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a  b  s  t  r  a  c  t

Anxious  states  can  alter  attention,  impairing  goal-directed  processing  in  favor  of  bottom-up  capture.
However,  it is  still  unclear  whether  anxiety-related  biases  already  influence  the  earliest  stage  of  infor-
mation  processing,  especially  for  unattended  threat-related  stimuli.

Here we  tested,  using  EEG,  if the  amplitude  of  the  first component  of the  Visual  Evoked  Potentials
(C1)  to  simple  visual  stimuli  (either  neutral  or threat-related)  varied  depending  on anxiety  level  and  task
demands.

Results showed  that  anxiety  altered  goal-directed  processing,  reducing  P300  amplitude  to  target  stim-
ttentional scope
ypervigilance
ias
RPs
1
oad

uli,  while  it increased  the  C1  to irrelevant  stimuli,  regardless  of  their  emotional  content.  Moreover,
enhanced  load  at fixation  reduced  the  amplitude  of  this  component  to neutral  stimuli,  but  this  early
filtering  effect  was abolished  by state  anxiety.

These  results  shed  light on the  time-course  of attentional  biases  in  anxiety,  confirming  that  this  tran-
sient  state  can  enhance  bottom-up  capture  as  early  as in V1, at the  expense  of  goal-directed  processing.

©  2015  Elsevier  B.V.  All  rights  reserved.

tress

. Introduction

Imagine walking alone, late in the evening, in an outdoor parking
ot. Suddenly, an alarm goes off, and you startle irrepressibly. In this
ontext, the previously non-threatening dark edges of the parking
pace become possible locations for attackers, and you automati-
ally start looking out for menacing individuals. A simple abrupt
ound has unlocked a fear reaction, which will prepare the organ-
sm for a fight or flight response. In the next few days, the simple
dea that in the evening you will have to visit that parking lot again

ight elicit an unjustified state of enhanced arousal, accompanied
y nervousness and worries about your safety: this constellation of
ffective, cognitive and physiological changes in response to a distal
hreat can be identified as “state anxiety” (Spielberger, 1983).

.1. State anxiety and task demands
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

Previous studies showed that state anxiety interferes with cog-
ition, altering the allocation of attention and cognitive resources.
or example, being in a situation in which one might receive an elec-

∗ Corresponding author at: Department of Experimental-Clinical and Health Psy-
hology, Ghent University, Henri Dunantlaan 2, 9000 Ghent, Belgium. Tel.: +32 9
64 6472; fax: +32 9 264 6472.

E-mail address: valentina.rossi@ugent.be (V. Rossi).

ttp://dx.doi.org/10.1016/j.biopsycho.2015.10.014
301-0511/© 2015 Elsevier B.V. All rights reserved.
tric shock has been shown to mobilize cognitive resources from a
goal-directed to a bottom-up processing style (Shackman, Maxwell,
McMenamin, Greischar, & Davidson, 2011), and increase sensitiv-
ity to emotional distraction (Robinson, Vytal, Cornwell, & Grillon,
2013). While effects of state anxiety on low-demand tasks have
been reported mainly at the level of post-perceptual processing
(P300 component of the Event Related Potentials, ERPs), it has
been suggested that the interference of anxiety on cognitive pro-
cessing diminishes when task demands are increased (Hu, Bauer,
Padmala, & Pessoa, 2012; Vytal, Cornwell, Arkin, & Grillon, 2012).
This leads to the prediction that while in low demand tasks the
effects of state anxiety will be detectable, in highly demanding task
the goal-directed processing might be relatively spared. Moreover,
this could suggest that the attentional capture by emotional distrac-
tors (attentional bias), that is observed at low load during anxious
states, might be hampered or abolished by high load tasks, result-
ing in better filtering of irrelevant emotional information (basically,
restoring normal attentional effects).

1.2. State anxiety and attention to emotional information
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

Interestingly, it is still highly debated to what extent the pro-
cessing of emotional aspects of stimuli is attention-dependent
(e.g., Everaert, Spruyt, Rossi, Pourtois, & De Houwer, 2013; Pessoa,
McKenna, Gutierrez, & Ungerleider, 2002), and therefore under

dx.doi.org/10.1016/j.biopsycho.2015.10.014
dx.doi.org/10.1016/j.biopsycho.2015.10.014
http://www.sciencedirect.com/science/journal/03010511
http://www.elsevier.com/locate/biopsycho
mailto:valentina.rossi@ugent.be
dx.doi.org/10.1016/j.biopsycho.2015.10.014
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hich attention conditions emotional stimuli could bypass the
ensory filtering that task demands impose to the sensory sys-
em. In other words, are there specific emotional stimuli that can
licit strong responses early on in the sensory stream, even when
ttention is depleted by a competing high load task? When deal-
ng with neutral, non social stimuli, increasing attentional load
t fixation typically decreases the sensory responses to irrelevant
nformation throughout the visual processing pathways, starting
rom the primary visual cortex (V1; Lavie, 2005; Rees, Frith, & Lavie,
997; Schwartz et al., 2005). In the electrophysiological domain,
he earliest effects of load have been reported for neutral stimuli
round 75 ms  after stimulus onset, at the C1 level (Rauss, Pourtois,
uilleumier, & Schwartz, 2009, Rauss, Pourtois, Vuilleumier, &
chwartz, 2012). The C1 is the first visual electrophysiological
omponent, and it is classically considered arising from V1 (Foxe

 Simpson, 2002; Jeffreys & Axford, 1972; Rauss, Schwartz, &
ourtois, 2011). Concerning this very early stage of sensory process-

ng, it remains unresolved if early gating effects at the C1 latency
i.e., load-related narrowing of the focus of attention, reflected in a
eduction of the C1 responses to irrelevant stimuli concurrently
resented in the visual field) could also be observed when the
ompeting stimuli contain threatening, biologically-relevant infor-
ation. Moreover, it is still undetermined if state anxiety can have

n impact on this attentional filtering at such an early latency dur-
ng sensory stimulus processing.

A sensory bias for emotional stimuli on the C1 amplitude has
een reported in neutral emotional states for negatively condi-
ioned stimuli (Stolarova, Keil, & Moratti, 2006), and for fearful
aces (Pourtois, Grandjean, Sander, & Vuilleumier, 2004; West,
nderson, Ferber, & Pratt, 2011). However, in these earlier studies,

ask demands were not manipulated, leaving open the resource-
ependency of these effects. On the other hand, load-related costs
n emotional information processing are mainly investigated in

imbic structures (amygdala) and frontal cortex using neuroimag-
ng techniques (Vuilleumier, 2005). Crucially, these effects of load
n emotion processing seem to be moderated by state and trait anx-

ety (Bishop, Jenkins, & Lawrence, 2007; Dvorak-Bertsch, Curtin,
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

ubinstein, & Newman, 2007), with higher anxiety levels being
elated to more pervasive threat processing advantages (Cornwell
t al., 2011). Surprisingly, even though attention, emotional content
nd state anxiety are all crucial factors modulating early sensory

ig. 1. Trial structure.
 prototypical trial was  composed by a central stimulus (standard or target, 250 ms), a jit
nd  a second jittered interval (400–500 ms). The peripheral stimuli (shown in the upper v
ye-whites (Control Eyes, CE, and Fearful Eyes, FE). Stimuli are not depicted to scale.
 PRESS
chology xxx (2015) xxx–xxx

gating (for a review, Vuilleumier, 2015), no study to date has
addressed their putative interaction effects in lower-tier visual cor-
tex.

