
Brief Communications

Attentional Bias to Briefly Presented Emotional Distractors
Follows a Slow Time Course in Visual Cortex
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A central controversy in the field of attention is how the brain deals with emotional distractors and to what extent they capture attentional
processing resources reflexively due to their inherent significance for guidance of adaptive behavior and survival. Especially, the time
course of competitive interactions in early visual areas and whether masking of briefly presented emotional stimuli can inhibit biasing of
processing resources in these areas is currently unknown. We recorded frequency-tagged potentials evoked by a flickering target detec-
tion task in the foreground of briefly presented emotional or neutral pictures that were followed by a mask in human subjects. We
observed greater competition for processing resources in early visual cortical areas with shortly presented emotional relative to neutral
pictures �275 ms after picture offset. This was paralleled by a reduction of target detection rates in trials with emotional pictures �400
ms after picture offset. Our finding that briefly presented emotional distractors are able to bias attention well after their offset provides
evidence for a rather slow feedback or reentrant neural competition mechanism for emotional distractors that continues after the offset
of the emotional stimulus.

Introduction
Our study focuses on a central controversy in the field of attention,
namely to what extent emotional distractors bias competition for
processing resources in visual cortex (cf. Öhman et al., 2001; Vuil-
leumier et al., 2001; Pessoa et al., 2002). The current debate is fed by
experimental findings that emotional stimuli can capture attention
reflexively by showing for example that emotional stimuli are de-
tected very rapidly in visual search tasks (cf. Öhman et al., 2001) or
activate subcortical structures, in particular the amygdala, in spatial
orienting tasks when they are presented at the to-be-ignored location
(cf. Vuilleumier et al., 2001). This view was challenged by the obser-
vation of equal amygdala activation for emotional and neutral faces
under certain conditions in a spatial attention task (Pessoa et al.,
2002), leading to the claim that emotional stimuli are under top-
down control (Holmes et al., 2003).

To further detail the temporal dynamics of such emotion–
attention interactions, we recorded frequency-tagged evoked po-
tentials elicited by flickering stimuli that also formed the
attentional task while emotional or neutral pictures from the
International Affective Picture System (IAPS; Lang et al., 1997)
were briefly and unpredictably presented in the background. We
used a short picture presentation time of 200 ms, which allows

one fixation only (Christianson et al., 1991) but is sufficient for
emotional content categorization (Thorpe et al., 1996; Schupp et
al., 2004). Thus, brief presentations and masking may be more
suitable for assessing the immediate affective impact of a stimulus
without further elaborative and (emotional) regulating processes
inherent to longer presentation times (Larson et al., 2005).

We measured the time course of distraction from the fore-
ground target detection task as a function of emotional content of
background pictures by recording steady-state visual evoked po-
tentials (SSVEPs) elicited by flickering dots as well as the time
course of detection rates of coherent motion targets of these dots.
The SSVEP is the oscillatory field potential generated by visual
cortical neurons in response to a flickering stimulus that indexes
neural activity related to stimulus processing continuously,
thereby providing a sensitive and direct neuronal measure of the
time course of the allocation of processing resources (Müller et
al., 1998; Müller, 2008; Andersen and Müller, 2010). The sources
of the SSVEP signal are in early visual processing areas (Müller et
al., 2006; Di Russo et al., 2007; Andersen et al., 2008), which are
similar to the ones activated by IAPS pictures (Bradley et al., 2003;
Moratti et al., 2004). This should result in maximal competition
for processing resources given overlap in neural activation pat-
terns (Desimone and Duncan, 1995).

Materials and Methods
Subjects and EEG recording
Twenty right-handed subjects between the ages of 19 and 29 years (mean
age of 24.25 years, 10 female) with normal or corrected-to-normal vision
gave informed written consent, and the experiment was conducted in
accordance with the Declaration of Helsinki. EEG was recorded from 64
Ag–AgCl scalp electrodes that were mounted in an elastic cap at a sam-
pling rate of 256 Hz using a BioSemi ActiveTwo amplifier system (Bio-
Semi). Lateral eye movements were monitored with a bipolar outer
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canthus montage (horizontal electrooculogram). Vertical eye move-
ments and blinks were monitored with a bipolar montage positioned
below and above the right eye (vertical electrooculogram).

