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Eye gaze plays a fundamental role in social communication. The averted eye gaze during
social interaction, as the most common form of silent treatment, conveys a signal of
social exclusion. In the present study, we examined the time course of brain response
to social exclusion by using a modified version of Eye-gaze paradigm. The event-related
potentials (ERPs) data and the subjective rating data showed that the frontocentral
P200 was positively correlated with negative mood of excluded events, whereas, the
centroparietal late positive potential (LPP) was positively correlated with the perceived
ostracism intensity. Both the P200 and LPP were more positive-going for excluded
events than for included events. These findings suggest that brain responses sensitive
to social exclusion can be divided into the early affective processing stage, linking to
the early pre-cognitive warning system; and the late higher-order processes stage,
demanding attentional resources for elaborate stimuli evaluation and categorization
generally not under specific situation.
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INTRODUCTION

In social life, everyone may experience exclusion from social relationship or social interaction,
such as falling out of love, break-up with friends. Social exclusion or ostracism may lower basic
need satisfaction including belonging, control, meaningful existence, self-esteem (Wirth et al.,
2010), decrease prosocial behavior (Twenge et al., 2007; Moor et al., 2012), increase degrees of
internalizing problems such as anxiety and depression (Deater-Deckard, 2001; Ladd, 2006) and
even lead to antisocial behavior, like aggression (Twenge et al., 2001).

Due to the social nature of human beings and the essential need of social affiliation, social
exclusion is often accompanied with social pain. Considerable neuroimaging studies have reported
that experience of social exclusion elicited by ball-tossing game (Eisenberger et al., 2003; Masten
et al., 2009; DeWall et al., 2010; Bolling et al., 2011; Moor et al., 2012), negative social evaluation
which involves receiving rejecting feedback from others (Eisenberger et al., 2011), and even the cues
that represent social rejection (Kross et al., 2007), can activate affective physical pain-related neural
regions including dorsal anterior cingulate cortex (dACC) and anterior insula (AI). Moreover,
the activities of these brain regions often appeared to be positively correlated with self-report
social distress (Eisenberger et al., 2003; Krill and Platek, 2009; Onoda et al., 2009; DeWall et al.,
2012). In addition to the dACC and AI, some other activated neural regions in response to
excluded events relative to included events were also been reported. For example, for the adult, the
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increased activities of right ventral prefrontal cortex (Eisenberger
et al., 2003; Masten et al., 2009), hippocampi, left ventrolateral
prefrontal cortex and left middle temporal gyrus (Bolling et al.,
2011) were reported following social exclusion than following
social acceptance. For the adolescent, subgenual ACC and ventral
striatum activated significantly in response to social exclusion
(Masten et al., 2009; Moor et al., 2012). However, the cortical
regions including superior temporal gyrus cortex, insula, ACC
and subcortical regions including striatum, thalamus activated
greatly after acceptance than after rejection feedback (Guyer
etal., 2012).

However, the temporal dynamics of neural responses to
social exclusion is still debated. In recent years, several event-
related potential (ERP) studies have shed light on it (Crowley
et al, 2009, 2010; Gutz et al, 2011; van der Veen et al,
2014). Some ERP components associated with social exclusion
have been reported successively. Firstly, the slow-wave activity
(occurring between 400 ms and 900 ms post-stimulus) in the
left prefrontal/medial frontal cortical regions of young adults
was negatively associated with self-report distress during both
complete-rejection and micro-rejection events (Crowley et al.,
2009). In their subsequent study, social exclusion also evoked
more negative slow wave in the medial frontal regions of
adolescents (Crowley et al., 2010). These two studies suggested in
agreement that the frontal slow wave might be linked to cognitive
regulation of negative emotion induced by social exclusion. In
addition, Crowley et al. (2010) also found that, compared to the
inclusion events, the exclusion events even elicited more positive
P300 and late positive potential (LPP) over posterior regions.
The authors suggested that these two ERP components might
index the processing of attentional distribution, due to salience
of the exclusion events. Subsequently, Gutz et al. (2011) further
distinguished between an early fronto-central P3a and a late
parietal P3b elicited by social exclusion. It is widely believed
that the P3a reflects a “stimulus-driven” frontal exogenous
attention mechanism during task processing, whereas, the P3b
reflects a parietal Endogenous attention mechanism (Polich,
2007; Kaunhoven and Dorjee, 2017). With the addition of the
correlation between ERP components amplitudes and subjective-
ratings scores, in the context of social exclusion paradigms, it has
been suggested that the P3a may be associated with the affective
processing of exclusion (Gutz et al., 2011; van der Veen et al,
2014), whereas, the P3b may be related to its perceived excluded
intensity (Gutz et al., 2011).

