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Unlike adults, children and adolescents show predominantly
increased neural activation to social exclusion by members of
the opposite gender

Danielle Z. Bolling, Kevin A. Pelphrey, and Brent C. Vander Wyk
Yale Child Study Center, New Haven, CT, 06520

Abstract

The effects of group membership on brain responses to social exclusion have been investigated in
adults, revealing greater anterior cingulate responses to exclusion by members of one’s in-group
(e.g. same-gender). However, social exclusion is a critical aspect of peer relations in youth and
reaches heightened salience during adolescence, a time when social anxiety disorders are also
emergent. While the behavioral and neural correlates of social exclusion in adolescence have been
extensively explored, the effects of group membership on peer rejection are less clear. The current
study used functional magnetic resonance imaging (fMRI) to investigate the differential neural
correlates of being excluded by peers of one’s same-versus opposite-gender during an online ball-
toss game. Participants were a group of typically developing children and adolescents (7-17
years). As predicted, anterior cingulate cortex showed a main effect of social exclusion versus fair
play. However, unlike a previous adult study, this region did not show increased activation to
same-gender exclusion. Instead, several regions differentiating same-versus opposite-gender
exclusion were exclusively more sensitive to exclusion by one’s opposite gender. These results are
discussed in the context of adolescent socioemotional development.
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INTRODUCTION

The ability of humans to discriminate males from females is an early emerging phenomenon,
with evidence of this skill demonstrated in infants 6 to 8 months of age (Miller, 1983). By 31
months, children demonstrate the ability to categorize themselves as the correct gender
(Weinraub et al., 1984), showing both verbal and non-verbal signs of gender identity.
Beginning early in life, gender camaraderie is a powerful means of facilitating feelings of
group membership. Same-gender groups are the preferred friendship and play networks
beginning in preschool-aged children (Maccoby, 1988; Powlishta, Serbin, Doyle, & White,
1994). However, beginning in adolescence, opposite-gender friendships become increasingly
frequent (Feiring, 1999). This finding is consistent with the report that out-group prejudice
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decreases with age from 5 to 13 years (Powlishta et al., 1994). Children and early
adolescents were able to cite the immorality of social exclusion based on gender. However,
adolescents were more willing to condone out-group exclusion if overall group-functioning
was threatened by inclusion (Killen & Stangor, 2001). Thus, while a preference for same-
gender peer groups prevails throughout life (Mehta & Strough, 2009), evidence suggests that
the treatment of opposite-gender peers varies through development.

Irrespective of gender, peer rejection is especially salient in adolescence (Pharo, Gross,
Richardson, & Hayne, 2011; Rudolph & Hammen, 1999; Steinberg & Morris, 2001). The
social, emotional, and psychological effects of peer rejection have been researched
extensively (for reviews see Blackhart, Nelson, Knowles & Baumeister, 2009; Gerber &
Wheeler, 2009; Williams, 2007). Complementary neuroimaging research has identified a
network of brain regions associated with the experience of social rejection, including
anterior cingulate cortex (ACC), ventrolateral prefrontal cortex (vIPFC), and insula (Bolling
etal., 2011a, 2011b; Eisenberger, Lieberman & Williams, 2003; Karremans, Heslenfeld, van
Dillen & Van Lange, 2011; Krill & Platek, 2009; Masten et al., 2009, 2011a; Moor, van
Leijenhorst, Rombouts, Crone & van der Molen, 2010; Onoda et al., 2009; Sebastian et al.,
2011). These studies have demonstrated neural activation to rejection in adults, adolescents,
and children as young as seven years of age. Activation in ACC has been shown to correlate
positively with self-reported distress, suggesting a role for this region in the emotional
response to peer exclusion (Eisenberger et al., 2003; Masten et al., 2009). In contrast, right
VIPFC has shown a negative relationship with distress, implying its role in emotion
regulation (Eisenberger et al., 2003; Masten et al., 2009).

To date, all neuroimaging work exploring the effects of group membership on neural
responses to social exclusion has focused on adults, demonstrating relatively decreased ACC
activation to exclusion by one’s out-group (Bolling et al., 2012; Krill & Platek, 2009).
However, the psychological determinants of this neural difference are not fully understood.
In adults, an investigation of the neural correlates of rejection by one’s racial out-group
demonstrated that the extent to which an individual attributed the exclusion to discrimination
was inversely related to ACC activation to social exclusion (Masten et al., 2011b). This
finding led the authors to speculate that decreased neural responses to exclusion by one’s
out-group may be a function of the ability to regulate emotions by attributing the exclusion
to discrimination. Behavioral research in support of this theory has demonstrated that
attributing negative behavior to gender discrimination decreased subsequent negative
psychological outcomes (Crandall, Tsang, Harvey & Britt, 2000; Crocker, Voelkl, Testa &
Major, 1991; Major, Kaiser & McCoy, 2003). With respect to gender group membership,
being excluded by a group of opposite-gender peers dampened the negative psychological
effects of rejection, compared to being excluded by a group of mixed-gendered peers
(Wittenbaum, Shulman & Braz, 2010). Neural correlates of the buffering effects of
attributing negative behavior to discrimination have been located in the right vIPFC, which
shows an inverse relationship with distress to exclusion by members of an out-group
(Bolling et al., 2012; Masten et al., 2011b).

