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Are You Being Rejected or Excluded? Insights from Neuroimaging Studies Using
Different Rejection Paradigms

Preethi Premkumar

Division of Psychology, School of Social Sciences, Nottingham Trent University, Nottingham, United Kingdom

Rejection sensitivity is the heightened tendency to perceive or anxiously expect disengagement from others during social
interaction, There has been a recent wave of neuroimaging studies of rejection, The aim of the current review was to determine
key brain regions involved in social rejection by selectively reviewing neuroimaging studies that employed one of three paradigms
of social rejection, namely social exclusion during a ball-tossing game, evaluating feedback about preference from peers and
viewing scenes depicting rejection during social interaction, Across the different paradigms of social rejection, there was con—
cordance in regions for experiencing rejection, namely dorsal anterior cingulate cortex (ACC), subgenual ACC and ventral ACC,
Functional dissociation between the regions for experiencing rejection and those for emotion regulation, namely medial prefrontal
cortex, ventrolateral prefrontal cortex (VLPFC) and ventral striatum, was evident in the positive association between social distress
and regions for experiencing rejection and the inverse association between social distress and the emotion regulation regions,
The paradigms of social exclusion and scenes depicting rejection in social interaction were more adept at evoking re—
jection—specific neural responses, These responses were varyingly influenced by the amount of social distress during the task,
social support received, self—esteem and social competence, Presenting rejection cues as scenes of people in social interaction
showed high rejection sensitive or schizotypal individuals to under—activate the dorsal ACC and VLPFC, suggesting that such
individuals who perceive rejection cues in others down—regulate their response to the perceived rejection by distancing them—

selves from the scene,
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INTRODUCTION

The concept of social rejection has been widely re-
searched since the 1960s. Early theoretical constructs of
social rejection were built on theories of approach and
avoidance and social 1earning.1'3) One of the earliest mod-
els of response to rejection took the form of interpersonal
choice and expectancy of outcome in the context of ach-
ievement of one’s goals." Here, a need for affiliation is ex-
perienced as a concern by the individual over positive af-
fective relationships, while its converse is a fear of reje-
ction. A similar prototype developed by Mehrabian and
Ksionzkyz) regarded rejection sensitivity as being on a
continuum with need for affiliation, wherein there is a
general expectation of positive reinforcement (need for af-
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filiation) or negative expectation (rejection sensitivity)
from others. A more recent cognitive explanation for re-
jection by peers in children is having a poor theory of
mind.” However, this relation is not straightforward and
mediated by factors such as poor family relations and
amount of prosocial behaviour. Caputi et al” found that
having a better theory of mind at 5 years of age was asso-
ciated with having better prosocial skills at six years and in
turn with greater likelihood of being nominated as being
most-liked by peers at seven years, whereas having poorer
prosocial skills at five years was associated with a greater
likelihood of being nominated as being least-liked by
peers at six and seven years. These rejection experiences
emphasize peer relations.

Rejection sensitivity has also been studied in terms of
close relationships. Downey and Feldman® described re-
jection sensitivity as a tendency to ‘anxiously expect,
readily perceive, and overreact to rejection’. In romantic
relationships, such individuals tend to expect harmful in-
tent from their partner towards them and experience more
insecurity and less satisfaction with their relationship, ir-
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respective of whether or not the partner feels satisfied with
the relationship.3) The expression-based authenticity
doubts model” describes the situation where individuals
who are insecure about their romantic relationship are
likely to perceive themselves as expressing more vulnera-
bility. In fact, people do respond with more caution and
feign positivity towards individuals who express inter-
personal sensitivity.s) In turn, participants who had ex-
pressed more vulnerability towards their partner were also
more likely to experience more authenticity doubts about
their partner because they felt their partner regarded them
as vulnerable.

Neural Effects of Social Rejection

There has been a recent surge in research into the neural
effects of social rejection.(’) One of the key neural sub-
strates for perceiving social rejection is the anterior cingu-
late cortex (ACC). Conflict detection and error monitor-
ing tasks engage the ACC.” Reward processing also re-
cruits the ACC; here the ACC is involved in updating and
integrating information on the reward value of a given
event and predicting future outcome.” It is also involved
in the experience of physical pain.6) A combination of
these roles may account for ACC activation during re-
jection tasks. There are methodological challenges in neu-
roimaging the response to social rejection, the chief chal-
lenge being simulating the direct rejection experience. As
rejection is an interpersonal emotion expressed both ver-
bally”'” and non-verbally,> task designs need to engage
the person in social interaction. Neuroimaging studies
have employed a range of paradigms to study different
types of perceived social rejection, the most prominent be-
ing rejection as peer exclusion. In comparison, studies on
neural effects of rejection from close relatives are rare. It
is likely that the degree of closeness of the third person(s)
is an important variable in explaining variability in the
neural response to rejection.

