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bstract

Results from recent event-related brain potential (ERP) studies investigating brain processes involved in the detection and analysis of emotional
acial expression are reviewed. In all experiments, emotional faces were found to trigger an increased ERP positivity relative to neutral faces.
he onset of this emotional expression effect was remarkably early, ranging from 120 to 180 ms post-stimulus in different experiments where

aces were either presented at fixation or laterally, and with or without non-face distractor stimuli. While broadly distributed positive deflections
eyond 250 ms post-stimulus have been found in previous studies for non-face stimuli, the early frontocentrally distributed phase of this emotional
ositivity is most likely face-specific. Similar emotional expression effects were found for six basic emotions, suggesting that these effects are not
rimarily generated within neural structures specialised for the automatic detection of specific emotions. Expression effects were eliminated when
ttention was directed away from the location of peripherally presented emotional faces, indicating that they are not linked to pre-attentive emotional
rocessing. When foveal faces were unattended, expression effects were attenuated, but not completely eliminated. It is suggested that these ERP
orrelates of emotional face processing reflect activity within a neocortical system where representations of emotional content are generated in

task-dependent fashion for the adaptive intentional control of behaviour. Given the early onset of the emotion-specific effects reviewed here, it

s likely that this system is activated in parallel with the ongoing evaluation of emotional content in the amygdala and related subcortical brain
ircuits.

2006 Elsevier Ltd. All rights reserved.
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. Introduction

The investigation of emotional states, their neural correlates,
nd their role for the regulation of cognition and action is now
ne of the most active research areas in cognitive neuroscience
see Adolphs, 2003; Dolan, 2002, for reviews). On the most
eneral level, emotional states are evolutionary adaptations that
re critically involved in the regulation of basic survival mecha-
isms, and in the control of behaviour in complex environments
Damasio, 1999). A number of complementary methods, such
s single cell recordings, functional brain imaging, or neuropsy-
hological investigations of focal brain damage have been used
o identify brain structures that are involved in the perception and
nalysis of emotionally significant information, mediate bodily

motional responses, and control social cognition and behaviour.

Many recent studies have investigated the neural network
nderlying emotional processing by measuring brain responses
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o emotionally salient stimuli. Differences in brain responses to
timuli that vary in their emotional content have been interpreted
s evidence for functional specialisation among neural processes
esponsible for the processing of emotional information. Such
tudies have revealed a complex interconnected network of brain
tructures responsible for the analysis of emotional events. This
etwork includes higher order sensory cortices, where percep-
ual representations of emotionally relevant stimuli are formed,
nd the amygdala, orbitofrontal cortex, and ventral striatum,
here such sensory representations appear to be classified in

erms of their emotional significance. It also includes paralimbic
nd higher cortical areas such as somatosensory cortex, anterior
ingulate, and medial prefrontal cortex, where conscious repre-
entations of emotional states are generated, which can be used
n the strategic control of behaviour in complex social situations,
nd in the planning of future goals and actions (see Adolphs,
003, for more details).
Emotional facial expressions are particularly salient stim-
li for conveying important nonverbal communications to other
pecies members, and, in humans, are immediate indicators of
ffective dispositions in other people. Because of this paramount

mailto:m.eimer@bbk.ac.uk
dx.doi.org/10.1016/j.neuropsychologia.2006.04.022
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motional significance of facial expression, numerous recent
unctional imaging, lesion, and single-cell recording studies
ave used emotional faces to identify neural substrates of emo-
ional processing. These studies have found that brain areas
enerally involved in the processing of emotional information
see above) are also activated during the processing of facial
motion. The initial perceptual analysis of faces takes place in
nferior occipital cortex (‘occipital face area’; see Rossion et al.,
003) and in the middle fusiform gyrus for structural properties
f faces which determine face identity (Hoffman & Haxby, 2000;
or reviews, see Haxby, Hoffman, & Gobbini, 2000; Gobbini

Haxby, 2006, this issue). The superior temporal sulcus is
nvolved in the processing of dynamic aspects of faces, such
s facial expression, eye and mouth movements (Allison, Puce,
McCarthy, 2000; see also Puce, Epling, Thompson, & Carrick,

006, this issue). A rapid evaluation of the emotional and moti-
ational significance of facial expression appears to be mediated
y the amygdala and orbitofrontal cortex, while structures such
s the anterior cingulate, prefrontal cortex and somatosensory
reas are linked to the conscious representation of emotional
acial expression for the strategic control of thought and action,
s well as to the production of concomitant feeling states (see
dolphs, 2003, for more details).
In summary, recent neuroscientific investigations of emo-

ional processing have uncovered components of a complex
etwork for the detection and analysis of emotionally signifi-
ant information. Since most of these recent studies have used
MRI measures, which are based on relatively slow hemody-
amic brain responses to emotional stimuli, information about
he time course of emotional processing has been relatively
carce. The availability of detailed temporal information is nec-
ssary to obtain a more comprehensive picture of the functional
roperties of the emotional brain. Thus, fMRI measures need to
e complemented with methods that provide insights into tem-
oral parameters of emotional processing, such as event-related
rain potential (ERP) or magnetoencephalographic (MEG) mea-
ures.

