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The extent and time course of competition between a speciﬁc fear cue and task-related stimuli in early
human visual cortex was investigated using electrophysiology. Steady-state visual evoked potentials
(ssVEPs) were evoked using random-dot kinematograms that consisted of rapidly ﬂickering (8.57 Hz)
dots moving randomly, superimposed upon emotional or neutral distractor pictures. Participants were
asked to detect intervals of coherently moving dots, ignoring the distractor pictures that varied in
hedonic content. Women reporting high or low levels of snake fear were recruited from a large sample of
healthy college students, and snake pictures served as fear-relevant distractors. The time-varying
amplitude of the ssVEP evoked by the motion detection task showed signiﬁcant reduction when viewing
emotionally arousing, compared to neutral, distractors, replicating previous studies. For high-fear
participants, snake distractors elicited a sustained attenuation of task evoked ssVEP amplitude, greater
than the attenuation prompted by other unpleasant arousing content. These ﬁndings support a
hypothesis that fear cues prompt sustained hypervigilance rather than perceptual avoidance.
& 2014 Elsevier Ireland Ltd. All rights reserved.

Keywords:
EEG
ssVEP
Emotion
Attention
Fear

1. Introduction
In a constantly changing environment, observers are continually ﬂooded with a barrage of sensory information. Because of the
limited capacity of the visual system, only a subset of this
information can be processed in depth, at the cost of competing
information. Thus, a mechanism is needed to select only those
cues for further processing that are relevant to guide motivated
behavior. Theories of selective attention (Hillyard et al., 1973)
converge to suggest that allocation of attention to competing
representations is inﬂuenced and ultimately determined by a
combination of stimulus properties (such as intensity and saliency) and attentional top-down signals, which can bias competition among stimuli for neural representation (Desimone and
Duncan, 1995; Reynolds and Heeger, 2009).
Emotionally arousing stimuli attract attentional resources
based on their inherent stimulus signiﬁcance, optimizing their
processing in sensory systems (Bradley et al., 2003), which may be
at the cost of processing concurrent information (Ihssen et al.
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2007). Empirically, task-irrelevant appetitive and aversive stimuli
(as distractors) interfere with a variety of perceptual and cognitive
tasks (Schimmack and Derryberry, 2005) suggesting that they are
powerful competitors for limited capacity. Evidence for distraction
by the presence of emotional stimuli in the visual domain comes
from a broad base of behavioral, physiological, electrocortical, and
neuroimaging studies (Öhman et al., 2001; Sabatinelli et al., 2005;
Müller et al., 2008; Wangelin et al., 2011; Shafer et al., 2012;
Wieser et al., 2012).
For several decades, clinical and translational research has
examined the role of heightened attention to fear-related stimuli
(hypervigilance) in patients diagnosed with disorders of fear and
anxiety (Öhman and Mineka, 2001). Hypervigilance, or attentional
bias, has been implicated as an important factor in the etiology
and maintenance of disorders in the fear and anxiety spectrum
(Becker et al., 2001; see Bar-Haim et al., 2007 for review). Recently,
training procedures have been developed building on these ﬁndings, and have demonstrated that reducing hypervigilance has
been effective in reducing symptom report in anxiety patients
(McNally, 2007; Amir et al., 2009). Studies investigating the
mechanisms mediating hypervigilance have consistently found
heightened sensitivity to visual features associated with speciﬁc
phobic objects in paradigms as diverse as categorical perception
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and visual search (Kolassa et al., 2007a; Straube et al., 2007; Lipka
et al., 2011; see Heeren et al., 2013, for review).