Up to now, Ball-tossing (or Cyberball; Eisenberger et al,
2003; Masten et al., 2012; Moor et al.,, 2012) and Chatroom
Task (or Chatroom Interact Task; Guyer et al., 2008, 2009, 2012;
Silk et al., 2012) have been considered as two major experimental
tasks used to investigate neural and physiological basis of
social exclusion. As many researchers have proved, Cyberball
is an efficient paradigm to explore children and adolescents’
neural processes of social exclusion and social pain. However,
it seems less appealing to adults leading to lower ecological
validity. In addition, the modified Cyberball in ERP experiments
makes participants feel whether they are accepted or excluded
by the other partners after a period of time, as a result,
some ERP components related to the rapid neural responses

may not be detected. Recently, the emergence of some novel
paradigms may provide new opportunities to overcome these
deficits. For example, Wirth et al. (2010) developed an Eye-gaze
paradigm for a behavioral study of social ostracism, during
which the participants were asked to imagine interacting
with an individual on the computer screen displaying averted
or direct eye gaze. In that study, the thwarted basic need
satisfaction, reduced explicit and implicit self-esteem, lowered
relational value, and increased temptations to act aggressively
toward the interaction partner suggested that the averted eye
gaze is a nonverbal cue to indicate a form of ostracism.
Importantly, the direction of eye gaze may deliver the feedback
signal (i.e., exclusion or inclusion) more straightforwardly and
immediately.

Therefore, some general earlier ERP components related to
affective processing may also be involved in the time course of
social exclusion. By using the affective pictures stimuli, many
studies have found that the P200 peaking at the latency of
200-300 ms at fronto-central area was significantly greater for
the negative picture stimuli than for the positive picture stimuli,
reflecting attentional negativity bias involved in the early stage
of emotion perception (Carretié¢ et al., 2001; Huang and Luo,
2006; Munoz and Martin-Loeches, 2015). In some studies, the
P200/N200 complex is regarded as an index of early attention,
with stronger responses to negative emotional stimuli than to
positive stimuli (Feng et al., 2014).

The model of ostracism was proposed first in 1997 (Williams,
1997) and revised subsequently (Williams and Zadro, 2005).
Based on abundant results of the behavioral and neuroimaging
research, the latest temporal need-threat model of ostracism
proposed by Williams describes and predicts processes and
responses at three stages of reactions to ostracism, i.e., the
reflexive, the reflective and the resignation. During the reflexive
stage, ostracism is felt as pain and as a threat to four fundamental
needs: belonging, self-esteem, control and meaningful existence.
This stage often last for a few seconds. During the reflective
stage, ostracized individuals reflect on the meaning and relevance
of the ostracisms experience, leading to coping responses.
During the resignation stage, persistent exposure to ostracism
over time depletes the resources necessary to motivate the
individual to fortify threatened needs, thus leading eventually to
resignation, alienation, helplessness and depression (Williams,
2009; Williams and Nida, 2011).