This paper reviews a series of recent studies in our lab that
ave used ERP measures to investigate the processes involved
n the detection and analysis of emotional facial expression. In
ection 2, we will introduce ERP correlates of emotional face
rocessing by discussing differential ERP responses to fearful
ersus neutral faces. Section 3 will review ERP modulations
riggered by other basic emotional expressions. In Section 4,
e will present ERP results that support the hypothesis that

he structural encoding of faces and the detection of their emo-
ional expression represent parallel and independent processes.
ection 5 will discuss the impact of selective attention on ERP
esponses elicited by emotional facial expression, and Section 6
ill briefly review recent findings concerning the impact of the

patial frequency content on such emotional expression effects.
verall, the studies reviewed in this paper will demonstrate that
RPs represent a useful tool to study the time course and the
unctional properties of emotional face processing stages, such
s their automaticity, specificity, and sensitivity to attentional
tates. Perhaps most importantly, our studies have shown that
lthough selective brain responses to emotional faces, as mea-
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ured with ERPs, are triggered at very short latencies, they are
trongly dependent on attention. This suggests that they are not
irectly linked to the initial automatic detection of emotional
ontent mediated by the amygdala and related structures, but
ather to subsequent, cognitively penetrable stages of emotional
rocessing.

. ERP correlates of emotional face processing: fearful
aces

The basic question addressed in our initial study (Eimer &
olmes, 2002) was when and how the difference between emo-

ional and neutral facial expressions would be reflected in ERP
aveforms. We recorded ERPs while participants viewed pho-

ographs of single fearful faces, neutral faces, or houses, which
ere presented at the centre of a computer screen. As in all
ther studies reported below, fearful and neutral faces were taken
rom a standard set of pictures of facial affect (Ekman & Friesen,
976). Participants’ task was to detect infrequent immediate rep-
titions of identical stimuli across successive trials. Half of all
earful and neutral faces were presented in their standard upright
rientation, while the other half was presented upside-down.
ecause face inversion disrupts not only face identification, but
lso to some degree the recognition of emotional facial expres-
ion (de Gelder, Teunisse, & Benson, 1997; Searcy & Bartlett,
996), we expected ERP modulations indicative of the detection
nd processing of facial expression to be attenuated and possibly
lso delayed in response to inverted relative to upright faces.

Fig. 1 shows ERPs triggered in response to fearful faces and
eutral faces, for faces presented in their usual upright orien-
ation (top panel), and for inverted faces (bottom panel). An
nhanced positivity was present for ERPs to fearful relative to
eutral faces, and this difference started remarkably early. For
pright faces, significant differences between fearful and neu-
ral faces started 120 ms after stimulus onset (Fig. 1, top panel).

hen faces were presented upside-down (Fig. 1, bottom), the
nset of this enhanced positivity for fearful as compared to neu-
ral faces was delayed. The time course and scalp topography
f these emotional expression effects is further illustrated in
ig. 2, which shows ERP scalp distribution maps for mean dif-
erence amplitudes, obtained by subtracting ERP waveforms in
esponse to neutral faces from ERPs triggered by fearful faces
ithin six successive post-stimulus latency windows. In these
aps, enhanced positivities for fearful relative to neutral faces

re shown in red colours, while blue colours indicate that ampli-
ude differences were small or absent. Emotional positivities for
pright fearful faces (Fig. 2, top panel) consisted of an early fron-
ocentrally distributed effect (triggered between 110 and 200 ms
fter stimulus onset), and a more broadly distributed effect that
tarted at about 250 ms post-stimulus, and remained present
hroughout the 1000 ms analysis interval. Emotional expres-
ion effects triggered by upside-down faces were substantially
elayed and also attenuated (Fig. 2, bottom panel). They only

merged beyond 150 ms post-stimulus, and disappeared beyond
00 ms.