1.3. State anxiety and early sensory processing

In fact, most of the previous studies investigating the effects of
load on emotional stimulus processing did not take into account
levels of state anxiety in the participants, and mostly focused on
ERP components generated at later stages of processing (e.g., EPN
or LPP, e.g., Schupp et al., 2004). Some indirect indications concern-
ing the effects of anxiety on V1 come from a recent study (Weymar,
Keil, & Hamm,  2014) in which the C1 amplitude was contrasted in
spider-fearful and control participants. In their study, Weymar et al.
showed that the C1 for all types of stimuli (threat-related and neu-
tral) was  increased in spider-fearful participants, interpreting this
effect as generic hypervigilance, which increases sensitivity to all
incoming sensory stimuli (regardless of their threat value) in order
to swiftly detect potential threat in the environment (Somerville,
Whalen and Kelley, 2010). Using neutral stimuli, Shackman et al.
(2011) also demonstrated that state anxiety induced through threat
of shocks increases early sensory processing (a the N1 level),
impairing later, goal-relevant processing (P300). We  recently con-
firmed P300 reductions due to state anxiety, but we  also showed
how the C1 to neutral stimuli could be either decreased by load
and by a state of anxiety related to rumination, while maintained
during anxiety related to hypervigilance (Rossi & Pourtois, 2012a,
2014). However, our recent ERP studies did not involve emotional
stimuli, leaving important questions, concerning the actual rela-
tionship between anxiety levels and specific threat-related biases
in V1, still open.

1.4. Rationale for the current study

Therefore, in the current study we manipulated attentional
load, anxiety levels and stimulus content concurrently to address
this open issue. Crucially, we  used a multi-measure approach
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

to ascertain that our load manipulation was  effective in con-
suming cognitive resources (behavior and P300 amplitude), and
that our induction protocol efficiently increased state anxiety (by
monitoring the psychological and physiological state of the par-

tered interval (250–500 ms), a peripheral irrelevant stimulus or a dummy (250 ms)
isual field), presented only in 50% of the trials, were textures composed by pairs of

dx.doi.org/10.1016/j.biopsycho.2015.10.014
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Fig. 2. Procedure.
Conditions were fully randomized across participants, while block order (baseline,
ARTICLEIOPSY-7114; No. of Pages 12
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icipants through self-report distress scores and electrodermal
ctivity, respectively). Moreover, with our design we are able to
oncurrently measure goal-directed processing (behavior and brain
esponses to the relevant foveal stimuli) as well as attentional nar-
owing/hypervigilance (C1 to peripheral irrelevant stimuli), in such
ay that anxiety-related cognitive biases towards one or the other

ould be thoroughly characterized.
First, we predicted impairments in goal-directed post-

erceptual processing during anxiety (P300 component, Moser,
ajcak, & Simons, 2005; Shackman et al., 2011), with similar
ffects to increased load. Second, to be able to capture atten-
ion and anxiety effects in V1 at the level of the C1 component,
e constructed socially relevant threatening stimuli consisting in
idespread arrays of human eye-whites (extracted from a fearful

r a control face), and presented them on a black background. Eyes
and in particular the eye-whites) have been shown to play a pre-
ominant role in fear processing (Ahs, Davis, Gorka, & Hariri, 2014;
chyns, Petro, & Smith, 2007), and engage the defensive system
Whalen et al., 2004), especially when particularly salient (Mothes-
asch, Mentzel, Miltner, & Straube, 2013). We  therefore tested
hether this type of biologically relevant emotional material would

e more resistant to early attentional filtering during a compet-
ng high load task, as compared to non-threatening control stimuli.
urthermore, combining our load manipulation, an anxiety induc-
ion and the use of threatening stimuli, we could test whether state
nxiety would elicit generic sensory hypervigilance already in early
isual cortex depending on the concurrent attentional demands, or
ather induce a more specific sensitivity to threat.

. Methods

.1. Participants

Twenty-eight undergraduates took part in the study for mon-
tary compensation. Two participants were excluded from the
nalyses (one did not complete the experimental session, and one
ad continuous slow drifts in the EEG, impairing the recorded sig-
al), resulting in a sample of 26 participants (mean age = 22.3 years,
D = 2.7, 6 males). Participants had normal or corrected-to-normal
ision, were unaware of the purpose of the study, were not under
sychoactive medication and declared no history of psychiatric or
eurological disorders. The study protocol was conducted in accor-
ance with the Declaration of Helsinki, and approved by the local
thics committee.

.2. Stimuli and task

The stimuli, oddball task parameters and anxiety induction pro-
edure were based on the methods used previously in Rossi and
ourtois (2014). Participants were required to keep their eyes on
he fixation cross shown on screen, and to respond with a key-
ress (right index finger) to deviant visual stimuli (targets, 20%)
andomly intermixed in a stream of standard stimuli (80% of the
otal), which did not require any manual response. Both standard
nd target stimuli consisted in tilted line segments presented one
y one, just above the fixation cross. Standard lines were tilted 35◦

ith respect to the horizontal meridian, while targets had a differ-
nt in-plane orientation (45◦ or 25◦ in the blocks where the load
evel was low, 32◦ or 38◦ where load was high). A prototypical trial
s depicted in Fig. 1. Irrelevant stimuli, presented in the periph-
ry of the upper visual field (UVF) only in 50% of the trials, were
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

extures composed by pairs of eye-whites (modified after Whalen
t al., 2004). To test for differential attention allocation to neutral
nd threatening information, in half of the cases the peripheral tex-
ures were composed by eye pairs taken from a happy face (Control
test) was  fixed. Each block consisted in 200 trials, and the stimulus subdivision (160
standards, 40 targets etc.) was identical across blocks and conditions.

Eyes, CE), and in the other half from a fearful face (Fearful Eyes, FE,
see Whalen et al., 2004).

In order to experimentally induce state anxiety, we  used aver-
sive auditory stimuli (Hintze, Junghofer & Bruchmann, 2014;
Robinson et al., 2013; Rossi & Pourtois, 2014). Participants were
informed that they might receive, through EEG-compatible insert
earphones (3 M E-A-RTONE-3A, 10 ohm), some task-irrelevant
sounds (see procedure). Selectively in some blocks these sounds
were aversive white noise bursts (Threat Sound, 100 dB, 50 ms
duration). In other blocks, used as control (safe) conditions, the
sounds were instead a low-volume, non-threatening sine wave
(Safe Sound, 1000 Hz, 60 dB volume, 200 ms  duration). Sounds
(N = 5 per block) were never predictive of target or standard stimuli,
and they were presented in five additional inter-stimulus intervals
(750 ms), randomly distributed during the blocks (inter-sound-
interval range: 26–119 s).

2.3. Procedure

Participants signed an informed consent form, completed the
first self-report measure of state anxiety (STAI-S, Spielberger, 1983)
and were then prepared for the EEG recording. During the task they
sat in a dimly lit cabin, at 57 cm from a 19′′ CRT screen (DELL mon-
itor, refresh rate 100 Hz). Initially, they received instructions on
the visual oddball detection task and completed two  short practice
blocks (one for low load, one for high load, 24 trials per block), dur-
ing which the experimenter closely monitored their performance.
If needed, the practice blocks were repeated; after reaching accept-
able performance during the practice, participants moved on to
the task blocks. Each of the six blocks of the detection task com-
prised 200 trials (40 targets, 160 standards). Of these 200 trials,
100 entailed also a peripheral stimulus; the other half contained
a dummy  (see Fig. 1, inset). Unknown to the participants, the six
blocks were divided into three conditions, each composed by a
Baseline Block and a Test Block (see Fig. 2): Load, Anxiety, and their
Combination. Participants were instructed that if (and only if) they
received an example of a sound before a given block, they might
receive again the same sound unexpectedly during the immedi-
ately following block. In the Load condition, no sounds were ever
presented; the Baseline block was  Low Load (LL), and the Test block
was a High Load (HL) block. In the Anxiety condition both blocks
were low in attentional load. The Baseline block contained only
Safe sounds, while in the Test Block, unpredictably, Threat Sounds
were delivered, causing a defensive response (as detected in the
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

galvanic skin response) and increased state anxiety (captured at
the self-report level). In the Combined condition, the Baseline block
was again a low load block with Safe Sounds, while the Test block
consisted in a high load block with Threat Sounds (thus, it was

dx.doi.org/10.1016/j.biopsycho.2015.10.014


 ING Model
B

4 cal Psy

a
a
o
p
B
a
2
o
t
b
i
b
a

p
A
a
(
r
b

t
d
s
L
R
t
t
a
w
s
p
i
t
d

(
(
t
l
a
t
p
o
v
e
t

2

d
B
n
a
a
C
e
w
m
t
s
T
e
v

A20/PPOz and A21/POz, A22/POOz and A23/Oz.
In order to confirm the expected changes in goal-directed pro-

cessing as a function of load and anxiety, we analyzed amplitude

1 As an alternative approach to circumvent the problems posed by the alpha noise
superimposed on the C1, the data for these three participants (participant number
ARTICLEIOPSY-7114; No. of Pages 12

