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Introduction

It is no fun to be excluded. Belonging or being part of a group 
is a fundamental human need (Baumeister & Leary, 1995), 
and empirical research confirms that exclusion generally 
affects intrapersonal factors, such as self-esteem, sense of 
belonging, and mood (Hartgerink et al., 2015; Pharo et al., 
2011). Having (repeated) negative social experiences with 
peers might significantly impact expectations from others in 
social interactions, especially in case of peer rejection and 
repeated interactions with malintent, such as in victimiza-
tion (McDonald & Asher, Steven, 2018). Being victimized 
means being the receiver of repeated, intentionally aggres-
sive or hurtful behavior, which can be physical (e.g., hitting) 
as well as relational (e.g., social exclusion), by one or more 
peers (Hawker & Boulton, 2000). Victimized children have 
higher levels of internalizing and externalizing symptoms 
(Reijntjes et al., 2010, 2011), are more sensitive to rejection 
(Calvete et al., 2018; Kellij et al., 2023; Mellin, 2012) and 
are prone to interpret social situations more negatively (Kel-
lij et al., 2022). Thus, they are likely to have more emotional 
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Abstract
The aim of this study was to examine whether repeated victimization relates to differential processing of social exclusion 
experiences. It was hypothesized that experiences of repeated victimization would modulate neural processing of social 
exclusion in the insula, anterior cingulate cortex, and lateral prefrontal cortex. Furthermore, we hypothesized that repeated 
victimization relates positively to intentions to punish excluders. Exploratively, associations between neural processing 
and intentions to punish others were examined. The sample consisted of children with known victimization in the past two 
years (n = 82 (behavioral) / n = 73 (fMRI), 49.4% girls, Mage = 10.6). The participants played Cyberball, an online ball-
tossing game, which was manipulated so that in the first block participants were equally included and in the second block 
they were excluded from play. Victimization was not related to neural activation during social exclusion, although there 
were indications that victimization may be related to increased insula activation during explicit exclusion. Behaviorally, 
repeated victimization was related to more intention to punish excluders. Neural activation during social exclusion did 
not predict intentions to punish excluders, but results tentatively suggested that increased insula activation during social 
exclusion may be related to increased intentions to punish. Together, these results provide a replication of earlier Cyberball 
studies and point toward differential processing of social exclusion by children who are victimized.
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responses to social exclusion, even when they are excluded 
by unknown peers. Adverse peer experiences have also been 
related to increased neural sensitivity to social exclusion 
(Asscheman et al., 2019; Will et al., 2016b). Understanding 
the effects of victimization in late childhood may inform the 
development of bullying prevention earlier on in develop-
ment. Therefore, we examined neural processing and sub-
sequent behavioral responses to social exclusion in relation 
to repeated victimization experiences (i.e., over a period of 
two years) during the elementary school years (8–12 years).

Social Information Processing and Peer 
Victimization

Social information processing (SIP) theory (Crick & Dodge, 
1994) provides a framework for how social information is 
processed, and thus, how an individual experiences social 
situations such as being socially excluded. According to this 
theory, individuals attend to and register cues (encoding), 
interpret these cues together (interpretation), and form a 
response based on one’s goals and evaluation of effective-
ness (behavioral response). This cycle is not necessarily 
gone through fully each time a social cue is presented, as 
people have a database consisting of memories, schemas 
and knowledge that are updated throughout each experi-
ence and can be contrived from in each SIP phase. A recent 
systematic review examined victimization experiences and 
the encoding and interpretation phase of social informa-
tion processing and concluded that most evidence pointed 
towards a more negative or preventative social cognitive 
style, meaning that victimized persons are more prone to 
interpret (ambiguous) social cues in a more negative man-
ner (Kellij et al., 2022). As victims seem prone to interpret 
social situations in more negative ways, it warrants the ques-
tion whether victimization experiences are corroborated by 
differential neural processing and subsequent behavioral 
responses. A better understanding of an underlying (neu-
robiological) mechanism of the response to social exclu-
sion, as well as the behavioral responses after being socially 
excluded, might provide insights to help tackle internalizing 
symptoms as well as possible future victimization.

Neural Responses to Social Exclusion and Peer 
Victimization

Prior studies on the neural correlates of social exclusion 
show involvement of the anterior cingulate cortex (ACC), 
insula and various parts of the prefrontal cortex (PFC) 
(e.g., Eisenberger et al., 2003, Gunther Moor et al., 2012). 
An increasing number of studies have examined the neu-
ral correlates of social exclusion in populations of varying 
ages and characteristics. Recent meta-analyses corroborate 

the involvement of the ACC and the insula extending into 
vmPFC and vlPFC during the processing of social exclu-
sion (Mwilambwe-Tshilobo & Spreng, 2021; Vijayakumar 
et al., 2017). Heightened activation of these regions may 
indicate affective (insula) and regulatory responses (ACC, 
parts of PFC) to an adverse social experience, such as social 
exclusion.

The impact of social exclusion events might be stronger 
for children who are victimzed, who may be hypersensi-
tive to negative social cues, as (self-reported) victimization 
experiences relate to lower mood after social exclusion as 
assessed by the Cyberball paradigm (Lansu et al., 2017; 
Park et al., 2017; Ruggieri et al., 2013). Cyberball is a 
simple online ball-tossing game where participants are first 
being included and later excluded from playing by the other 
players. Even though only three studies have examined the 
link between victimization experiences and neural activity 
during social exclusion, their findings indicate that adoles-
cents who are victimized (vs. non-victimized) might differ 
in how they process social exclusion (see Güroǧlu & Veen-
stra, 2021). In general, all three studies suggest that victim-
ization related to greater activation in medial and lateral 
prefrontal brain regions during exclusion (vs. inclusion), 
including the insula/IFG region (Kiefer et al., 2021; McIver 
et al., 2018; Rudolph et al., 2016). Importantly, these studies 
have mostly examined the effects of victimization on neural 
processing of exclusion at later ages, leaving the influences 
of repeated victimization at younger ages unexplored. The 
prevalence of victimization is higher in elementary school, 
whereas the prevalence of bullying is higher in high school 
(Haltigan & Vaillancourt, 2014). Although victims of bully-
ing in high school were often also victimized in elementary 
school (Bowes et al., 2013), the findings on victimization in 
high school may not necessarily generalize to elementary 
school.