Stimuli and procedure
Stimuli were presented centrally on a black background on a 19 inch
computer screen set to a refresh rate of 60 Hz and viewed at a distance of
80 cm. Each picture subtended 12.8° � 9.6° of visual angle. The lumi-
nance of the experimental display was 30 cd/m 2 on average and did not
differ between picture sets. For each valence category 45 pictures were
chosen on the basis of normative valence and arousal ratings and were
presented twice throughout the experiment in randomized order (no
repetition within the next three pictures) resulting in 90 trials per condi-
tion. Picture categories differed on normative Self-Assessment Manikin
ratings of valence and arousal (neutral: 5.70 and 3.76; pleasant: 7.30 and
5.60; unpleasant: 2.22 and 6.21, respectively). The average RGB values of
the three picture sets were equalized in a two-step process: pictures were
chosen as to minimize differences in average RGB values. Any remaining
differences were then removed by multiplying the RGB values of each
picture in a set with the ratio of the average RGB values across all pictures
divided by the average RGB values for that set. For a baseline measure and
a control condition, we used scrambled versions of these pictures. Scram-
bling of pictures was performed by a Fourier transform of each image,
yielding the amplitude and phase components. The original phase spec-
trum was then replaced by random phase values before rebuilding the
new scrambled images with an inverse Fourier transform. As a conse-
quence, scrambled pictures had the same amplitude spectrum as the
original picture; i.e., they were equal in global physical properties, while
any content-related information was deleted.

In each trial, 100 yellow dots flickered at a rate of 10 Hz (each dot had
a size of 0.6° � 0.6° of visual angle) and were presented together with the
background picture for a period of 4100 ms (i.e., 41 cycles, each with 3
frames “on” and 3 frames “off”). Every frame of refresh (i.e., every 16.67
ms), each dot moved in a random direction (up, down, left, or right) by
0.04°. This entirely random motion was interrupted by short intervals (3
cycles of 10 Hz or 300 ms) of coherent motion (35% coherence) in one of
the four cardinal directions (targets). Subjects were instructed to press a
button upon detection of such coherent motion targets. In each trial,
between zero and four coherent motion targets could occur unpredict-
ably for the subject. Over the entire experiment, the occurrence of such
targets was equally distributed across all experimental conditions. Fur-
thermore, to allow for time-sensitive analysis of the behavioral data be-
fore and after picture change, targets were equally distributed across the
entire trial duration within small time segments of 1 cycle or 100 ms each.

Each trial started with the simultaneous presentation of a scrambled
version of the IAPS picture and the yellow dots (Fig. 1). To ensure the
unpredictability of the first picture change, the time point of change was
randomly assigned to an early (13% of trials, 300 –1200 ms), middle
(60% of trials, 1300 –2100 ms), or late (27% of trials, 2200 – 4100 ms)
time window after stimulus onset. The relatively smaller proportion of
trials in the early and late time windows served as “catch trials” and were
not included in the analysis. In sum, the experiment consisted of 10
experimental blocks of 60 trials each, but only the 360 trials with a picture
change in the middle time window entered the analysis.

To avoid an abrupt onset or offset of the background pictures that
might have elicited a visual evoked potential that could have interfered
with the SSVEP amplitude, the picture change (back and forth) was done
in a stepwise manner. Over four frames, a weighted average of scrambled
and original picture was presented with the weight for the picture in-
creasing by 20% per frame (i.e., 20%, 40%, 60%, and 80%). The onset of
the picture was defined as the first time point at which the weight for the
picture exceeded 50% (i.e., the third frame with a weight of 60%). For
picture offset, the reverse sequence of weighted images was presented.
Thus, a full 100% view of the picture was present for 133 ms only.

To test whether a change in the background per se distracts attention
from the foreground task, we included a condition in which the scram-
bled picture briefly changed in the same manner as concrete pictures to
another scrambled picture and then changed back to a new scrambled

view. A separate set of pictures for all valence categories was used for
catch trials and during training.

