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a b s t r a c t

Socially withdrawn individuals display solitary behavior across wide contexts with both unfamiliar and
familiar peers. This tendency to withdraw may be driven by either past or anticipated negative social
encounters. In addition, socially withdrawn individuals often exhibit right frontal electroencephalogram
(EEG) asymmetry at baseline and when under stress. In the current study we examined shifts in frontal
EEG activity in young adults (N = 41) at baseline, as they viewed either an anxiety-provoking or a benign
speech video, and as they subsequently prepared for their own speech. Results indicated that right frontal
EEG activity increased, relative to the left, only for socially withdrawn participants exposed to the anx-
ious video. These results suggest that contextual affective cues may prime an individual’s response to
stress, particularly if they illustrate or substantiate an anticipated negative event.

� 2011 Elsevier Inc. All rights reserved.
1. Introduction

The term ‘‘social withdrawal’’ has often been used interchange-
ably with terms such as shyness, inhibition, and social isolation
(Rubin & Coplan, 2004). Each term refers to a similar set of behav-
iors exhibited by children and adults when faced with novel or
unfamiliar situations. Specifically, social withdrawal characterizes
children or adults who display solitary behavior across different
contexts when exposed to unfamiliar and familiar peers (Rubin &
Burgess, 2001). Individuals who are socially withdrawn are re-
jected by peers and tend to attribute this rejection to their own
personal deficiencies (Rubin, Coplan, & Bowker, 2009). Feelings of
deficiency can then lead to further withdrawal from social contact,
creating a ‘‘feedback loop’’ that strengthens withdrawal behavior
(Rubin & Burgess, 2001).

Social withdrawal is thought to be highly stable and evident
across time and context (Caspi et al., 2003; Newman, Caspi, Moffitt,
& Silva, 1997), with several precursors of adult social withdrawal
identifiable in infancy and early childhood. One such precursor
that has gained empirical support is the temperamental trait of
behavioral inhibition (Rubin & Burgess, 2001). Children and infants
characterized as behaviorally inhibited in childhood have several
distinct behavioral and physiological characteristics. These chil-
dren are shy, fearful, and tend to retreat from novel situations (Bie-
derman et al., 2001; Chronis-Tuscano et al., 2009; Kagan, Reznick,
ll rights reserved.
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Clarke, Snidman, & Garcia-Coll, 1984). In addition, these children
are characterized as having a specific psychophysiological profile
marked by faster heart rates (Andersson, Bohlin, & Hagekull,
1999; Kagan, Reznick, & Snidman, 1987) and a high vagal tone
(Calkins & Fox, 1992; Fox, 1989) both at rest and when under
stress. These peripheral markers are often coupled with a pattern
of right frontal electroencephalogram (EEG) asymmetry (Davidson
& Fox, 1989; Fox, Henderson, Rubin, Calkins, & Schmidt, 2001).

Researchers have suggested that both anxiety and social with-
drawal are driven by over activation of the amygdala, especially
to novelty (Kagan, Snidman, & Arcus, 1993). Based on the large
number of connections between the amygdala and the prefrontal
cortex (PFC), researchers have also suggested that the PFC is in part
responsible for regulating the activity of the amygdala (Davidson,
2004). In animal models, stimulation of the left PFC decreases
responsiveness of neurons in the central amygdala (Quirk, Likhtik,
Pelletier, & Pare, 2003). It is posited, therefore, that greater left acti-
vation of the prefrontal cortex indicates greater amygdala inhibi-
tion while greater right activation of the PFC indicates less
inhibition of the amygdala (Davidson, 2004).

To examine the relationship between the prefrontal cortex and
anxiety, researchers often measure variations in EEG patterns. Pat-
terns of EEG asymmetry are captured by calculating a difference
score from the respective levels of activation between the left
and right side of the scalp (Harmon-Jones, Gable, & Peterson,
2010; Silva, Pizzagalli, Larson, Jackson, & Davidson, 2002). While
this calculation can be carried out across all scalp electrodes, much
of the literature examining variations in affect and social behavior
has focused on asymmetries across right and left frontal electrodes.
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Individuals with greater activation of the right as compared to
the left frontal cortical areas are considered to display right frontal
asymmetry, while those displaying greater activation of the left as
compared to the right frontal cortical areas are considered as dis-
playing left frontal EEG asymmetry (Silva et al., 2002). The litera-
ture suggests that frontal EEG asymmetry represents an
underlying disposition to approach or withdraw from challenging
or novel situations (Harmon-Jones et al., 2010), reflecting the
PFC-amygdala relation noted above. As such, behaviorally inhib-
ited, anxious, or depressed children and adults have all been shown
to exhibit right EEG asymmetry (i.e., greater activity over the right
hemisphere vs. the left) at baseline (Baving, Laucht, & Schmidt,
2002; Buss et al., 2003; Davidson & Fox, 1989; Diego, Field, & Her-
nandez-Reif, 2001; Fox et al., 1995; Henriques & Davidson, 1991;
Thibodeaua, Jorgensena, & Kima, 2006).

