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Behavioural studies have used spatial cueing designs extensively to investigate emotional
biases in individuals exhibiting clinical and sub-clinical anxiety. However, the neural
processes underlying the generation of these biases remain largely unknown. In this study,
people who scored unusually high or low on scales of social anxiety performed a spatial
cueing task. They were asked to discriminate the orientation of arrows appearing at the
location previously occupied by a lateralised cue (consisting of a face displaying an
emotional or a neutral expression) or at the empty location. The results showed that the
perceptual encoding of faces, indexed by P1, and mobilisation of attentional resources,
reflected in P2 on occipital locations, were modulated by social anxiety. These modulations
were directly linked to the social anxiety level but not to trait anxiety. By contrast, later
cognitive stages and behavioural performances were not modulated by social anxiety,
supporting the theory of dissociation between efficiency and effectiveness in anxiety.

© 2012 Elsevier B.V. All rights reserved.
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1. Introduction

Attention biases towards threatening emotional facial ex-
pressions (EFE) have been widely described in clinical and
sub-clinical anxious states (for a review, see Bar-Haim et al.,
2007; Cisler and Koster, 2010). In particular, social anxiety has
been characterised by abnormal processing of social informa-
tion (Hirsch and Clark, 2004).

Amongst the different experimental designs used to dem-
onstrate such biases, the dot-probe paradigm has been devel-
oped by MacLeod et al. (1986) to assess selective attention
processes: participants are asked to stare at a fixation cross
ogie, Université Catholiqu

ain.be (M. Rossignol).

r B.V. All rights reserved
located at the centre of the screen. Two stimuli, one neutral and
one emotional, are presented on either side of the screen for a
short interval (most commonly 500ms). After that, a target is
presented in the location of one of the two cues and participants
have to indicate the position or the shape of the target as fast as
possible (see for instance Salemink et al., 2007). While the
original studies of spatial attention demonstrated that people
respond faster to a probe stimulus presented in a region to
which they have been paying attention (Posner et al., 1980), the
emotional dot-probe has allowed the increased allocation of
visual attention towards threat-related cues to be demonstrated.
This is evidenced by decreased reaction times in response to
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targets following a threatening stimulus, compared to those
following neutral cues (Fox et al., 2002; MacLeod et al., 1986;
Telzer et al., 2008).

Event-related potential (ERP) studies have detected this
orienting effect as soon as 100 ms after the presentation of a
validly-cued target, through an amplification of the occipito-
parietal P1 component. This component is generated by extra-
striate cortices and reflects basic visual processing (Allison et
al., 1999), which can be facilitated for stimuli appearing in an
expected location (Hillyard and Anllo-Vento, 1998; Luck et al.,
1996). Using modified versions of a cue-target design, several
studies have found enlarged P1 amplitudes when cues showing
fearful (Pourtois et al., 2004) or angry (Fox et al., 2008; Santesso et
al., 2008) faces are replaced by neutral targets. These enhance-
ments imply that visual processes are guided by spatial
attention, and that vigilance for threatening cues persists in time
(Holmes et al., 2003).

In addition, a wealth of behavioural studies using dot-
probe and spatial cueing designs support the hypothesis of
hyper-vigilance towards threat in social-anxiety disorders
(Mogg and Bradley, 1999, 2002; Mogg et al., 2004; Pishyar et al.,
2008). Recently, electrophysiological studies have provided
temporal markers of this enhanced vigilance towards faces
in social anxiety (Kolassa et al., 2009; Kolassa et al., 2007).
Subclinical social anxiety has been associated with an en-
hancement of P1 during a task involving passive viewing of
artificial and natural faces (Muhlberger et al., 2009), with amore
marked enhancement for emotional (angry, fearful or happy) as
compared to neutral faces (McTeague et al., 2011). These results
support the hypothesis of an amplification of early sensory
attention (Hillyard et al., 1998), but the absence of a specific
enhancement to threat also sustains the idea of a general
hyper-vigilance in phobic patients (Eysenck, 1997).

Importantly, the P1 enhancement seems to be specifically
correlated with social anxiety and not with trait-anxiety scores
(Kolassa et al., 2009; Kolassa and Miltner, 2006), as suggested by
Mogg and Bradley (2002) who argued that vigilance for faces is
primarily a function of social anxiety, rather than trait anxiety.
Accordingly, high trait-anxious individuals did not show en-
hanced P1 in response to face stimuli (Eldar et al., 2010; Holmes
et al., 2009; Rossignol et al., 2008; Rossignol et al., 2005).However,
they produced enhanced N2pc in response to angry faces (Fox
et al., 2008) and increased P1 responses for targets replacing
threatening pictures (Li et al., 2005). These results suggest
that exogenous attention is captured by threat location in trait
anxiety and indicate the necessity to distinguish the impact of
trait and social anxiety on emotional processing.

The early attentional bias for threat in social phobia has also
been evidenced by increased P2 amplitudes for angry faces as
compared to neutral or happy expression (van Peer et al., 2010).
The P2has been functionally associatednot onlywith sustained
perceptual processing (Schupp et al., 2003; Schupp et al., 2004),
but also with the evaluation of the emotional relevance of a
visual stimulus (Carretié et al., 2001; Dennis and Chen, 2007).
The P2 may also be enhanced by emotional categorisation, as
shown by Kolassa et al. (2009) who reported an increase in the
P2 amplitude when schematic faces were classified as neutral,
as compared to happy, sad or angry. It can be argued that the
classificationwasmore difficult for ambiguous drawings, the P2
amplitude reflecting the complexity of this emotional appraisal.
Hence, the enhancement of this component, also evidenced
in high trait anxiety (Bar-Haim et al., 2005; Eldar et al., 2010),
could mirror a greater mobilisation of attentional resources on
motivationally significant stimuli (i.e. angry faces) in social
phobic participants. However, social anxiety influence was not
consistently observed on the P2 (Kolassa et al., 2009; Kolassa
and Miltner, 2006) and may depend on several parameters,
including the task and the stimuli.

