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The rapid processing of emotional information adaptively regulates the allocation of attention, but may also divert resources away from
attention performance, particularly for those showing elevated anxiety. The temporal organization of rapid emotional processing and its
implications for attention performance, however, remain unclear. Participants were 18 healthy adults (12 females) who reported on trait anxiety.
Tasks-irrelevant fearful, sad, and neutral faces were presented for 50 ms prior to each trial of a cued attention task measuring alerting, orienting,
and executive attention. Electroencephalographic recordings were made from 64 scalp electrodes to generate event-related potentials (ERPs) to
faces. Emotional face type and trait anxiety modulated ERP responses at three early stages around 200 ms, 250 ms, and 320 ms. Although
behavioral findings showed enhanced orienting and executive attention following presentation of fearful and sad faces, the degree to which these
faces modulated ERP responses, particularly around 250 ms, interfered with orienting and executive attention in the high trait anxiety group, and
enhanced alerting in the low trait anxiety group. Results are discussed in terms of mechanisms in the emotional capture of attention and
implications for understanding attentional processes in anxiety.
© 2007 Elsevier B.V. All rights reserved.
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Rapid and accurate detection of negative emotional information is highly adaptive because it provides critical information about potential danger in the environment. In this way,
emotional processes regulate the allocation of attention by
highlighting relevant information and inhibiting irrelevant
information. On the other hand, preferential attention towards
negative information is implicated in the etiology and course of
anxiety and mood disorders (Beck and Clark, 1997; Compton,
2003; Derryberry and Reed, 2002). Studies using scalprecorded event-related potentials (ERPs) are able to explore
the time course of the emotional capture of attention at a very
high temporal resolution. Links between early stages of emotional processing and attention performance, however, are
poorly understood.
The emotional face processing literature provides important
information about rapid and automatic stages of emotional
processing (Eimer and Holmes, 2002; Pizzagalli et al., 1999;
⁎ Corresponding author.
E-mail address: tracy.dennis@hunter.cuny.edu (T.A. Dennis).
0167-8760/$ - see front matter © 2007 Elsevier B.V. All rights reserved.
doi:10.1016/j.ijpsycho.2007.02.006

