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Numerous studies have shown an exacerbation of attentional bias towards threat in anxiety states. How-
ever, the cognitive mechanisms responsible for these attentional biases remain largely unknown. Further,
the authors outline the need to consider the nature of the attentional processes in operation (hypervig-
ilance, avoidance, or disengagement). We adapted a dot-probe paradigm to record behavioral and elec-

Keywords: trophysiological responses in 26 participants reporting high or low fear of evaluation, a major
FNE . . component of social anxiety. Pairs of faces including a neutral and an emotional face (displaying anger,
?;/iuanon anxiety fear, disgust, or happiness) were presented during 200 ms and then replaced by a neutral target to dis-
Attention criminate. Results show that anxious participants were characterized by an increased P1 in response

Emotional biases to pairs of faces, irrespective of the emotional expression included in the pair. They also showed an
ERP increased P2 in response to angry-neutral pairs selectively. Finally, in anxious participants, the P1
response to targets was enhanced when replacing emotional faces, whereas non-anxious subjects
showed no difference between the two conditions. These results indicate an early hypervigilance to face
stimuli in social anxiety, coupled with difficulty in disengaging from threat and sustained attention to
emotional stimuli. They are discussed within the framework of current models of anxiety and

psychopathology.
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1. Introduction

It is well established that the emotional relevance of a stimulus
influences the orientation of attentional resources (Taylor &
Fragopanagos, 2005; Vuilleumier, 2005; Yiend, 2010). The
“dot-probe” paradigm (MacLeod, Mathews, & Tata, 1986) is one
of the most frequently used methods to assess the interplay be-
tween attention and emotion on selective attention processes. In
this paradigm, two stimuli, one neutral and one emotional, are pre-
sented on either side of the screen during a short interval (most
commonly 500 ms). After their offset, a dot is presented in the loca-
tion of one of the two cues and participants have to indicate the
position or discriminate the shape of the dot as quickly as possible
(see for instance Salemink, van den Hout, & Kindt, 2007). While ori-
ginal studies on spatial attention demonstrated that people re-
spond more quickly to a probe stimulus presented in a cued
region (Posner, Snyder, & Davidson, 1980), the emotional dot-
probe has provided evidence of the increased allocation of visual
attention towards threat-related cues, indexed by a decreased
reaction time in response to probes following threat relative to
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neutral cues (Fox, Russo, & Dutton, 2002; MacLeod et al., 1986;
Telzer et al., 2008).

Event-related potentials (ERPs) studies have indexed this
orienting effect as quickly as 100 ms after the presentation of a val-
idly-cued target, through an amplification of the occipitoparietal
P1 component (Luck, Hillyard, Mouloua, & Hawkins, 1996). That
component is generated by extrastriate cortices and reflects basic
visual processing (Allison, Puce, Spencer, & McCarthy, 1999) and
is enhanced for stimuli appearing in an attended location (Hillyard
& Anllo-Vento, 1998; Luck et al., 1996), suggesting top-down influ-
ences on basic visual processes. Accordingly, several studies used
modified versions of a cue-target paradigm to evidence enlarged
P1 amplitudes to probes replacing fearful (Pourtois, Grandjean,
Sander, & Vuilleumier, 2004) or angry faces (Fox, Derakshan, &
Shoker, 2008; Santesso et al., 2008) as compared to neutral faces.
Consequently, threat-related stimuli do have a modulatory role
in the control of spatial attention in healthy individuals, in such
a way that the visual processing of targets is guided by spatial
attention to cues that persists over time (Holmes, Vuilleumier, &
Eimer, 2003).

If emotional attention constitutes a feature of normal human
cognition (Vuilleumier, 2005), anxiety increases this universal ten-
dency to favor the processing of threatening information (Cisler &
Koster, 2010; Yiend, 2010). In that context, numerous studies
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consistently reported the presence of a spatial attentional bias
favoring threat in both anxious patients and high trait anxious nor-
mals (for reviews, see Bar-Haim, Lamy, Pergamin, Bakermans-
Kranenburg, & van Iljzendoorn, 2007; Frewen, Dozois, Joanisse, &
Neufeld, 2008). Neuroimaging data have indexed that bias by
showing potentiated neural activation of the right dorsolateral pre-
frontal cortex in response to angry—neutral trials in high trait anx-
iety (Telzer et al., 2008) together with increased P1 responses for
targets replacing threatening pictures in high trait anxious partic-
ipants (Li, Li, & Luo, 2005). These data consistently suggest that
high trait anxiety is associated with a potentiation of the preferen-
tial processing of threat.

