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Abstract

To investigate whether the processing of emotional expression for faces presented within foveal vision is modulated by spatial attention, ev
related potentials (ERPs) were recorded in response to stimulus arrays containing one fearful or neutral face at fixation, which was flanked |
pair of peripheral bilateral lines. When attention was focused on the central face, an enhanced positivity was elicited by fearful as compare
neutral faces. This effect started at 160 ms post-stimulus, and remained present for the remainder of the 700 ms analysis interval. When atte
was directed away from the face towards the line pair, the initial phase of this emotional positivity remained present, but emotional express
effects beyond 220 ms post-stimulus were completely eliminated. These results demonstrate that when faces are presented foveally, the initial
stage of emotional expression processing is unaffected by attention. In contrast, attentional task instructions are effective in inhjbitore later
controlled stages of expression analysis.
© 2005 Elsevier Ireland Ltd. All rights reserved.
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Emotional information is prioritized for processing: it is ana- Results from another stud¥5], however, contradict these find-
lyzed rapidly[3,6], and has the ability to engage preferentialings. In this study, elevated neural activation levels in response to
attention[1,9,10,19] This preferential processing of emotion- attended fearful versus neutral faces were found within a num-
ally significant events may reflect a variety of mechanismsper of distinct brain regions, including the amygdala. In contrast,
including modulatory influences from the amygdala on sensorwhen spatial attention was diverted away from the faces, this dif-
processingl18], modulation of frontoparietal cortices by lateral ferential activation was no longer apparent. These data clearly
orbitofrontal corteX2], and cholinergic enhancement of these challenge the hypothesis that the detection and analysis of emo-
brain system#$4]. tional events is independent of the current focus of attention.
Animportant and controversial issue is whether the encoding Event-related potential (ERP) studies have also been used to
and analysis of emotionally salient events can occur indeperexamine interactions between attention and emotion process-
dently of attentiorj13,16] Recent fMRI studies have provided ing[7,11]. In one study{11], stimulus arrays consisting of two
conflicting results. In one studjl7], amygdala responses to faces and two houses positioned along horizontal and vertical
threat-related facial expressions were unaffected by spatial atteaxes were presented. Participants had to attend either to the two
tion, and emotion-specific activity in some frontal and parietalvertical or to the two horizontal locations (as indicated by a
regions was observed for unattended faces. This suggests tlate presented at the start of each trial), in order to detect occa-
facial emotion can be discriminated pre-attentively, and thasional target events at these locations. On trials where faces were
information concerning the affective value of irrelevant stimuli presented at cued (attended) locations, an enhanced positivity
is still available even when attention is allocated to other eventsvas triggered in response to arrays containing fearful as com-
pared to neutral faces. This emotional expression effect started
at anterior electrodes at about 120 ms after stimulus onset, had
* Corresponding author. Tel.: +44 20 8392 3449. an initial frontal distribution, and was more broadly distributed
E-mail address: a.holmes@roehampton.ac.uk (A. Holmes). beyond 200 ms post-stimulus (see gBpfor similar findings).
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In marked contrast, when faces were presented at uncued locseparately for the Faces task and the Lines task. Since faces
tions, and attention was directed to the location of houses insteadiere always located at central fixation, they should be harder to
these emotional expression effects were entirely eliminatedgnore even when participants are instructed to monitor the line
Similar findings were obtained in a second st{idly In different  stimuli, as compared to our previous studies where faces were
blocks, participants directed their attention either towards a pajpresented at peripheral locatiofg11]. The critical question
of peripheral faces in order to judge their emotional expressionyas whether there would still be systematic differences in emo-
or towards a centrally presented pair of vertical lines in order tdional expression effects on ERP waveforms between the Faces
