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Abstract
A rapid response to environmental threat is crucial for survival and requires an appropriate
attention allocation toward its location. Visual search paradigms have provided evidence for the
enhanced capture of attention by threatening faces. In two EEG experiments, we sought to
determine whether the detection of threat requires complete faces or salient features underlying the
facial expression. Measuring the N2pc component as an electrophysiological indicator of
attentional selection we investigated participants searching for either a complete discrepant
schematic threatening or friendly face within an array of neutral faces, or single features
(eyebrows and eyes vs. eyebrows) of threatening and friendly faces. Threatening faces were
detected faster compared to friendly faces. In accordance, threatening angry targets showed a more
pronounced occipital N2pc between 200 and 300 ms than friendly facial targets. Moreover,
threatening configurations, were detected more rapidly than friendly-related features when the
facial configuration contained eyebrows and eyes. No differences were observed when only a
single feature (eyebrows) had to be detected. Threatening-related and friendly-related features did
not show any differences in the N2pc across all configuration conditions. Taken together, the
findings provide direct electrophysiological support for rapid prioritized attention to facial threat,
an advantage that seems not be driven by low level visual features.
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Introduction
Focusing attention on potential threat cues in the environment is a fundamental mechanism
that serves an evolutionary survival function. Evidence for such prioritized attention
allocation comes from a variety of experimental studies using human fear conditioning (for
review see Öhman and Mineka, 2001), perceptual encoding (Schupp et al., 2004), visual
probe tasks (Armony and Dolan, 2002; Pourtois et al., 2004), attentional blink (Anderson
and Phelps, 2001; Maratos et al., 2008) or visual search (for review see, Öhman et al., 2009).
This preferential processing of threat stimuli can be considered from an evolutionary
perspective: Öhman and Mineka (2001) proposed a specialized fear module centered in the
amygdala (LeDoux, 1996), which is activated by threat-related stimuli in order to promote
automatic, fast activation of defense. Indeed, an enhanced human amygdala contribution
was found during processing of highly salient (threatening) stimuli, supporting the proposed
model (e.g., Anderson and Phelps, 2001; Carlson, Reinke, & Habib, 2009).

The faster detection of threatening facial expressions relative to friendly faces in a crowd of
distractor faces (a phenomenon labeled as “anger superiority effect”) has been demonstrated
in a variety of visual search studies using either schematic faces (Öhman et al., 2001, Calvo
et al., 2006; Fox et al., 2000; Juth et al., 2005; Tipples et al., 2002, Schubö et al., 2006) or
real faces (Horstmann and Bauland, 2006; Fox and Damjanovic, 2006; Gilboa-Schechtman
et al., 1999; Pinkham et al., 2010). Interestingly, results focusing on configural stimuli
revealed that specific “key”-features are relevant for the sustained capture of attention in
visual search. Using simple low-level features, such as a downward-pointing “V” shape
(eyebrows), which is similar to the geometric configuration of the schematic faces in angry
expression (Öhman et al., 2001), Larson and colleagues (2007) found a faster detection of
downward “V”s, as well as triangles with a downward-pointing vertex compared to identical
shapes pointing upwards. This shape also activates structures implicated in processing of
emotional significant and threatening stimuli, such as the amygdala, the subgenual anterior
cingulated cortex (sACC), the fusiform gyrus, and visual sensory regions (Larson et al.,
2009). Together with behavioral data, showing that V-shaped figures were rated as more
threatening (Lundqvist et al., 1999; Lundqvist et al., 2004) than shapes with V-angle
pointing upwards, this finding from Larson et al. (2009) suggests that visual threat can be
signaled and conveyed by a simple acontextual geometric configuration. However, other
findings indicate that facilitated search for V-shapes only occurs when the V-shapes are
integrated in the context of a face, thus rapid attention allocation is only evident when the
threatening eyebrow shape can be interpreted as an internal feature of a face (Tipples et al.,
2002; Fox et al., 2000; Lundqvist and Öhman, 2005; Schubö et al. 2006, but see Watson et
al., in press).