 V. Rossi, G. Pourtois / Biologi

 combination of the other two manipulations, with both a state
nxiety induction and a highly taxing perceptual task). The order
f the three conditions was fully counterbalanced across partici-
ants. Using this procedure, each manipulation had its respective
aseline Block, used as reference for the statistical analyses, in such

 way to control for undesired time effects (see also Rossi & Pourtois,
014 for a similar procedure). In addition, in our design the order
f Baseline and Test blocks was not counterbalanced, in such a way
hat the Baseline block always preceded the crucial Test blocks,
uffering for any lingering carryover effect (already limited by the

nstructions that preceded every pair of blocks). Crucially, in all
locks and conditions the peripheral stimuli remained identical,
llowing their direct comparison at the ERP level.

To capture levels of distress at several points in time, partici-
ants were also asked to report, using two horizontal, digital Visual
nalog Scales (VASes, pleasantness and tension), their subjective
ffective state after each block (six times in total). The two VASes
that were, as expected, significantly correlated in this sample:
ange r = −.29 to r = −.60; median r = −.57, p < .01), were then com-
ined in a compound score of distress to increase reliability.

At the end of the experimental session, participants completed
wo more blocks in passive viewing conditions, used as an indepen-
ent localizer for the C1 component in response to the peripheral
timuli, which were presented in random fashion in the Upper and
ower Visual fields (UVF, LVF; see Rossi & Pourtois, 2014; Vanlessen,
ossi, Raedt, & Pourtois, 2014). Using these blocks, we  ascertained
hat the two types of peripheral stimuli (CE and FE), elicited sta-
istically equivalent C1 responses. In addition, during the localizer,

 third type of stimulus was also presented, randomly intermixed
ith the two types of eye stimuli used in the main task. This extra

timulus was a texture composed of horizontal line segments, com-
arable in size to the CE and FE, but not social in nature, and neutral

n valence (see Rossi & Pourtois, 2014 for similar procedures). Also
his stimulus type elicited C1 responses that were not statistically
ifferent from the two eye-based textures.

Finally, participants filled out a second State Anxiety Inventory
STAI-S) and three additional trait-related questionnaires: STAI-T
Spielberger, 1983); BIS/BAS (Carver & White 1994); RRS, Rumina-
ive Response Scale (Nolen-Hoeksema & Morrow 1991). Just before
eaving the experimental room, participants were asked questions
bout the peripheral stimuli they were presented with (in order
o probe awareness of their content). They were shown one exam-
le of each type of stimuli used in the task and localizer (texture
f lines, CE and FE) and asked to rate them on a Likert scale for
alence (1/negative-7/positive) and arousal (1/neutral-7/arousing,
xciting). Last, they were debriefed and compensated for their par-
icipation.

.4. Electrophysiological data recording and reduction

EEG was recorded from 128 active Ag/AgCl electrodes evenly
istributed over the scalp surface using an elastic cap (ABC layout,
iosemi ActiveTwo System). The continuously recorded EEG sig-
als were online referenced to the CMS–DRL ground (driving the
verage potential across the montage as close as possible to the
mplifier zero, http://www.biosemi.com), and digitized at 512 Hz.
MS  and DRL electrodes were embedded in the elastic cap at
quidistant positions left and right of CPz. DC offsets were kept
ithin a ±20 mV range. Vertical and horizontal oculograms were
onitored through bipolar electrodes positioned on the outer can-

hus of each eye and above and below the left eye. Two additional
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

ensors for off-line referencing were placed on the mastoid bones.
wo bipolar electrodes connected to the same amplifier as the EEG
lectrodes (Biosemi ActiveTwo 24-bit AD-box) were applied to the
olar surfaces of the medial phalanges of the left index and mid-
 PRESS
chology xxx (2015) xxx–xxx

dle fingers in order to record the Skin Conductance Levels (SCL)
throughout the experimental session.

Signals were analyzed as recommended in recent guidelines
(Amodio, Bartholow, & Ito, 2014; Keil et al., 2014), using Brain
Vision Analyzer 2.0 (Brain Products GmbH, Munich, Germany).
The continuous EEG signals were offline referenced to the linked
mastoids and band-pass filtered (Butterworth 0 phase filters)
between .016 (time constant 9.95 s, 12 dB/octave) and 70 Hz
(12 dB/octave); a notch-filter (50 Hz) was  additionally applied.
EEG signals were then segmented relative to the onset of the
visual stimuli (standards, targets and peripheral textures sepa-
rately), using a 100 ms  pre-stimulus and a 800 ms post-stimulus
interval. In order to avoid possible contamination from target pro-
cessing and response movements on the perceptual processing
of the peripheral stimuli, only textures following correctly iden-
tified standard stimuli (thus, not requiring a motor response) were
included in the averages. Eye-blink artifacts were detected and
corrected (Gratton, Coles, & Donchin, 1983). Individual epochs
were baseline-corrected using the entire pre-stimulus interval,
and epochs affected by residual artifacts were semi-automatically
rejected on the basis of an absolute voltage criterion (±100 �V,
average rejected trials 14.65%). Individual ERP averages for cen-
tral targets and peripheral irrelevant stimuli were computed as
a function of Condition and Block, before grand-average wave-
forms were calculated, resulting in 6 waveforms for the central
targets (Load-Baseline; Load-Test; Anxiety-Baseline; Anxiety-Test;
Combined-Baseline; Combined-Test) and in 12 waveforms for the
peripheral stimuli (Load-Baseline; Load-Test; Anxiety-Baseline;
Anxiety-Test; Combined-Baseline; Combined-Test for the CE and
the same conditions for the FE). The data of three participants
were contaminated by high amplitude alpha throughout the exper-
iment, although their performance clearly indicated that they were
focused on the task. Although these alpha fuses had a negligible
effect on the measurement of the long latency P300 component
(which was based on a longer time interval that comprised more
than one alpha cycle), these artifacts clearly fell in a similar band as
the C1 component, impairing the quality of the data and making the
peak measurements unreliable. We  have therefore excluded these
three datasets from the C1 analyses, which are then based on 23
participants.1

ERP waveforms obtained from the six task blocks were com-
puted separately. For the independent localizer block, ERPs in
response to the peripheral textures (FE, CE and neutral lines)
presented either below or above fixation (6 resulting conditions:
UVF-FE; UVF-CE; UVF-lines; LVF-FE; LVF-CE; LVF-lines) were pre-
processed and averaged separately, using the same parameters as
for the active task blocks.