Alternatively, a hypervigilance-avoidance hypothesis of fear
processing (e.g., Mogg et al., 1989; Mathews, 1990) posits a
sequence in which initial hypervigilance is subsequently followed
by perceptual avoidance of the fear-relevant stimulus in observers
high in trait anxiety. Evidence of fear-related avoidance (Bö
gels
and Mansell, 2004) has been less consistently found but has been
most robust in studies of eye-tracking (Mogg et al., 2000, Garner
et al., 2006). For instance, Wieser et al. (2009) presented angry,
happy, and neutral faces to students characterized by high or low
fear of negative evaluation and found that high-fear participants
initially looked more at emotionally arousing faces than to neutral
faces (hypervigilance), but that this pattern reversed in the second
half of the period (avoidance). Similarly, Pﬂugshaupt et al. (2005)
demonstrated that compared to controls, observers with spider
phobia initially ﬁxated at locations closer to spiders, but subsequently ﬁxated at locations further away from spiders.
To examine processing of speciﬁc fear cues at the level of
lower-tier visual cortical processing, we employed steady-state
visual evoked potentials (ssVEPs; Regan, 1989), which measure the
amplitude of neural activity elicited by a task-relevant stimulus
that is ﬂickering at a known rate; competition by a distractor can
therefore be measured as an attenuation of the task-evoked
processing. Because ssVEPs possess high signal-to-noise ratios
and excellent psychometric reliability, they may be particularly
suitable for studying individual differences in terms of perception
or attention, for instance differences between high and low fearful
individuals. An additional advantage of ssVEPs is that they are
readily converted to a time-varying measure of neural population
activity in visual cortex, providing an opportunity to quantify the
time course of competition for processing resources in a neurophysiologically meaningful way (Müller et al., 2008). By studying
the time-varying ssVEP amplitude for distractors and task arrays
separately, researchers can assess ﬂuctuations in visual cortical
engagement both within and between control and high-fear
subjects, and across conditions. Capitalizing on the strengths of
this approach, the present study addresses inter-individual differences regarding both the time course and neurophysiological locus
of distraction effects seen in observers high in snake fear.
Using ssVEPs in non-anxious observers, Müller et al., (2008)
and Hindi Attar et al. (2010) both found a reduction in the overall
ssVEP amplitude evoked by ﬂickering dots when the dots were
superimposed on emotionally arousing, compared to neutral,
distractor pictures. Quantifying interference using face-evoked
ssVEPs in socially anxious observers, (Wieser et al., 2012) observed
competition between a social threat cue and a task stimulus only
when task demands were high and the distractors and the task
stimuli overlapped.
Here, we examined the extent to which individual differences
in self-reported fear of snakes modulates ssVEP amplitude across
an interval in which fear-relevant images serve as distractors. Taskrelevant stimuli were moving dots, ﬂickering at 8.57 Hz, which
moved randomly or with brief intervals of coherent motion; the
participants' task was to detect coherent motion of the ﬂickering
dots. Distractor pictures were presented in the background of the
moving dot display (i.e. overlapping) and included snake pictures,
as well as emotionally arousing content depicting erotica and
violence, as well as control pictures. We expected to replicate
previous ﬁndings of attenuated ssVEP amplitude for the moving
dot task when emotional, compared to neutral, pictures served as
distractors. Thus, for instance, we expected both high-fear participants and controls to show reduction of ssVEP amplitude when
pictures of violence were distractors.
Of central importance was ssVEP task-evoked amplitude when
snake pictures served as distractors: we expected ssVEP amplitude