Additionally, several studies have examined social exclu-
sion in relation to adverse experiences with peers, measured 
with peer nominations. Will et al. (2016) reported increased 
dorsal ACC (dACC) activity during social exclusion (vs. 
inclusion) in long-term rejected children (who received few 
like nominations and many dislike nominations; N = 46, 27 
high accepted and 17 chronic rejected adolescents of 12–15 
years). Asscheman et al. (2019) did not find involvement 
of the dACC in long-term low preferred boys (N = 45, 27 
low peer status and 28 high peer status boys of 8–12 years), 
but reported enhanced activity in bilateral dlPFC and right 
supramarginal gyrus extending into IPL during social exclu-
sion (vs. inclusion). These studies provide the first indica-
tions that negative peer experiences may relate to differences 
in the neural processing of social exclusion in childhood 
and early adolescence. However, self-reported victimiza-
tion may possibly capture a more intense experience than 
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experiences of peer rejection as assessed by peer nomina-
tions of like and dislike, as it does not only include not being 
liked but also experiences of explicit hurtful behaviors by 
others. Therefore, in this study, we examine the effects of 
experiencing repeated victimization (i.e., over a period of 
two years) on the neural processing of social exclusion in 
late childhood.

Behavioral Responses to Social Exclusion and Peer 
Victimization

Based on the SIP theory (Crick & Dodge, 1994), responses 
to being excluded are expected to influence future social 
interactions, as the updated database of the individual as 
well as the database of the interaction partner(s) will influ-
ence future social behavior. Having a database filled with 
victimization experiences, for example when they occur 
over a longer period of time, likely affects how children 
who are victimized interpret intentions of others (Kellij et 
al., 2022), but there is little research on how victimized chil-
dren respond to perpetrators.

Studies examining behavioral responses to recent social 
exclusion (Cyberball) show that children tend to punish 
excluders when they get the opportunity (Gunther Moor 
et al., 2012; Will et al., 2015). Furthermore, the severity of 
punishment correlated positively with self-reports of the 
intention to hurt the other (Gunther Moor et al., 2012). How-
ever, no relation was found between prior peer rejection his-
tory of participants and prosocial behavior toward excluders 
(Will et al., 2016). Given that victimization may be a more 
intense experience than not being liked, it is possible that 
victimization does relate to more retaliatory behaviors fol-
lowing social exclusion.

Indeed, in vignette studies, where participants were 
asked to imagine being the protagonist in (negative) social 
scenarios involving provocations or ambiguous situations, 
victimized children reported more retaliation goals than 
defenders, outsiders, non-involved and followers (Camo-
deca & Goossens, 2005). Similar vignette research that used 
explicit social exclusion stories found that children who are 
prone to interpret hostile intent think of more aggressive 
responses to exclusion (Mazzone et al., 2021). Although 
vignette research is useful in capturing intentions related to 
hypothetical situations, it may rely less on automatic and 
emotional responses, and may not necessarily capture the 
real-life experience of getting rejected. To our knowledge, 
no study has examined repeated victimization experiences 
in relation to behavioral responses toward recent perpetra-
tors of social exclusion. Assessments of intentions to punish 
others after social exclusion are needed to better understand 
(aggressive and retaliatory) behavioral responses that might 
follow social exclusion in victims of bullying.

Current Study

In this study, we examined how a history of victimization 
experiences related to both neural activity during social 
exclusion as well as the intention to punish after a recent 
exclusion experience. To do so, we recruited participants 
from elementary schools that participate in an anti-bullying 
program where victimization is measured regularly. This 
provided us with self-reported victimization scores of the 
participants over the past two years. The participants then 
took part in our fMRI study which enabled us to examine 
repeated victimization experiences in relation to individual 
differences in neural responses to social exclusion. Based 
on SIP theory and prior findings (Rudolph et al., 2016; Will 
et al., 2016b), we hypothesized that repeated experiences 
of victimization would relate to stronger neural responses 
in brain regions involved in social exclusion (vs. inclu-
sion), namely the insula, the ACC and the lPFC. Further, 
we hypothesized that repeated victimization experiences 
would positively correlate with intentions to punish exclud-
ers. In addition, in secondary analyses, we examined the 
effect of more recent victimization on neural and behav-
ioral responses to social exclusion. Finally, we explored 
whether neural and behavioral responses to social exclusion 
were associated, by examining whether neural sensitivity to 
social exclusion would predict the intention to punish (e.g., 
Gunther Moor et al., 2012).

Method

Participants

A single cohort of 83 children who attended grades 6 to 8 
of elementary schools, participated in the study (sex: 49.4% 
girls, Mage = 10.6, range 8–12 years); see https://osf.io/
hmq8z for pre-registration of the larger project. Participants 
attended elementary schools participating in the KiVa anti-
bullying program where they had at least two self-reports of 
victimization in the past two years (41.0% had two, 47.0% 
had three, 9.6% had four, and 2.4% had 5 measures of self-
reported victimization before the scanning day).

During the winter of 2020–2021, all 152 schools par-
ticipating in the KiVa anti-bullying program in a range of 
100  km from the scanning facilities were contacted and 
asked to send a letter and a short video about our research 
project to the parents of all children in grades 6 to 8 for 
recruitment purposes (5 schools (3.28%) could not be 
reached, 104 schools (68.42%) declined participation, and 
43 schools (28.29%) sent the letters). Parents could then 
sign up their children for participating in the study and pro-
vide us with consent to access their child’s data on bullying 

1 3

https://osf.io/hmq8z
https://osf.io/hmq8z


Research on Child and Adolescent Psychopathology

Measures

Victimization

Victimization was assessed twice a year in the two years 
prior to the lab visit, as part of the data collection within the 
anti-bullying intervention program at school, as well as on 
the day of the lab visit. The Olweus’ Bully/Victim question-
naire was used to measure victimization (Olweus, 1996). 
The Olweus’ Bully Victim questionnaire consists of six 
items. First, the questionnaire provided the participant with 
the definition of bullying (“Bullying is when some children 
repeatedly harass another child. Thus, bullying is that you 
are mean to someone else over and over again. It is diffi-
cult for the child who gets bullied to defend itself against 
this.”). Next, participants were asked to indicate how often 
they were bullied in the past couple of months on a 5-point 
scale ((1) not at all, (2) once or twice, (3) two or three times 
per month, (4) about once a week, or (5) several times per 
week). After this, participants were asked five questions 
about how often they were bullied in terms of specific types 
of victimization (i.e., verbal, physical, relational, material 
and online). See Supplement 1 for the questions. Victimiza-
tion scores were calculated for each wave by averaging all 
six victimization questions. The reliability of the victimiza-
tion scale for each wave and the lab visit was high (Cron-
bach’s alpha ranging between 0.82 and 0.91).