However, data have been more mitigated in the case of social
anxiety disorder (SAnD) (Bogels & Mansell, 2004; Staugaard,
2010; Yiend, 2010). Beside emotional distress in interpersonal
interaction and social avoidance, fear of negative evaluation
(FNE) is a core component of social anxiety (Clark & Wells, 1995;
Rapee & Heimberg, 1997). In that context, a self-reported measure
has been developed by Watson and Friend (1969) to evaluate the
degree to which individuals fear negative evaluation from other.
High FNE individuals are described as hypervigilant to external
cues of social evaluation, as those conveyed by emotional faces
(Rapee & Heimberg, 1997), but they may try to avoid such threat-
ening cues in order to diminish anxious symptoms (Clark, 1999).
As a matter of fact, some studies have shown the classical phenom-
enon of attention bias toward threatening faces in SAnD (Mogg,
Philippot, & Bradley, 2004; Pishyar, Harris, & Menzies, 2008), while
others have suggested that socially anxious individuals selectively
attend away from emotional faces, regardless of their valence
(Mansell, Clark, Ehlers, & Chen, 1999), and even from faces per se
whether emotional or not (Chen, Ehlers, Clark, & Mansell,
2002).These discrepancies have been attributed to some distinctive
features of the paradigms. Socially anxious individuals seem to be
vigilant to faces presented for short exposure duration (Miskovic &
Schmidt, 2012; Mogg & Bradley, 2002) but not for a longer presen-
tation time (Mogg et al., 2004), which may lead to avoidance.
Hence, these findings have been integrated in the vigilance/avoid-
ance theory (Amir, Foa, & Coles, 1998; Vassilipoulos, 2005). This
model postulates that SAnD individuals are vigilant to threat at
the early stages of information processing, but avoid these cues
at subsequent processing steps. For instance, a recent study by
Moriya and Tanno (2011) showed that highly socially anxious indi-
viduals look longer at the emotional faces during the first second of
stimulus exposure but they avoid these faces in the consecutive
time interval. An ERP study by Mueller and collaborators (2009)
supported this theory by showing higher P1 amplitudes in re-
sponse to the angry-neutral face pairs but decreased P1 ampli-
tudes when social phobic inpatients responded to targets
replacing emotional (angry and happy) faces as compared to neu-
tral ones.

Beside the role of vigilance and avoidance processes, high fear
of negative evaluation scores could also be associated with diffi-
culty in disengaging attention from angry faces after recognizing
them (Moriya & Tanno, 2011). Disengagement process has been in-
volved in attentional bias in SAnD (Klumpp & Amir, 2009) and a re-
cent study has confirmed its impairment in connection with high
FNE (Rossignol, Philippot, Bissot, Rigoulot, & Campanella, 2012).
Using a single-cue design, we have shown that socially anxious
individuals display an enhanced P1 in response to facial stimuli, to-
gether with an enhanced P2 component. As that occipital compo-
nent has been associated with sustained perceptual processing
(Schupp, Junghofer, Weike, & Hamm, 2003; Schupp et al., 2004)
and the mobilization of attentional resources on salient stimuli
to process (Eldar, Yankelevitch, Lamy, & Bar-Haim, 2010), we
interpreted that last effect as reflecting an attention anchorage
by facial information possibly responsible for further difficulty in

disengagement (Rossignol and Philippot et al., 2012). Conversely,
social anxiety does not influence the N170, reflecting the encoding
of the structural characteristics of facial stimuli (Eimer & Holmes,
2007), when participants have to detect emotional expressions
amongst a set of neutral faces (Rossignol and Campanella et al.,
2012) or identify the expression or the colored background of
angry, happy and neutral faces in an emotional Stroop paradigm
(Peschard, Philippot, Joassin, & Rossignol, 2013). These data sug-
gest that configural processing of human faces is not influenced
by early attentional movements and takes place normally in sub-
clinical SAnD (Kolassa et al., 2009; Peschard et al., 2013; Rossignol
and Campanella et al., 2012).

Unfortunately, studies having explored the electrophysiological
correlates of emotion biases in SAnD remain rare. Clearly, more
data is needed to specify the cognitive mechanisms involved in
these biases. In particular, the components of attention involved
should be considered, by distinguishing between facilitated atten-
tion, difficulty in disengagement, and attentional avoidance (Cisler
& Koster, 2010). In that context, the present study aimed to explore
the influence of social anxiety on attentional capture by facial cues.
We used a variant of the dot-probe task (MacLeod et al., 1986) to
probe several emotions presented in pairs, together with a neutral
counterpart. We intended to observe the neural responses to three
types of negative expressions: anger and fear, since these expres-
sions have been shown to be particularly relevant in social anxiety
(for a review, see Staugaard, 2010), and disgust, since some data
suggest a particular role of that emotion in the etiology and the
maintenance of social anxiety (Amir et al., 2005). The direct com-
parison of these different negative expressions could allow high-
lighting the more salient threat in fear of negative evaluation.
We also used happy faces, to provide a positive control.