Therefore, to detect the temporal dynamics of brain responses
to social exclusion, the current study employed a modified
Eye-gaze paradigm in a real-life scenario—University club
recruitment. The stimulus pictures presented in the ERP
experiment were the front-view faces of ten interviewers who
attended the interview. The interviewers” direct or averted eye
gaze towards the interviewees may deliver the signal whether they
inclined to accept or reject the interviewees straightly. Based on
the temporal model of ostracism and previous research on the
time course of social exclusion and emotional processing, we
predicted that, first, the late slow wave associated with controlled
cognitive processing would response greatly to the excluded
events compared to the accepted events. Second, since the signal
of being excluded or included conveyed by the direction of eye
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gaze can be perceived rapidly, we hypothesized some early ERP
components related to rapid affective response and stimulus
detection would also exhibit differences between the averted and
direct gaze.

MATERIALS AND METHODS

Participants

Fifteen freshmen (9 females, age range 18-21 years) in
Southeast University who attended University club recruitment
participated undergoing the EEG test in the study. They were
right-handed, had no history of neurological problems and
had normal or corrected-to-normal vision. Ten undergraduate
students (5 females, age range 18-21 years) who were strangers
to all the EEG participants were recruited as interviewers.
The EEG participants and interviewers were paid 30 RMB
and 10 RMB for their participation, respectively, and given
informed consent, which was approved by the Ethics Committee
of Affiliated Zhongda Hospital, Southeast University, China
(2016ZDSYLL002.0).

Apparatus and Procedure

The task consisted of two sessions. The first session is the
University club recruitment interview. Each freshman signed
up the University club freely, and it was the first time for
each freshman to be interviewed for joining the club. Ten
interviewers were introduced to the interviewee one by one. All
the interviewees were informed that whether they got admitted
to the club depended on all interviewers™ decisions. In 2 days
following the interview, but prior to the admission results being
announced, 15 interviewees were invited as the participants to the
EEG laboratory to complete the ERP session. All the participants
were told that we had snapshot many front-view face pictures
of ten interviewers at different time points during the interview,
they would report their feelings after these stimulus pictures
presented on the computer screen. In fact, unknown to the
participants, those pictures had been taken and standardized
before the interviewers acted in the club interview. For each
interviewer, we obtained four different types of front-view face
pictures, i.e., the direct gaze, the closed-eyes, the left-averted gaze
and the right-averted gaze.

The EEG participant was seated about 57 cm in front of a
14-inch LCD monitor (screen resolution: 1024 x 768, refresh
rate: 85 Hz, color quality: highest 32 bit) in a dimly lit sound-
attenuated room undertaking the EEG test. Each trial began
with the presentation of a fixation sign (a small white cross
subtended 0.7° x 0.7° of visual angle) in the center against
black background. After 500 ms, a direct gaze picture presented.
After 1000 ms, a closed-eyes picture presented for a random
duration of 800-1000 ms. Then, the target stimulus appeared: a
direct gaze picture or an averted gaze picture (i.e., either left- or
right-averted). After 1500 ms, the participants was asked to press
button to select how much they feel distress (i.e., negative mood)
and being excluded (i.e., perceived ostracism intensity) ranging
from “not at all” to “very much” (1-4 points), respectively.
The sequence of the direct gaze and averted gaze picture was

determined by a pre-specified pseudorandom sequence, with half
the times direct gaze and another averted gaze.

The ERP experiment task was administered on an Intel Core
i3 computer with E-prime 2.0 to control the presentation and
timing of stimuli. The formal experiment consisted of 2 blocks of
40 trials each. Each block had 20 trials for the direct gaze, 10 trials
for the left-averted gaze and 10 trials for the right-averted gaze
conditions, respectively. A practice block containing eight trials
was administered before the formal test.

EEG Recording and Analysis

EEGs were recorded from 64 scalp sites using tin electrodes
mounted in an elastic cap (NeuroScan Inc., Herndon, VA,
USA) according to the international 10-20 system, with the
reference on the left mastoid. Eye blinks were monitored with
electrodes located above and below the right eye. The horizontal
electro-oculogram (EOG) was recorded from electrodes placed
1.5 cm lateral to the left and right external canthi. All electrode
impedances were maintained below 5 k2. The EEG and EOG
were amplified with a band pass of 0.05-70 Hz and continuously
sampled at 500 Hz for offline analysis.