Based on previous literature (Fu, Fedota, Greenwood, &
Parasuraman, 2012; Rauss et al., 2009, 2012; Rossi & Pourtois,
2012a, 2014) we  performed a peak analysis for the C1 component
in response to CE and FE during the six test blocks. The C1 was semi-
automatically identified as the most negative peak present in the
stimulus-locked ERPs between 49 and 100 ms  after stimulus onset,
and scored at the parieto-occipital midline leads A4/CPPz, A19/Pz,
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

12,  20 and 28) were additionally filtered prior to segmentation, with the goal to
attenuate the alpha fuses (with a Band Rejection filter, Frequency = 10 Hz, Band-
width 4 Hz, Order = 2). Then all the C1 analyses were performed again including
these three participants, and besides small variations in the F values, the results
were unchanged.

dx.doi.org/10.1016/j.biopsycho.2015.10.014
http://www.biosemi.com
http://www.biosemi.com
http://www.biosemi.com
http://www.biosemi.com


 IN PRESSG Model
B

cal Psychology xxx (2015) xxx–xxx 5

v
t
2
e
g
p
t
a
A
p

2

s

a
a
b
i
t
L
r
w
d

p
i
t
S
r
b
S
S
b
t
e
5
a
v
o
a
c
t
a
m

b
s
w
2
o

r
a
c

a
s

s
(
G
v

ARTICLEIOPSY-7114; No. of Pages 12

V. Rossi, G. Pourtois / Biologi

ariations of the P300 component in response to correctly identified
arget stimuli. Based on earlier ERP studies (Kim, Kim, Yoon, & Jung,
008; Rossi & Pourtois, 2014; Sawaki & Katayama, 2007; Shackman
t al., 2011; Vanlessen, Rossi, Raedt, & Pourtois, 2013) and the topo-
raphical properties of the current data set (that showed a positive
arietal distribution peaking between 500 and 550 ms  across all
he six conditions), we analyzed the P300 with a mean amplitude
nalysis (400–650 ms), at centro-parietal-occipital leads (A4/CPPz,
19/Pz, A20/PPOz and A21/POz) along the midline, where this com-
onent peaked in the grand averaged data.

.5. Data analysis

All statistical analyses were performed using SPSS (IBM SPSS
tatistics, v22.0.0.0).

C1 peak and P300 mean amplitude scores were analyzed sep-
rately by means of repeated measures ANOVAs. For the P300
nalysis, the within-subject factors Condition (Load, Anxiety, Com-
ined), Block (Baseline, Test) and Lead (4 levels, CPPz to POz), were

ncluded in the analysis. For the C1 analysis, the within-subject fac-
ors Condition (Load, Anxiety, Combined), Block (Baseline, Test),
ead (6 levels, from CPPz to Oz) and Eye Type (Control, Threat-
elated) were included in the ANOVA. Significant interaction effects
ere followed up by ANOVAs carried out separately for each Con-

ition.
The SCL signals were segmented into six epochs, each encom-

assing the duration of one block (286 s). The average SCL values
n these windows were extracted and analyzed with a 3 (Condi-
ion) × 2 (Block) repeated measures ANOVA. Given that a phasic
kin Conductance Response (SCR) was systematically detected in
esponse to the aversive sounds in the Anxiety and Combined test
locks, we also performed a control analysis correcting the tonic
CL values in the Anxiety and Combined conditions for the phasic
CRs. For each participant, we extracted the SCL in windows of 15 s
efore the delivery of each sound (in such a way  that even with
he shortest possible ISI, which was 26 s, this window would not
ncompass the SCR to the previous sound). We  then averaged those

 windows together to obtain an SCR-free value of SCL (SCLcorr), sep-
rately per Condition and Block. We  then submitted these SCLcorr

alues to the same analysis as the original uncorrected SCL. In
rder to better characterize the temporal unfolding of the tonic
nd phasic galvanic skin response (i.e., to test if arousal habituated
ompletely, or if it remained significantly enhanced even towards
he end of the anxiety induction blocks), we performed additional
nalyses on SCL and SCRs, that can be found in the Supplementary
aterials.

Changes in affective state at the subjective level were tested
y analyzing the self-report scores obtained after each block. The
cores for the two VASs were combined in one compound score,
ith the pleasantness VAS reverse-scored (Rossi & Pourtois 2012b,

014). Therefore, higher scores (range 0–200) indicate higher levels
f distress.

Reaction Times (RTs) for correct target detections, and accu-
acy scores (proportion of hits and correct rejections over the total
mount of trials) were computed separately for each block and
ondition.

The valence and arousal ratings for the peripheral stimuli were
nalyzed separately with one-way repeated measure ANOVAs with
timulus type as factor (Lines, FE, CE).

Behavioral measures (RTs, Accuracy) and self-report affect
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

cores were analyzed with repeated measures analyses of variance
ANOVAs) with Condition and Block as within-subjects factors. A
reenhouse–Geisser correction was applied when sphericity was
iolated.
Fig. 3. Physiological arousal reaction.
Inset: SCL over the entire block (4 min). Error bars indicate one standard error of the
mean.

3. Results

3.1. Behavioral data and affective response (detailed results in
Supplementary Table I and II)

3.1.1. Reaction times (RTs) and accuracy
The ANOVA on the RT data (correct target detections) resulted

in a main effect of Condition (F2,50 = 3.35, p = .04, �p2= .12), Block
(F1,25 = 36.34, p < .01, �p2 = .59) and a significant Condition × Block
interaction (F2,50 = 4.27, p = .02, �p2 = .15). As can be seen in Table 1,
in all conditions RTs were higher in the Test block as compared
to the baseline one (Load F1,25 = 20.50, p < .01, �p2 = .45; Anxi-
ety F1,25 = 6.47, p = .02, �p2 = .21; Combined F1,25 = 28.50, p < .01,
�p2 = .53). However, as the effects size suggests, the cost for the
exposure to perceptual Load (both in the pure and in the com-
bined conditions) was  significantly higher than the cost elicited
by the Anxiety manipulation (see Table 1). Moreover, there was no
indication of an additive effect in terms of speed cost of the two
strains when combined (the Pure Load and Combined conditions
were not different from each other: t25 = .75, p = .46). A very similar
pattern was  observed for the accuracy data: the ANOVA resulted
in a main effect of Condition (F2,50 = 38.77, p < .01, �p2 = .61), Block
(F1,25 = 133.21, p < .01, �p2 = .84) and a significant Condition × Block
interaction (F2,50 = 37.58, p < .01, �p2 = .60). In all conditions the
accuracy was higher in the Baseline as compared to the Test block
(Pure Load F1,25 = 100.43, p < .01, �p2 = .80; Anxiety F1,25 = 12.99,
p = .01, �p2 = .34; Combined F1,25 = 81.65, p < .01, �p2 = .77), but see
Table 1 for the relative size of these differences.

3.1.2. Affective response: self-report
The ANOVA on the compound VAS scores resulted only in a main

effect of Block (F1,25 = 33.27, p < .01, �p2 = .57), indicating that dis-
tress was  significantly higher after the Test block as compared to the
Baseline block (see Table 2, upper panel, and Supplementary Table
II for further details concerning the two  separate scales for Tension
and Pleasantness, which showed similar patterns of results).

3.1.3. Affective response: SCL
The SCL data (see Fig. 3 and Table 2, lower panel), express-

ing peripheral arousal levels, complemented the results obtained
at the self-report level. The signal was  lost for one participant
halfway during the HL block, therefore the SCL and SCR analy-
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

ses were calculated based on a sample of 25 participants. The
repeated measures ANOVA on the full block SCL (286 s) resulted in
a significant Condition × Block interaction (Fig. 3, inset; F2,48 = 9.19,
p < .01, �p2 = .28). Importantly, no difference across conditions was

dx.doi.org/10.1016/j.biopsycho.2015.10.014
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Table  1
Behavioral performance.

