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Chapter 7

Boys’ History of Peer 
Preferences and Changes 
in Neural Activation during 
Sharing Behavior following 
Social Exclusion 

In preparation as: 

Asscheman, J.S, Koot, S., van Buuren, M., Ma, I., Buil, J.M., Krabbendam, 

L., Cillessen, A.H.N., & van Lier, P.A.C. Boys' history of peer preferences 

and changes in neural activation during sharing behavior following 

social exclusion. 
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Abstract

Low preferences among peers have been suggested to shape children’s responses 

to new social stressors like social exclusion. In this functional magnetic resonance 

imaging (fMRI) study, we examined whether a history of low versus high preference 

among classroom peers was associated with changes in neural responses during 

sharing decisions due to a social exclusion experience. Primary school boys (M
age

 

= 10.39 years) were selected based on their history of low (n = 25) versus high peer 

preference (n = 20) in three consecutive years prior to this fMRI study. During the 

fMRI assessment, boys were asked to share coins with friends and anonymous peers 

(Dictator Game) before and after social exclusion (Cyberball). No differences were 

found in sharing behavior from before to after social exclusion between low and 

high peer preferred children. However, high peer preferred boys exhibited increased 

neural activation during sharing decisions with friends in the posterior insula and 

putamen from before to after social exclusion. These regions are implicated in 

affective processing and anticipating and predicting outcomes of a social decision, 

respectively. Low peer preferred boys showed decreased activation in these regions. 

No differences in neural responses between low and high peer preferred boys during 

sharing decisions with anonymous peers were found. Our findings may suggest 

that high peer preferred boys consider their affective responses and the potential 

outcome of their decisions after social exclusion when sharing with friends, possibly 

to restore social bonds, whereas this potentially beneficial processing was not found 

among low peer preferred boys. 
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Introduction

Low peer preference during primary school is a salient social experience. The initial 

low peer preference often develops into a stable low peer status throughout primary 

school (Brendgen, Vitaro, Bukowski, Doyle, & Markiewicz, 2001) which has been 

linked to the development of internalizing and externalizing problems (Bukowski, 

Laursen, & Rubin, 2018). Prolonged levels of low peer preference may influence how 

children respond to acute social stressors. For example, it has been found that low 

peer preferred children, unlike high peer preferred children, show biased, negative 

or hostile interpretations of social situations (Dodge et al., 2003; Lansford, Malone, 

Dodge, Pettit, & Bates, 2010) and altered neural processing during social exclusion 

(de Water et al., 2017; Will, van Lier, Crone, & Güro!lu, 2016), and may thus refrain 

from responses such as prosocial behavior following social exclusion which could 

(re)establish connections with peers or improve their social preference among 

classmates (He, Koot, Buil, & Van Lier, 2018; Taylor & Master, 2011). In this study, we 

compared changes in neural activation underlying sharing behavior, as a form of 

prosocial behavior, from before to after an acute peer stressor, between elementary 

school children with a history of low versus high peer preference, to enhance our 

understanding of the (neural) processes associated with sharing behavior in low 

peer preferred children. 

Differences in behavioral responses following social exclusion 
between children with a history of negative versus positive peer 
experiences
Children have the fundamental need to belong to and be accepted by peers 

(Baumeister & Leary, 1995). Therefore, following social exclusion, children may 

increase their prosocial behavior to potential sources of affiliation to reconnect 

with others (Taylor & Master, 2011). However, several studies have suggested that 

the history of social experiences may shape children’s behavioral responses to 

a social exclusion experience. For example, rejected and victimized children have 

been shown to respond in more defensive emotional ways during social challenging 

situations than well-liked and non-victimized children (De Castro, Veerman, Koops, 

Bosch, & Monshouwer, 2002; London, Downey, Bonica, & Paltin, 2007; Rudolph, 

Troop-Gordon, & Flynn, 2009). Moreover, children who were rated by peers as low 

in popularity performed cognitively worse on a logical reasoning task following a 

social exclusion experience than children high in popularity (Tobia, Riva, & Caprin, 

2017). Thus, low preferred children may respond in defensive emotional ways and 

show worse cognitive control following social exclusion, two factors that have been 

linked to low prosocial behavior (Aguilar-Pardo, Martinez-Arias, & Colmenares, 
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2013; Laible, McGinley, Carlo, Augustine, & Murphy, 2014; Nelson & Crick, 1999). Prior 

findings may thus suggest that children with a history of low social preference may 

show less prosocial behavior, such as lower levels of sharing behavior after social 

exclusion, compared to children with a history of high social preference.

Classroom peer experiences and neural correlates of sharing 
behavior following social exclusion
The reported differences in behavioral and cognitive responses following social 

exclusion between high and low peer preferred children may be reflected in 

differences in the recruitment of two brain networks during sharing behavior, namely 

the socio-cognitive network and the affect-based decision-making network. With 

respect to the socio-cognitive network, prior neuroimaging studies have shown that 

after a social exclusion experience, adolescents show increased activation in the 

medial prefrontal cortex (mPFC), superior temporal sulcus (STS), temporoparietal 

junction (TPJ), and the temporal poles during sharing decisions with others who just 

excluded them compared to others who included them (Gunther Moor et al., 2012; 

Will, Crone, & Güro!lu, 2015). These regions consistently have been implicated in 

understanding the intentions, needs, and desires of others (Blakemore, 2008; van 

Hoorn, Shablack, Lindquist, & Telzer, 2019), a process which may be necessary to 

demonstrate affiliative behavior following exclusion. Furthermore, the posterior STS 

(pSTS) has been linked to processing the potential consequence of a social decision 

for a relationship with others (Bault, Pelloux, Fahrenfort, Ridderinkhof, & van Winden, 

2014; Fahrenfort, van Winden, Pelloux, Stallen, & Ridderinkhof, 2012; Hampton, 

Bossaerts, & O’Doherty, 2008). Thus, increased pSTS during sharing decisions 

following social exclusion may indicate anticipatory processing of how this decision 

may influence one’s relationship with the recipient. Less activation of these specific 

brain regions in children with a history of low peer preference relative to children 

with a history of high peer preference may be associated with the anticipated lower 

prosocial response among these children with a history of poor peer experiences.