Among later components indicatingmore strategic processes,
the P3 is sensitive to task-relevance, arousal level, motivational
significance, and the influence of these factors on cognitive
resource allocation (MacNamara et al., 2009 ; Olofsson et al., 2008).
Hence, if socially anxious individuals pay particular attention
to threatening EFE, the P3 component should be enhanced in
response to these stimuli. However, the current literature does
not offer convincing evidence of P3 modulation by social anxiety
(Staugaard, 2010). Some studies reported greater P3 for threaten-
ing faces (Moser et al., 2008) and positive correlations between
social anxiety and peak voltage of P3 for angry but not for happy
faces (Sewell et al., 2008). But several other studies did not report
modulation of late positive ERP during the processing of EFE by
individuals suffering from social anxiety (Rossignol et al., 2007;
van Peer et al., 2010).

Finally, unsolved issues relate to the time course of the
bias (see for instance Cisler and Koster, 2010; Mogg et al.,
2008). One hypothesis suggests that socially anxious individ-
uals may have difficulties disengaging their attention from
threat-related material (Amir et al., 2003; Buckner et al., 2010;
Moriya and Tanno, 2011). Indeed, the disengagement process
has been defined by Posner and Petersen (1990) as a comple-
mentary process to that of orienting toward stimuli. Indeed,
whena target ispresentedat a different location to thepreceding
cue, participants have to disengage from the cue location, move
to the target location, and engage this new location. Previous
studies have shown that highly anxious individuals may
take longer to respond to a target when the cue stimulus is
threatening than when it is neutral or positive (Fox, 2002; Fox et
al., 2001; Georgiou et al., 2005; Salemink et al., 2007; Yiend and
Mathews, 2001). Moreover, the facilitated responses to valid
targets following threatening cues may arise not only from
increased vigilance towards a threat, but also from difficulty in
disengaging from the threat location, or from a combination
of both (Koster et al., 2004).

Disentangling these complementary processes and their
modulation by anxiety is an important challenge and differ-
ent procedures have been suggested. On the one hand, Koster
et al. (2004) have recommended comparing responses follow-
ing neutral and threatening cues: faster responses to the targets
replacing the threat stimuli would reveal faster orientation
towards threat, while slower responses to targets appearing in
an invalid locationwould reflect difficulties in disengaging from
a threat. On the other hand, Fox et al. (2001) have suggested
using a single cue to observe disengaging abilities. When two
faces are presented simultaneously, the participants have the
opportunity to direct their attention successively to one or the
other, and the role of a facilitated engagement is intertwined
with the effect of a complicated disengagement (Fox, 2004; Fox
et al., 2001).

Alternatively, the early initial vigilance may be followed by
a subsequent strategic avoidance of threat-related stimuli (Amir
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et al., 1998; Horley et al., 2003; Mansell et al., 1999; Vassilipoulos,
2005). This idea is supported by the results of Mueller et al.
(2008), who investigated the electrophysiological correlates
of the behavioural performances of social phobic patients in a
dot-probe design. These authors reported enhanced P1 ampli-
tudes to angry–neutral compared to happy–neutral pairs of
faces with social phobia, but also decreased P1 amplitude to
targets followingemotional, as compared toneutral, faces. These
results were interpreted within the framework of vigilance/
avoidance theory, as the sign of an amplified early vigilance to
faces, followed by a reduced visual processing of emotionally
salient locations.

The present study was designed to examine the involve-
ment of attentional engagement and disengagement in social
anxiety. In order to decide between slower disengagement
and faster engagement, we adapted the spatial-cueing design
described by Fox et al. (2001) by considering the constrains of
an electrophysiological study (Li et al., 2005; Pollack and
Toley-Shell, 2003). Behavioural measures were combined
with the assessment of ERPs described by Bar-Haim et al.
(2005) (i.e. the P1 and P2 for cues, and the P1 and P3 for
targets). The assessment of these particular components of
early, middle and late latencies allowed not only sensory
processes to be explored, but also subsequent attentional
deployment during cue and target processing. The partici-
pants had to detect an arrow following a single cue presented
on the right or the left hemifield. Faces displaying four types
of emotion (anger, fear, disgust and happiness) were used as
cues, in contrast to neutral faces. As the cue consisted of
a single face, we postulated that all the participants would
focus their attention on this cue (for a discussion on attentional
capture by facial stimuli, see for instance Langton) et al., 2008.
Therefore, we hypothesised that it would be easier to detect
valid targets (i.e. those where the target appears in the same
location as the cue) than invalid ones (when the target appears
on the other side of the screen). Behaviourally, these effects
would result in shorter reaction times for valid than for invalid
targets. In line with previous ERP data, this should be indicated
neurophysiologically by an enhanced P1 for valid as compared
to invalid targets, and increased neural responses to targets
preceded by negative cues (Pourtois et al., 2004; Santesso et al.,
2008).

The main aim of the present study was to investigate what
happens in participants with high levels of social anxiety. We
hypothesised that they would show an enhancement of both
P1 (Kolassa et al., 2009; Kolassa et al., 2007; Muhlberger et al.,
2009), and P2 components (Bar-Haim et al., 2005; van Peer et
al., 2010) for facial cues, as compared to participants display-
ing low levels of social anxiety. Moreover, the examination
of neural response to targets may yield information about
engagement and disengagement processes in social anxiety.
First, we postulated an increased P1 for valid targets following
negative cues, because of facilitated engagement; invalid targets
require a rapid disengagement from the cue, so we hypothe-
sised a decreased P1 for negatively-cued invalid trials in the
case of disrupteddisengagement fromnegative cues. Finally,we
explored the P3 component to decide between the presence
(Moser et al., 2008; Sewell et al., 2008) and absence (Rossignol
et al., 2007; van Peer et al., 2010) of an influence of social anxiety
on this component.
2. Results

2.1. Behavioural data

2.1.1. Correct responses
Analysis yielded a main effect of Validity on the percentage of
correct responses (F(1,26)=82.92, p<.001), with better perfor-
mance for validly-cued trials. There was also a main effect of
Emotion (F(4,104)=21.15, p<.001) with the best performance for
angry-cued targets (M=95%), followed by neutrality (M=93.1%)
and disgust (M=91.7%). A significant Validity×Emotion interac-
tion (F(4,104)=25.21, p<.001) indicated that the emotional effect
wasnot apparent in theValid condition (F(4,108)=.65, p=.55) but
was clear in the Invalid one (F(4,108)=36.03, p<.001). Invalid
targets following faces displaying anger were more effectively
detected (94.9%) than those followingdisgust (M=87.6%, p<.001),
neutrality (M=90.2%, p<.001), or happiness (M=92.5%, p=.03)
(see Table 1). Performancewas not influenced by Group (F(1,26)=
1.175, p=.29), there being no significant difference between LSA
and HSA.