Separate EEG epochs of 800 ms (with 200 ms pre-stimulus
baseline) were extracted off-line, time-locked to the onset of
target stimuli. Epochs were re-referenced to the linked mastoid
electrodes. Ocular artifacts were corrected with an eye movement
correction algorithm (Semlitsch et al., 1986). Epochs were
baseline-corrected by subtracting from each sample the average
activity of that channel during the baseline period. All trials in
which EEG voltages exceeded a threshold of £90 WV during
recording were excluded from further analysis. The EEG data
were low-pass filtered below 30 Hz.

Based on visual inspection of grand-averaged waveforms and
scalp topographies, the peak values of the P200 and N200 were
detected in the time windows of 170-270 ms and 270-370 ms,
respectively, and the mean amplitudes of the LPP were measured
in the time window of 370-700 ms. For the purpose of statistical
analysis, we focused on 10 frontal, frontocentral and central
electrodes, F3, F1, Fz, F2, F4, FC3, FC1, FCz, FC2 and FC4, where
the P200 and N200 were the greatest; 25 frontal, frontal-central,
central, central-parietal, and parietal electrodes, F3, F1, Fz, F2,
F4, FC3, FC1, FCz, FC2, FC4, C3, C1, Cz, C2, C4, CP3, CP1, CPz,
CP2, CP4, P3, P1, Pz, P2 and P4, where the LPP was the greatest.
Grand average ERP waveforms were shown in Figure 1.

In this study, the ERPs data were cast into a repeated-
measures analysis of variance (ANOVA) with three factors for
each component: gaze direction (direct vs. averted) and two
electrode position factors (laterality and row). The Greenhouse-
Geisser correction for violation of the ANOVA assumption
of sphericity was applied where appropriate. The Bonferroni
correction was used for multiple comparisons.

RESULTS

Subjective-rating Data

Repeated-measures ANOVA was conducted separately for the
subjective ratings of the feelings of distress (i.e., negative
mood) and being excluded (i.e., perceived ostracism intensity),
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FIGURE 1 | Grand-averaged event-related potential (ERP) waveforms for averted (red lines) and direct (blue lines) eye-gaze pictures at 25 electrodes.
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with gaze direction (direct vs. averted) as a within-participant
factor. Then, we performed Pearson’s correlation to detect the
relationship between those two feelings. Compared to the direct
gaze condition, participants in the averted gaze condition felt
significantly more painful, F(1,14) = 28.97, p < 0.001, * = 0.67,
and more excluded, F(j,14y = 66.68, p < 0.001, n* = 0.83. In
addition, the negative mood was positively correlated to the
perceived ostracism intensity on both direct gaze, R = 0.82,
p < 0.001, and averted gaze conditions, R = 0.75, p < 0.001, as
illustrated in Figure 2.

Event-Related Potentials Data

The P200

The three-way repeated-measures ANOVA on the peak
amplitudes of the P200 over gaze direction (direct vs. averted),
row (frontal vs. frontocentral) and laterality (left, left-central,
central, right-central and right; see “Materials and Methods”
section) revealed a significant main effect of gaze direction,
Faig = 918, p < 0.05, n* = 0.40, with the ERP responses
being more positive-going to the averted gaze (8.63 V) than
to the direct gaze (6.47 WV). The main effect of row reached

