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Van der Molen etal.

Social evaluative information processing

E-prime 2.0 stimulus presentation software (Psychology Software
Tools, Pittsburgh, PA, USA). All peer photographs had a neutral
facial expression, as ascertained with the Self-Assessment Manikin
(SAM) on a 9-point scale (Bradley and Lang, 1994). These SAM-
ratings of arousal and valence were obtained from an independent
sample of volunteers (N = 21), gender and age-matched to the
participants.

An illustration of a single trial is shown in Figure 1. Each trial
commenced with the depiction of the cue for 3000 ms display-
ing the neutral face of the peer. The cue remained on the screen
until the end of the trial. During this 3000 ms interval, partici-
pants were required to provide their positive (i.e., “acceptance”)
or negative (i.e., “rejection”) judgments by pressing one of two
buttons on an armrest. The order of which button (left or right)
corresponded with acceptance (“YES”) or rejection (“NO”) antici-
pations was counterbalanced between participants. If participants
did not respond within 3000 ms after onset of the cue, the mes-
sage “too slow” appeared on the screen signaling the end of the
trial. Participants were instructed that they had about 3000 ms to
provide their judgment. Participants were told that they did not
have to respond as fast as possible, but rather they had to seriously
evaluate whether the person on the photograph liked or disliked
the participant. Trials on which participants responded too slow
(i.e., after 3000 ms from cue onset) were excluded from the analy-
sis. When participants provided their judgment, a visualization of
their response (“YES” or “NO”) was immediately displayed to the
left of the peer’s face. After a fixed delay of 3000 ms (i.e., the antic-
ipation period), feedback appeared to the right of the peer’s face
for 2000 ms, communicating either social acceptance (“YES”) or
rejection (“NO”). Social rejection feedback (“NO”) was presented

on 50% of the trials!. Feedback in this paradigm was not actual
peer-feedback, but fictitious feedback that was pseudo-randomly
generated by the computer, such that at least on 50% of the tri-
als participants received acceptance feedback. Between trials, a
fixation cross was presented in the center of the screen with a jit-
tered duration between 500 and 1500 ms. Participants started with
10 practice trials, and then completed three experimental blocks
comprising 50 trials each. At the end of the experiment, electroen-
cephalography (EEG) equipment was detached and participants
were asked to write down their experiences and thoughts about the
experiment. Subsequently, participants filled out the abovemen-
tioned questionnaires. None of the participants had doubts about
the cover story. Participants were debriefed about the true purpose
of this study by letter after the last participant was examined.

BEHAVIORAL ANALYSIS

The following behavioral data was used for analysis: the number
of acceptance and rejection judgments, as well as the reac-
tion time (RT) that was needed to provide these judgments.
A bias score was calculated to examine whether participants
anticipated significantly more acceptance than rejection feed-
back (Van der Veen etal., 2013). This bias score was derived from

'The presentation of the participants’ judgments (i.e., to the left of the face) and
the feedback (i.e., to the right of the face) may result in contralateral event-related
brain activity. As we were only interested in the events prior to (SPN) and during
feedback-processing (FRN/P3), participant’s attention to the right visual field may
be associated with ERP maxima over the left hemisphere. However, this potential
lateralization confound would not affect the hypothesized amplitude differences in
the SPN and feedback-related conditions, as lateralization of stimuli did not vary
by condition.

FIGURE 1 | An illustration of a single trial in the social evaluation
paradigm. On each trial, participants are presented with a
photograph of a peer. The participant is asked to judge whether the
peer would either like (accept) or dislike (reject) the participant. Based
on judgment type (“YES” or “NO") and feedback type (“YES" or

“NQO"), four possible feedback conditions were included: expected
social acceptance (“YES-YES"), expected social rejection (“NO-NO"),
unexpected social acceptance (“NO-YES"), or unexpected social
rejection (“YES-NO"). This particular trial shows an example of
unexpected social rejection.
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dividing the number of acceptance judgments by the number of
total judgments. This bias score either reflects an optimism bias
(>50%) or a pessimism bias (<50%).

EEG RECORDING AND SIGNAL PROCESSING

Electroencephalography time series were recorded at a 1024 Hz
sampling rate from 64 Ag—AgCl electrodes mounted in an elas-
tic electrode cap (10/20 placement) using a BioSemi Active Two
system (Biosemi, Amsterdam, The Netherlands). The BioSemi sys-
tem replaces the ground electrode by a feedback loop consisting
of the common mode sense (CMS) electrode and Driven right leg
(DRL) electrode; CMS was used as the online reference. Horizontal
electrooculography (HEOG) was measured from two electrodes
placed at the left and right canthus; vertical EOG (VEOG) was
measured from two electrodes placed above and below the left eye.
Two electrodes were placed at the mastoids. Offline processing
of the EEG was performed with Brain Vision Analyzer 2 (Brain
Products GmbH). The EEG signal was down-sampled to 512 Hz,
re-referenced to the average of the left and right mastoids and
offline band-pass filtered between 0.1 and 40 Hz (24 dB/oct),
with a 50 Hz notch filter. Ocular artifacts were removed auto-
matically using the Infomax Ocular ICA method as implemented
in Brain Vision Analyzer. Subsequently, segments were created to
isolate the SPN and feedback-related brain potentials (FRN and
P3). All segments were visually inspected for remaining artifacts.
The average number of segments used for analyses of the SPN and
feedback-related components is presented in Table 3.

To isolate the SPN, 3500 ms segments were created includ-
ing a 200 ms post feedback-stimulus interval. These segments
included the participants’ judgments (responses) occurring at
3000 ms prior to the onset of the feedback stimulus. The 2400-
2000 ms interval was used for baseline correction, as this time
period most likely is the start of the anticipation period and visual
inspection verified the absence of any residual motor activity. Pre-
vious studies have shown that setting baseline corrections prior
to motor responses may confound the SPN by including antici-
patory activity associated with the response preparation (Brunia
etal,, 2011). In line with prior studies, the SPN was calculated
using a mean amplitude measurement within the 200 ms inter-
val prior to the onset of the feedback stimulus at the Fz electrode
(Kotani and Aihara, 1999; Ohgami etal., 2006; Stavropoulos and
Carver, 2013). Although the SPN usually reaches peak amplitude
at frontal electrode sites (Bocker etal., 2001; Brunia etal., 2011)

Table 3 | Means, standard deviations (SD), and range (minimum-
maximum) of the number of trials that were used to calculate the
SPN and the feedback-related brain potentials.

Component (condition) Mean (SD) Range (min.-max.)
SPN (predicted acceptance) 74.42 (13.32) 44-104

SPN (predicted rejection) 59.98 (12.63) 29-90

Feedback (expected acceptance) 36.98 (7.09) 20-55

Feedback (unexpected rejection) 37.22 (8.75) 19-67

Feedback (expected rejection) 29.98 (8.22) 13-49

Feedback (unexpected acceptance) 30.02 (6.64) 14-46

data from the parietal-occipital electrodes PO7 and PO8 were ana-
lyzed also, as visual inspection of the data revealed that the SPN
reached largest amplitudes over these leads in both anticipation
conditions?.

To isolate the feedback-related ERPs, 1200 ms epochs were cre-
ated including a 200 ms pre-stimulus interval, which was used
for baseline correction. FRN amplitude was measured using the
peak-to-peak method described by Holroyd etal. (2003), since a
single peak measurement often confounds FRN amplitude due to
overlap with the earlier P2 component (Luck, 2005). In line with
Holroyd etal. (2003), the onset of the FRN was determined by
finding the most positive peak within a 200-300 ms time window
(i.e., the P2 component). From the onset of the negativity, the
most negative peak was determined within the 250-350 ms time
window. FRN amplitudes were obtained by subtracting the P2
peak from this most negative value. Finally, the feedback-related
P3 component was examined by calculating the mean amplitude
in a time window between 360 and 440 ms, as recommended by
Luck (2005).

STATISTICAL ANALYSES

Statistical Analyses were performed in three successive steps: (1)
Task performance was analyzed using a one-sample ¢-test to
verify a significant difference in judgment type. Pearson product-
moment correlation was performed to examine the correlation
between judgment type and level of FNE; (2) Anticipatory brain
activity (SPN) was assessed using a repeated measures ANOVA
with Site (three levels: Fz, PO7, PO8) and Judgment (two levels:
acceptance, rejection) as within-subject factors to test where the
SPN reached peak amplitude, and whether this differed between
Judgment types. Post hoc analyses were performed to explore sig-
nificant main or interaction effects; (3) For the feedback-related
ERPs, a repeated measures analysis was performed, separately for
the FRN and P3, with the within-subject factors Congruency (two
levels: congruent, incongruent) and Valence (two levels: positive,
negative). Post hoc analyses were performed to explore significant
main or interaction effects. Pearson product-moment correlation
analyses were performed to test our behavioral and ERP hypothe-
ses. Bonferroni corrections for multiple comparisons were applied.
Statistical analyses were performed using IBM SPSS Statistics 19
(IBM Corporation, 2010). The behavioral and EEG data were
inspected for outliers (i.e., data points above or below two standard
deviations of the sample’s mean). No outliers were detected. Alpha
was set at 0.05 and additional post hoc significance testing was
performed using Bonferroni correction for multiple comparisons.
Greenhouse—Geisser correction was applied when necessary, and
non-adjusted degrees of freedom were reported for transparency”.

2We also analyzed the SPN in an 800 ms time-window before the onset of the
feedback using a mean amplitude calculation. This analysis did not yield significant
differences from the 200 ms time-window analysis. As can be seen in Figure 2, the
difference in SPN amplitude are most pronounced during the last 200 ms, indicating
that the 200 ms time-window best reflects the anticipatory process (Poli etal., 2007).

3 A post hoc power analysis was run to determine whether our participant sample was
large enough to obtain appropriate statistical power. Results of this analysis revealed
thata sample of N = 37 is required to obtain an appropriate level of statistical power
at 0.80. Therefore any conclusions about the significance of the results presented
below were made with a certain level of caution.
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RESULTS

TASK PERFORMANCE

An average response bias score of 56% (SD = 0.09) was observed
indicating that participants displayed an optimism bias in antic-
ipating more social acceptance feedback. A one-sample t-test
verified that this bias score differed significantly from the base-
line (i.e., 50%), as participants anticipated acceptance feedback
(Mean number of trials = 82.42, SD = 13.76) more often than
rejection feedback (Mean number of trials = 65.68, SD = 14.17),
£(30) = 3.36, p=0.002. Next, we tested the hypothesis that females
with higher levels of FNE would anticipate rejection feedback
more often, however, no significant positive correlation yielded
between ENE scores and the percentage of negative judgments,
r(31) = 0.30, p = 0.106.

Subsequently, we analyzed the RT data of the anticipated accep-
tance and rejection judgments using a one-sample ¢-test. No
significant differences were observed in the RT of acceptance
(Mean RT = 1366.91, SD = 274.85) and rejection judgments
(Mean RT = 1391.34, SD = 266.66). However, as shown in
Figure 2, a Pearson product-moment correlation analysis revealed
that females with higher FNE-S scores displayed longer RTs for
predicting acceptance, r(31) = 0.44, p = 0.014, and rejection feed-
back, 7(31) = 0.41, p = 0.021. This response time effect remained
significant after controlling for the effect of behavioral inhibi-
tion for predicting acceptance (p = 0.013) and rejection feedback
(p = 0.022), respectively.

ANTICIPATORY BRAIN ACTIVITY: STIMULUS PRECEDING NEGATIVITY
Results of average SPN amplitudes per judgment type are depicted
in Figure 3 for the Fz, PO7, and POS8 electrodes. Peak SPN
amplitudes within the 200 ms time-window before the onset of
the feedback stimulus were extracted from the Fz, PO7, and
PO8 electrodes (see Figure 3). As revealed by a main effect of
Site, SPN peak amplitude was larger at PO7 than at Fz and
PO8, F(1,30) = 9.16, p = 0.005, 71127 = 0.23. The main effect of
Judgment revealed that the SPN was more negative for accep-
tance than for rejection judgments, F(1,30) = 6.21, p = 0.018,
nf, = 0.23. No significant interaction between site and judgment
was observed, F(2,60) = 0.05, p = 0.950, nf, = 0.00. Pear-
son product-moment correlation analyses revealed a significant
correlation between the RT for anticipated social rejection judg-
ments and the corresponding SPN, r(31) = —0.48, p = 0.001 (see
Figure 3).

CORRELATIONS BETWEEN THE SPN AND FNE

A subsequent step was to examine whether SPN amplitudes during
anticipated social acceptance or rejection could predict the level
of FNE, as indexed with the FNE. Pearson correlations were run
between the SPN amplitudes during positive and negative feedback
anticipation, respectively, with the FNE scores. SPN amplitudes
at the PO7 were used, since SPN amplitudes were largest at this
lead. As shown in Figure 4, SPN amplitudes associated with
acceptance judgments correlated significantly with FNE-S scores,
r(31) = —0.37, p = 0.021. No significant correlation was found
between the SPN associated with anticipated social rejection and
FNE-S scores.
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FIGURE 2 | Correlations between the Fear of Negative Evaluation
(FNE) and the RT of social acceptance (A) and social rejection
(B) judgments. Individuals with higher levels of FNE needed significantly
more time to provide both social acceptance (“YES") and social rejection
("NO") judgments.

FEEDBACK RELATED BRAIN ACTIVITY: FRN AND P3

Brain potentials elicited by the feedback stimuli are depicted in
Figure 5. Peak FRN amplitudes at electrode FCz were submitted
to a repeated measures analysis with Congruency (two levels: con-
gruent, incongruent) and Valence (two levels: positive, negative)
as within-subject factors. The main effect of congruency revealed
that FRN amplitudes for incongruent feedback were larger than
for congruent feedback, however, this difference just failed to reach
levels of significance, F(1,30) = 3.84, p = 0.059, ﬂf; = 0.11. The
main effect of valence was also not significant, F(1,30) = 1.04,
p=0.317, né = 0.03, suggesting that FRN amplitude did not differ
between positive and negative feedback. No significant interaction
between Congruency and Valence was observed, F(2,60) = 0.00,
p=10.953,1; = 0.00.

Peak P3 amplitudes at Pz were submitted to a repeated measures
analysis with Congruency (two levels: congruent, incongruent)
and Valence (two levels: positive, negative) as within-subject
factors. As expected, P3 amplitudes for unexpected feedback did
not differ from expected feedback, F(1,30) = 0.08, p = 0.783,
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reached peak amplitudes at PO7 (A). Current source density maps

show the left posterior dominance of the SPN (B). Correlations
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between SPN amplitude and reaction time (RT) of the judgments for
expected social acceptance (C) and social rejection (D) feedback. An
increase in SPN amplitude during expected social rejection was
associated with a significant increase in RT of the corresponding
judgment. *p < 0.05.

né = 0.00. In contrast with our expectations, the main effect
of Valence was also not significant, F(1,30) = 1.50, p = 0.230,
nf, = 0.05, suggesting that P3 amplitude was not significantly
larger for positive than for negative social-evaluative feedback.
No significant interaction between Congruency and Valence
was observed for the P3, F(2,60) 0.04, p 0.849,
15 = 0.03.

CORRELATIONS BETWEEN THE SPN AND FEEDBACK-RELATED BRAIN
POTENTIALS

Next, Pearson product-moment correlations were run between
the SPN and feedback-related brain potentials. We examined

these correlations between SPN and the feedback components
separately for anticipated acceptance and anticipated rejection.
This resulted in two sets of eight correlations for (1) the SPN
during anticipated acceptance versus the FRN and P3 in the four
conditions (i.e., expected acceptance/rejection, unexpected accep-
tance/rejection), and (2) the SPN during anticipated rejection
versus the FRN and P3 in the four conditions (i.e., expected accep-
tance/rejection, unexpected acceptance/rejection). Bonferroni
correction for multiple comparisons was used (i.e., p < 0.006).
Results revealed that an increase in SPN amplitude in the antici-
pated acceptance condition (“Yes” anticipations) was associated
with a significant increase in P3 amplitude after anticipated
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FIGURE 4 | Correlation between SPN amplitude and the fear of
negative evaluation (FNE). A significant correlation was observed
between the SPN and FNE when participants were anticipating social
acceptance (A). This effect was not observed when participants were
anticipating social rejection (B).

acceptance (“Yes” feedback), r(31) = —0.47, p = 0.004. Par-
tial correlation analysis revealed that this effect did not remain
significant after controlling for levels of FNE, r(31) = 0.42,
p=0.021.

CORRELATIONS BETWEEN FEEDBACK-RELATED BRAIN ACTIVITY AND
FNE

Lastly, we examined whether feedback-related brain activity cor-
related with FNE. However, no significant results were observed
(all p’s > 0.006).

DISCUSSION

The impetus of this study was to investigate precursors of fear
of social evaluation by examining behavioral and electrophysio-
logical correlates of social-evaluative feedback anticipation and
processing. We used a social-judgment paradigm in which par-
ticipants were asked to indicate whether they believed to be
accepted or rejected by their peers. In line with our hypoth-
esis, results provided evidence of an optimism bias in social
peer evaluation; namely, participants more often predicted to

be socially accepted than rejected by peers. We did not find
evidence for our hypothesis that the number of social rejec-
tion judgments correlated positively with the level of FNE in
female participants. Interestingly, however, the current study
shows that an increase in FNE levels corresponded with a sig-
nificant increase in the response time of the participants to
provide their judgments about upcoming social evaluation. The
SPN - a brain potential associated with feedback anticipation —
was larger during anticipated acceptance than rejection feed-
back. Furthermore, SPN amplitudes correlated positively with the
level of FNE when participants were anticipating social accep-
tance feedback. Together, the current study provides evidence of
information processing biases during social-evaluative feedback
anticipation in adult females, which are modulated by the level
of FNE.

In line with our hypothesis, we observed a significantly larger
proportion of acceptance judgments compared to rejection judg-
ments. This corroborates previous findings of two studies by Gun-
ther Moor etal. (2010a,b), and may be indicative of an optimistic
self-evaluation bias. Hepper etal. (2011) recently demonstrated
that expectations about social-evaluative feedback are generally
positive, a finding that was interpreted to reflect the situational
motivation to self-enhance. According to self-enhancement the-
ory, people have the tendency to see themselves better than they
actually are (Taylor and Brown, 1988). Thus, people may antici-
pate more positive than negative self-evaluations. This optimistic
self-evaluation bias is also in accordance with social belongingness
theory (Baumeister and Leary, 1995), which states that people
have a fundamental need for positive social relationships. This
desire of social belongingness is an evolutionary-rooted human
motivation to form and maintain social bonds, since these social
bonds increase the chances for socio-emotional and physical well-
being (Macdonald and Leary, 2005). The strength of this “need
to belong” has furthermore been demonstrated by Maner etal.
(2007), who observed that even the experience of social exclusion
elicited the desire to form social bonds with other people and allo-
cate positive evaluations to others, in the hope to establish renewed
social connections.

In the current study, we examined whether this optimistic
self-evaluation bias was related to levels of FNE as well as
levels of generalized social anxiety (LSAS), but we found no
evidence for such a correlation. We did find that participants
with higher levels in FNE were significantly slower in judg-
ing whether social-evaluative feedback was positive or negative.
This increment in response time in those females higher in FNE
may be due to increased self-focused attention and vigilance
imposed by the task demands, which could subsequently com-
promise information processing efficiency. In the current study,
the social-evaluative threat may have prompted an increase in
self-focused attention — a stimulus-driven process that is posited
to interfere with disengaging attention from socially threaten-
ing stimuli — fueling maladaptive cognitions, and resulting in a
greater effort in preparing responses (Judah et al., 2013). Although
speculative, mainly due to the absence of an objective mea-
sure of self-focused attention in the current study, this notion
is in line with the attentional control theory (ACT), which
states that anxiety impairs processing efficiency in conditions
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that place a high demand on cognitive resources (Eysenck etal.,
2007).

At the electrocortical level, we observed that SPN ampli-
tudes were significantly larger when participants were anticipating
social acceptance compared to social rejection feedback. The left
parietal-occipital predominance of the SPN was most likely due to
the switch of attention to the contralateral visual field, since feed-
back stimuli were presented right from the photographs of peers.
The functional significance of the SPN is often debated, but there

is accumulating evidence suggesting that the SPN reflects affec-
tive motivational anticipatory processes (Poli etal., 2007; Brunia
etal, 2011). A host of electrophysiological studies revealed that
SPN amplitudes tend to be larger for stimuli that are reward-
ing (Ohgami etal., 2004; Mattox etal., 2006; Ohgami etal., 2006;
Stavropoulos and Carver, 2013). In the current study, receiv-
ing social acceptance feedback would be more rewarding than
rejection feedback, which could be related to the enhanced SPN
amplitudes when participants were anticipating social acceptance.
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This interpretation meshes with the aforementioned social belong-
ingness theory, namely that participants were anticipating social
acceptance more often than rejection, as social acceptance facili-
tates the formation of new social bonds and general wellbeing of
the individual.