The hypothesis that activation in vIPFC relates to affective responses to out-group exclusion
is in line with work implicating this region in a more general role of emotion regulation (for
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review see Ochsner & Gross, 2005). However, recent work has suggested that this emotion
regulation system does not reach maturity until adulthood (McRae et al., 2012). With this in
mind, if a decreased ACC response to social exclusion by members of an out-group is
dependent on emotion regulation processes of VIPFC, we would expect that unlike adults,
children and adolescents would not show differential ACC responses to exclusion by
members of the opposite gender. Conversely, a demonstration of differential ACC activation
to exclusion based on group membership in youth allows for the possibility that some
regulatory mechanisms are functionally mature in this age group.

The current study investigated the effects of gender group membership on brain responses to
social exclusion in a group of male and female children and adolescents, as the effect of
group membership on brain responses to social exclusion in youth remains uncharacterized.
Social exclusion was elicited using an interactive ball-toss game called Cyberball (Williams,
Cheung & Choi, 2000). Participants played two separate games of Cyberball, each with two
ostensibly real peers, and were alternatingly included in or excluded from each game. Group
membership was manipulated by changing the gender of the online players such that in one
game peers appeared the same gender as the participant, while in the other game peers were
members of the opposite gender.

We sought to identify brain regions that differentially responded to social exclusion based on
the gender relationship of the excluders to the excluded participant, as past work
characterizing brain responses to peer rejection in children has focused on either same-
gender (Bolling et al., 2012) or mixed-gender excluders (Masten et al., 2011a; Moor et al.,
2012). Based on previous work identifying differential brain responses to in-group and out-
group exclusion in prefrontal regions that do not reach structural maturity until adulthood
(Barnea-Goraly et al., 2005; Sowell, Trauner, Gamst, & Jernigan, 2002), we hypothesized
that children and adolescents would fail to show adult characteristic decreased brain
responses in ACC to out-group exclusion due to an inability to recruit aforementioned
complex emotion regulation strategies.

Our knowledge of how contextual cues such as group-membership influence responses to
social stressors is also relevant to our understanding of anxiety disorders. Anxiety disorders
are characterized by abnormal responses to nonverbal social cues, namely increased
attention to threatening stimuli (Gilboa-Schechtman & Shachar-Lavie, 2013). Research has
found that even in healthy individuals, an increased attentional bias to threat magnifies
subsequent anxiety in response to social exclusion (Heeren, Peschard, & Philippot, 2012). In
addition, the emotional effects of social exclusion are more pronounced and more prolonged
in individuals with higher levels of social anxiety (Zadro, Boland, & Richardson, 2006), and
lead to prolonged impairment in emotion regulation compared to individuals with lower
social anxiety (Oaten, Williams, Jones, & Zadro, 2008). Understanding how contextual
factors such as group-membership influence responses to social exclusion in healthy
populations might provide novel insight into situational factors which could magnify one’s
sensitivity to social exclusion. These situations would presumably confer additional risk to
individuals with high levels of social anxiety.
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To date, our knowledge of how gender-group membership influences brain responses to
social exclusion is limited to adult populations, while the average age of onset for social
anxiety disorder is mid-adolescence (Schneider, Johnson, Hornig, Liebowitz, & Weissman,
1992). Thus, the current study conducted a novel, preliminary exploration of these neural
effects in children and adolescents.

METHODS

Participants

Individuals were disqualified from participation if parents reported that the child had
experienced brain injury, brain disease, or brain malformation. In addition, if the child ever
experienced seizures, epilepsy, hearing or vision loss, motor impairment, or severe allergies
he or she was excluded from participation. Children were also excluded from the current
study if they had a diagnosis of an intellectual disability or a learning disability. Finally,
children were not recruited for the current study if the parent had any concerns about
possible signs of autism or developmental problems, or if a child had a sibling with an
autism diagnosis.