We used two separate victimization scores in our analy-
ses: repeated victimization (used in the primary analyses) 
and recent victimization (used in secondary analyses). The 
repeated victimization score was calculated by averaging 
victimization scores of all available waves of that individual 
(i.e., in the two years prior to the lab visit and during the lab 
visit; see https://osf.io/x32g9 for the validation of this cho-
sen method). The recent victimization score was calculated 
by averaging the six victimization questions administered 
during the lab visit. Given the uniqueness of the sample 
with longitudinal victimization data, we used the repeated 
victimization score in primary analyses. However, because 
recent effect may be more pronounced and the recent vic-
timization variable showed more variation, we included 
recent victimization scores in secondary analyses.

fMRI Task

To assess neural responses to social exclusion we used the 
Cyberball task (Will et al., 2016; Williams et al., 2000), an 
online ball-throwing game with three players (programmed 
in Authorware 7). Every time a participant received the ball, 
they could throw the ball to one of the other two unfamil-
iar players using their right or left index finger. Each of the 
two blocks of the game consisted of 30 ball throws (trials). 

and victimization from prior years (168 responses: 156 per-
missions granted (92.8%), 10 permissions denied (6.0%), 2 
no answer given (1.2%)). Among the 156 children who were 
signed up for participation, we invited children with at least 
two self-reported measures of victimization in the past two 
years to participate in the study at our lab, and 83 partici-
pated between January 2021 and March 2022 in our study 
(which is 53.2% of the signed-up children). Participants in 
the study came from 23 different schools.

Children were excluded if they had epilepsy, took psy-
chotropic medications that could not be skipped for 24 h, or 
had MRI contra-indications (e.g., braces, metal implants). 
The majority of participants came from highly educated 
families: 25 participants (30.1%) had caretakers who both 
had a master’s degree or higher and 28 participants (33.7%) 
had caretakers who had at least a bachelor’s degree, 20 par-
ticipants (24.1%) had caretakers who had finished the senior 
general track (or higher) in secondary school or tertiary 
vocational training and 10 participants (12.0%) had care-
takers who had finished the vocational track of secondary 
school or the first 3 years of the senior general track (or 
higher) in secondary school.

Out of the 83 children, 10 children were excluded from 
the fMRI analyses due to excessive motion, and some par-
ticipants had missing data on the behavioral measures due 
to technical errors. Therefore, 73 children (47.9% girls, Mage 
= 10.66, SD = 0.93) were included in the fMRI analyses; 
for analyses including behavioral measures of intentions to 
punish the sample size was 82 (48.8% girls, Mage = 10.65, 
SD = 0.99), for inclusion perception it was 76 (50.0% girls, 
Mage = 10.63, SD = 1.00), and for need satisfaction and 
mood it was 80 (47.5% girls, Mage = 10.63, SD = 0.99).

Procedure

The lab visit started with an information session, where 
written informed consent was obtained from the parents 
and from participants who were 12 years old (n = 5). Dur-
ing this session, participants provided verbal assent for par-
ticipation, were familiarized with the scanning environment 
in a mock scanner and practiced the MRI tasks (± 45 min). 
Afterward, the scanning session (± 60 min) took place, fol-
lowed by several questionnaires and three behavioral tasks 
on the computer (± 70  min). The participants received a 
goody bag with some toys, a compensation of 50 euros and 
the reimbursement of travel costs. This project received eth-
ical approval from the Medical Ethical Committee Leiden 
Den Haag Delft (NL71576.058.19).
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1 for all questions). Average scores were calculated for the 
two questions of each moment of acquisition (Inclusion 
r =.25, p =.025; Exclusion r =.20, p =.074; Debrief r =.39, 
p <.001). Possible scores ranged from 1 to 5, with higher 
scores indicating need satisfaction.

Finally, mood (Will et al., 2016) was assessed with four 
questions in the scanner after the inclusion block and exclu-
sion block and outside the scanner after debriefing. Partici-
pants were asked to indicate how they felt at that moment on 
a 5-point Likert scale (1) Entirely disagree, to (5) Entirely 
agree. An example question was “I feel happy”. Aver-
age scores were calculated for the four questions for the 
inclusion and exclusion blocks and after debriefing (Cron-
bach’s α inclusion block = 0.30, exclusion block = 0.48, 
debrief = 0.22). Possible scores ranged from 1 to 5, with 
higher scores indicative of a positive mood and lower scores 
of a more negative mood.

MRI Data Acquisition

MRI scans were acquired using a 3T Philips Achieva MRI 
scanner with a standard whole-head coil at the Leiden Uni-
versity Medical Center. The scanning protocol included a 
localizer scan, a high-resolution 3D T1 scan for anatomi-
cal reference (TR = 7.9 ms, TE = 2.5 ms, flip angle = 8°, 155 
slices, voxel size = 1.04 × 1.04 × 1.10 mm, field of view [FO
V] = 250.00 × 195.83 × 170.50  mm), and functional T2* 
weighted gradient echo planer images (EPI) (TR = 2.2  s, 
TE = 30 ms, 40 transverse parallel slices of 2.75  mm, 
FOV = 220 × 220 × 120.72 mm, 2 discarded dummy scans at 
the start) during two functional runs of the Cyberball game, 
which was self-paced and lasted approximately 3 min each. 
The Cyberball game was presented on a screen behind the 
MRI scanner that was visible through a mirror on the head 
coil. To minimize head movement, we placed foam pads on 
both sides of the participant’s head inside the head coil and 
ensured that participants felt comfortable.

fMRI Preprocessing

Image preprocessing and parts of the analyses were con-
ducted using SPM12 software (https://www.fil.ion.ucl.
ac.uk/spm/). Functional images were slice-time corrected 
(middle slice as reference), realigned to compensate for 
rigid body motion, coregistered, spatially normalized to 
EPI T1 templates and resampled to volumes of 3 mm cubic 
voxels, and smoothed with a Gaussian filter of 8 mm full-
width at half maximum. All results are reported in MNI305 
stereotactic space.