Studies have also focused on the affect-based decision-making network during 

social decision making. Indeed, without focusing on individual differences due to 

prior social experiences, earlier neuroimaging studies in adults and adolescents 

found that lower sharing behavior or deciding not to split money equally was linked 

to activation in the dorsal anterior cingulate cortex (dACC), anterior insula (AI), pre-

supplementary motor area (pre-SMA), and dorsolateral prefrontal cortex (dlPFC) 

(Gunther Moor et al., 2012; Güro!lu, Will, & Crone, 2014; Schreuders, Klapwijk, Will, 

& Güro!lu, 2018; Zaki & Mitchell, 2011). The AI, pre-SMA, and dACC are involved in 

processing aversive stimuli as well as social norm violations (Rilling & Sanfey, 2011). 

Activation in these regions may suggest that sharing unequally may be experienced 
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as being aversive and violating children’s social norm to share equally (Smith, Blake, 

& Harris, 2013). The dlPFC, a brain region implicated in cognitive control and goal-

directed behavior (Botvinick, Braver, Barch, Carter, & Cohen, 2001; Rilling & Sanfey, 

2011), may be important for deciding whether to override the norm to share equally. 

The lateral orbitofrontal cortex (lOFC) is another region implicated in self-interested 

behavior (FeldmanHall et al., 2012; Rilling & Sanfey, 2011). The lOFC has been linked 

to evaluating negative stimuli or events which may result in changes in behavior 

(Kringelbach & Rolls, 2004). Accordingly, increased lOFC following social exclusion 

may indicate processing of the negative social experience which may lead to 

changes in sharing behavior. Thus, the expected absence of a prosocial response, 

or even decreases in sharing behavior following social exclusion may link to higher 

activation in the affect-based decision-making network (i.e., AI, dACC, pre-SMA, 

dlPFC, lOFC) for low compared to high peer preferred boys.

To our knowledge, only one study has examined links between peer preference 

and the neural correlates of sharing behavior following social exclusion, which was 

conducted among adolescents (Will, Crone, van Lier, & Güro!lu, 2016). Adolescents 

who were low preferred among peers during childhood showed similar levels of 

sharing behavior following social exclusion as high peer preferred adolescents. 

However, low peer preferred adolescents exhibited higher lPFC and dorsal striatum 

activation during sharing decisions with peers who excluded them. These results 

may indicate that chronically low peer preferred adolescents need more cognitive 

control during prosocial decisions than highly preferred adolescents after social 

exclusion. Nevertheless, this prior study only assessed neural activation underlying 

sharing decisions after exclusion; it did not assess changes in neural activation 

during sharing behavior from before to after the social exclusion experience. It 

is therefore unclear whether the neural differences between low and high peer 

preferred adolescents were primed by the exclusion experience or reflected already 

existing neural differences. 

The present study
In this study, we examined how a history of low versus high peer preference in primary 

school was associated with changes in neural activation during sharing behavior 

with friends and anonymous peers from before to after an acute social exclusion 

experience in 10-year-old boys (Figure 7.1A). Boys were selected because they may be 

more oriented toward the broader peer group and therefore more affected by low 

peer preference than girls, who are more focused on intimate, dyadic friendships 

(Rose & Rudolph, 2006). Boys were asked to share coins between themselves and 

friends or anonymous peers (Dictator Game) before and after an experimentally 

induced exclusion experience (Cyberball) during a functional magnetic resonance 
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imaging (fMRI) scan. We expected a different pattern of change in neural activation 

during sharing behavior due to exclusion between boys with a history of low versus 

high peer preference. Specifically, we hypothesized that low peer preferred boys 

would not show the expected increase in neural activation in the socio-cognitive 

network (mPFC, TPJ, STS, temporal poles) which was expected among the high peer 

preferred boys from before to after social exclusion. In addition, we hypothesized 

that low peer preferred boys would show increased activation in the affect-based 

decision-making network (AI, dACC, pre-SMA, dlPFC, and lOFC) from before to after 

the exclusion compared to high peer preferred boys. We also hypothesized that these 

changes in neural activation would be reflected in their actual sharing behavior. That 

is, we expected that high peer preferred boys would share more after the exclusion 

experience to ensure social re-connection, whereas low peer preferred boys would 

show less sharing behavior following the exclusion. We explored potential changes 

in sharing behavior and neural activation for both friends and anonymous others. 

Method

Participants
The sample consisted of 45 primary school boys (Mage = 10.39 years, SD = 0.35, median = 

10.63, range = 8.32 – 11.50 years). Boys were selected from a longitudinal classroom-based 

study (Behnsen, Buil, Koot, Huizink, & van Lier, 2018; Tieskens, Buil, Koot, Krabbendam, 

& van Lier, 2018) based on their classroom social preference scores across three annual 

waves (2013 – 2015; see 2.3 Measures), prior to the present study (Figure 7.1A). 

Of the 169 boys who were eligible for participation in the fMRI study, 107 did not 

participate due to missing contact information, declining participation, or temporary 

MRI contraindications such as braces. Participants were slightly older (M = 10.95, SD 

= 0.77) than non-participants (M = 10.69, SD = 0.82, F(1, 165) = 3.24 , p = .05), and had 

lower social preference scores (M = -0.25, SD = 1.09) than non-participants (M = -0.15, 

SD = 1.07, F(1, 165) = 6.44, p = .012), but this difference in age and social preference 

for participants and non-participants was similar for low and high peer preferred 

boys, (p = .24 and p = .93, respectively). Of the 62 participants, data of 17 boys were 

excluded from further analyses. Fifteen boys were excluded due to excessive head 

motion (> 6mm) or with scan to scan motion (>3mm) in more than 20% of the scans. 