To gain more detailed insights into the precise temporal dynamics of attention capture of
threat in visual search and the relevance of low-level features, the present study investigated
high-density event-related potentials (ERPs), measuring the N2pc component as an
electrophysiological marker of spatial selective attention (Eimer and Kiss, 2008, 2010; Luck
and Hillyard, 1994; Woodman and Luck, 1999). The N2pc is an enhanced negativity elicited
in the time range of 180 and 300 ms and typically observed over posterior electrodes
contralateral to the side of a visual search target that is presented among non-target items.
The spatial selective attention effect can result from their bottom-up salience or be
modulated by top-down task sets (Luck and Hillyard, 1994; Eimer and Kiss, 2010). Unlike
other attention related ERP components such as the P1 and N1 that are linked to early
location-specific sensory gating mechanisms (e.g., Mangun & Hillyard, 1987) prior to target
selection and the EDAN (early directing attention negativity; e.g., Harter et al., 1989)
reflecting preparatory attention shift to target locations, the N2pc is assumed to reflect the
direct spatially attention target selection among distractors in visual displays (e.g., Kiss, Van
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Velzen, & Eimer, 2008). It is still under debate, however, whether the N2pc either reflects
distractor suppression (e.g., Luck & Hillyard, 1994) or target feature enhancement (e.g.,
Mazza, Turatto, & Caramazza, 2009a, 2009b). Nevertheless, due to the lateralized nature of
the N2pc and their functional interpretation as an electrophysiological measure of the
selective attentional processing of targets, the N2pc component is well suited to investigate
the allocation of attention to friendly and threatening targets in visual space, such as in
“classical” visual search paradigm with friendly and threatening face targets among neutral
face distractors (e.g., Öhman et al., 2001). Recent ERP studies demonstrated that highly
salient threat cues can modulate the N2pc, even when attention is focused on another visual
demanding monitoring task, providing neural evidence for a fast attention allocation toward
threatening faces (Eimer & Kiss, 2007; Holmes et al., 2009).

The aim of the present study was to investigate both behavioral and electrophysiological
measures of attention capture to determine the temporal course of attention allocation to
threatening and friendly facial expressions when searching in visual space. According to the
anger-superiority phenomenon found in earlier studies (Öhman et al., 2009) we expected to
find an attentional bias more apparent for threatening than for friendly target faces among
neutral distractor faces. Consistent with evolutionary models of threat perception (Öhman et
al., 2000), threatening faces should capture attention more efficiently compared to friendly
faces, resulting in shorter visual search latencies and an enhanced N2pc component effects.

To further investigate the role of simple configurational threat (Larson et al., 2007, 2009) in
visual search we conducted a second study presenting a V-shaped eyebrow and eye
configuration and a V-shaped eyebrow configuration alone which have been discussed as
critical features of threatening faces that humans have evolved to detect efficiently (Fox and
Damjanovic, 2006; Lundqvist et al., 1999; 2004; Tipples et al., 2002). We hypothesized that
even simple V-shaped eyebrow configurations are recognized more rapidly than shapes with
the V-angle pointing upward leading to briefer search times and more rapid attentional
capture, as revealed by the N2pc.

Material and methods
Experiment 1

Participants—Twenty-one healthy students from the University of Greifswald (19 female,
2 male; mean age: 21.4 years, range: 18–31 years; all right-handed) participated in
Experiment 1. All had normal or corrected-to-normal vision. All participants provided
informed written consent for the protocol approved by the Review Board of the University
of Greifswald and received financial compensation for participation.