After a short presentation of 200 ms, a single arrow, appearing
on the former location of one of the two faces, had to be discrimi-
nated as quickly as possible by the participants. When the target
appears at the location previously occupied by the emotional stim-
ulus, the trial is valid and a faster detection is expected than for in-
valid targets cued by neutral faces (Brosch, Sander, Pourtois, &
Scherer, 2008; Pourtois et al., 2004). If anxious participants are
hypervigilant to threat, they should display a hypervigilance bias
reflected by higher P1 amplitude in response to negative facial
cues, as observed in SAnD participants (Mueller et al., 2009). An
attention capture by these cues would evoke enhanced P2 ampli-
tudes, in particular for pairs involving threatening (angry or dis-
gusted) faces. The assessment of the P1 in response to the probe
allows differentiation between an enhanced vigilance toward
threat-cued location, observable through enhanced amplitude for
these targets as reported in trait-anxiety (Li et al., 2005), and
avoidance as observed in social phobia with reduced P1 amplitudes
for targets cued by threatening faces (Mueller et al., 2009). Finally,
if hypervigilance acts on late stages of cognitive processing, SAnD
participants should react faster to the probe replacing negative
emotional faces than to the probe replacing neutral faces (Mogg
& Bradley, 2002).

2. Materials and methods
2.1. Participants

Thirty right-handed participants (age range: 18-24), with nor-
mal/corrected vision and without neurological disease, were se-
lected from a sample of 250 university students screened using
the Fear of Negative Evaluation Scale (FNE, Watson & Friend,
1969). That inventory is a measure of cognitive symptoms of social
anxiety, in such a way that it determines the degree to which indi-
viduals experience apprehension to be negatively evaluated (Musa,
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Kostogianni, & Lepine, 2004). The presence of social anxiety was
detected through a score above 19 on the FNE scale (Douilliez &
Philippot, 2003; Philippot & Douilliez, 2005). Moreover, trait anxi-
ety and depression features were also controlled: All participants
had to score under 56 on the Spielberger Trait Anxiety Inventory
(STAI, Spielberger, Gorsuch, & Lusthene, 1983) and under 9 to the
13-items Beck Inventory (Beck & Beck, 1972) to limit the comorbid
symptomatology. Considering those criteria, we selected the 15
participants with the lowest scores and the 15 participants with
the highest scores on the FNE scale to constitute the low social
anxiety group (LSA) and the high social anxiety group (HSA). Four
participants were excluded because of artefacts during ERP record-
ing, so that 26 participants remained in the sample (see Table 1).

According to the standards of inventories, FNE scores of HSA
reach those reported in SAnD patients, while LSA scored in the
average (Musa et al., 2004); both groups obtained normal scores
on STAIS and STAIT (Spielberger et al., 1983), and low scores of
depression (Beck & Beck, 1972). Statistical analyses confirmed that
HSA scored higher than LSA on measurements of social anxiety but
not on state anxiety, trait anxiety, depression level and age (see Ta-
ble 1).

2.2. Stimuli

The stimuli set comprised 30 black and white pictures of six dif-
ferent individuals (3 males and 3 females) each posing neutrality,
anger, disgust, happiness and fear, taken from the Karolinska Di-
rected Emotional Faces (KDEF, Lundqvist, Flykt, & Ohman, 1998).
Adobe Photoshop software was used to exclude non-facial con-
tours and hair and resized to be enclosed within a oval frame mea-
suring 4 x 6 cm, subtending a visual angle of 2.50 x 3.80. Facial
displays were made up of two photographs of the same actor, pre-
sented at equal distance on the left and the right part of the screen.
There were four different types of face pairs: neutral-angry, neu-
tral-happy, neutral-disgust and neutral-fear and the position of
the emotional faces (on the left or the right side of the screen)
was equivalent within each block.

The target stimulus was a white arrow pointing up or down, siz-
ing 2 cm (visual angle of 1.20), presented against a black back-
ground at the location of the emotional face (valid trial, 60%), or
the neutral face (invalid trial, 40%). The percentage of valid trials
was chosen to be consistent with paradigms used by Bar-Haim
et al. (2007) and studies using ERP recording (Perchet, Revol, Four-
neret, Mauguiére, & Garcia-Larrea, 2001). Probe type and spatial
position (left or right) were counterbalanced through the task.