One boy was excluded due to a brain anomaly (n = 1) and one due to a failure to 

finish the complete fMRI protocol (n = 1). Thus, data from 45 boys (20 high and 25 

low peer preferred) were analyzed. Children were primarily from a Dutch ethnical 

background (80%), 15% from a non-western ethnical background and information 

on ethnical background was missing for 5% of the participants. 
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Parents were informed about the study and asked to provide written consent 

according to the Declaration of Helsinki (World Medical Association, 2013). All study 

procedures were approved by the national ethics review board of the Netherlands 

(protocol no: NL53637.000.15). Children received a small gift and two entry tickets to 

a local zoo, worth !38 in total, for their participation.

Procedures
Study design. The current study used a repeated-measures design with one 

between-subject factor. Specifically, we examined how changes in neural activation 

during sharing behavior from before to after a social exclusion experience (within-

subject factor) differed between low and high peer preferred boys (between-subject 

factor) (Figure 7.1A). The two groups were formed based on children’s social preference 

scores derived from peer nominations during yearly classroom-based assessments 

in three consecutive years prior to this study. Because the social preference scores of 

the three years were highly correlated (all r’s >.70), they were averaged to one score. 

Boys with an average social preference score in the lowest 35% of the distribution 

were classified as having a history of low social preference. Boys in the highest 35% 

of the distribution were classified as having a history of high social preference. Both 

low and high peer preferred boys participated in the same fMRI experiment in the 

lab. In the fMRI study, they were asked to make sharing decisions (Dictator Game) 

involving friends and anonymous peers, followed by a social exclusion experience 

(Cyberball), after which they were asked to make the same sharing decisions again. 

Neural activation during sharing decisions was compared before and after exclusion 

(within-subject factor) between low and high peer preferred boys (between-subject 

factor). Decisions involving friends and anonymous peers were analyzed separately. 

Classroom-based assessment. During each yearly school visit, children’s social 

preference was assessed using peer nominations (see 2.3 Measures) in the classroom. 

Children also completed the Pubertal Development Scale (Petersen, Crockett, 

Richards, & Boxer, 1988, see Supplementary material). Trained research assistants 

(master level or completed psychology education) were present in the classroom to 

provide instructions and supervise the data collection. Children were seated in exam 

formation and were monitored for not sharing information. All participants received 

a small gift for their participation at the end of each annual visit. 

Lab-based assessment. On the day of the lab visit, participants completed a 

short version of the WISC-III to assess their IQ (Wechsler, 1991). Parents reported 

on concurrent behavioral problems and emotional problems of the child using the 

Child Behavior CheckList (CBCL; Achenbach & Edelbrock, 1983; see Supplementary 

material). T-scores above 70 were considered clinically elevated and were used as 

a control variable in the analyses (Achenbach, 1991). Before scanning, participants 
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first practiced the Dictator Game on a computer. Next, participants were familiarized 

with the scanner environment and scanning noises inside the MRI room. During the 

fMRI scan session, an anatomical image and resting-state scan were obtained. 

After a short break outside the scanner, participants completed the Dictator Game 

to assess sharing behavior (see Measures 2.3.2). The Dictator Game was directly 

followed by a social exclusion paradigm (i.e., Cyberball; see Measures 2.3.3). 

Immediately after social exclusion, participants completed a second round of the 

Dictator Game to assess changes in neural activation underlying sharing behavior 

after social exclusion (Figure 7.1A). Children filled out a questionnaire about their 

mood four times during the lab visit (i.e., at the start of the lab visit, twice during the 

social exclusion paradigm, at the end of the lab visit). Moreover, children also filled 

out a questionnaire about their need satisfaction twice during the social exclusion 

paradigm. 

Measures 
Classroom social preference. Social preference was assessed in the classroom 

during each yearly school visit (2013 – 2015) using peer nominations (Cillessen & 

Bukowski, 2018). All children with parental permission completed unlimited peer 

nominations for liking and disliking on an iPad. Nominations received were counted 

and standardized within classrooms. A score for social preference was computed by 

subtracting the standardized liked and disliked scores and again standardizing the 

resulting difference score (Coie, Dodge, & Coppotelli, 1982). 

Sharing behavior. Sharing behavior was assessed using a modified version 

of the Dictator Game (Kahneman, Knetsch, & Thaler, 1986). Participants digitally 

distributed coins between themselves and a recipient. On every trial, three 

predetermined distributions were presented, varying in the number of coins shared 

with the recipient (Figure 7.1B). Participants could decide to share equally by keeping 

five coins and giving away five coins (5/5) or could choose one of two unequal 

distributions, one in which the participant kept seven coins and gave away three 

(7/3), and one in which the participant kept three coins and gave away seven (3/7). 

The distributions were presented at the center of the screen whereas the position of the 

different distributions (i.e., left/right/middle) was counterbalanced across trials. 

Participants completed two rounds of the Dictator Game, one before social exclusion 

(i.e., Cyberball; see Measures 2.3.3) and one after social exclusion. On the pre-exclusion 

Dictator Game (DG1) participants shared coins between themselves and two different 

teams. Participants were told that Team 1 consisted of two friends, without specifying 

who these friends were. Participants were told that Team 2 consisted of two unfamiliar, 

anonymous boys of the same age as the participant. In the post-exclusion Dictator 

Game (DG2) participants again shared coins between themselves and two friends 
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(Team 1), two anonymous boys (Team 2), and an additional third team that consisted 

of the two excluders from the Cyberball task (Team 3). Results regarding sharing 

decisions involving excluders are only presented in the supplementary materials as the 

aim of the current study was to examine changes in sharing decisions for friends and 

anonymous peers from before to after the Cyberball task.