In accordance with the listed criteria, 25 typically-developing children and adolescents were
recruited and participated in the current study specifically designed to assess the effects of
gender group membership on brain responses to social exclusion (12 male, 12.4 + 2.5 years).
All participants played two rounds of Cyberball (same-gender and other-gender) in the same
scanning session. The order of the two games was counterbalanced such that 14 participants
played with their same gender first. For each participant, motion plots depicting movement
in the three translations and three rotations were derived relative to head position at the first
volume of acquisition. Participants who showed multiple or prolonged periods of excessive
head movement within a scan (> 4mm in any direction or 4 degrees of rotation from initial
head position) were excluded from further analyses (3 participants). An additional three
participants who each showed an isolated period of excessive motion within a scan (> 4mm
or degrees from initial head position) compromising less than half of the collected volumes
remained in subsequent analyses, with the distinct period of maximum motion being excised
from single-participant analyses. Of these 3 participants with isolated periods of excessive
motion, one participant had 3 volumes removed from the other-gender Cyberball scan
(volumes 71-73), one participant had the final 28 volumes removed from each of the two
Cyberball scans (same- and other-gender), and the last participant had the final 4 blocks (2
fair play, 2 exclusion) and 10 second final fixation removed from the other-gender Cyberball
scan. In addition, two participants were excluded from all analyses for failing to throw the
ball on more than half of the trials in one of the two Cyberball games. After these
exclusions, 20 participants (10 male, 12.61 + 2.5 years) were included in subsequent group
analyses. All 20 participants had 1Q scores measured with the Differential Ability Scales
(DAS-II; Elliott, 2007). The average standard scores for verbal reasoning, nonverbal
reasoning, and general conceptual ability were 104.75 (£15), 104.65 (£18) and 105.5 (x15),
respectively. In addition, 17 of the 20 participants had their social functioning assessed with
the parent-report Social Responsiveness Scale (SRS; Constantino & Todd, 2003). The
average normalized score was 50.3 ( 13). Higher scores on the SRS indicate more difficulty
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with social responsiveness. Normalized scores of 59 or less are considered within the normal
range of social functioning (14 participants were in this range). Normalized scores between
60 and 75 indicate deficiencies in reciprocal social behavior in the mild to moderate range (2
participants were in this range). Normalized scores of 76 or higher indicate severe
impairments in reciprocal social behavior. (1 participant was in this range). In the 20
participants, the average maximum amount of head motion during same-gender Cyberball
was 1.51 mm or degrees (+ 1.08, range 0.16-3.8), and during other-gender Cyberball was
1.65 mm or degrees (+ 1.06, range 0.28-3.8). Age did not correlate with maximum head
motion during same-gender Cyberball (r(Z8)=-0.11, p= 0.65) or other-gender Cyberball
(r(18)=-.18, p=0.45). From these 20 participants, 11 played with their same gender first.
Sixteen of the 20 participants completed a social exclusion questionnaire (SE-Q) assessing
exclusion-related distress.

Participants played two rounds of Cyberball (Williams et al., 2000), each lasting five
minutes. A game of Cyberball began with a sham Google® screen, during which
participants were told by the experimenter that they were being connected to the internet
where they would play a ball-toss game with other children online. This was followed by a
screen where participants chose the catching glove that would represent them in the game.
Finally, participants were given visual and aural instructions and were asked to practice 16
throws to ensure that they understood the game. On completion of the practice, fMRI data
acquisition began and participants played Cyberball continuously for 5 minutes in 30 second
alternating blocks of social exclusion (participant receiving 0 out of 12 throws) and fair play
(participant receiving 4 out of 8 throws from the other players). This whole sequence of
events occurred twice during the participant’s scan session. In one round of Cyberball,
participants played with two members of their own gender, while in the other round
participants played with members of the opposite gender. Efforts were made to ensure that
online players in both Cyberball games were matched by race to the participant. However, 4
participants did not play with race-matched players (though for these 4 participants, online
players’ race was still held constant across the two rounds of Cyberball). To ensure that
results were not unduly influenced by non-race matched sessions, significant findings from
group-level contrasts of (1) condition and (2) gender group-membership were confirmed to
be robust to removal of these 4 individuals (see Results). Participants were informed of the
gender of the other players by pictures of the players’ faces next to each player’s
corresponding catching glove. The order of these rounds (same- versus other-gender) was
counter-balanced between all participants (11 played same-gender first), as well as within
participant gender groups (male: 6 played same-gender first, female: 5 played same-gender
first). Images of online players in the current study were comparable in age to the age range
of the participants (7-17 years).

Upon completion of both rounds of Cyberball, participants were prompted to answer 12
questions on a 1 to 5 Likert scale, relating to their experience of social exclusion by both the
same and other gender. Eight of these questions were identical to the social exclusion
questionnaire previously used in adults to assess general distress to social exclusion; an
additional four items were modified to relate specifically to exclusion by each gender (i.e. “I
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felt like the female players were interacting with me a lot”). Questions were originally
adapted from the Need Threat Questionnaire previously designed to assess exclusion-related
distress (van Beest & Williams, 2006). Items included statements like “1 felt like an
outsider.” Questions were delivered visually and aurally immediately after the completion of
the second round of Cyberball, while the participant remained in the magnet (in the absence
of fMRI data acquisition).

Imaging protocol

Images were collected on a Siemens 3T Tim Trio scanner located in the Yale University
Magnetic Resonance Research Center. Whole brain T1-weighted anatomical images were
acquired using an MPRAGE sequence (TR=1900 ms; TE=2.96 ms; flip angle=9°; FOV=256
mm; image matrix 2562; voxel size =1x1x1 mm; 160 slices; NEX=1). Whole-brain
functional images were acquired using a single-shot, gradient-recalled echo planar pulse
sequence (TR=2000 ms; TE=25 ms; flip angle=60°; FOV=220 mm; image matrix=642;
voxel size=3.4x3.4x4 mm; 34 slices) sensitive to BOLD contrast. Each Cyberball game
(same-gender and other-gender) constituted a separate scan, consisting of 160 functional
volume acquisitions.

Data Analysis

fMRI

Single-Participant L evel: Each participant’s data was preprocessed and analyzed using the
BrainVoyager QX 2.0.8 software package (Brain Innovation, Maastricht, the Netherlands).
Preprocessing of functional data from each Cyberball game included slice time correction
(using sinc interpolation), 3-dimensional rigid-body motion correction (using trilinear-sinc
interpolation), spatial smoothing with a 4mm Gaussian kernel, and temporal high-pass
filtering (fast Fourier basis set, 2 cycles per time course). From each Cyberball game, the
first 5 volumes of acquisition (fixation) were discarded to allow for scanner equilibrium.
Processed functional data were coregistered to within-session anatomical images, which
were subsequently normalized to Talairach space.