The aim of the article was to determine the key brain
areas for social rejection. A selective review of studies on
the neural effects of social rejection was conducted, taking
into account the level of proximity of the interpersonal in-
teraction being implied. A further aim of the review was to
examine in each study how the neural response to ex-
perimental manipulations of social rejection during fMRI
related to scores on behavioural measures in order to un-
derstand the emotional and social significance of the neu-
ral responses. A more comprehensive review® explores
the neurological and evolutionary significance of the
fMRI findings of response to social rejection. Due to the

large number of neuroimaging studies examining re-
jection under different contexts (social exclusion, n=20;
social evaluation, n=6; and rejection cues as words and
scenes, n=8), a selection of studies from each ex-
perimental paradigm has been reviewed.

Task Design

Rejection related tasks have frequently involved de-
ception or manipulation of a situation by confederates, the
most widely used task being “Cyberball”. In the original
version as presented in the study by Eisenberger et al.,"V
participants played with two other virtual players, while
participants were made to believe that they were playing
with real players. In the first part of the task, participants
were told that they could not take part in the game due to
technical difficulties (implicit social exclusion condition,
ISE). Next, participants engaged in a ball-tossing game
(social inclusion) and in the third part participants were in-
cluded in the game for a while, but then excluded (explicit
social exclusion condition, ESE). This type of social ex-
clusion seems to draw on theories of social identity
(in-group vs. out-group status)”) and the need for affili-
ation with and approval by peers. i.e., it should be ‘This
type of social exclusion seems to draw on theories of so-
cial identity (in-group vs. out-group status)'” and the need
for affiliation with and approval by peers.” Such approval
is achieved on a competitive basis, such as being rated as
most-liked by others."”

Social preference - receiving feedback about being
liked or disliked by peers - is another form of acceptance
or rejection that has been applied to fMRI study design.
The social evaluation task ' is used to assess the neural re-
sponse to receiving feedback from others. Here, partic-
ipants viewed pictures of others while deciding whether
they like the pictured person. Next, participants received
feedback about whether the persons pictured in the task
liked the participant or not, although in truth no such feed-
back was actually provided by the pictured persons and
these responses were randomly set by the experimenter.
This type of rejection has been studied behaviourally
previously.” Eighty-five high school boys were put into
groups of n=6 and asked to perform cognitive skills tests. b
Participants were given a false performance score of 48%,
but were led to believe that the other group members had
different (higher and lower) scores to them. Participants
then gave preference ratings of the other group members
and received feedback about the other members’ prefer-
ence of the person. Again, this feedback was pre-deter-
mined. Participants then indicated their single most pre-
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ferred other based on this feedback. Findings suggested
that participants were more likely to rate the other group
members as being available to them if they had similar
performance scores than if the other group members had
higher performance scores. Participants also rated those
with lower performance scores than their own as being
less available possibly because of the perception that the
other group members would be less likely to see them-
selves as being accepted by the participant. However, par-
ticipants were more likely to rate their own availability to
the other group members as higher if the other group mem-
bers had higher performance scores. This study shows how
people’s preference for others is influenced by their own
perceived ability. Children who were rejected from a hypo-
thetical in-group were more likely to express indirect ag-
gression (e.g., ignoring, gossiping about, deceiving, re-
jecting, or excluding another) towards in-group and
out-group members compared to children who were ac-
cepted by the in-group."”

