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CHAPteR 4
Do you like me? Neural correlates of social 
evaluati on and developmental trajectories 

Gunther Moor, B., Van Leijenhorst, L., Rombouts, S. A. R. B., Crone, E. A., & Van 
der Molen, M. W. (2010). Do you like me? Neural correlates of social evaluation and 
developmental trajectories. Social Neuroscience, 5 (5-6), 461-482.
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Abstract
Social acceptance is of key importance for healthy functioning. We used functional 
magnetic resonance imaging (fMRI) to examine age-related changes in the neural 
correlates of social acceptance and rejection processing. Participants from four age 
groups participated in the study; pre-pubertal children (8-10 years), early adolescents 
(12-14 years), older adolescents (16-17 years), and young adults (19-25 years). During 
the experiment, participants were presented with unfamiliar faces of peers and were 
asked to predict whether they expected to be liked or disliked by the other person, 
followed by feedback indicating acceptance or rejection. Results showed activation in the 
ventral medial prefrontal cortex (mPFC) and striatum associated with peer evaluation; 
there was increased activation when participants had positive expectations about social 
evaluation and increased activation following social acceptance feedback. Age-related 
comparisons revealed a linear increase in activity with age in these brain regions for 
positive expectations of social evaluation. Similarly, a linear increase with age was found 
for activation in the striatum, ventral mPFC, orbital frontal cortex (OFC), and lateral 
PFC for rejection feedback. No age-related differences in neural activation were shown 
for social acceptance feedback. Together, these results provide important insights in the 
developmental trajectories of brain regions implicated in social and affective behavior. 
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4.1 Introduction
An important hallmark of the human species is the significance of social interactions 
and relationships. Given the strong evolved motive of humans to form social bonds, 
social belonging and acceptance are psychologically important events (Baumeister 
& Leary, 1995). There is a rapidly growing literature on the use of neuroimaging 
methods to identify the neural mechanisms underlying human social interactions, with 
a specific focus on social feedback processing (e.g., Amodio & Frith, 2006; Blakemore 
et al., 2004; Rilling et al., 2008). Notably, research by Somerville and colleagues (2006) 
indicated that the ventral region of the anterior cingulate cortex (v-ACC) is sensitive 
to feedback information which signals that an individual is liked by another individual. 
Social acceptance processing is implicated in mentalizing, which refers to the ability to 
understand the intentions and mental states of others (Frith & Frith, 1999). Indeed, other 
fMRI studies using a wide range of tasks have consistently demonstrated involvement 
of the medial prefrontal cortex (mPFC), including the v-ACC, in social and affective 
information processing (Amodio & Frith, 2006; Gallagher & Frith, 2003). These studies 
have suggested that the mPFC is involved in self-referential processing, or the ability to 
form judgments about other people and to make inferences about how others view us 
(Sebastian et al., 2008). 

However, prior studies have also suggested that social feedback can have different 
informative value depending on prior expectations. For example, in an fMRI study by 
Delgado and colleagues (2005), expectations about the social and moral characteristics of 
trading partners in a trust game modulated brain activity in neural structures underlying 
feedback processing (i.e., reciprocity). These findings are consistent with studies showing 
that prior knowledge and person-related schemas are important in guiding social and 
emotional behavior (e.g., Nummenmaa et al., 2008). To date, it is unknown whether social 
acceptance or rejection feedback differ in informative value depending on expectations 
of social evaluation. To our knowledge, the current study is the first to examine whether 
activation in the mPFC (including v-ACC) and associated brain regions are differentially 
involved in interpersonal feedback processing depending on prior expectations to be liked 
or disliked. Therefore, the first goal of this study was to examine expectation-related 
activation and context dependency of social feedback effects.

An important avenue for understanding social affective processing is tracking its 
neurobiological ontogenetic emergence. Recently, it was demonstrated that brain regions 
that are involved in social behavior (mPFC and v-ACC) are highly sensitive to age-
related changes (e.g., Blakemore, 2008; Shaw et al., 2008). It is also well documented 
that children’s concerns about acceptance and rejection by peers increase during late 
childhood and reach a peak in sensitivity in adolescence (e.g., Kloep, 1999; Rose & 
Rudolph, 2006). Major changes in social sensitivity in adolescence co-occur with a shift 
in social orientation from parents to new social networks with peers (Steinberg & Morris, 
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2001). In addition, adolescents become increasingly self-conscious and more aware that 
they are subject to the evaluation of others (Sebastian et al., 2008). Despite these well-
known changes in social behavior, the neural substrates that support these developmental 
changes are still largely unknown. 

The few functional neuroimaging studies attempting to study the neural mechanisms 
underlying social and affective processes in adolescence, showed immature prefrontal 
cortex activity and enhanced responses in subcortical brain regions, suggesting an 
intensification of emotional experience and an immature capacity of affect regulation (e.g., 
Ernst et al., 2005; Galvan et al., 2006; Hare et al., 2008; Monk et al., 2003; Yurgelun-Todd 
& Killgore, 2006). This mismatch between early maturation of the affective system and 
the protracted development of brain regions important for regulatory control could bias 
adolescents towards sensitivities in the social context, such as an increased sensitivity to 
social acceptance and rejection by peers (e.g., Dahl, 2008; Nelson et al., 2005; Somerville 
et al., 2010a). In addition, studies demonstrated increased activity in the mPFC associated 
with self-processing and mentalizing in adolescents compared to adults (e.g., Blakemore, 
2008; Burnett et al., 2009; Sebastian et al., 2008). 

There are hardly any studies examining the neural correlates of adolescent 
sensitivity to peer evaluation. Guyer and colleagues (2009) examined brain activation 
while 9-to-17 year olds appraised how unfamiliar peers they previously had identified as 
being of high or low interest would evaluate them for a future online chat session. Both 
age- and sex-related differences were revealed in brain regions known to be implicated 
in social cognition and affective processing. More specifically, females displayed 
greater age-related increases in activation in the nucleus accumbens, hypothalamus, 
hippocampus, and insula during appraisal of social evaluation by high vs. low interest 
peers. In males, the activation patterns did not increase with age. Results were interpreted 
in terms of greater salience of high interest peers in female adolescents. However, in this 
study neural responses were associated with appraisals of social evaluation, but not to 
actual social feedback processing. The second goal of the current study was to examine 
developmental differences in neural activation related to social feedback from peers, by 
including participants from childhood to adulthood. 

To pursue the goals of this study, a modified version of the social-judgment task 
was designed (adopted from Somerville et al., 2006). We used event-related fMRI in 
four age groups that have been associated with four distinct phases of development; pre-
pubertal children (8-10 years), early adolescents (12-14 years), late adolescents (16-17 
years), and young adults (19-25 years). In this paradigm, participants were presented 
with a series of unfamiliar faces of age-matched peers, aiming to probe ecologically 
valid social interactions. Several weeks before testing, participants were required to 
send a portrait photograph to the researcher and were led to believe that others would be 
forming impressions about them during the interim period. During the experiment, the 
participant viewed faces and was asked to predict whether the other person would like 
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them. The participant then received acceptance or rejection feedback from this person 
that, unbeknown to the participant, was generated by the computer. 