DG1 consisted of 60 trials (30 trials per team) lasting approximately 8 minutes 

and DG2 consisted of 90 trials (30 trials per team) lasting approximately 12 minutes. 

Trials started with a fixation screen with a jittered duration (567 – 7716 ms, mean 1574 

ms) followed by a decision screen. On the decision screen participants saw the three 

distributions and the team that would receive the coins for a maximum of 6000 ms. 

A red square surrounded the name of the team (friends/ anonymous/ excluders) 

that the participant would share coins with. Responses could be given by a button 

press on the MRI-compatible button box using the index finger (left distribution), 

middle finger (middle distribution), and ring finger (right distribution) of the right 

hand. Directly after a response, the chosen distribution would be surrounded by a 

red square for 1500 ms. If participants failed to respond within 6000 ms, a screen 

would be shown with the text “Too Late” for 1500 ms. 

During the fMRI scanning session, participants were told that at the end of 

both DG1 and DG2 two random trials would be chosen that would determine their 

payment as well as the payment for the recipient. This payment could be converted 

to a small gift at the end of the lab visit in addition to the fixed payment for the lab 

visit. In reality, each participant received a total of seven coins, three for DG1 and 

four for DG2. Participants completed 20 practice trials on a computer prior to the 

scanning session and received additional instructions if necessary.

Social exclusion manipulation. Feelings of social exclusion were experimentally 

manipulated by means of the Cyberball, a computerized ball-tossing game (Williams 

& Jarvis, 2006). Participants played two rounds of the game inside the scanner. In the 

first round, participants received the ball as often as the other players (10 out of 30 

tosses). In the second round, participants received the ball only once at the start of 

the game after which it was tossed between the two other players for the remaining 

of the game (i.e., social exclusion). Participants were told that the other players were 

real anonymous same-aged boys who also participated in this study. In reality, the ball 

tosses were preprogrammed. 

To validate whether Cyberball induced feelings of social exclusion, children filled out 

a questionnaire at different time points assessing their mood and need satisfaction 

(see Supplementary Material). High and low peer preferred children showed a decline 

in their mood and need satisfaction, confirming that social exclusion was experienced 

as distressing (Mood: F
time

 (3, 42) = 80.62, p < .001, !2 = .66; Need satisfaction: F
time 

(1, 42)
 
= 323.55, p < .001, !2 = .89). No interaction was found with peer preference 
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history, suggesting that the social exclusion was evenly distressing for high and low 

peer preferred boys (Mood: F
time x group 

(3, 42) = 2.42, p = .101, !2 = .05; Need satisfaction:  

F
time x group

 (1, 42) = .05, p = .823, !2 = .01). After participation, children were debriefed about 

the deception used in this task and were asked not to share this information with 

classmates.

fMRI data acquisition and preprocessing. Neuroimaging data were collected 

using a 3.0 Tesla MAGNETOM Prisma MRI scanner with a 32-channel head coil 

(Siemens Healthcare, Erlangen, Germany). A mirror mounted on the head coil 

allowed participants to view the screen. Participants’ heads were slightly restrained 

with foam and a tape placed across the forehead and head coil to minimize 

head movements. Functional images were acquired using whole-brain multi-

echo GRAPPA T2*-weighted imaging (repetition time = 2240 ms, echo times = 9.0, 

19.07, 29.14, 39.21, 49.28 ms, field of view (FOV) = 224 mm, voxel size = 3.5 x 3.5 x 

3.0 mm, flip angle = 90°, 32 slices in ascending interleaved order). Before the first 

functional run, we collected 30 volumes (prescans). For within-subject registration,  

a whole-brain T1-weighted anatomical scan was acquired (192 slices, TR = 2300 ms, 

TE = 3.03 ms, FOV = 256 mm, voxel size = 1.0 x 1.0 x 1.0 mm, flip angle = 8°). 

Functional images were preprocessed and analyzed using Statistical Parametric 

Mapping version 12 (SPM12: Wellcome Centre for Human Neuroimaging, London, 

UK). Using the 30 prescans, optimal weights for the five echo times were generated 

to combine and realign the images into one functional image per volume (Poser, 

Versluis, Hoogduin, & Norris, 2006). Functional images were slice-time corrected, 

co-registered with the grey matter segmented T1-weighted anatomical image, 

normalized to the bias-corrected segmented grey-matter image (Ashburner & 

Friston, 2005), and smoothed with a Full Width Half Maximum kernel of 6 mm. To 

correct for motion-related noise independent component analyses were used (ICA-

AROMA) (Pruim et al., 2015). 

Analyses 
Sharing behavior analysis. We used SPSS (version 25.0) to assess changes in sharing 

behavior from before to after social exclusion for high and low peer preferred boys. 

For both friends and anonymous peers, 2 x 3 x 2 repeated-measures ANOVA’s were 

used. Time (2 levels: pre- versus post-exclusion) and distribution type (3 levels: 3/7, 5/5, 

7/3) were used as within-subjects factors and peer preference history (2 levels: high 

peer preferred versus low peer preferred) was a between-subjects factor to assess the 

change in the percentage of trials that a specific distribution was chosen. 

fMRI analysis. Using SPM12, a first-level general linear model was created with 

five events of interest: two for DG1 (friends and anonymous) and three for DG2 

(friends, anonymous, and excluders). Moreover, a regressor of no interest was 
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included which consisted of missed trials (between 0 – 6.7% of trials) as well as the 

screen showing the reward payment at the end of the game. These events were 

modeled to appropriately characterize the error term in the neural model. Events 

were modeled at the onset of a choice and the response time of that choice was 

modeled as duration of the event. Different distribution types were collapsed for 

each recipient. All events were convolved with a canonical hemodynamic response 

function to model the blood-oxygen-level dependent (BOLD) response. To correct 

for serial autocorrelations, a first-order autoregressive model (AR1) was used. Low-

frequency fluctuations in the signal were eliminated using a high-pass filter of 128 

seconds. 