Rejection cues have also been presented as words and
pictures in ways that suggest on-going social interac-
tion."'® Here, no assumptions are made about the nature
of the participant’s own involvement in the social
interaction. Instead, the stimuli act as prompts for an im-
agined emotional context with which the participant may
have familiarity. The assumption here is that if partic-
ipants find the cue arousing, it indicates the participant’s
greater the familiarity with the imagined situation.

fMRI BOLD RESPONSE TO REJECTION AS
SOCIAL EXCLUSION DURING ‘CYBERBALL'’

Eisenberger et al."” likened the response to rejection to
physical pain. In their study, 13 undergraduates played
Cyberball. The dorsal ACC (dACC), right insula and right
ventral prefrontal cortex (PFC) were activated more dur-
ing ESE than inclusion. Greater dACC activation and low-
er ventral PFC activation in turn were correlated with
greater self-reported distress during ESE. The authors in-
ferred that JACC involvement reflected greater arousal to
exclusion than inclusion conditions, because of the corre-
lation between ACC activation and self-reported distress
due to exclusion. However, the study did not directly com-
pare neural response to the implicit versus explicit social
exclusion conditions. This comparison would have been
useful in determining neural activation differences be-
tween internal attribution (ESE) and external attribution
of social exclusion (ISE).IO)

Next, Eisenberger et al "7 examined the mediating role

of the neural response to exclusion between the amount of
daily social support received and the cortisol stress re-
sponse to a stress-provoking exercise. Thirty-two partic-
ipants (mean age 20 years) first took part in a daily social
interactions task where over the course of 10 days they re-
corded the amount of support they felt they received dur-
ing any social interaction taking place at five random
times during the day. Participants then performed the
Cyberball task while undergoing fMRI and reported level
of social distress during the inclusion and exclusion
conditions. Finally, participants performed a stress test
where they were given five minutes to prepare a speech to
be delivered to two judges and to perform an arithmetic
task under observation (counting backwards in 13 seconds
from starting from the number 2,083). Salivary cortisol
levels were measured before and after the stress test.
Although the neural response in the dACC and ventral
PFC to exclusion found previously“) was not replicated,
social distress was positively associated with dACC acti-
vation and inversely associated with right ventral PFC
during exclusion compared to inclusion. In addition,
greater social support was associated with lower right
dACC and left superior frontal gyrus (Brodmann Area,
BA 8) activity during exclusion, activations that were in
turn positively associated with cortisol change following
stress. Mediation analyses suggested JACC and BA 8 ac-
tivity mediated the association between social support and
cortisol level. Finally, there was positive connectivity be-
tween dACC and BAS activation and hypothalamus acti-
vation arising from the correlation with cortisol level.
These findings show how in an experimental simulation
of social interaction leading to exclusion, neural activity
in predictable brain areas for rejection can meaningfully
relate to real-world social interaction and perform-
ance-related stress, although the use of experience sam-
pling to measure social interaction needs to be validated
with other social support self-report measures.

Onoda ez al."® did study the neural effect of social sup-
port on social exclusion. In addition to the standard in-
clusion and exclusion blocks, three exclusion blocks were
presented accompanied by statements indicating social
support, e.g., “Sorry, I know it was unpleasant for you to
be excluded” or I also found the task unpleasant when I
was a participant”. Participants (26 undergraduate stu-
dents) provided distress ratings at the end of scanning re-
flecting on their experience during exclusion compared to
inclusion. The right posterior cingulate cortex and insula
were activated more during social exclusion than in-
clusion and left somatosensory area during inclusion than
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exclusion. During exclusion compared to exclusion with
emotional support, several areas including the right dorso-
lateral PFC (DLPFC), right ventrolateral PFC (VLPFC)
and right insula were activated more strongly. During ex-
clusion with emotional support compared to exclusion
alone, the medial PFC, left VLPFC, bilateral temporal
pole, left superior temporal sulcus and left precuneus were
activated more strongly. During exclusion compared to in-
clusion, greater self-reported pain correlated with greater
dACC and ventral ACC (VACC) activity. During ex-
clusion with emotional support compared to exclusion
alone, decreased self-reported pain correlated positively
with decreased vVACC activity. In turn, functional con-
nectivity between greater vACC activity and lesser activ-
ity in left DLPFC, postcentral gyrus, posterior cingulate
cortex, visual cortex and cerebellum during exclusion
than exclusion with social support was observed. This
study provides further evidence for the role of social sup-
port in rejection experience. These findings may suggest
that the amount of perceived support modulates the expe-
rience of rejection in the dACC and vACC by reducing
distress, whereas the VLPFC and medial PFC may be in-
volved in implicit emotion regulation or reappraisal of ex-
clusion under different levels of support. Whether this
regulatory function of the VLPFC and medial PFC di-
rectly impacts on distress due to rejection in the dACC and
vACC is not known, as functional connectivity was not
found between these regions.

