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a b s t r a c t

Aversive stimuli capture attention and elicit increased neural activity, as indexed by behavioral, elec-
trocortical and hemodynamic measures; moreover, individual differences in anxiety relate to a further
increased sensitivity to threatening stimuli. Evidence has been mixed, however, as to whether aversive
pictures elicit increased neural response when presented in unattended spatial locations. In the current
study, ERP and behavioral data were recorded from 49 participants as aversive and neutral pictures were
eywords:
motion
ttention
nxiety
RP
ate positive potential
PP

simultaneously presented in spatially attended and unattended locations; on each trial, participants made
same/different judgments about pictures presented in attended locations. Aversive images presented in
unattended locations resulted in increased error rate and reaction time. The late positive potential (LPP)
component of the ERP was only larger when aversive images were presented in attended locations, and
this increase was positively correlated with self-reported state anxiety. Findings are discussed in regard
to the sensitivity of ERP and behavioral responses to aversive distracters, and in terms of increased neural

stim

APS

processing of threatening

A variety of evidence suggests that aversive stimuli readily
apture attention, alerting organisms to potential threats in the
nvironment (e.g., Eastwood, Smilek, & Merikle, 2001; LeDoux,
996; Öhman, Lundqvist, & Esteves, 2001). Though this may gen-
rally be viewed as adaptive, the prioritization of threatening
nformation can come at the cost of other, task-relevant needs. For
xample, participants perform relatively worse on simple choice
asks in the face of threatening compared to neutral distracters
e.g., Hartikainen, Ogawa, & Knight, 2000; VanDamme, Crombez,

Notebaert, 2008). Some researchers have hypothesized that the
rocessing of threat-related stimuli may occur in an obligatory fash-

on, resulting in reduced availability of attentional resources (e.g.,
olan & Vuilleumier, 2003; Vuilleumier, Armony, Driver, & Dolan,
001).

Studies using fMRI have supported the notion that the automatic
rocessing of threatening information may depend on activity of
he amygdala. For instance, Vuilleumier et al. (2001) designed a
ask in which participants simultaneously viewed a pair of houses
nd a pair of faces, presented above and below and to the left

nd to the right of fixation. Participants were required to decide
hether a pair of houses or faces, presented in attended spatial

ocations, were the same or different. Results indicated that fearful
aces presented in unattended spatial locations elicited increased

∗ Corresponding author. Tel.: +1 631 632 6272; fax: +1 631 632 7876.
E-mail address: greg.hajcak@stonybrook.edu (G. Hajcak).

028-3932/$ – see front matter © 2009 Elsevier Ltd. All rights reserved.
oi:10.1016/j.neuropsychologia.2009.06.026
uli in anxiety.
© 2009 Elsevier Ltd. All rights reserved.

activity in the amygdala. Using the same paradigm in patients with
lesions involving the amygdala, hippocampus, or both, as well as
matched controls, Vuilleumier, Richardson, Armony, Driver, and
Dolan (2004) found that only patients with amygdala lesions failed
to show increased activation in the visual cortex for unattended
fearful faces—further suggesting that the processing and detection
of unattended emotional stimuli may depend on the amygdala.
Finally, increased amygdala activation to fearful faces presented
in the unattended visual field has also been documented among
patients with unilateral spatial neglect—and because patients were
unaware of the stimuli, these results also indicate that the amyg-
dala response to threatening facial stimuli is not mediated by spatial
attention or awareness (Vuilleumier et al., 2002).

Nevertheless, work by Pessoa and colleagues (Pessoa, McKenna,
Gutierrez, & Ungerleider, 2002; Pessoa, Padmala, & Morland, 2005)
has suggested that unattended emotional stimuli might elicit amyg-
dala activity, but only when task-related attentional demands are
low. In one study, unattended emotional faces elicited increased
neural activity in easy, but not in medium or hard task conditions.
Using a design similar to that of Vuilleumier et al. (2001), Silvert et
al. (2007) also explored the effects of task difficulty by present-
ing participants with pairs of faces and houses; however, faces

and houses were tilted slightly. Participants were asked to either
indicate whether two images were the same or different (‘identifi-
cation’) or whether they were tilted at the same or different angles
(‘orientation’), while ignoring the other pair of images. The authors
reported that in the easier orientation task, greater amygdala activ-

http://www.sciencedirect.com/science/journal/00283932
http://www.elsevier.com/locate/neuropsychologia
mailto:greg.hajcak@stonybrook.edu
dx.doi.org/10.1016/j.neuropsychologia.2009.06.026
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1.3. Procedure

Following verbal instructions indicating that they would be viewing pictures
of varying emotional quality, participants were seated and electroencephalograph