Previously, Somerville et al. (2006) observed that the mPFC (particularly the 
v-ACC) was differentially engaged following social acceptance and rejection in adults. 
However, in this study participants’ judgments were collapsed across ‘like’ and ‘dislike’ 
expectations to assess the general neural responses associated with feedback processing. 
That is, social acceptance and rejection feedback was examined regardless of prior choice 
behavior. In addition, violations in the expectations of social feedback were examined 
regardless of feedback type (i.e., acceptance or rejection). The current study aims to extend 
this prior study in two ways: 1) We tested neural activation related to expectations about 
social evaluation, and 2) we tested whether the neural response to social feedback is context 
dependent; that is, we examined whether social acceptance or rejection feedback would 
be differentially affected by prior expectations to be liked or disliked. We hypothesized 
that social feedback would be more salient when a participant expected to be liked by the 
other person. Therefore, by extending results from Somerville et al. (2006), we expected 
increased activity in the mPFC (particularly the v-ACC) to social acceptance following 
a positive expectation of social evaluation. Furthermore, we hypothesized that regions 
that are important for mentalizing would be involved in expectations of social evaluation 
(Amodio & Frith, 2006). 

Second, our analyses focused on developmental changes by using specific 
contrasts (linear and nonlinear) to test for periods of heightened social sensitivity. Given 
adolescents’ increased concerns for social evaluation by peers, we expected that the mPFC 
and subcortical regions would be hypersensitive to signals of social acceptance by peers 
in mid-adolescence (e.g., Blakemore, 2008; Nelson et al., 2005; Sebastian et al., 2008). 
These effects should be enlarged for those individuals who are more sensitive to the 
influence of peers, and for those individuals with higher levels of anxiety and lower levels 
of self-perceived social acceptance and self-worth (e.g., Grosbas et al., 2007; Guyer et al., 
2008). To this end, participants were asked to complete self-report questionnaires. 

4.2 Method

Participants
Sixty volunteers between 8 and 25 years of age were recruited from the university and 
through local advertisements. Three participants (ages 8, 10, and 14) were excluded 
from analyses due to excessive head movement (> 3 mm translation in any direction). In 
total, 57 participants were included in the analyses, assigned to four age groups; 12 pre-
pubertal children (7 females; ages 8-10, mean age = 9.7, SD = 0.9), 14 early adolescents 
(8 females; ages 12-14, mean age = 13.3, SD = 0.8), 15 late adolescents (7 females; 
ages 16-17, mean age = 17.1, SD = 0.6), and 16 young adults (8 females; ages 19-25, 
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mean age = 21.7, SD = 1.9). A chi-square analysis revealed no significant differences 
in gender distribution between age groups (p > .9). All participants were healthy, right-
handed volunteers with no history of neurological or psychiatric disorders and received 
fixed payment for participation. For participants aged 8-17 years, the Child Behavior 
Check List (Achenbach, 1991) was filled out by primary caregivers to confirm the 
absence of behavioral problems. All participants had total scores below the clinical range. 
Participants and primary caregivers (for minors) gave informed consent. All procedures 
were approved by the medical ethical committee of the University Medical Center. 

Behavioral assessment
In order to obtain an estimate of intellectual functioning (IQ), participants completed the 
Raven’s Standard Progressive Matrices test (Raven, 1941). Estimated mean IQs were 123 
(SD = 8.1) for 8-10 year olds, 122 (SD = 9.0) for 12-14 year olds, 115 (SD = 10.3) for 
16-17 year olds, and 125 (SD = 7.5) for 19-25 year olds. A one-way analysis of variance 
(ANOVA) revealed a difference in IQ scores between age groups, F(3, 53) = 3.53, p < .05. 
Post-hoc comparisons revealed that 16-17 year olds’ average IQ was significantly lower 
relative to 19-25 year olds (p < .05), and the other groups did not differ significantly from 
each other. Results of the analyses reported below were corrected for differences in IQ 
by adding IQ as a covariate factor to the data abstracted from the spherical ROIs. That is, 
ANOVAs were performed to characterize activation patterns in these ROIs. None of the 
effects were influenced by IQ. Therefore, IQ differences are not described further. 

Participants of all age groups completed the Dutch version of the Resistance to Peer 
Influence questionnaire (RPI: Steinberg & Monahan, 2007), which consists of 10 pairs 
of opposite statements about inter-individual interactions. A one-way ANOVA revealed a 
difference between age groups, F(3, 49) = 7.3, p < .001. Averaged RPI scores were 2.59 
(SD = .11) for 8-10 year olds, 2.97 (SD = .09) for 12-14 year olds, 3.01 (SD = .09) for 16-
17 year olds, and 3.25 (SD = .09) for 19-25 year olds, indicating an age-related increase 
in resistance to peer influence. 

Self-report measures of anxiety and perceived competence were administered in 
8-to-17 year olds. These questionnaires were not administered in adults, because these tests 
are validated for minors only. Level of anxiety was measured with the Multidimensional 
Anxiety Scale for Children (MASC: March et al., 1997; Dutch translation: Utens & 
Ferdinand, 2000). The MASC consists of 39 statements indicating anxiety-arousing 
situations and contains a total anxiety scale and four subscales; physical symptoms, harm 
avoidance, social anxiety, and separation anxiety. A one-way ANOVA revealed a main 
effect of age group on the separation anxiety subscale, F(2, 38) = 6.7, p < .005, showing 
a decrease in separation anxiety with age. For all other subscales, no differences between 
age groups were shown (all p’s > .15). Self-perceived competence was measured with 
the Self-Perception Profile for Children in 8-10 year olds (SPP-C: Harter, 1985; Dutch 
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translation: Veerman et al., 1997) and the Self-perception Profile for Adolescents in 12-17 
year olds (SPP-A: Harter, 1988; Dutch translation: Treffers et al., 2002). For the purpose 
of this study, only the subscales of social acceptance and global self-worth were used. 
One-way ANOVAs revealed no differences on these subscales between age groups (both 
p’s > .15). 

Experimental task
The task used was a modified version of the social-judgment task previously described by 
Somerville et al. (2006). Approximately 2 weeks prior to the experiment, participants and 
caregivers (for minors) were contacted by telephone and were told that this was a study 
about first impressions. For this reason, they were instructed to send a photograph of their 
portrait or of their participating child to the researcher. They were told that this photograph 
would be rated by a panel of peers on first impressions. In addition, participants were 
informed that the faces of this panel would be presented during the fMRI experiment and 
that their task would be to decide whether they believed they were liked or disliked by the 
peers of the panel. Caregivers were explicitly instructed to explain the procedure of this 
experiment to their child prior to the testing day. 

During the fMRI experiment, participants performed an experimental task in which 
pictures of neutral faces of age-matched peers were presented. Four different versions of 
the task were created containing faces of matching age groups. Each version consisted of 
a total of 120 different faces with an equal distribution of male and female faces. Faces 
were presented against a black background and were displayed once during the testing 
session. Facial stimuli of children were obtained with the help of primary schools and high 
schools in different cities in the Netherlands. Photographs were taken after caregivers 
provided written approval to use the pictures for scientific purposes. Young adults were 
photographed after written approval at the campus of another university. Mean ages of the 
photographed individuals for the age-matched tasks were as follows; 10.2 for 8-10 year 
olds, 13.0 for 12-14 year olds, 15.9 for 16-17 year olds, and 22.1 for 19-25 year olds. Care 
was taken to test whether differences in brain activation between age groups could be due 
to differences in perceived valence of the faces. An independent sample of participants in 
the same age groups rated the valence of the pictures using the Self-Assessment Manikin 
(SAM) on a 9-point scale (Lang et al., 2005). Averaged scores were 5.09 (SD = .65) for 
19-25 year olds, 5.05 (SD = .69) for 16-17 year olds, 5.02 (SD = .33) for 12-14 year olds, 
and 5.48 (SD = 1.16) for 8-10 year olds, revealing no differences between age groups, 
F(3, 158) = 2.63, p > .05. 