Stimulus Materials and Procedure—The facial stimuli were schematic pictures
portraying threatening, friendly, and neutral facial expressions (Lundqvist et al., 1999, 2004;
Öhman et al., 2001). The faces were drawn in black against a white background; the outline
of the face and the nose was drawn with 1-pixel lines, and the eyebrows, eyes, and mouth
were drawn with 2-pixel lines. The stimuli displayed arrays of six schematic faces arranged
in a circle around the fixation cross (0.27° width × 0.27° height). The distance from the
fixation cross at the center of the display to the center (nose) of each one of the six faces,
was 3.44°. The individual faces were 1.37° width × 1.68° height. Half of the stimulus arrays
(n=240) were composed of faces that all showed neutral face expressions. In the other half
of the arrays, one of the faces in the array had either a friendly (n=120) or threatening
(n=120) emotional expression. The targets occurred 20 times at any of the six positions in
the matrix. Targets positions were randomized over trials. Examples of the stimulus arrays
are shown in Figure 1. The matrices were presented on a 20” computer monitor (1024 × 768,
60 Hz) located 1.5 m in front of the viewer.
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Subjects were seated in a reclining chair in a sound-attenuated, dimly lit room. After the
electrodes had been attached, participants were instructed to attentively watch the displays
presented on the monitor. The participants were instructed to detect as quickly and
accurately as possible a discrepant face in the presented arrays of faces. It was also
explained that participants had to press different keys depending on whether a discrepant
target was present in the array. Using a keyboard, participants had to press either a “yes” or
“no” button when a target was present or not in the stimulus array. Before the task began, all
participants practiced the visual search task in a series consisting of 6 trials with displays
containing a target or not.

A trial was initiated by the appearance of a 500 ms fixation cross preceding each onset of the
stimulus arrays in order to encourage the participants to keep their gaze focused on the
central fixation location throughout the experiment. There was a variable inter-trial interval
(ITI) of 1500, 2000, or 2500 ms. The arrays were presented in random order for each
participant with the constraint that no array with a target (either angry or happy) was
presented on more than four consecutive trials. A trial was terminated by the participants’
response. Before starting the task, subjects were instructed to avoid eye blinks and excessive
body movements during ERP measurement.

Apparatus and data analysis—EEG signals were recorded continuously from 256
electrodes using an Electrical Geodesic system and digitized at a rate of 250 Hz, using the
vertex sensor (Cz) as recording reference. Scalp impedance for each sensor was kept below
30 kΩ, as recommended by the manufacturer guidelines. All channels were bandpass filtered
online from 0.1 to 100 Hz. Off-line analyses were performed using EMEGS (Junghöfer and
Peyk, 2004) including low-pass filtering at 40 Hz, artefact detection, sensor interpolation,
baseline correction, and conversion to an average reference (Junghöfer et al., 2000).
Stimulus-synchronized epochs were extracted from 100 ms before to 800 ms after picture
onset and baseline corrected (100 ms prior to stimulus onset).

The lateralized N2pc component was calculated by averaging the electrocortical activity
ipsi- or contralateral relative to an event. The ipsilateral waveform was computed as the
average of the left-sided electrode cluster when the target was presented to the left and the
right-sided electrode cluster when the target was presented to the right. The contralateral
waveform was defined as the average of the left-sided electrode cluster to the right-sided
target and the right-sided electrode cluster to the left-sided target. Averages were based on
correctly responded trials only. Overall, approximately 30 % of the trials were rejected
because of artifacts and outliers in reaction times. These rejected trials were equally
distributed across all target categories. Finally, separate averages were computed for each
condition including facial expression (threatening vs. friendly), emotional target location
(left vs. right relative to fixation) and electrode site (left vs. right cluster). For facial
expression location the upper and lower left faces were merged to one single left location
condition (n=40 for each facial expression), whereas the upper right and lower right faces
were averaged for the right location condition (n=40 for each facial expression). Face targets
presented at the top or bottom positions did not enter the analyses. Corresponding sensory
cluster and time window representative for the N2pc component were determined on the
basis of visual inspection of individual subject waveforms and in common with prior
research (Eimer and Kiss, 2007). Analyses focused on lateral occipital electrodes in the time
range between 220 and 270 ms, where the N2pc component was maximal: The N2pc was
scored on the basis of maximal ERP mean amplitudes including the EGI sensors 95, 96, 105,
106, 107, 114, 115 (left), and 159, 160, 168, 169, 170, 177, 178 (right) (Figure 2). Data were
entered into a repeated measures ANOVA including the factors facial expression
(threatening vs. friendly), emotional target location (left vs. right relative to fixation) and
electrode site (left vs. right cluster). Because the N2pc is a lateralized component, the
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occurrence of a reliable N2pc will be indicated by a significant interaction between target
location and electrode site. Correspondingly, emotional target effects (threatening vs.
friendly) on the N2pc will be reflected by a three-way interaction between one of these
factors with target location and electrode site.