RT baseline RT test RT difference Accuracy baseline Accuracy test Accuracy difference

Load 596 (58) 657 (67) 60 ms** 94.9 (3.5) 84.9 (5.7) 10.0%***

Anxiety 598 (60) 620 (55) 22 ms* 95.3 (3.2) 93.7 (3.3) 1.6%**

Combined 603 (44) 652 (62) 50 ms*** 94.8 (3.9) 85.4 (5.1) 9.4%***

Note. RT (reaction times) expressed in ms  (S.D.) and accuracy, expressed in percentage (S.D.) during baseline and test blocks for the three experimental conditions. As can
be  seen from the RT difference scores, the cost for pure load and for the combined condition were similar (load vs. combined, t25 = .75, p = .46), and both significantly higher
than  the cost elicited by pure anxiety (t25 = 2.53, p = .02 and t25 = 2.42, p = .02, respectively). The same applies to the accuracy data: the costs for pure load and combined
are  significantly higher than the cost exerted by the anxiety condition (comparing delta scores, pure anxiety vs. load t25 = 7.27, p < .01; pure anxiety vs. combined t25 = 6.91,
p  < .01; load vs. combined t25 = .64, p = .43).
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* p < .05.
** p < .01.

*** p < .0001, tested against 0.

resent for the baseline block (F2,50 = .14, p = .87, �p2 = .01), while,
s predicted, the SCL during HL was significantly lower as com-
ared to the Anxiety and Combined test blocks, which did not
iffer from each other (F2,48 = 9.53, p < .01, �p2 = .28; Load vs. Anxiety

24 = −3.63, p < .01; Load vs. Combined: t24 = −3.79, p < .01; Anxiety
s. Combined t25 = −0.99, p = .33). Results of the control analysis on
he tonic SCL values free of the phasic SCRs confirmed the gen-
ral pattern observed in the uncorrected data (Block × Condition
nteraction F2,48 = 7.27, p < .01, �p2 = .23; no effect was  present at
aseline: F2,48 = .85, p = .43, �p2 = .03; but the conditions were dif-

erent at Test: F2,48 = 7.98, p < .01, �p2 = .25). Further analyses were
lso performed to explore the time course of this effect, by dividing
ach block into two halves (first and second half, no overlap; see
ig. 3, main panel). Details concerning the results of these control
nalyses (which remained very consistent with the main analy-
is), and on the SCR analyses, can be found in the Supplementary
aterials.

.1.4. Affective response: stimuli ratings
The ratings of the eye stimuli were collected at the end of the

xperimental session, before it was ever mentioned to participants
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

hat the texture-like stimuli actually contained eyes (in fact, only 9
ut of 28 participants mentioned something related to “eyes” when
sked to report spontaneously what they saw in the periphery of the
isual field during the main task). The ratings for valence showed

able 2
ffective response.

VAS baseline VAS test VAS difference VA

Load 46.1 (13.8) 52.6 (12.1) 6.5 mm** 50
Anxiety 45.8 (14.4) 55.7 (17.0) 9.8 mm* 50
Combined 48.0 (17.8) 58.3 (18.0) 10.2 mm*** 47

SCL  baseline SCLcorr b

Load 6.8 (2.6) 

Anxiety 6.7 (2.7) 6.7 (2.7)
Combined 6.9 (2.8) 6.9 (2.8)

P300 baseline P300 te

Load 12.7 (5.0) 8.5 (5.9
Anxiety 13.8 (5.2) 12.2 (4
Combined 12.1 (4.9) 8.91 (5

ote. Upper panel: visual analogue scales (VAS, in mm)  results for the compound score ind
or  tension (VAStens) and pleasantness (VASpleas: for this scale, a higher score indicates a m
o  obtain the overall VAS score). Although numerically the pure load condition increased
one  of the direct comparisons reached significance (load vs. threat t25 = 1.43, p = .17; lo
S)  at baseline and at test, for the three conditions. The SCL values for the conditions ent

orrected (SCLcorr), in order to compare SCL values that were unaffected by the phasic skin
alues express the average of 5 time windows individually extracted for each participa
easures (in �V) for the three conditions and the two blocks.
* p < .05.

** p < .01.
*** p < .0001, tested against 0. SD values are expressed in parentheses.
a trend towards an effect of stimulus type (F2,50 = 2.78, p = .07,
�p2 = .10), whereby the lines stimuli were rated as being more pos-
itive (Mlines = 4.1, S.D. = 1.1) than the CE (t25 = 2.2, p = .04, MCE = 3.4,
S.D. = 1.5) and the FE (t25 = 2.4, p = .03, MFE = 3.4, S.D. = 1.1), which
did not differ from each other (t25 = .09, p = .93). Importantly, the
arousal ratings of these stimuli clearly indicated an effect of stim-
ulus type (F2,50 = 16.15, p < .01, �p2 = .39), whereby the lines stimuli
were rated as being less arousing (Mlines = 3.0, S.D. = 1.4) than the
CE (t25 = 2.2, p = .04, MCE = 3.8, S.D. = 1.2) and the FE (t25 = 5.9, p < .01,
MFE = 4.8, S.D. = 1.2). Crucially, the FE were also rated as more arous-
ing than the CE (t25 = 3.7, p < .01). Hence, we  could conclude that
these very simple texture stimuli somehow conveyed (albeit to
a limited extent) a differential threatening content, expressed in
their tendency to be recognized as more (FE) or less (CE) arousing.
However, the lack of valence difference between control and fear-
ful stimuli suggests that these simple textures were probably too
simple to allow the full processing of their fear-related content.

3.2. ERP results: localizer

As expected given the main generator of this component in the
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

calcarine fissure, a clear polarity reversal was  evident for stimuli
presented in the upper vs. lower visual field, with a distribution of
this striate component at parieto-occipital leads (peak: 74 ms  for
UVF; 76 ms  for LVF). All the three types of stimuli (Fearful Eyes, Con-

Spleas baseline VASpleas test VAStens baseline VAStens test

.6 (15.1) 43.7 (14.5) 42.9 (15.9) 49.0 (15.8)

.4 (15.4) 43.3 (19.1) 42.8 (16.8) 54.7 (19.6)

.4 (20.3) 40.0 (21.1) 43.5 (19.4) 56.5 (20.5)

aseline SCL test SCLcorr test

6.5 (2.8)
 7.0 (2.8) 6.9 (2.8)
 7.1 (3.0) 7.1 (3.0)

st P300 difference

) 4.2**

.1) 1.6*

.1) 3.2**

icating distress (higher scores indicates higher distress) and the two separate scales
ore pleasant state; pleasantness was  reversed before pooling it with tension scores

 distress the least, as compared to both conditions entailing the aversive sounds,
ad vs. combined: t24 = 1.36, p = .19). Middle panel: skin conductance levels (SCL, in
ailing threat sounds are presented raw (averaged over the full block duration) and

 conductance responses to the aversive sounds (in the latter case). Therefore, SCLcorr

nt in the 15 s preceding each sound (see methods). Lower panel: P300 amplitude

dx.doi.org/10.1016/j.biopsycho.2015.10.014
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Fig. 4. Localizer.
Grand average ERP waveforms from the passive viewing localizer block, for Line
stimuli (continuous lines), Control Eyes (CE, dashed lines) and fearful eyes (FE, dotted
lines), shown separately for Upper Visual Field (UVF, thin lines) and Lower Visual
Field. The plotted waveforms are obtained by pooling together the six channels used
for C1 peak measurements and data analyses, as indicated in red in the blank maps
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n  the left. In the insets, voltage maps for the three stimulus types presented in the
VF  and LVF, at the peak of the C1 (74 ms  for the UVF and 76 ms for the LVF) are
rovided.

rol Eyes and Lines) elicited a comparable C1 (see Fig. 4). The ANOVA
n the C1 peak amplitude revealed only a significant main effect of
ead (F5,125 = 9.99, p < .01, �p2 = .29), but no effect of stimulus type
F2,50 = 0.09, p = .92, �p2 = .003), nor an interaction (F10,250 = 1.02,

 = .43, �p2 = .04). This analysis on the independent localizer dataset
onfirmed that physical differences across the three type of periph-
ral textures did not per se cause any systematic variation in the
1 amplitude.