2.3. Procedure

All stimuli were presented on a black background on a 17-in.
computer Dell Inspiron with the software EEProbe. As shown in
Fig. 1, each trial started with a 2 x 2 cm fixation cross appearing
in the centre of the screen for 200 ms, followed by a delay (black
screen) of 200 ms and then replaced by the display of the face pairs

Table 1
Means and standard deviation of characteristics and self-reported measures of
anxiety and depression for participants with social anxiety and healthy controls.

LSA(n=13) HSA(n=13) t and p values
Age (years) 22.6 (2.8) 212 (1.7) t(24)=1.571, NS
Ratio male/female  4/9 2/11 X? =867, NS
FNE 8.7 (1.6) 23.6 (3.4) t(24) = 14.302, p < .001
STAI-A 47.5 (6.8) 49.7 (4.9) t(24) =.953, NS
STAI-B 455 (4.4) 48.9 (4.2) t(24) = 1.486, NS
Beck 1.9 (2.2) 3.4(2.6) t(24) =1.565, NS

Intertrial :
1000ms

Target :
200ms

Fixation : 200ms

Fig. 1. Sequence of the events in the spatial cueing task.

for 500 ms. 200 ms after their disappearance, the probe was pre-
sented for 200 ms. The probe could either replace the emotional
or the neutral face, with a set validity of 60-40 (valid/invalid). A
blank screen was then displayed as an inter-trials interval, lasting
for 1000 ms. Six blocks were created, each containing 80 trials. Par-
ticipants were asked to press one of two response buttons to indi-
cate the orientation of the arrow (“up” or “down”), and they were
told that speed was important but not at the cost of accuracy.

At the beginning of the session, participants completed the
Spielberger State Anxiety Inventory (Spielberger et al., 1983). Then,
they sat in a dark room on a chair placed at 90 cm from the screen
with their head restrained in a chin rest. Before starting the task,
practice trials familiarized participants with the procedure. Then,
they were presented with the 12 blocks (6 blocks repeated twice)
of 80 trials (the entire experiment consisted of 960 trials), with a
pseudo-randomized presentation of the different types of emo-
tional cues within each block). They were tested individually in a
single-session lasting approximately 1 h.

Different measures were recorded to assess behavioral perfor-
mance. The presentation software recorded reaction times and
accuracy to each target presentation. We computed the percentage
of correct responses (errors could be an erroneous response, an ab-
sence of response within the given time, or a response occurring
before target presentation or less than 200 ms after its onset)
and averaged RT for correct responses.

2.4. EEG data acquisition

The EEG recordings were performed with 32 electrodes
mounted in an electrode Quick-Cap with the standard 10-20 Inter-
national System and intermediate positions. Recordings were
made with a linked mastoid physical reference and were re-refer-
enced by using a common average (Bertrand, Perrin, & Pernier,
1985). The EEG was amplified by battery-operated A.N.T.® amplifi-
ers with a gain of 30,000 and a band-pass of 0.01-100 Hz. The
impedance of all electrodes was kept below 5 kQ. The EEG was re-
corded continuously (sampling rate 512 Hz, A.N.T. EEProbe soft-
ware) and trials containing EOG artifacts (mean of 10%) were
eliminated off-line by computing an average artefact response
based on a percentage of the maximum eye movement potential.
Epochs beginning 100 ms prior to stimulus onset and continuing
for 700 ms were created. Codes synchronized with stimulus deliv-
ery were used to selectively average the epochs associated with
different stimulus types. ERPs were averaged separately for the dif-
ferent combination of experimental variables: emotion (neutral
and angry, fearful, happy, or disgusted face), Visual Field of



M. Rossignol et al./Brain and Cognition 82 (2013) 344-352 347

580 7 .
J Non-Valid

- u Valid
)
é 560 1
(]
2
(3]
b ] —
[
® 540 1 u
-
Q
(7] e
c
o
Q
o 520 1
(]
14

500 -

Neutral- Neutral- Neutral- Neutral- Neutral- Neutral- Neutral- Neutral-
Angry Disgust Happy Fear Angry Disgust Happy Fear
Low FNE High FNE

Fig. 2. Mean response time (RTs) and standard error bars for targets replacing neutral (non-valid) and emotional (valid) cues for the low and the high FNE groups.

presentation of the emotional face (left or right) and target validity
(valid tor invalid).