We analyzed the fMRI data using an event-related design 
within the inclusion and exclusion block (following Will, 
van Lier et al., 2016; see also Mwilambwe-Tshilobo & 

In the first ‘inclusion’ block of the game, the participants 
played with two (pre-programmed) includers (one boy and 
one girl with common names), where each player received 
an equal number of balls, leading to ten ball-receiving, ten 
non-receiving, and ten ball-throwing trials. In the second 
‘exclusion’ block, the participant played with two new play-
ers who were (pre-programmed) excluders (one boy and 
one girl with two new names). In this second block, the par-
ticipant received the first ball that was thrown, but did not 
receive a ball again during the remaining throws; the two 
excluders only threw the ball to one another and not to the 
participant. In the excluding block there was only one ball-
receiving trial, one ball-throwing and 28 non-receiving (i.e., 
exclusion) trials. There were two versions of the task where 
the names used for the two players in the inclusion and 
exclusion blocks were reversed; these two versions were 
counterbalanced across the participants. Whether the Cyber-
ball paradigm led to feelings of exclusion was checked with 
three sets of questions (see Supplement 1).

Intention to Punish

Intention to punish the excluders was measured after 
the exclusion block of the game based on four questions 
assessed on a 5-point Likert scale (1) Entirely disagree to 
(5) Entirely agree (Will et al., 2016). An example question 
was “I would like to hurt [names of excluders]”. Responses 
on the four items were averaged, leading to a score of will-
ingness to punish others that ranged between 1 and 5, with 
higher scores indicative of increased intentions to punish 
excluders (Cronbach’s α = 0.74).

Feelings of Exclusion

Whether the Cyberball paradigm led to feelings of exclusion 
was checked with three sets of questions. First, inclusion 
and exclusion perception (Will et al., 2016) was assessed 
with two questions outside the scanner before the debriefing. 
The participants were asked whether they felt included by 
the other players (‘In the first/second ballgame I was being 
included by others’) on a 5-point Likert scale (1) Entirely 
disagree, to (5) Entirely agree. Higher answers indicated 
they felt more included in that particular Cyberball block.

Second, need satisfaction (Gunther Moor et al., 2012; 
Will et al., 2016b) was assessed with two questions in the 
scanner after the inclusion block and exclusion block and 
outside the scanner after debriefing that the other players 
were not real and that their behavior was pre-programmed. 
Participants were asked to answer these questions based 
on how they were feeling at that moment on a 5-point Lik-
ert scale (1) Entirely disagree, to (5) Entirely agree. An 
example question was “I feel confident” (see Supplement 
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We selected four independent regions of interests (ROIs; 
see Fig. 1), based on our preregistered hypotheses: the 
bilateral insula (from the Automated Anatomical Label-
ing Atlas (Tzourio-Mazoyer et al., 2002), the dACC (from 
the Exclusion No Ball > Inclusion Ball contrast in Will et 
al. (2016a, b), MNI peak coordinates: -3, 41, 16), the IFG 
(from the Exclusion > Inclusion contrast in Rudolph et al. 
(2016), MNI peak coordinates: 30, 41, 4), and the right and 
left dorsolateral prefrontal cortex (dlPFC; from the Exclu-
sion No Ball > Inclusion No Ball contrast in Asscheman et 
al. (2019), MNI peak coordinates: 40, 36, 40 and − 34, 30, 
34). We used the Marsbar toolbox to create 6 mm spheres 
around the peak coordinates (in MNI space) reported in 
prior studies. ROI activity values (parameter estimates) 
were calculated with SPM12 and exported to SPSS27 for 
further analysis.

Spreng, 2021). Data were modeled as a series of zero-dura-
tion events at the onset of when the ball was thrown towards 
a player and convolved with a canonical hemodynamic 
response function (HRF). The participants had to respond 
each time they received the ball, otherwise the game would 
not continue, hence there were no invalid trials. Regressors 
were defined for three events– referring to receiving the ball 
(Ball), throwing the ball (Throw), and not receiving the ball 
(No Ball)– in each of the inclusion and exclusion blocks 
in the general linear model (GLM). The model contained a 
basic set of cosine functions for a high-pass filter (120 Hz). 
The least-squares parameter estimates of the height of the 
best-fitting canonical HRF for each separate condition were 
used in pair-wise contrasts at the subject level. The resulting 
images were used in higher-level group analyses. Whole-
brain one-tailed t-tests were performed in SPM12. Whole 
brain analyses were conducted at the uncorrected voxel-
level threshold of p <.001 with an FDR cluster-level cor-
rection at p <.05.

Fig. 1  Regions of interest. A) bilateral insula. B) dorsal 
anterior cingulate cortex. C) inferior frontal gyrus. D) 
dorsolateral prefrontal cortex
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with inclusion perception in the inclusion block. Intention 
to punish related negatively to need satisfaction after inclu-
sion and after debriefing (see Table  1 for all means and 
correlations).

Manipulation Checks

Inclusion Perception, Need Satisfaction, and Mood

We tested whether the Cyberball manipulation worked by 
examining changes in inclusion perception, need satisfac-
tion and positive mood.

On average, participants felt more included in the inclu-
sion block than in the exclusion block (F(1,83) = 215.67, 
p <.001, η2

p = 0.72, Minclusion = 6.10 ± 1.47, Mexclusion = 
1.88 ± 1.75).