.3. C1 during main task (see Fig. 5 and Supplementary Table III)

The ANOVA resulted in a main effect of Lead (F5,110 = 14.02,
 < .01, �p2 = .39). The interaction between Condition and Block
as significant (F2,44 = 4.68, p = .01, �p2 = .18), as well as the Con-

ition × Lead × Block interaction (F10,220 = 1.91, p = .04, �p2 = .08),
nd, most importantly, the Condition × Block × Eye Type interac-
ion (F2,44 = 3.58, p = .04, �p2 = .14). Given these interaction effects,
e performed follow-up analyses of variance separately per Condi-

ion (with Lead, Block and Eye Type as factors), to test more formally
hich condition/manipulation (load alone, anxiety alone or their

ombination) led to an amplitude modulation of the C1, and in
hich direction.

.3.1. Load condition
The ANOVA resulted in a main effect of Lead (F5,110 = 9.67, p < .01,
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

p
2 = .31), indicating a similar scalp distribution in this condition

s in the localizer, and a main effect of Block (F1,22 = 6.62, p = .02,
p

2 = .23). Crucially, this main effect was further qualified by a
ignificant interaction between Block and Eye Type (F1,22 = 12.83,
 PRESS
chology xxx (2015) xxx–xxx 7

p < .01, �p2 = .37). This interaction was followed up by testing
whether load effects were present on both stimulus types (cf. A
right panel): results showed that while under HL the C1 for the
Control eyes was  significantly reduced in magnitude (F1,22 = 25.14,
p < .01, �p2 = .53), by contrast, no effect of Load was present for
the threat-related Fearful Eyes (F1,22 = .03, p = .96, �p2 < .001). These
results clearly indicate that enhancing load at fixation increased the
filtering of irrelevant information for the neutral stimuli (as it has
been shown in the past for geometric figures, see Rossi & Pourtois
2012a, 2013), but that this effect was reduced (statistically absent)
when the irrelevant information in the upper visual field contained
material that was, because of its low level features, arousing and
threat-related.

3.3.2. Anxiety condition
The ANOVA resulted in a main effect of Lead (F5,110 = 14.76,

p < .01, �p2 = .39), and an interaction of Lead and Block (F5,110 = 4.05,
p = .01, �p2 = .16). This interaction indicated that selectively during
the Anxiety Block, the normal pattern of scalp distribution of the
C1 component was slightly altered, being enhanced at dorsal scalp
locations as compared to the safe condition (see Fig. 5B right panel).
This might be taken as an indication that the brain response to
all distractors was  generally stronger in conditions of state anxi-
ety as compared to a safe condition, without differences based on
stimulus content.

3.3.3. Combined condition
The ANOVA on the combined condition resulted in a main effect

of Lead (F5,110 = 14.54, p < .01, �p2 = .34). In addition, there was a
significant interaction Lead × Block × Eye Type (F5,110 = 3.40, p = .04,
�p2 = .13). This interaction was  explained by a difference in the C1
amplitude (in favor of the FE, see Fig. 5C right panel) only at the
most caudal Lead in the Test Block (HL + Anxiety, t22 = 2.04, p = .05),
whereas in the baseline block the two  stimuli elicited compara-
ble C1 peaks. Note, crucially, that in conditions of enhanced state
anxiety an increase in load, which should have caused filtering of
irrelevant information, at least in the case of the neutral eyes, did
not elicit any change at the level of the C1, as indicated by the
absence of a main effect of Block (F1,22 = 0.12, p = .73, �p2 = .005) or
an interaction Block × Eye Type (F1,22 = 1.09, p = .31, �p2 = .05).

3.4. P300 in response to correctly identified targets (see Fig. 6 and
Supplementary Table IV).

The ANOVA resulted in a main effect of Condition (F2,50 = 8.31,
p < .01, �p2 = .25) and a main effect of Block (F1,25 = 25.42, p < .01,
�p2 = .50), with no significant interaction effects (Block × Condition:
F2,50 = 2.41, p = .10, �p2 = .09). The main effect of Condition was
explained by an overall higher P300 amplitude for the Anxiety Con-
dition as compared to the two  conditions entailing increased Load
(see A–C). More interestingly, the P300 amplitude for targets was
reduced in the Test Blocks, as compared to Baseline (for descrip-
tive statistics, see Table 2), indicating a generalized impaired target
processing when load was high, as well as during anxiety.

4. Discussion

In this study, we  used a multi-measure approach to explore
effects of state anxiety on electrophysiological indices reflecting
cognitive biases. These were defined in two  ways: first, an atten-
tional bias for threat was quantified as an early sensory preference
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

(enhanced ERP amplitude at the C1 level, ∼75 ms  after stimulus
onset) for threat-related, as compared to neutral, stimuli presented
at an unattended location (i.e., periphery of the upper visual field).
The second type of bias that we focused on was related to the

dx.doi.org/10.1016/j.biopsycho.2015.10.014
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Fig. 5. Visual Evoked Potentials for peripheral stimuli during the main task. (For interpretation of the references to color in this figure legend, the reader is referred to the
web  version of this article.)
(A) Load condition (B) Anxiety condition (C) Combined condition. ERP waveforms averaged across 6 electrodes used for C1 data analyses (A4/CPPz, A19/Pz, A20/PPOz, A21/POz,
A22/POOz, A23/Oz), for baseline block (thick lines) and test block (thin lines), separately for the Control stimuli (leftmost column) and the threat-related stimuli (second
column). In the third column, the difference waveforms (DW) obtained by subtracting the ERPs for the test blocks from the ERPs in the baseline blocks, for the Control (blue)
and  the Threat-related stimuli (red) are provided. In the rightmost column, the line graphs represent the significant effects resulting from the statistical analyses: interaction
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etween Block and Stimulus type in the Load condition (A); interaction between Le
lock in the combined condition, with a significantly higher C1 for threat-related s
he  absence of a load effect for the control stimuli during the combined condition. E

alance between goal-driven processing and involuntary atten-
ional capture: regardless of stimulus content, we tested whether
tate anxiety would interfere with top-down attention allocation
resulting in a decreased target-P300 amplitude) in favor of a more
ensory-driven processing style (augmented C1 amplitude), when
he stimuli themselves were kept identical across conditions. An
verview of our different results can be found in Table 3. More-
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.10

ver, we tested the hypothesis that the engagement in a HL task
ould perhaps diminish the anxious response to the state anxiety
nduction. Based on a push-pull mechanism regulating the distri-
ution of resources between “emotional” processing and “cold”

able 3
ummary of main results obtained for each condition/strain: behavioral, psy-
hophysiological and neurophysiological.

Load Anxiety Combination (load + anxiety)

Behavioral indices − − −
Self-report distress + + +
Peripheral arousal − + +
Goal-relevant P300 − − −
Control peripheral stimuli C1 − ∼ =
Threat-related peripheral stimuli C1 = ∼ =

ote. “=” symbol indicates no change between baseline and test; “+” indicates an
ncrease; “−” indicates a decrease; “∼” indicates the absence of a specific effect, but

 general (main effect) trend towards an increase.
d Block in the Anxiety condition (B); interaction between Lead, Stimulus type and
 selectively at A23 (most caudal lead) during the Test block (HL + anxiety). Of note
ars represent 1 SEM.

cognition (Drevets & Raichle 1998), high load tasks have previously
been used to reduce affective responses to emotional stimuli, de
facto attenuating anticipatory anxiety (Kalisch, Wiech, Critchley,
& Dolan, 2006). Therefore, thanks to our multi-measure approach,
we could test whether the effects of the anxiety induction would
be lessened (at the subjective and psychophysiological levels) by
adding a competing high-demand task (Van Dillen, Heslenfeld and
Koole, 2009; Vytal et al., 2012).