Frontal EEG asymmetry may also be induced or exacerbated
through experimental manipulation of affect (Schmidt, Fox, Shul-
kin, & Gold, 1999), often achieved by presenting negative stimuli
(e.g., sad movies) (Davidson & Fox, 1982). In an example of such re-
search, Harmon-Jones and Sigelman (2001) measured resting fron-
tal EEG in undergraduate participants. Participants were then
asked to write an essay on one of several topics. After finishing
writing their essay participants were either given positive or neg-
ative feedback. Negative essay feedback was designed to provoke
anger in the participants, thereby activating the approach systems
of the individual. As mentioned above, left frontal EEG activation is
posited to be related to an individual’s underlying approach ten-
dencies. As expected, participants given negative feedback on their
essay displayed increases from baseline in left frontal EEG activity
while those who received positive feedback displayed no changes
in EEG activity. In addition, increases in left frontal EEG activity rel-
ative to baseline in the negative feedback group paralleled self-re-
port measures of anger and aggression. In a similar study, Field
et al. (1998) played pleasing music to clinically depressed adoles-
cents. At baseline, participants displayed greater right frontal EEG
activity. The participants’ asymmetry values shifted during, and
immediately following the music session, moving significantly clo-
ser to a more symmetric activation pattern.

In a study of infant EEG, Fox and Davidson (1987) placed in-
fants in four different situations; one in which the infants’ mother
approached them, one in which the infants’ mother was separated
from them, one in which a stranger approached the infant while
the mother was in the room, and one in which a stranger
approached the infant with the mother absent from the room.
Frontal EEG was recorded during each of these four situation peri-
ods. Results indicated that EEG asymmetry was sensitive to both
the task context and the infant’s affective style. For example, an
increase in right frontal EEG activity was observed during mother
separation for children who displayed a negative affective style
(cried) while a slight decrease in right frontal activation relative
to the left was observed for children with a more positive affective
style (non-crier). These studies illustrate that changes in frontal
EEG asymmetry can both be induced through manipulation of
task condition, but are also linked to individual differences in
socio-emotional characteristics from infancy through young
adulthood.

Similar to depressed and anxious individuals, socially with-
drawn individuals also show a pattern of greater right frontal
EEG activity. For example, Schmidt (1999) identified four groups
of undergraduates who characterized themselves as high or low
on self-report measures of shyness and sociability. Participants
identified by Schmidt (1999) as being high shy (regardless of socia-
bility level) had greater right frontal EEG activity at baseline than
those identified as low shy. Additionally, participants identified
as high shy/low sociability (i.e., the most socially withdrawn par-
ticipants) exhibited the largest right frontal EEG activity values.
Although numerous studies have examined the psychobiologi-
cal profile of adults with social withdrawal or anxiety at baseline
(Schmidt, 1999), there is relatively less information concerning
how these individuals respond to emotionally charged social situ-
ations. There is some indication that socially withdrawn or anxious
individuals are particularly sensitive to social scenarios that place
them at perceived risk or in a position to challenge social conven-
tions (Giesen & Rollison, 1980). In a study focusing specifically on
socially anxious individuals, Davidson and colleagues (Davidson,
Marshall, Tomarken, & Henriques, 2000) examined socially phobic
and healthy adults during various stages of a speech presentation
task. Participants were told they would be giving a speech in front
of 24 graduate students who would note the strengths and weak-
nesses of their presentation. EEG, heart-rate and blood pressure
were recorded during baseline, in anticipation of the speech, while
planning for the speech, and immediately after finishing their
speech. Results indicated a pattern of increased right sided activa-
tion in anterior temporal and lateral prefrontal brain regions of so-
cially phobic participants as compared to non-phobic participants.
Increased right sided activation was specifically seen during the
anticipation and planning stages of the speech, but was not seen
immediately following speech completion. The authors (Davidson
et al., 2000) argued that activation in the right hemisphere was
associated with anxiety relating to the performed task.