Data analysis
EEG data. Epochs were extracted from 500 ms before to 1600 ms after
picture change, and the mean and any linear trend was subtracted from each
trial. Trials with eye blinks or movements were rejected using automated
in-house routines, and the result was verified by manual inspection. The
remaining trials were subjected to automated artifact rejection and correc-
tion using an established method (SCADS, Junghöfer et al., 2000) and then
transformed to average reference. On average, 11.7% of all trials were re-
jected from further analysis. All remaining trials of the same condition were
averaged and the time course of SSVEP amplitudes was extracted by means
of a Gabor filter (Gabor, 1946) with a time resolution of �88.25 ms (full-
width at half-maximum) at the central occipital electrode Oz, which exhib-
ited the greatest amplitudes in all conditions (Fig. 1B).

A baseline from �300 to �200 ms before picture change was sub-
tracted. This baseline range was chosen as to strictly exclude any contam-
ination of the baseline by poststimulus processes due to the temporal
smearing of the Gabor filter. We found no differences between pleasant
and unpleasant background pictures, neither in SSVEP amplitudes nor
in target detection rates. Therefore, we averaged SSVEP amplitudes
across emotional pictures and tested the averaged signal against the time
course for neutral background pictures by means of running two-sided
paired t tests against zero for each sampling point. A threshold of � �
0.05 was adopted and only intervals with a minimum of 10 consecutive
significant sampling points were reported (Andersen and Müller, 2010).

Source analysis. Cortical sources of SSVEPs were localized by subject-
ing the complex valued SSVEP amplitudes in the time range from 450 to
750 ms after stimulus onset to variable resolution electromagnetic to-
mography (Bosch-Bayard et al., 2001) and statistically comparing the
results between emotional and neutral conditions (� � 0.001, Bonfer-
roni corrected for multiple comparisons).

Behavioral data. Only button presses in a time window between 250 and
900 ms after target onset were considered as correct responses. Hit rates were

Figure 1. Schematic stimulus design and SSVEP topography. A, Schematic stimulus design. Each trial
lastedfor4100msandstartedwiththepresentationofascrambledversionofanIAPSpicture.Afteravariable
interval, the scrambled picture changed to the concrete version for 200 ms in four steps and back to a new
scrambled form again in four steps. Subjects attended to the flickering and moving dots to detect and to
respondtointervalsofcoherentmotionofasubsetofdots.B,Grandmeansplineinterpolatedvoltagemapof
SSVEP amplitude across all subjects and experimental conditions averaged across the whole analysis epoch.
ElectrodeOzwithgreatestSSVEPamplitudeis indicated.
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averaged across two successive time bins, result-
ing in a temporal resolution of 200 ms. As with
SSVEP amplitudes, we averaged across pleasant
and unpleasant background pictures and tested
these time bins by means of paired t tests to de-
termine (1) when hit rates dropped compared to
baseline and (2) in which time bin hit rates dif-
fered between emotional and neutral back-
ground pictures. Given the nature of the task, we
observed practically no false alarms (i.e., button
press in the absence of a coherent motion event),
which restricted our analysis to hit rates instead of
d� values.

Results
Figure 2A depicts SSVEP amplitudes at
electrode Oz as a function of time after
onset of emotional and neutral back-
ground pictures. SSVEP amplitudes
dropped with the change to a concrete
neutral or emotional picture. The diver-
gence in SSVEP amplitude between emo-
tional and neutral background pictures
started very late at 474 ms and lasted until
744 ms (all p values �0.05) after picture
onset (see vertical lines in Fig. 2A). Given
an overall picture presentation time of 200
ms, emotional pictures withdrew more at-
tentional resources from the foreground
task than neutral pictures for 270 ms be-
ginning 274 ms after offset and masking
of the picture. No significant differences
in SSVEP amplitudes compared to base-
line (i.e., before the change) were found
at any time point in trials in which the
scrambled picture changed to a new
scrambled version and back to a new
scrambled version.