For behavioral data, reaction times (RT) and accuracy rates (AR), were analyzed. Accuracy
was calculated as the percentage of targets correctly detected for each facial expression and
each side of array. Mean reaction times were calculated using correct trials only, for each
condition and each participant. Behavioral data were submitted to repeated measures
ANOVAs using the factors facial expression (threatening vs. friendly) and emotional target
location (left vs. right). For effects involving repeated measures, the Greenhouse-Geisser
procedure was used to correct for violations of sphericity.

Finally, a correlation analysis was performed to determine possible relations between the
behavioral and N2pc data. The reaction times of the correct responses to a target (absolute
values) were correlated with the mean amplitudes of the N2pc component. Significant
positive correlations between the reaction times and the N2pc amplitude would indicate that
subjects with shorter target-related reaction times show larger N2pc amplitudes.

RESULTS
Experiment 1

Behavioral data—Overall, participants responded correctly on 99 % of the trials (hits and
correct rejections). Reaction times more than 3 SDs above each participant’s mean (see
Holmes et al., 2008) were excluded in order to reduce the influence of outliers (1.5 % of
data). Participants detected threatening and friendly target faces with similar accuracy,
F(1,20) < 1, for the main effect of target expression. A main effect of location revealed that
the accuracy rate was lower for targets presented on the left location side relative to targets
presented on the right location side, F(1,20) = 6.56, p < .05.

The mean RT data are shown in Table 1. As expected threatening targets were detected
faster than friendly targets as revealed by a main effect of facial expression for mean
reaction times, F(1,20) = 48.47, p < .001. An interaction between location and facial
expression indicated that reaction times were shorter for threatening faces if presented on the
right compared to the left location side, F(1,20) = 7.81, p < .05.

ERP data—Figure 2 shows the Grand average ERPs obtained over the left and right
occipital sensor cluster contralateral to the emotional target location and ipsilateral to the
emotional target location for targets containing a threatening face and for targets containing
a friendly face. As can be seen, a N2pc component was elicited starting about 220 ms
poststimulus of lateral occipital scalp sites. Overall analysis revealed an interaction between
electrode site and target position, F(1,20) = 36.43, p < .001, indicating the presence of the
N2pc. Importantly, there was an interaction between the factors emotional target, target
position and electrode site, F(1,20) = 17.84, p < .001, showing that the visual search for
threatening schematic faces induced a stronger N2pc amplitude than friendly schematic
faces (see upper panel of Figure 2). This effect is also illustrated in the bottom panel of
figure 2, showing the scalp distribution of the N2pc.

Correlations between behavioral measures and N2pc amplitude—The
magnitude of the reaction time was correlated with the amplitude of the N2pc for both
emotional facial expressions (r= .44, p< .05), indicating that shorter reaction times are
associated with larger N2pc amplitudes.
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Discussion—Threatening faces were detected faster than friendly faces, replicating
previous studies (e.g., Lundqvist and Öhman, 2005; Öhman et al., 2001; Öhman et al.,
2009). Neural responses showed a clear correspondence to these behavioral data. Extending
earlier findings, which found larger N2pc amplitudes to threatening compared to neutral
facial expressions (Eimer & Kiss, 2007), the current ERP data showed that the N2pc was
also larger to threatening compared to other emotionally salient friendly facial expressions.
This is consistent with the idea that specifically threatening stimuli automatically capture
more selective attention, suggesting that the evolutionary relevant defense system can be
easily primed by these stimuli (Öhman and Mineka, 2001).

Experiment 2
The second experiment was designed to test whether simple features of a threatening face
would be sufficient to evoke increased spatial attention as indexed by the N2pc. In this study
we reduced the schematic faces from Experiment 1 to a configuration of eyebrows and eyes
and just to V-shaped or Λ-shaped eyebrows for a second visual search study. If the N2pc is
enhanced for targets containing threatening-related features relative to friendly-related
features, the “anger superiority effect” is a simple feature superiority effect. In contrast, if
different facial features do not affect the N2pc, this would suggest that the prioritized
capture of attention for threat is restricted to the perceptual “context” of a face. Tipples et al.
(2002) reported data concordant with the latter possibility. In the same vein, Lundquist an
coworkers reported that single features in isolation did affect emotional ratings (Lundqvist et
al., 2004), but that detection times of single features in a visual search setting required a
facial context to result in more rapid detection of threatening features (Lundqvist and
Öhman, 2005).