An alternative account on the functionality of the SPN is the
“uncertainty hypothesis”, which posits that the SPN would be
larger when predictions are made for highly unpredictable or
uncertain outcomes (Catena etal., 2012). In the current study
we observed that SPN amplitudes were larger in participants who
were slower in providing their judgment about upcoming social
rejection feedback. This slowing in response time for predicting
social rejection feedback may be indicative of uncertainty about
social rejection, as the optimistic self-evaluation bias revealed that
participants more often predicted to be socially accepted. How-
ever, this interpretation is in stark contrast to the observation
that SPN amplitudes were larger when participants anticipated
to be socially accepted. Moreover, results showed that SPN ampli-
tudes correlated positively with the levels of FNE when participants
anticipated social acceptance. Based on the uncertainty hypothe-
sis it was a priori expected that females with higher levels of FNE
would anticipate social rejection more often, thereby rendering
social acceptance as less likely and therefore uncertain. Due to
the absence of a pessimistic self-evaluation bias in females with
higher levels of FNE, it seems unlikely that the augmented SPN
in high ENE females can be explained by uncertainty about the
social-evaluative outcome. The larger SPN amplitudes when antic-
ipating social acceptance feedback may be reflective of the intrinsic
motivation to be socially accepted, which dovetails with the afore-
mentioned social belongingness theory (Baumeister and Leary,
1995). Also, the distribution of FNE scores in the current sample
indicated that only a few participants (N = 3) met the criteria for
higher levels of social anxiety (Carleton etal., 2011), whereas the
majority of the participants could be placed on the middle range of
the social anxiety continuum (Rapee and Spence, 2004). According
to Rapee and Spence (2004), these individuals can often be charac-
terized by having a strong desire to be positively evaluated. Future
studies should examine whether the behavioral and electrocorti-
cal findings will be exaggerated in participants with clinical levels
of social anxiety, or whether these participants will (1) anticipate
rejection feedback more often, and (2) will display a differen-
tial pattern of brain activation during social-evaluative feedback
anticipation.

The processing of social-evaluative feedback was indexed by
the FRN and P3. Results revealed that feedback that violated
prior anticipations (e.g., unexpected acceptance and unexpected
rejection) was associated with larger FRN amplitudes, rela-
tive to feedback that was congruent with prior anticipations;
however, this incongruency effect just failed to reach levels of
significance. The FRN is typically seen after incongruent feed-
back communicating unexpected feedback or poor performance
(Van Noordt and Segalowitz, 2012). Although social-evaluative
feedback in the current study could be incongruent with prior
expectations, the absence of a significant incongruency effect
may be explained by the fact that incongruent feedback did
not communicate task performance. That is, FRN amplitudes
may be larger for incongruent feedback that can be used to

optimize future task performance. Based on prior neuroimag-
ing findings of Somerville etal. (2006), we anticipated a pro-
nounced FRN in this study, since a candidate source of the
FRN (i.e., the ACC) seems differentially activated by social-
evaluative feedback and expectancy violations. These authors
found that the dorsal ACC was particularly activated by incon-
gruent feedback, whereas the vVACC was activated by acceptance
feedback. The surface EEG potentials in the current study evi-
dently lacked the fine-grained spatial resolution to pick up these
differences.

Based on recent findings of Van der Veen etal. (2013) we
anticipated finding a larger P3 component when social-evaluative
feedback communicated acceptance. Indeed, anticipated social
acceptance feedback elicited largest P3 amplitudes, and an overall
trend was observed in the current study suggesting that the P3
was larger for acceptance than rejection feedback. However, these
differences were not significant. This could be due to differences
in sample size between our study (N = 31) and the Van der Veen
etal. (2013) study (N = 17), and/or differences in the number
of experimental trials. The current study does add an important
dimension to the interpretation of the enhanced P3 after antici-
pated social acceptance feedback reported by Van der Veen etal.
(2013). Namely, we found that an increase in SPN amplitude
during anticipated social acceptance correlated significantly with
P3 amplitudes in this condition. This finding is in accord with
neuroimaging results reported by Gunther Moor etal. (2010b),
showing enhanced vACC activity to social acceptance feedback in
those individuals who also expected to be liked. These authors
postulated that social acceptance is more salient when individuals
also anticipate to be accepted. The current correlation between
the SPN (anticipation) and P3 (feedback processing) may provide
further support for this notion.

There are a few limitations to the current study. First, the limited
sample size (N = 31) and the use of an undergraduate sample of
female participants (instead of using a group comparison between
healthy controls and a clinical sample) impede the generalization
of the current findings to patients with social anxiety disorder. Sec-
ond, no causal interferences can be made from the correlational
analyses with respect to FNE or social anxiety. Moreover, given
the absence of a correlation between self-reported social anxiety
(LSAS) with the behavioral and electrocortical data, the current
findings may only be related to a certain aspect of the social anxiety
spectrum, namely social-evaluative threat. Therefore our findings
are preliminary and in future studies it will be important to exam-
ine whether this pattern of findings exists in a group of clinically
diagnosed socially anxious patients. A third limitation of the cur-
rent experimental design is that the psychological experience of
predicting to be liked or disliked perfectly covaries with the physi-
cal attributes of the feedback stimulus (i.e., the word “yes” or “no”).
Since no counterbalancing was possible using these feedback stim-
uli, differences in SPN amplitude between conditions may partly
be due to the imagination of these feedback stimuli while antic-
ipating this type of feedback. We argue that this effect would be
negligible; however, futures studies may consider using different
feedback stimuli (e.g., symbols) that are presented in a counterbal-
anced fashion. Fourth, our participants were not asked about their
subjective estimates of the relative proportion of receiving positive
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or negative feedback, before and after the study. This information
could yield individual differences in subjective estimation of the
proportion of acceptance or rejection feedback that participants
received. For example, participants higher in FNE may overesti-
mate the proportion of social rejection feedback. Although we did
not find such differences based on the actual judgments during the
task, Somerville etal. (2010) demonstrated that participants with
high self-esteem overestimated the proportion of social acceptance
feedback. Future studies should ask this information from partici-
pants in exit interviews, as this may shed light on perceptual biases
in interpreting social-evaluative outcomes.

In conclusion, by investigating both behavioral and electro-
cortical correlates of social-evaluative processes, the current study
demonstrates that individuals high in FNE display information
processing biases during the anticipatory stages of social evalu-
ation. In contrast to the prevailing notion that socially anxious
individuals anticipate to be socially rejected, we did not find evi-
dence that confirmed this bias in females with higher FNE levels.
Results did show, however, that females higher in FNE needed
more time to make their judgments about an upcoming social-
evaluative outcome. This significant increase in RT may reflect
heightened self-focused attention and vigilance imposed by the
upcoming social-evaluative threat. An interesting objective for
subsequent investigations is to examine whether the SPN during
social feedback anticipation is driven by uncertainty and/or the
intrinsic motivation to be socially accepted, and how these pro-
cesses are (differentially) modulated by FNE. Taken together, this
study accentuated the importance of a temporally fine-grained
electrophysiological method to assess social-evaluative informa-
tion processing. Results provided novel insights into the behavioral
and electrocortical correlates of social-evaluative feedback antici-
pation that may set the stage for future studies on delineating trait
markers of social anxiety.
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Social Anxiety (SA) has been shown to be associated with compensatory deficits in
pro-social behavior following exclusion and with failure to capitalize on social success.
We assessed the subjective and expressive responses of high (n = 48) and low (n = 56)
socially anxious individuals to exclusion, acceptance, and popularity induced by a
participation in an online ball-tossing game. Before the manipulation, participants read
aloud neutral and command utterances. Following the manipulation, participants rated
their mood and cognitions and re-read the utterances. Acoustic properties (fundamental
frequency—-mFOQ, vocal intensity) of these utterances were analyzed. We found greater
differences in self-esteem between high and low socially anxious individuals following the
exclusion condition, as compared to the acceptance condition. Among low socially anxious
individuals, exclusion promoted increased vocal confidence, as indicated by decreased
mFO0 and increased vocal intensity in uttering commands; High socially anxious individuals
exhibited an opposite reaction, responding to exclusion by decreased vocal confidence.
Following popularity, high SA was associated with decreased enhancement in mood and
self-esteem in women but not in men. Consistent with evolutionary and interpersonal
accounts of SA, we highlight the importance of examining the effects of SA and gender
on events indicating unambiguous and unanimous social acceptance. Examining reactivity
to changes in belongingness may have important implications for understanding the core

mechanisms of SA.

Keywords: social phobia, rejection, acceptance, self-esteem, dominance, social rank, acoustic analysis, voice

INTRODUCTION

Social Anxiety disorder (SAD, or social phobia) is a condition
involving marked anxiety about social or performance situations
in which there is a fear of embarrassing oneself under scrutiny by
others (DSM-IV, American Psychiatric Association, 2000). SAD
often has its onset in childhood and tends to precede most other
disorders with which it is co-morbid, most notably depression
(Bittner et al., 2004). SAD is associated with severe psychological,
interpersonal, and professional consequences (e.g., Ruscio et al.,
2008). Given these anxieties and avoidances, it is not surprising
that socially anxious individuals report high levels of negative
affect, and functional impairment in several life areas (Aderka
et al., 2012). Unsurprisingly, SAD is also associated with lower
wellbeing (Sherbourne et al., 2010) and lower levels of posi-
tive affect (e.g., Kashdan, 2007). These findings have frequently
been related to the impairment in interpersonal connectedness
common in SAD (e.g., Gilboa-Schechtman et al., 2013a,b).

Most theoretical models of social anxiety (SA) consider height-
ened sensitivity, enhanced responsivity, and impaired affective
regulation in the face of social threat to be at the epicen-
ter of this condition (e.g., Clark and Wells, 1995; Rapee and
Heimberg, 1997; Gilbert and Trower, 2001; Hofmann et al.,
2004). During human evolutionary history, loss of belonging-
ness was associated with threat to survival (Wesselmann et al.,
2012a,b). Accordingly, the human tendency to belong and affiliate

is frequently defined as one of the most essential and fun-
damental needs (e.g., Baumeister and Leary, 1995). Given the
centrality of belongingness, basic psychological systems are pos-
tulated to monitor for changes in social inclusion and exclusion.
Sensitivity to changes in belongingness is frequently explained in
evolutionary terms: being a member of a group improves sur-
vival chances due to the protection and resources offered by the
group (Lancaster, 1986). Relatedly, positive affect experienced in
response to social acceptance is likely to strengthen one’s psycho-
logical resilience (Fredrickson et al., 2003), to promote physical
health (e.g., Davidson et al., 2010; Boehm and Kubzansky, 2012),
and to increase longevity (Xu and Roberts, 2010).

Consistent with these theoretical postulations, social exclusion
has been found to provoke significant changes across multiple
psychobiosocial domains. It has been found to engender sub-
jective experience of distress (Van Beest and Williams, 2006),
behavioral dysregulation (Oaten et al., 2008), changes in cogni-
tive efficiency (Hess and Pickett, 2010), changes in attentional
focus (Dewall et al., 2009), enhanced blood pressure (Stroud et al.,
2000), cortisol reactivity (Blackhart et al., 2007) and enhanced
activation in brain regions that process and regulate the unpleas-
antness of physical pain (Eisenberger et al., 2003). The salubrious
effects of social acceptance are also robust. Social acceptance
is associated with changes in mood, self-esteem, behavior and
physiology (e.g., Leary et al., 2001; Mendes et al., 2008; DeWall
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et al., 2010). Yet, given the centrality of the belongingness sys-
tem, its implications to psychopathology in general, and to SA in
particular, have not been thoroughly explored. This is the main
theme of the present research.

SA is postulated to function as a warning system that alerts
people to potential threats to their belongingness status (Leary
and Kowalski, 1995; DeWall et al., 2011). Indeed, it has been
found that socially anxious individuals are characterized by a high
sensitivity to exclusion (Zadro et al., 2006). Specifically, Zadro and
her colleagues found SA to be associated with more prolonged
recovery following an exclusion manipulation. Using a similar
exclusion paradigm, Oaten and colleagues found that individuals
with high SA differ from individuals with low SA in their ability
to self-regulate following exclusion (Oaten et al., 2008). Further,
research in temperamentally shy children found more intense
emotional upheaval and poorer vagal regulation in response to
peer rejection (Gazelle and Druhen, 2009). Moreover, in a recent
study with children, Reijntjes and colleagues found that SA was
associated with greater changes in state self-esteem following peer
disapproval (Reijntjes et al., 2011).

It appears that SA affects not only the quantitative, but also
qualitative nature of coping with exclusion. While among low-
socially anxious individuals exclusion promoted renewed interest
in connecting with sources of positive social interaction, high-
socially anxious individuals failed to react to rejection in a proso-
cial manner and exhibited evidence of decreased social interaction
effectiveness (Mallott et al., 2009). Specifically, Mallott and col-
leagues examined nonverbal characteristics of self-presentation of
individuals high and low in SA following interpersonal rejection.
They found that, observers’ subjective ratings of vocal and eye-
gaze performance was inversely related to SA. In the present study
we sought to extend the investigation of the effects of changes in
social belongingness, to include objective measures of vocal pro-
duction. Acoustic analysis of speech is emerging as an indirect,
noninvasive, and sensitive measure of emotional state (Elfenbein
and Ambady, 2002; Juslin and Laukka, 2004) and interpersonal
strategies (Bugental et al., 2009), in research as well as in clinical
settings (Diamond et al., 2010).

Vocal parameters have been examined in an attempt to cap-
ture the emotional “tone” of the voice—that is the aspect of
speech that is not conveyed through the meaning of verbal utter-
ance. These nonverbal features of a spoken message (Tusing and
Dillard, 2000) have been shown to play an important role in
conveying emotions (Laukka and Elfenbein, 2011) and in con-
ducting power negotiation (Scherer, 1986; Scherer et al., 2003).
Vocal parameters are less controllable than are other types of
nonverbal behaviors (Zuckerman et al., 1981) and therefore may
serve as “honest signals” of the speaker’s current emotional state
(Bugental et al., 2009). The vocal parameters that have been most
frequently used in past research are fundamental frequency (mF0)
and vocal intensity.

There is a robust line of research linking certain parameters of
vocalization to social rank. Consistent with Ohala’s (1982) evo-
lutionary model, lower mF0 has been associated with enhanced
dominance (e.g., Ohala, 1984; Puts et al., 2006, 2007; Jones et al.,
2010). Vocal intensity is positively associated with dominance rat-
ing in the production of spontaneous speech (Tusing and Dillard,

2000). Moreover, these parameters were also shown to differ-
entiate between vocal profiles of different intents (Galili et al.,
2013). Specifically, as compared to neutral utterances, command
utterances were characterized by increased mF0 and higher vocal
intensity. Acoustic analysis has the potential to offer a subtle
understanding of the ways in which individuals negotiate inter-
personal interactions. Yet, acoustic analysis has, until recently,
been under-utilized. We believe it offers a way to understand
corrective actions people take following exclusion.

Measures of acoustic production show promise as indirect
measures of SA (e.g., Laukka et al.,, 2008; Weeks et al., 2011,
2012; Galili et al., 2013). Specifically, analyzing the vocal prop-
erties of planned speech, we found that SA was associated with
higher mF0, and with decreased vocal intensity in men (Galili
et al., 2013). Using spontaneous speech, Weeks and colleagues
similarly found that clinical SA was associated with increased
F0, and that this pattern was more pronounced in men than in
women (Weeks et al., 2012). In addition, Laukka and colleagues
found that among clinically socially anxious individual mF0 was
decreased among treatment responders (Laukka et al., 2008). In
view of these findings, the primary aim of the present study was
to extend the research on reactivity to social exclusion in SA by
including acoustic indices of interpersonally-directed utterances.

The second aim of this study was to examine the reactions
of socially anxious individuals to events connoting social accep-
tance. While those events are commonly experienced as positive
by nonsocially anxious individuals, this is not necessarily the
case for socially anxious persons (e.g., Weeks and Howell, 2012).
Several perspectives (e.g., Alden and Taylor, 2004; Weeks and
Howell, 2012; Gilboa-Schechtman et al., 2013a,b) converge in
suggesting that socially anxious individuals may exhibit biased
processing of positive social attention. There is growing evidence
indicating that socially anxious people were less successful at
capitalizing on positive social experiences than are individuals
without SA, even after controlling for depression (e.g., Gilboa-
Schechtman et al., 2000; Kashdan et al., 2011; see also Gilboa-
Schechtman et al., 2013a,b, for review). Exploring the nature of
socially anxious individuals’ reactions to events indicating social
acceptance is likely to contribute to the greater understanding of
core processes in SA.

The experimental research on the effects of positive social
attention in SA has been limited. In a pioneering study, Alden and
colleagues found that, upon receiving positive feedback following
a social interaction, individuals with high levels of SA expected
to experience greater levels of anxiety regarding a future social
interaction (Alden et al., 2004). In addition, following the receipt
of positive feedback, people with high levels of SA predicted that
their partner would expect more from them in the next interac-
tion, and that they would fall short of those expectations (Alden
and Wallace, 1995; Wallace and Alden, 1997). Finally, Alden and
colleagues found that the tendency to interpret positive social
events as indicative of negative future outcomes partially medi-
ated the relationship between SA and decreased positive affect
(Alden et al., 2008). Importantly, in all of these studies success
in a given interaction was found to bear on future interaction.
But what if the “beam of social attention” was not specifically
related to future occurrences? Does social visibility exert a “warm
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glow” for socially anxious and nonsocially anxious people alike?
Addressing this question was the second aim of our study.

In the present study we assessed the subjective and expres-
sive responses of individuals high and low in SA to exclusion,
acceptance, and popularity induced by a participation in an
online ball-tossing paradigm—Cyberball. Cyberball is one of the
most commonly used procedures in investigating the effects of
social exclusion (Williams, 1997, 2001, 2009). Previous Cyberball
studies included two conditions: exclusion vs. acceptance (i.e.,
receiving a “fair share” of the throws). In the present study we
introduced a third condition—popularity—in which participants
received all the possible throws from the other two players.

Before beginning the Cyberball task, participants read aloud
neutral, command and request utterances. Upon completing the
Cyberball task, participants rated their mood and cognitions and
re-read aloud the utterances. Subjective, cognitive, and acoustic
measures (mFO0, vocal intensity) were analyzed.

Four hypotheses were examined. First, consistent with the
enhanced exclusion-reactivity accounts, we postulated that as
compared to low SA individuals, individuals high in SA would
report lower mood and self-esteem following exclusion as com-
pared to acceptance (enhanced exclusion reactivity hypothesis).
Second, consistent with the impaired positivity account (Gilboa-
Schechtman et al., 2013a,b), we postulated that, as compared
to individuals low in SA, individuals high in SA would report
lower mood and self-esteem following popularity as compared to
the acceptance condition (impaired positivity hypothesis). Third,
with respect to the acoustic parameters, consistent with the com-
pensatory deficits view of SA, we postulated that exclusion (as
compared to acceptance) would lead to more insecure (and less
dominant) behaviors in individuals with low levels of SA, while
individuals high in SA would not exhibit this pattern. Specifically,
we expected to observe a greater increase in mF0 and a greater
decrease in vocal intensity for command vs. neutral sentences
in individuals high in SA, as compared to individuals low in SA
(vocal insecurity following exclusion hypothesis). Fourth, we also
expected that following popularity, individuals high in SA would
exhibit a lesser increase in a pattern of confident vocal behavior
as compared to individuals low in SA. Specifically, we expected a
smaller decrease in mF0 and a smaller increase in vocal intensity
for command vs. neutral utterances in individuals high in SA, as
compared to individuals low in SA (vocal confidence following
popularity hypothesis).

METHODS

PARTICIPANTS

Hundred and four university students (58 women) took part in
the study in exchange for 30 NIS (equivalent to 8 US$) or aca-
demic credit. Participants were recruited through the Bar-Ilan
University Psychology Department Subject Pool, as well as from
advertisements in billboards on campus and electronic forums.
Before arrival to the laboratory, participants received several
self-report questionnaires, including questionnaires assessing SA.
Participants who scored below the accepted cut-off for clinical
range or above the cut-off for diagnosis for SAD (Baer and Blais,
2010) on a self-assessment measure of SA (Fresco et al., 2001)
were invited to participate in the study.

PROCEDURE

Participants were invited to take part in a study investigating
individual differences in “visual perception and vocal produc-
tion.” Upon arrival to the laboratory and signing a consent form,
participant met a confederate who was introduced as a fellow par-
ticipant. Participants were introduced to the research purpose and
procedure, and were photographed using a web camera for future
use in the Cyberball task. Next, participants engaged in a first
(pre-manipulation) vocal recording session.

Participants were then told that they will play an internet game
“Cyberball” (see Williams et al., 2000) with two other students,
one of whom they already met in the waiting room, and the
other is waiting in an adjacent lab. Next, the experimenter made
a staged phone call to the neighboring laboratory, informing that
the participants (the confederate and the actual participant) are
ready to start. Participants were randomly assigned to one of
three conditions in the ball-tossing game: Exclusion, Acceptance,
and Popularity. In all conditions, the game lasted approximately
5 min.

Upon completion of the game, participants filled out the
Basic Needs Threat Questionnaire (Zadro et al., 2004). Next, they
performed the second (post-experimental) vocal recording ses-
sion. Then, they took part in a brief (3 min) cognitive task not
reported in the present study. All participants then completed
several self-report questionnaires. Lastly, they were de-briefed
by the experimenter about the real purpose of the experiment
and its procedure. During the debriefing participants were inter-
viewed about the believability of the experimental procedure.
None expressed concerns or disbelief regarding the role of both
co-participants.

RECORDINGS

Recording sessions were performed individually in a quiet room.
The experimenter familiarized the participants with the equip-
ment and remained present in the room during the entire record-
ing session. During each recording session, the participants’ voice
was recorded while reading three different types of sentences: neu-
tral (“Danny went to work with his dad” and “Chad helped us on
the beach”), request (“Please open the window”) and command
(“Open the window immediately”). Participants were asked to
read each sentence twice in a way consistent with their mean-
ing. The sentences’ order was randomized across participants.
Participants’ speech signals were recorded using a Sennheiser
PC20 headset microphone (High Wycombe, United Kingdom).
The microphone was positioned approximately 5cm from the
corner of the participant’s mouth and connected directly to
a desktop computer. Speech samples were recorded using the
GoldWave program (Version 5.12, GoldWave, Inc., 2005), with a
sampling rate set at 48 kHz (16 bit), mono channel (see Rochman
and Amir, 2013 for a brief introductory tutorial on basic proce-
dures for recording speech/voice and acquiring relevant acoustic
measures).