However categorising the participants as having low or
high self-esteem'” did reveal inverse function con-
nectivity between the two sets of brain regions as a func-
tion of self-esteem. Compared to the high self-esteem
group, the low self-esteem group showed greater activa-
tion of dACC and vACC, as well as other regions such as
right insula, right hippocampus, bilateral parahippo-
campus and right cerebellum. Importantly, inverse func-
tional connectivity was found between dACC and right
VLPFC and right medial PFC, such that in the low self-es-
teem group, greater dACC activation during exclusion
was associated with greater right VLPFC and right medial
PFC activation, while in the high self-esteem group, great-
er dACC activation was associated with lower right
VLPFC and right medial PFC activation. These findings
suggest that VLPFC and medial PFC are involved in emo-
tion regulation in terms of reducing dACC activation due
to rejection in high self-esteem individuals, but such regu-
lation is altered in individuals with low self-esteem.

Masten et al.”” investigated the role of social com-
petence and rejection sensitivity in the neural response to

social exclusion. One view is that individuals high in so-
cial competence would have better peer relationships and
therefore less concern about rejection. An opposing view
is that those high in social competence would have a great-
er need to maintain their social status and therefore be
more concerned about being rejected. Adolescent partic-
ipants (n=23, mean age=13 years) played Cyberball under
the belief that they were playing with real people. During
exclusion compared to inclusion, participants activated
the right subgenual ACC, right VLPFC, right ventral stria-
tum and right insula. Furthermore, distress correlated pos-
itively with activity in the subgenual ACC, insula, antero-
lateral PFC in the left hemisphere and in one region in the
right VLPFC during exclusion. Distress also correlated
negatively with activity in the right hemisphere of the ven-
tral striatum, two VLPFC regions and dorsomedial PFC.
Right subgenual ACC and insula activation correlated in-
versely with right hemisphere activation in the ventral
striatum, VLPFC and dorsomedial PFC. Greater rejection
sensitivity correlated positively with greater activity in the
right dACC, left anterolateral PFC and left precuneus dur-
ing exclusion relative to inclusion, while greater social
competence correlated positively with activity several re-
gions, including left JACC and bilaterally in the insula,
VLPFC and ventral striatum. The findings of a negative
association between distress and right VLPFC and ventral
striatum signified greater modulation of affect in these re-
gions during exclusion. Positive associations between
subgeunal ACC activity and distress, and dACC activity
and rejection sensitivity and social competence indicated
more intense experience of rejection during exclusion in
these regions.

Sebastian er al.*" modified the Cyberball task to pseu-
do-randomise the inclusion and exclusion blocks in order
to minimize task order effects and task habituation. In ad-
dition in order to balance motor responses during the in-
clusion and exclusion conditions, participants (adolescen-
ts, n=19, mean age=15.44 years; and adults, n=16, mean
age=28.7 years) were asked to provide button-clicks for
throws between the other two players. Participants then
rated their social distress on recollection of the inclusion
and exclusion experiences and resistance to peer influ-
ence. Adolescents reported being more distressed and ex-
cluded during the exclusion, than inclusion, condition and
had weaker resistance to peer influence compared to
adults. Greater activity during exclusion than inclusion
was observed in two predicted areas, namely right sub-
genual ACC and left VLPFC in addition to several other
unpredicted areas. The condition-by-age group inter-
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action in the right VLPFC revealed greater activation dur-
ing exclusion than inclusion in adults, but weaker during
exclusion than inclusion in adolescents, a finding that is
resonant with the view that the right VLPFC is involved in
emotion regulation by virtue of its inverse association
with distress during exclusion.”” The findings stress the
neurodevelopmental differences between adults and
adolescents. The VLPFC may be less adept at emotion
regulation in adolescents when coupled with greater dis-
tress and weaker resistance to peer influence. Contrastin-
gly, the left medial PFC was more prone to influence by re-
sistance to peer influence scores in adolescents, such that
weaker resistance to peer influence predicted greater left
medial PFC activation in adolescents, but not in adults.
These findings clearly reveal prime brain regions for
experiencing rejection, namely dACC, subgenual ACC

and vACC and brain regions for emotion regulation con-
tingent on rejection, namely medial PFC and VLPFC and
ventral striatum. Table 1 presents the Montreal Neurologi-
cal Institute (MNI) coordinates of activation or deactiva-
tion clusters observed in each study during comparison of
different rejection task conditions. Fig. 1 depicts the aver-
aged MNI coordinates across studies on a two-dimen-
sional space, where the size of the ring represents the rela-
tive variability between studies in the y-coordinate. The
functional dissociations of these two sets of brain regions
are substantiated somewhat by their positive and inverse
associations respectively with social distress, rejection
sensitivity, while VLPFC activation to exclusion has pos-
itive association with social support, social competence
and self-esteem, although it must be acknowledged that
these findings are not consistent across studies. Table 2