A repeated measures ANOVA on need satisfaction with 
assessment moment as a within-person factor (3 levels: after 
inclusion block, exclusion block and debriefing) revealed a 
significant effect of assessment moment (F(2,160) = 179.32, 
p <.001, η2

p = 0.70; see Fig. 2A). Follow-up tests indicated 
that need satisfaction was lower in the exclusion block com-
pared to the inclusion block and debriefing (both p’s < 0.001; 
Minclusion = 3.88 ± 0.80; Mexclusion = 1.93 ± 0.90; Mdebriefing = 
3.94 ± 0.86).

Finally, a repeated measures ANOVA on positive 
mood with assessment moment as within-person fac-
tor (3 levels: after inclusion block, exclusion block and 
debriefing) revealed a main effect of assessment moment 
(F(2,160) = 163.72, p <.001, η2

p = 0.67; see Fig. 2B). 
Follow-up tests indicated that participants reported a less 
positive mood following the exclusion block compared 
to the inclusion block and debriefing (both p’s < 0.001; 
Minclusion = 4.53 ± 0.47; Mexclusion = 3.12 ± 0.88; Mdebriefing = 
4.56 ± 0.42).

Neural Results

Whole Brain Analyses

Exclusion No Ball vs. Inclusion Ball. We first examined 
social exclusion by the whole-brain t-contrast for not receiv-
ing the ball (in the exclusion block) vs. receiving the ball (in 
the inclusion block). This contrast resulted in two clusters 
of activity in the occipital lobe and paracentral lobule (see 
Fig. 3A; Table 2).

The reverse contrast (Inclusion Ball vs. Exclusion No 
Ball) led to five clusters with increased activity, including 
the insula/stiatal circuitry, lateral PFC and superior motor 
area (SMA; see Fig. 3B; Table 2).

Exclusion No Ball vs. Inclusion No Ball. Next, we 
examined neural correlates of social exclusion with the 

Statistical Analyses

First, to check whether the social exclusion manipulation of 
the Cyberball game worked, we conducted three repeated 
measures ANOVAs on inclusion perception, need satisfac-
tion and mood, with assessment moment as a within-person 
factor (2 levels for inclusion perception: following inclu-
sion block and exclusion block; 3 levels for need satisfac-
tion and mood: following inclusion block, exclusion block 
and debriefing).

In line with confirmatory analyses outlined in our pre-
registration (https://osf.io/3fhku), we analyzed three dif-
ferent contrasts through whole brain analyses to examine 
explicit exclusion, incidental exclusion and explicit exclu-
sion vs. incidental exclusion: (1) Exclusion No Ball vs. 
Inclusion Ball (i.e., explicit exclusion), (2) Exclusion No 
Ball vs. Inclusion No Ball (i.e., explicit vs. incidental exclu-
sion), and (3) Inclusion No Ball vs. Inclusion Ball (i.e., inci-
dental exclusion).

In ROI analyses (insula, dACC, IFG and dlPFC), we 
tested whether neural activation during exclusion was 
related to victimization. That is, we regressed neural activa-
tion during exclusion on repeated victimization in a multi-
variate regression per contrast. In secondary analyses, we 
regressed neural activation during exclusion on recent vic-
timization. Due to a few extreme outliers in the data, we 
reported the results of the analyses with the outliers adjusted 
to the nearest non-outlier value (Q1–1.5 × IQR & Q3 + 1.5 
× IQR) to include as much data as possible. To verify that 
adjusting outliers did not significantly alter the results, we 
repeated the analyses without adjusted outliers in sensitivity 
analyses (see Supplement 2 and Supplementary Table S1).

For behavioral analyses, we regressed intentions to pun-
ish on repeated victimization, and recent victimization.

Finally, in exploratory analyses, we explored whether the 
intention to punish related to differential brain activity in the 
three contrasts of interest. We regressed the neural activa-
tion in the four ROIs on intention to punish in a multivariate 
regression per contrast.

Results

Descriptives

Repeated victimization ranged between 1.00 and 4.11, with a 
mean of 1.42 for participants included in the fMRI analyses 
and a mean of 1.45 for the behavioral analyses using inten-
tion to punish. Girls and boys did not differ significantly 
on repeated victimization from one another (t(81) = -1.23, 
p =.224). Repeated victimization correlated positively with 
recent victimization and intention to punish, but negatively 
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whole-brain t-contrast of not receiving the ball in the exclu-
sion vs. not receiving the ball in the inclusion block. This 
contrast resulted in two clusters of activation in the occipi-
tal lobe and the ventral striatum (see Fig. 4; Table 3). The 
reverse contrast did not result in significant clusters of 
activation.

Inclusion No Ball vs. Inclusion Ball. We finally exam-
ined neural correlates of incidental exclusion by examining 
the whole brain t-contrast of not receiving the ball in the 
inclusion block vs. receiving the ball in the inclusion block. 
This analysis resulted in activation only in the occipital 
lobe (see Table 4). The reverse contrast (Inclusion Ball vs. 
Inclusion No Ball) resulted in a wide network of activation, 
including the insula, lateral PFC and SMA (see Fig. 5, and 
Table 4).

ROI Analyses

In ROI analyses, we checked whether activation in the 
insula, dACC, IFG and lateral PFC during social exclusion 
was related to victimization, using separate multivariate 
tests for repeated and recent victimization.

Exclusion No Ball vs. Inclusion Ball. Results of the 
multivariate tests showed that ROI activation was not pre-
dicted by either repeated victimization (F(4,68) = 1.27, 
p =.290, η2

p = 0.07) or recent victimization (F(4,70) = 1.70, 
p =.161, η2

p = 0.09; Table  5). Univariate results showed 
that recent victimization predicted activation in the bilat-
eral insula (β = 0.27, F(1,73) = 5.33, p =.024, η2

p = 0.07), 
such that higher victimization scores were associated with 
increased insula activation during explicit exclusion vs. 
inclusion (Supplementary Figure S1a).