2.5. ERP analyses

Following an inspection of the grand mean ERP’s and in accor-
dance with recent literature about electrophysiological correlates
of spatial attention (Eldar et al., 2010; Mueller et al., 2009), ERP
analyses focused on the mean amplitudes of the P1, the N170,
and the P2 elicited by the face pairs (see Fig. 3) and the P1 evoked
by the probe (Fig. 4). The P1-face and P1-probe mean amplitudes
were respectively computed between 100-160 and 100-200 ms
after stimulus presentation at O1 and O2. The N170 mean ampli-
tude was averaged between 160-240 ms at P7 and P8 and the P2
at 240-400 ms at O1 and 02 after face pair presentation.

2.6. Statistical analysis

Statistical analyses were computed using the Statistical Package
for Social Sciences, 17th version (spss 17.0). Mean response times
were submitted to a 2 x 4 x 2 x 2 ANOVA with Validity (valid, in-
valid), Emotion (angry-neutral, fear-neutral, disgust-neutral and
happy-neutral face pairs), and Visual Field (LVF, RVF) as within-
subject factors and FNE (High, Low) as the between-subject factor.
For ERPs evoked by facial display (P1, N170 and P2), the mean
amplitude averaged across the selected electrode sites was sub-
jected to a similar 4 x 2 x 2 x 2 ANOVA with Emotion (angry-neu-
tral, fear-neutral, disgust-neutral and happy-neutral face pairs),
Visual Field (LVF-RVF) and Hemisphere (left, right) as within-sub-
ject factors, and FNE (High, Low) as the between-subject factor. Fi-
nally, for the P1 evoked by the targets, we computed a
2 x 4 x 2 x 2 x 2 ANOVA by adding the Validity factor (valid, inva-
lid) to the model described above. All results reported are Green-
house-Geisser corrected. Simple effects were explored
throughout and the Bonferroni post hoc test for multiple compar-
isons was used to compare mean scores within the different condi-
tions when decomposing significant interactions. The alpha level of
significance was set at 0.05 throughout.'

1 Since gender has been shown to influence emotional processing and ERPs
parameters (Campanella et al., 2004), we performed the same analyses by including
the Gender as between-subjets variable. Main and interaction effects involving
Gender were not significant and were not reported here.

3. Results
3.1. Behavioral RT data

We calculated the accuracy and the mean RT for correct re-
sponses during the ERP recording. As a ceiling effect was observed
in accuracy (performances varied from 93% to 98%), analyses fo-
cused on response latencies (see Fig. 2).

Analysis revealed a main effect of validity, F(1,24)=11.399,
p=.001, n;=.322 indicating faster responses for invalid trials
(541 vs. 545 ms). Moreover, an interaction between validity and
emotion, F(3,72)=10.393, p <.001, #; =.302, indicated a differen-
tial influence of emotion in valid and invalid trials. To explain this
interaction, separate ANOVA were conducted in valid and invalid
conditions. In the invalid condition, a main emotion effect,
F(3,75) =8.023, p <.001, 1112, =.251, showed that probes following
neutral faces in neutral-happy pairs were detected more quickly
than those following neutral-angry (p <.001), disgust (p =.004)
or fear (p =.008), without differences between these latter condi-
tions. In the valid condition, the emotion effect, F(3,75)=3.893,
p=.012, n; =.140, revealed a longer reaction time after neutral-
happy pairs as compared to neutral-disgust (p =.013). Indeed, the
paired t-test showed that probes following neutral-happy pairs
were detected more quickly in the invalid condition,
t(25)=6.215, p = <.001, while validity did not significantly affect
the reaction time in the other conditions.

Finally, a main effect of Visual Field, F(1,24)=10.767, p =.003,
175 =.310 indicated faster response latencies when emotional faces
where located on the LVF (540 ms) as compared to the RVF
(545 ms).

FNE did not
(F(1,24)=.098, N.S.).

significantly affect response latencies

3.2. P1 to face-pairs onset

A main effect of FNE, F(1,24) = 5.068, p = .03, 1112, =.174, indicated
higher amplitudes in High (1.86 uV) as compared to Low FNE
(0.74 pV) (see Fig. 3).

Moreover, a significant interaction between Emotion x Hemi-
sphere x FNE, F(3,72)=2.703, p=.05, n, =.101 was decomposed
further by computing separated ANOVA in each groups. These
analyses showed an interaction between Emotion and Hemisphere
in Low FNE, F(3,36)=3.369, p=.03, #; =.219 with higher ampli-
tude on the left hemisphere, particularly for pairs involving Disgust
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Fig. 3. (A) Waveforms of P1, N170, P2 in response to facial cues in high FNE (red lines) and low FNE (blue lines) groups. (B) Mean amplitudes of P1, P2 and N170 as a function

of face pairs and groups.

and Fear. High FNE did not show such modulation of their P1 re-
sponse by Emotion and Hemisphere.