1 The IAPS pictures used were aversive (1050, 1090, 1120, 1205, 1220, 1240, 1270,
1280, 1300, 1930, 1932, 2120, 2800, 2811, 3030, 3051, 3060, 3068, 3069, 3080, 3100,
976 A. MacNamara, G. Hajcak / Neu

ty was evidenced for unattended fearful compared to neutral faces;
owever, in the more difficult identification task, threatening stim-
li presented in unattended locations did not influence amygdala
ctivity. Collectively, these results suggest that attentional demands
ay impact whether amygdala activity is observed when aversive

timuli are presented in unattended spatial locations.
The effect of spatial attention on the processing of emotional

timuli has also been explored using event-related potentials
ERPs). In particular, the late positive potential (LPP) component
f the ERP is a parietal positivity that is larger for emotional com-
ared to neutral stimuli (Cuthbert, Schupp, Bradley, Birbaumer, &
ang, 2000; Dillon, Cooper, Grent-‘t-Jong, Woldoff, & LaBar, 2006;
ajcak & Nieuwenhuis, 2006; Hajcak & Olvet, 2008; Schupp et
l., 2000; Schupp, Junghöfer, Weike, & Hamm, 2003, 2004). The
vailable evidence suggests that emotional stimuli presented in
nattended locations do not elicit increased LPPs. Using a task sim-

lar to Vuilleumier et al. (2001), Holmes, Vuilleumier, and Eimer
2003) found that fearful faces elicited larger electrocortical pos-
tivities than neutral faces when they were presented in spatially
ttended, but not unattended locations. Likewise, only emotional
aces presented in attended spatial locations elicited increased pari-
tal positivities in Eimer, Holmes, and McGlone’s (2003) work.
oreover, Dunning and Hajcak (2009) recently found that directing

patial attention within aversive pictures influenced the LPP: when
articipants were instructed to direct attention to a less emotional
art of an aversive picture, the LPP did not differ from neutral pic-
ures (cf. Hajcak, Dunning, & Foti, 2009). Thus, although the LPP
ppears to reflect increased processing of salient emotional stimuli,
his effect appears to depend heavily on spatial attention.

There is further evidence that individual differences in anxiety
ay interact with spatial attention to determine the extent of emo-

ional interference from task-irrelevant stimuli. In particular, biased
ttention toward threat-related stimuli has been theorized to play
role in the development and maintenance of anxiety (e.g., Beck &
mery, 1985; Eysenck, 1997; Mathews & Mackintosh, 1998; Mogg
Bradley, 1998; Williams, Watts, MacLeod, & Mathews, 1997). For

nstance, individuals with greater anxiety are slower to disengage
ttention from threatening stimuli (Derryberry & Reed, 2002; Fox,
usso, Bowles, & Dutton, 2001; Fox, Russo, & Dutton, 2002; Yiend &
athews, 2001) and faster to detect objects that appear in locations

reviously occupied by threatening or fearful faces (Bradley, Mogg,
alla, & Hamilton, 1998; Fox, 2002). Indeed even when awareness
f threatening stimuli is minimized using backward masking, high
nxious participants continue to evidence greater interference than
ow anxious participants (Fox, 1996; Mogg, Bradley, Williams, &

athews, 1993). These data have been taken as support for the
otion that anxiety is associated with increased automatic pro-
essing of threatening information (e.g., Mathews, Mackintosh, &
ulcher, 1997). Using fMRI and a task similar to Vuilleumier et al.’s
2001), Bishop, Duncan, and Lawrence (2004) found that among
ow state anxious participants, fearful faces elicited less amygdala
esponse when presented in unattended locations. For high state
nxious participants, however, amygdala response to fearful faces
as comparable when they were presented in both unattended and

ttended locations. Like task difficulty, then, individual differences
n anxiety may moderate the neural response to aversive stimuli
resented in unattended spatial locations.

The present study aimed to build upon this previous work
o determine if the parietal positivity (i.e., the LPP) elicited by
motional stimuli is modified by spatial attention and state anx-
ety. To this end, an image-matching task similar to that used by

uilleumier et al. (2001) was employed, which required partici-
ants to determine whether two pictures presented in attended

ocations were the same or different; on each trial, two images were
lso presented in unattended locations. In the current study, pic-
ures from the International Affective Picture System (IAPS; Lang,
chologia 47 (2009) 2975–2980

Bradley & Cuthbert, 2005) were used instead of faces and houses
for two reasons. First, this would facilitate comparison with a wider
body of ERP research on emotion and attention using IAPS pictures.
Second, unpleasant IAPS pictures are more emotionally arousing
than faces (Britton, Taylor, Sudheimer, & Liberzon, 2006). Thus, pre-
vious failures to find modulation of parietal positivities by stimuli
in unattended locations may have been related to the use of less
arousing facial stimuli.

Prior studies using this type of task have allowed either targets
or distracters – but not both simultaneously – to be threat-related.
The present study, however, fully crossed target (neutral, aver-
sive) and distracter (neutral, aversive) stimuli so that the effect of
emotional as compared to neutral distracters could be examined
in the context of processing both emotional and neutral stimuli
presented in attended locations. In all conditions, picture type (neu-
tral, aversive) was irrelevant to the task at hand. In this way, the
present study focused exclusively on how task-irrelevant aversive
content impacts ERP and behavioral measures—and whether these
effects were moderated by spatial attention and state anxiety. It was
hypothesized that both aversive targets and distracters would elicit
longer reaction times (Bishop et al., 2004) and a greater percentage
of errors (Keil, Moratti, Sabatinelli, Bradley, & Lang, 2005). Based
on existing work using faces, it was hypothesized that aversive pic-
tures presented in attended locations – but not aversive pictures
presented in unattended locations – would elicit significantly larger
parietal positivities (Eimer et al., 2003; Holmes et al., 2003). Based
on previous fMRI work, however, we expected that the LPP would be
increased for aversive compared to neutral distracters as a function
of participants’ reported anxiety (Bishop et al., 2004).