Figure 2B depicts the time course of
correctly detected coherent motion tar-
gets (i.e., hit rates) before and after pic-
ture change for trials with change to
neutral and emotional background pic-
tures. Similar to SSVEP amplitudes, hit
rates dropped significantly (t(19) � �2.11,
p � 0.05) in the time bin 200 –300 ms after
onset of a concrete picture regardless of
emotional valence. The difference in hit
rates between emotional and neutral pic-
tures became significant well after the
emotional picture was masked with the
scrambled version. We found significant differences beginning in
the time bin that started 600 ms after initial picture onset (t(19) �
3.02, p � 0.01). The significant drop in hit rates for emotional
compared to neutral preceding pictures lasted until the time seg-
ment that ended at 1100 ms after initial picture onset. Thus,
behavioral costs related to emotional background pictures
started 400 ms after disappearance of the emotional picture and
lasted for 500 ms. These costs were quite substantial and averaged
to �10% reduction (t(19) � �6.06, p � 0.0001) in hit rates during
that time range. No differences in hit rates compared to baseline
were found for any time bin in trials in which the scrambled
picture changed to a new scrambled version and back to another
scrambled version. Thus, a change in the background alone with-

out concrete picture content did not withdraw attentional re-
sources from the foreground task.

Source localization revealed maximal differences between
SSVEPs with neutral or emotional background pictures in poste-
rior medial occipital cortex. This region contains the early visual
areas V1, V2, and V3 (Fig. 2C) and was found to be the cortical
source of nonspatial attention effects on the SSVEP in previous
studies, which used overlapping random dot stimuli (Müller et
al., 2006; Andersen et al., 2008; Andersen and Müller, 2010).

Discussion
Affective bias in visual processing during performance of a de-
manding detection task was triggered by short presentation of
emotional background pictures that were masked by scrambled

Figure 2. Time course of SSVEP amplitudes and hit rates and source localization of SSVEP emotion effects. A, Baseline corrected time
course of SSVEP amplitudes across all subjects at electrode location Oz for trials with neutral (black line) and emotional (gray line) back-
ground pictures. Time point zero indicates the onset of a concrete picture. Picture offset is also indicated. Vertical lines indicate the time
window from 474 to 744 ms after onset of the concrete picture with significant differences between neutral and emotional background
pictures. B, Time course of mean target hit rates across subjects before (first two windows) and after the change. The change covered the
time windows from 0 to 100 ms and ended right with the start of the window from 200 to 300 ms. Significant differences in hit rates
between trials with neutral and emotional background pictures are indicates with * (p � 0.05). Error bars correspond to 95% within-
subject confidence intervals. C, Statistical parametric maps of the cortical current-density distributions giving rise to the SSVEP-amplitude
differences between conditions with neutral and emotional background pictures in the time range from 450 to 750 ms after picture onset.
The scale represents t 2 values, and the threshold of 9.0 corresponds to p � 0.001, corrected for multiple comparisons.
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versions of the same pictures. The short presentation time was
chosen to allow for one fixation of the pictures only (Christian-
son et al., 1991) that affects initial orientation to emotional pic-
tures (Calvo and Lang, 2004; Larson et al., 2005). We were able to
show that competition for processing resources in early visual
areas took place even after the offset of emotional stimuli, i.e.,
when pictures were already masked for several hundred millisec-
onds. Thus, competitive interactions seem to be “ballistic” in the
sense that once they are activated, they continue after the disap-
pearance and masking of the affective stimulus.