2.1.2. Response latencies
Analysis showed amain effect of Validity on response latencies
(F(1,26)=12.08, p=.002). Participants responded faster to validly-
cued targets than to invalidly-cued ones. A main effect of
Emotion (F(4,104)=3.762, p=.01) indicated slower reactions to
targets following images of disgust than to those showing fear
(p=.02) or anger (p=.01). There was also a significant interaction
between Validity×Emotion (F(4,104)=5.25, p=.001) indicating
that the disgust effect was evident in the invalid condition
(F(4,108)=7.88, p<.001), but not in the valid condition (F(4,108)=
.51, p=.67). The Group effect was not significant (F(1,26)=.15,
p=.70).

2.2. ERP waveforms locked at the start of the facial cues
(see Fig. 1 and Table 2).

2.2.1. P1 component

2.2.1.1. Latency. Analysis revealed no significant main effect
involvingGroup (F(1,26)=2.43, p=.131) or Emotion (F(4,104)=1.57,
p=.20), andno interaction between these variables (F(4,104)=.72,
p=.55).

2.2.1.2. Amplitude. A main effect of Group (F(1,26)=7 .23,
p=.01) was found,meaning that P1was higher in the HSA group
(2.286 μV) than in the LSA (0.789 μV) one (see Fig. 1). Emotion
did not significantly modulate the P1 amplitudes (F(4,104)=.97,
p=.43) and did not interact with Group (F(4,104)=1.35, p=.26).

2.2.2. P2 component

2.2.2.1. Latency. P2 latencies were modulated by Emotion
(F(4,104)=2.726, p=.03): angry faces evoked earlier P2 (mean of
276 ms) than happy (287 ms, p=.05) or disgusted ones (292 ms,
p=.008). The Group effect was not significant (F(1,26)= .21,
p=.65) and did not interact with Emotion (F(4,104)=1.12,
p=.35).



Table 1 –Mean response times (RT, in ms) and percentage accuracy (CR, in %) for target detection in each condition for LSA
and HSA (standard deviations are presented between brackets).

LSA HSA Mean

Valid trial Invalid trials Valid trial Invalid trials Valid trial Invalid trials

Response latencies (ms) Anger 541 (70.1) 567 (74.2) 558 (64.5) 570 (66.2) 550 (66.8) 569 (69.1)
Disgust 536 (67.5) 575 (84.6) 555 (62.3) 577 (61.7) 546 (64.6) 576 (72.6)
Fear 537 (65.8) 565 (80.9) 558 (65.6) 565 (60.5) 548 (65.5) 565 (70.0)
Happiness 543 (69.0) 559 (77.5) 556 (59.4) 559 (59.6) 550 (63.5) 559 (67.8)
Neutrality 542 (68.0) 566 (82.3) 555 (56.9) 569 (59.6) 549 (61.9) 568 (70.4)

Correct responses (%) Anger 95.9 (4.1) 93.8 (5.9) 94.2 (5.7) 94.7 (5.8) 95.0 (5.0) 94.3 (5.7)
Disgust 94.7 (3.7) 87.0 (5.1) 95.7 (5.7) 86.3 (8.6) 95.2 (4.8) 86.6 (7.1)
Fear 94.7 (3.7) 93.0 (3.9) 95.7 (5.7) 93.2 (7.0) 95.2 (4.8) 93.1 (5.6)
Happiness 95.3 (4.6) 92.7 (3.8) 96.2 (3.9) 91.5 (6.5) 95.7 (4.8) 92.1 (5.3)
Neutrality 95.7 (4.3) 88.7 (3.8) 95.5 (5.2) 90.5 (6.6) 95.6 (4.7) 89.6 (5.4)
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2.2.2.2. Amplitude. A main effect of Group (F(1,26)=4.66,
p=.04) was found: a larger P2 wave was evoked in the HSA
group (1.657 μV) than in the LSA (0.308 μV). The effect of
Emotion was not significant (F(4,104)=1.03, p=.39) and did not
interact with the Group (F(4,104)=1.60, p=.22).

2.3. ERP waveforms locked at the onset of the probe arrow
(see Fig. 2 and Table 3).

2.3.1. P1 component

2.3.1.1. Latency. Amain effect of Validity was found (F(1,26)=
5.31, p=.03) with slightly earlier P1 for valid (153 ms) than for
invalid (157 ms) targets. The Validity effects are shown in Fig. 2;
see also Table 3. Emotion (F(4,104)=1.92, p=.11) did not signifi-
cantly modulate P1 latency and did not interact with Validity
(F(4,104)=.86, p=.48) or Group (F(4,104)=.37, p=.11). Despite a
trend towards delayed P1 in HSA (158ms vs. 152 ms for LSA),
Group effect was not significant (F(1,26)=3.02, p=.09)
Table 2 – Mean amplitudes in μV (first line) and peak
latencies in ms (second line) at the maximal point of
temporal windows around the P1 and P2 components
produced by HSA and LSA in response to the different
categories of facial cues (S.D. between brackets). For each
emotion category, the numbers between brackets present
the mean and standard deviation of ERP trial numbers
entered into grand-average event related potentials
across participants.