Exclusion No Ball vs. Inclusion No Ball. Multivariate 
results showed that ROI activation was not predicted by 
repeated victimization (F(4,68) = 0.93, p =.454, η2

p = 0.05), 
and not by recent victimization (F(4,70) = 1.68, p =.165, 
η2

p = 0.09; Table 5). Again, in univariate tests, recent vic-
timization was predictive of activation in the bilateral insula 
(β = 0.25, F(1,73) = 4.47, p =.038, η2

p = 0.06), such that 
higher victimization scores were associated with increased 
insula activation during explicit exclusion vs. incidental 
exclusion (Supplementary Figure S1b).

Inclusion No Ball vs. Inclusion Ball. Multivariate tests 
revealed that ROI activation was not predicted by repeated 
victimization (F(4,68) = 0.31, p =.867, η2

p = 0.02), and not 
by recent victimization (F(4,70) = 0.73, p =.578, η2

p = 0.04; 
Table 5).

Behavioral Results

Regressing intention to punish on repeated victimiza-
tion proved significant (β = 0.26, F(1,80) = 5.74, p =.019, 
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Discussion

The overarching aim of this study was to examine how 
repeated experiences of victimization in 8- to 12-year-olds 
relate to neural processing of and behavioral responses to 
social exclusion. Based on the literature, we hypothesized 
that victimization experiences would relate to stronger 
responses in the insula, ACC and lPFC during social exclu-
sion (vs. inclusion). Based on the SIP model, we hypoth-
esized that victimization experiences would positively 
correlate with retaliation goals as reflected by intentions 
to punish excluders. Repeated and recent victimization 
were not related to neural processing of social exclusion, 
although there were some indications that insula activity 
during social exclusion (vs. inclusion) correlated positively 
with recent victimization experiences. Similarly, neural 
processing of social exclusion was not related to intentions 
to punish, although there was some evidence that insula 
activity during social inclusion (vs. exclusion) related nega-
tively to intentions to punish. Finally, we showed that only 
repeated (and not recent) victimization experiences related 
to increased intentions to punish excluders.

η2
p = 0.07, see Fig. 6). Individuals that experienced higher 

levels of victimization intensity over the past two years, 
were more inclined to punish the excluders in the Cyber-
ball game. In contrast, recent victimization did not relate 
to intention to punish (β = 0.15, F(1,82) = 1.94, p =.168, 
η2

p = 0.02).

Explorative Analyses

Brain Activity and Intention to Punish

Finally, we explored whether brain activity in the four ROIs 
in the three contrasts of interest was related to intentions to 
punish. None of the multivariate regressions were signifi-
cant (all F’s ≤ 2.37, p’s ≥ 0.060; see Table 5). However, in 
univariate regressions, intention to punish was predicted by 
bilateral insula activation in the Exclusion No Ball > Inclu-
sion No Ball contrast (β = 0.31, F(1,73) = 7.40, p =.008, 
η2

p = 0.09), such that increased insula activation was associ-
ated to increased intention to punish (Supplementary Figure 
S2).

Fig. 3  Brain activity during explicit exclusion and 
reversed contrast. A) contrast Exclusion No Ball vs. 
Inclusion Ball. B) contrast Inclusion Ball vs. Exclusion 
No Ball

 

Fig. 2  Manipulation check across 
the three moments of assessment: 
inclusion (after the inclusion 
block), exclusion (after the exclu-
sion block) and debriefing (after 
the debriefing). A) scores of need 
satisfaction. B) mood. Error bars 
represent standard errors
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positively to intentions to punish excluders. Generally, all 
children are inclined to punish excluders (Gunther Moor et 
al., 2012; Will et al., 2015; Will, Crone, et al., 2016a; Will et 
al., 2016b), yet in previous research peer adversity was not 
related to increased punishment intentions (Will, Crone, et 
al., 2016a; Will et al., 2016b). Possibly, more intense experi-
ences like victimization (compared to peer rejection) drive 

Peer Victimization and Behavioral Responses to 
Social Exclusion

We found that children generally experience exclusion as 
aversive, as reflected in lower mood and need satisfac-
tion after social exclusion elicited through the Cyberball 
paradigm. However, only repeated victimization related 

Table 2  Activity in whole brain t-contrasts ‘Exclusion no ball vs. inclusion ball’ and ‘Inclusion ball vs. exclusion no ball’
Brain region R/L Cluster-level Peak-level

p
(FDR)

K p
(FDR)

t MNI coordinates
x y z

Explicit exclusion: Exclusion No Ball > Inclusion Ball
Occipital lobe < 0.001 2655
  Lingual gyrus R < 0.001 10.01 21 -91 -4
  Middle Occipital gyrus L < 0.001 8.92 -15 -94 -1
  Calcarine gyrus R < 0.001 7.91 12 -79 2
  Middle Occipital gyrus L < 0.001 6.52 -18 -94 17
  Cuneus L 0.006 5.51 -3 -82 23
Paracentral lobule 0.003 447
  Paracentral lobule L 0.001 6.18 -3 -28 71
  Paracentral lobule R 0.002 6.00 6 -28 74
  Paracentral lobule L 0.002 5.77 -9 -37 74
  Postcentral gyrus R 0.011 5.27 21 -31 74
  Middle cingulate cortex L 0.099 4.38 0 -34 50
Inclusion: Inclusion Ball > Exclusion No Ball
SMA < 0.001 1553
  Precentral gyrus L < 0.001 9.24 -18 -7 68
  Sup. Frontal gyrus R < 0.001 7.91 24 -4 68
  SMA L < 0.001 6.97 -6 -1 59
  SMA R < 0.001 6.81 9 5 53
  SMA L < 0.001 6.62 -6 14 50
Insula/Striatal circuitry 0.020 244
  Insula lobe R 0.010 5.19 39 14 8
  Caudate nucleus R 0.105 4.31 21 14 5
  Putamen R 0.226 3.88 24 5 11
Lateral PFC 0.025 209
  Middle Frontal gyrus L 0.019 4.94 -39 32 35
  Middle Frontal gyrus L 0.042 4.66 -39 38 29
SPL/Postcentral gyrus R 0.020 271 0.001 5.89 36 -43 62
SPL/Postcentral gyrus 0.027 190
  SPL L 0.014 5.07 -30 -55 68
  SPL L 0.226 3.90 -45 -43 62
  Inf. Parietal lobule L 0.321 3.73 -39 -37 47
Note Results were FDR cluster corrected (pFDRcc<0.05) with a primary voxel-wise threshold of p <.001. Peak coordinates of 5 local maxima 
more than 4 mm apart are reported. Dotted lines represent different clusters of activation. R/L = Right or left hemisphere, K = voxels in the 
cluster, Sup. = superior, Inf. = inferior, SMA = Supplementary Motor Area, PFC = Prefrontal Cortex, SPL = Superior Parietal Lobule