3.3. N170 to face-pairs onset

A main effect of Visual Field was marginally significant,
F(1,24)=3.752, p=.06, 1;=.135, and suggested higher N170
amplitudes when the emotional faces occupied the right location
as compared to the left one (—2.49 vs. —2.36 puV). Additionally, a
significant interaction between Visual Field and Hemisphere,
F(1,24)=4.859, p=.037, 1712, =.168 suggested enhanced N170 on
the left hemisphere when the right Visual Field was occupied by
the emotional face, but no particular differences on the left
hemisphere.

Other factors did not influence the N170 amplitudes.

3.4. P2 to face-pairs onset

Main factors did not influence the P2 amplitude, but an interac-
tion between FNE and Emotion reached significance,
F(3,72)=2.692, p=.05, n, =.101 and was decomposed further.
Emotion did not modulate P2 amplitude in Low FNE,
F(3,36) = 1.124, N.S., but High FNE showed enhanced amplitudes
for neutral-anger as compared to neutral-fear pairs (p=.037)
and the Emotion effect was marginally significant, F(3,72) =2.39,
p=.08, 1, =.136.

3.5. P1 to target onset
The analyses returned a main effect of Validity, F(1,24) = 5.69,

p=.031, ’75 =.179 with enhanced amplitudes for Valid trials
(2.3 nV as compared to 2.1 for Invalid trials, see Fig. 4).

However, these effects were further qualified by a Valid-
ity x Emotion, F(3,72)=2.885, p=.05, i, =.107. That interaction
indicated higher P1 amplitudes for valid targets in neutral-fear,
neutral-anger and neutral-happy pairs, but enhanced responses
for invalid targets in neutral-disgust pairs.

Moreover, a FNE x Validity interaction, F(1,24) =4.716, p = .04,
n§=.164 was broken down by examining High and Low FNE
groups separately. No modulation of P1 amplitude by Validity
was found in the Low FNE group, F(1,12) =005, N.S. while the
Validity effect was highly significant in High FNE,
F(1,12)=12.364, p=.004, 1, =.508, and indicated enhanced P1
for target replacing an emotional face (2.2 pV) compared to a neu-
tral face (1.94 pVv).

Finally, a Validity x Visual Field x Hemisphere,
F(1,24)=23.842, p<.001, n; = .498, logically indicated enhanced
contralateral P1 amplitudes (i.e., on the left hemisphere for a target
presented on the left hemifield).

4. Discussion

The present study used ERPs to index the cognitive processes
involved in the emergence of attention biases in social anxiety. Par-
ticipants reporting low or high fear of social evaluation were sub-
mitted to a modified dot-probe paradigm and had to detect neutral
targets cued by pairs of neutral-emotional faces.

A major result concerns the general increase of the P1 compo-
nent in response to pairs of faces in participants reporting high fear
of negative evaluation. This effect was not influenced by the nature
of facial expression involved in the pair, suggesting that the hyper-
vigilance was generalized to all emotional faces. As our design did
not include neutral-neutral pairs, it is not possible to verify
whether this increased attention is related to the emotional load
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Fig. 4. (A) Waveforms of P1 to targets in high FNE (red lines) and low FNE (blue lines) groups. (B) Mean amplitudes of target-P1 as a function of validity, face pairs and groups.

of the stimuli or to a general higher arousal/activation level in
SAnD participants. To address this question, further research
should compare the neural responses to face vs. some other non-
social stimulus. Indeed, the same phenomenon of increased P1
was recently reported for neutral faces in SAnD (Rossignol and
Campanella et al., 2012; Rossignol and Philippot et al., 2012), and
some authors have contended that human faces (even neutral
ones) automatically capture attention in social anxiety (Yiend,
2010). Moreover, the P1 increase indicates an hyperactivation of
cortical areas responsible for the perceptual processing of visual
information, and it has been suggested that this cortical hyperre-
sponsiveness may be a general characteristic of phobic states
(Kolassa, Musial, Kolassa, & Miltner, 2006). These results are sup-
ported by recent findings showing enhanced P1 in response to col-
ored rectangles presented as control stimuli in an emotional Stroop
paradigm (Peschard et al., 2013). Finally, the P1 is also submitted
to top-down influences from the parietal and frontal region (Foxe
& Simpson, 2002), which have been described as being involved
in emotional processing in SAnD (Bruhl et al.,, 2011). Indeed, pa-
tients with SAnD submitted to the anticipation of non-specific gen-
eral emotional stimuli showed increased brain activity in the
thalamus, the amygdala, the temporo-occipital and parietal re-
gions, together with decreased activity in the left orbitofrontal cor-
tex (Bruhl et al., 2011). In conclusion, SAnD was associated with
enhanced activation in brain regions involved in emotional arousal
as well as perception processing with diminished attention control.
These results suggest a general disturbance of emotion processing
in basic neural pathways in SAnD.