MANIPULATION

Participants were told that they will play an internet game
“Cyberball” (see Williams et al., 2000), and were asked to visu-
alize the game in order to practice visual metallization skills.
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On the computer screen, participants were presented with their
own picture, as well as two other “participants” pictures (one
man and one woman). When receiving the ball from one of the
other two players, participants were required to indicate to whom
they would like to throw the ball, by clicking on the appropri-
ate player picture. In all conditions, the game lasted 30 ball tosses
(approximately 5 min).

As already mentioned, there were three experimental condi-
tions: Exclusion, Acceptance, and Popularity. In the Exclusion
condition, the participant received three tosses (10%) in the
beginning of the game. The rest of the time the tosses were
interchanged between the two other presumed players while the
participant was being ignored. In the Acceptance condition, the
ball was passed equally frequently to all participants, resulting
in the participant receiving 10 tosses (33%). In the Popularity
condition the participant received 15 tosses (50%).

SELF-REPORT MEASURES

Basic needs threat questionnaire

(Zadro et al., 2006), contains 12 items assessing the effect of the
game: belonging (e.g., “I felt like an outsider during the Cyberball
game”), control (e.g., “I felt that I was able to throw the ball as
often as I wanted during the game”), self-esteem (e.g., “I felt some-
what inadequate during the Cyberball game”), and meaningful
existence (e.g., “I felt nonexistent during the Cyberball game”).
All items are rated on a 5-point scale.

Consistent with previous research, the internal consistency of
the need scale as a whole was very high (a = 0.93) (see Williams
et al., 2000; Zadro et al., 2006). Additionally, the sub-scales of
belongingness, control, self-esteem, and meaningful existence
also exhibited adequate-to-high internal consistencies (alphas
were 0.65; 0.85; 0.85; 0.77 respectively).

The questionnaire also contained two additional items regard-
ing the “task” (e.g., “What percent of the throws were thrown to
you?”, “To what extent were you included by the other participants
during the game?”), and two 9-point bipolar scales assessing cur-
rent mood (“negative/positive”) and feelings of rejection during
the game (“accepted/rejected”).

Liebowitz SA Scale-Self-Report

(LSAS-SR; Fresco et al., 2001), a 24-item self-report questionnaire
measuring anxiety and avoidance in social or performance situa-
tions on a 0-3 scale. The LSAS-SR has been shown to have high
internal consistency, strong convergent and discriminate validity,
and high test-retest reliability (Baker et al., 2002; Fresco et al.,
2001). In the present study, a Cronbach’s a of 0.93 was obtained
for the anxiety subscale and 0.90 for the avoidance subscale.

Beck Depression Inventory

(BDJ; Beck et al., 1996), a 21-item, multiple-choice, self-report
questionnaire that assesses affective, cognitive, motivational and
somatic symptoms of depression. In the present study we
obtained a Cronbach’s o of 0.81 for this measure.

ACOUSTIC MEASURES

Mean Fundamental Frequency (mF0) represents the rate of vibra-
tion of the vocal folds during phonation and speech. It is
measured in Hz, and it is subjectively perceived as pitch. Men

and women differ widely in mFOs, which is estimated to aver-
age around 220 Hz for women and 130 Hz for men in general
(Peterson and Barney, 1952), as well as among Hebrew speakers
(Most et al., 2000).

Vocal intensity reflects the amount of acoustic/vocal energy
produced by the speaker and could be related to the effort used by
the speaker to produce speech (Laukka et al., 2008). It is measured
in decibels (dB), and it is subjectively perceived as loudness.

RESULTS

PARTICIPANTS' CHARACTERISTICS

Table 1 presents means and standard deviations (in parenthe-
ses) of participants’ characteristics. Participants (n = 104, 58
women) ranged in age from 17 to 35, with a mean age of
23.41 years (SD = 3.13). Participants’ level of education ranged
from 12 to 18 years, with a mean of 13.17 (SD = 1.54).
Participants LSAS scores ranged from 0 to 123 with a mean

Table 1| Means and standard deviation (in parentheses) of
participants’ characteristics in the exclusion, acceptance, and
popularity conditions according to social anxiety (SA) group.

Exclusion Acceptance Popularity

High SA Low SA
N=16 N=19

High SA Low SA
N=17 N=16

High SA Low SA
N=15 N=21

Age 2437, 25.08, 23.00, 23.13, 22.60, 22.31,
(4.30) (3.89) (2.03) (2.33) (1.8) (2.79)
LSAS 63.50, 2126, 52.18, 25.31, 5700, 25.48,
(19.55)  (10.62) (8.29) (10.55)  (16.66)  (10.06)
BFNE 18.06, 10.53, 14.94, 12.13; 19.33; 10.19,
(9.18) (6.68) (7.37) (6.6) (7.04) (5.72)
BDI 1113, 4.00p 6.88, 5.814 9.20, 3.7y
(6.18) (3.28) (4.08) (4.45) (7.23) (3.73)
% Throws 6.69, 6.89, 2953, 28.41, 53.67; 50.29,
(4.08) (3.13) (5.39) (4.84) (13.42)  (11.23)
Exclusion 4.19, 3.84, 1.24, 1.38, 1.070,4 1.05,
(0.65) (0.96) (0.44) (0.62) (0.26) (0.22)
Ignore 4.314 4.004 1.35, 119, 1.07, 1.004
(0.60) (0.94) (0.49) (0.40) (0.26) (0.00)
Mood 5.064 6.53p 724, 7634 707, 767,
(1.84) (1.61) (1.35) (1.09) (0.80) (1.35)
Belonging 1.65,4 1.884 3.12,4 3.33; 3.98; 3.78,
(0.67) (0.59) (0.64) (0.74) (0.55) (0.82)
Control 1.83, 2.39, 3.84, 4.02, 4.29, 4.21,
(0.68) (0.78) (0.68) (0.41) (0.45) (0.64)
Self-esteem 2.21, 3.30p 4.25, 4.39, 3.88, 4.57
(0.88) (0.74) (0.58) (0.53) (0.58) (0.38)
Meaningful 1.97, 2.54y, 414 4.27, 3.96, 4.35
existence (0.54) (0.71) (0.69) (0.42) (0.77) (0.40)
Fundamental  1.92, 2.53, 3.84, 4.004 4.02, 4.23,
needs (0.54) (0.52) (0.41) (0.36) (00.48)  (0.31)
% Women 62.5, 31.60, 7060, 6250, 60.00; 52.40,

Different subscripts (i.e., a, b) within each pair represent differences at 0.05 level,
and identical subscripts(a, a) represent a lack of statistically significant difference.
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score of 39.44 (SD = 21.28), and BDI scores ranged from 0 to
28 with a mean score of 6.54 (SD = 5.47). Participants were
divided to high vs. low SA groups (HSA and LSA respectively)
based on median split of LSAS at the time of the experi-
ment. The mean LSAS score in the LSA group was 24 (SD =
10.39) and the mean LSAS score in the HSA group was 57.46
(SD = 15.83).

MANIPULATION CHECKS

In order to assess whether participants correctly perceived
the number of throws they received, we conducted a Three-
Way ANOVA with 3 (Condition: Exclusion, Acceptance,
Popularity) x 2 (Group: HSA, LSA) x 2 (Gender: Men, Women).
The analysis revealed the expected main effect of Condition,
[Fe2, o1y = 250.32, p < 0.001, n? = 0.85]. No other main effects
or interactions were found (all ps > 0.36). Thus, it is con-
cluded that participants correctly perceived whether they were
excluded, accepted, or made popular in the game. Moreover, SA
group did not affect the correct estimation of perceived tosses
[F(l, 91) = 0.62,p = 0.43].

In order to assess whether participants correctly labeled their
experiences, we conducted a Three-Way MANOVA on exclusion,
ignoring, and acceptance ratings, with 3 (Condition: Exclusion,
Acceptance, Popularity) x 2 (Group: HSA, LSA) x 2 (Gender:
Men, Women) as between-subject variables. The analysis revealed
the expected main effect of Condition, [Wilks’ Lambda Fs, 178) =
59.53, p < 0.001, n? = 0.67]. No other main effects or interac-
tions were found (all ps > 0.93).

SUBJECTIVE SELF-REPORT

In the examination of the exclusion reactivity hypothesis and the
impaired positivity hypothesis we included BDI as a covariate,
as it was significantly related to measures of interest (r > —0.19,
p = 0.05). Participant’s subjective self-report measures accord-
ing to Condition, SA group and Gender are presented in
Figure 1.

The enhanced exclusion reactivity hypothesis

To test this hypothesis we first conducted an ANCOVA on mood
ratings with 2 (Condition: Exclusion, Acceptance) x 2 (Group:
HSA, LSA) x 2 (Gender: Men, Women) as between-subject
variables, and BDI as a covariate. A main effect of Condition
was found, such that participants in the Exclusion condition
reported lower mood as compared to the participants in the
Acceptance condition [F(1, 59) = 14.78, p < 0.001, n% = 0.20].
A main effect of Group was found, such that individuals in
the HSA group reported lower mood than did individuals in
the LSA group [F(1, 59) = 5.69, p < 0.02, n? = 0.08]. The effect
for Gender approached significance, such that women reported
lower mood than did men [F(;, 59y = 3.39, p = 0.07, n? = 0.05].
Inconsistent with our hypothesis, no Group x Condition interac-
tion was found [F(j, 59y = 1.18, p = 0.28]. No other main effects
or interactions approached significance (all ps > 0.28).

Next, we conducted a MANCOVA on fundamental needs
scales (i.e., belongingness, control, self-esteem, and life mean-
ing), with 2 (Condition: Exclusion, Acceptance) x 2 (Group:
HSA, LSA) x 2 (Gender: Men, Women) as between-subject vari-
ables, and BDI as a covariate. A main effect of Condition was
found, such that participants in the Exclusion condition reported
having lower needs scores (i.e., more need-threat) than did partic-
ipants in the Acceptance condition [F4, s¢) = 47.84, p < 0.001,
n% = 0.77]. Moreover, the effect of Group approached signifi-
cance, [F4, s6) = 2.32, p = 0.068, n?> = 0.14], such that individ-
uals with HSA tended to have lower needs scores than individuals
with LSA. Finally, a Condition x Gender interaction was found,
such that the difference in needs scores following Exclusion vs.
Acceptance in women was greater than this difference among men
[F4, 56) = 2.88, p < 0.03, n? = 0.17]. In addition, consistent
with our prediction, we found that, as compared to individuals
with LSA, individuals with HSA reported lower self-esteem scores
following Exclusion, as compared to the Acceptance conditions
[Fa, 59) = 4.84, p < 0.03, 1% = 0.09]. No other main effects or
interactions approached significance (all ps > 0.27).

A W LSA W HSA
5
4
& I
£
83 -
€
[
2
= -
o
o
(%]
1 -
0
Exclusion  Acceptance Popularity
popularity manipulations. Error bars represent standard errors of the mean.

FIGURE 1 | Self-esteem measures of women (A) and men (B) in the high and low social anxiety groups following exclusion, acceptance, and
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The impaired positivity hypothesis
In order to examine this hypothesis, we first conducted an
ANCOVA on mood ratings, with 2 (Condition: Popularity,
Acceptance) x 2 (Group: HSA, LSA) x 2 (Gender: Men,
Women) as between-subject variables, and BDI as a covari-
ate. No main effect of Condition was found [F(;, ¢0) = 0.3, p =
0.59]. A main effect of BDI was found, such that higher depres-
sion was associated with lower mood [F(1, ¢0) = 4.02, p < 0.05,
1% = 0.06]. A Condition x Gender interaction approached sig-
nificance [F(1, 60) = 3.86, p = 0.054, n? = 0.06]. Importantly,
this Two-Way interaction was modified by a three way inter-
action between Condition, Gender and Group [F(1, ¢0) = 5.69,
p < 0.02, n2 = 0.08]. We examined the differences for men and
women separately. Men with HSA tended to report higher mood
ratings following Popularity compared to Acceptance. At the same
time, men with LSA did not evidence any difference in mood
between the conditions [F(j, 22y = 2.36, p = 0.14]. In contrast,
women with HSA tended to report lower mood ratings follow-
ing Popularity as compared to Acceptance while LSA women
did not evidence any difference in mood between the conditions
[F(1, 379 = 2.85, p = 0.1]. In other words, the impaired positivity
hypothesis was supported for women only, while men with HSA
appeared to exhibit enhanced affective reactivity to Popularity. No
other main effects or interactions were significant (all ps > 0.23).
Next, we conducted a MANCOVA on fundamental needs
scales, with 2 (Condition: Popularity, Acceptance) x 2 (Group:
HSA, LSA) x 2 (Gender: Men, Women) as between-subject vari-
ables, and BDI as a covariate. A main effect of Condition was
found, such that participants in the Popularity condition reported
having higher needs scores (i.e., less need-threat) than did par-
ticipants in the Acceptance condition [F4, 57y = 4.57, p < 0.003,
n% = 0.24]. Moreover, a significant effect of Group was found,
such that individuals with HSA tended to have lower needs scores
than individuals with LSA [F(4, 57) = 2.66, p < 0.04, 1% = 0.16].
Finally, a Condition x Gender interaction was found, such that

extracted (a) mFO: mean fundamental frequency; and (b) Vocal
intensity: mean speech vocal intensity. Only command and neu-
tral utterances were analyzed, as we did not generate specific
predictions for the request utterances. In light of our hypothe-
ses, we focused on the main effect and interactions involving
Group.

For each acoustic parameter, outliers of more than three stan-
dard deviations above or below the mean were excluded from the
analysis (as in Weeks et al., 2011). Means and standard deviation
for each parameter in each Sentence-type and Gender are pre-
sented in Table 2. Because there was no correlation between BDI
and mFO or vocal intensity, BDI was not included in the analyses.

Vocal insecurity following exclusion hypothesis
In order to test this hypothesis, we conducted two separate
repeated measures analyses on mF0 and vocal intensity. To this
end, a difference score between the pre- and post-manipulation
measurement was computed for each participant in the Exclusion
condition for mF0 and vocal intensity of command and neutral
utterances. Changes in acoustic parameters following Exclusion
according to SA group and Gender are presented in Figures 2, 3.
First, an ANOVA on mFO0 was conducted with Gender (Men,
Women) and Group (LSA, HSA) as between-subject variables,
and Sentence-type (Neutral, Command) as a within-subject vari-
able. A significant main effect of Group was found, such that over-
all, individuals with LSA exhibited a decrease in mF0 compared
to individuals with HSA, for whom mFO increased [F(;, 31) =
13.26, p < 0.001, n2 = 0.30]. Importantly, and consistent with
our hypothesis, this main effect was modified by a significant
Sentence-type x Group interaction, such that only individuals
with LSA lowered their mF0 from neutral to command sentences
[Fa, 31 = 17.33, p < 0.001, n? = 0.36]. Because of the signifi-
cant differences in mF0 between men and women, we examined
these findings separately for each gender. Results confirmed that
this interaction was significant for both men [F(;, 17) = 13.23,

the differences in needs scores for women in the Popularity p < 0.002, 1> = 0.44] and women [F(, 14y = 5.95, p < 0.03,

vs. Acceptance condition were smaller than they were for men
[F4. 57y = 3.38,p < 0.01, 1> = 0.19].

An examination of the effects of the Self-esteem needs
did not identify the predicted Group x Condition interac-
tion [F(1, 60y = 2.78, p = 0.1]. However, a Three-Way Group X
Condition x Gender interaction was found [F(i, ¢0) = 4.54,
p < 0.04, 1?2 = 0.07]. We examined the differences for men
and women separately. Men with both high and low SA level
tended to report higher self-esteem ratings following Popularity
as compared to Acceptance [F4, 19) = 2.59, p = 0.07]. Women
in the HSA group reported lower self-esteem rating following
Popularity as compared to Acceptance, while women in the LSA
group did not evidence any difference in self-esteem between
the conditions [F4, 34y = 5.53, p < 0.002, n? = 0.41]. Again, the
impaired positivity hypothesis was supported for women, but not
for men. No other main effects or interactions were significant (all
ps > 0.23).

ACOUSTIC MEASURES
Acoustic analyses were performed using Praat©software (Version
4.1.2, Boersma and Weenink, 2009). Two parameters were

n? = 0.30].

Then, a similar ANOVA was conducted for the vocal inten-
sity measure. A significant Three-Way Sentence-type x Gender x
Group interaction was found [F(i, 30y = 6.93, p < 0.001, n? =
0.19]. Consistent with our hypothesis, LSA men increased their
vocal intensity, while HSA men decreased their vocal inten-
sity in command utterances, as compared to neutral sentences
[Fa, 16) = 7.26,p < 0.02, n? = 0.31]. In contrast, both HSA and
LSA women exhibited a greater increase in vocal intensity for
command sentences as compared to neutral sentences [F(1, 14) =
4.6, p < 0.05,1? = 0.25].

Vocal confidence following popularity hypothesis
In order to test this hypothesis, we conducted two separate
repeated measures analyses on mF0 and vocal intensity. Similarly
to the Exclusion condition, we used the difference score between
the pre- and post-Popularity measures in acoustic parameters
(mFO, vocal intensity) for command and neutral utterances.

An ANOVA on mFO was conducted with Gender (Men,
Women) and Group (LSA, HSA) as between-subject variables,
and Sentence-type (Neutral, Command) as a within-subject
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Table 2 | Means and standard deviation (in parentheses) of acoustic parameters recorded after exclusion and popularity conditions according

to social anxiety (SA) group and gender.

Low SA High SA

T T2 Change T T2 Change
EXCLUSION CONDITION
Neutral sentences
mFO0 (M) 123.23 (5.42) 122.12 (5.3) —0.53 (2.01) 143.86 (7.98) 146.77 (7.79) 1.83 (2.99)
mF0 (W) 192.33 (798) 191.06 (7.79) —1.27 (2.73) 208.69 (6.18) 209.89 (6.04) 0.08 (2.23)
Vocal intensity (M) 72.34 (1.28) 70.89 (1.14) —1.87 (1.68) 69.16 (1.89) 69.55 (1.69) 0.65 (2.48)
Vocal intensity (W) 70.87 (1.89) 68.73 (1.69) —2.14 (2.27) 70.03 (1.46) 66.47 (1.31) —3.33(1.85)
Command sentences
mF0 (M) 150.4 (6.78) 140.25 (6.77) —9.57 (3.37) 162.42 (9.99) 168.89 (9.96) 7.83 (5.00)
mFO (W) 228.76 (9.99) 214.5 (9.96) —14.26 (4.56) 234.61 (7.74) 235.12 (772) —1.22 (3.73)
Vocal intensity (M) 76.89 (1.42) 72.92 (1.22) 4.03 (1.27) 71.1 (2.09) 75.74 (1.79) —4.89 (1.89)
Vocal intensity (W) 75 (2.09) 75.02 (1.79) —0.02 (1.72) 72.76 (1.62) 71.15 (1.39) 1.53 (1.41)
Request sentences
mF0 (M) 130.32 (5.98) 130.9 (6.92) 0.73 (3.19) 149.85 (8.8) 157.62 (8.71) 11.48 (4.74)
mFO0 (W) 207.89 (8.8) 204.15 (8.71) —3.74 (4.32) 220.6 (6.82) 212.06 (6.75) —744 (3.53)
Vocal intensity (M) 70.24 (1.38) 69.38 (1.2) —1.34 (1.50) 66.4 (2.036) 72.34 (1.769) 7.38(2.23)
Vocal intensity (W) 70.15 (2.04) 71.06 (1.77) 0.91 (2.04) 6737 (1.68) 66.51 (1.47) —0.97 (1.66)
POPULARITY CONDITION
Neutral sentences
mF0 (M) 114.18 (6.18) 115.74 (6.04) 1.16 (2.36) 121.8 (7979) 124.38 (7.79) 1.32 (2.99)
mFO (W) 196.58 (5.89) 198.16 (5.76) 1.568 (2.01) 194.24 (6.91) 198.78 (6.75) 4.54 (2.36)
Vocal intensity (M) 69.32 (1.46) 71.1(1.31) —0.23 (1.96) 70.52 (1.89) 69.5 (1.69) 3.02 (2.448)
Vocal intensity (W) 68.76 (1.4) 69.19 (1.24) 0.43 (1.68) 69.72 (1.54) 69.68 (1.38) 0.41 (1.96)
Command sentences
mF0 (M) 129.09 (7.74) 128.98 (7.72) —1.10 (3.95) 143.91 (9.99) 147.63 (9.96) 3.16 (5.00)
mFO0 (W) 215.09 (7.38) 212.28 (7.36) —2.80 (3.37) 229.91 (8.65) 226.22 (8.63) —3.69 (3.95)
Vocal intensity (M) 72.37 (1.62) 71.87 (1.39) 0.44 (1.49) 74.91 (2.09) 76.26 (1.79) 1.24 (1.89)
Vocal intensity (W) 72.72 (1.55) 71.1 (1.32) 1.62 (1.27) 74.35 (1.71) 71.95 (1.46) 2.34 (1.49)
Request sentences
mFO0 (M) 125.82 (6.82) 119.86 (6.75) —2.74 (3.74) 128.93 (8.8) 134.22 (8.71) 6.12 (4.74)
mF0 (W) 202.36 (6.5) 202.89 (6.43) 0.54 (3.19) 207.24 (762) 210.59 (7.54) 3.34 (3.74)
Vocal intensity (M) 68.01 (1.68) 67.18 (1.37) —2.34 (1.76) 68.12 (2.04) 69.31 (1.77) 1.27 (2.23)
Vocal intensity (W) 68.43 (1.5) 67.76 (1.31) —0.67 (1.50) 69.08 (1.66) 68.59 (1.44) —0.26 (1.76)

variable. No significant effects or interactions were identified (all
ps > 0.13). A similar ANOVA was conducted on the vocal inten-
sity measures, with no significant main effects or interactions (all
ps > 0.25).