An additional study focusing on the link between EEG activity
and social difficulties was recently conducted by Miskovic and col-
leagues (Miskovic et al., 2010). Here, the authors examined delta-
beta EEG power coupling in adults high and low in social anxiety
during baseline and in anticipation of a speech presentation task.
Delta-beta coupling is thought to represent communication be-
tween cortical and sub-cortical brain areas, and may reflect the
motivational state of the individual. Indeed, responses associated
with stress (such as increases in the hormone cortisol) tend to
strengthen delta-beta coupling (van Peer, Roelofs, & Spinhoven,
2008). While Miskovic et al. (2010) found no differences in delta-
beta coupling at baseline, socially anxious participants exhibited
significant delta-beta coupling at the right frontal electrode site
during the speech anticipation phase, as compared to non-anxious
participants.

These studies suggest that the pattern of brain activity in so-
cially and non-socially anxious adults may be similar under non-
stressful circumstances, and that it is only when these groups are
specifically exposed to affective stresses that differences in electri-
cal brain responses emerge. This reflects the broader literature
linking social withdrawal to greater sensitivity to environmental
conditions (Kashdan & Herbert, 2001).

With this in mind, the current study examined the impact of
task specific affective cues and task-related stress on frontal EEG
asymmetry patterns in individuals characterized as either high or
low in social withdrawal. We had three main questions of interest.
First, would individuals characterized as either low or high in so-
cial withdrawal show EEG asymmetry differences at baseline? Sec-
ond, would EEG asymmetry values change with the introduction of
an increasingly stressful task? Third, would prior exposure to an
affective cue moderate EEG asymmetry patterns across task
conditions?

In the current study, EEG measures were recorded at baseline
and as the participants silently prepared for a standard speech pre-
sentation task (Hofmann, Moscovitch, & Kim, 2006; Miskovic et al.,
2010; Schmidt et al., 1999). A speech presentation task was chosen
specifically because studies have indicated that such procedures
produce feelings of social threat marked by anxiety, nervousness,
and stress (Schmidt et al., 1999; Westenberg et al., 2009). Physio-
logical responses such as increases in heart rate, skin conductance,
and cortisol response have also been noted during this task
(Westenberg et al., 2009). Based on prior work (Perez-Edgar &
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Fox, 2005; Schmidt et al., 1999), the participants were specifically
asked to recount their ‘‘most embarrassing moment.’’

In order to examine the potential effect of an affective prime,
participants were shown a video of a ‘‘previous participant’’ per-
forming the speech task before they were instructed to prepare
their own speech. For one-half of the participants (counterbal-
anced across social withdrawal status), the confederate displayed
clear signs of distress and anxiety while recounting the event.
For the other half of the participants, the same confederate was
at ease and laughing as she recounted the incident. This video
was designed to serve as a task specific affective prime, either
heightening or alleviating the participants’ anxiety in anticipation
of their own speech. As such, the video served as an example
against which the participants could compare their own perfor-
mance and also potentially serve as a model for their social fears
(Mineka & Zinbarg, 2006). EEG asymmetry pattern was noted at
three points during the study: At baseline, during video viewing,
and while preparing for the speech.

This study therefore addressed two parallel issues. First, the
study examined potential shifts in frontal EEG asymmetry patterns
across dynamic contexts of stress as a function of individual differ-
ences in social withdrawal. Second, the study examined the impact
of affective social cues on subsequent patterns of frontal EEG
asymmetry.

We hypothesized that participants characterized as highly so-
cially withdrawn would have greater right frontal EEG activity at
baseline and when under stress compared to subjects identified
as low in social withdrawal. Additionally, we hypothesized in-
creases in right frontal EEG activity for individuals in the high so-
cial withdrawal group during speech preparation relative to
baseline. Finally, we hypothesized that video type (anxious or
non-anxious) would differentially effect changes in EEG asymme-
try. Specifically, participants who saw the anxious video before
the speech presentation would have greater increases in right fon-
tal EEG activity relative to baseline. Again, this would be moder-
ated by social withdrawal.

2. Methods

2.1. Participants

Participants were 59 undergraduate students (M = 21.3 years,
SD = 5.6; 23 male) at George Mason University, Fairfax, VA. Partic-
ipants were primarily Caucasian, Non-Hispanic (66.1%) with the
remaining participants self-identifying as Asian/Pacific Islander
(13.6%), African–American (11.95%), or Hispanic (8.5%). Students
enrolled voluntarily and received compensation in the form of re-
search participation credits. This study was approved by the Uni-
versity Human Subjects Review Board.