1. Method

1.1. Participants

Fifty-four undergraduate students participated in the study. Three participants
were excluded from analyses because their behavioral responses were not recorded;
one participant was excluded because of excessive errors on the task (i.e., greater
than 50%), and one participant was excluded due to poor quality EEG recording. Data
from 49 participants (16 male, 33 female) were included in the final analysis of EEG
data. Self-report responses on the state version of the State Trait Anxiety Inventory
(STAI; Spielberger, 1983) were collected from 46 of these participants (14 male, 32
female). All participants received course credit.

1.2. Stimulus materials

A total of 96 pictures were selected from the IAPS (Lang et al., 2005). There
were 48 aversive pictures (e.g., attack scenes, mutilated bodies) and 48 neutral pic-
tures (e.g., household objects, neutral faces).1 Normative ratings (Lang et al., 2005)
indicated that the aversive pictures were less pleasant (valence M = 2.50, SD = 1.58)
than the neutral pictures (M = 5.12, SD = 1.32; ratings have been reverse-scored so
that higher numbers indicate more pleasant ratings), and were higher in arousal
ratings (M = 6.26, SD = 2.20) than neutral pictures (M = 3.45, SD = 1.99; ratings have
been reverse-scored so that higher numbers indicate higher arousal).

Stimuli were presented on a Pentium D computer, using Presentation software
(Neurobehavioral Systems Inc.; Albany, CA). Pictures were displayed in color for
250 ms at a size of 293 pixels across by 219 pixels high, or approximately 1/12 of the
total monitor area (1024 × 768 pixels; 48.26 cm). Participants were seated approxi-
mately 60 cm from the screen.
3102, 3120, 3140, 3170, 3230, 3250, 3261, 3350, 3530, 6260, 6313, 6315, 6350, 6360,
6370, 6510, 6530, 6540, 6550, 6560, 6570, 9040, 9042, 9140, 9301, 9320, 9570) and
neutral (1390, 1450, 1650, 1670, 1810, 1935, 2038, 2102, 2190, 2200, 2210, 2214, 2357,
2383, 2393, 2397, 2446, 5500, 5510, 5530, 7000, 7002, 7030, 7034, 7036, 7037, 7040,
7041, 7054, 7057, 7060, 7110, 7130, 7175, 7234, 7491, 7493, 7496, 7500, 7501, 7546,
7547, 7550, 7560, 7595, 7620, 7710, 7920).
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(F(1,48) = 52.63, p < .0001, �p = .52; see Table 1 for means), but did
not differ following aversive as compared to neutral distracters
(p > .12). There was no interaction between target and distracter
type (p > .84).

2 The percent of intervals rejected due to artifacts per condition was as follows:
ig. 1. A sample trial from the task: a pair of horizontal (or vertical) white rectangles
n a black background directed participants’ attention to the upcoming ‘target’ pic-
ures. Following the presentation of four images, participants indicated as quickly
nd as accurately as they could whether the two target images (those that replaced
he rectangles) were identical (‘same’) or different (‘different’).

ensors were attached. Immediately prior to the start of the task, participants were
sked to complete the state version of the STAI (Spielberger, 1983). This question-
aire consists of 20 items; responses are made on a scale ranging from 1 (“Not At
ll”) to 4 (“Very Much So”). Responses can reach a maximum of 80; greater scores

ndicate higher levels of state anxiety.
Participants were told that on each trial of the task, they would see four total

ictures—two to the right and left, and two above and below the center of the screen;
hey were told that on each trial, they would have to indicate whether two of the
ictures were the same or different. In particular, participants were instructed that
n some trials, they would make this same/different decision about the top and
ottom pictures, and on other trials, they would make this same/different decision
bout the left and right pictures.

Fig. 1 depicts the sequence of events during a trial of the task. On each trial, a pair
f horizontal or vertical rectangles measuring 293 × 219 pixels with a 2 pixel-wide
hite border appeared on a black screen for 1000 ms. The rectangles indicated which

ictures (i.e., horizontal or vertical) would be the targets for the same/different deci-
ion in the upcoming trial. Next, a white fixation cross was presented on a black
creen for 1000 ms, after which four color pictures appeared on the screen simul-
aneously for 250 ms, arranged so that they formed a pair of horizontal and a pair
f vertical images. After picture offset, a white fixation cross was presented again
n a black screen for up to 1800 ms. Participants were asked to indicate as quickly
nd as accurately as possible whether the two target pictures were identical (‘same’)
r different (‘different’); this decision was made using the left and right arrow keys
key correspondence was counterbalanced across participants). The trial ended as
oon as participants responded or at 1800 ms following picture offset if no response
as made. Each trial was followed by a random inter-trial interval (a black screen)

f 50–150 ms duration.
Participants performed 10 practice trials while the experimenter observed their

esponses and ensured that they understood the task. Following the practice trials,
ll participants performed 320 trials. There were 32 trial types, corresponding to all
he possible combinations of picture type, picture location and whether the pictures
ere the same or different: 2 (target: neutral, aversive) × 2 (target: same, differ-

nt) × 2 (target: horizontal, vertical) × 2 (distracter: neutral, aversive) × 2 (distracter:
ame, different). Trials and pictures were presented pseudo-randomly—every par-
icipant saw all 32 trial types and each picture exactly 10 times. The task required 960
icture selections; these selections were evenly and randomly distributed between
he conditions—240 in each of the four conditions. Both picture types (in the hori-
ontal or vertical pairs) were always the same; in other words, neutral and aversive
ictures were never mixed within the horizontal and vertical pairs. For the pur-
ose of analysis, only the effects of target and distracter type (neutral, aversive)
ere of importance and yielded four conditions: 80 trials in which target pictures
ere aversive and distracters were aversive; 80 trials in which target pictures were
eutral and distracters were neutral; 80 trials in which the target pictures were
versive and distracters were neutral; and 80 trials in which target pictures were
eutral and distracters were aversive. Participants received breaks after every 64

rials.