to show more attenuation than pictures of violence for high-fear
participants, whereas the opposite was expected for controls. To
test hypotheses regarding whether hypervigilance and/or avoidance are supported by a direct neural index of time-varying visual
cortical engagement, the following predictions were made: if
sustained hypervigilance in the presence of the fear cue presentation characterizes phobic processing (Kolassa et al., 2007b; Wieser
et al., 2011; Wieser et al., 2012), the data would indicate reduced
ssVEP amplitude for dots superimposed over snake pictures that
persists across the presentation interval for high-fear participants.
Alternatively, a hypervigilance-avoidance hypothesis predicts that
an initial reduction in ssVEP amplitude for dots appearing over
fear-relevant stimuli for high-fear participants will be followed by
enhanced ssVEPs, indicating perceptual avoidance.
2. Methods
2.1. Participants
Forty-one female right-handed undergraduate students at the University of
Florida provided written consent following the guidelines proposed by the
University of Florida's Institutional Review Board and received either course credit
or compensation (20 USD) for their participation. All participants were screened for
photic epilepsy. Half of the sample was selected based on a prescreening inventory
given to 561 undergraduate students participating in the Introduction to Psychology course: students scoring within the top 15% on the 30-item snake fear
questionnaire (SNAQ; Klorman et al., 1974) were contacted and recruited into the
high-fear group. Participants in this group scored well above the 85th percentile in
the SNAQ (mean 20.58, S.D. 3.53, 85th percentile for female students ¼ 17). The
remaining participants were unselected and reported common levels of snake fear
(SNAQ mean¼ 6.31, S.D. ¼ 3.78). All participants included in the ﬁnal analysis
performed the coherent motion detection task at a minimal level of 60% or better
(average: 72.9% correct, range: 61.68–98.3% correct), which is consistent with
accuracy thresholds used in similar paradigms employing a challenging motion
detection task (Müller et al., 2008; Hindi Attar et al., 2010). Three of the 41 students
participating in the experiment performed the task at less than 60% correct, and
were excluded from the ﬁnal analysis. The data from 38 participants (age range:
18–25, mean age: 18.8) with normal to corrected-to-normal vision were included in
the ﬁnal analysis. Due to incomplete responses from three participants, stimulusrating data was included only for 35 participants.
2.2. Stimuli and procedure
Stimuli were presented centrally on a 23-inch Samsung SyncMaster SA950 LED
monitor, set at a resolution of 1680 # 1050 with a refresh rate of 120 frames
per second (i.e., 8.33 ms refresh interval). Erotic couples, neutral people at work,
and mutilated human bodies composed the pleasant, neutral, and unpleasant
stimulus categories, respectively. To evaluate individual differences between
participant groups with respect to snake fear, snake pictures were added to the
unpleasant stimulus set. Categories of kitten (pleasant) and cow pictures (neutral)
were included to provide animal content as an added control for the snake pictures.
Accordingly, each valence category was divided into two subgroups (pleasant:
erotica, kittens; neutral: people at work, cows; unpleasant: mutilation, snakes),
with 20 pictures in each subset totaling to 120 pictures.
Pictures were selected from the International Affective Picture System (IAPS;
Lang et al., 1997) based on normative valence and arousal ratings using the SelfAssessment Manikin (SAM; Bradley and Lang, 1994) 9-point scale. Additional
images were selected from the public domain to complete balanced human and
animal picture categories. For all IAPS images, valence and arousal ratings for
neutral pictures were 6.28 and 4.15, for pleasant 7.01 and 5.84, and for unpleasant
images 2.84 and 5.9, respectively. All stimuli were controlled for visual complexity,
measured as jpeg size, and were matched for luminance using scripts from the
Matlab image processing toolbox. Luminance was then measured for the entire
screen using a Gossen (Nürnberg, Germany) luminance meter and was 80.02 cd/m2
on average. Picture stimuli were circular in nature, and were cropped and adjusted
such that the deﬁning element of each picture was positioned at the center of a
circle (see Fig. 1).
Each trial began with a 1 s presentation of an IAPS image with individual pixels
scrambled, to avoid contamination of the ssVEP with transient responses to the
luminance gradient created by stimulus onset. Next, a total of 150 yellow dots (each
0.31 # 0.31 of visual angle) were superimposed upon the scrambled image for
2917 ms. The scrambled background picture was then replaced by either a pleasant,
neutral, or unpleasant picture which remained on the screen for the duration of the
trial (5834 ms; Fig. 1). All picture stimuli were grayscale pictures subtending a
viewing angle of 6.91 at a viewing distance of 170 cm. Dots were distributed