Preceding group-level analyses, confounding activation associated with ball throws (which
occurred during fair play and not social exclusion) was modeled in each game and regressed
out on a single-participant level prior to task-based general linear model (GLM) analyses.
Regressors for the ball throw analysis were defined as boxcar functions peaking during the
period beginning when the participant received the ball and ending with the participant’s
throw response, convolved with a double-gamma hemodynamic response function (HRF).
Following this regression, single-participant task-based activation to each experimental
condition (social exclusion and fair play) was modeled with a boxcar function (defined as 1
during the condition and 0 otherwise) convolved with a double-gamma HRF. To further
account for head motion, time series of the previously described motion plots were also
included in each single subject model as predictors of no interest.

Group Level: All group level whole-brain analyses were restricted to voxels within the

extent of the MNI template brain normalized to Talairach space. Group level, random-effects
GLM analyses were conducted with functional data from every participant in both Cyberball
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games together, and from each gender condition (same and other) separately. For the group
analysis collapsed across gender condition (40 functional data sets), results were thresholded
at p<.01. This whole-brain analysis was corrected for multiple comparisons at the cluster
level, with a cluster threshold of 20 functional voxels, determined to correspond to a
corrected threshold of a < .05. Thresholds were calculated using the cluster threshold
estimator plug-in for BrainVoyager, which performs 1000 Monte Carlo simulations to
estimate the desired false positive rate (Xiong, Gao, Lancaster & Fox, 1995). For group
analyses assessing activation within gender conditions (same- or other-gender; 20 functional
data sets each), results were thresholded at p < .05, corrected with a cluster threshold of 35
functional voxels, calculated to correspond to a < .05.

Two region of interest (ROI) analyses were carried out to address region-specific a priori
hypotheses. The first ROl analysis was conducted with a structurally-defined area of the
ACC derived from the Talairach atlas (Lancaster et al., 1997, 2000). We further divided this
ACC region into a ventral and a dorsal portion by segmenting it along the plane z =9,
roughly corresponding to the genu of the corpus callosum. Based on previous work in adults
showing differential activation in ACC to same-versus other-gender exclusion (Bolling et al.,
2012) and differential activation in ACC to same-versus other-race exclusion (Krill & Platek,
2009), we used our structurally-defined regions of ACC to investigate whether activation
differed based on the gender of the excluders in our present sample of children and
adolescents.

To investigate whether activation to social exclusion in dorsal or ventral ACC correlated
with age, Pearson correlations between age and activation to Exclusion — Fair Play were
conducted for (1) same-gender Cyberball, (2) other-gender Cyberball and (3) the within-
participant difference between same- and other-gender Cyberball. Results of these
correlations were not corrected for multiple comparisons due to the exploratory nature of the
age analyses.

The second ROI analysis was conducted with a structurally delineated area of right
ventrolateral prefrontal cortex, defined by combining Talairach-defined regions of right
inferior and middle frontal gyri (Lancaster et al., 1997, 2000), then subsequently restricting
the combined region to the extent of the MNI brain normalized to Talairach space.
Activation to other-gender exclusion versus fair play in this region was previously shown to
correlate negatively with self-reported distress in adults (Bolling et al., 2012). This ROI
analysis sought to replicate this finding in a younger participant group.

Distress questionnaire

Sixteen of the 20 participants completed the SE-Q measuring exclusion-related distress
following the completion of both Cyberball games in the scanner. Each of the 12 items was
rated on a 1-5 Likert scale (1 = “not at all”, 5 = “extremely”), making the possible scores
range from 12 to 60. The average overall score on the questionnaire was 34.19 (+ 7.73;
average item score of 2.85). Statements receiving the highest average item scores were the
following: “I felt powerful” (reverse-scored; 3.9), “I felt like the other players decided
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everything” (3.4), “I felt like the male players were interacting with me a lot” (reverse-
scored; 3.4) and “I felt like the female players were interacting with me a lot” (reverse-
scored; 3.1). Sub-scores relating specifically to distress caused by same-gender or other-
gender exclusion derived from the 2 items relating to each category were calculated for each
person (possible sub-score range: 2-10). The average score on the same-gender exclusion
sub-scale was 5.81 (+ 1.72). The average score on the other-gender exclusion sub-scale was
5.94 (£ 1.91). A within-subject #test did not reveal a significant difference between self-
reported distress to same- versus other-gender exclusion (p > .05).

Social Exclusion versus Fair Play—In the contrast of social exclusion versus fair play
collapsed across gender conditions, a group of brain regions which have been considered
part of the neural network for processing rejection were significantly active (Table 1, Figure
1), including ventral anterior cingulate cortex (VACC), right insula, bilateral hippocampus,
and posterior cingulate cortex (PCC). In addition, regions of right precentral gyrus, bilateral
occipital cortex, left temporal pole, left superior frontal gyrus and left ventrolateral
prefrontal cortex (VIPFC) showed significantly greater activation during exclusion compared
to fair play. Right middle frontal gyrus, right precuneus, left cerebellum and right
temporoparietal junction all showed significant activation during fair play compared to
exclusion. All of these regions still remained significant (v < 0.01) with removal of the 4
participants who did not play with race-matched players.