We were interested in the effect of social exclusion on changes in neural correlates 

related to sharing behavior for high and low peer preferred boys. To correctly 

estimate within-subjects and between-subjects effects (McLaren, Schultz, Locascio, 

Sperling, & Atri, 2011), we first generated two contrasts that captured the effect of 

social exclusion on changes in neural responses during sharing decisions involving 

friends and anonymous peers on a within-subject level. The first contrast image 

compared sharing decisions involving friends after social exclusion (DG2) to before 

social exclusion (DG1). This isolated the change in neural responses during sharing 

decisions involving friends as a consequence of the acute social exclusion experience 

(friends DG2 > friends DG1). A similar contrast was generated for anonymous peers 

(anonymous peers DG2 > anonymous peers DG1). These contrast images were then 

submitted to whole-brain random-effect independent sample t-tests to examine 

differences between high and low peer preferred boys. 

Results were considered significant at a family wise error (FWE) cluster-corrected 

threshold of p < .05, with an initial cluster-forming threshold of p < .005. For 

visualization purposes and to facilitate the interpretation of significant activations, 

parameter estimates from significant regions were extracted using the MarsBaR 

toolbox (Brett, Anton, Valabregue, & Poline, 2002). Additional contrasts assessing 

changes in neural activation during sharing decisions separately for low and 

high peer preferred children are reported in Supplementary Table S7.1. Differences 

between low and high peer preferred boys in neural correlates of sharing decisions 

comparing different recipients (e.g., friends > anonymous peers) within each 

individual Dictator Game round (DG1 and DG2) are reported in Supplementary 

Table S7.2. In addition, behavioral and neural results regarding the excluders are 

reported in Figure S7.1 and Supplementary Table S7.2. These results are presented for 

completeness and not further discussed. 
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Results

Descriptive statistics 
Sample characteristics are shown in Table 7.1. High and low peer preferred boys did 

not differ in age, pubertal development, IQ, head motion, or the number of children 

with scores in the clinical range of behavioral and emotional problems according to 

the CBCL (all p’s > .05).

Behavioral analysis (Table 7.2) showed no group differences between low and high 

peer preferred boys in their sharing decisions involving friends and anonymous others 

(p’s > .05). Rather, we found an effect of distribution type. For friends, participants 

chose the equal distribution (5/5) more often than the two unequal distributions (3/7 

and 7/3, both p’s < .001, see Figure 7.2A). For anonymous others, participants chose 

most often to share only three or five coins with the anonymous other and were least 

likely to give seven coins to the anonymous peer (p’s < .001; see Figure 7.2B). 

Table 7.1. Characteristics of the sample

high peer
 preferred 

low peer 
preferred

N 20 25

Mean age in years (SD) 10.44 (0.70) 10.36 (0.76) 

Range in years 9.34 – 11.50 8.32 – 11.49

Mean pubertal status (SD) 1.52 (0.96) 1.70 (1.08)

Mean IQ (SD) 110.21 (15.56) 114.24 (17.07) 

Mean head motion in FD – DG1 (SD) 0.22 (0.12) 0.23 (0.17)

Mean head motion in FD – DG2 (SD) 0.27 (0.19) 0.25 (0.12)

N children scoring in clinical range of CBCL 

Affective problems 3 9

Anxiety problems 2 1

ADHD symptoms 0 3

ODD symptoms 1 2

CD symptoms 0 0

Note. SD = standard deviation; FD = framewise displacements; DG1 = pre-exclusion Dictator Game; DG2 = post-exclusion 
Dictator Game; CBCL = Child Behavior CheckList (parent-report); ADHD = attention deficit-hyperactivity disorder; ODD = 
oppositional deviant disorder; CD = conduct disorder. Group differences were tested with independent sample t-tests and chi-
square tests but no significant group differences were found (all p’s > .05). 
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Figure 7.2. Percentage of distributions chosen for A) friends and B) anonymous peers during the pre-exclusion 

Dictator Game (DG1) and post-exclusion Dictator Game (DG2). On every trial, participants could decide to keep 

three coins for themselves and give away seven coins (3/7), share equally (5/5), or keep seven coins and give 

away three coins (7/3). Error bars represent standard error of the means. † <.10, * p < .05, ** p < .01, *** p < .001.

Table 7.2. Repeated measures analysis of variance for percentage of chosen distributions (Distributions) 

before and after social exclusion (Time) for low and high peer preferred boys (History)

Friends Anonymous

Effect F df p !2 F df p !2

Within-subjects effect 

Time 0.01 1 .840 .00 0.50 1 .482 .01

Distribution 58.39 2 <.001 .57 30.42 2 <.001 .41

Time x Distribution 5.05 2 .014 .11 3.27 2 .060 .07

Time x History 3.34 1 .075 .07 1.50 1 .228 .03

Distribution x History 2.15 2 .131 .05 0.06 2 .824 .00

Time x Distribution x History 0.70 2 .473 .02 0.44 2 .579 .01

Error 86 86

Between-subjects effect

History 1.26 1 .268 .03 0.12 1 .731 .01

Error 43 43

We also found an effect of time. For sharing decisions involving friends, results 

showed that after social exclusion relative to before social exclusion, participants 

chose less often to share equally (p = .009) but chose significantly more often to 
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share seven coins with their friends (p = .044) and marginally significant to share 

only three coins with their friends (p =.089). For anonymous others, the interaction 

between distribution and time was marginally significant. After social exclusion, 

participants choose less often to keep seven coins (p = .042) and tended to share 

equally more often (p = .080). 