The effect of social anxiety was also observed on the P2 compo-
nent. Indeed, high FNE participants showed increased P2 in re-
sponse to neutral-anger as compared to neutral-fear pairs, while
non-anxious subjects did not demonstrate this effect. The P2 has
been relatively rarely studied in the literature on anxiety and
attention (for a review, see Staugaard, 2010). That component

has been functionally associated with the evaluation of the emo-
tional relevance of a visual stimulus (Carretié, Martin-Loeches,
Hinojosa, & Mercado, 2001; Dennis & Chen, 2007). It may also be
enhanced by uncertainty, as shown by Kolassa et al. (2009) who re-
ported an increase in the P2 amplitude when schematic faces were
classified as neutral, as compared to happy, sad or angry. The emo-
tional categorization could have been more difficult for these neu-
tral faces and the P2 amplitude reflects the complexity of this
emotional appraisal. Similarly, it was suggested that this compo-
nent reflects the capture of attentional resources from stimuli
being processed (Schupp et al., 2003, 2004). If one observes this
functional hypothesis, the enhancement of this component, also
evidenced in high trait anxiety (Bar-Haim, Lamy, & Glickman,
2005; Eldar et al., 2010), could mirror a greater mobilization of
attentional resources on motivationally significant stimuli in social
phobic participants. It would mean that angry faces are more sali-
ent than fearful faces in SAnD. These results may also be inter-
preted as increased difficulty in disengaging attention from these
stimuli in evaluation anxiety.

In contrast, the N170 did not appear as sensitive to anxiety, nor
to the emotional load of face pairs. The N170 reflects the encoding
of the structural properties of facial stimuli (Bentin, Allison, Puce,
Perez, & McCarthy, 1996) and modulations of this component in re-
sponse to the presentation of pairs of faces have rarely been stud-
ied. The fact that two faces must be encoded simultaneously could
reduce the sensitivity of this component to their emotional load.
However, it should be noted that the impact of an emotional load
on the N170 remains controversial in the literature, since some
studies report an emotional effect (Batty & Taylor, 2003; Blau,
Maurer, Tottenham, & McCandliss, 2007; Krombholz, Schaefer, &
Boucsein, 2007; Rossignol, Philippot, Douilliez, Crommelinck, &
Campanella, 2005) while others do not (Eimer & Holmes, 2002;
Holmes et al., 2003). Similarly, social anxiety was associated with
an increase in the N170 in response to angry faces in two studies
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(Kolassa & Miltner, 2006; Wieser, Pauli, Reicherts, & Muhlberger,
2010), but several others did not replicate this effect, neither with
an implicit emotional processing task (Muhlberger et al., 2009;
Rossignola and Campanella et al., 2012), or with task requiring
an explicit processing of the emotional load (Peschard et al.,
2013). In that context, Peschard et al. (2013) conclude to a non-al-
tered structural analysis of faces in individuals with subclinical
SAnD.

Conversely, the cognitive response to targets was dependent on
the level of anxiety. While non-anxious subjects showed no effect
of validity, with similar responses to stimuli following neutral or
emotional faces, high FNE participants showed an increase of the
P1 for valid targets. In contrast to our hypothesis, which postulated
an increased P1 for target cues by the angry faces only, this effect
was observed for all validly-cued targets, demonstrating the main-
tenance of attentional resources on the location of emotional cues,
and not only for negative or threatening cues. These results do not
support the hypothesis of a secondary avoidance following the ini-
tial hypervigilance to cues. Indeed, Mangun and Hillyard (1996)
have shown higher P1 amplitude when a target appeared in a cued
location as compared to a non-cued location, meaning that selec-
tive attention could enhance visual processes. If the hypothesis of
avoidance had been verified, we would have observed a reduced P1
for valid targets relative to invalid ones. In contrast, our results
highlighted an initial hypervigilance to face pairs, followed by an
higher attentional anchorage on the angry-neutral pairs, and a sus-
tained attention to the location of emotional faces in all conditions.