Using a within-participant design, we compared activation to social exclusion (versus fair
play) by one’s same-gender versus one’s opposite-gender (Table 2, Figure 2). No regions
showed significantly greater activation to exclusion by one’s own gender. Regions showing
significantly greater activation to exclusion by one’s opposite gender included bilateral
supramarginal gyrus, bilateral occipital cortex, right dorsal anterior cingulate cortex (dACC),
left postcentral sulcus, and left inferior frontal gyrus. All of these regions remained
significant (p < 0.05) with removal of the 4 participants who did not play with race-matched
players. Additionally, all of these regions remained significant when controlling for game
order (same-gender first or other-gender first) as a between-participants variable. To
determine which gender condition was driving these differences, we extracted beta values
from each region and compared activation to social exclusion versus fair play in each
Cyberball game separately. Bilateral supramarginal gyrus and occipital cortex showed
significant activation to social exclusion by the opposite (but not same) gender players.
Dorsal ACC showed significant activation to fair play (versus exclusion) with same-gender
(but not other-gender) players. Left inferior frontal gyrus showed significant activation to
fair play by the same gender and significant activation to exclusion by the opposite gender.
Left postcentral gyrus did not show significantly different activation to exclusion versus fair
play in either gender condition independently.

While the current study demonstrated a main effect of social exclusion (versus fair play) in
the ventral ACC (Figure 1) when combining same- and other-gender games, a whole-brain
voxel-wise within-participants comparison of same-versus other-gender exclusion failed to
find greater activation to in-group exclusion in the ACC region, a difference that was
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previously demonstrated in adults (Bolling et al., 2012). To further investigate this result for
potential sub-threshold trend-level differences, activation in each Cyberball game was
assessed in the aforementioned structurally-defined regions of ACC (ventral and dorsal).

In a within-participant comparison, ventral ACC activation to exclusion > fair play did not
differ between same- and other-gender Cyberball ({19) = 0.97, p = 0.35; Figure 1). This
result did not change with removal of the 4 non-race mated participants. Activation in vACC
was significantly greater to exclusion (versus fair play) during the other-gender but not
same-gender game (same-gender: {19) = 1.4, p= 0.18; other-gender: {19) = 2.3, p=.03,
Figure 1).

Likewise, dorsal ACC activation to exclusion > fair play also did not differ between same-
and other-gender Cyberball ({19) = 1.58, p=0.13; Figure 1). This result did not change
with removal of the 4 non-race mated participants. Activation in dACC was not significantly
greater to exclusion (versus fair play) during same- or other-gender games (same-gender:
K19) = -1.76, p=0.1; other-gender: £19) = 0.3, p=.77, Figure 1).

Based on evidence from an identical study on gender-related differences in neural responses
to exclusion performed in adults (Bolling et al., 2012), we posited that in the current study
activation in right vIPFC would be related to self-reported distress specifically during
exclusion by the opposite gender. Testing this hypothesis in the current study using a
structurally-defined region of right vIPFC did not reveal a significant correlation between
activation to other-gender exclusion > fair play and self-reported distress to other-gender
exclusion (p > .05). The correlation between activation to other gender exclusion > fair play
and distress to other-gender exclusion in the current sample of children and adolescents was
significantly different than the comparable correlation previously observed in typical adults
performing the same task (z=2.01, p= 0.04; Bolling et al., 2012). However, recalculating
this correlation in the current study after removing moderate outliers (data > 2 SD from the
mean on either vIPFC activation or other-gender exclusion distress; 7= 2) revealed a trend
negative correlation similar to our previous finding in adults (/(12) = -0.5, p=0.1).

Correlations with age—Chronological age did not correlate with vACC activation to
same-gender exclusion (/(18) = —0.02, p=0.9), other-gender exclusion (/(18) = —-0.25, p=
0.3) or the difference between same-versus other-gender exclusion (/(18) = 0.2, p=0.4).
Chronological age also did not correlate with dACC activation to same-gender exclusion
(n(18) = 0.33, p=0.16), other-gender exclusion (/(18) = —0.06, p = 0.8) or the difference
between same-versus other-gender exclusion (/(18) = 0.3, p=0.2). We did not strongly
interpret these results because of the notable age difference between males and females in
the current study (males: 13.6 years, females: 11.6 years; #18) = 1.8, p=0.08) that
confounds age analyses.

DISCUSSION

The current study is the first to investigate the effects of group membership on brain
responses to social exclusion in children and adolescents. Past research in adults has found
that neural responses to exclusion by one’s in-group (race or gender) are greater than
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responses to exclusion by an out-group in ACC (Bolling et al., 2012; Krill & Platek, 2009).
In addition, it is thought that exclusion from an out-group triggers a complex set of emotion
regulation strategies that modulate the associated neural activation (Masten et al., 2011b). In
the current study, children and adolescents failed to show the characteristic adult response to
out-group exclusion, namely a decreased brain response in ACC. Instead, we found equal
responses to social exclusion by both genders in VACC, with equivocal evidence for greater
dACC activation to other-gender exclusion.