Table 1. MNI coordinates of activation or deactivation clusters observed in each study during comparison of different rejection task con-

ditions
Siug Dorsal ACC Ventral/ subgenual ACC Right VLPFC Left VLPFC
u
/ BA x vy z k BA X y z k BA  x y z k BA X \% z k
Cyberball task
Eisenberger 2003'? -8 20 40 42 27 -1
Masten 2009% 25 8 22 -4 151 47/10 24 36 -2 45
Onoda 2009/2010"™ 24/33 0 12 26 122 32 6 40 -16 306 9/44 54 12 26 258
Onoda 2009/2010'8'?
Sebastian 20112" 24/32 3 24 9 45 27 -3 2 47 48 33 -15 32
Social feedback from peers
Somerville 2006™ 32 -6 28 32 13 32/10 -6 49 13 16
Somerville 2010%® 32/10
Gunter Moor 2010% 9 15 15 121
Rejection cues
Kross 2007'® 32 8 16 34 23 47 46 18 6 92
Premkumar 2012'9 32 2 4 48 2920 47 -48 24 6 517
Average -1 16 36 4 30 -6 42 24 1 -48 29 -11
SD 6 9 8 6 14 12 1M 9 15 0 6 6
siug Medial PFC Ventral striatum Right insula Posterior cingulate
udy

BA  x vy z k BA X y

k BA X y z k BA x y z k

Cyberball task
Eisenberger 2003'"
Masten 2009°% 8 8

Onoda 2009/2010%  9/10 -4 56 32 1,490
Onoda 2009/2010%

Sebastian 20112" 10 -12 49 0 193
Social feedback from peers

Somerville 2006"

Somerville 20102

Gunter Moor 20102

Rejection cues

Kross 2007'® 6 6 14 50 19
Premkumar 2012'¢ 10 22 66 4 696
Average 3 46 22

SD 15 23 24

42 16 1
151 50 -10 -6 25
34 20 0 84 6 -40 38 140
32 6 18 200
31 -12 48 25 36
42 16 1 31 -16 -64 14 44
40 10 3 -7 51 26
7 12 9 12 12 12

MNI, Montreal Neurological Institute; ACC, anterior cingulate cortex; BA, Brodmann area; PFC, prefrontal cortex; k, cluster size; VLPFC,
ventrolateral prefrontal cortex; x, y, z, MNI coordinates; SD, standard deviation.
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presents the MNI coordinates of activation or deactivation
clusters that are correlated with different self-report
measures. Fig. 2 depicts the averaged MNI coordinates,
where the size of the ring represents the relative variability
between studies in the y-coordinate.

REJECTION AS NEGATIVE SOCIAL
EVALUATION FROM PEERS

Somerville et al."” employed the social evaluation task
to study the neural response to peer acceptance or re-
jection by asking participants to view pictures of others
while deciding whether they liked them or not. The partic-
ipant was led to believe that the people pictured in the task
had chosen whether they liked the participant or not, al-
though no such feedback was received from the others;
these responses were randomly set by the experimenter.
In a further experiment, participants were asked to judge

Fig. 1. Regions of interest acfivated or
deactivated during the comparison of reje-
ction task conditions across studies. The MNI,
montreal neurological institute  coordinates
from each study were averaged (see Table 1).
The slices are in the axial view and the size of
the ring represents the variability around the
y-axis. dACC, dorsal anterior cingulate cortex;
PFC, prefrontal cortex; L VLPFC, left ventrola-
teral PFX; PCC, posterior cingulate cortex; R
VLPFC, right ventrolateral PFC; VACC, ventral
anterior cingulate cortex.

whether the people pictured in the task would like them
and received feedback about whether the pictured people
liked them. In both experiments, the dACC was deacti-
vated more when feedback from the other person about the
participant was consistent with the participant’s judge-
ment of that person (congruent) than when the feedback
received was inconsistent with the participant’s view of
the person (incongruent). The left subgenual ACC/medial
PFC was activated more when feedback was positive, i.e.,
the other person liked the participant, than when negative,
i.e., the other person did not like the participant, regardless
of whether the participant indicated that they liked the per-
son or did not like the person. The findings illustrated dif-
ferential involvement of dorsal and subgenual ACC; the
dorsal ACC’s involvement suggests error monitoring,
rather than semantic evaluation, since trials where the par-
ticipant expressed dislike, but the feedback suggested ac-
ceptance also engaged the dorsal ACC. Whereas the sub-
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Table 2. MNI coordinates of activation or deactivation clusters that are correlated with different self-report measures