DISCUSSION

The present study examined reactivity to changes in belong-
ingness based on subjective and expressive (implicit) measures
in individuals high and low on a self-report measure of SA.
First, our exclusion-reactivity hypothesis was partially supported.
Our results support previous findings that threat to belonging-
ness has a general negative effect on individuals, but that, on
most measures, the immediate effect of exclusion is not associ-
ated with individual differences (Zadro et al., 2006; Oaten et al.,

2008; Williams, 2009; but see also Wesselmann et al., 2012a,b).
Specifically, we did not find that individuals with HSA reported
lower mood or higher threat of their fundamental needs following
exclusion (as compared to acceptance), as compared to individu-
als with LSA. However, consistent with our hypothesis, we found
that, as compared to individuals with LSA, individuals with HSA
were more affected by exclusion (than acceptance) condition on
measures assessing self-esteem. Importantly, these findings held
while controlling for significant effects of depressive symptoms
severity. Thus, while there were no differences in the way that
HSA and LSA individuals perceived the reality of the interaction
(i.e., both groups estimated number of throws equally accurately),
HSA individuals reported lower self-esteem following exclusion
than following acceptance than did LSA individuals. These results
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FIGURE 2 | Changes in mF0 following exclusion in high and low socially anxious women (A) and men (B). Error bars represent standard errors of the
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FIGURE 3 | Changes in vocal intensity following exclusion in high and low socially anxious women (A) and men (B). Error bars represent standard
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are consistent with previous findings demonstrating that SA
in children was associated with greater changes in self-esteem
following rejection (Reijntjes et al., 2011). Thus, the present find-
ings are broadly consistent with Leary’s view of SA as possessing
an over-sensitive sociometers (e.g., Leary and Jongman-Sereno,
in press).

Second, we tested the impaired positivity hypothesis, which
postulated that individuals with HSA will report attenuated sub-
jective reactions to popularity compared to acceptance. Our
impaired positivity hypothesis was supported for women, but not
for men. Specifically, we found that while SA did not affect men’s
self-esteem ratings in response to popularity as opposed to accep-
tance, HSA, but not LSA women, reported decreases in mood and
in self-esteem. Importantly, men with HSA were found to be more

affectively responsive to popularity than to acceptance as opposed
to men with LSA. It appears that HSA men are more dependent
on external feedback than are LSA men. These findings support
and extend the research showing that gender exerts a significant
effect on interpersonal relationships (e.g., Benenson, 1990; Kwang
et al., 2013). Specifically, it is possible that while social visibil-
ity (being at the center) does not carry negative costs for men,
such visibility may incur negative consequences for women (e.g.,
Cillessen and Borch, 2006). Alternatively, it is also possible that
popularity in the ball-tossing game carries different (and more
positive) connotations for men than for women.

Third, we postulated that individuals with HSA would exhibit
a pattern of vocal insecurity following exclusion, whereas individ-
uals with LSA would not exhibit this pattern. This hypothesis was
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mostly supported by our findings. Specifically, we found that HSA
men exhibited an increase in mF0 and a decrease in vocal intensity
in command sentences. In contrast, LSA men exhibited an oppo-
site pattern: they evidenced a decrease in mF0 and an increase
in vocal intensity. Similarly, HSA women uttered command sen-
tences in higher mF0 than did LSA women. Taken together, these
findings suggest that after experiencing exclusion, men, and to
a somewhat lesser extent, women, with LSA exhibit a confident
and dominant pattern of responses, while individuals with HSA
exhibit an insecure pattern.

Fourth, we tested the impaired confidence hypotheses, accord-
ing to which HSA individuals are expected to exhibit a less
pronounced increase in vocal confidence than those with LSA
after experiencing a popularity condition. This hypothesis was
not supported by our data.

SOCIAL EXCLUSION: REPARATIVE REPERTOIRE

When interpersonal status-quo is threatened, due to social exclu-
sion or rejection, the need to take reparative action arises. Such
a need is likely to mobilize various subsystems, energize behav-
ior, attune the sensitivity of the cognitive system to signals of
acceptance or rejection, and influence motivation and behav-
ior. Previous studies have documented that social exclusion may
lead to distinct types of responses. These include social cold-
ness/avoidance (e.g., DeWall and Baumeister, 2006; Twenge et al.,
2007), affiliation (Maner et al., 2007; Dewall et al., 2009) and
aggression (Twenge et al., 2001; DeWall et al., 2010). Insofar as
acoustic parameters are seen as proxy for interpersonal strategies,
our study suggests that, some individuals react to social exclusion
by adopting strategies aimed for restoring social status, while oth-
ers may react by “profile lowering” and utilization of behaviors
typically associated with submissiveness and deference.

The interpersonal circumplex (e.g., Wiggins, 1979) concep-
tualizes the realm of social behaviors as consisting of two axes:
dominance (i.e., power, competence, agency) and affiliation (i.e.,
warmth, love, communion). When examined through this prism,
social exclusion can either heighten or lower the desire to affiliate,
and the motivation to restore social rank. This conceptualiza-
tion brings the rather disparate literature of reactions to exclusion
under a unified theoretical umbrella, suggesting that exclusion
(and possibly popularity) may lead to the use of strategies for
increasing social rank, and not only those intended to regain
social acceptance. In addition, social exclusion may lead to the
simultaneous employment of several types of coping strategies, as
people may increase their social visibility while also increasing the
affiliative efforts on the one hand, or signal deference and social
withdrawal on the other hand (see also Powers and Heatherton,
2012). Considered in concert, these findings are suggestive of the
great flexibility and diversity of responses to social exclusion.

EXCLUSION AND SOCIAL ANXIETY

In this study we found that vocal characteristics of command and
neutral sentences provided cues for changes in belongingness sta-
tus, and that individual differences (gender, SA) modulated these
effects. Specifically, we suggest that HSA individuals respond to
social exclusion by using submissive tactics. These findings are in
line with previous studies, which similarly found that individuals

with HSA report using more submissive behaviors and endorse
more submissive cognitions than individuals with LSA (Aderka
et al., 2009; Weeks et al., 2011). In addition, other studies have
found that individuals high in SA were rated as less dominant, and
that HSA women made greater efforts to minimize interpersonal
disharmony than did LSA women, by using more appeasement
statements (Oakman et al., 2003).

These findings lent further support to theoretical accounts
which place concerns with social rank and power at the core
of SA (e.g., Gilbert, 2001; Gilbert and Trower, 2001; Mineka
and Ohman, 2002; Johnson et al., 2012; Gilboa-Schechtman
and Shachar-Lavie, 2013). HSA individuals opt for submissive
or deferring responses when faced with social threats—either
exclusion or defeat. Future studies may explore whether, and
under what conditions, social exclusion/rejection in HSA indi-
viduals leads to deficits in affiliative behavior, deficits in assertive
behaviors, or general social withdrawal.

Recent studies focused on the neural correlates of inter-
personal exclusion in individuals with psychopathology (e.g.,
Maurage et al., 2012). Specifically, Maurage and colleagues found
that, as compared to controls, individuals with alcohol depen-
dence, exhibited increased activation in brain “reactivity” areas
(i.e., areas usually associated with social exclusion feelings such
as dorsal anterior cingulate cortex, insula) as well as decreased
activation in areas associated with regulations of those feelings
(e.g., middle frontal gyrus and inferior frontal gyrus). Extending
these studies to examine the neural correlates of social exclu-
sion (and possibly social rank loss) in SA may strengthen our
understanding of core mechanism(s) of this disorder.

The present findings extend existing research in several
ways. First, while previous research focused mostly on affiliative
responses following exclusion (e.g., Maner et al., 2007; Mallott
et al., 2009; Buckner et al., 2010; Tai et al., 2011), we focused
on responses connoting dominance and submissiveness. Second,
we examined expressive interpersonal responses. The emphasis
on production, rather than perception of social signals, is essen-
tial for evaluating the impact of behaviors of socially anxious
individuals on their chances of creating a supportive and respect-
ful interaction. In addition to conveying the speaker’s emotional
states, vocal expressions may also serve as a signal to the listener,
serving as an appeal for reaction (Laukka and Elfenbein, 2011).
Such expressions modulate and coordinate interpersonal interac-
tions. Third, we found that the pattern of affective, cognitive, and
behavioral response was specific to SA, rather than emerging from
concomitant depressive symptoms. This emphasizes the impaired
reactions to exclusion as a core feature of SA.

POPULARITY, SOCIAL ANXIETY, AND GENDER

Evolutionary and interpersonal perspectives converge in suggest-
ing that social stress arises in response to changes and modu-
lation in social standing and social fortunes (e.g., Gilbert and
Trower, 2001; Alden and Taylor, 2004). While research so far has
focused on the examination of social threats (e.g., public speak-
ing) and negative social events (e.g., exclusion, rejection), we
examined the after-effects of exclusive social attention (popular-
ity). Consistent with impaired positivity accounts, our findings
suggest that the effects of enhanced social attention tend to be
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negative for women high (but not low) in SA. The mood and self-
esteem of women with HSA decreased in situations of enhanced
attention, compared to situations of equal attention (see also
Gilboa-Schechtman et al., 2000; Gilbert and Trower, 2001; Alden
et al., 2008; Weeks, 2010; Gilboa-Schechtman et al., 2013a,b). In
contrast, men did not exhibit the predicted negatively biased reac-
tivity to popularity. Instead, in that condition, men tended to
exhibit an enhanced affective reactivity, supporting a high con-
tingency of social esteem and external approval on SA (Reijntjes
et al., 2011; Leary and Jongman-Sereno, in press). It is possi-
ble that, while no differences in subjective experience following
exclusive social attention are reported by men high and low in SA,
brain activation measures may unveil a different, more sensitive,
pattern (for a similar argument, see Eisenberger and Lieberman,
2004).

LIMITATIONS AND FUTURE DIRECTIONS

Several limitations of our study should be noted. First, while
the popularity condition affected the perceptions and the fun-
damental needs of our participants, it did not affect their mood
ratings or the acoustic measures. We take these findings to mean
that our popularity manipulation is a less powerful counter-
part to the exclusion condition. Future research may attempt to
enhance the effectiveness of popularity manipulation by using
alternative procedures. Such alternatives could include the “sur-
vivor game” used by Reijntjes et al. (2011), the interpersonal
rejection paradigm, as in Mallott et al. (2009), or a modification
of the Cyberball procedure that would include additional partic-
ipants, to enhance the difference between the acceptance and the
popularity conditions. Second, we used only post-manipulation
measures of mood, as typically performed in previous studies
with Cyberball. Thus, we could only compare both exclusion
and popularity conditions to the acceptance condition. Such
comparisons are clearly less sensitive than within-subject com-
parisons. Future studies may use other manipulations allow-
ing the assessment of pre- and post-mood measures. Third,
our findings need to be replicated with spontaneous, rather
than planned speech. Spontaneous speech is likely to involve
increased task demands, as the speaker is concerned with the
content of communication as well as with its manner. This may
lead to greater or more pervasive disruption in vocal charac-
teristics. Fourth, in this study we focused on a limited num-
ber of acoustic parameters. A more comprehensive examination
of a wide range of expressive tactics (vocal, postural, facial)
would enrich our understanding of the ways in which humans
express intentions and emotions. Fifth, our sample size was
rather small, likely restricting our ability to detect some indi-
vidual differences. Sixth, our results need to be replicated in
a clinical population. While there is considerable evidence that
SA and SAD form a continuum (e.g., Ruscio, 2010; Haslam
et al., 2012), it is possible that individuals with clinical lev-
els of SA exhibit qualitatively different forms of impairment.
Moreover, future studies could profit from a differentiation
between the effects of social and generalized anxiety on responses
to changes in belongingness. Finally, in our study we exam-
ined the effects of threats to belongingness. An extension of
the present finding to other domains, such as threats to social

status (e.g., winning or losing a competition), would allow a
greater understanding of the response to changes in interpersonal
fortunes in SA.

SUMMARY AND CONCLUSIONS

Despite these limitations, we believe that our study makes
several contributions. First, we show that a brief manipula-
tion of exclusion exerts significant and differential effects on
vocal expression, which can be quantified objectively. Indeed,
our study is the first to suggest that social exclusion affects
expressive interpersonal signals. Second, we argue that vocal
changes exhibited by highly socially anxious individuals (espe-
cially males) are related to dominance expression impairment.
Taken together with previous research on vocal properties of
speech in socially anxious individuals (e.g., Weeks et al., 2012;
Galili et al., 2013) our data suggest that vocal parameters of
speech, especially mF0, may be used as objective markers of
SA. Third, our data point to the hypersensitivity of social
rank biobehavioral system functioning in SA (see also Johnson
et al,, 2012). In fact, reactivity to changes in social fortune
may emerge as a core vulnerability in SA (see also Levinson
et al., 2013). Indeed, such a conceptualization of SA may inform
interventions which can be designed to decrease the reactiv-
ity and increase the adaptability of socially anxious individu-
als’ response to changes in belongingness and in social rank.
Fourth, significant differences in the subjective reactions of
socially anxious men and women to changes in belongingness
were found. These findings are consistent with evolutionary
and interpersonal accounts of SA and highlight the importance
of examining the effects of SA and gender on expressive and
subjective reactions to events connoting social acceptance and
ascendance. The examination of SA from the perspective of basic
psychological systems may offer a new, theory-based approach
to the nosology and treatment of this highly prevalent anxiety
disorder.
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implications are discussed.

disorder

INTRODUCTION

Social anxiety disorder (SAD) is one of the most common
mental disorders with a lifetime prevalence of up to 12% in
Western countries (Fehm et al., 2005; Kessler et al., 2005).
Hallmark characteristics are intense fear and avoidance of
being evaluated or criticized resulting in extreme discomfort
and self-consciousness in everyday social situations (American
Psychological Association, 2000). Theoretical models highlight
the importance of cognitive biases in the processing of ambiguous
or negative cues during social interactions for the etiology and/or
maintenance of social anxiety (Rapee and Heimberg, 1997; Clark
and Mcmanus, 2002). More specifically, studies show that socially
anxious individuals have attentional biases in the processing
of negative, rejection-related cues (Bar-Haim et al., 2007) and
interpret ambiguous social situations as more threatening and
negative than healthy controls (e.g., Stopa and Clark, 2000; Beard
and Amir, 2009).

Relatively little attention, however, has been paid to biases
in gaze perception. This is particularly surprising since indi-
viduals with SAD experience intense feelings of being looked
at by other individuals and show a marked avoidance and
fear of eye contact during social interactions (Schneier et al.,
2011D). Biases in the self-referential perception of gaze directions,
for instance, might more easily elicit feelings of mutual gaze
and being the center of attention, which then will activate
fears of being scrutinized by others. Here, we review studies
with clinical and non-clinical socially anxious samples on self-
referential and threat-related biases in the perception of mutual
gaze.

First, mutual gaze perception in healthy human beings will be
discussed. Next, biases in the perception of other individuals’ gaze

Clinical observations suggest abnormal gaze perception to be an important indicator of
social anxiety disorder (SAD). Experimental research has yet paid relatively little attention
to the study of gaze perception in SAD. In this article we first discuss gaze perception in
healthy human beings before reviewing self-referential and threat-related biases of gaze
perception in clinical and non-clinical socially anxious samples. Relative to controls, socially
anxious individuals exhibit an enhanced self-directed perception of gaze directions and
demonstrate a pronounced fear of direct eye contact, though findings are less consistent
regarding the avoidance of mutual gaze in SAD. Prospects for future research and clinical

Keywords: avoidance, cone of gaze, emotion, eye-tracking, eye gaze, mutual gaze, social anxiety, social anxiety

in social anxiety will be reviewed with a focus on: (a) whether
mutual gaze is more readily perceived; and (b) whether mutual
gaze is avoided and perceived as threatening.

GAZE PERCEPTION IN HEALTHY HUMAN BEINGS

Most mammals generally interpret direct gaze as threatening
or as a sign of dominance. Humans in contrast often associate
mutual gaze with positive interest, such as love and attraction.
A preference for direct gaze seems to be present at a very early
age: Farroni et al. (2002) found that infants as young as 2 days
old prefer to look at faces that gazed directly at them compared
to faces with averted gaze. Yet, humans sometimes find eye
contact uncomfortable, for example if a stranger keeps staring at
them.

Different sources of information are taken into account when
processing gaze direction. The most obvious cue lies in the eye
itself. Kobayashi and Kohshima (1997, 2001) compared the eyes
of a large number of primates and found that the morphology of
the human eye is rather unique. Of all compared species human
eyes have the highest width to height ratio and the highest index
of exposed sclera size. The amount of visible sclera provides
information about the orientation of the eyeball (Gibson and
Pick, 1963; Cline, 1967; Anstis et al., 1969; Langton et al., 2000;
Ando, 2002). Ando (2002) provided direct evidence that the
iris/sclera ratio is an important cue for eye gaze perception. By
darkening one side of the sclera of eyes directed straight ahead, he
found a substantial shift of the perceived gaze direction towards
the darkened side.

Another factor influencing gaze perception is the head direc-
tion of the looker. Langton (2000) (see also Wollaston, 1824)
found that the orientation of another person’s head strongly
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SUMMARY AND FUTURE RESEARCH

Clinical observations suggest abnormalities in gaze perception to
be important for SAD. In accordance with such claims, findings
from analog samples and clinical populations demonstrated a
greater cone of gaze and a pronounced fear of direct eye contact in
social anxiety. In addition, recent findings suggest that individuals
with SAD avoid mutual gaze, but these results are less consistent.

In socially anxious individuals, a biased self-referential
perception of gaze directions may underlie the fear of being
the center of attention and cause uneasiness and discomfort.
Specifically, biased perceptions of mutual gaze may lead socially
anxious individuals to appraise a situation as social, which
results in a heightened processing of the self as a social object,
ultimately resulting in a negative cascade of somatic, cognitive,
and behavioral consequences (Clark and Mcmanus, 2002). The
avoidance of eye contact in social anxiety may be understood as
an attempt to avoid signs of social threat and to regulate excessive
fears of being evaluated. This avoidance behavior may contribute
to the maintenance of SAD by negatively reinforcing expectations
and fears of social encounters. Alternatively, taking into account
findings of gaze aversion in social anxiety, it is also conceivable
that SAD patients fail to extract relevant cues from the eye region.
This factor may lead to abnormal perceptions of being looked
at. A promising direction for future studies may therefore be to
combine eye-tracking methods with paradigms of mutual gaze
perception to further disentangle causes and consequences of
abnormal gaze perception/behavior in social anxiety.

Measuring scan paths by means of eye-tracking is a highly
ecologically valid method to assess overt gazing behavior. Hence,
eye-tracking methods seem highly suitable to study avoidance
of mutual gaze in individuals with social anxiety. In addition,
such methods also allow studying approach-avoidance behavior
in response to more ecologically valid stimuli, such as films
or crowds of individuals (Lange et al., 2011). Ultimately, gaze
measures may present objective benchmarks for the evaluation of
psychotherapeutic treatment approaches for SAD. More specifi-
cally, scan paths may potentially be used as objective measures for
avoidance behavior in social anxiety. Although the avoidance of
mutual gaze is considered a behavioral marker of SAD (cf. Weeks
et al., 2013), current findings are less consistent in this regard.
A possible explanation for these inconsistencies may be that in
most studies only time-averaged fixation behavior in response
to direct gaze was analyzed. However, behavioral studies mainly
suggest a hypervigilant-avoidant time-course of attention in social
anxiety. In comparison to non-anxious individuals, threatening
social information is detected earlier by socially anxious individ-
uals (hypervigilance) and is followed by attentional avoidance
of such stimuli (e.g., Wieser et al., 2009b). More fine-grained
analyses and paradigms might thus help to disentangle differential
effects of early and late processes on fixation behavior in SAD
(see also Bar-Haim et al., 2007; Armstrong and Olatunji, 2012).

Further research is needed to assess the diagnostic value of
abnormalities in gaze perception as possible behavioral indicators
of SAD. To date, statements regarding the diagnostic potential of
such measures are substantially limited since none of the studies
included a clinical comparison group, comprising for instance
individuals with symptoms of autism, or schizophrenia who also

exhibit abnormal gaze perception (Kliemann et al., 2010; Clark
et al., 2013). It remains therefore unclear whether avoidance
and fear of gaze are specific for socially anxious individuals
or whether they are general signs of psychopathology and
interpersonal dysfunction. Furthermore, the specific functions of
gaze avoidance and its effects on states of social anxiety remain to
be clarified. Langer and Rodebaugh (2013) recently demonstrated
avoidance of eye-to-eye contact to be an ineffective strategy for
the regulation of anxiety in social phobic individuals.