Righart and de Gelder, 2006; Sato et al., 2001). Negative
emotional faces are preferentially processed: As early as 80–
100 ms, negative emotional faces compared to neutral faces
elicit enhanced ERP activity (Eger et al., 2003; Smith et al.,
2003) and modulate later stages of ERP responses between 200
and 300 ms (Campanella et al., 2002; Smith et al., 2003; Taylor
et al., 2004). For example, posterior P200 (Carretié et al., 2001;
Correll et al., 2006; Eimer et al., 2003) and P300 amplitudes,
thought to reflect emotional salience processing, are greater for
negative emotional faces and pictures (Cuthbert et al., 2000;
Dien et al., 2004). Negative-going waveforms are also greater
within 300 ms following presentation of negative versus
positive faces and liked versus disliked faces (Pizzagalli et al.,
1999; Pollak and Tolley-Schell, 2003; Schupp et al., 2003). In
particular, a posterior face-specific component, N170, is
modulated by emotion (Batty and Taylor, 2003; Eger et al.,
2003; Pizzagalli et al., 1999), and is greater in the right
hemisphere (Bentin et al., 1996). Other studies, however, have
failed to find enhanced N170 amplitudes for negative emotional
faces (Eimer and Holmes, 2002), and suggest that later
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Taken together, these findings highlight a critical goal in the
study of emotional face processing, anxiety, and attention:
determining the impact of very early stages of emotional face
processing on attention in multiple domains of attention (Fan
et al., 2002; Posner and Petersen, 1990). Chronometric analyses
of separable attention capacities, alerting, orienting, and executive attention, have been combined into a single assessment with
fully randomized conditions within blocks called the Attention
Network Test (Fan et al., 2003, 2002). In this study, we modified this task in a novel way: each trial was preceded by taskirrelevant fearful, sad, and neutral faces. This design allowed us
to assess the impact of emotional face processing on alerting,
orienting, and executive attention when faces also recruit
attentional control and inhibition because they are distracters.
In the present study, we examined whether emotional factors
would bolster relatively early and automatic stages of emotional
face processing (0–400 ms), and whether these rapid ERP responses would be related to subsequent attention performance. We
hypothesized that ERP responses would be enhanced following
negative versus neutral faces and in those showing relatively high
versus low trait anxiety. We also hypothesized that links between
these ERPs and attention performance would be moderated by
trait anxiety. For those showing relatively high trait anxiety,
enhanced emotional processing would interfere with attention,
particularly orienting and executive attention, whereas among
those showing relatively low trait anxiety, enhanced emotional
processing would bolster attention, particularly alerting.
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occurring components are sensitive both to faces and emotional
valence (Sato et al., 2001; Taylor et al., 2004). For example, in a
passive viewing task, posterior N270 amplitudes were greater
for emotional versus neutral faces (Sato et al., 2001).
If, instead, faces are irrelevant to performing a target task,
ERP responses related to the control and inhibition of attention
may emerge (Hanoch and Vitouch, 2004; Kliegel et al., 2003;
Rokke et al., 2002). The N200 response, for example refers to
activity over frontal midline regions 200 to 350 ms post stimulus
onset, and is generated by frontal structures related to cognitive
control, such as the anterior cingulate cortex. (Nieuwenhuis
et al., 2003). The N200 is thought to reflect conflict monitoring
and the gating of incoming information to the prefrontal cortex,
thus signaling the extent to which attentional control is required.
Emotional information and states are thought to bias the competition for cognitive control and processing resources measured
by N200. For example, N200 amplitudes are greater following
fearful, sad, and angry compared to neutral facial expressions
(Campanella et al., 2002; Schutter et al., 2004) and other
frontally-generated components, such as those related to error
monitoring, are enhanced among individuals showing high
negative affectivity (Luu et al., 2000a,b). Most ERP studies of
emotional faces, however, employ passive viewing and other
tasks which are unlikely to recruit cognitive control.
Studies of emotional face processing rarely relate ERPs
directly to attention performance. This is surprising given that the
excellent temporal resolution of ERPs provides a tool for
disentangling links between attentional processing operations
and attention performance (Smith et al., 2003). Behavioral studies
suggest that viewing negative emotional faces can both interfere
with (Eastwood et al., 2003) and facilitate (Ladouceur et al., 2006)
attention performance. In a study of fearful face processing among
autistic children, activity related to visual processing (N300) but
not the face-specific N170, was linked to enhanced attention
performance in social and joint attention tasks (Dawson et al.,
2004). In other ERP research, affective processing (e.g., P200)
was associated with the speed of responding in a stereotype
assessment paradigm (Correll et al., 2006). Few studies, however,
clarify mechanisms in the emotional capture of attention that
impact multiple domains of attention performance.
Assessing the emotional capture of attention in relation to
attention performance is especially relevant to understanding
the interplay between anxiety and attention. Anxiety is associated with enhanced attention to threat-related stimuli such as
fearful faces; but this has been found to have a negative impact
on attention performance reflecting spatial orienting and topdown executive control of attention (Eastwood et al., 2003;
Fenske and Eastwood, 2003; Fox et al., 2001; Mogg et al.,
1992; Schupp et al., 2003). Like negative emotional information, anxious states are thought to rapidly and automatically bias
the allocation of processing resources so that when there is
competition for attention, emotional processing is prioritized
over attention performance (Easterbrook, 1959; Hanoch and
Vitouch, 2004; Leith and Baumeister, 1996; Meinhardt and
Pekrun, 2003). Anxiety within an optimal range would show
fewer biasing effects and might actually enhance attention performance (Gray, 2004).