Type of cue P1 P2

LSA HSA LSA HSA

Anger
(μ=80.4 ; SD=5.2)

1.0 (1.4)
148 (10)

2.67 (1.3)
150 (12)

0.40 (1.7)
274 (22)

1.97 (2.3)
278 (29)

Disgust
(μ=80.5 ; SD=5.9)

0.98 (1.65)
144 (10)

1.98 (1.8)
152 (13)

0.69 (2.3)
284 (23)

1.55 (2.1)
299 (42)

Fear
(μ=70.6 ; SD=7.2)

0.86 (1.8)
149 (8)

2.1 (1.4)
156 (15)

0.80 (1.7)
283 (37)

1.50 (2.9)
295 (42)

Happiness
(μ=79.8 ; SD=6.6)

1.06 (1.65)
146 (11)

2.2 (1.44)
153 (12)

0.42 (2.1)
287 (31)

1.42 (2.5)
237 (39)

Neutrality
(μ=79.8 ; SD=6.0)

0.38 (3.5)
148 (8)

2.39 (1.3)
154 (14)

1.06 (2.7)
284 (34)

1.83 (2.66)
280 (45)
2.3.1.2. Amplitude. There were no main effects of Validity
(F(1,26)= .29, p=.60), Group (F(1,26)=1.94, p=.18), or Emotion
(F(4,104)= .32, p=.86), and no significant interaction between
these variables.

2.3.2. P3 component

2.3.2.1. Latency. Analyses didnot reveal any significant effect
of Validity (F(1,26)=1.62, p=.21), Emotion (F(4,104)=.94, p=.43), or
Group (F(1,26)=.77, p=.39) on P3 latency. However, a significant
interaction between Validity and Emotion (F(4,104)=3.98,
p=.008) was evident, and could be further decomposed into
separate ANOVA on valid and invalid conditions. First, Emotion
influenced the P3 latencies in the invalid condition (F(4,108)=
2.73, p=.03): the latencies were less for fearful cues (358ms)
as compared to happy (380ms, p=.014) or disgusted (375ms,
p=.03) ones. On the other hand, Emotion had an effect in the
valid condition (F(4,108)=2.55, p=.04), with longer latencies for
fearful (381 ms) and angry cues (378ms) than for happy (364ms)
ones (p= .007 and .02, respectively). Moreover, paired-t-tests
comparing emotioncues invalid and invalid conditions showed
significantly faster P3s for targets validly cued by happy faces
(t(27)=2.70, p=.01) and invalidly cued by fearful faces (t(27)=2.29,
p=.03). Other paired comparisons were not significant.

2.3.2.2. Amplitude. Emotion (F(4,104)=1.16, p=.33), andGroup
(F(1,26)=.53, p=.47) did not affect P3 amplitude and did not
interact significantly with each other. Despite a tendency
towards higher amplitudes for invalid targets (mean amplitude
of 2.883 μV for invalid targets and 2.556 μV for valid trials), this
effect did not reach the 0.05 significance level (F(1,26)=3.42,
p=.08).

2.4. Correlations

P1 and P2 were recorded in response to faces, whereas P1 and P3
related to target processing. To test whether these constitute
the successive steps of a continuum in cognitive processing,
Pearson's correlations were performed between these compo-
nents for both amplitude and latency. The results, shown in
Table 4, confirm that the latencies and amplitudes of ERPs
produced in response to cues and targets were linked: P1
latencies and amplitudes for cues and targets were highly
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Fig. 1 – A. Grand mean baseline corrected ERP time courses at Oz with time windows of P1 and P2 indicated by grey boxes.
B. Mean amplitudes and error bars for P1 (top) and P2 (down) for LSA and HSA. C. Scalp topographies of P1 (on the left) and P2
(on the right), averaged across all conditions.
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associated, as were the amplitudes of P1 and P3 in response
to targets.

2.5. Regression analyses

A stepwise multiple-regression analyses indicated that the P1
amplitude was predicted by FNE alone (F(1,26)=4.49, p=.04;
r2= .15 ; β=.384), as was the P2 amplitude (F(1,26)=10.64,
p=.003; r2= .29; β=.539). On the other hand, STAIT was the
only predictor of P3 latencies (F(1,26)=8.23, p=.008 ; r2= .24 ;
β=.490).
3. Discussion

Our results showed the expected effect of Validity: perfor-
mance was significantly better for valid targets (i.e. those
presented in the same place as the cue). This cueing
facilitation effect was reflected in shorter reaction times,
higher rates of correct responses, and earlier P1 components.
When the cue correctly indicated the target position, atten-
tion to this position was not modulated by facial expression.
Conversely, when the target appeared on the opposite side to
the cue, Emotion had an effect on behaviour: 1) the targets
following an invalid angry EFE cue were more effectively
discriminated, and gave rise to faster response times,
2) targets succeeding an invalid fear cue were also detected
more quickly, but 3) targets following an invalid disgust cue
were discriminated both more slowly and less efficiently. At a
neurophysiological level, this emotional effect appeared on
the P2 wave (which emerged earlier for faces expressing anger
than for those expressing disgust), and on the P3 component.
In invalid conditions, this wave appeared earlier for targets
cued by fearful faces and later for those following disgusted
faces, while happy cues gave rise to faster P3 responses in
valid condition. However, the P1 responses to cues and targets
were not modulated by facial expressions.

Our study also suggests that social anxiety modulates
cognitive processes during the execution of the task. ERP data
point to two major influences of social anxiety: both the P1
and the P2 components were enhanced among socially
anxious participants. The occipital P1 component indexes
perceptual processing, related to activity in the extrastriate
visual cortex (Allison et al., 1999). The P1 amplitude has been
reported to be modulated by Emotion (Batty and Taylor, 2003),
and increased by threatening stimuli (Holmes et al., 2008;
Streit et al., 1999). These data have been interpreted as
reflecting a rapid orientation of visual attention towards
significant stimuli (Vuilleumier and Pourtois, 2007). If en-
hanced P1 amplitudes mirrors increased visual attention, the
general increase in perceptual processes for facial cues
suggests that socially anxious participants pay particular
attention to facial stimuli. This is in line with previous
observations (Kolassa et al., 2009; Kolassa et al., 2007;
Kolassa and Miltner, 2006; McTeague et al., 2011; Muhlberger
et al., 2009). Moreover, the absence of an interaction with



Table 3 – Mean amplitudes in μV (first line) and peak latencies in ms (second line) at the maximal point of temporal
windows around the P1 and P3 components produced by HSA and LSA in response to the targets cued by the different
categories of faces (S.D. between brackets). For each condition, the numbers between brackets present the mean and
standard deviation of ERP trial numbers entered into grand-average event related potentials across participants.