In sum, recent findings highlighted abnormal gaze perceptions
in social anxiety. In particular, socially anxious individuals were
characterized by a greater self-referential perception of gaze direc-
tion along with a pronounced fear of direct eye contact.
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Anxious individuals demonstrate threat-related attention biases both when threat stimuli
are presented within conscious awareness and when presented below awareness
threshold. Nevertheless, attention bias modification (ABM) research has rarely utilized
sub-awareness protocols in an attempt to modify attention patterns and reduce anxiety.
Exploring the potential of subliminal ABM is of interest, as it may target attention
processes related to anxiety that are distinct from those engaged by supraliminal
ABM. Here we examined the effect of a subliminal ABM training protocol on levels of
social anxiety and stress vulnerability. Fifty-one socially anxious students were randomly
assigned to either ABM or placebo condition, and completed a pre-training assessment,
four training sessions, a social stressor task, and a post-training assessment. Results
indicate that the subliminal ABM used here did not induce detectable changes in
threat-related attention from pre- to post-training as measured by two independent
attention tasks. Furthermore, the ABM and placebo groups did not differ on either
self-reported social anxiety post-training or state anxiety following stress induction.
Post-hoc auxiliary analyses suggest that ABM may be associated with smaller elevations
in state anxiety during the stressor task only for participants who demonstrate attention
bias toward threat at baseline. Implications and future research directions are discussed.

Keywords: social anxiety, stress vulnerability, attention bias modification, masking, subliminal

INTRODUCTION
Numerous studies across clinical and sub-clinical populations
have found that anxious individuals demonstrate an attentional
bias toward threat-related stimuli (Bar-Haim et al., 2007). This
bias manifests even when threat stimuli are presented below
awareness thresholds (Mathews and MacLeod, 1986; Mogg et al.,
1993; van den Hout et al., 1995; Fox, 2002; Mogg and Bradley,
2002). Additional findings further suggest that threat biases
causally affect stress vulnerability (MacLeod et al., 2002; Mathews
and MacLeod, 2002; Eldar et al., 2008). Based on such obser-
vations, attention bias modification (ABM) treatments have
started to emerge, exploring the potential of computerized tools
to modify attention patterns and consequently reduce stress-
vulnerability and anxiety (Koster et al., 2009; Bar-Haim, 2010;
Hakamata et al., 2010; Beard, 2011; Hallion and Ruscio, 2011).
Clinical ABM trials indicate that training patients to attend
away from threat reduces self-reported as well as clinically eval-
uated anxiety levels (Amir et al., 2009, 2011; Schmidt et al., 2009;
Eldar et al., 2012). In addition, studies with non-clinical high-
anxious participants show that ABM training typically reduces
stress vulnerability in the face of lab-induced (Amir et al., 2008;
Bar-Haim et al., 2011) or real-life (See et al., 2009) stressors.
However, although many studies have utilized subliminal stim-
uli to measure preconscious threat-related attention biases and
their associations to anxiety and stress vulnerability (MacLeod
and Hagan, 1992; van den Hout et al., 1995; Fox et al., 2010),

the vast majority of ABM studies to date have used supraliminal
(i.e., consciously perceived) stimuli presentations to modify these
biases.

Exploring the potential of subliminal ABM is of interest, as
it may target a different layer of attention processes related to
anxiety. In line with this idea, brain imaging and psychophysi-
ology studies found distinct responses to readily-identifiable, as
opposed to masked, subliminal threat-related stimuli in anxious
relative to non-anxious individuals (Ohman and Soares, 1994;
Etkin et al., 2004; Li et al., 2007; Tsunoda et al., 2008). These
findings suggest that hypersensitivity to threat in anxious indi-
viduals may occur prior to conscious awareness. For example,
Etkin et al. (2004) demonstrated that supraliminal and sublim-
inal presentations of threat faces modulated neural activation in
distinct regions of the amygdala. Specifically, subliminal presenta-
tions modulated activity in the basolateral region of the amygdala,
and this activation was positively correlated with trait anxiety.
Thus, subliminal ABM may provide an opportunity to intervene
with anxiety-maintaining mechanisms that act very early in the
processing stream.

To our knowledge only one study used subliminal presenta-
tions in the context of ABM. MacLeod et al. (2002; study 1)
used a dot-probe task to train non-anxious students to attend
either to threat or neutral words. A single-session protocol with
576 active training trials was used, in which half of the tri-
als were presented subliminally and half were presented well
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within conscious awareness. In addition, 96 attention bias mea-
surement trials were intermixed throughout the active training
trials. Half of these measurement trials were subliminally pre-
sented and the other half were presented within conscious aware-
ness. Following training, lower stress vulnerability was found
in the group trained to attend away from threat relative to the
group trained to attend toward threat. The results also indi-
cated that attentional changes following training emerged only
for consciously presented measurement trials and not for sub-
liminal measurement trials. However, because all trial types (sub-
liminal, supraliminal; training, measurement) were presented
in a mixed fashion, conclusive inference on the specific effect
of subliminal training was complicated. Moreover, as men-
tioned, this study included only non-anxious participants. It
has been previously demonstrated that non-anxious individu-
als’ attention is less reactive to subliminal threatening stimuli
as compared to anxious individuals (Mathews and MacLeod,
1986; Mogg et al., 1993). This could suggest a possible expla-
nation as to why no change in preconscious attention pro-
cesses was demonstrated following training among these non-
anxious subjects. Finally, the study by MacLeod et al. (2002)
used word stimuli that might be less optimal than evolutionary-
relevant threat, such as faces (Ohman and Mineka, 2001), for
early threat-attention modification processes. Thus, it appears
that more research is needed to explore the effects of sublim-
inal ABM on anxiety and stress vulnerability among anxious
individuals.

The aim of the current study was to examine the efficacy of
a subliminal dot-probe ABM protocol on attention bias, anx-
iety levels, and stress vulnerability in a group of undergrad-
uate students with high levels of self-reported social anxiety.
We decided to focus on socially anxious individuals for sev-
eral reasons: first, for methodological reasons, we wanted to
keep our sample as homogenous as possible with respect to the
nature of their anxiety. This enabled us to specify the stim-
uli and the stressful manipulation to the characteristics of this
particular anxiety. Second, we selected this specific population
because previous findings indicate ABM efficacy with supralim-
inal presentations in clinically diagnosed Social Anxiety Disorder
patients (Amir et al., 2009; Schmidt et al., 2009; Heeren et al.,
2011, 2012), as well as in analog samples with moderate to
high self-reported social anxiety (Amir et al., 2008; Klumpp and
Amir, 2010). The subliminal ABM protocol used in the cur-
rent study followed the parameters from these previous supral-
iminal ABM studies, which have demonstrated positive effects
of ABM in socially anxious populations (Amir et al., 2008,
2009; Schmidt et al., 2009), but with subliminal presentations.
We expected the subliminal ABM protocol to change threat-
related attention patterns in accord with the training condition.
That is, that participants trained to attend away from threats
would show a reduction in threat-related attention bias follow-
ing ABM. No change in attention pattern was expected in the
placebo control condition which was not intended to manipu-
late attention. We also expected that participants in the ABM
condition will display less anxiety and lower stress vulnerability
following training relative to participants in the placebo control
condition.

Subliminal ABMT in social anxiety

METHODS

PARTICIPANTS

Sixty socially anxious undergraduate students were invited to par-
ticipate in the study based on their high total scores (>30) on
the Liebowitz Social Anxiety Scale (LSAS, Liebowitz, 1987) com-
pleted in a mass survey at the beginning of the academic year. A
cutoff score of 30 was found to provide the best balance between
false positive and false negative diagnostic errors in classifying
individuals with social anxiety disorder (Mennin et al., 2002;
Rytwinski et al., 2009). The LSAS was again administered to these
60 students in the lab during the pre-assessment session of the
study to verify high social anxiety levels. Eight students reported
lower levels of social anxiety relative to their initial report and
no longer met the criterion of LSAS >30. These students were
thus excluded from further participation in the study. An addi-
tional student decided not to participate. Thus, 51 participants
(mean age = 22.70 years, SD = 1.65; 41 females) were randomly
assigned to either an ABM group (n = 24) or a placebo control
group (n = 27). The mean LSAS score for the final sample was
55.73 (8D = 16.90), placing their mean score more than 3 stan-
dard deviations above the mean for individuals with no axis I
diagnosis (Fresco et al., 2001). The groups did not differ in age,
gender distribution, baseline threat bias scores, and mean LSAS
scores, all ps > 0.15 (see Table 1 for baseline means and SDs by
group, and Figure 1 for a CONSORT diagram). The study was
approved by the institutional review board. Participants provided
signed informed consent.

QUESTIONNAIRES

Social anxiety was assessed with the LSAS (Liebowitz, 1987). This
scale consists of 24 items describing social interactions and per-
formance situations. The LSAS possesses strong psychometric
properties (Fresco et al., 2001). The Hebrew version of the LSAS
was found valid and reliable (Levin et al., 2002). Cronbach’s alpha
in the current sample was 0.90 and 0.93 for the baseline and
post-ABM/Placebo sessions, respectively.

State anxiety was measured with the state sub-scale (STAI-S) of
the State-Trait Anxiety Inventory (STAI, Spielberger et al., 1983).
The STAI-S consists of 20 items measuring current, situational
levels of anxiety. The Hebrew version of the STAI was found valid
and reliable (Teichman and Melinic, 1979). Cronbach’s alpha in
the current sample was 0.89 or higher in each of the STAI-S
administrations (baseline, pre and during the stressor task, and
at post measurement).

ATTENTIONAL BIAS ASSESSMENT

The dot probe task

The sequence of events on a dot-probe trial is described in
Figure 2. Each trial began with the presentation of a fixation
display (500 ms; white cross 1 x 1cm), on which the partici-
pants were requested to focus their gaze. The fixation display
was followed by a presentation of a pair of faces. Face pairs
comprised either disgust-neutral or neutral-neutral facial expres-
sions of the same actor. Pictures of eight different actors were
used (four female), taken from a standardized set of emotional
expressions (Matsumoto and Ekman, 1988). Each face pho-
tograph was placed on a gray square background subtending
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Table 1| Means and SDs of baseline, post-training, pre-stressor, and during-stressor measurements by group*.

Baseline Post-training
ABM Placebo-Control ABM Placebo-Control
Gender (F/M) 20/4 20/6
Age 22.96 (1.94) 22.42 (1.33)
LSAS score 54.67 (14.55) 55.96 (18.99) 53.63 (16.88) 54.62 (21.28)
STAI-S score 38.00 (10.80) 38.35 (7.92) 34.59 (9.28) 38.54 (9.50)
DOT-PROBE
Mean RT—threat 527 (63) 533 (47) 478 (44) 470 (39)
Mean RT—neutral 527 (58) 532 (60) 479 (40) 469 (33)
Threat bias score 0.10 (19) —0.88 (18) 1.01 (18) -0.97 (17)
AFFECTIVE SPATIAL CUING
Mean RT—threat valid 585 (92) 565 (69) 556 (79) 542 (56)
Mean RT—neutral valid 582 (94) 562 (70) 559 (76) 542 (59)
Mean RT—threat invalid 659 (118) 666 (98) 636 (106) 646 (84)
Mean RT—neutral invalid 675 (146) 664 (92) 635 (102) 647 (89)
Threat engagement —3.06 (23) —2.35 (22) 3.569 (22) —0.49 (20)
Threat disengagement —16.04 (54) 1.52 (40) 0.74 (36) —0.83 (37)
Pre-stressor During-stressor
ABM Placebo-Control ABM Placebo-Control
STAI-S score 38.29 (10.19) 40.27 (10.85) 49.84 (9.75) 52.73 (10.49)

*No between-group differences were found at baseline, post-training, pre-stressor or during-stressor, all ps > 0.10.
LSAS is Liebowitz Social Anxiety Scale, STAI-S is Spielberger State-Trait Anxiety Inventory-State.

50 mm in width and 37.5mm in height. The face photographs
were presented with equal distance from the top and bottom
of the fixation cross, with a distance of 15mm between them.
The top photograph was positioned 30 mm from the top edge
of the screen. The faces were displayed for 17 ms and were
then masked by a pair of scrambled neutral faces displayed
for 68 ms (see Mogg and Bradley, 2002 for a similar masking
procedure). After the masking disappeared, a target probe con-
sisting of either the letter E or F (font Arial, size 14, bold)
appeared at the location previously occupied by one of the
masks, and remained on the screen until response. Participants
had to determine which of the letters appeared by pressing
one of two pre-specified buttons on a mouse. The task com-
prised 128 trials of disgust-neutral pairs and 32 trials of neutral-
neutral pairs, for a total of 160 trials, displayed in a random
order.

The 128 disgust-neutral trials were counterbalanced with
regard to actor identity, disgusted face location (top, bottom),
probe location (top, bottom), and probe type (E, F). Attention
bias for each participant was calculated by subtracting the mean
RT of trials in which the target probe appeared at the disgust
face location from the mean RT of trials in which the target
appeared at the neutral face location. Positive scores reflect a bias
toward threat (threat vigilance), whereas negative scores reflect an
attentional bias away from threat (threat avoidance). On neutral—-
neutral trials target location and type were fully counterbalanced
and RTs from these trials were not included in attention bias
calculation.

The affective spatial cueing task

Assessing attention bias using the dot-probe task following ABM
may reflect only near transfer of the training effect since it
relies on the same task demands and stimuli as the ABM train-
ing itself. To further test for generalization of potential changes
in threat attendance as a function of ABM, we used an affec-
tive variant of Posner’s spatial cueing task (Stormark et al,
1995; Fox et al., 2001, 2002). In Posner’s original task (Posner,
1980), a cue appears in one of two locations, and is followed
by a target at the cued location on a majority of the trials
(valid cue) and at the alternative location on a minority of
the trials (invalid cue). Speeding on valid trials is attributed to
the benefits of attentional engagement with the cued location.
Slowing on invalid trials is associated with the costs of hav-
ing to disengage attention from the cued location. Systematic
manipulation of the emotional content of cues reveals the effect of
cue valence on attention. Studies using this task typically report
increased dwelling time on threat invalid cues relative to neu-
tral invalid cues, in anxious relative to non-anxious individuals
(Bar-Haim et al., 2007). This is thought to reflect a difficulty
in disengaging attention from threat among anxious individuals.
To test for far transfer of training effects we used the emo-
tional spatial cuing task in addition to the dot-probe task and
also used different stimuli (angry faces rather than disgusted
faces). Both disgust and anger expressions constitute threatening
cues to socially anxious individuals, and attentional vigilance for
both types of stimuli was demonstrated in this population (e.g.,
Mogg et al., 2004; Pishyar et al., 2004). Here, the emotional cues
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FIGURE 1 | CONSORT diagram and sequence of events in the study.

Baseline I Baseline Session (N=60) ]
Assessment
Excluded (N=9)
week 1
( ) > > Below average baseline LSAS score (N=8)
- Dropped out (N=1)
\4
Randomly Assigned (N=51)
\ 4 \ 4
. Allocated to ABM Condition Allocated to Placebo Condition
Allocation (N=24) (N=27)
o \ 4 \ 4
E | 15t ABM session (N=24) | | 1t Placebo session (N=27) I
i: nd H nd H
Training I 2"d ABM session (N=24) I I 2 Placebo session (N=27) I
Sessions [ 3rd ABM session (N=24) | I 3 Placebo session (N=27) |
(Weeks 2-3)
| 4th ABM session (N=24) | | 4t Placebo session (N=27) |
Social Stressor | Speech Task (N=24) | | Speech Task (N=27) |
(week 4)
\4 \ 4
Post Assessment | Post session (N=24) | | Post session (N=27) I
(week 5)
\4 \ 4
¥ Analysis | Analyzed (N-24) | | Analyzed(N=27) |

500 ms

68 ms

Until response

S
>

Time

FIGURE 2 | Sequence of events in a subliminal dot-probe trial.

consisted of face photographs of 16 different actors (8 females)
taken from the NimStim stimulus set (Tottenham et al., 2009).
Two pictures of each actor were selected depicting an angry and
a neutral expression. The target was an arrow pointing either
up or down. Participants had to determine the arrow’s direc-
tion by pressing one of two pre-specified buttons on a mouse.
Cue and target stimuli were presented inside two dark gray boxes
(50 mm x 65 mm) which were displayed continuously to the left
and the right of the screen center. Each trial was initiated by a fix-
ation cross presented in the center of the screen for 500 ms. Then,

the cue was presented either in the left or right box for 17 ms,
and immediately masked by a scrambled neutral face displayed
for 68 ms. The target arrow then appeared in either the same
box as the cue (valid trials) or the opposite box (invalid trials)
and remained on the screen until response. The task comprised
192 trials of which 75% were valid and 25% were invalid. Within
each type of trial (valid/invalid), cue type (neutral/angry), target
location (left/right), and target type (pointing up/pointing down)
were fully counterbalanced. Throughout the task each actor’s
photographs appeared a total of 12 times—=6 times with an angry
expression and 6 times with a neutral expression. Threat engage-
ment was calculated as mean RT for valid neutral trials minus
mean RT for valid threat trials. Positive engagement scores reflect
attentional bias toward threat (threat engagement), whereas nega-
tive engagement scores reflect an attentional bias away from threat
(threat avoidance). Threat disengagement was calculated as mean
RT for invalid threat trials minus mean RT for invalid neutral
trials. Positive disengagement scores are considered to reflect a
difficulty in disengaging attention from threat stimuli.

ATTENTION BIAS MODIFICATION (ABM)

The ABM version of the dot-probe task displayed the same stim-
uli as those used for threat bias assessment except that target
probes (E, F) appeared only at the location previously occupied
by neutral faces with the aim of implicitly establishing these as a
predictive cue for the location of the probe. The placebo control
group received the same number and type of trials as the ABM
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group but in a fully counterbalanced manner as was done dur-
ing threat bias assessment. Thus, no attention modification was
expected in the placebo control group.

VISUAL MASKING EFFICACY TEST

To ensure that participants were not consciously aware of the
emotional valence of the masked faces, an objective detection
task was used (Merikle et al., 2001). This two-alternative forced
choice task comprised 32 trials. Stimuli were pairs of identi-
cal face pictures (i.e., two neutral faces or two disgusted faces)
taken from those presented in the assessment version of the dot-
probe task. In each trial, a face pair was presented and masked
in the same manner as in the dot-probe task. Participants were
told that half of the trials contain a pair of identical faces fea-
turing a negative valence, whereas the other half contains a pair
of identical neutral faces, and had to indicate via button press
whether the faces in each trial were “neutral” or “negative.” A
95% confidence interval was calculated to reflect chance level
performance.

SOCIAL STRESS INDUCTION TASK

The social stress induction task was similar to the one used by
Amir et al. (2008). Participants were asked to choose one of three
discussion topics (using nuclear energy to produce electricity,
school uniform, or toll roads) and prepare a 5-minute speech
concerning claims in favor of and against the selected topic.
Participants were informed that their speech would be videotaped
and later evaluated for quality by the research staff. During the
speech task an unfamiliar male experimenter was present in the
room, provided instructions, and operated the video camera.

PROCEDURE

Over a period of five weeks, participants completed a base-
line assessment session, four attention training/placebo sessions,
a stress induction session, and a final evaluation session (see
CONSORT diagram Figure 1). The baseline assessment session
lasted 25 min during which participants completed the STAI-S,
LSAS, and the dot-probe and affective spatial cueing tasks. All
computerized tasks were run in a darkened room, on a 17-inch-
screen laptop computer (Lenovo R61i), using E-Prime software.
Participants were seated at a viewing distance of 80 cm from the
monitor. Following the assessment session participants received
four training sessions according to their group assignment (two
sessions on nonconsecutive days per week, over two weeks). Each
training session lasted approximately 10 min. The sixth session,
conducted 4-7 days following the last training session, was ded-
icated to testing the effects of ABM on stress vulnerability using
the social stress induction task. This session took place in a dif-
ferent room than the room of the training sessions. The male
experimenter administering this session was unfamiliar to the
participants and blind to all aspects and purposes of the study.
Participants completed the STAI-S in a waiting room. The exper-
imenter then invited participants to enter the testing room where
the social stress procedure was conducted. Following 5min of
speech preparation participants were asked to step up to a marked
spot in front of the camera and deliver their speech. Two minutes
into their speech, the experimenter temporarily paused the task

Subliminal ABMT in social anxiety

and asked participants to complete the STAI-S again. The exper-
imenter made it clear that the speech will be resumed shortly
after completion of the questionnaire. Following one additional
minute of speech participants were halted and thanked. Stress
vulnerability was indexed as the change between pre- and during-
stressor STAI-S. The seventh and final session was held in the
following week and took place in the same room as the train-
ing sessions. Each participant performed the same dot-probe and
affective spatial cueing tasks as in the baseline session. Then, par-
ticipants completed the test of visual masking efficacy followed by
completion of the LSAS and the STAI-S.

DATA ANALYSIS

Trials with RTs shorter than 150 ms or longer than 2000 ms, or
incorrect response were excluded. Then, for each participant,
mean RT per trial type was calculated, and trials with RTs devi-
ating by more than 2.5 SDs from the mean were further excluded.
This resulted in the removal of an average of 6% of all trials per
participant.

The effect of subliminal ABM on attention was assessed for
bias scores on the dot-probe task and for RTs in the affective spa-
tial cueing task. Dot-probe attention bias scores were subjected to
a 2 x 2 repeated-measures ANOVA with Group (ABM, placebo)
as a between-subjects factor and Time (baseline, post-training)
as a repeated within-subject factor. Response times on the affec-
tive spatial cueing task were submittedtoa2 x 2 x 2 x 2 ANOVA
with Group (ABM, placebo) as a between-subjects factor, and
Time (baseline, post-training), Cue Validity (valid, invalid), and
Cue Valence (threat, neutral) as repeated within-subject factors.