11

1. Methods
1.1. Participants
Participants were 28 adults between the ages of 19 and 34
(25 females) recruited through the psychology participant
research pool at an urban college in the Northeast, and screened
for identified psychological or neurological impairments. The
data from 10 subjects were excluded due to experimental
problems: specifically, excessive EEG artifacts (5) and
performance errors on greater than 25% of trials, indicating
poor engagement with the task (5). This left a total sample of 18
(13 females). This high rate of exclusion was necessary in order
to retain only those participants who complied with task
directions. Self-reported race/ethnicity was as follows: 6
Caucasian, 1 African American, 4 Hispanic, 5 Asian, 2 “Other.”
1.2. Procedures and measures
Participants completed the State Trait Anxiety Inventory
(STAI; Spielberger, 1983) immediately after consent procedures in order to assess trait anxiety1. Participants were
1
State anxiety was also assessed at baseline and four additional times
following each block of the attention task; baseline and subsequent assessments
did not significantly differ suggesting that the task did not induce or modulate
anxious mood. There was a high correlation between state and trait anxiety
(r = .72, p b .001). Because we were interested in trait tendencies to experience
anxious arousal, however, we did not co-vary out state anxiety because this
might have inaccurately reduced effects.
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1.3. Attention task
The ANT, illustrated in Fig. 1, combines a cued reaction
time and flanker task (Eriksen and Eriksen, 1974). It
quantifies the efficiency of three attention systems by
measuring how response times to the target flanker task are
influenced by alerting and spatial cues and flankers. After the
emotional face, a cue is presented followed by the target
arrow, which randomly appears above or below the fixation
cross and is surrounded on the left and right by four “flanker”
stimuli. Participants indicate with one of two alternative
button presses whether the central target arrow points left or
right.
Fig. 1a shows the inter-trial faces and Fig. 1b shows the cue
conditions. Cues modulate whether subjects are alerted to the
impending stimulus, and whether subjects are oriented ahead of
time to the location of the target. Cues are no cues, double cues
(asterisk appears above and below the fixation), center cues
(asterisk appears superimposed over the fixation), and spatial
cues (asterisk appears above or below the fixation to indicate the
location of the subsequent target). Fig. 1c shows the flanker
stimuli: congruent flankers point in the same direction as the
central target arrow, incongruent flankers point in the opposite
direction, and neutral flankers have no directional information.
Consistent with the classic flanker task, congruent and neutral
flankers yield faster reaction times than incongruent flankers
due to reduced conflict interference (flanker incongruence;
Eriksen and Eriksen, 1974; Fan et al., 2002).
The experiment consisted of a 24-trial full-feedback practice
block (reaction time, whether answer was correct, and cumulative success rate) followed by two blocks of 384 feedback-free
trials each, with a brief break in each block after half the trials.
Each block included exactly two types of stimuli: One block
contained a random mix of fear or neutral faces and the other
block contained a random mix of sad or neutral faces. Faces
were randomly presented without replacement within each
block so that each stimulus type was presented for 50% of the
trials within a block. Block order was counterbalanced across
subjects. Also, throughout the experiment, the inter-trial faces
were completely unrelated and uninformative for performance
of the primary ANT task. Thus, this measure provides a simple
but effective way to examine effects of task-irrelevant emotional
stimuli on attention.
As depicted in Fig. 1d, each trial consisted of six events:
(1) inter-trial stimulus (fearful, neutral, or sad face; 50 ms);
(2) first fixation period (variable 400–1300 ms); (3) cue (no

cue, center cue, double cue, spatial cue; 100 ms); (4) second
fixation period (400 ms); (5) simultaneously presented target
and flanker stimuli (terminated at response up to 1700 ms);
and (6) post-target fixation period (variable, based on the first
fixation minus the reaction time for that trial). Each trial lasts
for 4050 ms. Subjects rested briefly after each 192-trial
block.
Efficiency of the three attentional networks, alerting,
orienting, and executive attention, is determined by measuring
how response times to the flanker displays are influenced by
alerting cues, spatial cues, and flanker type (see Fan et al.,
2002 for additional details). Efficiency of alerting is calculated
as RT following no cue − RT double cue. The double cue was
used because it diffuses attention between the two potential
target locations while alerting the participant to the arrival of
the target. Higher scores indicate greater alerting efficiency
due to presence of cues. The efficiency of orienting is
calculated as RT following center cue − RT spatial cue. Higher
scores indicate greater orienting efficiency due to presence of
spatially predictive information of one cue, while controlling
for alerting effects in the other. The efficiency of executive
attention is calculated in terms of conflict interference: RT to
incongruent flankers − RT to congruent flankers. Higher scores
indicate greater conflict interference or less efficient executive
attention.

py

categorized into low and high groups based on sample norms
(50th percentile = 40, low N = 9, high N = 9). Average trait
anxiety scores were M = 47.56, SD = 7.42, range 41–60 in the
high anxiety group and M = 33.11, SD = 5.40, range 22–39 in
the low anxiety group. All scores were consistent with those
reported for a normative sample of adults and college students
(Spielberger, 1983). Low and high trait anxiety groups did not
differ on any demographic variables and did not differ in the
likelihood of being excluded from analyses due to computer
failure, excessive EEG artifacts, or performance errors.