significance marginally, F(; 14) = 3.46, p = 0.084, n* = 0.20, with
the ERP responses being more positive at the frontocentral
area (7.73 V) than the frontal area (7.37 wV). The main
effect of laterality also reached significance, Fus6 = 9.24,
p < 0.001, n* = 0.40, with the ERP responses being more
positive at the midline and left-central locations than the other
lateral locations. The interaction between gaze direction and
row reached significance, F(114) = 17.23, p < 0.05, n* = 0.55.
The simple-effect analysis showed that for each electrode row,
the main effect of gaze direction was significant, p < 0.05, with
the ERP responses being more positive to the averted gaze
than to the direct, and such effect upon direct and averted gaze
reached the maximum in the frontocentral area. Only for the
averted gaze condition, the main effect of row was significant,
F(1,14) = 34.30, p < 0.001, indicating that averted gaze elicited
significantly more positive ERP responses at the frontocentral
regions than at the frontal region. However, for the direct gaze
condition, the main effect of row did not reach significance,
p > 0.1. The interaction between gaze direction and laterality
also reached significance, F(456 = 4.21, p < 0.05, n* = 0.23.
The simple-effect analysis showed that for each lateral location,
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the main effect of gaze direction was significant, p < 0.05, with
the ERP responses being more positive-going to the averted
gaze than to the direct gaze. For the direct gaze condition, the
main effect of laterality was significant, F(456) = 4.14, p < 0.05,
with the ERP responses being more positive at the midline and
right-central locations than at the other lateral locations; and for
the averted gaze condition, the main effect of laterality was also
significant, F460) = 11.28, p < 0.001, with the ERP responses
being more positive at the midline locations than at any other
lateral locations, p < 0.05.

The three-way repeated-measures ANOVA on the peak
latencies of the P200 over gaze direction (direct vs. averted), row
(frontal vs. frontocentral) and laterality (left, left-central, central,
right-central and right) did not show neither the main effects nor
the interactions between factors.

The N200

The three-way repeated-measures ANOVA on the peak
amplitudes of the N200 over gaze direction (direct vs. averted),
row (frontal vs. frontocentral) and laterality (left, left-central,
central, right-central and right) revealed a significant main effect

of gaze direction, F1,14) = 7.13, p < 0.05, n? = 0.33, with the
ERP responses being more negative to the direct gaze (0.73 pV)
than to the averted gaze (3.12 pV). The main effect of row was
significant, F(,14) = 20.67, p < 0.001, n? = 0.60, with the ERP
responses being more negative at the frontal area (1.33 pV) than
at the frontocentral area (2.52 wV). The main effect of laterality
also reached significance, F4s6) = 2.81, p < 0.05, n? = 0.17, with
the ERP responses being more negative-going at right side than
any other locations. The interaction between gaze direction and
row was significant, F(j,14) = 7.93, p < 0.05, n* = 0.36. The further
simple-effect analysis showed that for both direct and averted
gaze conditions, the main effect of row reached significance,
p < 0.05, with the ERP responses being more negative-going at
the frontal area than at the frontocentral area. And for each row,
the main effect of gaze direction reached significance, p < 0.05,
with the ERP responses being more negative to the direct gaze
than to the averted gaze. In addition, the Pearson’s correlations
demonstrated that the positive correlation between P200 and
N200 amplitude reached significance highly for the averted gaze
condition, R = 0.60, p < 0.05; and slightly for the gaze condition,
R =0.51, p = 0.05, which can be shown in Figure 3.
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The three-way repeated-measures ANOVA on the peak
latencies of the N200 over gaze direction (direct vs. averted), row
(frontal vs. frontocentral) and laterality (left, left-central, central,
right-central and right) did not show neither the main effects nor
the interactions between factors.