.4. Electroencephalographic recording

An elastic cap and the ActiveTwo BioSemi system (BioSemi, Amsterdam, Nether-
ands) were used to record the continuous EEG. Sixty-four electrode sites, based
chologia 47 (2009) 2975–2980 2977

on the 10/20 system, were used, as well as one electrode on each of the left and
right mastoids. Four facial electrodes recorded the electrooculogram (EOG) gener-
ated from eye blinks and eye movements: vertical eye movements and blinks were
measured with two electrodes placed approximately 1 cm above and below the
right eye; horizontal eye movements were measured with two electrodes placed
approximately 1 cm beyond the outer edge of each eye. Online data were referenced
according to BioSemi’s design, which replaces the ground electrode used in con-
ventional systems with two separate electrodes (the Common Mode Sense active
electrode and the Driven Right Leg passive electrode). These electrodes form a feed-
back loop, driving the common mode potential of the participant down and reducing
the effective impedance of the ground.

ActiView software (BioSemi, Amsterdam, Netherlands) was used to digitize the
EEG data at 512 Hz. Off-line analyses were performed using Brain Vision Analyzer
software (Brain Products, Gilching, Germany). Data were re-referenced to the aver-
age of the two mastoids and band-pass filtered with low and high cutoffs of 0.1 and
30 Hz, respectively. The EEG was segmented for each trial beginning 200 ms prior to
picture onset and continuing for 1200 ms (1000 ms beyond picture onset). For each
trial, the baseline was defined as the 200 ms prior to picture onset. Only trials in
which participants made correct responses were included in the ERP analyses. Eye
blink and ocular corrections were made using the method developed by Gratton,
Coles, and Donchin (1983). Artifact analysis identified a voltage step of more than
50.0 �V between sample points, a voltage difference of 300.0 �V within a trial, and
a maximum voltage difference of less than 0.50 �V within 100 ms intervals; trials
were also inspected visually for artifacts. Intervals containing artifacts were rejected
from individual channels in each trial; the percentage of intervals rejected as arti-
facts did not vary by target or distracter type.2 Parietal positivities were scored by
averaging activity from 400 to 800 ms at six centro-parietal sites where the LPP was
maximal: C1, Cz, C2, CP1, CPz, and CP2.

Four averages (80 trials of each condition) were created for each participant:
neutral images paired with neutral distracters, neutral images paired with aver-
sive distracters, aversive images paired with neutral distracters and aversive images
paired with aversive distracters. Trials on which participants had answered correctly
were those on which a correct response (‘same’ or ‘different’) was made within
1800 ms following picture offset. Trials on which participants responded outside of
this time frame were considered incorrect. The percentage of correct responses per
condition was calculated as the number of correct trials divided by 80 trials in each
condition. Average reaction time per condition was determined as the average time
taken to respond following picture onset, on correct trials only.

The LPP, reaction time and percentage of errors were evaluated with a 2 (tar-
get type neutral, aversive) × 2 (distracter type neutral, aversive) repeated-measures
analysis of variance (ANOVA). Statistical analyses were performed using SPSS (Ver-
sion 16.0) General Linear model software.

2. Results

2.1. Parietal positivity (LPP)

Fig. 2 depicts the spatial distribution of voltage (scalp topogra-
phies) associated with aversive compared to neutral pictures
presented in attended (Fig. 2, left) and unattended (Fig. 2, right)
locations. Consistent with past research, the LPP appeared largest
at centro-parietal sites following the presentation of aversive ver-
sus neutral pictures (Codispoti, Ferrari, & Bradley, 2007; Cuthbert
et al., 2000; Foti, Hajcak, & Dien, 2009; Hajcak, Dunning, &
Foti, 2007; Hajcak et al., 2009; Hajcak, Moser, & Simons, 2006;
Hajcak & Olvet, 2008); however, this effect was only evident when
aversive pictures were presented in attended locations. Fig. 3
presents ERPs at each centro-parietal site for each of the four
conditions. The impression from Figs. 2 and 3 was confirmed sta-
tistically: the LPP was larger following aversive than neutral targets

2

neutral targets and neutral distracters, M = 1.67%, SD = 3.39%; neutral targets and
aversive distracters, M = 1.86%, SD = 3.79%; aversive targets and neutral distracters,
M = 1.55%, SD = 3.21%; aversive targets and aversive distracters, M = 1.76%, SD = 3.64%.
A 2 (target type: neutral, aversive) × 2 (distracter type: neutral, aversive) repeated-
measures ANOVA confirmed that the percentage of artifacts did not vary as a function
of target or distracter type (all ps > .18).
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ig. 2. Topographic maps depicting voltage differences (in �V) for aversive minus
eutral targets (left) and aversive minus neutral distracters (right), between 400 and
00 ms following picture onset.