We  first ascertained that the elected state anxiety induction and
load manipulation were efficient. As predicted, during the anxiety
induction blocks participants reported increased subjective levels
of distress, and showed enhanced bodily arousal (SCL). Notewor-
thy, this increased peripheral activation due to the unpredictable
sound delivery (Schmitz & Grillon, 2012) was strong enough to last
throughout the entire duration of these blocks, showing only mild
habituation. Second, we  verified that our load manipulation (in the
absence of anxiety) produced the desired effects. As expected, par-
ticipants made more errors and were slower in detecting HL targets,
as compared to LL ones. Moreover, in line with previous ERP lit-
erature (e.g., Kim et al., 2008; Sawaki & Katayama 2007; Rossi &
Pourtois 2012a, 2014; Verleger, Baur, Metzner, & Śmigasiewicz,
king in the dark: The role of state anxiety on attention deployment
16/j.biopsycho.2015.10.014

2014), correctly detected targets in the difficult (HL) condition
elicited a smaller P300 response, as compared to easily detectable
ones.

dx.doi.org/10.1016/j.biopsycho.2015.10.014
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Fig. 6. ERPs for goal-relevant stimuli.
(A) Load condition (B) Anxiety condition C) Combined condition. ERP waveforms averaged across 4 electrodes used for P300 data analyses (A4/CPPz, A19/Pz, A20/PPOz,
A21/POz, highlighted in the map  view), for standard stimuli (dotted lines) and target stimuli (full lines). Thick lines represent ERP responses during the baseline blocks, while
thin  lines depict ERP responses during test blocks, for the three conditions/strains separately (Load, Anxiety, and Combination). The topographical maps (top view) depict
t 0 ms)
T

4

c
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he  voltage distribution on scalp during the interval used for ERP analyses (400–65
est  blocks.

.1. Sensory bias for threat in early visual areas

In our study, the threat-related stimulus consisted of a high-
ontrast texture composed of human fearful eye whites, which
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

ere chosen because of their preponderant role in fear detection
Ahs et al., 2014; Hardee, Thompson, & Puce, 2008; Schyns et al.,
007), as well as their preferential processing by the amygdala
Whalen et al., 2004). Given the tight and reciprocal anatomi-
, separately for standard stimuli (ST) and target stimuli (T), for Baseline (Base) and

cal connections between the amygdala and the occipital cortex,
including V1 (Amaral, Behniea, & Kelly, 2003; Pourtois, Schettino, &
Vuilleumier, 2013; Vuilleumier, 2005), and given that the intensity
of responses in the amygdala has been shown to correlate, in fear-
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

ful individuals, with the responses in visual cortex (for fear cues:
Sabatinelli, Bradley, Fitzsimmons, & Lang, 2005), we  expected to
observe stronger early visual responses at the C1 level to these
fearful stimuli as compared to the control condition (neutral eye

dx.doi.org/10.1016/j.biopsycho.2015.10.014


 ING Model
B

1 cal Psy

w
i
t
a
n
S

t
d
b
l
a
t
c
s
r
u
e
c
p
v
f
t
e
a
C
a
t
c
t
l
f
e
o
T
t
a
o
t
s
s
e
C
c
a
d
s
e
M
o
h
i
p
w
d
l
s

4
h

t
t
e
o

ARTICLEIOPSY-7114; No. of Pages 12

0 V. Rossi, G. Pourtois / Biologi

hites), prior to any state anxiety induction or perceptual load
ncrease. However, although post-experiment ratings confirmed
hat these fearful eye-whites were judged as negative, and more
rousing than the neutral eye-whites, we did not observe any sig-
ificant difference at the C1 level between these two  stimulus types.
everal reasons may  potentially explain this lack of differentiation.

First, it could be that the preference for these fearful eye stimuli,
hat is commonly observed in limbic areas (such as the amyg-
ala, Scheller, Büchel, & Gamer, 2012; Whalen et al., 2004), cannot
e detected at the level of primary visual cortex at such an early

atency following stimulus onset. However, two earlier ERP studies
lready reported increased C1 amplitudes for fearful as compared
o scrambled, neutral and happy faces, in the absence of any con-
urrent state manipulation (Pourtois et al., 2004; West et al., 2011),
uggesting that this early ERP component is not blind to stimulus-
elated emotional effects. In addition, two previous ERP studies
sed classical conditioning (gratings; Hintze et al., 2014; Stolarova
t al., 2006) and reported increased C1 amplitudes to negatively
onditioned stimuli (CS+), confirming that this early visual com-
onent can very well capture changes in the (acquired) affective
alue of visual stimuli, with a preference (i.e., larger amplitude)
or negative ones. Alternatively, we cannot exclude the possibility
hat these fearful eyes were simply not distinguished from neutral
yes early on following their onset in the primary visual cortex,
nd therefore no preference or negativity bias was  visible in the
1 amplitude. However, a closer look at our new ERP results (see
lso Table 3) shows that when participants carried out a HL task,
he C1 component in response to the fearful stimuli was  signifi-
antly increased as compared to the neutral ones, suggesting that
he two types of stimuli were indeed differentiated rapidly fol-
owing their onset. Moreover, when comparing directly LL and HL
or the control stimuli, a very clear load effect was present (Rauss
t al., 2009; Rossi & Pourtois 2012a, 2014), while for the fearful
nes no early filtering was detectable, even under HL conditions.
herefore, our ERP findings suggest that a sensory bias for unat-
ended threat-related stimuli can be measured as early as 75 ms
fter their onset, at least when perceptual load is increased. On the
ther hand, it is plausible that in the LL condition the detection
ask was too easy, so that a ceiling effect for the unattended stimuli
hown in UVF overshadowed any possible bias for threat-related
timuli. As soon as a more demanding task was introduced, how-
ver, the attentional scope was narrowed, resulting in a reduced
1 for the control stimuli (Rossi & Pourtois, 2012a, 2014). Cru-
ially, due to their intrinsic ability to attract attention in a partly
utomatic fashion (Okon-Singer, Tzelgov, Henik, 2007), the fearful
isplays were prioritized and resisted this filtering, capturing any
pare attentional resources and eliciting unreduced responses in
arly visual areas. This account is in line with previous reports (e.g.,
othes-Lasch et al., 2013), in which enhanced fear processing was

bserved during a HL task, when the saliency of the eye area was
igh. By analogy with these earlier results, it is therefore likely that

n our study, albeit task irrelevant, fearful eye-whites shown in the
eriphery gained saliency due to their abrupt onset, and therefore
ere preferentially processed in V1 rapidly following their onset

uring the HL blocks (for a review describing the constraints regu-
ating emotional stimulus processing under different task demands,
ee Okon-Singer, Lichtenstein-Vidne and Cohen, 2013).

.2. State anxiety and attentional capture: narrowing or
ypervigilance?

Thus, we found evidence that under some constraints atten-
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

ion is preferentially allocated towards threat-related stimuli at
he level of the C1. We  could then assess effects of state anxi-
ty on this early attentional bias for threat, and pit against each
ther two different accounts. On the one hand, state anxiety could
 PRESS
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very well mimic  the effects created by enhanced perceptual load
on the attentional scope. In this framework, it would thus nar-
row the focus around fixation in the presence of neutral stimuli,
as previously reported with a different type of anxiety induction
(see Easterbrook, 1959; Rossi & Pourtois, 2012a, 2013, 2014). Alter-
natively, given the specifics of the anxiety induction used here
(sharing some similarities with the use of noxious stimulations),
one could argue that state anxiety would rather lead to sensory
hypervigilance, thereby enhancing sensory responses to irrele-
vant information (Somerville et al., 2010). Our new ERP results
clearly showed that the C1 to the peripheral stimuli (either neu-
tral or threat-related) was  not reduced when anxiety levels were
enhanced; a finding which better fits the latter than the former
framework, assuming that anxiety is related to hypersensitivity of
the sensory system to salient information.