The experimental task required participants to make judgments about the presented 
faces (see Figure 4.1). Participants were instructed to predict whether the person on the 
picture would like or dislike them. On each trial, the participant was required to answer 
the question “Do you believe this person liked you?”. No explicit instructions were given 
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concerning on what basis participants should evaluate the faces. This was done to avoid 
the induction of systematic strategies used for evaluating the faces, so as to mimic the 
integrity of real-life social interactions. Judgments were followed by feedback indicating 
acceptance or rejection by the person on the picture (YES vs. NO). In reality, the 
participants were not judged by the panel, but the feedback was selected by the computer 
and resulted in 50% acceptance and 50% rejection feedback.

Trials started with a fixation cross, followed by a 3-s cue display. The duration of 
the fixation cross was jittered based on an optimalization program (optseq2, see http://
surfer.nmr.mgh.harvard.edu/optseq) developed by Dale (1999). The onset of the cue was 
indexed by the presentation of a face, which remained on the screen until the end of the 
trial. During the cue display, participants were instructed to give a “yes” or “no” answer 
by giving a left-or right-button response, using the index and middle finger of their right 
hand within the 3-s timeframe. After the 3-s cue-period, the choice of the subject appeared 
on the left side of the face (YES/NO), during a 1-s delay period. The delay was followed 
by a 2-s feedback display during which the feedback (YES/NO) was presented on the right 
side of the face. Responses that were not made within the 3-s timeframe were followed 
by a 3-s “too slow” presentation, signaling the end of the trial. Mean percentages of “too 
slow” trials were as follows; 1.39 % for 8-10 year olds, 1.07 % for 12-14 year olds, 0.39 
% for 16-17 year olds, and 0.37 % for 19-25 year olds. 

Figure 4.1 Example of a trial sequence (yes/no condition) in the social-judgment task (adopted 
from Somerville et al., 2006). During the cue period, participants responded to the question, “Do 
you think this person liked you?”. During the following delay period, the choice of the participant 
appeared on the left side of the face. following the delay, acceptance or rejection feedback was 
presented on the right side of the face. Trials were separated by intertrial intervals (jittered), where 
a central fixation cross was shown. 
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Task design 
Participants received positive feedback on half of the trials (60 trials) and negative feedback 
on the other half (60 trials). Feedback type was equally divided with regard to the gender 
of the faces. Both the order of feedback type and the gender of the faces were determined 
with an algorithm designed to maximize the efficiency of recovery of the blood-oxygen-
level-dependent (BOLD) response (optseq2). To eliminate possible effects of the order 
in which faces were presented, four different sequences of facial stimuli were used. The 
matching between faces and feedback types was outweighed in the sense that for half 
of the participants a certain facial stimulus was coupled with negative feedback and for 
the other half of the participants with positive feedback. Feedback could be congruent or 
incongruent vis-à-vis the judgment made by the participant. This design resulted in the 
following feedback conditions; congruent accepted (yes/yes), incongruent accepted (no/
yes), congruent rejected (no/no), and incongruent rejected (yes/no). 

Procedure
Prior to scanning, participants were reminded of the purpose of the study by a rehearsal 
of the cover story and received 10 practice trials. Children were familiarized with the 
scanner environment through the use of a mock scanner. During scanning, participants 
completed two runs of 60 trials with a short break in between. Self-report questionnaires 
were administered before the scanning session and the Rtaven Matrices test after the 
scanning session. At the end of the experiment, participants were asked to write down 
their experiences and thoughts about the experiment. None of the participants expressed 
doubts about the cover story. Participants were debriefed at the end of the experiment.

FMRI data acquisition and analysis
Scanning was performed with a standard whole-head coil on a 3-T Philips Achieva 
scanner at the University Medical Center. Head motion was restricted using foam inserts 
surrounding the head. The experimental task was projected onto a screen that participants 
could view through a mirror connected on the head coil. Functional data were acquired 
using T2*-weighted echo planar imaging (EPI) during two functional runs of 220 volumes 
each. The two first volumes of each run were discarded to allow for equilibration of T1 
saturation effects. Each volume covered the whole brain (38 slices of thickness 2.75 mm, 
field of view 220 mm, 80 x 80 matrix, inplane resolution 2.75 mm) and was acquired 
every 2200 msec (TE = 30 msec, descending acquisition). High-resolution T2*-weighted 
images and high-resolution T1 anatomical images were collected after the functional 
runs. All anatomical scans were reviewed by the radiology department of the University 
Medical Center. 

Data preprocessing and analysis was conducted using SPM2 (Wellcome Department 
of Cognitive Neurology, London). Images were corrected for differences in timing of slice 
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acquisition, followed by rigid body motion correction. Functional volumes were spatially 
normalized to EPI templates. The normalization algorithm used a 12-parameter affine 
transformation together with a nonlinear transformation involving cosine basic functions, 
and resampled the volumes to 3 mm cubic voxels. Templates were based on the MNI305 
stereotaxic space. Functional volumes were spatially smoothed with an 8- mm full width 
at half maximum (FWHM) isotropic Gaussian kernel.

Statistical analyses were performed on individual subjects’ data using the general 
linear model (GLM) in SPM2. The fMRI time series data were modelled by a series 
of events convolved with a canonical hemodynamic response function (HRF). Both 
the onset of the cue display and the onset of the feedback display of each trial were 
modelled as zero-duration events. Trials on which participants did not respond within 
the 3-s cue period were not included in the contrasts of interest. The onset of the cue 
display related to the presentation of the faces was divided in two conditions; a “yes” 
condition (‘like’ expectation) and a “no” condition (‘dislike’ expectation). Because the 
task required a similar judgment on each trial, these event types were modelled at the 
onset of the cue display, since participants are likely to begin assessing the faces before 
rating them. The feedback display was divided in four conditions; congruent accepted 
(yes/yes), incongruent accepted (no/yes), congruent rejected (no/no), and incongruent 
rejected (yes/no). Feedback effects were examined for “yes” and “no” judgments trials 
separately. The modelled events were used as covariates in a GLM, along with a basic 
set of cosine functions that high-pass filtered the data, and a covariate for session effects. 
The least-squares parameter estimates of height of the best-fitting canonical HRF for each 
condition were used in pair-wise contrasts. The resulting contrast images, computed on 
a subject-by-subject basis, were submitted to group analyses. At the group level, whole-
brain contrasts were computed by performing one-tailed t-tests, treating participants as 
a random effect. Task-related responses were considered significant if they consisted 
of at least 10 contiguous voxels that exceeded an uncorrected threshold of p < .001. 
This threshold was based on other neuroimaging studies involving comparisons between 
different age groups (e.g., Van Duijvenvoorde et al., 2008; Van Leijenhorst et al., 2010). 