Thus, behavioral findings show that there are no differences between low and 

high peer preferred boys in their sharing decisions before or after social exclusion 

with the different recipients. Rather, both low and high peer preferred boys started 

to act relatively more prosocial following social exclusion toward both friends and 

anonymous peers. 

Neuroimaging results 
To examine our first hypothesis on differences in activation in the socio-cognitive 

network during sharing decisions as a response to social exclusion for high peer 

preferred compared to low peer preferred boys (high peer preferred boys > low peer 

preferred boys), neural activation during sharing behavior before and after social 

exclusion were compared.

For sharing decisions regarding friends, we found that high peer preferred boys 

showed increased activation in the right posterior insula and left putamen after 

social exclusion relative to before social exclusion compared to low peer preferred 

boys (Table 7.3 & Figure 7.3A).

Table 7.3. Significant cluster regions revealed by whole-brain contrasts comparing post-exclusion Dictator 

Game to pre-exclusion Dictator Game between high peer preferred boys to low peer preferred boys (high peer 

preferred > low peer preferred). 

MNI coordinates

Regions side k Z x y z

Friends DG2 > Friends DG1 

Posterior insula extending into the putamen R 728 3.54 36 -18 12

R 3.47 32 -24 16

R 3.45 24 -10 4

Putamen L 323 3.19 -28 6 6

L 3.15 -24 -12 8

L 3.14 -24 -4 16

Anonymous peers DG2 > Anonymous peers DG1 

No significant clusters found

Note. DG1 = pre-exclusion Dictator Game; DG2 = post-exclusion Dictator Game; side = left/ right hemisphere; k = 
number of voxels in cluster; Z = z-value reported at p < .05 FWE corrected, with an initial cluster-forming threshold 
of p < .005. 
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As shown in Figure 7.3B, visual inspection of the extracted parameter estimates 

from these clusters showed that group differences appeared to be driven by a 

decrease in activation in these regions after social exclusion relative to before social 

exclusion for low peer preferred boys whereas high peer preferred boys showed an 

increase in activation in these regions. For sharing decisions involving anonymous 

peers, no differences in brain activation were found from before to after social 

exclusion between high and low peer preferred boys.

We then examined our second hypothesis that low peer preferred boys would 

show increased activation in the affective-based decision-making after social 

exclusion relative to before social exclusion compared to high peer preferred boys 

(low peer preferred boys > high peer preferred boys). However, no significant brain 

activation was observed for decisions regarding friends or anonymous peers in 

these reverse contrasts.

Figure 7.3. Activation in clusters in the right posterior insula when comparing post-exclusion Dictator Game 

(DG2) to pre-exclusion Dictator Game (DG1) for high compared to low peer preferred boys for decisions involving 

friends. Results are reported at a cluster level of p < .05 FWE corrected, with an initial cluster-forming threshold 

of p < .005. Parameter estimates from the right posterior insula and left putamen were extracted to facilitate 

interpretation. Error bars represent standard error of the means. 



7

181

Discussion

This study aimed to examine how a history of low or high peer preference in primary 

school was associated with changes in neural activation underlying sharing decisions 

involving friends and anonymous peers from before to after an induced social 

exclusion experience. High peer preferred boys showed increased activation in a 

cluster in the right posterior insula and left putamen when making sharing decisions 

involving friends after social exclusion compared to before social exclusion, whereas 

low peer preferred boys showed a decrease in these regions. No differences were 

found between high and low peer preferred boys in neural responses during sharing 

decisions involving anonymous peers following social exclusion. Behaviorally, low 

and high peer preferred boys did not differ in their sharing decisions before or after 

social exclusion. 

One main finding of this study was that low and high peer preferred boys differed 

in neural activation in the posterior insula after social exclusion relative to before 

exclusion. Specifically, low peer preferred boys showed a decrease in activation in 

the posterior insula during sharing decisions for friends, whereas high peer preferred 

boys showed heightened activation in the posterior insula during sharing decisions 

for friends. Prior studies demonstrated activation in the anterior insula during 

sharing behavior (Sanfey, 2007; Zaki & Mitchell, 2011). However, important functional 

differences between posterior and anterior parts of the insula have been suggested 

(Chang, Yarkoni, Khaw, & Sanfey, 2012). That is, the posterior insula has been 

linked to perceiving bodily sensations, interoceptive awareness and the immediate 

affective processing of negative emotions such as pain and disgust (Craig, 2009). 

The anterior insula has been implicated in integrating information from the posterior 

insula as well as being sensitive to social norm violation to guide social decisions 

(Menon & Uddin, 2010; Rilling & Sanfey, 2011). Heightened posterior insula activity 

has also been found during fair sharing behavior (Wright, Symmonds, Fleming, & 

Dolan, 2011) or during decisions about future rewards relative to immediate rewards 

(Tanaka et al., 2016; Wittmann, Leland, & Paulus, 2007). Potentially, increases in 

posterior insula activation during sharing behavior may reflect aversive feelings 

due to the social exclusion experience which may elicit a bodily state that guides 

decision-making processes (Bechara & Damasio, 2005) that focus on fair sharing 

and long-term benefits of these decisions. That is, sharing more may mean a lower 

immediate payoff for the child but could lead to higher levels of friendship quality or 

more friendship support in the long-term. 