Material and Methods
Participants—A separate sample of twenty-one healthy female students from the
University of Greifswald (mean age: 20.2 years, range: 18–29 years; all right-handed)
participated in Experiment 2. All had normal or corrected-to-normal vision.

Stimulus Materials, Procedure, ERP data acquisition and Analysis—The
methods were identical to Experiment 1, except that in Experiment 2 the stimulus arrays
consisted of threatening-, friendly- and neutral related features of the schematic faces
(presented in Experiment 1). As simple “low-level feature cues” with facial context we
presented the eyebrows and eyes compared to the eyebrows alone as stimulus materials (see
Figure 3) in two consecutive experimental blocks with a 5 min pause between both blocks.
Block order was counterbalanced across participants. Participants were told to detect as
accurate and quickly as possible an inconsistent singleton among the crowd of five identical
distractors in the stimulus array.

EEG recording and analysis procedures were identical to Experiment 1. In the overall
ANOVAs, the factors feature (threat-related vs. friendly-related), position (left vs. right to
fixation) and electrode site (left vs. right cluster) were calculated separately for each
experimental block condition. Greenhouse-Geisser corrections for nonsphericity were
applied where appropriate. Correlational analyses were carried out using the same variables
as described for experiment 1.

Behavioral data—The overall accuracy rates (hit rate and correct rejection rate) did not
differ significantly between the two feature conditions, likely because of a ceiling effect
(eyebrows and eye vs. eyebrows, both 98.8 %), F(1,20) < 1. Again, trials with outliers were
discarded (2 % of data of the “eyebrow and eye”-feature condition; 1.7 % of data of the
“eyebrow alone”-feature condition)
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For the “eyebrow and eye”-feature condition, accuracy was better for the threatening relative
to friendly configurations, F(1,20) = 6.16, p < .05. Again, targets presented on the right side
were detected more accurately than targets presented on the left side, F(1,20) = 6.39, p < .05.
The type of target was not affected by location side, F(1,20) = 2.33, p = .143. For RTs,
participants were faster in identifying the threat-related stimuli targets in comparison to
friendly-related targets, F(1,20) = 7.85, p < .05. A main effect of location indicate that
responses to right-sided targets were faster relative to left-sided targets, F(1,20) = 39.23, p
< .001.

For the “eyebrow alone”-feature condition, accuracy did not differ between threatening and
friendly features, F(1,20) < 1. Accuracy rate was increased for feature targets on the left side
relative to the right side, F(1,20) = 14.40, p < .001. For RTs, no differences were observed
between threat-related V-shaped- and friendly-related -targets, F(1,20) < 1. A main effect of
target location suggests faster reaction times for targets placed on the right side in
comparison to targets placed on the left-side, F(1,20) = 49.12, p < .001. The mean
percentage error rate (missing rate) was less than 3 %. A main effect of target location
showed that less errors were made for the right target location relative to the left target
location, F(1,20) = 14.40, p < .001, indicating the absence of a speed accuracy trade-off.
Error rates did not differ between threatening and friendly features, F(1,20) < 1.

ERP data—ERPs elicited over occipital electrode clusters contralateral and ipsilateral to
the target for features containing either the “eyes and eyebrows”-feature condition and
“eyebrows alone”-feature condition are presented in Figures 4 and 5.

A reliable N2pc was observed over occipital scalp electrodes in the time range of 220–270
ms (see Figure 4), reflected by a significant interaction of target position and electrode site,
F(1,20) = 55.60, p < .001. Although the N2pc amplitude was larger for threat-related
features containing eyes and eyebrows of the schematic faces (M= −1.58; SD= 1.45) than
for friendly eyes and eyebrows (M= −1.31, SD= 0.94), these differences were statistically
not significant F(1,20) < 1 (see Figure 6 for a comparison of the N2pc across all
experiments). Moreover, no other main and interaction effects for the factors feature, target
position and electrode site were significant, all F(1,20)< 1.