M.M. Deweese et al. / Psychiatry Research 219 (2014) 329–335

331

Fig. 1. Time sequence for a single trial: intervals of coherent motion could occur between 1.17 and 7 s post-stimulus onset (target window). Each trial lasted 9.751 s with a
variable 3–5 s inter-trial interval.
randomly across pictures and ﬂickered at a rate of 8.57 Hz. Background images and
the overlapping ﬂickering dots remained inside the circle (6.91 visual angle) at
all times.
The yellow dots were “on” for six frames and “off” for eight frames. All dots
remained in continuous motion throughout the trial and each dot changed its
position by 0.041 in a random direction with every ssVEP cycle (i.e. 8.57 times/s). In
a random subset of 50% of the trials, 100% of the dots moved coherently in the same
direction (target), and participants were instructed to respond to coherent motion
events with a mouse click, as quickly and as accurately as possible. Coherent
motion of the targets occurred in one of four diagonal directions (451, 1351, 2251,
and 3151) at random. In an effort to produce a difﬁcult and demanding detection
task, coherent motion lasted for only four successive cycles of 8.57 Hz (i.e.,
466.64 ms). Targets occurred unpredictably once (in 58 of the 120 trials) or twice
(in four of the 120 trials) in a given trial, with the remaining 58 trials consisting of
random movement of the dots. The ﬁrst possible coherent motion event was at
1170 ms (i.e., 10 cycles) after stimulus onset and the last coherent motion event was
at 7000 ms (i.e., 60 cycles). Targets occurring during the scrambled image were not
included in the behavioral analysis. Trials with dual targets were inserted to ensure
attention was directed to the task for the entire duration of the trial, and such trials
were not included in the ﬁnal analysis. As a result, only single-target or no-target
trials occurring during picture presentation were included in the ﬁnal analysis.
Participants were instructed to click the mouse as soon as coherent motion was
detected. Each trial lasted for 9751 ms, with inter-stimulus intervals randomly
varying between 3000 and 5000 ms. Fixation was facilitated by presenting a white
ﬁxation dot at the center of the screen (i.e. circle).
Prior to the experiment, all participants completed the SNAQ and performed 15
practice trials to become familiar with the stimulation and task. In the training
session, eight of the trials contained a target (coherent motion of the ﬂickering
dots), with one of those targets being a double target. Following the experiment,
participants rated each of the 120 affective picture stimuli used in the experiment
in pseudo-randomized order on the dimensions of affective valence and arousal,
using a paper and pencil version of the SAM.
2.3. EEG recording
Electrophysiological data were collected from the scalp using a 257-sensor net
(EGI, Eugene, OR). Scalp impedance for each sensor was kept below 60 kΩ, which is
recommended for this high input impedance ampliﬁer (200 mΩ input impedance,
see Keil et al. 2014). The EEG was collected continuously with a sampling rate of
250 Hz (16-bit resolution) and were band-pass ﬁltered online in the 0.1–90 Hz
frequency range using a hardware elliptical ﬁlter. The vertex electrode (Cz) was
used as the recording reference. Further processing and ﬁltering was performed
ofﬂine.

frequency band, previous work has established that stable estimates of the time
varying ssVEP amplitude are possible with trial counts between 10 and 20 [e.g., Keil
et al., 2003; Wieser et al., 2011,]. To ensure satisfactory signal quality, we submitted
each participants' data to the circular T-square statistic (Victor and Mast, 1991),
which formally tests the temporal stability of the entrained brain signal at a given
driving frequency. To this end, the entire ssVEP viewing epoch for each experimental condition was segmented in non-overlapping epochs containing four cycles
each, and then submitted to the circular T-square algorithm. This algorithm can be
used to test for the presence of an evoked signal at the frequency of interest, taking
both phase and amplitude information into account. All participants included in
this study showed reliable (deﬁned as po 0.05 for the Chi-square distributed
circular T-square at site Oz and its nearest neighbors) evoked oscillations at the
driving frequency. This suggests satisfactory signal-to-noise ratios with the trial
counts available in this experiment.
2.5. Steady-state visual evoked potential analyses
Artifact-free epochs of the voltage data were averaged for the six picture
categories by group. Time-varying amplitude at the stimulation frequency of
8.57 Hz was extracted by means of a Hilbert transformation of the time-domain
averaged data using in-house MATLAB scripts: data were ﬁltered with a 10th-order
Butterworth band-pass ﬁlter having a width of.5 Hz around the center frequency of
8.57 Hz. Then the time-varying amplitude was extracted as the complex conjugate
of the band-pass ﬁltered signal and the Hilbert-transformed analytic signal, for
each time point. Data were then temporally smoothed applying a linear moving
average, with a window length of 420 ms, corresponding to the time resolution of
the time-varying amplitude, which was 421 ms full width at half maximum of the
ﬁlter's impulse response.
2.6. Statistical analyses: performance and SAM ratings
The percentage of correctly identiﬁed targets (hits) and false alarms were
calculated for each distractor condition and participant. Button presses occurring
after 150 ms post-target onset (coherent motion) were accepted as correct detections. False alarms were calculated as the percentage of trials in which a response
was made (e.g., clicking the mouse) in the absence of a coherent motion target.
Behavioral sensitivity, a measure of detection sensitivity (Macmillan and Creelman,
2005), was calculated by subtracting the number of false alarms from the number
of hits for each condition comparison. Differences among picture conditions were
evaluated by means of omnibus repeated-measures analysis of variance (ANOVA)
with factors of hedonic content (pleasant, neutral, unpleasant), category (humans,
animals) and group (high snake fear, controls).
2.7. Statistical analysis: ssVEP time course