.2. Behavioral data

Overall, participants performed well on the task (M = 90.42% cor-
ect, SD = 6.32). Table 1 presents the average percentage of correct
esponses according to condition. Participants made significantly

ore errors on trials with aversive as compared to neutral dis-
racters (F(1,48) = 7.98, p < .01, �2

p = .14). Error rate did not vary as

function of target type (p > .91); the interaction between target

nd distracter type did not reach significance (p > .52). Table 1 also
resents the average reaction times (for correct trials) according
o condition (overall M = 686, SD = 140). Participants were signifi-
antly slower to respond to trials containing aversive as compared

ig. 3. Grand average waveforms (in �V) for the four conditions: neutral targets and neut
istracters; and aversive targets and aversive distracters, at each of the electrodes used i
bottom, from left to right).

able 1
ean LPP (and standard deviations) in �V, reaction time and percentage of trials correct

versive distracters; aversive targets and neutral distracters and aversive targets and aver

arget Distracter LPP (�v; 400–800 ms)

eutral Neutral 4.21 (4.22)
eutral Aversive 3.85 (4.08)
versive Neutral 6.29 (4.34)
versive Aversive 6.00 (4.03)
chologia 47 (2009) 2975–2980

to neutral distracters (F(1,48) = 7.14, p < .02, �2
p = .13). Reaction time

did not vary as a function of target type (p > .55); the interaction
between target and distracter type also did not reach significance
(p > .19).

2.3. State anxiety

State anxiety scores ranged from 20 to 66 (M = 35.26, SD = 11.03);
this is in line with published norms for college-aged students (norm
M = 36, SD = 10; Spielberger, 1983). To determine whether the effect
of target or distracter type on the LPP correlated with state anxiety
scores, difference scores were calculated for amplitudes to aver-
sive and neutral targets collapsing across distracter type, and again
for aversive and neutral distracters collapsing across target type.
There was a significant bivariate correlation between state anxiety
scores and LPP amplitude for aversive compared to neutral targets
(r(46) = .36, p < .05), such that greater anxiety was associated with
larger LPP difference scores to aversive compared to neutral targets.
Fig. 4 presents the LPP difference to aversive versus neutral targets
as a function of state anxiety. State anxiety did not correlate with
the effect of distracter type on the LPP (p > .28) or with the effects
of target or distracter type on reaction time (all ps > .77) or on the
number of errors (ps > .69).

3. Discussion
In the present study, aversive compared to neutral pictures
elicited a larger parietal positivity, but only for pictures presented in
attended spatial locations. That is, aversive distracters did not elicit
a larger electrocortical response than neutral distracters. More-
over, higher state anxiety was specifically associated with a larger

ral distracters; neutral targets and aversive distracters; aversive targets and neutral
n the centro-parietal pooling: C1, Cz, C2 (top, from left to right); CP1, CPz and CP2

for (top row to bottom): neutral targets and neutral distracters; neutral targets and
sive distracters.

Reaction time (ms) Accuracy (% correct)

684 (141) 91.2 (6.1)
687 (140) 89.6 (6.9)
682 (139) 91.0 (6.0)
692 (140) 89.9 (6.5)
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trol may interact with biases towards threatening information to
ig. 4. Scores on the state version of the STAI correlated positively with amplitude
in �V) to aversive minus neutral targets at central pooling, C1, Cz, C2, CP1, CPz and
P2, 400–800 ms following picture onset.

lectrocortical positivity following the presentation of aversive
ompared to neutral pictures in attended locations.

Evidence as to whether spatially unattended emotional stimuli
licit enhanced neural activity has been limited to facial stimuli in
revious ERP work. Results from the present study are in line with
ork by Holmes et al. (2003), who found increased ERP amplitudes

or fearful compared to neutral faces only when presented in spa-
ially attended locations. Similarly, Eimer et al. (2003) found that
motional compared to neutral faces presented in unattended loca-
ions did not elicit greater electrocortical activity. The present study
xtends these findings to more complex and arousing aversive
timuli—and further suggests that the increased parietal positivity
i.e., the LPP) elicited by aversive images is not evident when stimuli
re presented in unattended locations. These results are also con-
istent with previous work from our laboratory in which directing
patial attention within aversive images reduced the amplitude of
he LPP (Dunning & Hajcak, 2009; Hajcak et al., 2009).

Although the parietal positivity was not larger for aversive
istracters, the behavioral data suggest that aversive distracters
eceived sufficient processing to interfere with the task: par-
icipants were slower to respond and made more errors when
istracters were aversive than neutral. These behavioral data are
onsistent with previous studies (Keil et al., 2005; Vuilleumier et
l., 2001), and suggest that the present task did not consume suf-
cient attentional resources to eliminate behavioral effects from

hreatening distracters (cf. Pessoa et al., 2005; Silvert et al., 2007).
ollectively, these data suggest that electrocortical measures may
e more sensitive to attentional manipulations than behavioral
easures.

Previous studies that have employed this type of task using fMRI
ave found increased amygdala activity in response to threatening

aces presented in unattended spatial locations (e.g., Silvert et al.,
007; Vuilleumier et al., 2001, 2002, 2004), especially under condi-
ions of low attentional load (Pessoa et al., 2002, 2005; Silvert et al.,
007). In light of these data, it is possible that electrocortical activ-

ty indexed by the LPP is more sensitive than the hemodynamic
esponse in the amygadala to attention-related manipulations.
ndeed, previous work suggests that parietal positivities may reflect
laborated processing related to stimulus meaning (e.g., Foti &
ajcak, 2008; MacNamara et al., in press) and may depend on the

onscious recognition of stimulus content (Williams et al., 2007).
nterestingly, ERPs may differ from other forms of EEG activity such
s steady state evoked potentials (ssVEPs), which have been shown
o be larger for emotional compared to neutral pictures even when
timuli are presented in unattended spatial locations (Keil et al.,

005).