For the “eyebrow alone”-feature condition, targets also elicited a robust N2pc over lateral
occipital electrodes (see Figure 5), statistically confirmed by an significant interaction
between target location and electrode site, F(1,20)= 31.47, p< .001. Under these conditions,
mean N2pc amplitudes for v-shaped configurations (M= −1.16; SD= 1.27) were almost
identical compared to those elicited by Λ-shaped target configurations (M= −1.18; SD=
1.77) with no statistical differences (see again Figure 6 for comparison of these differences
across all experiments). Again, no significant main or interaction effects were observed for
the factors feature, position and electrode site, all F(1,20)< 1.

Correlations between behavioral measures and N2pc amplitude—No significant
correlations were observed between the reaction times and the N2pc amplitude for the “eye
and eyebrow”- and “eyebrow alone” condition.

Discussion—Experiment 2 tested whether simple low-level configurations of threatening
faces, such as eyes and eyebrows, are sufficient to capture attention in visual search. When
eyes and eyebrows were present, reaction times for detection of threat-related features were
faster than those for friendly-related features. When the eyes were absent, no differences in
reaction times were observed between V-shaped and Λ-shaped eyebrows. Interestingly,
discrepant to the behavioral data no emotion effects were detected in the brain-potentials.
Configurations containing eyes and eyebrows of the schematic threatening faces indeed
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evoked greater N2pc amplitudes than friendly-related configurations but these differences
were not statistically significant. If only eyebrows were used as configurations no
differences between threatening and friendly configurations were observed in either
behavioral or ERP-data.

GENERAL DISCUSSION
In the present study, we investigated high density ERPs to delineate the underlying brain
dynamics associated with the search for threatening and friendly face targets in a crowd of
neutral background expressions. We found that threatening facial expressions were better
detected than friendly expressions as in previous studies (e.g., Öhman et al., 2001; for
review see Öhman et al., 2009). Moreover, the detection of face targets was accompanied by
the presence of N2pc components in response to both threatening and friendly faces. With
the respect to the anger-superiority effect shown in behavioural data the N2pc amplitudes to
threatening face targets were enhanced relative to friendly face targets, indicating enhanced
automatic attention capture by this highly salient threatening material.1

The current results extend previous visual search findings of facilitated detection of
threatening stimuli by delineating the neural responses during the detection of schematic
threat. The present results are consistent with recent dot probe studies showing an emotion
effect in the N2pc component toward natural threatening faces relative to neutrals in healthy
(Holmes et al., 2009) and high anxious individuals (Fox et al., 2008). The current visual
search study also extended recent work using threatening vs. neutral natural faces (Eimer
and Kiss, 2007) and threatening vs. friendly faces (Feldmann-Wüstefeld et al., 2011) by
demonstrating that the attention capture is enhanced for threatening relative to other
emotional but non threatening friendly face targets2. These findings are in line with the
proposed specific functional and evolutionary role of the fear system requiring a fast and
accurate encoding of the threatening environment to promote defensive responses (Öhman et
al., 2000; Öhman et al., 2001; Schupp et al., 2004).

The neural networks underlying facilitated search for threatening targets in the environment
are less clear. Known from brain imaging and EEG studies (Lang et al., 1998; Vuilleumier
et al. 2001; Sabatinelli et al., 2005, 2007; Schupp et al., 2003; Pourtois et al., 2004; Keil et
al. 2009) emotional visual stimuli produce greater activations in cortical visual areas. It is
suggested that re-entrant feedback loops from limbic regions (amygdala) to visual cortex
lead to amplified perceptual processing (Emery and Amaral, 2000). Similar attention related
modulations of cortical sensory areas have been shown, where the extrastriate cortex and the
amygdala were highly correlated during the processing of angry relative to neutral faces
(Morris et al., 1998; Pessoa et al., 2002; Sabatinelli et al., 2005) and abolished in patients
with amygdala lesions (Vuillemier et al., 2004). Furthermore, emotional inputs from limbic
regions (such as amygdala) can also bias critical spatial attention networks that involve
fronto-parietal brain systems (Armony and Dolan, 2002; Mohanty et al., 2009). Since the
N2pc reflects activity in circuits that involves parietal and temporo-occipital pathways (Hopf
et al., 2000), the findings of larger N2pc for threatening faces may suggest the outcome of