The LPP

The three-way repeated-measures ANOVA on the mean
amplitudes of the LPP over gaze direction (direct vs. averted),
row (frontal, frontocentral, central, centroparietal and parietal)
and laterality (left, left-central, central, right-central and right)
revealed significant main effects of gaze direction was significant,
F,14) = 7.59, p < 0.05, n? = 0.34, with the ERP responses being
more positive-going to the averted gaze (10.91 V) than to the
direct gaze (8.72 wV). The main effect of row, F4 36 = 39.43,
p < 0.001, n? =0.72, with the ERP responses increasing gradually
from frontal to central area, being maximum at centroparietal
area, and then decreasing slightly at parietal area. The main effect
of laterality also reached significance, F(456 = 12.10, p < 0.001,
n? = 0.45, with the ERP responses being more positive at the
midline location than at any other locations. Furthermore, gaze
direction interacted with either row or laterality significantly,
F(4,56) = 8.73, p < 0.001, 7’]2 = 0.37; F(4’56) = 6.07, p < 0.001,
n? = 0.29. The simple-effect analysis revealed that the main effect
of gaze direction reached significance at frontocentral, central,
centroparietal and parietal areas, p < 0.05. For both direct and
averted conditions, the main effect of row reached significance,
p < 0.001, with the ERP responses increasing gradually from
frontal to central area, being maximum at centroparietal area,
and then decreasing slightly at parietal area.

Event-Related Potentials and

Subjective-rating Data!

To explore the effects of exclusion on ERP components and on
self-reported data (i.e., negative mood and perceived ostracism
intensity), we computed Pearson’s correlations to test the parallel
effect. The P200 amplitude of difference waves upon averted
minus direct recorded at the left frontocentral area was positively
related to the change in negative mood which was calculated
as difference between rating for averted gaze and direct gaze,
R =061, p < 0.05. The LPP amplitude recorded at the right
parietal area in the averted condition was positively related
to perceived ostracism intensity, R = 0.53, p < 0.05. For the
N200 amplitudes, no significant correlation with the self-report
data was observed (all p > 0.10).

DISCUSSION

The purpose of the present study is to explore the psychological
and ERP responses associated with social exclusion by using

!We also conducted the multilevel mediation analysis to test whether ERP
responses mediate the effect of exclusion on mood changes. The effect of
exclusion on the P200 amplitude reached significance, p < 0.05; but the effect
of the P200 on mood changes did not reach significance, p > 0.1. The effect
of exclusion on the LPP amplitude reached significance, p < 0.05; but the
effect of the LPP on perceived ostracism intensity did not reach significance,
p > 0.1. Therefore, the serial effect/causality was not found.

the modified Eye-gaze paradigm. The subjective ratings results
showed that, compared to the direct gaze condition, participants
in the averted gaze condition felt more painful and more
excluded. In addition, the distress experience was positively
correlated to the feelings of ostracism in both the direct
and averted gaze conditions. It has been the first time
to employ the Eye-gaze paradigm to investigate individuals’
brain responses to social exclusion, therefore, in contrast to
the previous ERP research on social exclusion using other
commonly used experimental tasks, like Cyberball, we even
found an earlier ERP component related to affective processing
(i.e., frontocentral P200), in addition to the late ERP component
(i.e., centroparietal LPP) associated with high-level cognitive
processing, like elaborate cognitive evaluation and categorization
on excluded and included events, and even the attentional
allocation to excluded events. The overall brain potentials were
more positive-going after the averted gaze than after the direct
gaze. In the following paragraphs, we discuss the implication of
these findings in detail.

Our findings of subjective ratings preliminarily demonstrate
that using the modified Eye-gaze paradigm can investigate
the psychological effect of social exclusion effectively and
successfully. Previous behavior studies have suggested that
compared with the direct gaze, the averted gaze may elicit
individuals’ negative emotional response (Schmitz et al., 2012),
or lead to avoidance behavior (Itier and Batty, 2009). Specifically,
during social interaction, the averted gaze may deliver the
signal of negative relational evaluation and even social exclusion
(Williams et al., 1998). To improve the ecological validity
of the Eye-gaze paradigm developed by Wirth et al. (2010),
we modified such the paradigm in the context of University
club recruitment interview. Instead of asking the participant
to mentally visualize the experience of interacting with the
individual whose face was computerized during the movie
in the original Eye-gaze paradigm, the participant (i.e., the
interviewee) and the individual whose face was computerized
(i.e., the interviewer) in our modified paradigm had a real
face-to-face interaction during the University club recruitment
interview in the early time. Parallel to the previous research on
social exclusion, participants in the present experiment generally
reported that they felt more painful and more excluded after the
interviewers’ averted eye gaze than their direct gaze.