To examine the effect of subliminal ABM on trait social anxiety
levels, total social anxiety scores from the LSAS were submitted
to a 2 x 2 ANOVA with Group (ABM, placebo) as a between-
subjects factor and Time (baseline, post-training) as a repeated
within-subject factor. To examine the effect of subliminal ABM
on vulnerability to social stress, a repeated-measures ANOVA was
conducted on STAI-S scores before and during- the stressor task.
Group (ABM, placebo) served as a between-subjects factor and
Stressor-Phase (pre-stressor, during-stressor) served as a repeated
within-subject factor.

Because recent studies suggest that baseline attention bias
toward threat may predict supraliminal ABM training efficacy
(Amir et al., 2011), as well as cognitive-behavioral treatment effi-
cacy (Waters et al., 2012), we explored this possibility in the
current subliminal ABM study. We conducted two post-hoc analy-
ses to test whether baseline vigilance or avoidance (attention bias
toward or away from threat) modulated the effect of subliminal
ABM on social anxiety and stress vulnerability. First, following
Waters et al. (2012), we divided the participants to two groups
based on whether they had a bias toward threat (“attenders,”
attention bias > 0; n = 29) or a bias away from threat (“avoiders,”
attention bias < 0; n = 21) at baseline. This new dichotomous
variable was entered as an additional between-subjects factor in
the above described primary ANOVAs. Second, following Amir
et al. (2011), we regressed baseline attention bias as a continuous
predictor, along with training group (ABM/Placebo) (step 1) and
their interaction term (step 2) on state anxiety (STAI-S) change
score from pre- to during the stress induction episode. The same

Frontiers in Human Neuroscience

www.frontiersin.org

July 2013 | Volume 7 | Article 389 | 80


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Maoz et al.

regression model was also applied to change in trait social anxiety
(LSAS) from pre- to post ABM/Placebo.

RESULTS

VISUAL MASKING EFFICACY TEST

All participants but one performed the task at chance level
(mean = 50.12% correct, SD = 8.12), indicating that the mask-
ing procedures were effective and that participants were unaware
of the affective valence of the faces. One participant had an above-
threshold accuracy performance (72% correct). All the analyses
reported exclude the data from this participant. When analyses
were conducted including this particular subject, no changes were
noted in the results pattern.

BASELINE MEASUREMENTS

Means and SDs for LSAS, STAI-S, and RTs and bias scores on
the dot-probe and affective spatial cueing tasks at baseline by
training condition are provided in Table1 (left panel). None
of these measures significantly differed between the ABM and
Placebo-Control groups (all ps > 0.19). Attention bias in the dot
probe task as well as engagement and disengagement biases in the
affective spatial cueing task were not significantly different than
zero neither in the ABM group nor in the Control group (all
ps > 0.15).

POST-TRAINING MEASUREMENTS

Means and SDs for LSAS, STAI-S, and RTs and bias scores on
the dot-probe and affective spatial cueing tasks at post-training
by training condition are provided in Table 1 (right panel).

Change in attention threat bias

Dot-probe. This analysis yielded no significant main or interac-
tion effects, indicating no detectable changes in attention bias
scores from pre- to post-training, all ps > 0.68.

Affective spatial cuing task. RTs to invalidly cued trials were
longer than RTs to validly cued trials reflecting the classic Posner
validity effect, F(1, 48y = 187.13, p < 0.0001, n}z} = 0.80. In addi-
tion, a main effect of Time was found, reflecting faster overall RTs
following ABM/Placebo, (1, 48) = 6.39, p < 0.05, 12 = 0.12. No
other main or interaction effects reached statistical significance.

Trait social anxiety (LSAS)

This analysis yielded no significant main or interaction effects,
indicating that subliminal ABM did not affect self-reported trait
social anxiety (LSAS), all ps > 0.41.

Subliminal ABMT in social anxiety

Social stress vulnerability

A main effect of Stressor-Phase was found, F(;, 4g) = 54.86, p <
0.0001, nﬁ = 0.53, demonstrating that the stressor task signifi-
cantly increased state anxiety levels from pre-stressor (mean =
39.32, SD = 10.48) to during-stressor (mean = 51.34, SD =
10.14). No other main or interaction effects reached statistical
significance, all ps > 0.32.

SECONDARY POST-HOC ANALYSES—TESTING THE EFFECT OF
BASELINE ATTENTION BIAS

Baseline bias as a dichotomous factor

Means and SDs of all baseline and post-training measurements
for baseline attenders and avoiders are presented in Table Al
(see appendix). The average baseline attention bias scores in the
attenders (12ms, SD = 9) and the avoiders (—18ms, SD = 12)
groups were each significantly different from zero, t28) = 7.44,
p < 0.0001 and t0) = —6.63, p < 0.0001, respectively. There
were no significant differences in baseline bias scores between
ABM and control participants neither in the attenders nor in
the avoiders groups (all ps > 0.6, for means and SDs see
Table 2).

Adding the baseline attention bias (toward or away from
threat) as a factor to all analyses produced two significant interac-
tion effects: first, when testing for effects of ABM on attention
bias using the dot-probe task, a Time-by-Baseline Bias inter-
action effect emerged, F(1, 46) = 24.27, p < 0.0001, 7]12) = 0.35.
Both participants who had an attention bias toward threat and
participants who had an attention bias away from threat at base-
line (means = 12.31 and —17.97, SDs = 8.91 and 12.42, respec-
tively) converged toward having no bias following ABM/Placebo
(means = 0.44 and —0.66, SDs = 18.43 and 15.13, respectively).

The second significant interaction was related to the effect
of ABM on stress vulnerability. STAI-S means and SDs before
and during the social stressor task are presented in Table 2.
There was a significant three-way Stressor-Phase-by-Group-by-
Baseline Bias interaction effect, F(;, 46) = 12.31, p < 0.001, Tlf, =
0.21. To explicate this interaction, two ANOVAs of Group
(ABM, placebo) by Stressor-Phase (pre-stressor, during-stressor)
were conducted, one for participants who had attention bias
away from threat at baseline (avoiders) and one for participants
who had attention bias toward threat at baseline (attenders).
For threat avoiders, those who received ABM showed larger ele-
vation in state anxiety in response to the stressor task relative
to their counterparts in the placebo training group. However,
this interaction was non-significant, F(; 19y = 3.89, p = 0.063.

Table 2 | Means and SDs of baseline attention bias and state anxiety (STAI-S) pre- and during-stressor, for baseline attenders and avoiders by

training group.

Baseline attenders

Baseline avoiders

ABM (N = 15) Placebo-Control (N = 14) ABM (N =9) Placebo-Control (N = 12)
Baseline attention bias 12 (8) 13 (10) —19 (16) —17 (9)
STAI-S
Pre-Stressor 39.33 (7.91) 36.65 (8.26) 36.56 (13.55) 44.50 (12.27)
During-Stressor 4760 (9.72) 54.71 (9.93) 53.57 (9.12) 50.42 (11.07)
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For threat attenders, however, a significant Stressor-Phase-by-
Group interaction effect was found, F(;, 27y = 10.36, p < 0.005,
né = 0.28. Follow-up contrasts indicated that both groups (ABM
and Placebo) showed significant increases in state anxiety from
before-to-during stressor, both ps < 0.001. Additional between-
group contrasts revealed that the two groups did not differ on
STAI-S scores before stress induction, t7) = —0.89, p = 0.38.
Interestingly, the ABM group showed lower STAI-S scores rela-
tive to the placebo group during stress, t7) = 1.95, p = 0.062.
This non-significant trend may suggest that among those who
attended toward threat at baseline, those who received ABM were
less vulnerable to the stressor (Figure 3).

Baseline bias as a continuous factor

The estimated coefficients and significance levels for the two
steps in the regression model are shown in Table 3. The overall
regression model significantly explained 31 percent of the vari-
ance in state anxiety change due to stress induction, F3, 46) =
6.80, p < 0.001. This model explained significantly and substan-
tially more variance in stress-related anxiety change as com-
pared to the model considering only baseline attention bias and
group as single predictors, without taking into account their
interaction. Specifically, when not considering the interaction in
the model, ABM/Placebo Group did not predict state anxiety

60
55
50
45
40

35

30

Pre-Stressor During-Stressor

-+« Placebo-Control —ABM

FIGURE 3 | State Anxiety Scores (STAI-S) and standard error bars for
participants with baseline threat vigilance pre- and during the social
stressor task by attention training condition. **p < 0.0001; + p = 0.06.
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change. Baseline attention bias predicted state anxiety change
at a trend level of significance with greater baseline threat bias
predicting greater elevations in state anxiety following stress
induction. Importantly, the interaction term between baseline
attention bias and ABM/Placebo group significantly predicted
state anxiety change. Follow-up simple slope analyses demon-
strated that for the Placebo-Control group the slope coefficient
was positive and significantly different from zero, B = 0.46,
t24) = 4.55, p < 0.0001, suggesting that in this group, individ-
uals with greater attention bias to threat at baseline demon-
strated larger elevations of anxiety during the stress task. In
contrast, for the ABM group the slope coefficient was not signif-
icantly different from zero, B = —0.16, t22) = —1.36, p > 0.15
(Figure 4).

The regression model predicting change in trait social anx-
iety (LSAS) from pre- to post-training was non-significant
(p > 0.8).

DISCUSSION

The present study is the first to report a randomized con-
trolled ABM trial using subliminally-presented stimuli in high
socially-anxious individuals. The aim of the study was to exam-
ine whether subliminal ABM training away from threat faces

25
B=0.46 (0.95 Cl =0.25-0.66), p<0.001
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FIGURE 4 | Simple slope analyses: the estimated change in state
anxiety from pre to during the stressor task, as a function of the
interaction between baseline attention bias and training group
(ABM/Placebo-control).

Table 3 | Estimated coefficients, standard errors, and 0.95 confidence intervals for predictors in the two steps of the regression model

predicting stressor-related anxiety change.

Predictor B SE t 95% ClI R? AR?
Step 1 Baseline attention bias 0.15% 0.09 1.74 -0.02- 0.33 0.06
Training group -1.06 3.18 -0.34 —-7.45- 5.33
Step 2 Baseline attention bias 0.46%* 0.1 4.27 0.24- 0.67 0.31 0.25%*
Training group -1.30 2.76 —0.47 —-6.85- 4.26
Baseline attention bias x Training group —-0.61** 0.15 —4.04 -0.92 - -0.31

*tp=0.089; **p < 0.001. Training group = ABMJ/Placebo-control groups. B = unstandardized estimated coefficient. SE = standard error. Cl = confidence interval.
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was effective in reducing levels of social anxiety and social
stress vulnerability in socially-anxious students. In our effort
to accomplish this aim, we relied on commonly used ABM
and attention bias measurement methods that have proved
effective in supraliminal ABM research in similar populations.
However, despite this methodological effort and in contrast
to our expectations, the subliminal ABM used in the current
study did not induce detectable change in threat-related atten-
tion, neither on the dot-probe task (near transfer) nor on
the affective spatial cueing task (far transfer). We were also
unable to find an effect of ABM on self-reported trait social
anxiety.

There are various potential explanations for the null-findings
which could be broadly classified into four general types: (a)
that subliminal ABM is inherently ineffective for changing pre-
conscious attention patterns in anxious individuals; (b) that
the specific subliminal ABM protocol used here was not effec-
tive in inducing the expected change in attention patterns;
(c) that subliminal ABM did in fact modify attentional pat-
terns, but our measurement precision failed to detect this
change; and (d) that subliminal attention processes are related
to anxiety only in a sub-group of socially anxious individ-
uals, those who demonstrate threat-related attention bias at
baseline. Because our sample as a whole did not demon-
strate a measureable attention bias toward subliminal threat at
baseline this possibility was tested in post-hoc analyses look-
ing at the role of baseline threat bias in anxiety reduction
as a function of ABM. The theoretical and practical implica-
tions of each of the above-listed options are distinct in impor-
tant ways. Next we discuss the implications of each of these
possibilities.

Subliminal ABM could be inherently ineffective in inducing
change in preconscious attention patterns because the relevant
neuro-cognitive mechanisms supporting this process might be
less malleable to change by ABM as compared to processes
occurring within perceptual awareness. Specifically, subliminal
threat detection typically involves sub-cortical structures such
as the amygdala, one of the core components in danger detec-
tion and evaluation (Ledoux, 2000; Amaral, 2002), whose func-
tion relies, at least in part, on automatic, rapid-responding
neural architecture (Ohman and Mineka, 2001; Ohman, 2005;
Adolphs and Spezio, 2006). If preconscious attention patterns
are indeed less malleable to change, two important conclu-
sions may be derived: practically, there may be no reason to
invest further efforts in subliminal ABM methods. Theoretically,
one may speculate that consistent failure to modify atten-
tional patterns using subliminal ABM is consistent with the
notion that modification of threat bias by ABM and the asso-
ciated reduction in anxiety are mediated by later processes of
attention control rather than by automatic attention capture
(Browning et al., 2010; Eldar and Bar-Haim, 2010; Heeren et al.,
2013).

A second possible explanation for the current null results
is that the specific subliminal ABM protocol used here was
not sufficiently effective to induce the expected change in
attention patterns. For example, it might be that trying to

Subliminal ABMT in social anxiety

change early preconscious processes using subliminal ABM
requires more training sessions, more trials per session,
different stimuli, or different masking procedure. If so, more
experimental research is needed to unveil these param-
eters that individually or together obscure the expected
effects.

Third, it may be considered that the subliminal ABM train-
ing did in fact influence attentional patterns, but our mea-
surement tools failed to detect this change. This could be
due to the relatively long time interval that elapsed from the
end of training to the post-training measurement of atten-
tion bias, or due to the effects of using subliminal stimuli.
For example, one may consider the possibility that consciously
perceived threat is necessary for ABM effects on attention to
surface in measurement. In supraliminal ABM protocols the
presence of threat stimuli is consciously perceived through-
out all assessment and practice sessions. In contrast, in the
current study conscious perception of threat never occurred
neither during training nor during threat bias assessments.
Future studies may consider measuring change in threat bias
using supraliminal presentations even when ABM is subliminally
delivered.

Finally, the finding of reduced stress vulnerability following
subliminal ABM in participants who demonstrated attention
bias toward threat at baseline may offer a clue that for a sub-
group of participants there was in fact some effect of sublimi-
nal ABM on stress vulnerability. This finding is in accord with
recently reported results from supraliminal ABM in patients diag-
nosed with general social phobia (Amir et al., 2011). In Amir
et al. (2011), patients in the ABM condition who had greater
threat bias at baseline displayed significantly larger reductions in
clinician-rated social anxiety symptoms relative to their coun-
terparts in the placebo condition. ABM did not differ from
placebo in patients who did not show threat bias at baseline.
These findings from Amir et al. (2011) and the present finding
are also in line with the basic rationale for ABM procedures.
That is, that pre-treatment threat bias is the target for ABM;
hence the absence of such bias might render ABM ineffective. A
similar rationale was offered in a randomized controlled ABM
study with clinically anxious children, which applied a base-
line bias toward threat as an inclusion criterion for participation
(Eldar et al., 2012). The current finding along with previous
results highlights the possibility that ABM procedures may be
beneficial to a specific sub-group of socially-anxious individu-
als characterized by attention bias toward threatening cues at
baseline. If proved reliable, such specificity in predicting treat-
ment efficacy may be ultimately applied to personalize anxiety
treatment. However, it is important to keep in mind that, at
least in the present study, this finding was part of a post-hoc
exploration and could be merely incidental. It is also impor-
tant to note that attention bias in both threat attenders and
threat avoiders converged toward zero at post-training, thus
could simply reflect regression to the mean. Future studies may
benefit from designs that specifically and a priori hypothesize
about the role of baseline threat bias in the clinical response
to ABM.
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Despite the discouraging findings with subliminal ABM
thus far, the potential of this intervention should not be
dismissed prematurely. If future studies could substantiate
evidence that subliminal training of threat-related attention
may have anxiolytic effects, it would point to the poten-
tial of ABM to target components of threat processing that
function outside perceptual awareness. Such specific processes
may occur independently and within different brain net-
works than processes activated by consciously-perceived threats
(Etkin et al., 2004; Li et al., 2007). Future studies may uti-
lize brain imaging techniques to directly examine and com-
pare the underlying neuro-cognitive mechanisms affected by
subliminal and supraliminal ABM. If indeed subliminal and
supraliminal ABM methods influence different neuro-cognitive
mechanisms related to anxiety, they may possess additive
therapeutic values, and may prove more efficient if deliv-
ered as a combined treatment procedure. This possibility
should be determined in future research directly comparing
subliminal ABM, supraliminal ABM, and a combination of
the two.

Interpretation of the results of the present study should be
considered in light of important limitations. First, the partic-
ipants in the present study were not clinically-diagnosed with
social phobia, but rather represent a sample of undergraduate
students who self-reported high levels of social anxiety. While
the use of analog populations typically provides an opportu-
nity to test preliminary treatment-related ideas, in the current
study it might have also limited the potential to detect anxiety-
related effects of subliminal ABM training. Future studies with
clinically-diagnosed populations could further test the efficacy
of subliminal ABM. Second, the present sample may not be
large enough to detect existing effects if these are relatively
small. It should be noted, however, that the detected effect of
subliminal ABM on social stress vulnerability within the threat-
attenders sub-group is quite robust considering the small sample
size. Third, the fact that attention bias toward subliminal threat
was not significantly different from zero in the current sam-
ple could be considered a limitation that may have hampered
the possibility to detect attentional and anxiety-related changes.

Subliminal ABMT in social anxiety

Considering the small-to-medium effect size of the threat bias
phenomenon in general, it is not uncommon that a single study
will not be able to find anxiety-related attention bias (Bar-Haim
et al., 2007). Furthermore, the effect is many times reported for
between group designs comparing anxious individuals to non-
anxious controls, while in the current study there were only
high-anxious participants. One way to probe this shortcoming
is to analyze the results referring to participants who actually
showed threat bias at baseline (as was done here using post-
hoc analyses). While these analyses seem to support the notion
that baseline threat bias may be important for ABM success,
caution should be taken in the interpretation of these post-hoc
findings, particularly those based on the dichotomous split to
attenders and avoiders. This particular analysis relied on very
small group sizes and also suffers from the possibility that some
group members may not truly deviate from zero bias. These
concerns may be alleviated to some extent by the supportive
findings relying on baseline attention bias as a continuous vari-
able in the regression analyses and should be explored in future
research.

In conclusion, the current study is mainly offering null results
of subliminal ABM, as we were unable to show direct effects of
subliminal ABM training on attention patterns or anxiety lev-
els. Nevertheless, we think it may be important for the ABM
research community to be exposed to these findings so that
both an open discussion of the issue could be advanced and
future studies could use this failure as a stepping stone for
their ABM designs. The current study is the first to report null
results for subliminal ABM conducted with an anxious popula-
tion and it corresponds with recently published null effects of
supraliminal ABM (Carlbring et al., 2012; Bunnell et al., 2013;
Neubauer et al., 2013). We hope that researchers would con-
tinue to share both null- and positive-findings concerning ABM
in order to advance understanding and experimentation in this
field. In the same vein, we also thought it is worthwhile to report
the post-hoc analyses suggesting that subliminal ABM training
may carry some potential to reduce social stress vulnerability,
and that baseline threat bias may serve as a marker for such
efficacy.
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APPENDIX

Table A1 | Means and SDs of baseline, post-training, pre-stressor, and during-stressor measurements for baseline attenders and avoiders by
training group.