1.4. Emotional faces
Emotion stimuli were fearful, sad, and neutral faces taken
from a battery developed by the Research Network on Early
Experience and Brain Development (Tottenham et al., 2002,
April). This battery of 646 facial expression stimuli was posed
by actors of varying ethnicities. Selected faces were matched
for gender and ethnicity. Stimuli were presented centrally over
the fixation cross between trials of the attention task. The
order of the pictures was block randomized by emotion for
each subject. The faces used in this study were selected based
on normative ratings of the faces for fearful and neutral facial
expressions, and representation of gender and ethnicity.
Because arousal properties of emotional stimuli have been
related to physiological and attentional changes (Lang, 1995;
Lang et al., 1998a), we examined whether fearful, sad, and
neutral faces were similar in terms of perceived arousal
properties. Following the attention task, participants rated each
face using the Self-Assessment Mannequin technique (SAM;
Lang et al., 1998b). Faces were rated on a 0–5 scale, with 5
indicating highly arousing. Faces did not statistically differ in
level of arousal (Mean ratings = 2.37 for fearful, 2.53 for sad,
and 2.58 for neutral faces).
1.5. Psychophysiological recording and data analysis
Electroencephalogram (EEG) activity was recorded from
64 AgCl electrodes embedded in an elasticized cap and
referenced to the left mastoid. The electro-oculogram (EOG)
was recorded from electrodes placed above and below the left
eye and from electrodes lateral to each eye. Electrode AFz
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Fig. 1. Diagram of experimental design (based on Fan et al., 2002).

served as the ground electrode. Recordings were re-referenced
off-line to an average reference. Scalp impedance for each
electrode was balanced and was kept below 5 kΩ. EEG and the

vertical and horizontal electro-oculogram (EOG) were amplified and bandpass filtered from .1 to 70 Hz. Data were collected
continuously with a sampling rate of 1000 Hz. Continuous EEG
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data were low-pass filtered at 30 Hz using filtering before
stimulus synchronized epochs were extracted from 200 ms
before until 800 ms after the stimulus onset. The pre-stimulus
period of 200 ms was subtracted for baseline correction. The
raw EEG epochs were passed though both computerized
artifact detection batch and visual inspection. Artifacts were
corrected using BESA 5.1. After correction, those trials with
EEG or EOG activity remaining above ± 100 μV were
excluded from further analysis. A range from 60%–99% of
trials was retained across all participants.

2. Results
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1.6. Data reduction and ERP component evaluation
To guide selection of windows for measuring ERPs, we
submitted the grand-averaged waveforms (averaged across all
conditions) from 0–400 ms to a Principal Components
Analysis (PCA) in the brain electrical source analysis 5.1
Source Analysis module (BESA) (Berg and Scherg, 1994).
The PCA yielded three discrete time windows, which
accounted for 98.5% of the total variance with maximal
peaks at 200 ms, 250 ms, and 320 ms. ERPs were calculated
as the peak amplitudes during time windows 20 ms before and
after the peak of each component: P200 (180–220), N250
(230–270), N200 (300–340) and P300 (300–340). The P200,
N250, P300 (posterior electrodes), and N200 (anterior
electrodes) signals were obtained from midline electrodes
FCz, Cz, and Pz, and POz and from electrodes corresponding
to these four positions in the right or left hemispheres to test
for laterality effects, FC3, FC4, C3, C4, P7, P8, PO3, and
PO4.
To aid interpretation of the N200/P300 time window, we next
computed dipole source models of the observed scalp voltage
distributions. If the positive and negative voltage regions at this
time point (320 ms) are a polarity reversal of one primary
component, we should detect neural sources in either posterior
or anterior regions; if the components are distinct, we should
detect neural sources in both anterior and posterior regions. The
data from all 64 electrodes were 1–30 Hz bandpass filtered.
Modeling was performed on data re-referenced to the average
reference across a 10-ms window around the component peaks,
using a three-shell spherical head model. Energy was included
as a criterion to be minimized in fitting (i.e., along with residual
variance). The reported regional source solutions were stable
across different starting positions.
A 3-dipole solution emerged that was sufficient to
achieve a satisfactory fit across the entire sampling period
of 400 ms; residual variance (RV) was 7.42%. A RV of less
than 10% indicates that the solution accounted for more than
90% of the variance in the signal. The solution for the
N200/P300 time window consisted of two symmetricallyconstrained sources in the medial posterior cortex and a
third anterior source in the area of the left medial frontal
cortex (see Fig. 2). The anterior source accounted for most
of the variance (RV = 22.98), and the three sources together
accounted for all but 8.26% of the variance in this one time
window. Results support at least partial independence of
anterior and negative activity.