Type of cue P1 P3

LSA HSA LSA HSA

Invalid Anger
(μ=30.9 ; SD=5.0)

1.28 (1.5)
153 (15)

1.57 (1.47)
162 (13)

2.61 (2.1)
360 (54)

3.14 (2.8)
362 (57)

Disgust
(μ=28.8 ; SD=5.1)

1.21 (1.3)
154 (14)

1.97 (1.6)
158 (14)

2.52 (1.7)
370 (41)

2.94 (2.5)
379 (31)

Fear
(μ=30.5 ; SD=5.3)

1.17 (1.31)
156 (10)

2.11 (2.2)
156 (15)

2.66 (2.2)
359 (43)

3.46 (2.9)
356 (46)

Happiness
(μ=30.1 ; SD=4.9)

1.21 (1.4)
153 (11)

1.86 (2.1)
157 (14)

2.63 (1.65)
378 (34)

3.15 (2.8)
368 (47)

Neutrality
(μ=29.5 ; SD=4.7)

1.17 (1.7)
156 (13)

1.91 (1.6)
162 (13)

2.68 (1.8)
364 (53)

3.02 (2.6)
368 (46)

Valid Anger
(μ=41.4 ; SD=6.7)

.83 (1.9)
152 (10)

1.93 (1.7)
156 (12)

2.01 (1.5)
364 (38)

2.54 (2.6)
356 (45)

Disgust
(μ=41.0 ; SD=6.1)

1.47 (1.3)
144 (10)

1.81 (2.1)
152 (13)

2.22 (1.3)
364 (36)

2.83 (2.9)
394 (45)

Fear
(μ=41.5 ; SD=6.8)

.82 (1.7)
149 (19)

2.16 (1.9)
156 (14)

2.09 (1.7)
369 (40)

3.51 (3.4)
392 (48)

Happiness
(μ=41.4 ; SD=6.3)

1.34 (2.0)
151 (10)

1.73 (1.9)
156 (12)

2.53 (3.2)
363 (36)

2.66 (2.6)
363 (41)

Neutrality
(μ=41.5 ; SD=6.6)

.87 (1.5)
151 (15)

2.04 (2.0)
158 (11)

2.24 (1.4)
364 (39)

2.91 (2.5)
383 (47)

A B

C D

Fig. 2 – A. Grand mean baseline corrected ERP time courses at Pz with time windows of P1 and P3 indicated by grey boxes.
B. Mean latencies and error bars for P1 (top) and P3 (down) for LSA and HSA. C. Scalp topographies of P1 (on the left) and P3
(on the right), averaged across all conditions.
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Emotion sustains the hypothesis that socially anxious partic-
ipants show a general interest in stimuli carrying important
information about social interaction (Yoon and Zinbarg, 2008).
Indeed, Moriya and Tanno (2009) recently suggested that high
social anxiety may be associated with an enhanced exoge-
nous attentional system and that socially anxious individuals
are attracted to salient stimuli, regardless of their emotional-
ity. Our data support that model, but it should be noted
that the enhancement of perceptual processes has also been
reported in other types of phobic syndromes, and such a state
of hypervigilance towards incoming stimuli might be a feature
of the cognitive functioning of phobic individuals (Kolassa et
al., 2009; Kolassa et al., 2006). Future studies are warranted
to determine whether this enhanced sensitivity to faces
characterises social anxiety and is limited to facial stimulation
(or to other stimuli with a social value), or whether it is
generalised to all categories of visual stimuli.

The observation of a strongly increased P2 in response to
face presentation among HSA individuals upholds the
hypothesis that they show a particular interest in facial cues.
The occipital P2 has been functionally associated with early
attentional capture andmobilisation of resources (Bar-Haim et
al., 2005; Mercado et al., 2006) and with the evaluation of the
emotional relevance of a visual stimulus (Carretié et al., 2001;
Dennis and Chen, 2007; Schutter et al., 2004). Increased P2
amplitudes were reported in healthy participants for fearful
(Ashley et al., 2004) and angry face perception (Schutter et al.,
2004), in high trait-anxious individuals (Bar-Haim et al., 2005;
Eldar et al., 2010) and in individualswith high threat sensitivity
processing irrelevant facial cues (Dennis and Chen, 2007).
Conversely, Kolassa et al. (2009) reported a modulation by
emotional classification but no effect of social anxiety on
the P2. However, schematic faces were used in that study,
which can carry a more limited emotional load than the one
displayed by real expressive faces or emotional scene. Here,
the P2 appeared slightly later than reported in previous
studies, but the use of lateralised stimuli may explain this
latency delay (Rigoulot et al., 2008). Nonetheless, the general-
ised enhancement of P2 might mirror a global capture of
attention by face cues, and suggests that all face categories
constitute salient stimuli in social anxiety.

The P2 amplitude was furthermore predicted by the FNE
scores, higher social anxiety scores being associated with
Table 4 – Pearson's correlations and level of significance
(*.05; **.01; ***.001) between mean amplitudes and peak
latencies (italic) of ERP waves produced in response to
cues and targets.