judge their length, and ignored the other stimulus in the displayand the Lines task. If the emotional expression of faces at fix-
(lines in the Faces task, and faces in the Lines task). Differerdtion was always processed fully regardless of attentional task
facial expressions (anger, disgust, fear, happiness, sadness, sostructions, emotional expression effects should be equivalent
prise) were presented in separate blocks. When emotional facés both tasks. In contrast, if the instruction to direct attention
were task-relevant, an enhanced positivity to emotional relativaway from these faces towards the laterally presented lines inter-
to neutral faces was elicited. Although starting slightly later (atfered with the processing of emotional expression, these effects
about 160 ms post-stimulus), the distribution of this emotionakhould be attenuated or possibly even completely absent in the
positivity was similar to previous studi¢6,11]. However, in  Lines task.
blocks where participants directed their attention to the central Twelve paid volunteers (four males, eight females), aged
lines while ignoring lateral faces, these emotional expressioi8-41years (mean age: 31 years) participated in the experiment.
effects on ERP waveforms were no longer present. All subjects were right-handed and had normal or corrected-to-
These ERP results are largely consistent with the fMRI find-normal vision.
ings of Pessoa et a[15] by revealing a strong interaction Subjects were seated in a dimly lit sound attenuated cabin,
between emotion and attention. One possible explanation for theith response buttons under their left and right hands. All stim-
discrepancies between these findings and those of Vuilleumier eti were presented on a computer screen in front of a black
al.[17] is that the attentional filtering of task-irrelevant informa- background at a viewing distance of 70 cm. Face stimuli were
tion may have been more efficient in the former studies, leadinghotographs of faces of 10 different individuals, all taken from a
to the elimination of emotion-specific effects. By contrast, instandard set of pictures of facial aff¢8}. Facial expression was
the Vuilleumier et al[17] study, the gating of information may either fearful or neutral. Faces covered a visual angle of about
have been incomplete, and thus emotional expression effects 8f6° x 5.7°, and were presented at fixation together with a pair
task-irrelevant information remained present. Pessoa Eit44l.  of grey vertical lines (0.2width). These lines were presented
have suggested that the attentional task in the Vuilleumier db the left and right of the central face at an eccentricity of 4.0
al. [17] study may have been less demanding than in their owifseeFig. 1). Two different line lengths were used. Short and
experiments. It would therefore seem likely that to-be-ignoredong lines covered a visual angle of 1.8nd 2.8, respectively.
emotional information can still be processed, albeit in attenAll four possible line arrangements (bilateral short lines, bilat-
uated fashion, when the performance of an attentional task isral long lines, short left/long right, long left/short right) were
relatively easy, and spare processing capacity remains availableresented with equal probability.
thus resulting in incomplete attentional gating of task-irrelevant  Two task conditions were run, each consisting of two succes-
information (se413,14). sive experimental blocks. In the Faces task, participants were
The aim of the present ERP study was to further investiinstructed to monitor the centrally presented faces, to respond
gate the role of spatial attention for the processing of emotionakith aright-hand button press whenever the face presented on the
faces under conditions where these faces should be hard to
ignore. More specifically, we investigated whether ERP emo-
tional expression effects are still affected by attentional task
instructions when fearful or neutral faces are presented at fixa-
tion. The design of the present experiment was similar to the task
employed by Eimer et a[7], in that participants were required
to focus their attention either on faces while ignoring simul-
taneously presented pairs of vertical lines (Faces task), or to
attend to these lines while ignoring faces (Lines task). The main
difference was that faces were not presented peripherally, but at
fixation, and were flanked by a pair of bilateral vertical lines that
were either identical or differentin length. In the Faces task, par-
ticipants had to detect immediate repetitions of identical faces
(which could be either fearful or neutral) across successive tri-
als. Inthe Lines task, they had to detect immediate repetitions of