2.4. EEG reduction and analyses
Continuous data were low-pass ﬁltered ofﬂine at a frequency (3 dB point) of
40 Hz (12th order Butterworth ﬁlter with 24 dB / octave roll-off implemented in
Matlab) prior to segmenting. Single epochs of 9200 ms in length (400 ms pre- and
8800 ms post-dot onset) were then extracted from the continuous EEG signal.
Using the artifact rejection procedure proposed by Junghö
fer et al. (2000) trials
with artifacts were identiﬁed based on the distribution of statistical parameters of
EEG epochs (absolute value, standard deviation, maximum of the differences) and
were extracted across time points and channels. Sensors contaminated with
artifacts were replaced by statistically weighted, spherical spline interpolated
values, and a maximum of 25 channels was set for interpolation. Trials with
spatially concentrated bad sensors were excluded as well, as these would invalidate
interpolation for approximated sensors (see Junghö
fer et al., 2000, for a more
detailed description). As a result, each of the six picture conditions retained an
average of 14 trials (S.D. ¼0.28) which did not differ by condition (p 4 40.59). To
the extent that the signal of interest (the ssVEP) is concentrated in one speciﬁc

Permutation-controlled t-tests for each sampling point and scalp location were
conducted to assess the time course of ssVEP amplitude using the sample-bysample data which has the best temporal resolution for assessing time-varying
ssVEP amplitude. In these analyses, t-tests were calculated at each EEG sensor and
sampling point for each distractor content which compared ssVEP amplitude
between high snake fear and control participants. Signiﬁcance thresholds for each
comparison were calculated by computing 500 electrode by time point matrices of
t-tests based on random permutations of the existing data, i.e., with group
membership shufﬂed. The statistic for each topography and time point entered a
reference distribution, whose 2.5% tails served as the criterion for statistical
signiﬁcance (see McGinnis and Keil, 2011 for a similar procedure). Comparisons
reaching signiﬁcance (as determined by the permutation corrected t-tests) indicated scalp locations and sampling points at which the high-fear group was
signiﬁcantly different from the control group, for each condition separately.
To assess the full factorial statistical model of the mixed design of the present
study, and to complement time course analyses, ssVEP amplitudes were averaged
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Fig. 2. Left panel: grand average time domain of the ssVEP signal averaged across all stimulus conditions and participants, plotted at sensor Oz. Middle panel, top: grand
average topographical distribution of ssVEP amplitude across all subjects and conditions in the time window between 2200 and 4200 ms (red box) after stimulus onset.
Middle panel, bottom: grand average of the frequency spectra across subjects and conditions, demonstrating a reliable peak at the driving frequency of the ﬂickering dots,
8.57 Hz. Right: representation of electrode placement; sensor Oz is highlighted in red and sensors used in the cluster analyses are highlighted in green. (For interpretation of
the references to color in this ﬁgure legend, the reader is referred to the web version of this article.)
in an occipito-parietal cluster of electrodes including Oz and its 24 nearest
neighbors (EGI sensors: 116–119 123–127 135–139 147–150 157–159; see Fig. 2),
resulting in posterior regional mean amplitudes. These amplitudes were then
subjected to a z-transformation to address inter-individual variability in amplitude.
To evaluate modulations in ssVEP amplitude for different distractor content, ssVEP
amplitude was deviated from a baseline period (-1500–1300 ms pre-stimulus
onset) in four time windows following picture onset (T1: 380–1100 ms, T2:
1100–2100 ms, T3: 2100–3100 ms, T4: 3100–4100 ms). These time windows were
selected based on visual inspection of the data, and to capture the temporal
dynamics related to ssVEP amplitude modulation of distractor contents, across the
viewing epoch. The initial 700 ms time window was selected to capture immediate
effects related to picture onset (expected based on earlier research; Müller et al.,
2008), and was followed by three 1000 ms time windows selected to sample any
effects related to sustained picture viewing. A linear mixed model analysis
(implemented in SPSS©) was conducted with ﬁxed effects of hedonic content
(pleasant, neutral, unpleasant), category (human, animal) and time, and subject as a
random variable, nested within group.