Dorsal ACC

Ventral ACC

Subgenual ACC

Study

BA x y z k BA x vy

z

k BA X z k r BA

Y

Social distress
Eisenberger 2003'"
Eisenberger 2007""
Masten 2009°”
Onoda 2009/2010'%™
Kross 2007'®

Resistance to peer influence
Sebastian 20112V

Rejection Sensitivity
Masten 2009°%

Self-esteem
Somerville 2010%

Social support
Eisenberger 2007'7
Onada 2009'®

Social competence
Masten 2009%%

Average

SD

6 8
6 36

45
32

0.88
0.53
8 16
-6

36
8

26
45

88 0.59

-0.51

32

32 12 28 32 0.6

14 30 38 0.52

32

32 -2
5
10

14 30
23 35
13 7

4,189 0.74

11

10 32 -10

11 33 -10

0

30 34 -3 -0.68

25 -6 22 -12 27 061 47 34 20 -22 134 0.64

12 34 -10 339 0.71

42 16 1 0.48

16 0.55

25/32 6 26 -10 40 0.59 47
10 27 -8
18 6 5

40 48 -4
39 28 -8
4 17 12

343 0.69

Ventral PFC Medial PFC

Right insula Left insula Ventral striatum

Study

BA  x vy z k r BA x vy z k

r

BA

x y z k 1 BA x yz k r BA

Social distress
Eisenberger 2003'"
Eisenberger 2007'"
Masten 2009%”
Onoda 2009/2010''?
Kross 2007'®

Resistance to peer influence
Sebastian 20117V

Rejection Sensitivity
Masten 2009°”

Self-esteem
Somerville 2010%

Social support
Eisenberger 2007
Onada 2009'®

Social competence
Masten 20092

Average

SD

42 46 -7 -0.52

12 42 9

10 -9 57 -15 45

17)

2 50 -12 45
1511 4

0.27

-46 8 -4 65 0.63 -8 150.67

-4
-6
3

38 -16 24,189 0.7 11 0.55

MNI, Montreal Neurological Institute; ACC, anterior cingulate cortex; BA, Brodmann area; PFC, prefrontal cortex; k, cluster size; r, correlation
coefficient; VLPFC, ventrolateral prefrontal cortex; x, y, z, MNI coordinates; SD, standard deviation.

genual ACC seems to attend to feedback valence without
integrating information about how the participant judged
the other. However, how information concerning rejection
is encoded was not examined, i.e., where the participant
expresses liking, but the feedback received is dislike.
Participants may show preferences for others and decide
others’ preference for them based on their own beliefs
about their attractiveness, but may experience more re-
jection when such preferences are met with negative
feedback. As Rosenfeld"” had observed, individuals with a
greater fear of rejection tend to choose peers with similar

cognitive abilities than those with higher cognitive abili-
ties.

Gunther Moor ef al.” were interested specifically in
neural changes when expectancy about being liked or dis-
liked was followed by peer feedback that suggested ac-
ceptance or rejection, i.e., the comparison between con-
gruent and incongruent conditions, as feelings of social re-
jection are likely to be more intense when there is some
personal investment in the alliance. Participants from four
age groups - pre-pubertal (8-10 years), early adolescents
(12-14 years), late adolescents (16-17 years) and young
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Ventral
striatum

adults (19-25 years) - performed the social feedback task.
When the expectation to be liked was followed by feed-
back of being liked (yes-yes), the right subcallosal cor-
tex/ventral medial PFC was activated more than when the
expectation to be liked was followed by feedback to not be
liked (yes-no) in all groups except the pre-pubertal group,
although no linear increase with age group in activity in
this region or any other region was observed for this
comparison. The reverse contrast - when the expectation
to be disliked was followed by feedback of being disliked
(no-no) compared to when the expectation to be disliked
was followed by feedback of being liked (no-yes) - yield-
ed a linear increase in activity in age in the left subcallosal
cortex, bilateral orbitofrontal gyrus, left paracingulate
cortex, left putamen, right insula, right parahippocampal
gyrus and bilateral fusiform gyrus. Thus, consistent with