identical line pairs across trials, and to ignore the central fearful. _ _ _
or neutral faces Fig. 1. Example of a stimulus array used in both tasks. In the Faces task, partic-

. . . ipants had to detect immediate repetitions of an identical face at fixation. In the
ERPs triggered on trials containing a fearful face were comy nes task, they had to detect immediate repetitions of an identical lateral line
pared to ERPs elicited on trials where a neutral face was presemtir across trials.
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preceding trial was shown again on the currenttrial, and toignore Faces Attended: Faces Task
the lateral lines. In the Lines task, participants were instructed to
monitor these lines, to respond with a right button press when the Buv e
line arrangement presented on the preceding trial reappeared or __j A\ 700ms L4 | [\ »/\ A\
the currenttrial, and to ignore the centrally presented faces. Each ) H/ \W TN T ‘f “\(ffj’,‘:
block consisted of 92 trials. Stimuli were presented for 300 ms, P2 !
and were separated by intertrial intervals of 1200 ms. Twelve tri- ., \/{F3 Fz F4
als per block were target trials, which contained an immediate
repetition of an identical face in the Faces task, and an imme-
diate repetition of an identical line pair in the Lines task. There v T | W“‘A\JPW
were no immediate repetitions of task-irrelevant stimuli (faces v A i ¥ ! N\
in the Lines task, and line pairs in the Faces task) across trials. T Sun NAWES
The remaining 80 trials were non-repetition trials (with a fear-
ful or neutral face each presented in random order on 40 trials).
Participants were instructed to respond as quickly as possible ot o
only to immediate repetitions of the task-relevant stimulus and v A Vo
to maintain central fixation. Short practice blocks were delivered s \ N -
for both task conditions. P3 PZ vl Pa [
Recordings were made from 23 Ag—AgCl electrodes, refer-
encedtolinked earlobes. Horizontal EOG (HEOG) was recorded
bipolarly from electrodes at the outer canthi of both eyes. Elec-
trode impedance was kept below GKEEG was d.c.-recorded
with a sampling rate of 200 Hz and an upper cut-off frequency } ! { }:
of 40 Hz. EEG was averaged relative to a 100 ms pre-stimulus £
baseline for all combinations of task (Faces task versus Lines
task) and facial expression (fearful versus neutral). To avoid any F3
contamination with movement-related artefacts, ERP analyses
were restricted to non-repetition trials where no manual response
was recorded. Trials with eyeblinks (Fpz exceedibgO V) ﬁ%
and lateral eye movements (HEOG exceedir®0 V) were !
also excluded prior to analysis. Artefact rejection led to the
exclusion of 24.9% of all non-repetition trials in the Faces c3 cz ca
task, and of 21.3% of all non-repetition trials in the Lines task.
Repeated measures analyses of variance (ANOVAS) were per-
formed on ERP mean amplitudes obtained within successive w%@ ] ] sﬂw
latency windows (120-160, 160-220, 220-300, and 300—-700 ms LN
post-stimulus, respectively). These analyses were conducted
separately for lateral electrode pairs F3/4, C3/4, and P3/4, and
for midline electrodes Fz, Cz, and Pz, for the factors task, facial
expression, electrode site (frontal versus central versus parietal)
and hemisphere (left versus right, for lateral electrodes only).
Mean reaction times to immediate stimulus repetitions wWergsig. 2. Grand averaged ERPs elicited in the 700 ms after stimulus onset on non-
faster in the Faces task than in the Lines task (666 ms versuspetition (non-target) trials in response to stimulus arrays containing a neutral
749 ms;/(11) = 4.4;p <.001). Reaction times in the Lines task face (solid lines) or a fearful face (dashed lines). Top: ERPs elicited in the Faces
were not significantly affected by the emotional expression Ofth%a_Sk where faces were task—_relevant (attended). Bottom: ERPs elicited in the
. .. . . . . _Lines task where faces were irrelevant (unattended).
task-irrelevant face. Participants missed more immediate stim-
ulus repetitions in the Lines task than in the Faces task (22.2%
versus 9.7%(11) =2.9p <.02). False Alarms on non-repetition nents, and remained present in a sustained fashion during the
trials occurred on less than 1% of these trials for both task con700 ms interval shown iifrig. 2 When attention was directed
ditions. away from the centrally presented faces in the Lines task, longer
Fig. 2shows ERPs in response to stimulus arrays containtatency emotional expression effects were strongly attenuated, or
ing a fearful face (dashed lines) or a neutral face (solid linesgntirely absent. In contrast, the early phase of this effect (an emo-
at fixation, separately for the Faces task (top panel) and thional positivity superimposed on the P2 component) appeared
Lines task (bottom panel). As predicted, a sustained positivityo remain present when faces were irrelevant.
was elicited in response to arrays containing emotional faces in This was confirmed by statistical analyses. No significant
the Faces task. This emotional expression effect started at aboernotional expression effects were found in the earliest anal-
160 ms post-stimulus, overlapped with the P2 and N2 compoysis window (120-160 ms post-stimulus). In the 160-220 ms

Faces Unattended: Lines Task

Y s

P3 Pz P4

—— Neutral Faces
——— Fearful Faces
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post-stimulus interval, significant main effects of facial exprespresent throughout the 700 ms analysis interval. These ERP
sion at lateral electrode#'(1,11) =48.0p <.001) and at mid- effects were very similar to the result obtained in the Faces
line electrodesK(1,11)=51.0;p <.001) reflected the fact that task of our previous studf?], where analogous experimental
ERPs to fearful faces were more positive than ERPs to neutrgdrocedures were used, except that faces were presented periph-
faces. Importantly, there was no indication of any tadacial  erally, while lines were located close to fixation. They are also in
expression interaction, and subsequent analyses confirmed thiate with other previous findinggs,6,11] The critical question
early emotional positivities were reliably present in the P2 timewas whether these effects would remain unchanged in the Lines
range not only in the Faces task({,11) =22.8 and 23.5; both task, where attention was directed away from the foveal faces.
p<.001, for lateral and midline sites), but also in the LinesThe early phase of the emotional expression effect observed
task (1,11)=5.0 and 6.4; botp<.05, for lateral and mid- between 160 and 220 ms post-stimulus was indeed preserved in
line sites). At lateral posterior electrodes T5/6 (not shown inthe Lines task. During this time interval, an enhanced positivity
Fig. 2), where the face-specific N170 component is maximalwas elicited for trials that contained a fearful face relative to tri-
ERPs in response to fearful faces also tended to be more posils where a neutral face was presented, even though participants’
tive than ERPs triggered by neutral faces during the 160-220 msaisk was to monitor the lines. The absence of any taficial
measurement interval, although this difference failed to reaclexpression interaction during this time interval suggests that the
significance £(1,11) =3.6;p <.09). initial processing of the emotional expression of foveally pre-