Fig. 3. Group averages of behavioral performance (hits – false alarms) for high-fear
(dark gray) and controls (light gray) for pleasant, neutral, and unpleasant picture
contents.

3. Results
3.1. Behavioral data and SAM ratings
Performance on the coherent motion detection task was
affected by hedonic picture content (F1,33 ¼4.33, p¼ 0.017), with a
signiﬁcant quadratic trend in behavioral sensitivity indicating that,
compared to neutral distractors, emotionally engaging pictures
(both pleasant and unpleasant) prompted poorer performance
(F(1, 36) ¼5.411, p ¼0.024; see Fig. 3).
As expected, high-fear participants rated pictures of snakes as
more unpleasant (t33 ¼ 3.89, p o0.0001) and more arousing
(t33 ¼2.99, p¼ 0.005) than did control participants. High-fear
participants also rated pictures of erotica (t33 ¼2.28, p ¼0.03) and
mutilation (t33 ¼3.23, p ¼0.004) as slightly more unpleasant than
did the control participants. High-fear participants also rated
pictures of mutilation (t33 ¼2.29, p¼ 0.03) as being more arousing
than did controls.
3.2. ssVEPs
The ﬂickering dots in the task-relevant stream reliably evoked
steady-state responses at the expected frequency of 8.57 Hz, as
illustrated in Fig. 2, with the greatest overall ssVEP amplitudes
across all experimental conditions occurring for sensor Oz and its
nearest neighbors. The grand mean time-varying energy of the
signal over occipital sensors as quantiﬁed by the Hilbert transform
is shown in Fig. 4. As illustrated in Fig. 5, permutation t-tests
conducted on each individual sampling point (critical value of
t¼2.8 at the pperm o0.05; dashed line) identiﬁed when ssVEP
amplitudes were statistically different between high-fear and
control participants for each distractor type. As illustrated in
Fig. 5, high-fear participants differed signiﬁcantly in ssVEP amplitude from controls only when snake pictures served as distractors,
and this difference persisted across the distractor interval. Differences

in ssVEP amplitude between high-fear participants and controls
were more pronounced later in the distractor interval, which
is inconsistent with a hypothesis of initial vigilance followed by
avoidance.
A mixed model linear analysis assessed differences in ssVEP
amplitude as a function of distractor contents for each group.
Signiﬁcant modulation of ssVEP amplitude varied as a function of
hedonic content, F(2828) ¼ 18.4, p o0.0001, category, F(1, 828) ¼
3.9, p ¼0.048 and time, F(3828)¼ 4.9, p ¼0.002. Replicating previous research, overall picture contents, dot-evoked ssVEP amplitudes were attenuated when emotionally evocative (either
pleasant or unpleasant), compared to neutral pictures served as
distractors (Pleasant vs. Neutral, p ¼0.002; Unpleasant vs. Neutral,
po 0.0001; Fig. 6).
These main effects were qualiﬁed by a three-way interaction of
hedonic content, category, and group, F(2828) ¼6.5, p ¼0.002,
indicating that ssVEP amplitude was differentially modulated as
a function of picture content and category for high-fear participants and controls. Follow-up tests of this interaction assessed
effects of group and category separately for each hedonic content.
For pleasant pictures, as expected, high-fear participants and
controls did not differ in their pattern of ssVEP modulation as a
function of category, p 40.3. For neutral pictures, a signiﬁcant
interaction of group and category F(1, 252) ¼4.7, p ¼0.03 indicated
that pictures of people at work showed slightly less ssVEP
reduction than cows (p¼ 0.056) for high-fear participants. Means
for pleasant and neutral category comparisons can be found in
Table 1. Most importantly, a signiﬁcant interaction of group and
category, F(1, 252) ¼12.3, p ¼0.001 indicated that snakes prompted
a larger ssVEP reduction than mutilations for high-fear participants, as illustrated in Fig. 7. Here, the high-fear group demonstrated a greater reduction in ssVEP amplitude for snake pictures
than for mutilation pictures t18 ¼2.15, p ¼0.045. The control group
did not show this effect, t18 ¼ 0.6, p ¼0.56.
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Fig. 4. Hilbert transformed data for high-fear and control subjects for all conditions, averaged over a cluster of occipito-parietal electrodes; averaged amplitudes were
calculated for sequential 600-ms time bins. The light gray panel indicates presentation of the dots and scrambled image (2900 ms before stimulus onset) and the dark gray
panel indicates simultaneous presentation of the dots and the background image (total duration of 5800 ms). Note different scales.