To examine whether ERPs during the first 400 ms after
presentation of faces were sensitive to emotional face type and
trait anxiety, we conducted four 2 × 4 × 2 × 4 MANOVAs. Trait
Anxiety (low or high based on a median split) was the betweensubjects variable, and Emotion (fear, neutral-f, sad, neutral-s),
Laterality (right hemisphere, left hemisphere), and Electrode
Placement (fronto-central, central, parietal, parietal-occipital)
were the within-subjects variables. The dependent variables
were peak negative amplitudes at electrodes FC3, FC4, C3, C4,
P7, P8, PO3, and PO4 during each time window. Analyses were
run separately for each waveform, P200, N250, N200, and
P300. We report those effects in which the assumption of
Sphericity was met (tested by Mauchly's Test of Sphericity) and
thus do not differ from Greenhouse–Geisser corrected effects.
Significant effects were followed with LSD (least significant
difference) tests or with multiple, paired t tests. Because gender
differences on study variables were non-significant, gender was
not included in analyses reported below. Waveforms for the
entire sample are presented in Fig. 3 and topographical voltage
maps in the bottom panel of Fig. 3 at 200 ms (left), 250 ms

Fig. 2. Dipole model of N200/P300 time window.
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Fig. 3. Grand-averaged ERPs at left, midline, and right electrodes. The bottom panel shows the scalp topography for each component (P200, N250, and N200/P3 from
left to right). Contour lines are spaced every 0.50 μV.

(middle), and 320 ms (right). Fig. 4 shows waveforms for high
and low trait anxiety groups.
2.1. Effects of electrode position
As seen in Fig. 3, P200 amplitudes were maximal at posterior
electrodes P7/8 (M = 2.68) compared to electrodes FC3/4, C3/4,

and P03/4 (Electrode F(3,14) = 8.39, p b .01, η2 = .64; M = 0.27,
0.62, and 2.09; t-tests all p's b .05). N250 amplitudes were also
maximal in posterior electrodes P7/8 (M = − 3.68) compared to
electrodes FC3/4, C3/4, and PO3/4 (Electrode F(3,14) = 10.02,
p b b .001, η2 = .68; M = − 1.33, − 1.53, and − 1.29; all t-tests
p's b .01). There was greater anterior negativity around 320 ms
at electrodes FC3/4 (− 2.64) compared to P7/8 and PO3/4 (M =

T.A. Dennis, C. Chen / International Journal of Psychophysiology 65 (2007) 10–19
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Fig. 4. Grand-averaged ERPs at left, midline, and right electrodes by trait anxiety group and emotional face type (fearful, sad, and neutral-fear/neutral-sad combined).

− 0.71, and − 0.10, respectively; Electrode F (3,14) = 7.01,
p b .01, η2 = .60; t-test all p's b .01). Effect of Electrode on
P300 amplitudes was not significant.
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2.2. Effects of trait anxiety and emotion
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P200 and N200 amplitudes were enhanced in the high
versus low trait anxiety group (see Fig. 4). P200 amplitudes
were comparable in both anxiety groups in right posterior
regions, but the Electrode × Hemisphere × Trait Anxiety interaction, F(3,14) = 5.99, p b .01, η2 = .66, showed that in left posterior
regions (P03), P200 amplitudes were greater in the high versus
low trait anxiety group, M = 3.52 versus 1.35, t(17) = 2.96,
p b .05. Also, at anterior electrodes FC3/4 N200 was enhanced
in those showing high versus low trait anxiety (Electrode × Trait
Anxiety F (3,14) = 2.98, p b .05, η2 = .16; M = − 2.46 versus
− 0.97, t (17) = 2.39, p b .05). There were no significant
differences among emotional face types.
In contrast, P300 amplitudes were sensitive to emotion:
the Emotion × Electrode × Hemisphere interaction, Electrode
F (3,14) = 2.81, p b .05, η2 = .15, showed that P300 amplitudes
were enhanced at right posterior sites (P8) following sad versus
fearful faces, t(17) = 2.01, p = .05, and compared to more posterior regions (PO4), t (17) = 2.72, p b .05. Analyses with neutral
faces did not reach significance. As seen in Fig. 4, this effect
was enhanced in the high versus low trait anxiety group, but
the overall analysis did not reach significance, p = .10.