Eight subjects were excluded for failing to complete the social
withdrawal self-report measure. An additional 10 subjects either
declined to participate in the EEG portion of the study, or did not
provide viable EEG data. Therefore the final sample consisted of
41 participants (M = 21.2 years, SD = 5.6, 17 male). Participants
were primarily Caucasian, Non-Hispanic (75.61%) with the remain-
ing participants self-identifying as Asian/Pacific Islander (9.54%),
African–American (7.31%), or Hispanic (7.31%).

2.2. Procedure

Prior to data collection the participants were briefed concerning
the task and consent was obtained. Participants were asked to
complete the Cheek and Buss Shyness and Sociability scale (CBSS;
Cheek & Buss, 1981) and were then prepared for EEG recording.
EEG was recorded during baseline, video viewing, and speech prep-
aration. Participants rated both the observed speech and their own
speech for nervousness, embarrassment, and levels of emotional
distress. EEG was not recorded while participants completed the
task questionnaires or during their own speech due to artifact.

2.2.1. Self report measure
The CBSS (Cheek & Buss, 1981) consists of 18 items. 13 items fo-

cus on shyness including questions such as ‘‘I find it hard to talk to
strangers’’. The sociability subscale is comprised of five questions,
with items such as ‘‘I prefer working with others than alone’’. Items
on both of these scales are rated from 0 to 4, with 0 being extre-
mely uncharacteristic and 4 being extremely characteristic.

Initial review found that the separate shyness and sociability
scores were highly correlated, r(41) = �0.476, p = 0.002. As such,
they were standardized and combined (after reverse scoring socia-
bility) to create a single measure of social withdrawal. Subjects
were then median split into high (N = 21 [9 males, 12 females],
M = 1.45, SD = 0.90) and low (N = 20 [7 males, 13 females],
M = �1.54, SD = 1.01) social withdrawal groups, t(38) = �9.87,
p < 0.001, d = 3.20.

2.2.2. Electrophysiology recording
Across all conditions electroencephalogram measures were re-

corded from 64 EEG and EOG channels, using the Lycra NeuroScan
Quick-cap system (NeuroScan, Texas, USA). EEG channels were ref-
erenced to an electrode 2 cm posterior to Cz. Vertical eye move-
ments (VEOG) were collected through electrodes placed above
and below the left eye, while horizontal eye movements (HEOG)
were collected through electrodes placed on the external canthi
of each eye. Researchers attempted to keep all electrode imped-
ances below 10 K ohms. The data from each channel were digitized
at a 500 Hz sampling rate (high pass 0.10 Hz; low pass 40 Hz).

The digitized EEG data were manually inspected and channels
with unreliable EEG signals were removed. The data were then
re-referenced via the software to give an average reference config-
uration. Portions of the EEG data contaminated with eye move-
ment or motor artifact were automatically removed from all
channels using predetermined parameters (signal ±100 lV). The
re-referenced, artifact-free EEG data were submitted to a discrete
Fourier transform using a 1-s Hanning window with 50% overlap
between consecutive windows.

2.2.2.1. Baseline. Participants sat at rest for a total of 4 min with
their eyes alternately open and closed for 1 min periods.

2.2.2.2. Speech video. After completing the baseline procedure, par-
ticipants were told that they would have to give a videotaped
speech describing a past embarrassing moment, which would be
shown to future research participants. Prior to giving their speech,
participants watched one of two 2-min videos of a research confed-
erate giving a speech about an event consisting of spilling food in a
cafeteria. In one video the female confederate appeared embar-
rassed and anxious over the past event (anxious condition;
N = 10 low social withdrawal, 10 high social withdrawal). In the
other video (non-anxious condition; N = 10 low social withdrawal,
11 high social withdrawal) the same confederate displayed posi-
tive affect when recounting the same event and treated the inci-
dent jokingly. Participants were then asked to rate the emotional
quality and overall presentation style of the video.

2.2.2.3. Speech preparation. After viewing the video participants
were given 2 min to silently prepare for their own presentation.
After the 2-min period, participants recounted their embarrassing
moment while being video recorded. Following the presentation
participants were asked to rate their own speech performance
using an identical rating sheet to the one used with the confederate
speech.



Table 1
Descriptive measures (means and standard deviations) for the video ratings and EEG
measures collected. Values are presented separately for the high and low social
withdrawal groups.