The present study was not designed to directly test the possi-
bility of fast feedforward modulation of early visual areas by
means of subcortical structures such as the amygdala. However,
although the amygdala has direct projections to visual cortical
areas (Freese and Amaral, 2005), recent intracranial recordings in
human amygdala have questioned fast amygdala activation by
affective stimuli (Krolak-Salmon et al., 2004; Pourtois et al.,
2010) (but see Luo et al., 2010). In these studies, amygdala acti-
vation to fearful compared to neutral faces peaked in a latency
range of �200 ms, which is not in accordance with fast amygdala
activation through a shortcut thalamus connection (LeDoux,
1996). Furthermore, intracranial recordings in human fusiform
gyrus showed sustained negative activity at �350 ms after onset
of emotional faces (Pourtois et al., 2010). This latency range is
similar to the time window in which we found that emotional
distractors demand processing resources from the foreground
task in the present study. Such a long latency is difficult to explain
with fast feedforward projections to fusiform gyrus or to early
visual areas given that our source analysis confirmed that greatest
competitive interactions took place in early visual areas in-
cluding V1–V3. However, both results do not exclude a pos-
sible fast projection to inferotemporal cortex (IT) that receives
dense projections from the amygdala (Freese and Amaral, 2005).
Nevertheless, together these results suggest the involvement of
top-down feedback mechanisms (Pessoa et al., 2002) or reentrant
projections possibly with limbic contributions (cf. Keil et al.,
2009) or a mixture of both (for review, see Vuilleumier, 2005) in
these competitive interactions. Possible alternative processing
pathways that result in greater neocortical control upon the pro-
cessing of emotional stimuli have recently been put forward (Pes-
soa and Adolphs, 2010) with the major idea that emotional
stimulus processing might be performed in waves of activation
which include many visual pathways.

In a recent study, we investigated the neural mechanisms of
voluntary attentional shifts to one of two spatially superimposed
flickering random dot kinematograms (RDKs) of either red or
blue dots (Andersen and Müller, 2010). Shifting attention to one
color resulted in an enhanced processing of the attended color
RDK, which in turn caused a suppression of SSVEP amplitudes
driven by the to-be-ignored RDK. Based on this previous study,
we suggest that the reduction of SSVEP amplitude observed in the
present study is the consequence of shifting attention to the back-
ground pictures. Interestingly, in our previous study suppression
of the unattended stimulus was significant from 360 ms after cue
onset onwards. Hence, using similar stimuli and methods, we
found suppressive effects of voluntary attention, which preceded
the earliest affective modulations of SSVEP amplitudes in the
present study by �100 ms. The fact that voluntary attentional
shifts can occur faster than the affective modulation observed
here support the idea that top-down influence on competitive
interactions cannot entirely be excluded as one of the underlying
neural mechanisms of the observed results of the present study.

We observed a consistent pattern of affective modulation of

SSVEP amplitudes and hit rates, albeit with a slightly later onset
for hit rates and a somewhat longer duration. Given the lower
temporal resolution of our behavioral data, which was analyzed
in bins of 200 ms, an exact correspondence of the time courses of
both measures is not to be expected. Although SSVEP amplitudes
and behavioral date are different in nature, in previous studies in
which we investigated the time course of SSVEP amplitudes, we
always found a close relation between the two measures, even
with correlations in the 0.8 range, suggesting that the two mea-
sures are closely linked to each other (cf. Müller et al., 1998, 2008;
Andersen et al., 2008; Müller, 2008; Hindi Attar et al., 2010).

Taking the time courses of SSVEP amplitudes and hit rates
together, their time courses suggest two successive mechanisms.
The initial drop might be related to the capture of attention by the
onset of a new concrete object (Yantis and Hillstrom, 1994; Hindi
Attar et al., 2010), with no difference between neutral and emo-
tional pictures. Following that, SSVEP amplitudes and hit rates
differed between emotional and neutral background pictures,
clearly suggesting affective content-related resource withdrawal
from the foreground task. Event-related potential studies on the
processing of shortly presented IAPS pictures revealed an early
posterior negativity relative to neutral pictures that occurs in a
time window between 200 and 350 ms after the onset of the
picture (Schupp et al., 2004), and is seen as the neural signature of
early selective processing of affective cues and emotional content
(cf. Bradley et al., 2007). In the present study, affective modula-
tion of SSVEP amplitude started right after that processing stage,
which might indicate that even shortly presented and subse-
quently masked complex pictures require some amount of corti-
cal processing to extract the emotional content.

In conclusion, our data show that the processing bias to emo-
tional pictures follows a time course that includes a number of
coordinated processing steps, but once triggered, it continues.
While detecting and processing emotional stimuli is fast, the en-
suing changes in attention and behavior are rather slow.
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