We performed voxelwise ANOVAs to identify regions that showed age-related 
differences in activation to the judgment of the faces and during feedback processing. 
Both linear and quadratic age-related trends were tested. In addition, it was examined 
whether activation peaked specifically in one age group relative to the other three groups 
(see Table 4.1). ANOVAs were considered significant if they consisted of at least 10 
contiguous voxels that exceeded an uncorrected threshold of p < .001. In addition, we used 
the MARSBAR toolbox (Brett et al., 2002) to perform region of interest (ROI) analyses 
in brain regions that were identified in the ANOVAs. We created 6-mm spherical ROIs 
at the peak activity voxel of these regions to further characterize patterns of activation. 
Correlations with age on the data abstracted from these ROIs are presented for illustrative 
purposes only (Vul et al., 2009). Finally, correlational analyses (two-tailed; Pearson’s 
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correlation) were performed for activation in the spherical ROIs and 1) behavior on the 
task, and 2) self-report questionnaires. This was done for the contrasts yes > no judgments 
and rejection > acceptance following a “no” judgment, since other contrasts did not reveal 
any age-related trends (see results section). These correlational analyses are presented 
with exact p-values. 

Table 4.1 Age-related trends that were tested at whole brain level using voxelwise ANovAs.

Age-related trend Contrast
linear increase -3 -1  1  3
linear decrease  3  1 -1 -3
Quadratic trend -1  1  1 -1
Peak in 8-10-year olds  3 -1 -1 -1
Peak in 12-14-year olds -1  3 -1 -1
Peak in 16-17-year olds -1 -1  3 -1
Peak in 19-25-year olds -1 -1 -1  3

4.3 Results
Behavioral results
The mean numbers of trials per feedback condition for each age group are presented in 
Table 4.2. A one-way ANOVA with age group as between subjects factor demonstrated 
a main effect of age group, F(3, 53) = 6.39, p = .001, on difference scores for “yes” 
vs. “no” choices. Differences were further explored by post-hoc Tukey comparisons, 
revealing a difference between 19-25 year olds and 8-10 year olds, and between 19-25 
year olds and 12-14 year olds (p < .05, p < .001 respectively). That is, 19-25 year olds 
made significantly more “yes” choices than 8-10 year olds and 12-14 year olds. 16-17 
year olds did not differ significantly from adults or from the two younger age groups. 
One-sample t-tests confirmed that 19-25 year olds made more “yes” judgments (60 %) 
relative to a 50 % baseline and fewer “no” (39.64 %) judgments (both p’s < .001). For all 
other age groups, no significant differences between “yes” and “no” judgments vs. 50 % 
baseline were found. 

Further, age-related differences were examined for reaction times (RT) for “yes” 
and “no” judgments (see Table 4.2). An ANOVA with age group as between- subjects 
factor revealed no significant difference in RT between “yes” and “no” choices, F(1, 53) 
= 0.44, p > .5, and the interaction effect with age group failed to reach significance, F(3, 
53) = 1.85, p > .15. There was, however, a main effect of age group, F(3, 53) = 3.5 p < 
.05, showing that 19-25 year olds (M = 1436, SD = 283) generally responded slower than 
8-10 year olds (M = 1126, SD = 174). RTs for the other age groups did not differ from 
each other.
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Table 4.2 Performance of age groups on the social-judgment task.  

Age groups
8-10-yrs   12-14-yrs     16-17-yrs     19-25-yrs

Judgment participant
Yes choice
Counts 58.6 (12.2) 51.9 (15.6) 63.1 (11.6) 72.0 (10.2)
RT 1123.9 (162.1) 1281.3 (261.5) 1271.2 (251.9) 1384.0 (342.8)
No choice
Counts 59.7 (12.8) 66.8 (15.9) 56.4 (11.9) 47.6 (9.9)
RT 1131.9 (194.8) 1261.7 (285.9) 1251.9 (274.5) 1462.2 (285.2)

Feedback condition (Counts) 
yes/yes 30.4 (6.5) 25.1 (7.7) 31.5 (5.7) 35.6 (5.7)
no/no 30.9 (6.5) 31.7 (8.6) 28.0 (6.8) 23.4 (5.8)
no/yes 28.8 (6.8) 34.1 (8.1) 28.4 (5.8) 24.1 (5.6)
yes/no 28.2 (6.4) 26.8 (8.5) 31.7 (6.5) 36.4 (5.8)

Note:  Average number of trials for “yes” and “no” judgments and per feedback condition for 
each age group. Mean reaction times (RT) are presented for “yes” and “no” judgments (SD in 
parenthesis). 

FMRI results
The results are presented in two sections. The first section contains whole-brain 
comparisons in adults, followed by a second section containing an overview of analyses 
examining age-related differences. Both sections describe two sets of analyses. First, 
neural responses will be presented relating to the onset of stimulus presentation and 
associated expectations about social evaluation. Second, brain analyses will be reported 
examining neural activation related to social feedback processing. 

Whole-brain comparisons: adults
Judgment of faces

A GLM analysis was performed on the functional data modelled at the onset of the 
presentation of the faces. Contrasts of interest were yes > no judgments (i.e., expectation to 
be liked vs. expectation to be disliked) and no > yes judgments. In adults, the comparison 
yes > no judgments resulted in activation in the ventral mPFC, left subcallosal cortex, left 
anterior and middle cingulate cortex, right putamen, right amygdala, left hippocampus, 
and right parahippocampal gyrus (see Figure 4.2A, p < .001, at least 10 contiguous voxels). 
Significant clusters and corresponding MNI coordinates are reported in supplementary 
Table S1. The reversed contrast no > yes judgments did not result in significant activation 
at a threshold of p < .001.
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Figure 4.2 Whole-brain results for the contrast yES > No judgments. Results for 19-25 year olds 
are presented in panel A. Results for 8-10 year olds, 12-14 year olds and 16-17 year olds are 
presented in panel B (uncorrected, p < .001, > 10 contiguous voxels). The reversed contrast No > 
yES judgments did not result in significant activation for any of the four age groups. 

Social feedback
To examine neural activation related to social feedback processing, a GLM analysis was 
performed on the functional data modelled at the onset of the feedback. These analyses 
focused specifically on acceptance vs. rejection feedback for “yes” and “no” judgment 
trials separately. Prior studies have collapsed across “yes” and “no” judgments to assess 
the neural responses associated with feedback processing (Somerville et al., 2006). Here, 
we tested whether social feedback was differentially affected by prior choice behavior. 
In addition, comparisons revealed differences in neural responses following “yes” and 
“no” judgments prior to feedback presentation. Therefore, these choice conditions were 
analyzed separately.

The first set of whole-brain comparisons tested the contrasts acceptance > rejection 
(yes/yes > yes/no) and rejection > acceptance (yes/no > yes/yes) for “yes” judgments 
trials. In adults, the comparison acceptance > rejection resulted in activation in the ventral 
mPFC, right subcallosal cortex, right posterior cingulate cortex, left orbital frontal cortex 
(OFC), caudate nucleus, left precuneus and left thalamus. In addition, activation was 
shown in bilateral middle frontal gyrus, bilateral superior frontal gyrus and fusiform 
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gyrus (see Figure 4.3A, p < .001, at least 10 contiguous voxels). Significant clusters and 
corresponding MNI coordinates are reported in supplementary Table S2. The reversed 
contrast rejection > acceptance did not result in significant activation at a threshold of p 
< .001.

Figure 4.3 Whole-brain results for the contrast acceptance > rejection following “yes” choices. 
Results for 19-25 year olds are presented in panel A. Results for 8-10 year olds, 12-14 year olds 
and 16-17 year olds are depicted in panel B (uncorrected, p < .001, > 10 contiguous voxels). The 
reversed contrast yES-No > yES-yES did not result in significant activation for any of the age groups. 