Low social withdrawal High social withdrawal

Anxious video 12.00 12.30
Self rating (2.35) (2.50)

Anxious video 10.50+ 9.23+

Presenter rating (2.03) (1.29)
Non-anxious video 11.82 12.85

Self rating (2.48) (2.30)
Non-anxious video 13.36 14.54

Presenter rating (1.63) (1.98)
EEG asymmetry 0.077 �0.018

Baseline (0.241) (0.188)
EEG asymmetry 0.189** �0.161**

Viewing (0.210) (0.290)
EEG asymmetry 0.184+ �0.082+

C. Cole et al. / Brain and Cognition 78 (2012) 156–162 159
2.2.3. Speech ratings
We asked participants to rate the videos and their own speeches

with a brief questionnaire in order to verify our anxious video
manipulation and assess how participants subjectively viewed
their own performance. The questionnaire consisted of four items:
(1) ‘‘How well did the individual give his or her speech?’’, (2) ‘‘How
nervous did the individual appear?’’, (3) ‘‘How emotionally upset
did the individual appear?’’, and (4) ‘‘How embarrassing was the
speech?’’ The questions were re-worded to refer to the participant
for ratings after the laboratory speech.

Question 1 was assessed using a 5-point Likert scale ranging
from 1 = Poor to 5 = Excellent. Questions 2–4 used a parallel scale
with 1 = Extremely to 5 = Not at all. Scores were then summed
across the four questions (maximum score = 20) with high scores
indicating little to no anxiety or discomfort and better overall
performance.
Preparing (0.670) (0.210)

** p < 0.01.
+ p < 0.10.
2.2.4. EEG asymmetry calculation

Data analysis focused on the F3 and F4 frontal electrodes (Silva
et al., 2002). For each electrode site, alpha power was computed as
the natural logarithm of power in the 8–13 Hz frequency band dur-
ing the baseline (eyes-open), during video watching, and during
speech preparation conditions. Asymmetry scores were then calcu-
lated by subtracting the natural log of alpha power from the left
electrode (F3) from the corresponding electrode over the right
hemisphere (F4).

For alpha asymmetry, a positive score reflects greater relative
right-sided power (or increased left-sided activity), whereas a neg-
ative score reflects greater relative left-sided power (or increased
right-sided activity). This is because alpha power is thought to be
inversely related to brain activity (Davidson, 2004). Each partici-
pant had three EEG asymmetry scores available from the baseline
(eyes open), the speech watching, and the speech preparing
conditions.

In order to better understand the pattern of EEG activity that
may be underlying any significant findings with EEG asymmetry
scores (Schmidt, 1999), power values from the right (F4) and left
(F3) hemisphere electrodes were used in follow-up ANOVAs. In this
way we were able to gauge if findings were driven primarily by
changes in one hemisphere in response to the task manipulations.

Most studies of this nature have focused on frontal EEG asym-
metry. Indeed, the literature suggests that asymmetry relations
are either specific to or at the very least, strongest for the frontal
lobe (Harmon-Jones et al., 2010). However, asymmetries derived
from other brain regions also reflect underlying differences in emo-
tional or motivational systems. Right parietal alpha asymmetry has
been noted in children and adults viewing emotional stimuli
(Davidson & Fox, 1982; Davidson & Henriques, 2000; Davidson,
Schwartz, Saron, Bennett, & Goleman, 1979) and show differences
at rest as a function of shyness and sociability (Schmidt & Fox,
1994). Heller (Heller, Nitschke, Etienne, & Miller, 1997) also found
that stressful events can produce greater right parietal activation,
particularly in anxious individuals. In order to test the specificity
of our hypotheses, we therefore repeated the central analyses of
our study using asymmetry scores derived from parietal electrodes
(P3 and P4).
3. Statistical analysis

3.1. Speech ratings and social withdrawal

The initial analysis assessed whether individual ratings of the
video and laboratory speeches varied as a function of social with-
drawal and the observed speech (descriptive measures of the rat-
ings are presented in Table 1). As such we relied on a 2 (speech
performance rating: self performance, viewed performance) � 2
(video type: anxious, non-anxious) � 2 (gender: male, female) � 2
(social withdrawal: high, low) mixed model ANOVA. Here we
found a significant two-way interaction between speech rating
and video type viewed, F(1,41) = 13.92, p < 0.001, d = 1.17, indicat-
ing that we had successfully manipulated the emotional tone of the
two videos.

An independent samples t-test found that participants rated the
anxious video performance (M = 9.76) significantly worse than the
non-anxious performance (M = 14.05), t(39) = �7.04, p < 0.001,
d = 2.25. Participants did not differ in their evaluation of their
own performance, regardless of which video they had viewed,
t(39) = �0.96, p = 0.35, d = 0.31.