Fig. 2. Regions of interest activa-
ted or deactivated during the
rejection task correlated that were
correlated with different self- re-
port measures across studies. The
MNI coordinates from each study
were averaged (see Table 2). The
slices are in the axial view and the
size of the ring represents the
variability around the y-axis. ACC,
antferior cingulate corfex; dACC,
dorsal ACC; L Insula, left insula;
PFC, prefrontal cortex; PCC, pos-
terior cingulate cortex; R Insula,
right insula; VACC, ventral ACC;
VLPFC, ventrolateral PFC; VPFC,
ventral PFC.

the findings by Somerville et al.,” the ventral medial PFC
is involved in social evaluation particularly when the feed-
back is positive, but the present study additionally found
that this response occurred when feedback was contingent
on the participant’s preference towards the other person
being positive. The absence of this neural response in
pre-pubertal adolescents may suggests that such social
evaluation may be less defined in this age group, as partic-
ipants in this age group also tended to judge pictures more
quickly than did the adults.

Somerville ez al.”® examined the role of self-esteem on
the neural response to positive or negative feedback (like
or dislike the participant) received from others after par-
ticipants chose whether they liked the pictured person or
not or believed that the pictured person would like them or
not as described above. After scanning, participants
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(n=44, mean age=20 years; and study 2 where the partic-
ipant decided whether the other person would like the par-
ticipant or not, n=22, mean age=19 years) completed
questionnaires on self-esteem, state and trait anxiety, re-
jection sensitivity and personality. Congruence (congru-
ent: both participant and other rating each other as liked or
disliked, incongruent: participant and other had opposite
rating) by feedback (positive, negative) by self-esteem
(high, low based on median split) interactions in a priori
hypothesized regions of interest, region of interest
(dACC, subgenual ACC/medial PFC) were examined.
The feedback-by-self-esteem interaction in left subgenual
ACC/medial PFC was significant, such that low self-es-
teem individuals showed heightened activation to positive
feedback and weaker activation to negative feedback.
High self-esteem individuals showed comparable re-
sponses to both types of feedback. A regression of self-es-
teem scores on the whole brain for the positive vs. neg-
ative feedback revealed activation clusters in left sub-
genual ACC and right medial PFC, but also right
thalamus. These neural responses may relate to the need
for general approval from others and maintaining one’s
social status (to be seen to be liked by others), rather than
experience of rejection where the person is involved in a
social transaction in which the person expresses him/her-
self favourably that prompts the other person(s) to exclude
them. This may explain why a correlation was not found
between the subgenual ACC/medial PFC response and re-
jection sensitivity. It may be that those with high self-es-
teem also have high social competence and tend to re-
spond to negative social feedback received from others on
par with positive feedback in order to maintain their social
desirability. Low self-esteem individuals may experience
more ambivalence about mixed responses.

Overall, the findings suggest that the subgenual
ACC/medial PFC is involveed in receiving positive feed-
back from peers. However, no conclusive observations
were made regarding receiving negative feedback from
peers when participants expressed positive social prefer-
ence of the peers. These findings based on the social eval-
uation task are in stark contrast to those based on
Cyberball where dACC response is typically observed
during exclusion. The dACC response may occur when
there is more direct rejection as a result of expectancy
violation.""*” The incongruence between participant pref-
erence and peer feedback in the social evaluation task,
even though a more direct test of rejection during social
interaction, may not be as sensitive a measure of rejection
compared to the Cyberball task.

REJECTION CUES AS WORDS OR PICTURES

Kross et al."” presented paintings depicting rejection
and acceptance to individuals high and low (n=10 in each
group, mean age=24 years) in rejection sensitivity. As a
measure of distress, participants rated the pictures on
arousal, interest, pleasantness and security while under-
going fMRI. All participants activated the dACC, right
VLPFC and insula more during rejection than acceptance
scenes, besides several other un-hypothesized areas,
namely left posterior cingulate, bilateral middle frontal
gyrus (BA 46), inferior frontal gyrus (BA 47), medial
frontal gyrus (BA 6), precentral gyrus (BA 6) and bilateral
parahippocampal gyrus. Of these three hypothesized re-
gions, low rejection sensitive (RS) individuals activated
the dACC and right VLPFC more than high RS indi-
viduals. Low RS individuals also activated the left inferior
frontal gyrus and right superior frontal gyrus more than
high RS individuals during rejection than acceptance
conditions. Greater distress was associated with lower dACC
activity and greater insula activity. These findings seem to
suggest reversal of effects normally found associated with
rejection in high RS individuals. It may be that presenting
rejection stimuli where the RS participant is a passive
viewer of rejecting scenes may evoke a defensive re-
sponse (down-regulation), compared to when the partic-
ipant is actively engaged in rejection possibly because RS
individuals may distance themselves from these scenes.