Importantly, the difference between LPPs to aversive compared
o neutral pictures presented in attended locations was correlated
ith state anxiety; these results are in line with a large body
chologia 47 (2009) 2975–2980 2979

of research suggesting that anxiety is associated with an atten-
tional bias towards threatening information (see Bar-Haim, Lamy,
Pergamin, Bakermans-Kranenburg, & van IJzendoorn, 2007 for a
meta-analysis, 2007). Using an fMRI paradigm, Bishop et al. (2004)
also found an association between neural response to unpleasant
pictures and state anxiety, however in their study, state anxiety
was associated with increased amygdala response to unattended
unpleasant pictures. This discrepancy may be due in part to dif-
ferences in task design. For instance, the present study utilized
aversive IAPS pictures, whereas previous tasks have employed pic-
tures of fearful faces. Additionally, previous work has not emphasize
speeded responding (Bishop et al., 2004) and trials were blocked
by target location so that participants’ spatial attention was con-
stant throughout each block. Future work might clarify whether
methodological differences including stimuli and task design differ-
entially impact associations between anxiety and neural response
to spatially attended and unattended stimuli.

It is interesting to note that the emotional nature of the stim-
uli were completely task irrelevant in the current study. Thus,
increased neural activity to aversive compared to neutral pictures
in attended locations could be conceptualized in terms of emo-
tional distraction or interference. These data suggest that the LPP
might provide a sensitive index of the degree to which threaten-
ing stimuli in attended locations capture attention—even when the
emotional aspect of such stimuli are irrelevant to the task at hand.
Furthermore, the magnitude of this neural response may reflect
threat-related biases that characterize anxious individuals. Future
work in anxious clinical samples will be important to substanti-
ate this possibility. Moreover, it will be important to determine
whether the relationship between an increased LPP to aversive
stimuli presented in attended locations and its relationship with
anxiety generalizes to appetitive emotional stimuli. Another poten-
tial avenue for future research is to explore the extent to which
threat-related biases in anxiety depend on task-related attentional
load. Recent work by Bishop, Jenkins, and Lawrence (2007) – in
which anxious individuals exhibited increased processing of threat-
related stimuli under conditions of low, but not high perceptual
load – suggests that increased processing of threat-related stim-
uli amongst anxious individuals is most evident when attentional
resources are available to process this unattended information.

Insofar as anxiety related to neural but not behavioral measures
of emotional processing, the present study is consistent with pre-
vious work (e.g., Bishop et al., 2004) that suggests a dissociation
between the effect of anxiety on neural and behavioral measures.
Other studies have also found anxiety-related differences using
ERPs that were not evident in behavioral data: Moser, Hajcak,
Huppert, Foa, and Simons (2008), for example, found ERP evidence
of a positive bias that distinguished low from high socially anxious
individuals, though the groups did not differ on behavioral mea-
sures. Likewise, individuals scoring high on obsessive-compulsive
traits, anxiety and worry exhibit larger error-related ERPs but equiv-
alent task performance as controls (Hajcak, Franklin, Foa, & Simons,
2008; Hajcak, McDonald, & Simons, 2003; Hajcak & Simons, 2002).
Finally, threatening faces elicit larger ERPs among high anxious
participants—even though reaction times are equivalent for all
types of faces (Bar-Haim, Lamy, & Glickman, 2005). Taken together,
these results suggest that anxiety may be characterized by the
abnormal recruitment of neural resources when processing aver-
sive information—and that this may not necessarily be reflected in
behavioral data. Work by Derryberry and Reed (2002) suggests that
among anxious individuals, other variables such as attentional con-
determine whether behavioral responses are affected. Future work
might continue to use ERPs as a sensitive measure of emotional
interference associated with anxiety, while continuing to elucidate
links with other variables that may moderate behavioral effects.



2 ropsy

R

B

B

B

B

B

B

B

C

C

D

D

D

D

E

E

E
F

F

F

F

F

F

G

H

H

H

H

H

H

1608.
980 A. MacNamara, G. Hajcak / Neu

eferences

ar-Haim, Y., Lamy, D., & Glickman, S. (2005). Attentional bias in anxiety: A behavioral
and ERP study. Brain and Cognition, 59(1), 11–22.

ar-Haim, Y., Lamy, D., Pergamin, L., Bakermans-Kranenburg, M. J., & van IJzendoorn,
M. H. (2007). Threat-related attentional bias in anxious and nonanxious individ-
uals: A meta-analytic study. Psychological Bulletin, 133(1), 1–24.

eck, A. T., & Emery, G. (1985). Anxiety disorders and phobias: A cognitive perspective.
New York: Basic Books.

ishop, S. J., Duncan, J., & Lawrence, A. D. (2004). State anxiety modulation of the
amygdala response to unattended threat-related stimuli. Journal of Neuroscience,
24(46), 10364–10368.

ishop, S. J., Jenkins, R., & Lawrence, A. D. (2007). Neural processing of fearful faces:
Effects of anxiety are gated by perceptual capacity limitations. Cerebral Cortex,
17(7), 1595–1603.