Additionally, paired samples t-tests indicated participants
watching the anxious video rated their own performance better
(M = 11.63) than that of the video presenter (M = 9.76),
t(18) = 3.09, p = 0.006, d = 1.46, while participants watching the
non-anxious video rated themselves worse (M = 12.32) than the vi-
deo presenter (M = 14.05), t(21) = �2.12, p = 0.046, d = 0.92 (Fig. 1).

Analyses indicated no significant interaction between social
withdrawal and the performance ratings, F(1,41) = 0.23, p = 0.64,
d = 0.15. There were no relations between frontal EEG asymmetry
scores and performance ratings across conditions, p’s > 0.16.
3.2. Shifts in EEG asymmetry across conditions: social withdrawal and
video type

Our central analysis examined potential shifts in frontal EEG
asymmetry patterns across the task conditions presented. In addi-
tion, we looked to see if the emotional tone of the confederate vi-
deo shifted this pattern, either overall or as a function of social
withdrawal. An omnibus 3 (EEG asymmetry: baseline, viewing,
preparing) � 2 (video type: anxious, non-anxious) � 2 (gender:
male, female) � 2 (social withdrawal: high, low) mixed model AN-
OVA was therefore used.

Overall, there was a main effect of social withdrawal, such that
individuals high in social withdrawal exhibited negative asymme-
try scores (M = �0.104), while participants with low social with-
drawal had positive scores (M = 0.148), F(1,29) = 7.58, p = 0.01,
d = 1.02 (see Table 1). Follow-up analyses with the power values
from each electrode (F3, F4) found a significant hemisphere by so-
cial withdrawal interaction, F(1,29) = 8.40, p = 0.007, d = 1.08, indi-
cating significant differences in power levels across hemisphere
(F4 > F3) for the high social withdrawal group (p = 0.02), that were
in the opposite direction and approaching significance (p = 0.06)
for the low social withdrawal group.



Fig. 1. Rating scores for the viewed video speech (other) and the participant’s own
speech (self). Mean scores are presented separately for the groups exposed to the
anxious and non-anxious videos.

Fig. 3. Correlations between social withdrawal values and EEG asymmetry scores
for the participants exposed to the anxious and non-anxious videos.
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The initial omnibus ANOVA also found a significant three-way
interaction between task condition, video type and social with-
drawal, F(1,29) = 4.79, p = 0.037, d = 0.81. Follow-up analyses indi-
cated that social withdrawal moderated shifts in EEG asymmetry
(from baseline to viewing to preparing) only among participants
who were exposed to the anxious video, F(2,32) = 4.30, p = 0.022,
f = 0.52 (Fig. 2). In particular, socially withdrawn individuals
showed an increase in right frontal EEG activity relative to baseline
while viewing the anxious video (baseline vs. viewing: 0.025 vs.
�0.190); the non-withdrawn group did not (0.026 vs. 0.195). While
not as extreme, withdrawn individuals continued to show greater
right frontal EEG activity scores during the stressful speech prepa-
ration period (�0.090); again, non-withdrawn individuals did not
show this effect (0.130).

The parallel analysis for individuals observing the non-anxious
video was not significant, F(2,34) = 0.64, p = 0.54, f = 0.19.

When examining electrode patterns for this analysis, power in
the F3 and F4 electrodes did not modify the three-way interaction
noted above, indicating that the effect may be driven by the rela-
tive balance in EEG activity, as opposed to significant shifts in
activity in one location.

In order to assess the specificity of our initial findings, analyses
were then replicated using parietal asymmetries. The main effect
of social withdrawal noted above was no longer significant,
F(1,29) = 0.31, p = 0.58, d = 0.21. The initial task condition by video
type by social withdrawal interaction was also non-significant,
F(1,29) = 2.80, p = 0.11, d = 0.62. Rather, there was a two-way
interaction between task condition and video type, F(1,29) = 5.94,
p = 0.021, d = 0.91. The data indicate that asymmetry scores fluctu-
ated across conditions for individuals who viewed the anxious vi-
deo (�0.032 vs. �0.098 vs. 0.062). However, the EEG asymmetry
scores shifted toward zero across conditions (0.278 vs. 0.125 vs.
0.018) for participants who viewed the non-anxious video.