This trend for a reversal of the neural response to pic-
tures depicting rejecting social interaction was also ob-
served in individuals with high level of schizotypal un-
usual experiences.16) Schizotypy is a personality trait
along the normal continuum characterised by odd beliefs,
such as magical thinking and belief in paranormal experi-
ences, as well as anhedonia.”” In their study, Premkumar
et al."®” drew a sample of individuals who were high
(n=12) or low (n=14) on schizotypal unusual experiences
(mean age 29 years). Participants viewed pictures of so-
cial interactions depicting rejection, acceptance and neu-
tral scenes while undergoing fMRI. Participants rated the
pictures on arousal, rejection and affect. Participants also
rated their current mood, level of rejection sensitivity, de-
pression and anxiety. Across the whole sample, whole-
brain analyses during rejection compared to acceptance
scenes revealed greater activation in the lingual gyrus that
is known to respond to facial emotional expressions. Low
schizotypy individuals showed greater dACC, right
VLPFC and medial PFC activation during rejection than
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neutral scenes compared to high schizotypal individuals.
The findings suggested down-regulation of centres for re-
jection experience and emotion regulation when high
schizotypal participants were passive viewers of rejection
scenes and that the high schizotypy group may be distanc-
ing themselves from the scenes in order to minimize
distress. However, it seems contradictory that activation
was lower in brain areas involved in emotion regulation,
namely right VLPFC and medial PFC, if response to re-
jection scenes was being suppressed.

Presenting rejection cues as pictures may give greater
opportunity for manipulation of degree of engagement
with the stimuli than would tasks that involve the partic-
ipant experiencing exclusion or negative feedback. In
tasks using pictures, feelings of rejection may be induced
indirectly through recognition of rejection in other people,
thus posing a systematic difference in the way feelings of
rejection are induced. Still, individuals with high rejection
sensitivity or schizotypy may have altered ways of per-
ceiving rejection in close relationships that is different
from rejection due to social exclusion from peers. Exclu-
sion from peers may reflect a need for affiliation with a
larger social group, a situation that is of greater concern to
adolescents in schools and other competitive environ-
ments. As Blackhart er al.” notes, ‘exclusion is thus a
broader, more encompassing term, insofar as it denotes all
phenomena in which one person is put into a condition of
being alone or is denied social contact. The difference lies
principally in how specifically the excluded person has
sought the connection.” Rejection in close relationships
may be more enduring and require more conscious coping
strategies.

CONCLUSION

Across the different paradigms of social rejection, there
is some degree of correspondence between studies in
dACC involvement (Table 1). dACC involvement in the
social evaluation task may relate to conflict detection from
a purely error monitoring stance such as incongruence be-
tween participant preference and feedback received,”’
whereas in the social exclusion task dACC involvement
may relate to how painful the rejection experience is.'"' """
The monitoring of distress due to rejection is mirrored in
tasks where rejection is depicted in scenes of social
interaction.">'® Subgenual ACC and ventral ACC are
varyingly involved in experiencing rejection, perhaps in
compensation for dACC involvement in adolescents.”*”"

The medial PFC and VLPFC are instead involved in

down-regulating the intensity of distress due to rejection
as exemplified by their inverse association between acti-
vation in these regions and dACC response”’lg) and in-
creased activation when exclusion is accompanied by so-
cial support,’” but also their inverse association with
distress.'”"” The medial PFC also responds to receiving

positive affective feedback from others'>*>** contingent

on the individual’s level of self-esteem™ and therefore
may be associated with the need for affiliation, rather than
fear of rejection. Empathising with rejection leads to uni-
form down-regulation of dACC, VLPFC and medial PFC
in individuals with a high level of rejection sensitivity'"
and schizotypy.'® Under such conditions, participants
may employ avoidance strategies, such as distancing
themselves from the scenes. Further research is needed in-
to understanding the nature of avoidance as a coping strat-
egy when individuals are directly confronted with re-
jection during fMRI either as social exclusion or in close
relationships, such as in the form of verbal criticism.
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