radley, B. P., Mogg, K., Falla, S. J., & Hamilton, L. R. (1998). Attentional bias for threat-
ening facial expressions in anxiety: Manipulation of stimulus duration. Cognition
& Emotion, 12(6), 737–753.

ritton, J. C., Taylor, S. F., Sudheimer, K. D., & Liberzon, I. (2006). Facial expressions and
complex IAPS pictures: Common and differential networks. NeuroImage, 31(2),
906–919.

odispoti, M., Ferrari, V., & Bradley, M. M. (2007). Repetition and event-related poten-
tials: Distinguishing early and late processes in affective picture perception.
Journal of Cognitive Neuroscience, 19(4), 577–586.

uthbert, B. N., Schupp, H. T., Bradley, M. M., Birbaumer, N., & Lang, P. J. (2000). Brain
potentials in affective picture processing: Covariation with autonomic arousal
and affective report. Biological Psychology, 52(2), 95–111.

erryberry, D., & Reed, M. A. (2002). Anxiety-related attentional biases and their reg-
ulation by attentional control. Journal of Abnormal Psychology, 111(2), 225–236.

illon, D. G., Cooper, J. J., Grent-‘t-Jong, T., Woldoff, M. G., & LaBar, K. S. (2006). Dis-
sociation of event-related potentials indexing arousal and semantic cohesion
during emotional word encoding. Brain and Cognition, 62(1), 43–57.

olan, R. J., & Vuilleumier, P. (2003). Amygdala automaticity in emotional processing.
Annals of the New York Academy of Sciences, 985, 348–355.

unning, J. P., & Hajcak, G. (2009). See no evil: Directing visual attention within
unpleasant images modulates the electrocortical response. Psychophysiology,
46(1), 28–33.

astwood, J. D., Smilek, D., & Merikle, P. M. (2001). Differential attentional guid-
ance by unattended faces expressing positive and negative emotion. Perception
& Psychophysics, 63(6), 1004–1013.

imer, M., Holmes, A., & McGlone, F. P. (2003). The role of spatial attention in the
processing of facial expression: An ERP study of rapid brain responses to six basic
emotions. Cognitive, Affective, & Behavioral Neuroscience, 3(2), 97–110.

ysenck, M. W. (1997). Anxiety and cognition: A unified theory. Hove: Erlbaum.
oti, D., & Hajcak, G. (2008). Deconstructing reappraisal: Descriptions preceding

arousing pictures modulates the subsequent neural response. Journal of Cognitive
Neuroscience, 20(6), 977–988.

oti, D., Hajcak, G., & Dien, J. (2009). Differentiating neural responses to emotional
pictures: Evidence from temporal-spatial PCA. Psychophysiology, 46(3), 521–530.

ox, E. (1996). Selective processing of threatening words in anxiety: The role of
awareness. Cognition and Emotion, 10(5), 449–480.

ox, E. (2002). Processing emotional facial expressions: The role of anxiety and
awareness. Cognitive, Affective, & Behavioral Neuroscience, 2(1), 52–63.

ox, E., Russo, R., Bowles, R., & Dutton, K. (2001). Do threatening stimuli draw or
hold visual attention in subclinical anxiety? Journal of Experimental Psychology:
General, 130(4), 681–700.

ox, E., Russo, R., & Dutton, K. (2002). Attentional bias for threat: Evidence for delayed
disengagement from emotional faces. Cognition & Emotion, 16(3), 355–379.

ratton, G., Coles, M. G., & Donchin, E. (1983). A new method for off-line removal
of ocular artifact. Electroencephalography and Clinical Neurophysiology, 55(4),
468–484.

ajcak, G., Dunning, J. P., & Foti, D. (2007). Neural response to emotional pictures
is unaffected by concurrent task difficulty: An event-related potential study.
Behavioral Neuroscience, 121(6), 1156–1162.

ajcak, G., Dunning, J. P., & Foti, D. (2009). Motivated and controlled attention to emo-
tion: Time-course of the late positive potential. Clinical Neurophysiology, 120(3),
505–510.

ajcak, G., Franklin, M. E., Foa, E. B., & Simons, R. F. (2008). Increased error-related
brain activity in pediatric obsessive-compulsive disorder before and after treat-
ment. American Journal of Psychiatry, 165(1), 116–123.

ajcak, G., McDonald, N., & Simons, R. F. (2003). Anxiety and error-related brain
activity. Biological Psychology, 64(1–2), 77–90.
ajcak, G., Moser, J. S., & Simons, R. F. (2006). Attending to affect: Appraisal strate-
gies modulate the electrocortical response to arousing pictures. Emotion, 6(3),
517–522.

ajcak, G., & Nieuwenhuis, S. (2006). Reappraisal modulates the electrocortical
response to unpleasant pictures. Cognitive, Affective, & Behavioral Neuroscience,
6(4), 291–297.
chologia 47 (2009) 2975–2980

Hajcak, G., & Olvet, D. M. (2008). The persistence of attention to emotion:
Brain potentials during and after picture presentation. Emotion, 8(2), 250–
255.

Hajcak, G., & Simons, R. F. (2002). Error-related brain activity in obsessive-compulsive
undergraduates. Psychiatry Research, 110(1), 63–72.

Hartikainen, K. M., Ogawa, K. H., & Knight, R. T. (2000). Transient interference of right
hemispheric function due to automatic emotional processing. Neuropsychologia,
38(12), 1576–1580.