Fig. 4  Brain activity during explicit vs. incidental exclu-
sion in the contrast Exclusion No Ball vs. Inclusion No 
Ball
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paracentral lobule and the (bilateral) occipital lobe, which 
is only partly in line with prior research (Mwilambwe-Tshi-
lobo & Spreng, 2021; Vijayakumar et al., 2017). Contrary 
to our expectations, explicit social exclusion did not result 
in neural activation in the insula or lateral PFC, although 
uncorrected whole-brain analyses did show activation in 
these regions (untresholded statistical maps of the whole-
brain contrasts are available on Neurovault (https://iden-
tifiers.org/neurovault.collection:18019)). Another prior 
finding that was not replicated in the current study is the 
involvement of ACC during social exclusion (e.g., Cheng et 
al., 2020; Will et al., 2016). Possibly this is due to the few 
severe chronic victimized children in our sample, as Will, 
van Lier and colleagues compared severe long-term rejected 
over six years vs. stably accepted adolescents. Alternatively, 
the explanation may lie in the examined age groups. The 
children in our study were younger than in, for example, 
Will, van Lier and colleagues’ study, and ACC activity dur-
ing exclusion has been found predominantly in (young) 
adult samples and not in developmental samples (Vijayaku-
mar et al., 2017), highlighting the importance of studies into 
(young) developmental samples.

Similarly, when we examined neural processing of inci-
dental exclusion (i.e., not receiving a ball in the inclusion 
block vs. receiving a ball in the inclusion block), only an 
occipital cluster showed heightened activity. Finding an 
activated occipital cluster was not unique, as there was 
also an activated occipital cluster during explicit exclusion, 
and likely reflects visual attention to the stimulus (moving 
ball and figures). Previous findings for this contrast have 
been inconsistent, as a study with participants in the same 
age range as the current study found no heightened activ-
ity clusters (Asscheman et al., 2019); yet two other studies 

the association. Another possibility is that the intention to 
punish may be driven by need satisfaction. Everyone feels 
worse after being excluded, however, children who feel less 
satisfied during inclusion (and after debriefing) were more 
inclined to punish excluders. Hence, increased intentions 
to punish others might depend more on their general state 
(general feelings of belonging) than on specific incidents. 
This interpretation would be in line with our finding that 
repeated victimization related positively to intentions to 
punish excluders, yet recent victimization did not. To fur-
ther substantiate these results, future research could include 
intentions to punish includers and neutral others (Gunther 
Moor et al., 2012) and relate this to victimization experi-
ences. This way it can be examined whether the finding 
of repeated victimization and intention to punish general-
izes over different types of peers involved in interactions. 
Furthermore, as first impressions typically last (Lee et al., 
2016), excluders could make a comeback in a follow-up 
game where they act as includers, to see whether the inten-
tions to punishment last when peers adjust their behavior. 
With these suggested extensions to research, the social intri-
cacies in relation to (repeated) victimization experiences 
can be further unraveled.

Neural Responses to Social Exclusion

In examining the neural correlates of social exclusion, we 
focused both on explicit exclusion (i.e., not receiving a ball 
in the exclusion block vs. receiving a ball in the inclusion 
block) and on incidental exclusion (i.e., not receiving a ball 
in the inclusion block vs. receiving a ball in the inclusion 
block). We found indications that explicit social exclusion 
related to heightened neural responses in the (bilateral) 

Table 3  Activity in whole brain t-contrast ‘Exclusion No Ball vs. inclusion no ball’
Brain region R/L Cluster-level Peak-level

p
(FDR)

K p
(FDR)

t MNI coordinates
x y z

Exclusion No Ball > Inclusion No Ball
Occipital lobe < 0.001 1877
  Lingual gyrus R 0.010 5.95 12 -73 -4
  Lingual gyrus L 0.061 5.10 -9 -85 -7
  Lingual gyrus L 0.123 4.65 -6 -73 -10
  Calcarine gyrus L 0.150 4.43 -9 -97 2
  Lingual gyrus L 0.150 4.42 -15 -49 -7
Striatal circuitry 0.002 519
  Putamen L 0.033 5.40 -12 8 -7
  Caudate nucleus L 0.090 4.89 -6 2 2
  Caudate nucleus R 0.123 4.64 6 -1 -7
  Amygdala R 0.123 4.62 18 5 -10
  Inf. Frontal gyrus L 0.150 4.50 -36 29 -13
Note Results were FDR cluster corrected (pFDRcc<0.05) with a primary voxel-wise threshold of p <.001. Peak coordinates of 5 local maxima 
more than 4 mm apart are reported. Dotted lines represent different clusters of activation. R/L = Right or left hemisphere, K = voxels in the 
cluster, Inf. = Inferior
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balls in the exclusion block). These contrasts resulted in 
widespread neural activation including the (right) insula/
striatal circuitry, (left) lateral PFC and bilateral SMA, in 
line with prior findings showing that inclusion experiences 
involve (pre)motor activity and reward processes (Gunther 
Moor et al., 2012; Puetz et al., 2014; Schulz et al., 2022). 
Whereas the anterior insula has been commonly found more 
activated by negative stimuli (Büchel et al., 1998; Carretié 
et al., 2009; Mériau et al., 2009), the middle insula has been 
found to be increasingly activated by more pleasant stimuli 
(Bartels & Zeki, 2004). A previous study found that puta-
men and insula activity could act as tracers of social cue 
accuracy to receive rewards (Henco et al., 2020). Another 
study found insula/striatal activity when receiving positive 
feedback from peers, especially for very low or very high 
levels of adversity (Rudolph et al., 2021). Together with 
these previous findings, our results suggest that the insula/
striatal activation during inclusion may be related to expe-
riencing a pleasant social interaction. Our inclusion ball vs. 
incidental exclusion contrast led to similar activity clusters, 
which strengthens this interpretation.