By using emotional stimuli including emotional words (Ponz
etal., 2014), emotional pictures (Carretié¢ et al., 2001; Delplanque
et al,, 2004; Huang and Luo, 2006; Zhu et al,, 2015), and even
esthetic images (Wang et al., 2012; Mufioz and Martin-Loeches,
2015), numerous affective ERP studies have demonstrated that
the frontal P200 amplitudes elicited by negative stimuli are
significantly greater than those elicited by positive stimuli.
Generally, the P200 component has been linked to early attention
according to affective features of the stimuli to be attended.
Besides, some other ERP studies presented that frontocentral
P3a reflects a “stimulus-driven” frontal automatic attention
mechanism during task processing (Sylvain Delplanque et al,,
2005; Thierry and Roberts, 2007). Specifically, a few ERP
studies on social exclusion have consistently suggested that the
frontocentral P3a may be associated with the affective processing
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of exclusion (Gutz et al., 2011; van der Veen et al., 2014), because
of significant positive correlation between the P3a amplitude and
subjective-rating scores of negative mood elicited by excluded
event. As illustrated in the results of subjective ratings above,
the interviewers’ averted gaze in relative to their direct gaze
captured during the recruitment interview session, indeed evokes
the interviewee’s negative mood (i.e., more painful feeling
of exclusion). Moreover, the significantly positive correlation
between the change in negative mood and the P200 amplitude
of difference waves (i.e., averted gaze minus direct gaze) at left
frontocentral area reveals that the frontocenral P200 may be
associated with early affective processing of social exclusion. In
contrast, such early ERP component was not found in neither
Gutz et al.’s (2011) study nor van der Veen et al.’s (2014) study
employing Cyberball task which cannot deliver the inclusion or
exclusion signal to the participants after each trial. Thus, it can be
inferred that the earlier ERP component (i.e., the frontocentral
P200) reflecting the affective processing of social exclusion was
found in the present experiment, mainly due to the immediacy
and high ecological validity of the modified Eye-gaze paradigm
we used.

With respect to the processing of affective picture stimuli,
an earlier study reported that, in addition to the P200, even
the N200 peaking at 240 ms was sensitive to stimulus emotion
valence, with more negative-going amplitude for the pleasant
stimuli than for the unpleasant stimuli. The authors suggest
that such negative deflection should be localized at ventral ACC
reflecting the later and deeper processing of automatic attention
to emotional stimuli (Carretié et al., 2004). In another study
which explored the temporal dynamics of brain activities in
the processing of angry, happy and neutral facial expression
in a passive viewing task, Schutter et al. (2004) found that
compared with the angry facial expression, the amplitudes of
anterior P200-N300 complex reduced significantly for the happy
facial expression. Importantly, the amplitudes of these two ERP
components were positively correlated. The authors proposed
that the lowered P200 reflected the initial detection of threat, and
the reduced N300 indicated elaborate evaluation of the relevant
stimuli (Schutter et al., 2004). In our experiment, the averted eye
gaze from the interviewers, which signals ignorance or exclusion,
may be perceived as a potential threatening stimulus. Similarly,
we also found the P200 amplitudes were positively correlated
with the N200 amplitudes for both the averted and direct gaze
condition. Therefore, we speculate that the P200/N200 complex
induced by the interviewers’ averted gaze in our experiment may
reflect the early rapid affective and attention processing of social
exclusion.

The temporal models of ostracism suggest that human
beings be evolved an efficient pre-cognitive warning system to
immediately detect and respond to ostracism (Zadro et al., 2004;
Williams and Zadro, 2005; Williams, 2009; Williams and Nida,
2011). Reliably, the enhanced frontocentral P200 to averted gaze
in our experiment reflect an earlier affective processing of social
exclusion. Cautiously, the frontocentral N200 may reflect the
intrinsic effect of “negative bias” in rapid automatic attention
processing of social exclusion. Accordingly, we proposed that
the frontocentral P200/N200 complex may be related to the

early pre-cognitive warning system in the temporal models of
ostracism.