Finally, response times were not modulated by the evaluation
anxiety level but emotions act on response latencies. In invalid
condition, participants were quickly to detect targets succeeding
to a neutral face when its counterpart expressed happiness rather
than disgust, anger or fear. It suggests a longer delay to move
attention away from these negative emotions. Conversely, when
the target follow the emotional faces, disgust leads to faster re-
sponses than happiness, which could mean that participants are
less attentive to positive emotions, but anger and fear do not lead
to faster detection of valid targets. The absence of negative bias in
non-anxious individuals is consistent with the results in the gen-
eral population (Bar-Haim et al., 2007). The behavioral expression
of emotional biases in sub-clinical social anxious individuals is less
consistent (for a review, see Staugaard, 2010). If some data sug-
gested that sub-clinical social anxious individuals are prone to
demonstrate the same bias as that observed in clinical populations
(Mogg & Bradley, 2002; Moriya & Tanno, 2011), different recent
studies did not evidence any behavioral difference between anx-
ious and non-anxious individuals (Pineles & Mineka, 2005; Rossig-
nol and Campanella et al., 2012; Rossignol and Philippot et al.,
2012). Some methodological factors may account for these discrep-
ancies. For instance, Moriya and Tanno (2011) reported that high
and low FNE participants did not differ on a gap paradigm, allow-
ing a gap between faces disappearance and target occurrence,
while high FNE had longer RTs in response to angry faces when
the task involved a synchronized presentation of cues and targets.
This may argue for the absence of behavioral effects in the present
study. However, the lack of behavioral effect should not make for-
get the presence of significant cognitive modulations in socially
anxious participants. It highlights the ability of ERP to detect even
subtle differences that are undetectable at a behavioral level (Olo-
fsson, Nordin, Sequeira, & Polich, 2008). Our results are in line with
the idea that anxiety may alter processing efficiency more than
performance effectiveness (Eysenck, Derakshan, Santos, & Calvo,
2007). One may also hypothesized that early perceptual modula-
tions may be characteristic of young individuals with moderate
comorbidity (McTeague, Shumen, Wieser, Lang, & Keil, 2011; Ros-
signol and Campanella et al., 2012; Rossignol and Philippot et al.,
2012) while more severe forms of social phobia may affect later

processes and lead to significant behavioral impairments (Mueller
et al., 2009).

The present study is amongst the firsts to provide cues of cog-
nitive processes underlying attentional biases in anxiety. Behav-
ioral studies have often tried to understand the temporal course
of attentional biases by contrasting different times of presentation
of stimuli. For example, Miskovic and Schmidt (2012) presented
pairs of faces for 100, 500 or 1250 ms with the hypothesis of a var-
iability of bias scores with the presentation time. While these
experimental manipulations are of great interest, response laten-
cies only provide indirect cues about the cognitive processes in-
volved. Electrophysiology provides more tangible evidence of
early attention and avoidance. Hence, the present results suggest
that early attention may be indexed by an increase of the P1 com-
ponent in response to facial cues, while an increased P2 may reflect
an attentional anchorage by some cues. That enhanced attention
capture may complicate the disengagement from these cues and/
or facilitated the attentional engagement to the succeeding targets.
Finally, the examination of the P1 in response to targets allows
attention movements to be evaluated, since that component ap-
pears as enhanced for targets appearing at the attended location.
These results also have important clinical applications, since they
allow a better definition of the process to be targeted with retrain-
ing methods (Koster, Baert, Bockstaele, & De Raedt, 2010). Despite
these interesting insights, the present study is not without limita-
tions. Mainly, this research included a relatively small sample of
participants, with a gender imbalance in high vs. low FNE groups.
Whether the independence between participants’ gender and
group membership was established, future studies should better
control that variable. Moreover, emotional results on behavioral
data were not rigorously mirrored on the ERP components ana-
lyzed in the present study, which were chosen for their significance
in anxiety states. However, at least two ERPs could have been rel-
evant to explore these emotional effects, namely the early poster-
ior negativity (EPN) and the late positive potential (LPP). These
components are consistently modulated by emotional load (Lee &
Park, 2011) but their modulation by social anxiety is quite unclear
(Staugaard, 2010) and should be evaluated in further studies.

5. Conclusion

The main aim of the present study was to explore the cognitive
processes responsible for attentional bias toward emotional infor-
mation in relation to a low or high level of fear of negative evalu-
ation, which is a major component of social anxiety. Our results
show that high evaluation anxiety levels led to modulations of dif-
ferent stages of cognitive processing of information, namely on the
P1 and P2 in response to cues, and on the P1 in response to targets.
These results are interpreted as indexing facilitated attention to
faces and sustained attention for emotional face location, and offer
reliable cues to the cognitive processes involved in attention biases
in social anxiety.
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