Baseline attenders Baseline avoiders
ABM Placebo-Control Total ABM Placebo-Control Total
(N = 15) (N = 14) (N = 29) (N=9) (N=12) (N =21)
Gender (F/M) 12/3 12/2 24/5 8/1 8/4 16/5
Age 22.93 (1.83) 22.21 (1.31) 22.59 (1.62) 23 (2.24) 22.67 (1.37) 22.81(1.75)
BASELINE MEASUREMENTS
LSAS score 54.60 (12.59) 58.71 (22.10) 56.59 (17.62) 54.78 (18.19) 52.75 (14.89) 53.62 (15.98)
STAI-S score 36.07 (7.25) 39.57 (794) 3776 (7.66) 41.22 (15.00) 36.92 (799) 38.76 (11.39)
Dot-probe
Mean RT—threat 517 (65) 531 (40) 524 (54) 543 (61) 535 (56) 538 (57)
Mean RT—neutral 529 (66) 544 (45) 536 (56) 524 (48) 517 (54) 520 (50)
Threat bias score 11.54 (8) 13.13 (10) 12.31(9) —18.96 (16) —1722 (9) —17.97 (12)
Affective spatial cuing
Mean RT—threat valid 575 (100) 569 (69) 572 (85) 603 (80) 559 (70) 578 (76)
Mean RT—neutral valid 580 (105) 565 (69) 573 (88) 586 (79) 560 (74) 571 (75)
Mean RT—threat invalid 651 (129) 663 (90) 656 (110) 673 (103) 669 (111) 671 (105)
Mean RT—neutral invalid 671 (156) 656 (83) 664 (125) 682 (137) 674 (104) 677 (116)
Threat engagement 5.31 (23) —4.47 (20) 0.59 (22) —17.00 (14) 0.12 (24) —7.22 (22)
Threat disengagement —20.46 (43) 6.98 (44) —7.22 (44) —8.67 (70) —4.85 (37) —6.49 (52)
STRESS-RELATED MEASUREMENTS: STAI-S
Pre-stressor 39.33 (791) 36.65 (8.26) 38.04 (8.05) 36.56 (13.55) 44.50 (12.27) 41.09 (13.13)
During-stressor 4760 (9.72) 54.71 (9.93) 51.03 (10.30) 53.57 (9.12) 50.42 (11.07) 51.77 (10.16)
POST-TRAINING MEASUREMENTS
LSAS Score 55.13 (17.89) 55.64 (23.19) 55.38 (20.24) 51.11 (15.77) 53.42 (19.76) 52.42 (17.77)
STAI-S score 33.60 (7.07) 36.07 (7.63) 34.79 (7.32) 36.23 (12.45) 41.42 (10.92) 39.20 (11.60)
Dot-probe
Mean RT—threat 470 (46) 470 (27) 470 (37) 491 (38) 470 (51) 479 (46)
Mean RT—neutral 471 (39) 470 (25) 470 (32) 491 (40) 468 (42) 478 (42)
Threat bias score 1.14 (20) —0.31 (18) 0.44 (18) 0.79 (14) —1.75 (16) —0.66 (15)
Affective spatial cuing
Mean RT—threat valid 544 (58) 543 (49) 544 (53) 575 (107) 541 (67) 556 (86)
Mean RT—neutral valid 546 (65) 545 (50) 545 (57) 582 (92) 539 (70) 557 (81)
Mean RT—threat invalid 622 (92) 634 (80) 628 (85) 658 (129) 660 (91) 659 (106)
Mean RT—neutral invalid 618 (90) 633 (69) 625 (79) 663 (119) 664 (109) 664 (111)
Threat engagement 1.47 (22) 1.09 (23) 1.29 (22) 712 (24) —2.33(16) 1.72 (20)
Threat disengagement 4.41 (39) 1.48 (35) 2.99 (36) -5.37 (32) —-3.51 (41) —4.31 (36)
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Previous research revealed an automatic behavioral bias in high socially anxious individuals
(HSAs): although their explicit evaluations of smiling faces are positive, they show
automatic avoidance of these faces. This is reflected by faster pushing than pulling of
smiling faces in an Approach-Avoidance Task (AAT;, Heuer et al., 2007). The current study
addressed the causal role of this avoidance bias for social anxiety. To this end, we used
the AAT to train HSAs, either to approach smiling faces or to avoid them. We examined
whether such an AAT training could change HSAs' automatic avoidance tendencies, and if
yves, whether AAT effects would generalize to a new approach task with new facial stimuli,
and to mood and anxiety in a social threat situation (a video-recorded self-presentation).
We found that HSAs trained to approach smiling faces did indeed approach female faces
faster after the training than HSAs trained to avoid smiling faces. Moreover, approach-faces
training reduced emotional vulnerability: it led to more positive mood and lower anxiety
after the self-presentation than avoid-faces training. These results suggest that automatic
approach-avoidance tendencies have a causal role in social anxiety, and that they can be
modified by a simple computerized training. This may open new avenues in the therapy of

social phobia.

Keywords: social anxiety, AAT training, face turn AAT, approach-avoidance modification

Social anxiety disorder (SAD; American Psychiatric Association,
2000) is a common and debilitating disorder, associated with
social and occupational impairment and considerable comorbid-
ity with other psychiatric disorders (Stein and Kean, 2000). In the
absence of effective treatment, SAD usually runs a chronic and
disabling course (Dewit et al., 1999).

A large body of research on SAD attempted to identify factors
playing a role in the etiology and maintenance of the disor-
der (e.g., Hirsch and Clark, 2004). One maintaining factor is
the avoidance of threatening stimuli, for instance, social interac-
tions (Wong and Moulds, 2011). According to Turk et al. (2001),
avoidance prevents effective processing of the situation and dis-
confirmation of negative beliefs. Avoidance can be controlled and
available to self-inspection, such as safety behaviors like wearing
make-up to hide blushing (Wells et al., 1995), or it can be auto-
matic, like keeping more distance from others (Rinck et al., 2010),
or avoiding eye contact when looking at faces (Moukheiber et al.,
2010). According to Voncken et al. (2011), such subtle avoidance
behavior is especially relevant in the maintenance of SAD, as it
might deteriorate the quality of interactions, which in turn may
elicit more negative evaluations by others.

Since avoidance is partly automatic, indirect measures are
needed for its assessment. A technique to assess implicit avoid-
ance behavior is the Approach-Avoidance Task (AAT; Rinck and
Becker, 2007). The AAT is based on the finding that pleasant
stimuli elicit automatic approach tendencies, whereas unpleas-
ant or threatening ones produce automatic avoidance tendencies
(Chen and Bargh, 1999). Translating this into overt behavior (arm

movements), approach is associated with pulling objects closer
and avoidance with pushing them away (e.g., Rinck and Becker,
2007). In the AAT, participants see single pictures presented on
a computer screen. On each trial, they move a joystick to make
the picture disappear. When the joystick is pushed, the picture
shrinks, when it is pulled, the picture grows in size. This cor-
respondence of movement and visual feedback creates a strong
impression of pulling the picture closer (approach) vs. pushing
it away (avoidance). Typically, response times are correlated with
picture valence: pleasant pictures are pulled closer more quickly,
whereas unpleasant pictures are pushed away more quickly.

Heuer, Rinck and Becker (2007) used the AAT for study-
ing approach-avoidance tendencies in social anxiety. They found
automatic avoidance of smiling and angry faces in socially anx-
ious participants (HSAs), reflected by shorter reaction times for
pushing than for pulling. While the avoidance of angry faces may
be considered adaptive and useful, automatic avoidance of posi-
tive social cues such as smiling faces is specific to HSAs. Notably,
the bias was found although HSAs evaluated smiling faces pos-
itively in an explicit rating task. These findings of automatic
avoidance of smiling faces in social anxiety were replicated by
Lange et al. (2008) and Roelofs et al. (2010). According to Heuer
et al. (2007), this implicit avoidance tendency might play a criti-
cal role in the maintenance of SAD, as it could interrupt adequate
behavior in social interactions and increase anxiety caused by
interactions.

However, the existing studies do not allow us to conclude
that automatic approach-avoidance tendencies do indeed play
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a causal role in SAD. The observed avoidance of smiling faces
might just as well be a symptom rather than a cause of SAD.
In order to establish causal relations, an experimental manipula-
tion of approach-avoidance tendencies is needed. Therefore, the
current study attempted to train HSAs either to approach or to
avoid smiling faces, using the same AAT that has earlier been
used to measure smile-avoidance tendencies. Hence, the main
questions of the current study were whether (1) such training
would be effective in changing approach-avoidance tendencies in
HSAs, and if so, (2) whether the effects would generalize to a new
approach-avoidance situation with new faces, and (3) whether
the training would affect subjective fear in a stressful social
situation.

First, we expected that HSAs in the approach-smiling-faces
training group would display a reduction in their tendency to
avoid smiling faces after the training (i.e., be faster in pulling them
closer). For HSAs in the avoid-smiling-faces training group, we
expected that their tendency to avoid smiling faces would increase
from pre- to post-assessment. Second, we hypothesized that the
training effects would carry over to new faces in a new type of
Approach-Avoidance Task, the Face-Turn AAT (FT-AAT; Voncken
et al.,, 2011). Finally, we expected that HSAs in the approach-
smiling-faces group would rate their mood more positively and
would show less anxiety than HSAs in the avoid-smiling-faces
group after giving a video-recorded self-presentation. Our expec-
tations were based on previous findings showing that the mod-
ification of cognitive processes such as attention, associations,
or approach-avoidance tendencies may have beneficial effects on
disorders such as social phobia (Beard and Amir, 2008) or gen-
eralized anxiety disorder (Amir et al., 2009), or prevent relapse
in treated alcoholics (Wiers et al., 2011; Eberl et al., 2013).
Indeed, Taylor and Amir (2012) recently showed that a training
to approach smiling and neutral faces did increase socially anx-
ious participants’ social approach behavior in a subsequent social
interaction situation. However, in this study, no avoid-smiling
faces condition was employed, and no effects of the training on
state anxiety were found. Therefore, these results are encouraging,
but they do not tell us whether approach-avoidance of positive
social cues, i.e., smiling faces, has the postulated causal effects on
anxiety in social situations.

METHODS

PARTICIPANTS AND DESIGN

Forty undergraduate students of Radboud University Nijmegen
who scored high on a social anxiety pre-screening partic-
ipated in this study in return for course credits. Of those,
eight participants were excluded from further analyses because
their scores on the Social Interaction Anxiety Scale (SIAS;
Mattick and Clarke, 1998) were not elevated at the time of
testing!. Participants were randomly assigned to one of two
training conditions (approach-smiling-faces-and-avoid-
checkerboards or versa), vyielding 16 participants
in each training group. The two groups did not differ

vice

IThese 8 participants had SIAS scores lower than 21. Additional analyses
including them yielded very similar results, except that the observed effects
were smaller.

on level of social anxiety or demographic variables (see
Table 1). AAT reaction times (before and after the train-
ing), FT-AAT reaction times, and mood ratings before
and after a social threat task were used as the dependent
variables.

MATERIALS AND PROCEDURE

Questionnaires

Participants first gave informed consent, then filled out the fear
sub-scale of the Liebowitz Social Anxiety Scale (LSAS; Liebowitz,
1987), the (SIAS; Mattick and Clarke, 1998), and the Zung Self-
Rating Depression Scale (SDS; Zung, 1965). Those scoring high
on the SDS would be excluded from further analyses, although
this was not necessary as all participants scored at or below
average.

Video rating

Subsequently, participants watched a 1-min video in which a
woman, supposedly a previous participant, described herself (e.g.,
her hobbies, interests, etc.). Thereafter, participants were asked
to rate this person according to 4 different aspects, namely:
“How attractive/friendly/sympathetic/competent does this per-
son seem?”. This part was incorporated to make the final part of
the experiment (see below) more plausible.

Mood ratings

After the video-rating, participants were asked to rate their
mood by evaluating 3 negative statements (“How anx-
ious/nervous/bored are you at the moment?”) and 3 positive ones
(“How happy/comfortable/relaxed are you at the moment?”) on
a 7-point scale (0= not at all, 6= very much). These mood ratings
were repeated after each task during the experiment to assess
changes in mood.

Table 1 | Means and standard deviations of demographics,
questionnaire scores, AAT effects in ms, mood ratings, and anxiety

ratings.
Training Approach-Smile Avoid-Smile
n=16 n=16
% Female 69% 81%
Age 20.7 (2.1) 20.8(2.7)
LSAS-Fear 30.8 (11.1) 34.7 (8.6)
SIAS 37.1(10.5) 373 (8.9)
SDS 40.6 (8.0) 38.5(9.0)
AAT-pre 11 (105) —63 (171)
AAT-post 120 (197) —97 (156)
Mood rating 1 (Pre training) 5.3 (4.5) 6.5 (5.3)
Mood rating 2 (Post training) 2.9 (3.6) 5.0 (5.2)
Mood rating 3 (Post face-turn AAT) 4.0 (3.1) 5.8 (5.2)
Mood rating 4 (Pre self-presentation) —0.56 (5.0) 1.6 (5.9)
Mood rating 5 (Post self-presentation) 4.9 (5.1) 2.3(6.3)
Anxiety rating 1 1.1(1.2) 1.3(1.7)
Anxiety rating 2 0.69 (0.87) 0.81(1.3)
Anxiety rating 3 0.44 (0.73) 0.94 (1.4)
Anxiety rating 4 2.3(1.6) 2.3 (1.6)
Anxiety rating 5 1.1 (1.5) 2.3(1.7)
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Pull-push AAT
Afterwards, the Pull-Push AAT followed. All participants were
instructed to categorize pictures according to their color (gray vs.
sepia) as quickly as possible, using a joystick. They always pulled
the joystick toward themselves in response to gray pictures, and
pushed it away in response to sepia pictures. The joystick (a
Logitech Attack 3) was positioned about halfway between partici-
pant and computer, tightly fastened to the table. The stimuli were
(a) smiling male and female faces derived from the Karolinska
Directed Emotional Faces (KDEF; Lundqvist et al., 1998), and
(b) neutral checkerboards. Each trial of the AAT was started
by moving the joystick to the middle position and pressing the
“fire button” of the joystick. Then a single picture was presented
in medium size on the computer screen. A zoom function was
employed, such that the picture grew in size when the joystick was
pulled, and it shrank when it was pushed. The picture disappeared
only when the joystick was moved completely into the correct
direction. Response latencies were recorded automatically as the
difference between time of picture appearance and disappearance.
Unbeknown to the participants, after 10 practice trials, the
first part of the task was a pre-assessment phase (40 trials), in
which they pulled and pushed both smiling faces and checker-
boards (10 trials for each of the 4 combinations) to measure their
pre-existing behavior tendencies. Without any obvious change or
interruption, the pre-assessment phase changed into a training
phase of 480 trials (240 faces, 240 checkerboards). For partici-
pants assigned to the approach-smiling-faces group, smiling faces
were always gray-colored (approach), and checkerboards always
sepia-colored (avoidance) in this phase. In the avoid-smiling-faces
group, checkerboards were always gray (approach) and smiling
faces always sepia (avoidance). After 440 training trials, and again
without any obvious change in procedure, a post-assessment
phase was inserted, which was identical to the pre-assessment
phase. A comparison of the post-assessment to the pre-assessment
was used to verify whether participants learned the intended
approach-avoidance reactions. The task ended with the remaining
40 training trials. Subsequently, participants executed a dot-probe
task? which lasted for approx. 10 min.

Face-Turn AAT

Afterwards, participants performed a Face-Turn Approach-
Avoidance Task (FT-AAT), as described by Voncken et al. (2011),
to measure whether the training effects generalized to a differ-
ent approach-avoidance situation with new stimuli. Here, we
used pictures of the faces of slightly friendly looking individu-
als (half male, half female) and pictures of computer monitors.
In this task, joystick movements did not cause changes in pic-
ture size, but they made the depicted individuals or monitors turn
toward the participant vs. away from him/her. At the beginning
of each trial, the heads of the individuals would face to the left
or to the right, and similarly, the front of the monitors would be
directed to the left or to the right. Participants were instructed

2The dot-probe task was intended to measure effects of the approach-
avoidance training on attention bias, but due to a design error, its results could
not be interpreted. Therefore, it is not described in detail here. Information
about it can be obtained from the first author.

to push away all left-directed stimuli and to pull closer all right-
directed ones. When pulling the joystick, faces (or monitors)
turned around toward the participant in steps of 30 degrees, such
that the frontal view of the face (or monitor) became apparent
at the end (approach). Pushing away faces (or monitors) resulted
in turning away from the participant with the back of the head
(or monitor) as end point (avoidance). This task consisted of 12
practice trials and 96 experimental trials. The latter involved 16
pull trials and 16 push trials each for male faces, female faces, and
monitors.

Social stress task

After this task, participants were asked to give a video-taped,
one-minute self-presentation, comparable to the previously rated
video. Participants video-recorded the presentation themselves,
using a Logitech QuickCam. They were told that their video
would be shown to the next participant, and that the next partic-
ipant would evaluate the self-presentation in the way the current
participant had just evaluated the previous participant. All partic-
ipants agreed to this procedure, and no one doubted its validity.
Nevertheless, to protect the participants’ privacy, no video was
actually presented to anybody else, and all videos were deleted
after data collection was finished.

Participants also rated their mood both after the instructions
(assessing fearful expectation) and after actually giving the self-
presentation (assessing stress recovery). Comparisons of the two
training groups at these two measurements served as our main
dependent variable. Finally, participants gave some demographic
information and completed an awareness check on paper. The
overall experiment lasted about 50 min.

RESULTS

AAT: MANIPULATION CHECK

To test our first hypothesis that approach-avoidance tendencies
could be trained, two new dependent variables were computed
from the participants’ median AAT reaction times (RTs), indicat-
ing their face-approach tendency relative to their checkerboard-
approach tendency. One variable contained this information for
the pre-assessment, and the other for the post-assessment. The
mean values of these scores are shown in Table 1, positive values
indicate a relative approach tendency for smiling faces, nega-
tive ones a relative avoidance tendency for them. As expected,
the groups’ approach-avoidance tendencies did not differ signif-
icantly from each other before training, #30) = 1.48, n.s. After
the training, they did differ in the expected direction, tzp) =
3.45, p = 0.002, with participants of the approach-faces training
showing a significant face-approach tendency (4120 ms), t(15) =
2.43, p = 0.03, and participants of the avoid-faces group show-
ing a significant face-avoidance tendency (—97 ms), t(15 = 2.48,
p = 0.03. Thus, the Pull-Push AAT yielded the expected training
effects.

FACE-TURN AAT

To test the hypothesis that AAT training effects generalize to a new
AAT, a 2 (Training: approach-smiling-faces-avoid-checkerboards
vs. vice versa) x 2 (Stimulus type: face, monitor) x 2 (Movement
type: approach vs. avoidance) repeated-measures ANOVA was

Frontiers in Human Neuroscience

www.frontiersin.org

August 2013 | Volume 7 | Article 481 | 90


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org
http://www.frontiersin.org/Human_Neuroscience/archive

Rinck et al.

Approach-smiling-faces training in social anxiety

conducted on the median Face-Turn AAT reaction times. This
analysis did not reveal the expected three-way interaction,
Fa, 30) < 1, n.s. However, closer inspection of the means sug-
gested a difference between male and female faces, therefore
three exploratory 2 (Training: approach-smiling-faces-avoid-
checkerboards vs. vice versa) x 2 (Movement type: approach
vs. avoidance) repeated-measures ANOVAs were added, one
for each picture type. The analysis for female faces yielded
the expected two-way interaction between Movement type and
Training, F(1, 30) = 8.16, p < 0.01, n; = 0.22, but it was not
found for male faces or monitors, both F < 2, ns. Further anal-
yses of the female faces revealed that participants who had been
trained to approach smiling faces did indeed approach female
faces faster than participants who had been trained to avoid the
faces, t(30) = 2.24, p = 0.04 (see Table 2 for means and standard
deviations).

MOOD RATINGS

To test our hypothesis that the approach-smiling-faces group
would rate their mood more positively, an overall mood score
was created for each of the 5 mood-rating phases (M1-M5).
This was done by subtracting the sum score of all negative
mood items (anxious, nervous, bored) from the sum score of
all positive mood items (happy, comfortable, relaxed). As such,
a positive value of this overall mood score indicates a posi-
tive mood state, whereas a negative value indicates a negative
mood state®. As we were particularly interested in the partici-
pants’ mood directly before and after the self-presentation, only
the corresponding M4 and M5 scores were entered into the
analyses (however, all scores are reported in Table 1). As a first
step, we conducted a repeated-measures ANCOVA on the over-
all mood scores, including the between-subjects factor Training
(approach-smiling-faces-avoid-checkerboards vs. vice versa) and
the within-subjects factor Time (M4 vs. M5). Mood scores at
M1 were added as a covariate to control for pre-experimental
mood differences. This analysis revealed the expected Training x
Time interaction, F(, 9y = 8.1, p < 0.01, 7112; = 0.22. When
investigating this interaction further, results of paired-samples
t-tests demonstrated that for participants of the approach-faces

3We also analyzed the sum score of the positive mood items and the sum score
of the negative items separately. This yielded results which mirrored those of
the joint analysis reported here.

Table 2 | Face-Turn-Approach-Avoidance Task: mean RTs and standard
deviations in ms.

Training Stimulus type Movement type
Approach Avoidance

Approach-smile Female 703 (137) 749 (177)
Male 734 (159) 702 (173)
Monitor 711 (133) 684 (154)

Avoid-smile Female 800 (106) 735 (127)
Male 786 (139) 750 (125)
Monitor 785 (148) 704 (93)

training, mood after the self-presentation was significantly better
than directly before, t(;5) = 4.39, p < 0.01. No significant dif-
ference was found for participants of the avoid-faces training,
tas) = 0.52, ns.

In addition, we executed two ANCOVAs of the overall mood
scores at M4 and M5 separately (again making use of mood scores
at M1 as covariate). There was no significant mood difference
between the two training groups at M4 before the social threat
task, F(1, 29) = 0.73, ns. Afterwards at M5, however, participants
of the approach-faces training group reported a significantly
more positive mood than those of the avoid-faces training group,
Fa, 29) = 4.68, p = 0.04, nf, = 0.14. See Table 1 for means and
standard deviations of these scores.

ANXIETY RATINGS

Since the training was designed to specifically affect social anxiety,
we also investigated its effects on the participants’ anxiety.
For this analysis, we used only one of the six mood ratings,
namely the “How anxious are you at the moment?” rating.
Again, we focused on the ratings directly before and after the
self-presentation, computing the same analyses as above. The
repeated-measures ANCOVA of the anxiety ratings yielded the
expected Training x Time interaction, F(1, 29y = 7.52, p = 0.02,
nf) = 0.21. Participants of the approach-faces training were less
anxious after the self-presentation than before, t(15) = 4.84,
p < 0.001. In contrast, participants of the avoid-faces training
reported a comparable level of anxiety before and after the
self-presentation, t(15) = 0, ns. Correspondingly, the two groups
did not differ regarding their level of anxiety before the self-
presentation, F(j, 29y = 0.03, ns. Afterwards, the approach-faces
group reported less anxiety than the avoid-faces group, F(1, 29) =
5.05, p = 0.04, nf) = 0.15. Please see means and standard devia-
tions of these scores in Table 1.

DISCUSSION

The main goals of this study were to examine (a) whether a Pull-
Push-AAT (Heuer et al.,, 2007) could serve as an appropriate
method to influence automatic approach-avoidance tendencies
in response to smiling faces, and if so, (b) whether the training
effects would generalize to a new approach-avoidance situation
with new faces, and (c) whether the training would affect subjec-
tive anxiety in a real social threat situation.

