region
related to affiliative emotions and love during implicit emotion
regulation.

Potentially consistent with our finding that higher TPJ activa-
tion, as well as the IPL and STG which comprise the TPJ [115], were
all associated with greater number of close friends, the TPJ has
been previously linked to predicting others’ behaviors [73],
reasoning about other people [73], emotion regulation [17, 18],
and increased up- and down-regulation of interpersonal emotions
[19]. In the context of the current study, perhaps greater implicit
emotion regulation abilities, possibly reflected by higher TPJ
activation during the EN-back task, may be associated with better
social skills and therefore greater quantity of friendships. This
interpretation is consistent with previous research linking
increased mentalizing skills to increased number of a close friends
[122]. Overall, these results also showed that increased number of
close friends, a social behavior and experience index partly within
the youth’s control, is correlated to higher activation in regions
implicated in mentalizing abilities.

The link we found between activation in the left fusiform gyrus
during implicit emotion regulation and increased number of close
friends is indirectly consistent with research showing the fusiform
face area is linked to face perception, and better facial recognition
is associated with better social skills and more social activity
[123, 124]. Another study found that those with more social ties
and a greater in-degree network size also had a larger regional
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(A) Reciprocal Social Impairments

t statistic
-3.24 0]

Decreased Activation Increased Activation

(B) Experiences of Discrimination

t statistic
-3.30 0]

Decreased Activation Increased Activation

Fig. 2 Association between negative social behavior and experience indices and activity in a priori ROIs during Emotion Faces versus
Neutral Faces contrast. Color bar depicts t-statistic range. Warm colors indicate increased activation, cool colors indicate decreased activation
relative to baseline. A t-statistics from all models examining associations between a priori ROIs and reciprocal social impairments, whether or
not they passed FDR correction. B t-statistics from all models examining associations between a priori ROls and experiences of discrimination,
whether or not they passed FDR correction.
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fusiform gyrus volume [125]. Thus, the current results indicate that
a larger network of close friends, perhaps a proxy of social skills, is
associated with a region critically implicated in face perception.
One possible interpretation is that greater emotion regulation
abilities are associated with greater facial processing, leading to
more close friends, or vice versus (i.e,, more close friends result in
better face processing and implicit emotion regulation).

The results of our study also found that increased reciprocal
social impairments—a negative social behavior not under the
child’s control—were associated with lower left fusiform gyrus
activation during implicit emotion regulation. Social impairments,
including those present in populations clinically diagnosed with
ASD, have been linked to abnormal face perception and
hypoactive fusiform gyri [82, 83]. Additionally, individuals with
22q11.2 deletion syndrome, a chromosomal mutation that results
in a condition linked to social withdrawal and poor emotion
processing, exhibit decreased fusiform gyrus activation during
face processing [126]. Our findings show greater reciprocal social
impairments are linked to decreased activation in a region
implicated in facial perception during implicit emotion regulation.

Our study also found lower activation in the MTG during implicit
emotion regulation was associated with greater experiences of
discrimination. The MTG has been previously linked to emotion
regulation and social perception [127, 128]. One study racially
primed Black participants with a White confederate interaction
prior to a social exclusion event and found greater MTG activation
when participants attributed exclusion to racial discrimination,
potentially suggesting the use of emotion regulation to cope with
negative emotions during racial discrimination [78]. In contrast,
the current study found lower MTG activation during discrimina-
tion. Thus, although the MTG appears to be critically implicated in
the experience of discrimination and exclusion, perhaps con-
textual factors (e.g., temporal distance from the experience,
severity, etc.) result in a modulation of the direction of the effect.
In this speculative explanation, while the ongoing experience of
social exclusion results in higher MTG activation [78], perhaps
prior experiences of discrimination as measured in the current
study may have later downstream effects, including lower MTG
activation in the context of implicit emotion regulation. Future
research should disentangle the influence of other correlates of
systemic racism on neural correlates of implicit emotion
regulation.

The current study had several limitations. First, the analyses
found small effect sizes, as well as a modest number of findings.
We implemented strict control of false positives in our analyses,
which limited the number of findings, both in terms of indices of
social behavior and experience as well as in terms of neural
correlates. Furthermore, the generally small effect sizes (s < 0.055)
are consistent with previous research [129, 130]. Small effects are
expected given the ABCD Study is an epidemiologically informed
study with a demographically diverse sample [131] and therefore
effects are being examined in the context of a complex set of
contextual variables. In addition, the current study utilized pre-
defined ROIs for a priori brain regions in our hypotheses. While a
whole-brain or voxel-wise analyses would provide much more
comprehensive results, due to computational challenges of such
analyses in datasets of this size, we are not currently able to
conduct these analyses. ROIs used in the current study were
derived from the Desikan atlas [102], with ROIs varying in size. It is
possible that utilizing a different atlas or more fine-grained
analyses may have yielded different results. Lastly, although most
social experiences and behaviors were measured at the baseline
assessment wave, some indices were measured at a later
assessment wave and therefore were not completed at the same
time as the EN-back fMRI task.

The current study found that both positive and negative social
behavior and experience indices, including those both inside and
outside of the youth’s agency, were associated with generally

SPRINGER NATURE

unique regions of activation during implicit emotion regulation.
This indicates a social behavior or experience may possibly have
an impact on social relationships or development even if it does
not appear explicitly influential. Indices of positive social behavior
and experience were associated with higher activation in several
regions previously implicated in adaptive emotion regulation and
social processing, such as the insula, IPL, STG, fusiform gyrus, and
TPJ. Negative social function behavior and experience indices
were associated with Jower activation in regions previously
associated with emotion regulation and social impairments,
including the fusiform gyrus and MTG. The potential implications
of these findings are especially important because the study’s late
middle childhood sample. First, these findings suggest the
possibility of potential emotion regulation benefits with positive
social behavior and experience interventions, such as interven-
tions to increase the development of friendships. Second, this
paper shows that even at a young age, negative social
experiences, specifically experiencing discrimination and greater
reciprocal social impairments, are associated with neural corre-
lates during implicit emotion. These externally controlled experi-
ences were linked to neural activity, indicating those social
experiences that the child may not even directly influence have
the potential to be associated with neural correlates of implicit
emotion regulation. This further points to the necessity of
amplifying attempts in schools to prevent or work to ameliorate
the effects of these types of experiences.
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