These data support the hypothesis that children and adolescents differ from adults in that
they do not show decreased brain responses in ACC to out-group exclusion. This finding
rests on a failure to detect differences between two experimental conditions, but we do not
suspect that the results are due to a general failure to induce experimental effects. Responses
to exclusion collapsed across group membership reliably identified regions typically
responsive to social rejection (Bolling et al., 2011a, 2011b; Eisenberger, Lieberman &
Williams, 2003; Karremans, Heslenfeld, van Dillen & Van Lange, 2011; Krill & Platek,
2009; Masten, et al., 2009, 2011a; Moor, van Leijenhorst, Rombouts, Crone & van der
Molen, 2010; Onoda et al., 2009; Sebastian et al., 2011). Regions previously implicated in
this network such as ventral ACC, right insula, bilateral hippocampus, posterior cingulate
cortex, and left vIPFC all showed significant activation to social exclusion compared to fair
play. Thus, the main effect of social exclusion in the brain is largely robust to variations in
the gender(s) of the excluders. In relation to a study of brain responses to solely same-gender
exclusion on participants within the same age range using a comparable paradigm (Bolling
et al., 2011b), the current study demonstrated that combining responses to same- and other-
gender exclusion yields activation in a very similar network of brain regions as identified by
eliciting same-gender exclusion alone. In addition, the average item score on the self-
reported distress measure (2.85 out of 5) was similar to those reported in previous studies of
social exclusion in children and adolescents (Bolling et al., 2011b; Masten et al., 2009).
Thus, the current study was successful in eliciting our predicted effects of social exclusion
independent of the gender of the excluders.

A whole brain voxel-wise within-participant comparison of activation to social exclusion
(versus fair play) by same-versus other-gender players revealed several regions showing
differential responses based on the gender of the excluders. These regions included bilateral
supramarginal gyrus, occipital cortex, left inferior frontal gyrus, posterior central sulcus, and
right dorsal ACC, suggesting that participants were sensitive to the gender manipulation.
However, all regions showing an effect of group membership were more sensitive to other-
gender exclusion. An analysis of the structurally-defined ACC failed to reveal any
significant modulation by the gender of the excluders. Similarly, sub-scores on the distress
questionnaire calculated from items relating specifically to either exclusion by one’s own
gender or the opposite gender did not significantly differ.

After failing to replicate the effects of group membership on ACC responses to social
exclusion, we tested the relationship previously demonstrated in adults between vIPFC
activation and self-reported distress exclusively to other-gender exclusion. Ventrolateral PFC
is an emotion regulation region with hypothesized influence on psychological responses to
out-group rejection (Masten et al., 2011b). In the current study, we did not find a significant
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correlation between right vIPFC activation to other-gender exclusion and self-reported
distress in the 16 youth who completed this distress measure. In fact, the correlation between
activation in right vIPFC and self-reported distress in children and adolescents significantly
differed from the negative correlation found in adults. However, a careful investigation of
this correlation removing moderate outliers (data > 2 SD from the mean on either vIPFC
activation or other-gender exclusion distress; /7= 2) revealed a trend negative correlation
similar to our previous finding in adults (/(12) = -0.5, p=0.1). Because this correlation
includes only 70% of the participants in the current study, we interpret this result with
caution. There may be evidence that a subset of the youth in the current study demonstrate
evidence of some prefrontal regulation of distress. However, more sensitive measures of
exclusion-related distress will be necessary to validate this hypothesis in a larger sample that
is sufficiently powered to investigate such a correlation.

While we interpret the results of the vIPFC correlation analysis with caution due to the
limited number of data points (7= 14), past research has demonstrated that neural
functioning in VIPFC during rejection shows significant development from childhood to
adulthood. Previous work has found that children and adolescents show decreased activation
to social exclusion in right vIPFC compared to adults (Sebastian et al., 2011), that activation
in this region increases with age from childhood to adolescence (Bolling et al., 2011b), and
that the functional coupling between this region and ventral ACC during exclusion also
increases with age (Bolling et al., 2011b). Thus, past research would suggest that during
social exclusion, the ability to effectively use regulation techniques dependent on vIPFC
would be decreased in youth. A direct comparison of VIPFC activation to out-group
exclusion in children versus adults or an investigation of vIPFC activation to out-group
exclusion across development would be well-suited to validate this interpretation.
Unfortunately, the age disparity between males and females in the current study precludes
the possibility of conducting the latter analysis within the current data set.

Interestingly, VIPFC (along with ACC) is part of a network of brain regions implicated in the
pathology of childhood anxiety disorders (Blackford & Pine, 2012). Indeed, social anxiety
has been shown to intensify the magnitude and duration of psychological responses to social
exclusion (Oaten, Williams, Jones, & Zadro, 2008; Zadro, Boland, & Richardson, 2006). It
is possible that brain responses to social exclusion in the current study are moderated by
symptoms of social anxiety. While the current study was limited by the lack of anxiety
metrics administered to participants, future studies involving more careful characterization
of anxiety symptoms may elucidate the precise influences of such traits on brain responses
to in-group and out-group exclusion.