2.3. Attention performance
Before examining links between ERPs and attention performance, we examined whether emotion face type and trait
anxiety were related to attention performance in three domains,
alerting, orienting, and executive attention using a 4 (Emotion) × 2 (Trait Anxiety group: low or high) ANOVA for each
attention system. There was an interaction between Trait
Anxiety and Emotion that just missed significance for orienting,
F (3,14) = 3.52, p b .06, showing that within the high trait anxiety group, orienting was more efficient following fearful
versus neutral-f faces (M = 52.18, SD = 32.30 versus M = 20.44,
SD = 20.98; t(8) = 2.18, p = .06), but that those showing high
versus low trait anxiety oriented more efficiently following
sad faces, (M = 55.46, SD = 39.85 versus M = 14.94, SD = 29.58;
t(17) = 2.03, p = .05). For the entire sample, F (3,14) = 3.59, p b
.05, executive attention was enhanced following fearful versus
neutral-f faces (M = 107.13, SD = 47.49 versus M = 131.25,
SD = 71.17; t (17) = − 2.28, p b .05). Thus, without taking ERP
responses into account, orienting and executive attention were
enhanced following fearful and sad faces. Alerting was not
modulated by emotional factors.
2.4. Correlations between ERPs and attention performance
The goal of the next set of analyses was to assess whether
the degree to which participants processed emotional faces as
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normative and perhaps clinical levels of anxiety, emotional
capture of attention is extremely rapid.
In contrast to previous studies, however, the N250 was not
enhanced in emotional versus neutral faces (Sato et al., 2001). If
the N250 is analogous to the face N170, as suggested by other
studies and by its topographical distribution (Taylor et al., 2004;
Sato et al., 2001), it may be that affective characteristics of the
face are less significant than configural characteristics in eliciting this ERP response (Eimer and Holmes, 2002). Another
possibility is that the very brief duration of the faces in the
present study (50 ms) decreased the emotional modulation of
ERP responses overall because the affective properties of the
faces may have been less salient or less detectable.
What implication did these stages of emotional face processing have for attention performance? In contrast to previous
research on negative emotions and attention performance (Eastwood et al., 2003), behavioral findings showed enhanced
orienting and executive attention following negative emotional
faces, particularly among those reporting relatively high trait
anxiety. However, a very different picture emerged when ERP
measures of emotional face processing and trait anxiety were
taken into account. N250 responses were consistently linked to
attention performance. As N250 amplitudes increased, orienting
and conflict resolution became less efficient in the high trait
anxiety group, but alerting became more efficient in the low trait
anxiety group. Other correlations were marginally significant
but suggest a similar pattern.
Due to the small sample size, results must be interpreted with
caution and require replication. However, it appeared that processing negative emotional faces may “jump-start” alerting
among the less anxious, but disrupt orienting and executive
attention among the more anxious (Derryberry and Rothbart,
1997; Gray and McNaughton, 2000). The specificity of these
effects implies that anxious arousal in a normative range may
primarily influence orienting and executive attention; in clinical
groups, anxious arousal might have a more generalized and
intensified negative impact (Compton, 2003). These patterns
could also be interpreted in terms of competition and resource
allocation models (Meinhardt and Pekrun, 2003) in which the
balance between affective state and emotional processing biases
attention. If participants already show relatively high anxiety,
further prioritizing emotional processing could over-tax the
resources available for shifting and inhibiting attention, resulting in reduced performance (Compton, 2003; Hanoch and
Vitouch, 2004). Low reactive individuals should have more
available resources, and thus enhanced emotional processing
might instead motivate and bolster general alertness. To better
disentangle these effects, future research should assess emotional arousal in multiple ways, including mood inductions,
examining anxious state in comparison with trait (Rutherford
et al., 2004) and testing the impact of negative versus positive
emotions on multiple attention systems (Ashby et al., 1999;
Fredrickson and Branigan, 2005).
The present study introduced a novel methodology in that an
emotional factor was integrated into a well-validated attention
task yielding three distinct attention measures. This provides an
excellent opportunity to simultaneously examine the impact of
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measured by ERPs was associated with attention performance.
We examined correlations between attention scores and ERPs
following fearful and sad faces at maximal left (FC3 or P7) and
right (FC4 and P8) electrode sites. Correlations were conducted
for the entire sample but none reached significance. Correlations were then conducted for the low and high trait anxiety
groups separately to examine whether links between ERPs and
attention varied by trait anxiety group. Recall that for positive
amplitudes (P200, P300) correlations should be interpreted as
usual, but that for negative amplitudes, the interpretation of
correlations should be inverted.
In the low trait anxiety group increases in N250 following
fearful faces were linked to greater alerting (r = − .85, p b .001),
and, although marginally significant, increases in N200 following fearful faces were linked to greater orienting (r = − .64,
p b .07). In contrast to the low trait anxiety group and analyses
of attention performance alone, for the high trait anxiety group,
increased processing of fearful and sad faces was associated
with reduced attention performance. N250 following fearful and
sad faces was linked to greater conflict interference and thus
reduced executive attention (r = − .68, p b .05 and r = − .85, p b
.001). In addition, although marginally significant, P200 following fearful faces was linked to reduced orienting (r = − .60,
p b .07) and P300 following sad faces was linked to greater
conflict interference (r = .64, p b .07). All correlations were right
lateralized.