Holmes, A., Vuilleumier, P., & Eimer, M. (2003). The processing of emotional facial
expression is gated by spatial attention: Evidence from event-related brain
potentials. Cognitive Brain Research, 16(2), 174–184.

Keil, A., Moratti, S., Sabatinelli, D., Bradley, M. M., & Lang, P. J. (2005). Additive
effects of emotional content and spatial selective attention on electrocortical
facilitation. Cerebral Cortex, 15(8), 1187–1197.

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2005). International Affective Picture
System (IAPS): Affective ratings of pictures and instruction manual. Technical Report
A-6. University of Florida, Gainesville, FL.

LeDoux, J. E. (1996). The emotional brain: The mysterious underpinnings of emotional
life. New York: Simon & Schuster.

MacNamara, A., Foti, D., & Hajcak, G. (in press). Tell me about it: Neural activity
elicited by emotional stimuli and preceding descriptions. Emotion.

Mathews, A., & Mackintosh, B. (1998). A cognitive model of selective processing in
anxiety. Cognitive Therapy and Research, 22(6), 539–560.

Mathews, A., Mackintosh, B., & Fulcher, E. (1997). Cognitive biases in anxiety and
attention to threat. Trends in Cognitive Science, 1(9), 340–345.

Mogg, K., & Bradley, B. P. (1998). A cognitive-motivational analysis of anxiety.
Behaviour Research and Therapy, 36(9), 809–848.

Mogg, K., Bradley, B. P., Williams, R., & Mathews, A. (1993). Subliminal process-
ing of emotional information in anxiety and depression. Journal of Abnormal
Psychology, 102(2), 304–311.

Moser, J. S., Hajcak, G., Huppert, J. D., Foa, E. B., & Simons, R. F. (2008). Interpretation
bias in social anxiety as detected by event-related brain potentials. Emotion, 8(5),
693–700.

Öhman, A., Lundqvist, D., & Esteves, F. (2001). The face in the crowd revisited: A threat
advantage with schematic stimuli. Journal of Personality and Social Psychology,
80(3), 381–396.

Pessoa, L., McKenna, M., Gutierrez, E., & Ungerleider, L. G. (2002). Neural processing
of emotional faces requires attention. Proceedings of the National Academy of
Sciences of United States of America, 99(17), 11458–11463.

Pessoa, L., Padmala, S., & Morland, T. (2005). Fate of unattended fearful faces in the
amygdala is determined by both attentional resources and cognitive modulation.
NeuroImage, 28(1), 249–255.

Schupp, H. T., Cuthbert, B. N., Bradley, M. M., Cacioppo, J. T., Ito, T., & Lang, P. J.
(2000). Affective picture processing: The late positive potential is modulated
by motivational relevance. Psychophysiology, 37(2), 257–261.

Schupp, H. T., Junghöfer, M., Weike, A. I., & Hamm, A. O. (2003). Emotional facil-
itation of sensory processing in the visual cortex. Psychological Science, 14(1),
7–13.

Schupp, H. T., Junghöfer, M., Weike, A. I., & Hamm, A. O. (2004). The selective pro-
cessing of briefly presented affective pictures: An ERP analysis. Psychophysiology,
41(3), 441–449.

Silvert, L., Lepsien, J., Fragopanagos, N., Goolsby, B., Kiss, M., Taylor, J. G., et al. (2007).
Influence of attentional demands on the processing of emotional facial expres-
sions in the amygdala. NeuroImage, 38(2), 357–366.

Spielberger. (1983). Manual for the State-Trait Anxiety Inventory. Palo Alto, California:
Consulting Psychologist Press.

VanDamme, S., Crombez, G., & Notebaert, L. (2008). Attentional bias to threat: A
perceptual accuracy approach. Emotion, 8(6), 820–827.

Vuilleumier, P., Armony, J. L., Clarke, K., Husain, M., Driver, J., & Dolan, R. J. (2002). Neu-
ral response to emotional faces with and without awareness: Event-related fMRI
in a parietal patient with visual extinction and spatial neglect. Neuropsychologia,
40(12), 2156–2166.

Vuilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2001). Effects of attention and
emotion on face processing in the human brain: An event-related fMRI study.
Neuron, 30(3), 829–841.

Vuilleumier, P., Richardson, M. P., Armony, J. L., Driver, J., & Dolan, R. J. (2004). Distant
influences of amygdala lesion on visual cortical activation during emotional face
processing. Nature Neuroscience, 7(11), 1271–1278.

Williams, L. M., Kemp, A. H., Felmingham, K., Liddell, B. J., Palmer, D. M., & Bryant,
R. A. (2007). Neural biases to covert and overt signals of fear: Dissociation by
trait anxiety and depression. Journal of Cognitive Neuroscience, 19(10), 1595–
Williams, J. M. G., Watts, F. N., MacLeod, C., & Mathews, A. (1997). Cognitive psychology
and emotional disorders (2nd ed.). Chichester: Wiley.

Yiend, J., & Mathews, A. (2001). Anxiety and attention to threatening pictures. The
Quarterly Journal of Experimental Psychology A: Human Experimental Psychology,
54A(3), 665–681.


	Anxiety and spatial attention moderate the electrocortical response to aversive pictures
	Method
	Participants
	Stimulus materials
	Procedure
	Electroencephalographic recording

	Results
	Parietal positivity (LPP)
	Behavioral data
	State anxiety

	Discussion
	References