While the results of the current study answer the previously unknown question of what brain
regions are differentially responsive to social exclusion by the same versus opposite gender
in youth, the current investigation has some limitations. First, while we found several brain
regions sensitive to the gender relation of the excluders to the participant, self-report sub-
scores indexing distress to same- or other-gender exclusion did not significantly differ. We
acknowledge that this may be due to the potentially low sensitivity of a 5-point rating scale
to discern subtle differences in distress levels. We also failed to find any brain regions
showing a positive correlation with distress scores during social exclusion > fair play
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collapsed across gender conditions (o < .05, k= 35), supporting the idea that while the
questionnaire is helpful for confirming a psychological effect of exclusion, it may lack
sensitivity to measure subtle differences in distress levels between participants. In addition,
we chose to administer the distress questionnaire after both Cyberball games were
completed in order to avoid priming participants to notice exclusion more in the second
game (which may have occurred if we administered the questionnaire after each game). We
conclude that this precaution was successful, as a post-hoc assessment of regions
differentially responsive to exclusion in the first versus second round of Cyberball (0 < .05, &
= 35) revealed that the only region modulated by the order of the games that we also
reported as being responsive to social exclusion > fair play collapsed across gender
conditions was right hippocampus. This region was more active to social exclusion in the
first game compared to the second. The administration of the distress measure after both
games were completed may have decreased the amount of distress participants reported,
however we did find that participants reported significant distress, even after both games
were played, suggesting that Cyberball indeed elicited veritable psychological responses to
social exclusion. Future studies may estimate participants’ distress levels with more
accuracy using more frequent or graded self-report measures, or physiological measures
such as skin conductance which index arousal.

A second concern in the current study is that participants may not have believed that they
were playing with real people. When verbally questioned by experimenters after the
scanning session, 12 of the 20 participants voiced suspicions that the players were not real.
Previous literature has suggested that the psychological responses to social exclusion are not
affected by the belief that the excluding players are real (Zadro, Williams & Richardson,
2004). Indeed, participants in the current study reported significant distress to exclusion,
suggesting that the experience was upsetting even if they did suspect that the players were
fictional. While it is desirable for all participants to believe that they are being excluded by
real people, the extent to which results of the current study are consistent with past
investigations of brain responses to social exclusion with varying levels of participant belief
in the veracity of the players supports the idea that differences in belief levels do not
significantly alter the brain regions active to exclusion.

Third, while we manipulated the gender relation of the excluders to the excluded participant,
we did not investigate gender differences with respect to effects of the group-membership
manipulation. Whereas previous studies have reported gender differences in brain responses
to peer feedback (Guyer, McClure-Tone, Shiffrin, Pine & Nelson, 2009; Guyer, Choate, Pine
& Nelson, 2012), the current investigation was focused on the effects of group membership
on brain responses to social exclusion. It is entirely possible that gender differences exist in
respect to this investigation; however, the current study was not designed to address these
differences and thus was not sufficiently powered to do so. Future studies could add to the
field by elucidating the influence of gender differences on the effects reported in the current
study.

Finally, while we did not identify any regions of ACC showing greater activation to social
exclusion by one’s same (versus other) gender excluders, we did identify a region of dorsal
ACC that showed greater activation to exclusion by the opposite gender. There was also a
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trend to this effect in our structurally-defined dACC ROI analysis. This effect was driven by
a difference in activation during same-gender exclusion, with activation to fair play being
significantly greater than activation to social exclusion. Because this region was not
significantly active to social exclusion in either game, and because this region did not
overlap with the region of ventral ACC that showed a main effect of exclusion in the current
study, we did not interpret this difference in ACC activation as supporting or opposing the
study hypotheses.

Conclusions

The current investigation is the first to explore brain responses to social exclusion in children
and adolescents that are modulated by the gender relation of the excluded participant to his
or her excluders. While overall neural responses to exclusion in this age group were similar
to those seen in adults, the data did not reveal greater activation in ACC to same- versus
other-gender exclusion found in older participants (Bolling et al., 2012). Thus, it appears
that modulation of ACC activation, which may reflect the ameliorating effects of attributing
out-group exclusion to discrimination, may not develop until late adolescence or adulthood.
Previously cited developmental effects on emotion regulation in adolescence may underlie
the delayed development of this effect.
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Top Panel: Activation to social exclusion versus fair play collapsed across gender conditions.

Regions in orange showed greater activation to social exclusion, while regions in blue

showed greater activation to fair play (none visible). Results were assessed at a threshold of
p< .01, k = 20. Activations are interpolated to 1mms3 resolution and depicted in radiologic
convention. Bottom Panel: Bar graph depicts average activation to same-gender and other-

gender social exclusion versus fair play within structural regions of dorsal and ventral

anterior cingulate cortex (dACC and VACC, respectively). Error bars depict standard error of

the mean.
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Figure 2.
Differential activation to social exclusion by one’s same-versus other-gender. Regions in

blue showed greater activation to other-gender (versus same-gender) social exclusion — fair
play. Results were assessed at a threshold of p < .05, k = 35. Activations are interpolated to
1mm3 resolution and depicted in radiologic convention. Bar graphs depict average activation
to same-gender and other-gender social exclusion - fair play within each significant region.
Error bars depict standard error of the mean (Abbreviations: supramarginal gyrus (SMG),
dorsal anterior cingulate cortex (d/ACC), postcentral sulcus (PSC), inferior frontal gyrus
(IFG).