pe

3. Discussion
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The present study showed that early-developing ERP responses to emotional faces were enhanced for negative versus
neutral faces and for those showing high versus low trait
anxiety. Although behavioral results showed improved attention
performance following presentation of negative emotional
faces, even among those showing relatively high trait anxiety,
ERP findings showed that the degree to which faces recruited
attentional resources among the high trait anxiety group was
linked to decrements in orienting and executive attention. Taken
together, this suggests that the regulation of attention in multiple
domains is influenced by rapid and automatic aspects of emotional face processing and that these links are sensitive to
individual differences in anxiety. Results further suggest that
ERPs provide a powerful tool for capturing aspects of emotionattention interactions that behavioral studies alone may miss.
Modulation of ERP responses showed emotional specificity.
P300 amplitudes were enhanced following sad faces, whereas
P200 and N200 were enhanced for the high trait anxiety group.
Therefore, affective discrimination around 300 ms was similar
for all, but high trait anxiety specifically enhanced initial detection (P200) and top-down control of emotional stimuli (N200).
This suggests that even trait anxiety in a normative range
bolsters monitoring of emotional information and biases competition for processing resources to favor motivationally-significant stimuli (Compton, 2003). Indeed, because many of these
effects were right lateralized, the “emotional surveillance system” reflecting fear and threat processing is implicated (Bear,
1983; Nitschke et al., 2000). Overall, this suggests that in
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emotional processing on attention performance in multiple domains. Several characteristics of this experimental task should
be taken into account when interpreting results. Because faces
were presented very briefly and were essentially mild emotional
distracters that needed to be ignored during the task, findings
support the contention that the emotional capture of attention is
extremely rapid and recruits both automatic and relatively
voluntary attentional processes (Lewis, 2000; Scherer, 2000).
Second, faces were randomly alternating in terms of emotional
valence, making it unclear how results might have differed if
participants took part in extended emotional processing or in the
context of a sustained, block design. Future research should
directly compare block versus event-based designs, and
examine a more extended time course of emotional processing
in order to delineate effects of automatic and effortful emotion
processing, as well as earlier and later processing biases on
distinct attention systems (Compton, 2003). These factors might
explain why we did not detect a P1 orienting response or a
posterior N170 (Righart and de Gelder, 2006; Batty and Taylor,
2003): due to the brief duration and distracting nature of
emotional faces, correctly directed or selective spatial attention
may not have been consistently elicited (Mangun, 1995).
In summary, all participants showed increased processing of
negative emotional faces, and individuals evidencing high trait
anxiety further showed enhanced processing and monitoring of
emotional faces through posterior and anterior attention mechanisms, which resulted in compromised attention. The opposite
occurred for the low trait anxiety group, suggesting that when
anxious mood is reduced, emotional processing can facilitate
attention performance. Results provide insights into the time
course of the rapid emotional capture of attention related to
anxiety and into ERP markers for the emotional modulation of
attention.
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