In line with this, low peer preferred boys also showed a decrease in putamen 

activation, whereas high peer preferred boys showed increased activation in this 

region from before to after social exclusion. Prior studies found that increased 
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putamen activation was linked to prosocial decisions toward friends (Schreuders 

et al., 2018) as well as predicting and anticipating the outcome of a social decision 

(Delgado, Frank, & Phelps, 2005). Potentially, the observed decrease in posterior 

insula and putamen activation found among low peer preferred boys may suggest 

that these children do not consider the short or long-term outcomes of their sharing 

decisions with friends. This may be harmful as the found neural change in high peer 

preferred boys may guide decisions that could improve friendship quality or restore 

social connections with friends. The absence in neural changes may be in line with 

behavioral studies on friendships of low peer preferred children. That is, low peer 

preferred children view their peers as more hostile and unsupportive, have fewer 

friends and those friendships are often more conflictual compared to friendships 

of high peer preferred children (Hodges, Boivin, Vitaro, & Bukowski, 1999; Ladd & 

Troop-Gordon, 2003; Parker & Asher, 1993; Salmivalli & Isaacs, 2005). Moreover, low 

peer preferred children often show more aggressive of withdrawn behavior which 

is linked to using avoidant coping strategies following peer stressors (Burgess, 

Wojslawowicz, Rubin, Rose-Krasnor, & Booth-LaForce, 2006). Importantly, there were 

no group differences in neural correlates of sharing decisions involving anonymous 

others. This demonstrates that neural differences exist during interactions with 

recipients who are realistic opportunities for social interactions and connectedness 

such as friends (Maner, DeWall, Baumeister, & Schaller, 2007). Thus, the decrease in 

posterior insula and putamen activation for low peer preferred boys during sharing 

decisions involving friends may be indicative of a neurobiological vulnerability to 

respond in affiliative or prosocial ways toward friends and to consider the long-term 

benefits of friendships following peer stressors.

Our hypothesis of increased activation in regions involved in affective-based 

decision-making regions (AI, dACC, pre-SMA, dlPFC, lOFC) following social exclusion 

for low peer preferred compared to high peer preferred boys was not supported. 

One explanation may be that both low and high peer preferred boys acted in line 

with social norms to share equally (Smith et al., 2013), as both groups shared five 

or seven coins with the recipients. Moreover, both low and high peer preferred 

boys may consider social norms during their sharing decisions before and after 

social exclusion and therefore no group differences in these regions were found. 

Nevertheless, one prior study showed that low and high peer preferred adolescents 

differed in neural activation in the lPFC after social exclusion during sharing behavior 

following social exclusion (Will, Crone, et al., 2016). Differences between our study 

and the prior study may exist because of differences in recipients. The prior study 

assessed neural responses during social decisions with someone who just excluded 

the adolescent relative to someone who included the adolescent. With our design of 

focusing on changes in sharing decisions from before to after social exclusion, this 
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contrast could not be studied. The result of the study by Will et al., (2016) may reflect 

a vindictive response, while we studied changes in neural activity for recipients that 

could potentially serve as social agents to strengthen social bonds or establish re-

inclusion. Importantly, this prior study could not reveal whether the neural differences 

that were found were pre-existing differences between low and high peer preferred 

adolescents or whether these differences occurred as a consequence of the social 

exclusion experience. Our results add to this literature by showing that low peer 

preferred boys and high peer preferred boys did not differ in neural responses 

before a social exclusion. However, high peer preferred boys showed an increase in 

neural activation during social decision-making following social exclusion, whereas 

low peer preferred boys showed small decreases in activation.

Some limitations should be acknowledged. First, we only included boys. Future 

studies should assess whether our findings extend to girls as well. Moreover, our 

sample included mostly children from urban cities in the eastern part of the 

Netherlands. Results may therefore not be generalizable to children from cities in 

other parts of the Netherlands. Nevertheless, the percentage of children with a Dutch 

background (80.0%) was comparable to that of the national population (78.8%) 

(Statistics Netherlands, 2017). Second, the changes found in neural processing for 

high peer preferred boys were not reflected in changes in actual sharing behavior. 

Differences in behavior might have been found with larger sample sizes or with a 

broader range of sharing options. For example, a large longitudinal study among 

elementary school children showed that children who are disliked share less with 

other children in primary school (Asscheman et al., 2020). Finally, we interpret the 

difference in change in neural activation following social exclusion as a consequence 

of prior and possible ongoing experience of low preference among classmates. 

However, longitudinal fMRI studies are needed to understand the transactional 

nature between peer preference and neural responses underlying sharing decisions. 

Moreover, longitudinal fMRI studies could investigate whether the differences found 

are reversible with improvements in social status. 

Prior studies have shown that low peer preference during primary school may 

influence how children respond to new social exclusion experiences (London et al., 

2007; Rudolph et al., 2009; Will, Crone, et al., 2016). Our results showed that low 

peer preferred children following a social exclusion experience showed a decrease 

in brain activation during sharing decisions involving friends in regions that may be 

linked to anticipating outcomes of a social decision and perceiving bodily states 

and affective responses that could benefit decision-making processes aimed to 

restore social connectedness. Our findings have implications for psychologists 

and teachers. It has been shown that low preferred children are less prosocial 

(Asscheman et al., 2020) but could improve their social position in the classroom 
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by increasing their prosocial behavior (He et al., 2018). However, our results suggest 

that it is likely that low peer preferred children during a socially stressful situation 

show neural processing that will make it difficult for them to behave in such ways. 

By training these children to act in affiliative ways during social stressful situations 

as well as making efforts in improving the peer context may help in preventing the 

development of internalizing and externalizing problems (Brendgen et al., 2001; 

Bukowski et al., 2018). 
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Supplementary material

Pubertal Development Scale. Participant’s pubertal development stage was 

assessed using the self-rating scale of the Pubertal Development Scale (PDS; 

Petersen, Crockett, Richards, & Boxer, 1988). The questionnaire consisted of five 

items that assessed physical pubertal development such as growth spurt, body 

hair changes, and skin changes. In addition, girls were asked about their breast 

development and menarche. Boys were asked to report on vocal changes and facial 

hair changes. Items could be answered on a four-point Likert scale, ranging from 1 

(no change) to 4 (changes completed). A mean score of the items was computed 

as an index for pubertal development. Higher scores indicated more advanced 

pubertal development. The internal consistency of the Pubertal Development Scale 

was low (" = .31). 