Usually, hypervigilance is conceived as a generic, stimulus-
aspecific phenomenon, which is more related to an attentional
set than to a specific stimulus category (Somerville et al., 2010,
2013). For example, amplitude variations in the C1 time win-
dow were reported in an earlier ERP study in a sample of spider
fearful individuals, during a visual search task where the search
arrays could (or not) contain a spider (Weymar et al., 2014).
These authors reported a general increase of the C1 to all stimu-
lus types in spider fearful individuals, and interpreted this finding
as a generic hypervigilance phenomenon (thus not tagged to a
specific stimulus type) triggered by the probable presence of spi-
ders in this specific task context. On the other hand, another ERP
study (Eldar, Yankelevitch, Lamy, & Bar-Haim, 2010) investigated
early attentional biases for angry faces in trait anxious individ-
uals in a dot-probe task. These authors reported increased C1
responses in high trait/state anxious participants selectively in
trials containing angry faces, suggesting that the type of hyper-
vigilance that might have mediated this effect was confined to
threat cues (the angry faces), and did not generalize to neutral or
happy stimuli. In the present study, state anxiety influenced the
C1 amplitude in an undifferentiated fashion for both threat-related
and neutral stimuli (cf. in Supplementary Table III the lack of a sig-
nificant interaction between Block and Eye Type), suggesting that,
in a threatening context, the early sensory response to irrelevant,
abrupt stimuli is likely governed by a “task mode”, rather than
by the specific stimulus content. As such, our C1 results showing
a generic anxiety-driven strengthening of early neural responses
to peripheral stimuli, share similarities with the sensory hyper-
vigilance observed in fearful individuals in a threatening context
(Weymar et al., 2014).

As a matter of fact, the strongest evidence for the induction of a
hypervigilant attentional state in our study came from the condi-
tion in which participants were asked to perform a HL task while
enduring a heightened level of state anxiety (i.e., combined con-
dition). Based on previous neuroimaging studies (see Rees et al.,
1997; Rauss et al., 2009), as well as on the ERP results obtained
for of the “pure” load condition, one would a priori expect the C1
responses to the neutral stimuli to be strongly reduced in this con-
dition, due to the high task demands imposing an early attentional
bottleneck (see also Rossi & Pourtois, 2012a, 2014). However, our
ERP results show instead that when state anxiety was added to the
perceptual load manipulation, the C1 amplitude was  not reduced
as a function of task load anymore. In other words, in the race
between enhanced top-down attention control (and in turn nar-
rowing with increased load) and sensory hypervigilance (related to
enhanced state anxiety), the latter may  gain priority, and eventu-
ally impair the early attentional filters irrespective of the stimulus
king in the dark: The role of state anxiety on attention deployment
6/j.biopsycho.2015.10.014

content (threat-related or not). These results reveal how state anx-
iety is a powerful factor biasing the way  attention resources are
distributed to effectively deal with changing environmental con-

dx.doi.org/10.1016/j.biopsycho.2015.10.014
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ingencies, and highlight how this redistribution of resources might
ecome inefficient at times (Bishop, 2009).

.3. State anxiety and attentional redistribution: effects on
oal-directed processing

Noteworthy, our study also highlights how this early sensory
rioritization of irrelevant information, during the experience of

ncreased arousal and distress, leads to deteriorated goal-directed
rocessing, in line with models proposing a constant struggle

or balance between the “emotional” and the “cognitive” brain,
ith context-dependent effects on attention control (Okon-Singer,
endler, Pessoa, & Shackman, 2015). Although during the pure anx-

ety condition task demands were kept low in perceptual load,
articipants’ detection performance was significantly impaired,
oth in RT and accuracy. At the electrophysiological level, in line
ith several previous ERP studies (Moser et al., 2005; Rossi &

ourtois, 2014; Shackman et al., 2011), we found that state anxiety
ignificantly reduced the target P300 despite the use of an “easy”
iscrimination task. Accordingly, our new P300 results are in line
ith the prediction that goal-directed processing, reflected by this

ost-perceptual ERP component, became more cumbersome when
articipants were exposed to an aversive stimulus that they could
either predict nor avoid, possibly due to an imbalance in favor of
ottom-up attentional capture (as reflected by the generic hyper-
igilance measured at the C1 level in our ERP results). These effects
ight be tentatively attributed to diminished resource availability
ithin the fronto-parietal attentional networks, particularly in the

ight hemisphere (Rossi & Pourtois, 2014; Shackman et al., 2006).
Interestingly, in contrast with models implicating processing

fficiency costs in anxiety (and thus predicting increased anxiety
osts in more demanding conditions, while easier task should be
elatively spared; see Eysenck, Derakshan, Santos, & Calvo, 2007),
nxiety interfered with performance mostly in the LL blocks, while
n the combined condition neither RTs nor accuracy were fur-
her impaired, relative to the HL (and no anxiety) condition. These
esults, confirmed by our P300 findings, resemble earlier neu-
oimaging findings showing that low and high anxious participants
erformed equally well in HL tasks (where the need for recruit-

ng prefrontal attentional control is kept constant), but not in LL
asks (where this recruitment is intermittent, and trait anxiety
mpaired performance; see Bishop, 2009). Moreover, they confirm
redictions drawn by behavioral studies showing how in difficult
onditions (HL, incongruent trials) the effects of anxiety become
egligible, while they are destructive in case of lower task demands
Hu et al., 2012; Vytal et al., 2012).

Notwithstanding these findings, we failed to evidence a “protec-
ive” effect of task load on anxious response, both at the subjective
nd at the peripheral arousal level (see Table 3). Comparing pure
tate anxiety induction to the combination of state anxiety and
nhanced perceptual load shows that the anxious response at the
sychophysiological level developed equally strongly in both cases,

n contrast with our predictions. Although based on previous litera-
ure we would expect a milder effect of the induction protocol while
articipants were engaged in a difficult task, we  can interpret this
esult based on recent psychophysiological studies, showing that
uch an implicit emotion regulation is actually the most effective
hen the concurrent task is of verbal nature (Vytal et al., 2012).
iven that in the present case the task at hand was  visual and
erceptual in essence, it did not shield participants against the
Please cite this article in press as: Rossi, V., & Pourtois, G. Someone’s lur
to threat-related stimuli. Biol. Psychol. (2015), http://dx.doi.org/10.101

xperience of negative affect. Moreover, our anxiety inducing stim-
li were unpredictable and very salient, and therefore difficult to
uppress (which might very well have contributed to the creation
f the hypervigilant state in the first place).
 PRESS
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5. Conclusions

Using a task that varied in perceptual load, performed during
either a neutral or an anxious state, we  could show that a per-
ceptual bias for threat-related stimuli could be observed rapidly
following stimulus onset at the level of the C1, as long as the per-
ceptual load of the task at hand was kept high. Hence, these results
show that early sensory processing (captured by the C1 compo-
nent) can be the locus of short term plasticity, in the sense that
salient events (here threat-related stimuli) readily receive prioriti-
zation when needed. Importantly, our new results also show that
this early sensory prioritization of salient stimuli is accompanied
by a cost for goal-directed processing, which can be evidenced
both at the behavioral and electrophysiological levels. Moreover,
when a HL task needs to be performed during a heightened state
of anxiety, the additional (top-down) control required to main-
tain performance can be achieved, while it is partially disrupted
when the load is low, and control has to be recruited in a phasic
fashion. However, in this situation where two strains (load and anx-
iety) directly compete for attention selection, we found evidence
for a state of sensory hypervigilance, as translated in an impaired
early filtering of irrelevant information (which would be adaptive
to maintain performance in case the distractors would happen to
be incompatible with the desired response). Hence, state anxiety
appears to create a perceptual bias towards the rapid processing of
external stimuli, at the expense of goal-directed top-down process-
ing. Whether or not similar (or even exacerbated) imbalances or
asymmetries between top-down and bottom-up processes during
attention selection could also be observed when anxiety becomes
chronic and stable awaits empirical validation.
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