ERP waves
for cues

ERP waves for
targets

P1 P2 P1 P3

ERP waves for cues P1 .281 .672** .478*
.174 .878*** −.060

P2 .281 −.011 .206
.174 .159 .145

ERP waves for targets P1 .672** −.011 .577**
.878 .159 −.082

P3 .478* .206 .577**
−.060 .145 −.082
enhanced attentional capture by facial cues. This observation
supports the model of a greater attentional orienting (on the
P1 wave) followed by an intensified attentional fixation (on
the P2 wave) (Fox, 2004). Moreover, since previous spatial
cueing studies in high-trait anxiety individuals have reported
a comparable P2 amplification but no effect on the P1 compo-
nent (Bar-Haim et al., 2005; Eldar et al., 2010), it can be argued
that the enhancement of perceptual processing of social cues
is specific to social anxiety, while the subsequent capture of
attention is more generic to all anxious states.

To sum up, the ERP waves associated with the processing
of face cues argue for increased perceptual and attentional
processes in socially anxious participants. A major contribu-
tion of our study is the indication that these enhancements
in early processing are directly associated with social anxiety
scores, as suggested previously (Kolassa et al., 2009; Kolassa and
Miltner, 2006;Moriya andTanno, 2011), but notwith trait anxiety
scores. We have already shown that elevated trait anxiety
(characterised by scores over 56 on the STAI scale), is associated
with latermodifications of EFE processing (Rossignol et al., 2008;
Rossignol et al., 2005) and this study consistently outlines
a relationship between trait anxiety and P3 latency. However,
we selected our participants according to their level of trait-
anxiety, which has to be normal (under 56, Liebowitz, 1987) and
avoid to explore the influence of higher level of trait-anxiety.
Consequently, the present findings suggest that the effects
of social anxiety and of trait anxiety should be considered
independently but they have to be confirmed by studies on
unselected samples.

Lastly, we investigated whether the intensified attentional
fixation on faces has an effect on target-processing in socially
anxious participants. The inspection of neural responses to
targets allowed us to explore the process of disengagement,
compared to attentional engagement. As the present experi-
mental design used a single lateralised cue, we postulated
that the first stage for all participants would be to orient their
attentional resources towards this cue. Then, they had to
disengage their attention from the cued location to process
invalid targets, while valid-target processing was facilitated by
sustained engagement with the cue location. Consequently, we
postulated that a P1 enhancement for targets in the cued location
only would suggest an enhanced engagement with the validly
cued targets, while a diminished P1 in other locations could be
attributed to disengagement disabilities. Here, the lack of a P1
effect suggests that sub-clinically socially-anxious individuals
without elevated trait anxiety do not show a persistent effect of
the initially enhanced orientation towards faces.

The late stages of cognitive processing showed no further
influence of social anxiety, and behavioural performances
were not modulated. These results confirm previous observa-
tions that social anxiety may be associated with early hypervi-
gilance to social cueswithout bias in the subsequent processing
(Gamble and Rapee, 2010; McTeague et al., 2011). However,
further investigations are needed to explore the role of several
factors such as the history of anxiety or disorder, and the co-
morbidity of symptoms. It is conceivable that earlymodulations
of perceptual processes are a feature of social anxiety in young
individuals with a limited co-morbid symptomatology (see also
McTeague et al., 2011), whilemore severe forms of social phobia
may affect later cognitive processes and lead to significant



1 State-Trait Anxiety Inventory scores traditionally distinguish
the following levels of anxiety: less than 36: very low; 36–45: low
46–55: normal; 56–65: high; more than 65: very high (Spielberger e
al., 1983). Accordingly, we aimed to select participants with
normal to low levels of trait anxiety.
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behavioural expressions (Kessler et al., 1999; Mueller et al.,
2008).

In this context, the model of attentional control developed
by Eysenck, Derakshan and their collaborators is particularly
interesting (Derakshan et al., 2009b; Eysenck et al., 2007). The
hypothesis of a lack of attentional control in anxiety has been
supported by recent behavioural (Derakshan et al., 2009a; Fox
et al., 2005; Ladouceur et al., 2009; Reinholdt-Dunne et al.,
2009) and neuroimaging data (Bishop, 2009; Dennis and Chen,
2007; Savostyanov et al., 2009) and seems to apply to social
anxiety (Moriya and Tanno, 2008). In addition to predicting
impaired performances on a task (implying a high level of
cognitive control), this model postulates that anxiety alters
processing efficiency (observable through an enhanced effort and
an increased use of processing resources) more than perfor-
mance effectiveness (quality of performance), through the use
of compensatory strategies. Our results suggest a similar effect
in connectionwith sub-clinical social anxiety, where behavioural
performances are not modified by the presence of an interaction
with cognitive processing.

Some issues should be clarified in future studies. The
major objective of this studywas to identify how faces showing
different emotions cued the discrimination of subsequent
targets. Classical studies have shown that P1 amplitude is
dependent on visual selective attention (Mangun and Hillyard,
1996), as enhanced P1s were recorded for targets appearing in
the location where attention was focused (Coull, 1998; Hillyard
et al., 1998). In the present study, the amplitudes of P1 in
response to the targets were not modulated by the validity (i.e.
the location) of the target: arrows occurring in the location cued
by a face did not capture any more attentional resources than
those appearing in a previously empty location. However, the
duration of the interval between the cue and the targetmight be
responsible for that lack of effect. The targets were presented
after an interval varying from200ms to 400 ms inorder to avoid
the forward-masking effect (Broomfield and Turpin, 2005; Li
et al., 2005) or the appearance of ERP component reflecting
the expectation of the stimulus (e.g. CNV,Wright et al., 1995). By
using a similar stimulus onset asynchrony (SOA), Li et al. (2005)
observed a validity bias for threateningpictures on target-locked
components and a differential influence of high and low trait
anxiety. However, their cues consisted of emotional pictures,
known to hold a higher arousal value than faces (Britton et
al., 2006). Given the role of arousal in the allocation of spatial
attention (Vogt et al., 2008), it is reasonable to suppose that
attentional bias may be evident at a 200–400 SOA for highly
arousing material, but that this interval may be too long for
the orienting effect of emotional faces to persist.