Child Behavior Checklist. Parents reported on their child’s problem behavior 

using the Child Behavior Checklist (6-18 years) (CBCL; Achenbach & Edelbrock, 1983). 

The CBCL consisted of the following subscales: affective problems (13 items), anxiety 

problems (six items), ADHD symptoms (seven items), ODD symptoms (five items), 

and CD symptoms (17 items). Parents indicated on an iPad whether the behavior of 

the child matched the described behavior on an item concurrently or within the last 

six months on a three-point Likert scale (0 = not true at all, 2 = very true). Raw scores 

were converted to standardized t-scores. Higher t-scores on each subscale indicate 

more problem behaviors of a child. A t-score above 70 was considered to indicate 

clinically elevated problem behaviors. Internal consistencies of the subscales were 

acceptable ("’s ranged between .69 and .81). 

Mood and need satisfaction questionnaire. Participants filled out a shortened 

version of the mood (Gunther Moor et al., 2012; Will, van Lier, Crone, & Güro!lu, 2016) 

and need satisfaction questionnaire (van Beest & Williams, 2006; Will et al., 2016).

Mood was rated by the participant four times, (1) at the start of the lab visit, (2) 

directly after social inclusion during Cyberball, (3) directly after social exclusion 

during Cyberball, and (4) at the end of the lab visit. Mood levels at time 1 and 4 

were completed on an iPad outside the MRI room. Mood at time 2 and time 3 were 

completed inside the MRI scanner. Participants could indicate their answers using 

the MRI compatible button box. The mood questionnaire consisted of four items  

(“I feel happy/sad/relaxed/tense”) and could be answered on a five-point Likert scale, 

ranging from 1 (not at all) to 5 (very much). Responses on negative emotional items 

(“I feel sad/tense”) were reverse coded and the mean of the four items was calculated 

to create a measure of overall mood for each time point. Internal consistency of 

the mood questionnaire after social inclusion was low (Cronbach’s _ = .36) and 

somewhat low for the other time points (_’s between .62 - .65). 
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Need Satisfaction was assessed twice while the participant was in the MRI scanner, 

directly after social inclusion and directly after social exclusion during the Cyberball. 

Using the button box, participants could rate their levels of need satisfaction on 

each item on a 5-point Likert scale (1 = not at all; 5 = very much). The need satisfaction 

questionnaire consisted of one item for belongingness (“I had the feeling that the 

other players thought it was nice that I was there”), one item for control (“I had the 

feeling I had control over the game”), one item for self-esteem (“I felt good about myself 

during the game”), and one item for meaningful existence (“I had the feeling that I was 

important during the game”). A mean of these four items was computed at each time 

point as a measure of overall need satisfaction. The internal consistency of the need 

satisfaction questionnaire after social inclusion was low (" = .45), but good after 

social exclusion (" = .85). 

Supplementary Table S7.1. Significant cluster regions revealed by whole-brain contrasts comparing post-

exclusion Dictator Game to pre-exclusion Dictator Game separately for high peer preferred boys and low peer 

preferred boys

MNI coordinates

Regions side k Z x y z

Friends DG2 > Friends DG1

High peer preferred boys

No significant clusters found

Low peer preferred boys

No significant clusters found

Anonymous peers DG2 > Anonymous peers DG1

High peer preferred boys 

No significant clusters found

Low peer preferred boys 

No significant clusters found

Note. DG1 = pre-exclusion Dictator Game; DG2 = post-exclusion Dictator Game; side = left/ right hemisphere;  
k = number of voxels in cluster; Z = z-value reported at p < .05 FWE corrected, with an initial cluster-forming 
threshold of p < .005. 
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Supplementary Table S7.2. Significant cluster regions revealed by whole-brain contrasts during the pre-

exclusion Dictator Game and post-exclusion Dictator Game comparing high peer preferred boys to low peer 

preferred boys (high peer preferred >low peer preferred)

MNI coordinates

Regions side k Z x y z

Dictator Game 1

Friends DG1 > Anonymous peers DG1 

No significant clusters found

Anonymous peer DG1 > Friends DG1 

No significant clusters found

Dictator Game 2

Friends DG2 > Anonymous peers DG2

Putamen R 256 4.04 30 -10 -20

R 3.73 28 -8 -8

R 3.36 26 -10 0

Putamen L 243 3.65 -22 -10 10

L 3.54 -24 6 6

L 3.27 -34 -10 -4

Anonymous peer DG2 > Friends DG2

No significant clusters found

Friends DG2 > Excluders DG2

No significant clusters found

Anonymous peers DG2 > Excluders DG2

No significant clusters found

Excluders DG2 > Friends DG2 

No significant clusters found 

Excluders DG2 > Anonymous peers DG2

No significant clusters found

Note. DG1 = pre-exclusion Dictator Game; DG2 = post-exclusion Dictator Game; side = left/ right hemisphere;  
k = number of voxels in cluster; Z = z-value reported at p < .05 FWE corrected, with an initial cluster-forming 
threshold of p < .005. 
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Supplementary Figure S7.1. Percentage of distributions chosen for excluders during the post-exclusion Dictator 

Game (DG2). A 3 x 2 repeated-measures ANOVA with distribution type as within-subjects factor and peer 

preference history (2 levels: high peer preferred versus low peer preferred) as between-subjects factor showed 

no main or interaction effect with peer preference history (p’s respectively .921 and .462). However, a main effect 

was found for distribution type (F
distribution 

(2, 86) = 53.46, p < .001, !2 = .55). Both high and low peer preferred boys 

chose most often to share only three coins with the excluder, the least often for the option to share seven coins 

with the excluder, and the percentage of decisions to share equally fell in between the percentages of the two 

other distributions. *** p < .001.