A very different pattern of results emerged during thesentedfacesislargely unaffected by attentional task instructions.
subsequent measurement interval (220-300 ms post-stimulugih marked contrast, emotional expression effects at latencies
Although main effects of facial expression were still observedbeyond 220 ms post-stimulus were completely eliminated in the
at lateral and midline electrodeg'((,11)=16.1 and 13.3; Lines task, suggesting that attentional task instructions had a
both p <.005), these were now accompanied by significanstrong impact on later stages of emotional face processing.
taskx facial expression interactionsF(l,11)=5.5 and 6.0; These findings contrast with previous results, which demon-
both p <.05, for lateral and midline sites). Follow-up analy- strated an absence of emotional expression effects at early as
ses revealed that significant emotional expression effects wereell as late phases of facial expression processing when atten-
present at both lateral and midline electrodes in the Facetion was directed away from the location of these f4@e$1].
task (F(1,11)=27.7 and 23.3; boiin<.001). In contrast, facial The main difference between the present experiment and these
expression effects were completely eliminated in the Lines taskarlier studies is that faces were now presented centrally within
(both F<1). Essentially the same pattern of effects was alsdoveal vision, rather than in the periphery of the visual field. It
found for the longer latency analysis window (300—700 mswould appear, therefore, that under conditions where emotional
post-stimulus). Again, main effects of facial expression atfacial stimuli are presented foveally, and are consequently more
lateral and midline electrode#(1,11)=26.1 and 16.1; both difficult to exclude from attentional processing, early stages
p <.002) were accompanied by tasKacial expression inter- of facial expression analysis take place irrespective of cur-
actions ¢(1,11)=11.7 and 12.0; both<.01). While highly  rent task demands, even when the encoding of these stimuli is
significant facial expression effects were present in the Facdselevant to the task at hand (i.e., judgments of line lengths).
task (F(1,11)=31.3 and 23.7#<.001, for lateral and midline It is only at later, more controlled, stages of facial expres-
electrodes), no reliable ERP differences between arrays contaigion processing that attentional task instructions are effective
ing fearful and neutral faces were found for the Lines task (bottin inhibiting the further analysis of foveally presented affective
F<1). information.

Findings from previous studi¢s,11,15]have shown that the In this context, it is interesting to note that Pessoa et al.
processing of emotional faces is strongly dependent on focdl5] also presented faces in foveal locations, and yet still found
attention. Effects of emotion, as reflected in haemodynamistrong effects of attention on emotional expression processing,
responsefl5] or ERPH7,11], were found to be entirely elimi- as revealed by fMRI measures. The present findings suggest
nated when attention was focused away from critical emotionathat these results by Pessoa e{Hb] are unlikely to reflect the
stimuli. The aim of the present study was to investigate the limitsattentional modulation of very early stages of facial expression
of this attentional gating of emotional information by study- processing, but rather attentional effects on longer latency, more
ing whether attentional task instructions would even affect thesustained aspects of emotional processing, which are elicited in
processing of emotional faces when these faces are presentedtontrolled and task-dependent fashion after an initial rapid
centrally within foveal vision, rather than in the periphery of theanalysis of emotional information is completed. Results from
visual field, as in previous experiments. ERPs were recorded tanother ERP study, which compared effects of attention on
stimulus arrays containing centrally presented fearful or neutrdoveal versus peripheral non-emotional visual stinfiléh], also
faces when these faces were either task-relevant and therefaeggest that early stages in the processing of foveal information
attended (Faces task), or when they were task-irrelevant becausay remain unaffected by attention. In this experiment, atten-
attention was directed towards a pair of bilateral lines insteational modulations of visual P1 components were only found
(Lines task). in response to peripheral events, whereas effects of attention on

When faces were attended (Faces task), emotional facelse subsequent N1 component were present for both foveal and
elicited an enhanced positivity relative to neutral faces, whictperipheral visual stimuli. These findings highlight the impor-
started at about 160 ms after stimulus onset, and remaindgdnce of recording electrophysiological responses in addition to
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haemodynamic activity, as ERPs can indicate the emergence Aicknowledgements
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