Fig. 5. Permutation corrected waveforms for unpleasant (left), neutral (center), and pleasant (right) conditions. The critical value for conditions reaching signiﬁcance at the
pperm ¼0.05 level is indicated by the dotted black line (t ¼2.8). Conditions above the signiﬁcance level indicate group differences. The time scale refers to the simultaneous
onset of the dots and the background picture.

Fig. 6. Mean ssVEP amplitude (calculated as the change from baseline) averaged
across high-fear and control groups, for pleasant, neutral, and unpleasant picture
content.

Table 1
Mean ssVEP amplitude calculated as the change from baseline for erotica, cat,
people at work, and cow conditions for high-fear and control groups.
Category

Erotic
Cats
Work
Cows

Group
Controls

High-fear

$ 0.149
$ 0.242
0.089
$ 0.12

$ 0.323
$ 0.302
$ 0.195
$ 0.148

4. Discussion
The current study investigated the extent to which ssVEP
amplitude and the associated time course of visual competition
was modulated by task-irrelevant fearful stimuli and a foreground

Fig. 7. Mean ssVEP amplitude (calculated as the change from baseline) for
mutilation and snake categories for high-fear (dark gray) and control (light gray)
subjects.

task. For all participants, a reduction in ssVEP amplitude for taskrelated stimuli was found when task-irrelevant, but emotionally
arousing distractors were present, consistent with previous studies (e.g., Müller et al., 2008; Hindi Attar et al., 2010). This
supports the notion that emotionally arousing cues compete for
limited resources at the level of the visual cortex (Keil et al. 2005;
Hajcak et al., 2013). Importantly, for participants reporting high
levels of snake fear, the reduction in task-related ssVEP amplitude
was greatest when snakes served as distractors, even when
compared to other aversive content. In addition, there was no
evidence that initial hypervigilance shifts to perceptual avoidance
later in the interval for high-fear participants. Rather, the reduction in task-evoked ssVEP amplitude was most pronounced later in
the distractor interval, consistent with sustained hypervigilance.
Preferential and sustained cortical processing of fear-relevant
cues in the absence of avoidance has been demonstrated in several
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studies assessing attentional capture by phobia-relevant stimuli
(McTeague et al., 2011, Wieser et al., 2011, Wieser et al., 2012),
whereas patterns of hypervigilance-avoidance have been less
consistent, and most robust in eye-tracking studies (Pﬂugshaupt
et al., 2005; Wieser et al., 2009). To the extent that ocular control is
a complex mechanism which involves widespread cortical communication along with coordinated activity in several cortical and
sub-cortical structures (Sommer and Wurtz, 2008), it is conceivable that a dynamic sequence of hypervigilance and avoidance is
speciﬁc to eye movements. Importantly, oculomotor data do not
inform on covert shifts of attention, whereas the ssVEP technique
is sensitive to covert attention processes, providing a potential
explanation for sustained hypervigilance in the absence of avoidance in studies using the ssVEP.
Previous studies examining competition effects in healthy
controls have shown modulation of perceptual arousal to begin
around 400 ms after stimulus onset and persist for a few hundred
milliseconds (Müller et al., 2008). This parallels the pattern of
ssVEP amplitude modulation demonstrated by the control group
in the present study (see Fig. 4, right). Group differences between
anxious and non-anxious observers, however, emerged later in the
viewing epoch. These differences in ssVEP amplitude began
1100 ms after picture onset, and reliably indicated that the greatest amplitude reduction occurred speciﬁcally in the snake condition for fearful observers, an effect that persisted as long as the
fear-relevant image remained on screen. Thus, while all participants showed early sensitivity to distraction, only snake fearful
observers displayed sustained interference, induced speciﬁcally by
the snake pictures. This ﬁnding is consistent with work by Wieser
et al. (2012), who observed a prominent visual competition effect
for threatening faces, observed only in individuals with high social
anxiety. Speciﬁcally, these authors found that participants high in