Soc Neurosci. Author manuscript; available in PMC 2017 October 01.



Page 19

Bolling et al.

/T¢0000 GSv- L20E L&  9y— S¥ uonounl jeatredosodws) 1ybiry
T9E0000 €€V-  ¥8L  2€- ¥E- 9E- win|jaga1ad Ya
8700000 89'G—  L0€E 9 19— 6 snaundald 1ybiy
G000000 2€9- €€L €& 62  6€ snJAB [euoly ajppiw By
uolsnjox3 < Aeld 41e+

€€00000 ¥'S 1.6 €¢- 8  Iv- ajod [esodwia} Yo
2000000 29 €Tl &- € 0g- O4dInyaT
[/00000 TOG TEOT 9y 2€  CT- SnUAB [ejuoly Joniadns Yo
G0c0000 8SY  TETT  IE  Ov—- €- Xal02 aje|nburd JoLRIsod
/G00000 ST'S G869 G- Tr  6- Od4dw / DDV [eusp
/800000 96'F Gees ¢¢ 8- 9e- X8102 [end1220 Yo
v/10000 S9v  vI9  Z¢ 8- ST Xa109 [e)1d1990 61y
7000000  6T°L 66ST 8- Ov— L¢—  XaMod [ejuajdsonal / sndwedoddiy Yo
T0000> T¥'8 0688 G- L&- €€ snduresoddiy wbry
9200000  S€'S v€8 6T 01— <¢F e[nsul ajppiw oIy
2600000 €67 818 6T ¢¢- v e|nsul Jousisod ybry
€eT0000 LLv  90S¢ TL SZ- Of snJAB [enusoaud 161y
ABld 1184 < UOISNfIXT

d ] azs z A X uoifey ureig

"(D4dw) xa1109 [ejuoigaid Jeipaw

‘(D4dIn) x81100 [ejuouyald [ess1ej0nusA ‘(DY) X802 81e[NBUID IOLIBIUE SUONEIABIAQY “(gWL T) SISXOA |eINION.IS Ul paniodal si 8Z1s uolbsy “uolbal
{oea Ul adualaylp [eubis wNWIXew JO [8XOA a8y 01 JaJal SI1ISITe]S pue Sa]eulplo02 yoediefe] "(Japuab-1aylo pue -swes) Aejd ire) snsiaA (Japuab-Iaylo
pue -aWes) UoISN|oXa |RI20S JO 1SLIU0I Ulelq 3]OYM & Ul paljiiuapl suoibay suonipuod lapuab ssoloe pasdejjod Aejd Jrej < UOISN|IXS [RI20S 0] UOIRAINDY

T alqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Soc Neurosci. Author manuscript; available in PMC 2017 October 01.



Page 20

Bolling et al.

G00>¢ G00>d 621000 LL€- 20T L 92 Tg—  SNIAB [ejuouy sonapul Yaj
- - 69.0000 v- 0662 ¢S L&~ T- snojns enusalsod Y|

- 100>d 9682000 cv'e- 080T L Ty ST D0V [esiop bu
100>d - 6000000 2€9- L9Y9T 9T ¥9- 9—  X3H0D [endiodo [essie|iq
1000 >d - 690000 L0%- LL6C €T 82— T1G-  SnJAB jeuibrewesdns Y|
1000 >d - 6570000 2C¥- 6092 2¢ Gg- LG SnuAB [euiBreweldns ybu
18pUBL-13L10 “SA 1apUBL-aLLIBS

ABld 1184 < UOISNfIXT

»Bylo awes d } aZs Z A X uoifey ureig

"(DDV) 81102 are nbuld JoLisIue (suoneIAaIqqy “(suwnjod 1sownybu) Ajgresedas uonipuod
J1apuab yoes Ioy papiodal osfe st Aejd arey < UOISN|IX JO ISEAUOD BY) JO 80UBIYIUBIS *(cll T) SI9XOA [2IMONIS Ul paliodal si 8z1s uolbay “uoifial yoes ul

90UBJAYIP [eUBIS WNWIXEW JO [9XOA 8} 0] Jaal SINSIEIS PUB SajeuIpI009 yaelreje) -Aeld 1} - UOISN|oX [8190S ;ana6-1aL10 SnsiaA Aeld 118} - UISn|oxa [B1908 ;9 5
-aWes J0 1se1u09 Juedionued-ulylIMm Ulelg-3|OyM Ul paliluapl suolbay "Japuab-1aylo SNSISA-aWesS S,aU0 AQ UOISN|IX3 [B190S 0] UOITRAIIOR [elualayid

Author Manuscript

¢ dlqeL

Author Manuscript

Author Manuscript

Author Manuscript

Soc Neurosci. Author manuscript; available in PMC 2017 October 01.



	Abstract
	INTRODUCTION
	METHODS
	Participants
	Cyberball
	Imaging protocol
	Data Analysis
	fMRI
	Single-Participant Level
	Group Level



	RESULTS
	Distress questionnaire
	fMRI
	Social Exclusion versus Fair Play
	Correlations with age


	DISCUSSION
	Conclusions
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