This hypothesis is sustained by the results of Fox et al.
(2008) who found enhanced P1 amplitude in the responses to
targets replacing angry facial cues after a short interval (150ms),
but no effect after a longer SOA. These results suggest that
threatening stimuli may lead to a brief enhancement of the
sensory process with a rapid orientation of spatial attention
to the threat location (Pourtois et al., 2004). Similarly,Moriya and
Tanno (2011) reported disengagement difficulties when facial
cues remained on the screen while targets were being pro-
cessed, but no effect when there was a temporal gap between
the end of the presentation of the cue and the beginning of
that of the target.
The duration of the presentation of the stimulus also
played an important role. Socially anxious individuals displayed
longer response latencies than socially confident participants
in response to angry faces presented for 300ms or more, but
no effect for shorter presentation times (i.e. 100 or 200 ms)
(Moriya and Tanno, 2011, Experiment 2). Consequently, future
studies should consider of several cued-target-onset asyn-
chronies (CTOA) to investigate the temporality of the process
of disengagement in anxious and non-anxious participants.

This factor may also be responsible for the absence of an
influence of emotion on the target-locked P1 amplitude in our
investigation, while previous studies reported enhanced P1
for targets cued by threatening faces (Fox et al., 2008; Pourtois
et al., 2004; Santesso et al., 2008). The particular nature of
our design can also explain these discrepancies. There are two
major differences: first,weusedadesignwith a single lateralised
cue, emotional or neutral, while previous studies presented two
cues, one neutral and one emotional, simultaneously; secondly,
our research design included five different facial expressions,
whereas previous studies only considered the difference be-
tween negative and positive cutes. It is conceivable that the
contrast between two emotions, one negative and one positive,
is less marked when several negative emotions are considered.
To investigate this hypothesis, already formulated by Calvo and
Nummenmaa (2008), it would be interesting to replicate this
design by contrasting emotions such as happiness and anger
or disgust, which seem particularly relevant to social anxiety
(Buckner et al., 2010; Rossignol et al., 2007).

In summary, the present research investigated the modu-
lation of cognitive processing by the presentation of emotional
faces as cues todetectneutral targets.While behavioural results
and the late stages of cognitive processing were not modulated
by social anxiety, perceptual process and attentional capture by
facial cues were enhanced in socially anxious participants.
These early modulations were independent of the emotional
charge, suggesting a general salience of faces in social anxiety.
Moreover, these results were specifically related to the level of
social anxiety, which argues for a refinement of models to
distinguish trait and social anxiety.
4. Experimental procedures

4.1. Participants

Thirty participants were selected from a group of 250 university
students screened using the Fear of Negative Evaluation (FNE)
scale (Watson and Friend, 1969). The presence of social anxiety
was indicated by a score above 19 on the FNE scale, which
corresponds to the threshold for clinical social phobia (see
Douilliez and Philippot, 2003; Philippot and Douilliez, 2005).
Trait anxiety and depression were also controlled: all the
participants had to score under 56 on the Spielberger Trait
Anxiety Inventory (STAI-B)1 (Spielberger et al., 1983) andunder 9
;
t



Fig. 3 – Sequence of the events in the spatial cueing task.
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on the 13-item Beck Inventory (Beck and Beamesdefer, 1974)
to limit the co-morbid symptomatology. Using these 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 and the high social anxiety groups (LSA
and HSA respectively).

At the beginning of the session, participants also completed
the Spielberger State Anxiety Inventory (STAI-A) (Spielberger
et al., 1983). Twoparticipantswere excludedbecause of artefacts
in their ERP recordings, so that twenty-eight participants
remained in the study. All the participants were right-handed,
between the ages of 18 and 24, with normal/corrected vision,
and without any neurological diseases.

The characteristics of the two groups are reported in
Table 5. The Groups did not differ in terms of age (t(26)=2.04,
N.S.), depression (t(26)=1.58, N.S.) or trait anxiety (t(26)=2.00,
N.S.). The HSA group scored higher than the LSA group on
measurements of social anxiety (t(26)=12.09, p<.001) and state
anxiety (t(26)=2.73, p=.01). Significant inter-correlations were
observed between state, trait and social anxiety (STAIA-STAIB:
r=.44, p=.021; STAIA-FNE: r=.40, p=.03; STAIB-FNE: r=.39,
p=.04). Depressive affects were positively correlated with state
(r=.43, p=.02) and trait anxiety (r=.62, p<.001), but not with
social anxiety (r=.29, NS).

4.2. Experimental design

The stimuli comprised30black andwhitepictures of six different
individuals (3 males and 3 females), taken from Beaupre and
Hess's (2006) database, and displaying either neutrality, anger,
disgust, happiness or fear. After trimming to exclude non-facial
contours and hair, each facial stimulus was enclosed in a
rectangular frame measuring 4×6 cm, subtending 4.5°×6.8°.

The target probe was a white arrow pointing up or down,
with a length of 2 cm (visual angle: 2.86°), presented against a
black background either at the location of the emotional face
(valid trial), or on the other side (invalid trial). Probe type and
location were counterbalanced through the task.

All stimuli were presented on a black background on a
17 in. computer Dell Inspiron with the software Eeprobe. Fig. 3
illustrates the experimental design. Each trial started by showing
a 2×2 cm fixation cross in the centre of the screen for 200ms,
followed by a delay (blank screen) of 200ms, and then by the
face-cue. The facewas presented either on the centre of the right
or the left visual field for 200ms, with an equal number of
appearances on each side during the course of the experiment.
Between 200 and 400ms after the disappearance of the cue, the
probe was presented for 200ms. The probe could either replace
Table 5 – Participants' characteristics as a function of
group assignment (standard deviations in parentheses).

HSA (N=14) LSA (N=14)

Age 19.6 (1.4) 21.6 (3.2)
Ratio male/female 03/11 05/09
STAI-A 48.8 (3.9) 45.1 (3.4)
STAI-B 47.7 (5.2) 44 (4.5)
FNE 22.9 (3.3) 6.1 (3.9)
Beck 4.2 (3.6) 2.3 (2.8)
the face or appear on the previously empty side of the screen.
A black screen was then displayed to indicate an inter-trial
interval, lasting for 1000ms. As a consequence, participants had
1200ms to provide their response to each trials. Six blocks were
created, each containing 70 trials (40 valid trials and 30 invalid
trials). The participants were asked to press one of two response
buttons to indicate the orientation of the arrow (“up” or “down”),
and they were told that speed was important but not at the cost
of accuracy.