The second set of whole-brain comparisons tested the contrasts acceptance 
> rejection (no/yes > no/no) and rejection > acceptance (no/no > no/yes) for “no” 
judgments trials. The contrast acceptance > rejection did not result in significant clusters 
at a threshold of p < .001. Regions that were active for the reversed contrast rejection > 
acceptance are presented in Figure 4.4A (p < .001, at least 10 contiguous voxels). Adults 
showed activation in the right subcallosal cortex, left caudate, right putamen, right middle 
frontal gyrus and right inferior frontal gyrus. Significant clusters and corresponding MNI 
coordinates are reported in supplementary Table S3. 
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Figure 4.4 Whole-brain results for the contrast rejection > acceptance following “no” choices. 
Results for 19-25 year olds are presented in panel A. Results for 8-10 year olds, 12-14 year olds 
and 16-17 year olds are depicted in panel B (uncorrected, p < .001, > 10 contiguous voxels). The 
reversed contrast No-yES > No-No did not result in significant activation for any of the age groups. 

Age comparisons 
Judgment of faces

Whole-brain results for the contrast yes > no judgments for the youngest three age groups 
are presented in Figure 4.2B. 16-17 year olds activated a similar set of brain regions as 
adults, whereas fewer activations are observed for 12-14 year olds and 8-10 year olds 
(coordinates are reported in supplementary Table S1, p < .001, at least 10 contiguous 
voxels). The reversed contrast no > yes judgments did not result in significant activation 
for any of the four age groups. The voxelwise ANOVAs testing for age-related changes 
for the yes > no judgments contrast revealed a linear change with age in several regions, 
including the right putamen, peak at: 30, -3, 3, z = 4.17, t(1, 53) = 4.56, p < .001; ventral 
mPFC, peak at: 6, 48, -12, z = 3.47, t(1, 53) = 3.69, p < .001; left precuneus, peak at: -12, 
-45, 39, z = 3.57, t(1, 53) = 3.81, p < .001; and parahippocampal gyrus, peak at: 30, 6, 
-21, z = 4.27, t(1, 53) = 4.69, p < .001. Other significant clusters and corresponding MNI 
coordinates are reported in supplementary Table S4. We created 6-mm spherical ROIs at 
the peak activity voxel of the right putamen and the ventral mPFC to further characterize 
patterns of activation. In Figure 4.5, scatterplots for these regions with age are presented 
for illustrative purposes. 
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Figure 4.5 Scatterplots for the difference in activation between “yes” and “no” judgments against 
age. Spherical RoIs for the right putamen (30, -3, 3) and ventral mPfC (6, 48, -12). 

Social feedback
Whole-brain results for the contrast acceptance > rejection (yes/yes > yes/no) for “yes” 
judgments trials are presented in Figure 4.3 (coordinates are reported in supplementary 
Table S2, p < .001, at least 10 contiguous voxels). The voxelwise ANOVAs testing for 
age-related changes did not result in any significant clusters at a threshold of p < .001. 
Similarly, the reversed contrast rejection > acceptance (yes/no > yes/yes) for “yes” 
judgment trials did not result in significant activation for any of the four age groups. 

Similar analyses were performed testing for age-related changes in the contrast 
rejection > acceptance (no/no > no/yes) following a “no” judgment. In Figure 4.4, whole-
brain results for the four age groups are presented. Adults showed several activation 
clusters, whereas less activation is observed for the youngest three age groups (coordinates 
are reported in supplementary Table S3, p < .001, at least 10 contiguous voxels). The 
voxelwise ANOVAs confirmed the whole brain findings by showing linear changes with 
age in several regions, including the left subcallosal cortex/OFC, peak at: -15, 18, -12, z = 
4.35, t(1, 53) = 4.79, p < .001; left paracingulate cortex, peak at: -15, 30, 27, z = 4.13, t(1, 
53) = 4.51, p < .001; right OFC, peak at: 24, 18, -21, z = 3.87, t(1, 53) = 4.18, p < .001; 
left lateral PFC, peak at: -30, 21, 15, z = 4.01, t(1, 53) = 4.35, p < .001; and left putamen/
globus pallidus, peak at: -24, 3, 0, z = 3.49, t(1, 53) = 3.71, p < .001. Other significant 
clusters and corresponding MNI coordinates are reported in supplementary Table S5. We 
created 6-mm spherical ROIs at the peak activity voxel of the left subcallosal cortex, right 
OFC, left putamen, left paracingulate cortex and left lateral PFC to further characterize 
patterns of activation. In Figure 4.6, scatterplots for these regions with age are presented. 
The reversed contrast acceptance > rejection (no/yes > no/no) for “no” judgment trials did 
not result in significant activation for any of the four age groups. 
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Figure 4.6 Scatterplots for the difference in activation between rejection and acceptance feedback 
following a “no” judgment against age. Spherical RoIs for the left subcallosal cortex/ofC (-15, 18, 
-12), left paracingulate cortex (-15, 30, 27), left putamen (-24, 3, 0), right ofC (24, 18, -21) and left 
lateral PfC (-30, 21, 15).

Correlations
Finally, we performed correlational analyses for activation in the spherical ROIs and 
1) behavior on the task, 2) resistance to peer influence, 3) levels of anxiety, and 4) self-
perceived social acceptance and self-worth, within and across age groups. No significant 
correlations were found for activation in the spherical ROIs and behavior on the task. 
With regard to resistance to peer influence, significant positive correlations were present 
between activity in the left putamen (r = .52, p < .001) and the left LPFC (r = .54, p 
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< .001) for the contrast rejection > acceptance following a “no” judgment across age 
groups (see supplementary Figure S1). That is, individuals who were more resistant to 
peer influence showed larger activation in these regions to social rejection following a 
“no” judgment. After controlling for the observed age-related increase in resistance to 
peer influence, the correlations remained significant  (respectively, r = .37, p = .01 and 
r = .37, p = .007). No significant correlations were found for levels of resistance to peer 
influence within age groups. 

In 8-to-17 year olds, correlational analyses were performed for activation in the 
spherical ROIs and levels of anxiety, self-perceived social acceptance, and self-worth. 
Significant positive correlations were present between social anxiety and activity in the 
left subcallosal cortex (r = .39, p = .01), left paracingulate cortex (r = .45, p = .003), right 
OFC (r = .38, p = .014), left putamen (r = .39, p = .012) and left LPFC (r = .38, p = .013) 
for the contrast rejection > acceptance following a “no” judgment (see supplementary 
Figure S2). That is, those 8-17 year olds who reported higher levels of social anxiety 
showed larger activation in these regions to social rejection following a “no” judgment. 
For the same contrast, significant negative correlations were present between self-worth 
and activity in the left subcallosal cortex (r = -.39, p = .03) and the left putamen (r = -.42, 
p = .006). Individuals with lower levels of self-worth showed larger activation in these 
regions to social rejection following a “no” judgment (see supplementary Figure S3). No 
significant correlations were found for self-perceived social acceptance. Finally, similar 
correlations were calculated for each age group separately. Only in 16-17 year olds self-
worth was negatively correlated with activation in the left subcallosal cortex (r = -.75, p 
= .001), right OFC (r = -.625, p = .013), left putamen (r = -.55, p = .034) and LPFC (r = 
-.65, p = .009) for the contrast rejection > acceptance following a “no” judgment. 