In addition to the earlier P200 and N200 linked to affective
and automatic attention processing of social exclusion, we also
found that the LPP over the centroparietal areas in the time
window of 370-700 ms was more positive-going for the averted
gaze than for the direct gaze. In general, the centroparietal
LPPs or P3b are associated with the high-level allocation of
attentional resources for stimuli evaluation and categorization,
and subsequent memory processing (Polich, 2007; Olofsson
et al., 2008; Mufioz and Martin-Loeches, 2015). Specifically,
some ERP studies on social exclusion, by using Cyberball task,
have demonstrated that in relative to the included events, the
excluded events can easily attract individuals’ attention due to
their salience. Such effect can be indexed by greater P300 or
LPP responses over the central-parietal regions (Crowley et al.,
2010; Gutz et al, 2011). Furthermore, because of the positive
correlation between the change in subjective rating of perceived
ostracism intensity and the parietal P3b amplitude of difference
waves (i.e., averted gaze minus direct gaze), the authors indicated
that the P3b may index the perceived ostracism intensity which
is regarded as cognitive stimulus evaluation and categorization
of exclusion and inclusion (Gutz et al, 2011). Fortunately, in
our study, for the averted condition, we found obviously positive
correlation between the subjective rating of perceived ostracism
intensity and the parietal LPP amplitude. Therefore, we suggest
that the parietal LPP may have the similar function of P3b
observed in Gutz et al.’s (2011) study.

Until now, a large literature has confirmed social function
of the direction of eye gaze in social and non-verbal
communication. For instance, several studies have suggested
that, in the context of neutral facial expression, the averted gaze
signal disinterest (Strick et al., 2008; Itier and Batty, 2009), and
may be related to avoidance (Hietanen et al., 2008; Ponkdnen
et al,, 2011). In terms of the neural dynamics for social function
of eye gaze, some ERP research even proposes that neural activity
earlier than 300 ms post-stimulus may index the processing
of gaze change independent of social context (Conty et al,
2007; Itier and Batty, 2009; Nummenmaa and Calder, 2009),
whereas, that the slow wave may after 300 ms index the processes
associated with extracting social meaning (Carrick et al., 2007;
Itier et al., 2007). To be noted, in Carrick et al.’s (2007) study,
the P500 amplitude was greater for the gaze avoidance compared
to direct gaze. Therefore, it is not surprising that the averted
gaze elicited the stronger LPP response in our study. Here,
the interviewers’” averted gaze may indicate that the interviewee
cannot draw their attention and is less likely to be accepted by the
club. Such gaze shift can be regarded as a kind of adverse social
evaluation feedback containing obvious social meanings, e.g.,
potential indifference or avoidance. Its salience may attract the
interviewees’ more attention leading to the high-level cognitive
processing of stimulus evaluation. Finally, in consideration of
temporal need-threat model suggesting that the reflective stage
of reaction to ostracism last for several seconds (Williams, 2009;
Williams and Nida, 2011), we believe that the centroparietal
LPP being more pronounced for the averted gaze than for
the direct gaze may index the preliminary cognitive evaluation
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and categorization on excluded and included events, and even
the unspecific attentional distribution on excluded events still
within the reflexive stage, that leads into a more situation-specific
appraisal response during the later reflective stage.

CONCLUSION

By using the modified Eye-gaze paradigm, this study examined
the psychological and neural temporal dynamics of social
exclusion. The ERP data and the subjective rating data showed
that the frontocentral P200 was positively correlated with
negative mood of excluded events, whereas, the centroparietal
LPP was positively correlated with the perceived ostracism
intensity. Both the P200 and LPP were more positive-going
for excluded events than for included events. These findings
suggest that brain responses sensitive to social exclusion can be
divided into the early affective processing stage, linking to the
early pre-cognitive warning system; and the late higher-order
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