1Alternative to the present view of an enhanced target selection for threatening relative to friendly faces, recent evidence from
Galfano and colleagues (2010) suggest that the N2pc can be also interpreted as reflecting a reorienting of attention to a target. Using a
gaze cueing paradigm the authors showed that the N2pc is larger in incongruent trials (vs. congruent trials) where participant where
mislocated by gaze to a target location. In the same vein, even previously attended target locations can inhibit the return of attention
that in turn causes a reorienting of attention to a target (McDonald et al., 2009).
2Although the main focus of the current paper was on the N2pc component, additional analyses were performed for the P1 (90 – 120
ms) and N1 (150 – 190 ms) component. Critically, neither the main effect for emotional target nor the target position × electrode site
interaction and emotional target × target position × electrode site interaction were significant for the complete faces in Experiment 1
and the specific feature configurations in Experiment 2. The results indicate that the P1/N1 complex is not involved in the target
selection but rather represents sensory gating mechanisms in early visual processing prior to the selection of specific target stimuli.
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the integration of spatial and motivational threatening information following the modulation
of spatial attention networks and visual areas by the amygdala to facilitate the rapid
detection of aversive stimuli (Mohanty et al., 2009).

To examine whether single isolated or configurational features are sufficient to activate the
defense networks, producing the threat superiority effect, we reduced the entire schematic
face to the eye region, which is proposed to be the most salient key feature for conveying
potential social threat (Aronoff et al., 1988; Fox and Damjanovic, 2006; Lundqvist et al.,
1999, 2004; Tipples et al., 2002; Whalen et al., 2004), hereby presenting the eyes and
eyebrows as feature configuration and the eyebrows only.

The N2pc did not differ between features of threatening facial expressions compared to
friendly expressions, suggesting no enhanced attention capture for threat-related features.
Interestingly, discrepant to the ERP findings reaction times for the threat-related stimuli
targets were significantly shorter compared to friendly-related targets containing eyes and
eyebrows. Indeed, the N2pc amplitude was larger for threat-related than for friendly-related
targets, but this difference was statistically not confirmed. A possible explanation for this
discrepancy could be that shorter reaction times toward the “eye and eyebrows” condition
are facilitated by motor priming (e.g., Dehaene et al., 1998). Thus, subliminal motor
activation might already be engaged before selective attention effects can be detected over
the visual cortex. A possible neural candidate might by the amygdala and its efferent
projections which are critically involved in affective priming processes (for review, Hamm
et al., 2003) in which defensive reflexes are automatically primed during confrontation with
unpleasant stimuli. As mentioned above, the enlarged N2pc amplitude might reflect a later
sensory process as an outcome of the integration of limbic inputs in parietal and temporo-
occipital pathways.

The absence of a feature based anger superiority effect is also in contrast with recent results
showing that simple geometric stimuli, similar to the threat-related stimuli of the current
study, can guide prioritized spatial attention (Larson and colleagues (2007, 2009). As an
explanation the authors argued that the stimuli used in the experiment had a more
threatening shape than the eyebrow configuration of the schematic faces. However, other
findings indicate that it is important to interpret the single features, as the eyebrow frown, as
a facial component (Fox et al., 2000; Lundqvist and Öhman, 2005; Tipples et al., 2002;
Schubö et al., 2006). In all of these studies, a detection advantage was observed for
threatening stimuli only when the stimuli contains the gestalt of a face or features that were
rated as “facelike”. Thus, the rapid detection of threat-related features of schematic faces
may be restricted to the context “face” and perceptual gestalt of a face respectively, and is
not limited to low-level perceptual factors. Another possibility could be that not the eyebrow
region but the eyes alone are the critical region that conveys potential threat. Recent findings
indicate that natural eye partitions alone can lead to search advantage for threatening facial
expressions in visual search (Fox and Damjanovic. 2006) and that single visual features
related to the face such as fearful eye whites can modulate the human amygdala activation
(Whalen et al., 2004). Future ERP work is needed to test whether single eye partitions alone
are potential cues to attract attention.