4.4 Discussion
The goal of this study was to investigate the neural correlates of expectations about social 
evaluation and social feedback processing. In addition, neurodevelopmental changes 
associated with peer evaluation were examined. Brain imaging data in adults yielded 
two main results: 1) The ventral mPFC was active when participants expected positive 
evaluations by peers. 2) The ventral mPFC, in particular the subcallosal cortex, was 
differentially involved in social acceptance and rejection feedback depending on prior 
expectations of social evaluation. In addition, expectation and feedback-related activation 
was associated with activity in the striatum. 

Age-related comparisons revealed four important results: 1) There was increased 
activation with age in the ventral mPFC and striatum associated with the expectation 
to be liked by a peer. 2) Acceptance feedback following the expectation of positive 
social evaluation resulted in overlapping patterns of activation in the ventral mPFC and 
striatum across age groups. 3) Rejection feedback following a negative expectation of 
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social evaluation resulted in activation in the striatum, ventral mPFC, OFC and LPFC 
in adults, but not in younger participants. 4) The latter effect was generally stronger for 
those individuals who reported high resistance to peers, and for those 8-17 year olds who 
scored higher on scales of social anxiety and lower on self-worth. 

The discussion is organized around the two main goals of this study. First, brain 
imaging data will be discussed addressing the expectation-related activation and context 
dependency of social feedback effects in adults. This will be followed by a discussion of 
results examining age-related differences. 

Neural correlates of expectations about social evaluation 
in adults
The results of the current study show activity in both the ventral mPFC and striatum for 
‘like’ compared to ‘dislike’ expectations of social evaluation. These findings are consistent 
with studies showing that the striatum responds to anticipation of potential rewards (e.g., 
Knutson et al., 2001). While activation in the striatum has been associated with both 
social and non-social rewards, activity in the mPFC is most consistently reported for 
social rewards and social decision making (Izuma et al., 2008). Together, these lines of 
evidence could be taken to suggest that the findings of the current study are specific 
for social interactions. That is, the mPFC is believed to be implicated in self-referential 
processing and mentalizing, which are also likely to be important for making inferences 
about whether other people would like us (Amodio & Frith, 2006). The involvement of 
the mPFC for positive expectations of social evaluation could suggest that participants use 
different strategies for ‘like’ vs. ‘dislike’ expectations. Possibly, positive expectations of 
peer social evaluation rely more on self-knowledge and self-consciousness which could 
be adaptive when taking a risk in predicting to be liked, whereas the intentions of the 
other person are unknown. Previous imaging studies highlighted a functional dissociation 
between dorsal and ventral regions of the mPFC as a function of how similar one perceives 
another person to be to oneself (Mitchell et al., 2006). These studies have shown that the 
ventral mPFC is important for mentalizing about a similar other, whereas mentalizing 
about a dissimilar other engages a more dorsal section of the mPFC. In the current study, 
activation was predominantly located in the ventral regions of mPFC, which overlaps 
considerably with the region reported by Mitchell et al. (2006). This could suggest that 
adults had a higher expectation to be liked by individuals whom they perceived as more 
similar to themselves. This suggestion should be examined more closely in future research. 

Neural correlates of context dependency of social feedback 
effects in adults
Previously, it was shown that the ventral part of the mPFC, in particular the v-ACC, is 
sensitive to social acceptance feedback (Somerville et al., 2006). Here, we extend this 
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finding by showing that these effects are specific for situations in which participants have 
a positive expectation of social evaluation. Further, this acceptance feedback is again 
accompanied by activation in the striatum (caudate nucleus). Possibly, social acceptance 
is more salient when participants expect to be liked. This neural response may be highly 
sensitive to social expectations and demonstrates the reward value of social acceptance 
that is aligned with an individual’s own expectation of social evaluation. 

This hypothesis is reinforced by the findings on social rejection feedback. In adults, 
rejection compared to acceptance feedback following a ‘dislike’ expectation resulted in 
activation in the subcallosal cortex, striatum and left LPFC. No significant activation 
was found for rejection relative to acceptance feedback following the expectation to be 
liked by the other person. These results may indicate the importance of learning from 
feedback from others that matches prior expectations in a social context. Results of 
the current study are consistent with previously reported striatum activation in a social 
learning context (Klucharev et al., 2009; Rilling et al., 2002). For instance, in the study by 
Klucharev et al. (2009) the ventral striatum was found to be more active when there was 
no conflict with group opinion in a task designed to measure social conformity. Another 
interpretation that needs to be considered is that the observed pattern of neural activation 
to social rejection feedback could reflect strategies to regulate the negative thoughts and 
feelings associated with expected social rejection. Indeed, other studies have shown that 
regions of the mPFC, LPFC and striatum are involved in affect regulation, such as tasks 
requiring cognitive reappraisal of negative emotional images (e.g., Ochsner et al., 2004; 
Wager et al., 2008). Note that affect regulation seems to be specific for those situations 
where participants had negative expectations of social evaluation. It was surprising that 
these effects were not observed for the feedback condition where the negative impact of 
social rejection was expected to be the highest (yes/no condition). One method to explore 
the absence of this relation in more detail is by the use of time-specific measures, such as 
event-related potentials. In future studies, it will also be important to include an explicit 
control condition. Overall, the results of this study add to prior studies by showing that 
neural responses to social feedback differ depending on expectations of social evaluation.

Developmental changes 
At a behavioral level, 8-10 year olds responded faster both for ‘like’ and ‘dislike’ 
expectations of peer social evaluation compared to adults. The observed increase in 
reaction times with age could suggest that children, adolescents and adults use different 
strategies for evaluating the faces. In addition, the proportions of positive vs. negative 
judgments about peer evaluation differed between age groups, in such a way that adults 
more often expected to be liked than the younger age groups. Possibly, adults have a 
greater tendency to expect be liked by peers. The increase in ‘like’ expectations with age 
could also reflect developmental changes in self-focus and self-consciousness (Sebastian 
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et al., 2008). Interestingly, the brain imaging results show that in 16-17 year olds a similar 
set of brain regions was active as in adults for positive compared to negative expectations 
of social evaluation, while less activation was observed in the two youngest age groups. 
More specifically, activation in the ventral mPFC and right putamen revealed a linear 
increase with age; these brain regions were most active for ‘like’ compared to ‘dislike’ 
expectations in older participants. These results suggest that regions that are involved in 
mentalizing and self-processing (particularly the mPFC) show an age-related increase 
in sensitivity to positive expectations of social evaluation (Amodio & Frith, 2006). The 
absence of significant positive correlations between the number of ‘like’ expectations and 
activation in the selected ROIs indicates that these linear increases with age are not likely 
to be due to age-related differences in behavior. In future studies, it will be important to 
examine this issue in more detail. 

Second, age groups were similarly sensitive to social acceptance feedback. That 
is, acceptance feedback following the expectation to be liked resulted in similar ventral 
mPFC and striatum activation across age groups. These results indicate that social 
acceptance is salient in all age groups. It is possible that in young children the system is 
already wired to respond to social acceptance, which could reflect the high evolutionary 
value of social acceptance. Recently, Lieberman & Eisenberger (2009) highlighted the 
overlap between brain regions that respond to physical pain and pleasures, and more 
abstract social experiences, such as social rejection and acceptance. The alleged overlap 
in neural circuitry of physical and social needs is consistent with the notion concerning 
the high evolutionary value of social acceptance in promoting survival and well-being in 
humans (Panksepp, 2003). 