Our findings confirmed our first hypothesis that the AAT-
training is suitable for changing HSAs’ avoidance of smiling faces.
Specifically, HSAs trained to approach smiling faces became faster
in pulling smiling faces closer to themselves. After the train-
ing, they showed a significant face-approach tendency. Similarly,
participants trained to avoid smiling faces showed a significant
face-avoidance tendency. Hence, we can argue that the AAT is an
appropriate and promising method to train HSAs to approach
smiling faces. Moreover, it may have potential therapeutic value in
the sense that it could help to reduce automatic avoidance behav-
ior in social anxiety, in addition to the existing therapeutic tools
for reducing controlled avoidance behavior.

Furthermore, our findings partially confirmed our second
hypothesis as well. The trained action tendencies of the Pull-
Push AAT seemed to generalize, to some extent, to new faces
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in a new type of AAT, the Face-Turn-AAT (Voncken et al,
2011). Here, HSAs trained to pull smiling faces closer were faster
to turn female faces toward themselves. However, it must be
noted that no effect on male faces was observed. An explana-
tion for this finding could be that the female faces were perceived
as less threatening by the predominantly female HSAs of the
current experiment. Accordingly, future studies should deter-
mine if and how the training effects can be extended to male
faces in order to increase the effectiveness of the training for
treatment purposes. These studies should also pay attention to
possible interactions of participant gender, model gender, and
emotion because there is evidence that the processing of smil-
ing facial expressions depends on the gender of both the person
expressing them and the person perceiving them (LaFrance et al.,
2003).

Finally, we expected that when experiencing a social chal-
lenge, HSAs who had received approach-smiling-faces training
would feel generally better and would experience less anxi-
ety than HSAs who received avoid-smiling-faces training. The
reported mood ratings and anxiety ratings were in accordance
with this hypothesis. Compared to HSAs of the avoid-faces train-
ing, HSAs of the approach-faces training reported both higher
positive mood in general, and lower levels of anxiety in par-
ticular, after videotaping their self-presentation and expecting
it to be evaluated by a peer. Interestingly, there were no dif-
ferences between the two groups in general mood or specific
anxiety when they received instructions for the self-presentation.
This suggests that the training affected mood recovery after stress
rather than anticipatory fear: HSAs who had been trained to
approach smiling faces appeared to recover more easily after
the social threat task. This result is in accordance with studies
that tested the effects of another type of training, attention bias
modification, on emotional vulnerability (MacLeod et al., 2002;
Amir et al., 2008). As in our study, only participants’ anxiety
after the stressful event was affected by the training condition.
Moreover, as in many previous studies (e.g., MacLeod et al,
2002), our training was not a selective mood induction: directly
afterwards, both training groups felt slightly worse than before.
This is understandable, given the somewhat boring nature of the
training.

In the current study, we experimentally manipulated whether
the participants were trained to approach or to avoid smiling
faces. This way, we can safely conclude that automatic approach-
avoidance tendencies are indeed causal factors in the behav-
ior and subjective fear of socially anxious individuals. This is
important from a theoretical point of view, e.g., for the eval-
uation of cognitive theories of anxiety. However, it does not
yet prove the therapeutic value of an approach training in SAD
because the positive approach-smiling faces training was not
compared to a placebo training condition. In this respect, our
study nicely complements the one recently reported by Taylor
and Amir (2012) who found positive effects of an approach-
faces training, compared to a placebo training condition. In
this study, however, the authors only found effects of the train-
ing on social interaction behavior, not on subjective fear. For
the latter, several differences between the two studies may be
responsible. For instance, our social stress task may have been

more threatening, or our training may have been more pow-
erful because it involved the approach of smiling faces rather
than neutral faces. Therefore, future studies should compare
the approach-smiling faces training to a placebo training con-
dition, preferably in diagnosed social phobics, and study effects
on both behavior and social anxiety levels. Moreover, stud-
ies with delayed follow-up measurements would be helpful
for determining the duration of approach-avoidance training
effects.

Several limitations of the current study deserve mentioning.
First, the sample was rather small, and it contained more female
than male participants, therefore it was impossible to test the
participant gender x model gender x emotion interaction men-
tioned above. Also, we had neither a non-anxious control group
nor a group of SAD patients to compare the pre-training AAT
scores to. Moreover, the study is lacking emotional expressions
other than happy faces. Finally, the exact mechanisms by which
the current training reaches its positive effects on stress recov-
ery remain to be determined. We have reason to assume that
more than a response bias was induced, given the observed par-
tial transfer to another task and the effects on mood. At least two
mechanisms might be at work here. First, operant evaluative con-
ditioning: approaching certain stimuli repeatedly can make these
stimuli more pleasant, compared to repeatedly avoiding them
(e.g., Woud et al., 2011). This effect seems to be strongest for
ambivalent stimuli, which smiling faces are for HSAs. Second, if
the smiling faces were experienced as threatening, their repeated
presentation might have caused habituation and extinction of the
fear reaction, and this effect might have been stronger for those
participants who approached the faces without experiencing any
negative consequences.

To summarize, we have demonstrated that it is possible to
change avoidance tendencies in HSAs using an AAT training pro-
cedure, and that the training effects partly generalize to other
situations involving automatic approach behavior. Moreover,
training HSAs to approach rather than to avoid smiling faces
led to less self-reported anxiety after a threatening social task,
thereby fostering recovery from stress. These results corrobo-
rate the causal role of automatic approach-avoidance tenden-
cies in social anxiety. Moreover, the results suggests that the
AAT is not only suitable for the assessment of biased avoid-
ance behavior in social anxiety, but also for the re-training
of this automatic behavior. Since avoidance behavior plays an
important role in the maintenance of SAD, an effective train-
ing to approach smiling faces could be an important step toward
the improvement of social interactions in socially anxious indi-
viduals. Thus, the approach-smiling-faces training could be a
promising addition to more traditional treatments of social
anxiety.
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NEGATIVE IMAGERY IN SOCIAL ANXIETY

People with social anxiety disorder (SAD) frequently report expe-
riencing negative self-imagery of how they think they appear
to others in feared social situations (Hackmann et al., 2000).
The assumption that this negative imagery may be important in
maintaining social anxiety is a central tenet of most cognitive
models of SAD (Clark and Wells, 1995; Rapee and Heimberg,
1997; Hofmann, 2007). For example, Clark and Wells (1995)
model suggests that when socially anxious individuals enter a
feared social situation, they shift their attention towards internal
cues and use this information to infer how they appear to others.
This internal information can often take the form of a distorted,
negative self-image that individuals perceive as accurate.

Empirical support for the causal role of negative imagery in
social anxiety has been established through a series of experimen-
tal studies (Hirsch et al., 2003, 2004; Stopa and Jenkins, 2007).
Hirsch and colleagues conducted a series of experiments in which
socially anxious participants were asked to hold an image in mind
while taking part in two conversations with a stranger. During one
conversation they were asked to hold in mind a negative image
of the sort they would typically generate in anxiety provoking
social situations, whereas during the other conversation they were
instructed to hold a less negative (control) image in mind (based
on a memory of a social situations in which they felt relaxed).
Participants reported feeling more anxious when holding the
negative image than the benign one. They also judged their
social performance more negatively both in terms of showing
more symptoms of anxiety and performing less well during the
conversation.

Further support for the causal role of negative imagery in
social anxiety has been provided in experimental studies con-
ducted with low anxious participants. In Hirsch et al. (2005),
participants who were normally confident public speakers were

Current cognitive models of social phobia converge on the view that negative imagery
is a key factor in the development and maintenance of the disorder. Research to date
has predominantly focussed on the detrimental impact of negative imagery on cognitive
bias and anxiety symptoms, while the potential benefit of promoting positive imagery has
been relatively unexplored. Emerging evidence suggests however that positive imagery
could have multiple benefits such as improving positive affect, self-esteem and positive
interpretation bias, and enhancing social performance. The present article defends the
view that combining bias induction with a repeated practice in generating positive imagery
in a cognitive bias modification procedure could represent a promising area for future
research and clinical innovation in social anxiety disorder.

Keywords: social anxiety, mental imagery, cognitive bias modification, treatment, combined cognitive bias

asked to generate a negative, positive or control (unrelated) self-
image prior to giving a speech. Findings from socially anx-
ious samples were replicated, with participants in the negative
imagery condition reporting greater anxiety and judging their
social performance as being poorer than those assigned to the
positive imagery condition. A further line of inquiry explored how
negative imagery influenced interpretation of ambiguous social
situations. Examination of interpretative processes has particular
relevance in social anxiety, as socially anxious individuals have
been shown to exhibit a tendency to interpret ambiguous social
events in a negative way (Clark and McManus, 2002). In Hirsch
etal. (2003), participants were instructed to generate negative self-
imagery while making “online” (i.e., as they read) interpretations
of ambiguous social information. While participants assigned to
a control (unrelated) task exhibited the usual non-threatening
interpretation bias observed in non-anxious individuals (Hirsch
and Mathews, 1997), those assigned to the negative self-imagery
condition did not show such positive bias.

Interestingly, the link between imagery and bias was further
shown to be reciprocal. In Hirsch et al. (2007), participants com-
pleted a repeated practice in accessing positive or negative inter-
pretations of ambiguous social situations, a procedure known as
“cognitive bias modification” (CBM; Mathews and Mackintosh,
2000). Following the completion of the CBM procedure partic-
ipants were asked to imagine themselves in ambiguous social
situations. Participants in the negative condition generated more
negative self-imagery than those in the positive group, which
demonstrated the reciprocal influence of bias on negative self-
imagery. Additionally, when subsequently asked to imagine taking
part in a stressful social situation, participants in the negative
group rated their anticipated anxiety as being greater and their
expected social performance as being poorer than those in the
positive group. The bidirectional link shown between imagery
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and interpretation bias suggested the importance of examining
the combined influence of cognitive biases in the maintenance of
social phobia (Hirsch et al., 2006).

POSITIVE IMAGERY IN SOCIAL ANXIETY

In line with the general emphasis in clinical research on nega-
tive cognitions and affect, the programme of research outlined
above mostly focussed on delineating the influence of induced
negative self-imagery on negative interpretation bias, ratings of
social performance and social anxiety. The converse possibility
that inducing positive imagery might lead to opposite and thus
beneficial effects on social anxiety has been largely unexplored.
There is accumulating evidence, however, that socially anxious
individuals exhibit a range of positivity impairments, including
reduced positive affect, absence of positive interpretation bias and
deficits in approach-oriented behavior (Alden and Taylor, 2004;
Kashdan, 2007; Weeks and Heimberg, 2012). Thus, targeting these
positive deficits may represent an important target for future
treatment of SAD.

Positive self-imagery represents a promising candidate to inter-
vene on these positivity impairments in social anxiety. Mental
imagery has been demonstrated to elicit stronger emotions than
other forms of processing (Holmes and Mathews, 2010; Pictet
and Holmes, 2013). This evocative power has further been shown
to apply to both positive and negative emotions, leading to the
suggestion that mental imagery may act as an “emotional ampli-
fier” (Holmes et al., 2008a). Mental images have further been
found to produce stronger emotions when they are generated
from a field perspective, rather than from the perspective of an
observer. This finding holds relevance in SAD given the tendency
among socially anxious individuals to generate negative self-
imagery from an observer perspective (Wells and Papageorgiou,
1999). Other properties of mental imagery with relevance to
social anxiety have been identified. For example, imagining an
event happening in the future has been shown to increase the
perceived likelihood that the same event will actually occur in the
future (Carroll, 1978). Further, generating positive imagery of the
future has been shown to enhance motivation and goal-oriented
behavior (Libby et al., 2007; Pictet et al., 2011). Taken together,
these results suggest that promoting positive, field perspective
imagery of the future in SAD may lead to improvements in anxiety
symptoms, cognitive biases and motivation to engage in social
behaviors.

Only a few studies to date have directly examined the impact of
positive mental imagery in the context of social anxiety. In Stopa
and Jenkins (2007) as well as Vassilopoulos (2005), participants
who held a positive image in mind while giving a speech reported
feeling less anxious and performed better than those who held a
negative image. A limitation of this finding was that in the absence
of a control condition, it was impossible to tell whether the
effects found reflected the influence of positive imagery, negative
imagery or a combination of the two. More recently, Hulme et al.
(2012) explored the effects of experimentally inducing positive
imagery or negative imagery on self-esteem, both during the
imagery induction task and after performing a social threat task
in which participants experienced social exclusion. Both high and
low socially anxious participants who had held a positive image

in mind reported higher levels of self-esteem at both times of
the experiment than those who had held a negative image. A
limitation of these findings was that the effects found were short-
lived as confined to a single experimental session. Stopa et al.
(2012) addressed this by testing whether an extended imagery
practice involving seven daily sessions of positive imagery could
lead to beneficial effects in socially anxious individuals. The
imagery induction method used in the study was based on Hirsch
etal. (2003) and consisted of the following two stages. Participants
were first asked to generate a positive (or negative) image based
on a social situation in which they had felt relaxed (or anxious).
They were then asked to practice holding the positive (or negative)
image in mind while listening to descriptions of ambiguous social
situations (e.g., being called to reception in a Doctor’s surgery).
Results indicated that after 1 week’s practice, participants in the
positive condition reported higher levels of self-esteem and better
performance ratings during a conversation with a stooge (in both
subjective and objective assessments of performance).

The preliminary findings about positive imagery are encour-
aging but a replication on a clinical population is warranted. A
common limitation in the research described was the absence
of a control condition, which made the findings confusingly
imputable to either negative or positive imagery, or a combination
of the two. Further, little is known to date about the optimal
way to promote positive imagery in SAD. The method employed
in previous studies to induce positive imagery involved asking
participants to recall a memory in which they had felt relaxed,
then inviting them to close their eyes and ask them a series of
questions designed to prompt imagery, such as how they thought
they looked and sounded, how they felt and how they came
across to other people. Whilst this method has been successful
in producing the expected changes in previous research, there
are many other possible ways to promote positive imagery and
more research is needed to identify they key aspects of imagery
than need to be harnessed. A potential caveat with regards to
the methodology used was the questions used to prompt imagery
(i.e., how they thought they look and came across to other
people) may have favored the generation of observer perspective
imagery. Encouraging the use of field perspective imagery (i.e.,
seeing the event through one’s own eyes) is likely to produce
stronger effects on negative and positive emotions, and coun-
teract the natural tendency among socially anxious individuals
to imagine themselves from an observer perspective. A second
caveat with regards to the methodology used is that it may
be too challenging for individuals with clinical levels of social
anxiety to recall and elaborate on a time when they had expe-
rienced a positive social situation. This possibility is supported
by recent evidence showing that social anxiety is associated with
an impairment in generating detailed imagery of past positive
events (Moscovitch et al., 2011). One possible way to overcome
this could be to train the generation of positive imagery in
response to hypothetical, future-oriented scenarios rather than
to past memories. Imagining the future involves similar psy-
chological processes to remembering the past (Schacter et al.,
2007), with the additional benefit that it may help reduce antic-
ipatory anxiety and boost motivation to engage in future social
activities.
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POSITIVE IMAGERY AND COGNITIVE BIAS MODIFICATION
(CBM) IN SOCIAL ANXIETY

The experimental research reviewed above evidenced a close and
reciprocal relationship between imagery and negative interpre-
tations of ambiguous social situations. In Hirsch et al. (2005),
taking the perspective of a confident speaker rather than their own
perspective was shown to block threatening inferences in people
with high interview anxiety. However, it did not facilitate the gen-
eration of more benign interpretations. One possible explanation
for this lack of effect on positive bias could be that participants
may have struggled to adopt the perspective of a confident other as
it was too far from what they would usually experience in similar
situations. Another possible interpretation was that the induction
procedure was too short-lived and thus not powerful enough
to produce observable change in positive interpretation bias. By
contrast, a more extensive practice of generating positive self-
imagery in a CBM-I procedure could represent a more powerful
way to produce changes in affect, cognition and behavior in a
population of socially anxious individuals.

Only a few studies to date have explored the potential benefit
of interpretation bias modification (CBM-I) for people with high
levels of social anxiety (Murphy et al., 2007; Beard and Amir,
2008; Beard et al., 2011; Turner et al., 2011). Preliminary evidence
supports the idea that CBM-I may be efficient at inducing a
more benign (and less negative) interpretation bias and reducing
anxiety symptoms in socially anxious individuals. However, very
little is known about the durability of these effects as none of
these studies included follow-up assessments. In the only attempt
to combine CBM-I with mental imagery, Murphy et al. (2007)
instructed high socially anxious participants to imagine them-
selves in a series of auditorily presented descriptions of social
situations that started ambiguous but then were consistently
resolved in a benign or negative way. Compared to a control
condition where the same situations were presented but the
outcome remained unspecified, participants who completed the
benign interpretation training showed less negative and more
positive interpretation biases, and further anticipated that they
would be significantly less anxious in a future social situation.
These effects were not imputable to group differences in state
anxiety (as mood had been successfully equalized between the two
groups following a filler task) and thus were directly due to the
CBM-I procedure. Both the imagery and bias induction may have
contributed to the positive effects found. At the time participants
were presented with an upcoming social situation that could be
potentially threatening (i.e., meeting two people they don’t know
for a 5 min conversation), those who had previously completed
the positive interpretation training may have been influenced
by their newly acquired bias and interpret the situation in a
more benign way (congruently with the training). Alternatively,
participants may have spontaneously generated a positive image
of them taking part in the upcoming social situation and thus have
anticipated less anxiety.

The present article defends the view that combining a repeated
practice in generating positive imagery with a CBM-I intervention
may be a helpful component in future treatment of SAD. A
similar hypothesis has been suggested in the context of depression
(Holmes et al., 2009). Depression and social phobia are highly

comorbid disorders (Ohavon and Schatzberg, 2010) and share
common positivity impairments, such as reduced positive affect,
lack of positive interpretation bias and deficit in positive imagery
(Rude et al., 2002; Holmes et al., 2008b; Werner-Seidler and
Moulds, 2011).

The effects of imagery-focussed CBM on depression have been
tested using analog and clinical samples of depressed participants
(Blackwell and Holmes, 2010; Pictet et al., 2011; Lang et al,,
2012). In imagery-focussed CBM, participants first completed an
introductory session in which they were trained to use imagery
in a specific way (i.e., vivid, from a field perspective) and then
were given a practice session of the CBM tasks on the computer.
Throughout the training, participants were repeatedly prompted
to focus on imagining the scenarios with as much vividness
as possible. Pictet et al. (2011) found that within an analog
sample of dysphoric participants, those who had completed a
positive imagery-focussed CBM exhibited greater improvements
in positive mood and greater performance on a behavioral task
assessing approach motivation and persistence than those who
had completed a control imagery condition. In the first clinical
test of imagery-focussed CBM, Blackwell and Holmes (2010)
administered a multi-session program involving seven sessions
of CBM to a small sample of participants with a current major
depressive episode. Imagery-focussed CBM was found to lead to
significant improvements in depressive symptoms and cognitive
biases, and these improvements were maintained at 2 weeks
follow-up. Although promising, the findings were limited by the
absence of a comparison condition, which left open the possibility
that “non-specific” factors as well as spontaneous recovery might
have intervened.

Lang et al. (2012) addressed this limitation by exploring the
impact of a multi session imagery-focussed CBM-I compared to
a closely matched control version of the program in a sample
of currently depressed patients. Participants in the positive con-
dition showed significantly greater improvement in depressive
symptoms and cognitive bias from pre- to post-treatment com-
pared to those in the control condition, and these improvements
were maintained at 2 weeks follow-up. Of relevance for a poten-
tial application of imagery-focussed CBM to people with social
anxiety, participants assigned to the positive imagery condition
in Lang et al. (2012) reported significant reductions in trait-
anxiety. More recently, Williams et al. (2013) tested the effects
of an online version of imagery-focussed CBM in which seven
daily sessions of CBM were followed by a 10-week internet-based
cognitive-behavioral therapy (iCBT). Results showed that com-
pared to participants assigned to a waitlist control, those assigned
to the imagery-focussed CBM-I showed significant reductions in
depressive symptoms, anxiety and distress. In addition, about
a third of the participants showed clinically significant change
after imagery-focussed CBM-I, while the proportion of clinical
response reached 65% when combined with iCBT.

CONCLUSION

SAD is a highly prevalent condition that causes considerable
distress and significant functional impairments (Kessler et al.,
2005). Effective psychological treatments exist but they are under-
utilized due to the lack of qualified therapists and to the reluctance

Frontiers in Human Neuroscience

www.frontiersin.org

February 2014 | Volume 8 | Article 43 | 96


http://www.frontiersin.org/Human_Neuroscience
http://www.frontiersin.org/
http://www.frontiersin.org/Human_Neuroscience/archive

Pictet

Promoting positive imagery in social anxiety

of some socially anxious people to disclose personal information
to a stranger. This had led to increasing calls for the development
of easily accessible and effective treatments (Clark et al., 2009).
CBM procedures represent promising candidates as their format
allows great flexibility and accessibility, and requires minimal
clinical involvement. Early findings from clinical studies (Beard
et al., 2011; Brosan et al., 2011; Amir and Taylor, 2012) suggest
that CBM-I could be beneficial for socially anxious individuals,
but more research is needed to determine the most efficient way
to deliver CBM-I in clinical samples. Further, future research
should include follow-up assessments to evaluate whether the
effects of CBM are maintained over time. The research reviewed
in this article converges on the proposition that using mental
imagery could enhance the efficacy of CBM-I in SAD. One
way in which we “resolve” the ambiguity of a social situation
is by imagining the outcome. Hence, increasing access to pos-
itive and vivid representations of social situations in a CBM-
I program could be a promising target for future treatments
of SAD.
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