The present studies are not without limitations. Because we did not vary the matrix size we
cannot determine whether the anger superiority effect is a “pop-out” phenomenon or
underlies serial search. Moreover, although evidence suggest that the eyebrow frown is
evaluated as more threatening, and consequently is detected quicker relative to “friendly”
features, we did not measure the perceived subjective intensity. Moreover, ratings asking
whether features are “facelike” or “nonfacelike” (Tipples et al., 2002) would be more
helpful to support the current ERP findings, demonstrating enhanced attention capture for
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whole schematic facial expressions. Furthermore, because we studied primarily women in
the current experiments, we cannot rule out that the present results are influenced by gender.
Future studies are needed to investigate whether the current findings can be replicated in
men. Finally, to increase the ecological validity of the current results, future ERP work
should investigate the brain dynamics of whole natural faces as well as specific natural
facial features in isolation.
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Research Highlights

• The detection of schematic facial threat is facilitated in visual search

• Enhanced attention allocation to schematic threat is reflected in the N2pc
component

• The rapid prioritizing of facial threat as reflected in the N2pc is not driven by
single features
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Figure 1.
Schematic facial arrays used as stimuli in the visual search task in Experiment 1. Search
array contained either irrelevant neutral faces (left), a threatening face target among neutral
distractor faces (middle) or a friendly face target among neutral faces (right). Each type of
target faces appeared 20 times at each of the six positions.
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Figure 2.
The upper section shows grand averaged ERPs elicited in the 500 ms interval after target
onset in response to threatening (black lines) and friendly (grey lines) target faces
contralateral (solid lines) and ipsilateral (dashed lines) to the visual hemifield where the face
was presented. The shaded area represents the time window (220–270 ms) used in the
analyses. ERPs are averaged across electrodes within posterior clusters used in the analyses
(middle section). The lower section shows the topographical voltage maps (back views) for
threatening and friendly face targets presented on the right side (left maps) and left side
(right maps), showing the distribution of N2pc negativity in the time interval 220–270 ms.
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Figure 3.
Illustration of face feature stimuli used in Experiment 2. Search arrays consisted of
threatening-, friendly- and neutral related features of the schematic faces. Search arrays
contained feature configurations (eyebrows and eyes) of irrelevant neutral faces, of
threatening face targets (left search array) or friendly face targets. The right search array
shows the same trial containing V-shaped, Λ-shaped, and horizontal eyebrows. Procedure
was identical to Experiment 1 with the participants’ task to find an inconsistent pattern in the
matrix.
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Figure 4.
The upper section shows grand averaged ERPs elicited in the 500 ms interval after target
onset in response to threatening-related (black lines) and friendly-related (grey lines)
configuration (eyes and eyebrows) stimuli contralateral (solid lines) and ipsilateral (dashed
lines) to the visual hemifield where the configuration stimulus was presented. The shaded
area represents the time window (220–270 ms) used in the analyses. ERPs are averaged
across electrodes within posterior clusters used in the analyses. The lower section shows the
topographical voltage maps (back views) for threatening and friendly – related configuration
targets presented on the right side (left maps) and left side (right maps), showing the
distribution of N2pc negativity in the time interval 220–270 ms.
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Figure 5.
The upper section shows grand averaged ERPs elicited in the 500 ms interval after target
onset in response to threatening (black lines) and friendly (grey lines) eyebrow stimuli
contralateral (solid lines) and ipsilateral (dashed lines) to the visual hemifield where the
eyebrow stimulus was presented. The shaded area represents the time window (220–270 ms)
used in the analyses. ERPs are averaged across electrodes within posterior clusters used in
the analyses. The lower section shows the topographical voltage maps (back views) for
threatening and friendly eyebrow targets presented on the right side (left maps) and left side
(right maps), showing the distribution of N2pc negativity in the time interval 220–270 ms.

Weymar et al. Page 18

Neuroimage. Author manuscript; available in PMC 2012 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 6.
Magnitude of the N2pc amplitude (contralateral minus ipsilateral) across all experiments and
experimental conditions. Asterisks indicate significant differences (p< .001).
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