Third, age-related differences were observed in neural responses to social rejection 
feedback following a negative expectation of social evaluation. That is, activation in the 
striatum (e.g., putamen/globus pallidus), subcallosal cortex, paracingulate cortex, LPFC 
and OFC showed a linear increase with age; these regions were most active in adults. One 
explanation that has to be considered is that adults are better able to regulate the negative 
feelings associated with expected social rejection than the younger age groups. In the 
light of results of prior studies, this would fit the hypothesis of immature affect regulation 
and self-control in children and adolescents (e.g., Nelson et al., 2005). This interpretation 
is further supported by our results showing that activity in the striatum and LPFC is 
sensitive to individual differences in resistance to peer influence. Individuals who show 
high resistance to peers showed larger activation to social rejection feedback, even when 
controlling for age. 

Finally, in 8-to-17 year olds, brain activity related to social feedback processing 
was sensitive to individual differences in social anxiety and self-perceived self-worth. That 
is, those 8-to-17 year olds with higher levels of social anxiety showed larger activation in 
the subcallosal cortex, paracingulate cortex, OFC, LPFC and putamen to social rejection 
when having a negative expectation of social evaluation. Individuals with lower levels 
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of global self-worth showed larger activation in the subcallosal cortex and putamen. It 
should be mentioned that the ROIs that were used for these correlation analyses were 
based on whole-brain comparisons with age as predicting factor. However, all these effects 
remained significant, also when controlling for age-related variance. Thus, these regions 
are sensitive to both age-related and individual differences. Possibly, these results suggest 
a strong impact of social rejection feedback in 8-to-17 year olds with higher levels of 
social anxiety and lower levels of self-worth. A limitation of the current study is that not 
all correlational analyses would survive Bonferonni correction for multiple comparisons, 
increasing the probability of Type 1 errors. Therefore, caution in the interpretation of 
these findings is warranted.

The results of the current study do not fit well with the hypothesis that the mPFC and 
subcortical brain regions would be hypersensitive to peer social evaluation in adolescence. 
Given adolescents’ increased self-consciousness and concerns about social evaluation, 
social sensitivity was expected to peak in early and middle adolescence (Kloep, 1999). The 
few functional neuroimaging studies so far showed immature prefrontal cortex activity 
and enhanced responses in subcortical brain regions (e.g., Blakemore, 2008; Nelson et al., 
2005), which could bias adolescents towards heightened sensitivity in a social context. 
Our results do not reveal a peak in activation in adolescence, which was tested both in 
terms of anticipation of social evaluation and social feedback processing. The results 
of the current study, however, indicate that social acceptance feedback is salient from 
childhood into adulthood. While the adolescent period is characterized by an increased 
focus on peers, this does not necessarily imply a heightened sensitivity in brain regions 
implicated in social and affective behavior to peer interactions.  

It should be noted that the inclusion of participants from a broad age range poses 
several challenges for an optimal study design. A limitation of the current study is the 
use of different photos in different age groups. Our reasoning behind the use of photos of 
age-matched peers was driven by the goal of the study to probe ecologically valid peer 
interactions. However, if participants were presented with a similar set of photos of a 
certain age group (for instance only photos of adolescents), the experience of viewing the 
faces could also be different for different age groups. In future research, photos of faces of 
a broad age range could be used in a single task version, which however would lengthen 
the task significantly. The second limitation of the current study is its cross-sectional 
design. Longitudinal studies should be undertaken to track changes in social behavior and 
brain development. In addition, in future studies it will be important to examine cross-
cultural differences in order to investigate whether cultural background would have an 
impact on the experience of social-evaluative feedback. 
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Conclusions
Together, the results of this study demonstrate the context dependency of neural activation 
related to social feedback effects. That is, the ventral mPFC and striatum were differentially 
involved in social acceptance and rejection feedback depending on prior expectations of 
social evaluation in adults. In addition, results demonstrated increased activity in these 
brain regions for positive compared to negative expectations of social evaluation. To our 
knowledge, this is the first study examining neurodevelopmental changes in brain activity 
underlying appraisals of social evaluation and social feedback processing by including 
participants from a broad age range. Age differences were found in neural responses 
associated with positive expectations of social evaluation and social rejection feedback. 
No age- related differences were shown to social acceptance feedback. Finally, although 
the current study focused on psychiatrically healthy participants, it may provide important 
insights in the neural correlates of individual differences. It would be of considerable 
interest to examine the neural correlates of social feedback processing in children and 
adults with psychopathology. 
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4.5 Supplementary material 
Supplementary tables
Table S1 Coordinates for the contrast yES > No judgments for each age group, uncorrected for 
multiple comparisons (p < .001, minimal 10 contiguous voxels).

Anatomical region l/R voxels Z-value
zx y

19-25 year olds
Medial prefrontal cortex R 159 4.11 9 48 -6
Subcallosal cortex/ medial l 22 3.75 -6 21 -15
prefrontal cortex
Middle cingulate cortex      l 215 5.09 -3 -45 39
Anterior cingulate cortex    l 42 3.62 -6 45 9
Amygdala R 28 3.78 36 3 -27
Putamen R 16 3.73 33 0 0
Hippocampus l 15 4.34 -21 -12 -21
Parahippocampal gyrus R 17 4.07 21 -12 -24
Middle temporal gyrus R 121 4.14 45 -60 0
Inferior temporal gyrus   l 18 3.60 -54 -45 -18
Superior parietal gyrus R  40 4.01 18 -54 60
lingual gyrus l 10    3.26 -6 -57 3
Middle occipital gyrus R 26 3.81 42 -78 24
Angular gyrus l 16 3.33 -42 -72 30
16-17 year olds
Medial prefrontal cortex           R 39 3.76 9 27 -9

R 14 3.42 3 63 12
Middle orbital gyrus R 35 3.95 12 57 -12
Inferior frontal gyrus l  21 3.81 -33 33 9
Middle cingulate cortex R 287 5.02 9 -36 39

l 24 3.69 -6 -42 39
Putamen l 13 3.48 -27 3 -15
Thalamus l 17 3.91 -18 -9 0

R 13 3.65 12 -12 6
fusiform gyrus l 13 3.69 -33 -39 -24
Postcentral gyrus l 64 4.13 -51 -15 54
lingual gyrus 42 4.00 0 -75 9

l 23 3.96 -18 -54 -12
Middle occipital gyrus R 16 3.81 36 -78 -9
12-14 year olds
Inferior temporal gyrus R 10 3.71 42 -72 -3
8-10 year olds         No regions detected

MNI coordinates
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Anatomical region l/R voxels Z-value MNI coordinates
x y z