As a final analysis of the strength of the relationship between
social withdrawal and frontal EEG asymmetry, we examined the
Fig. 2. EEG asymmetry values across the three testing conditions (baseline, video
watching, and speech preparing) for participants who viewed the anxious video as a
function of social withdrawal.
correlations between EEG asymmetry (baseline, viewing, prepar-
ing) and social withdrawal scores for the anxious and non-anxious
video groups. For participants exposed to the anxious video, there
was no significant correlation between social withdrawal and EEG
asymmetry at baseline, r(19) = �0.02, p = 0.94, (Fig. 3). However, a
significant correlation emerged while viewing the anxious video,
r(17) = �0.49, p = 0.044, that continued during speech preparation,
r(17) = �0.68, p = 0.003. Among the participants who watched the
non-anxious video, the null EEG asymmetry-social withdrawal
finding was evident across all three conditions: baseline,
r(21) = �0.14, p = 0.31, viewing, r(19) = �0.23, p = 0.53, and prepa-
ration, r(19) = �0.31, p = 0.19. These data indicate that individual
differences in social withdrawal may emerge to shape manifest
patterns of approach and withdrawal biases (as marked by shifts
in EEG asymmetry scores) for individuals primed by a task-specific
anxious stimulus.

4. Discussion

Past studies indicate that socially withdrawn individuals dis-
play greater right frontal EEG activity at baseline (Schmidt,
1999), and that this frontal EEG asymmetry increases in step with
individual levels of stress or negative affect (Davidson et al., 2000).
The current study aimed to build upon this work by examining
specific changes in EEG asymmetry magnitude across a task
reflecting many of the psychological and social concerns seen in
withdrawn individuals.

Counter to our hypothesis, but in line with recent work (e.g.,
Miskovic et al., 2010), group differences in frontal EEG asymmetry
were not evident specifically at baseline. Rather, frontal asymme-
try differences emerged when assessed across all conditions. This
would indicate that differential patterns of asymmetry at rest are
most evident when comparing extreme trait or clinical differences
across groups (Harmon-Jones et al., 2010). Group differences in our
healthy sample were most striking when socially withdrawn par-
ticipants were exposed to a stressful video exemplifying and illus-
trating potentially anticipated negative outcomes for the upcoming
speech. Indeed, our correlational analysis suggests that this prime
strengthened the relation between frontal EEG asymmetry and so-
cial withdrawal across the sample. Further analysis indicated that
changes in frontal asymmetry across task condition were the result
of overall changes in the balance of asymmetry, rather than a dra-
matic shift of activity in either the left or right frontal location.

Counter to previous work (Davidson et al., 1979; Heller et al.,
1997; Schmidt & Fox, 1994), analysis of parietal sites (P3, P4) did
not indicate significant differences in EEG asymmetry as a function
of social withdrawal. Instead, we noted a two-way interaction such
that parietal asymmetry was sensitive to task conditions (peaking
during viewing) for the anxious video condition. Parietal asymme-
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try drifted toward zero for the participants viewing the non-anx-
ious video, perhaps reflecting their gradual acclimation to the lab-
oratory and task conditions. These findings may indicate that while
EEG-affective context links are not exclusive to EEG measured from
frontal recording sites, these locations may be more sensitive to
individual differences in social withdrawal than EEG recorded from
parietal sites.

These findings reinforce our current understanding of the phys-
iological and motivational correlates of social withdrawal and anx-
iety. In particular, avoidance of social settings is often driven by a
fear of future interactions and the anticipation that they may pro-
duce negative evaluations or affect (Kashdan & Herbert, 2001).
Specifically, many socially withdrawn individuals feel that they
are in constant danger of acting in an inept or inappropriate man-
ner during social interactions, and they believe that these actions
will lead to loss of status, worth, and ultimately, rejection by peers
(Clark & Wells, 1995). Withdrawn individuals may therefore re-
move themselves from these situations rather than risk these
anticipated negative consequences.

In addition, socially anxious individuals tend to use audience
cues to provide them with indications of the quality of their perfor-
mance, and place great emphasis on pleasing others (Kashdan &
Herbert, 2001). Indications of negative performance increases anx-
iety level in this group which in turn negatively impacts social per-
formance, thus making it more likely that they will indeed be
rejected by their peers (Kashdan & Herbert, 2001). Socially with-
drawn or anxious individuals also tend to compare themselves
more negatively to others. They often perceive themselves as being
less competent, less attractive and less socially accepted than oth-
ers (Cunha, Soares, & Pinto-Gouveia, 2008). When withdrawn indi-
viduals engage in this type of negative self comparison they will
seek to avoid other individuals as a way of reducing anxiety and
stress thereby perpetuating and strengthening their maladaptive
behavior pattern over time (Trower & Gilbert, 1989).