social anxiety showed diminished visual engagement for task
stimuli that were superimposed on an angry, but not neutral or
happy faces, which was maintained throughout the viewing
period ( % 3000 ms). Thus, automatic attentional bias toward a
threatening stimulus seems to reliably persist as long as the threat
stimulus remains visible.
In the clinical and translational research literature, hypervigilance in the context of fear-relevant cues is seen as dysfunctional
attentional and perceptual processes that may cause or contribute
to the maintenance of phobias (McNally, 2007). Thus, objective
and quantitative measures of selective attention to threat have
important applications in diagnosis and treatment of anxiety
disorders (Bö
gels and Mansell, 2004; Amir et al., 2009) as well
as other disorders that involve the dysregulation of affective
processing (Kemp et al., 2004; Donaldson et al., 2007). To the
extent that the ssVEP technique employed here is sensitive to
electrocortical modulation related to inter-individual differences
(e.g., differential amplitude modulation of a fear-relevant stimulus
in a fearful participant versus a control), applications in the clinical
research arena are conceivable: in assessment, these methods
could be used to objectively identify patients with dysfunctional
attentional resource allocation to fear-related stimuli. In addition,
inter-individual differences in the time course of hypervigilance
versus perceptual avoidance could be a novel way to assign
patients to individualized treatment and in predicting treatment
outcome. Speciﬁcally, modulatory responses of distraction by or
interference of fear-related stimuli over the course of treatment
may be examined and quantiﬁed using the ssVEP, which may have
implications for therapeutic treatments aiming to direct attention
away from a threat cue. It should be noted that replication of these
ﬁndings in a clinically anxious population is an essential next step
before this measure may be used as a reliable diagnostic tool.
However, previous studies assessing emotional reactivity to fearrelevant stimuli have found signiﬁcant differences using both fMRI

(Sabatinelli et al., 2005) and EEG (Wieser et al., 2012) in subclinical populations. In future research, anxiety patients diagnosed
with small animal phobia may aid in conﬁrming and generalizing
these ﬁndings.
An interesting question prompted by the current data is the
extent to which the reduction of the task-evoked ssVEP signal
when snakes serve as distractors is accompanied by enhancement
of the visual processing of the snake stimulus, conﬁrming a tradeoff between task and distractor stimuli. Hindi Attar and Müller
(2012) have shown cost effects related to processing unpleasant
distractors in healthy subjects, thus it is plausible to predict similar
reciprocal amplitude effects in snake-fearful populations. Future
ssVEP studies could address this issue by utilizing another advantage of the ssVEP technique: when two stimuli ﬂickering at
different rates are simultaneously presented in an overlapping
spatial array, the electrocortical signature of the processing of each
separate stimulus can be calculated and separated in the frequency
domain, a technique referred to as “frequency tagging.” Thus,
frequency-tagging of both the task-relevant and distractor stimuli
represents a promising avenue for examining the hypothesis that
fear-related background pictures “withdraw” resources from the
foreground detection task. Such a trade-off would be in line with
the biased competition model of attention, which suggests that
competition is greatest when conﬂicting stimuli activate overlapping visual areas (Desimone, 1998).
In conclusion, the results from the present study provide
support for the hypothesis that task-irrelevant but emotionally
engaging stimuli act as strong competitors, interfering with the
visual processing of a concurrent task stimulus. For high-fear
participants, task-evoked ssVEP reductions were larger when fear
cues served as distractors, compared to other aversive content, and
compared to control participants. Moreover, the attenuation of
task-evoked ssVEPs when fear cues were present in the array was
sustained across the temporal interval for participants reporting
high snake fear, consistent with a hypothesis of sustained
hypervigilance.
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