19-25 year olds 
Subcallosal cortex/ medial R 121 5.02 9 15 -15
prefrontal cortex
orbital frontal gyrus l 89 4.66 -18 42 -12
Middle frontal gyrus l 21 3.92 -39 60 6

l 20 3.87 -45 9 36
R 17 3.73 36 33 48
R 16 3.45 45 36 18

Inferior frontal gyrus l 35 3.54 -45 39 6
Superior frontal gyrus R 46 4.17 21 51 -6

l 12 3.40 -27 54 0
l 40 3.40 -27 36 51

Precentral gyrus l 13 4.11 -33 -3 27
R 47 3.68 60 -3 15

Posterior cingulate cortex R 18 4.10 24 -30 42
Caudate l 112 5.01 -12 15 -6

R 14 4.09 36 -18 -9
fusiform gyrus l 32 4.72 -39 -9 -21
Inferior temporal gyrus l 114 4.01 -51 -57 -6
Thalamus l 26 3.89 0 -18 12
Precuneus l 371 4.78 -24 -63 24
Superior parietal gyrus R 205 4.44 18 -57 45
Inferior parietal gyrus l 55 3.80 -54 -21 24

l 27 3.81 -54 -30 36
Inferior occipital gyrus R 320 4.52 33 -84 -3

l 44 3.83 -36 -81 -6
occipital fusiform gyrus l 29 3.99 -18 -78 -18

R 24 3.47 -15 -93 3
16-17 year olds
Medial prefrontal cortex R 28 3.65 6 63 -6
Middle frontal gyrus l 43 3.83 -33 0 48
Superior frontal gyrus R 11 4.13 12 57 18
frontal pole R 28 3.76 30 36 51
Posterior cingulate cortex R 21 3.77 9 -36 30
Cingulate cortex l 34 3.89 -21 -15 42
Caudate R 1600 5.45 18 30 3

R 51 4.11 21 -6 24
Putamen R 45 4.23 30 -18 6

l 11 3.94 -30 -12 12
Thalamus l 34 3.89 -21 -15 42

Table S2 Coordinates for the contrast yES-yES > yES-No social feedback for each age group, 
uncorrected for multiple comparisons (p < .001, minimal 10 contiguous voxels).
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Table S2, continued
Superior temporal gyrus R 15 3.52 63 -6 -3
fusiform gyrus l 35 4.73 39 -54 -6
Precuneus R 80 5.23 27 -33 18
Postcentral gyrus R 47 4.15 24 -36 63

R 13 3.57 45 -27 51
Supramarginal gyrus l 24 3.84 -66 -39 27
Superior parietal lobe l 57 3.98 -18 -63 60
lingual gyrus l 50 3.63 -9 -99 -3

l 11 3.60 -33 -69 -3
occipital fusiform gyrus R 39 3.97 24 -87 0
Middle occipital gyrus R 38 3.62 51 -60 -6
12-14 year olds
Medial prefrontal cortex/ R 39 4.10 12 15 -15
subcallosal cortex
Inferior frontal gyrus l 20 4.14 -45 48 -12
Middle frontal gyrus R 11 4.01 24 24 27

R 24 3.93 51 42 -6
Superior frontal gyrus l 149 4.21 -18 24 54

R 44 3.82 24 33 48
Superior orbital frontal gyrus R 10 3.71 21 57 -3
Precentral gyrus R 54 4.88 39 -15 57

l 26 3.60 -33 -21 60
Caudate R 44 4.20 12 24 6

l 11 3.45 -6 18 6
Superior temporal gyrus l 15 3.75 -51 -39 6
Postcentral gyrus l 11 3.59 -57 -27 39
Superior parietal gyrus l 15 3.39 -30 -51 60
Middle occipital gyrus l 19 3.71 -42 -78 3
lingual gyrus l 36 3.62 -12 -96 -18

R 23 3.43 9 -93 -12
8-10 year olds
Inferior frontal gyrus l 26 4.04 -33 42 12

R 11 3.70 45 45 -12
Middle frontal gyrus R 62 3.99 48 42 18
Middle orbital frontal gyrus l 22 3.89 -42 48 -3
Paracentral gyrus R 11 3.80 6 -24 66
Posterior cingulate cortex l 33 3.82 -18 -24 3
Thalamus l 18 4.09 -21 -18 9
Superior temporal gyrus l 15 3.83 -57 -33 9
Inferior temporal gyrus R 35 3.69 51 -72 -3
Postcentral gyrus l 71 3.89 -48 -12 42
Inferior parietal lobe R 10 3.56 33 -42 45
Superior parietal lobe R 37 4.00 24 -72 51
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Table S3 Coordinates for the contrast No-No > No-yES social feedback for each age group, 
uncorrected for multiple comparisons (p < .001, minimal 10 contiguous voxels).

Anatomical region l/R voxels   Z-value MNI coordinates
 x            y         z      

19-25 year olds
Medial prefrontal cortex/ R 113 5.61 9 18 -12
subcallosal cortex
Middle frontal gyrus R 24 4.02 42 54 15
Inferior frontal gyrus R 52 3.81 51 36 -6
Caudate l 146 4.78 -12 15 -9
Putamen R 17 4.28 21 3 21

16-17 year olds
Precuneus R 17 3.55 24 -54 33

12-14 year olds
Precentral gyrus R 10 3.57 30 -21 54
Putamen l 17 4.04 -27 -3 3
Middle temporal gyrus R 17 4.05 66 -9 -12
Middle occipital gyrus l 13 3.38 -33 -87 24

8-10 year olds                             No regions detected

Table S4 Coordinates for the positive linear age-related trend (i.e., linear increase with age) for 
the contrast yES > No judgments, uncorrected for multiple comparisons (p < .001, minimal 10 
contiguous voxels).

Anatomical region l/R voxels Z-value MNI coordinates
x              y z

Medial prefrontal cortex R 16 3.47 6 48 -12

Superior frontal gyrus l 37 3.75 -15 21 63
Putamen R 30 4.17 30 -3 3
Insula R 18 3.77 33 -30 15
Parahippocampal gyrus R 13 4.27 30 6 -21

R 16 3.49 30 -21 -24
Middle temporal gyrus R 214 4.76 54 -72 15

l 24 4.18 -57 -48 -3
fusiform gyrus l 17 3.54 -36 -27 -27
Precuneus l 30 3.57 -12 -45 39
Middle occipital gyrus l 13 4.05 -42 -81 30

R 214 4.76 54 -72 15
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Table S5 Coordinates for the positive linear age-related trend (i.e., linear increase with age) for 
the contrast No-No > No-yES social feedback, uncorrected for multiple comparisons (p < .001, 
minimal 10 contiguous voxels).

Anatomical region l/R voxels Z-value MNI coordinates
x y z

Subcallosal cortex l 64 4.35 -15 18 -12
Inferior frontal gyrus l 32 4.01 -30 21 15

R 37 3.87 24 18 -21
Paracingulate cortex l 26 4.13 -15 30 27
Putamen l 10 3.49 -24 3 0
Insula R 10 3.53 30 21 -6
Parahippocampal gyrus R 12 4.06 33 -15 -30
occipital fusiform gyrus l 28 4.02 -39 -51 -15

R 18 3.95 30 -63 -15

Supplementary figures

Figure S1 Correlations between resistance to peer influence (RPI) in the left putamen (-24, 3, 0) and 
the left lateral PfC (-30, 21, 15) for the contrast rejection > acceptance following a “no” judgment 
across all participants.
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Figure S2 Correlations between levels of social anxiety and activity in spherical RoIs for the contrast 
rejection > acceptance following a “no” judgment across 8-to-17 year olds. Spherical RoIs for the 
left subcallosal cortex/ofC (-15, 18, -12), left paracingulate cortex (-15, 30, 27), left putamen (-24, 
3, 0), right ofC (24, 18, -21) and left lateral PfC (-30, 21, 15). 



84

CHAPTER 4

Figure S3 Correlations between self-perceived global self-worth in the left subcallosal cortex/ofC 
(-15, 18, -12) and left putamen (-24, 3, 0) for the contrast rejection > acceptance following a “no” 
judgment across 8-to-17 year olds.