When negative interactions do occur, anxious and socially with-
drawn individuals tend to overestimate the intensity or severity of
the interaction (Teachman & Allen, 2007), will often ruminate on
the interaction (Mellings & Alden, 2000), and will regularly point
to intrinsic, rather than contextual reasons for the poor outcome
(Rubin & Burgess, 2001; Rubin et al., 2009).

These interpretive biases, coupled with a coping mechanism
marked by avoidance, may in turn create a self-reinforcing cycle
that results in individuals’ becoming less-and-less adept at social
exchanges and more prone to social rejection and/or self-imposed
social isolation (Rubin & Burgess, 2001; Rubin et al., 2009).

Another explanation of the findings in this study may be found
in social learning theory. Mineka and Zinbarg (2006) suggest that
social anxiety may arise through vicarious conditioning. The mere
observation of another person being embarrassed or humiliated
may be enough to induce fear or phobia of similar situations in
the observer. In this model, people with pre-existing vulnerabili-
ties to stress may be more affected by negative vicarious experi-
ences. Socially withdrawn individuals may be more sensitive to
vicarious learning experiences modeled by the negative affective
video, thus triggering an immediate aversion to the same situation.
This would then be reflected in EEG patterns as they prepare to en-
gage in the same activity.

This model would explain why only participants high in social
withdrawal who were exposed to the negative video produced an
acute stress response. Participants high in social withdrawal that
were exposed to the positive affective video would have a positive
vicarious learning experience. In addition, those participants low in
social withdrawal are, according to this model, less sensitive to the
effects of vicarious learning and therefore would not be as affected
by the negative or positive presentation as compared to those par-
ticipants with high levels of social withdrawal. Further examina-
tion of the underlying mechanisms leading to the observed
physiological stress reaction in the socially withdrawn participants
is warranted.

In the current study, the use of an affectively-charged anxious
video exemplar, coupled with having participants actively rate
the videos, may have substantiated the underlying concerns of
the socially withdrawn participants. This substantiation of under-
lying concerns is evidenced through the changes in frontal EEG
asymmetry observed across task conditions. Stress levels in so-
cially anxious individuals are often influenced by the individual’s
hypothesized reception by others, and through a negative self-
comparison of the individual’s abilities to others. The negative
affective cue (the video in our task) potentially resulted in an in-
creased stress response by the socially withdrawn individuals by
heightening their expectation of the likelihood of negative evalua-
tion and criticism of their performance.

Non-socially withdrawn individuals are less negative in their
expectation of their performance reception, and place less empha-
sis on audience reaction than socially withdrawn individuals (Ra-
pee & Heimberg, 1997), therefore the negative cue should have
disproportionately affected the stress level of the socially with-
drawn individuals as compared to the non-socially anxious indi-
viduals. Indeed in our study, frontal EEG asymmetry values only
shifted in participants who displayed social withdrawal and were
exposed to the negative video. This illustrates the disproportionate
sensitivity of this group to cues regarding both positive and nega-
tive task performance and the perceived stress of the task. The in-
crease in right frontal EEG activity relative to the left observed as
task stress increased indicates that frontal EEG asymmetry may
not only act as a neural correlate of trait levels of anxiety or depres-
sion, but also reflects acute levels of distress a person may be
experiencing.

The results of the current study should be examined in light of
several limitations. First, our study examined a non-clinical sample
of socially withdrawn subjects. It is therefore not clear how our re-
sults would generalize to individuals with more extreme social
withdrawal or clinical social anxiety. Second, social withdrawal
groups were created using a self-report measure. Future studies
incorporating behavioral observations or clinical screening may
help clarify the reach of our findings. Lastly, we collected EEG mea-
sures during a single test session. Therefore, it was not possible
from our results to determine whether the observed relations be-
tween frontal EEG asymmetry and social withdrawal are stable
over long periods of time.

The current study was specifically designed to provoke con-
cerns central to persons prone to social withdrawal. The study
demonstrates that the affective context of a task affects the rela-
tionship between EEG asymmetry responses to stress in individu-
als with social withdrawal. A better understanding of this
relation may provide important insights into the development
and response of socially withdrawn individuals to stress, contrib-
uting to potential diagnostic or treatment procedures.
Role of the funding source

Support for study preparation was provided by National Insti-
tute of Mental Health grants MH073569 and MH094633 to Koraly
Perez-Edgar. The National Institute of Mental Health did not play a
role in creating the study design, in the collection of study data, or
in the analysis and interpretation of study data.
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