Neural Responses to Social Exclusion, Peer 
Victimization and Intention to Punish

In ROI analyses, we examined whether children with vic-
timization experiences showed differential neural process-
ing in regions previously associated with social exclusion, 
i.e., the insula, dACC, IFG and dlPFC. Repeated and recent 
victimization were not related to neural processing of 
explicit exclusion or incidental exclusion in these regions, 
which may be partly explained by the relatively low vari-
ability in victimization scores in the sample. However, 
while it did not survive multiple comparison corrections, 
the univariate results gave some indications that recent vic-
timization related positively to activity in the insula during 

with adolescents found similar activation clusters as during 
explicit exclusion (de Water et al., 2017; Will et al., 2016b). 
The studies with activated clusters had participants that were 
in the (12–17) adolescent age range, so perhaps they were at 
their prime for social sensitivity. In contrast, the participants 
in our study were still in (late) childhood (8–12 years) and 
may not have been as socially sensitive yet. Replication of 
these specific contrasts (incidental and explicit exclusion) 
in different (age) samples is needed to determine whether 
incidental exclusion is processed more similarly to explicit 
exclusion, to understand how the brain processes incidental 
instances of exclusion over the course of late childhood to 
adolescence.

We also examined explicit exclusion vs. incidental exclu-
sion (i.e., not receiving a ball in the exclusion block vs. not 
receiving a ball in the inclusion block), which is very rarely 
examined in the literature. In line with previous research, we 
found that explicit exclusion was associated with increased 
activity in the occipital and striatal regions (Will et al., 
2016), indicating that explicit exclusion is not processed 
the same as incidental exclusion. Other studies have also 
shown activity in parts of the cingulate cortex (Asscheman 
et al., 2019; Schulz et al., 2022). The striatal region has been 
shown to play an important role in (social) learning and pre-
diction errors (Báez-Mendoza & Schultz, 2013; Schönberg 
et al., 2007). Moreover, the activated striatal circuitry also 
included the amygdala and IFG. The IFG has been associ-
ated with processing unpleasantness (negative vs. neutral 
stimuli) (Sambuco et al., 2020), and has been implicated 
in cognitive control. This suggests that the negative social 
experiences during the exclusion block (i.e., explicit exclu-
sion) might be more salient and possibly requires more 
cognitive control than the (negative) experiences during the 
inclusion block (i.e., incidental exclusion).

Finally, we examined neural correlates of being included 
(i.e., receiving balls in the inclusion block vs. not receiving 

Fig. 5  Brain activity during incidental exclusion, and 
reversed contrast. A) contrast Inclusion No Ball vs. Inclu-
sion Ball. B) contrast Inclusion Ball vs. Inclusion No Ball
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activity in the insula during explicit exclusion (vs. inciden-
tal exclusion) was related to increased intention to punish 
excluders. This finding is in line with prior studies showing 
that insula activation was related to increased aggression in 
late childhood (Achterberg et al., 2020), and decreased pro-
social behaviors in childhood and adulthood (Schreuders et 
al., 2018; van der Meulen et al., 2018).

Strengths, Limitations, and Conclusion

This study is among the first to examine associations 
between neural processing of social exclusion and repeated 
victimization experiences in childhood. A main strength of 
this study was the recruitment of children with available 
victimization data over the past two years. The reports were 
collected prospectively instead of retrospectively, hence, 
effects of memory and current experiences were reduced 
in the victimization measures. Furthermore, we had a sub-
stantially large sample, which improves the reliability of 
the results compared with previous studies. We examined 
uncommon contrasts, all related to SIP theory, to examine 
neural processing of incidental exclusion versus explicit 
exclusion. Last, we are among the first studies to com-
bine different phases of the SIP model, interpretation and 
response, in combination with neuroscientific measures to 
better examine the whole SIP cycle.

Our study also had some limitations. The recruitment 
and data collection took part during the corona pandemic, 
because of which we were not able to recruit face-to-face at 
schools and had to recruit through e-mail and videos. This 

explicit exclusion (both relative to inclusion and inciden-
tal exclusion), which is in line with previous research on 
victimization and social exclusion (Kiefer et al., 2021; 
McIver et al., 2018). Given that the insula has been related 
to threat processing and cognitive control functions (Puiu 
et al., 2020; Sambuco et al., 2020; Tops & Boksem, 2011), 
it is possible that being socially excluded is a more intense 
experience for children who are victimized, requiring more 
cognitive control. This interpretation was paralleled by our 
behavioral findings that children with higher victimization 
scores had more intentions to punish excluders. Impor-
tantly, the interactions in our study were with unfamil-
iar peers. Therefore, interactions with personally familiar 
peers, such as classmates (and bullies), are likely to elicit 
even stronger responses. Currently, neuroscientific research 
on exclusion by familiar peers is lacking. It is very difficult 
to include personally familiar peers in experimental para-
digms, especially those with negative relationships such as 
disliked peers and bullies (see Güroǧlu & Veenstra, 2021 
for a discussion). Nevertheless, given that the effects did 
not survive multiple comparison corrections and had small 
to medium effect sizes (Cohen, 1969; Richardson, 2011), 
future research should replicate our findings and also aim to 
examine the influence of familiarity with peers as bullying 
is often done by familiar peers.

In exploratory analyses, we tested whether neural 
responses during social exclusion were related to intention 
to punish excluders in the Cyberball game. Results did not 
reveal associations between neural processing across ROIs 
and intention to punish. However, univariate tests of the 
separate ROIs provided some indications that increased 

Fig. 6  Intention to punish correlated significantly with 
repeated victimization. Adjusted outliers are used, 
repeated victimization accounted for 6.7% of variance
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control of children to decrease experiences of victimiza-
tion. Future research should substantiate these results. For 
now, children who are victimized seem to experience and 
respond to social exclusion more strongly, which should be 
kept in mind by all that are involved.

Supplementary Information  The online version contains 
supplementary material available at https://doi.org/10.1007/s10802-
024-01227-4.
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