Participants sat in a dark room on a chair placed at 30 cm
from the screen with their head restrained by a chin rest.
Before starting the task, practice trials were used to familiar-
ise the participants with the procedure. Then, they were
presented with the 12 blocks (6 blocks repeated twice) of 70
trials (the entire experiment comprised 840 trials, 480 valid
and 360 invalid). Each participant was tested individually in a
single session lasting approximately 1 h.

A variety of measures was used to assess behavioural
performance. The presentation software automatically calcu-
lated reaction times and accuracy for each target, and we
computed the percentage of correct responses (errors could be
an erroneous response, an absence of response within the
given time, or a response occurring before the target presen-
tation or less than 200 ms after its onset) and the average RT
for correct responses.

4.3. EEG data acquisition

The EEG (electroencephalograph) recordings were performed
with 32 electrodes mounted in an electrode Quick-Cap with
the standard 10–20 International System and intermediate
positions. Recordingsweremadewith a linkedmastoid physical
reference and were re-referenced by using a common average
(Bertrand et al., 1985). The EEG was amplified by battery-
operated A.N.T.® amplifiers with a gain of 30,000 and a band-
pass of 0.01–100 Hz. The impedance of all the electrodes was
kept below 5 kΩ. The EEGwas recorded continuously (sampling
rate 512 Hz, A.N.T. Eeprobe software) and trials containing EOG
(electrooculograph) artefacts (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 the onset of the stimulus and
continuing for 700ms were created. Codes synchronised with
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stimulus delivery were used to selectively average the epochs
associated with different stimulus types. First, the ERPs were
averaged separately for the different combinations of experi-
mental variables: Emotion (neutral, angry, fearful, happy, or
disgusted face), Laterality of presentation (left or right) and
target Validity (valid or invalid). Since lateralisation effects were
not a critical aspect of thepresent study,we thenaggregated the
ERP waveforms of presentations in the left and the right visual
fields, and retained only two experimental factors, namely
Emotion and Validity.2 The average number of trials in the ERPs
is shown in Tables 2 and 3.

Analyses focused on the ERP components elicited by cues
and targets, separately (see Bar-Haim et al., 2005; Perchet et al.,
2001). First, the overall averaged ERPs were examined to define
temporal windows on interest electrodes kept constant for
all conditions and participants. Second, an algorithmwas used
to identify the maximum positive or negative value within
the specified time window on these interest electrodes, and
that point was identified as the peak latency (see for instance
Pollack and Toley-Shell, 2003). Third, mean amplitudes were
calculated for each defined window. For cue-evoked compo-
nents, two ERPs described in the literature focusing on cued-
target designs (Bar-Haim et al., 2005; Perchet and Garcia-Larrea,
2000; Perchet et al., 2001) were selected for the analyses: (a) P1,
the first positive deflection occurring on occipital sites between
120 and 170ms after the cue presentation andmeasured on Oz;
and (b) the P2, a positive deflection peaking at occipital sites
between 250 and 320 ms and measured on Oz (the topographic
map voltages are shown in Fig. 1). For target stimuli processing,
the two ERPs described by Bar-Haim et al., 2005) weremeasured
on trials associated with a correct response: (a) the P1, peaking
on occipital sites between 110 and 180ms and measured on
Oz, and (b) the P3 component, peaking on parietal sites and
averaged on Pz between250 and 450msafter target presentation
(see Fig. 2).

4.4. Statistical analysis

Statistical analyses were computed using the Statistical Pack-
age for the Social Sciences, 17th version (SPSS 17.0). In the first
step, the mean amplitudes and latencies of the ERPs were
subjected to repeated measures analysis of variance (ANOVA)
with Group (LSA and HSA) as the between-subjects factor,
and Validity (valid or invalid) and Emotion (neutral, happiness,
fear, anger and disgust) as within-subject factors. The reported
p-levels of all the other ANOVAs were corrected for violations
of the sphericity assumption using the Greenhouse–Geisser
2 Analyses including Visual Field were computed before to
aggregate that factor. Visual Field did not influence P1 amplitudes
in response to faces (F(1,26)=2.68, p=.11) or targets (F(1,26)=1.682,
p=.20). By contrast, P2 (F(1,26)=6.40, p=.02) and P3 (F(1,26)=7.72,
p=.01) were enhanced for stimuli presented on the left hemifield.
Concerning latencies, Visual Field did not modulate P1 (F(1,26)=
1.71, p=.20) and P2 (F(1,26)=3.11, p=.09) in response to faces.
Conversely, analyses showed earlier P1 for targets presented on
the right hemifield (F(1,26)=11.455, p<.01), and earlier P3 for those
appearing on the left hemifield (F(1,26)=4.92, p=.04). However,
Visual Field did not interact with the other experimental factors,
justifying our decision to simplify the analyses by collapsing that
factor.
(1959) epsilon correction. Simple effectswere explored through-
out, and a Bonferroni correction for multiple comparisons was
applied to all the t-tests.

In the second step, Pearson correlation coefficients were
used to explore the relation between the amplitudes and
latencies of the ERPs. To reduce the number of analyses, the
mean amplitude and latency values were computed for each
component (by collapsing the Validity and Emotion factors).
In order to control for multiple comparisons, rejection of
the null hypothesis was controlled by Holm's sequential
rejection algorithm (Kolassa et al., 2006). In addition, a set of
four exploratory stepwise linear multiple-regression analyses
was carried out to identify the relationship between the
psychometric factors (FNE, STAIT, STAIS, and Beck scores) and
the ERP parameters (P1, P2 and P3 amplitudes). The variance
inflation factor (VIF) was controlled as a guarantee against
multicollinearity.

The alpha level of significance was set at 0.05 throughout.
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