These ERP results suggest that emotional facial expression is
nalysed rapidly and can affect cortical processing at very short
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ig. 1. Grand-averaged ERP waveforms in response to fearful faces (solid lines
nd inverted faces (bottom panel). Data from Eimer and Holmes (2002).

atencies (i.e., within about 120 ms after stimulus onset; see also
shley, Vuilleumier, & Swick, 2003; Vuilleumier & Pourtois,

006, this issue, for similar findings). One might of course
rgue that the early ERP differences shown in Figs. 1 and 2
re not directly related to emotional facial expression process-
ng, but could instead be caused by systematic differences in

v
m
e
t

neutral faces (dashed lines), displayed separately for upright faces (top panel)

ow-level visual features of fearful versus neutral faces. How-
ver, the fact that face inversion, which preserves all low-level

isual features, but makes the recognition of facial expression
ore difficult, resulted in an attenuation and a delay of these

motional expression effects, makes this alternative interpreta-
ion unlikely. It appears much more plausible to assume that the
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ig. 2. Topographical maps showing scalp distributions of emotional expressio
RPs to neutral faces from ERPs to fearful faces within six successive post-stim

o neutral faces, while blue colours indicate small or absent amplitude differenc

mpact of face inversion on the latency and amplitude of ERP
motional expression effects directly reflects the impairment of
motion detection and recognition produced by face inversion.

The scalp distribution maps shown in Fig. 2 suggest that
he processing of emotional facial expression, as reflected by
RP waveforms, might consist of two distinct stages. The
arly frontocentrally distributed positivity for fearful as com-
ared to neutral faces could be linked to an initial rapid detec-
ion of facial expression in prefrontal areas involved in the
etection of emotionally significant stimuli. In line with this
ssumption, Kawasaki et al. (2001) have measured differen-
ial responses of single neurons in right ventral prefrontal cor-
ex in response to emotionally neutral versus aversive stimuli
t latencies comparable to the onset latencies of early emo-
ional expression effects shown in Figs. 1 and 2. In contrast,

he sustained and more broadly distributed positivity obtained
or fearful faces beyond 250 ms post-stimulus might reflect
ubsequent higher level stages of emotional face processing,
uch as the conscious evaluation of emotional content. Similar

D
2
f
c

cts for upright faces (top) and inverted faces (bottom), obtained by subtracting
tency windows. Red colours indicate an enhanced positivity for fearful relative

ata from Eimer and Holmes (2002).

ustained positive ERP deflections have been observed in pre-
ious ERP studies in response to emotionally salient non-face
timuli (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000;
iedrich, Naumann, Maier, & Becker, 1997; Keil et al., 2002),

hus suggesting that these longer latency effects are not face-
pecific, but can also be elicited by other kinds of emotional
aterial.

. ERP correlates of emotional face processing: other
motional expressions

In our initial study (Eimer & Holmes, 2002), we only stud-
ed the effects of fear on ERP waveforms. Fearful faces were
hosen because they are known to modulate neocortical regions
ia the amygdala (Amaral & Price, 1984; Vuilleumier, Armony,

river, & Dolan, 2001; see also Graham, Devinsky, & LaBar,
006, this issue). However, there is now substantial evidence
or the existence of neural systems that are specialised for pro-
essing distinct emotions. For example, the amygdala appears
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o be specifically sensitive to facial expressions of fear, while
nsula and basal ganglia have been linked to the processing of
acial expressions of disgust (see Adolphs, 2002, for a more
etailed review). If the detection and analysis of different facial
motional expressions was mediated by distinct brain processes,
his might also be reflected in systematic differences in the mod-
latory effects of these expressions on ERP waveforms.

To investigate whether different emotional facial expressions
ive rise to distinct modulations of ERP waveforms, or whether
imilar emotional expression effects can be observed for all
asic emotional expressions, we conducted an experiment where
RP responses elicited by six basic emotional facial expres-
ions (anger, disgust, fear, happiness, sadness, and surprise,
ee Ekman & Friesen, 1976) were directly compared (Eimer,
olmes, & McGlone, 2003). In each block, faces were either
eutral or emotional (with emotional expression varied between
locks). In contrast to our first study (Eimer & Holmes, 2002),
here faces were presented at fixation, we now delivered pairs
f identical faces to the left and right of fixation together with
pair of vertical lines close to fixation (see Fig. 3, top). Partic-

pants had to decide on each trial whether the expression of the
ace pair was emotional or neutral. This procedure was chosen
o investigate effects of spatial attention on the processing of
motional facial expression by comparing ERPs elicited when
motional and neutral faces were task-relevant to ERPs recorded
n another part of the same experiment where faces were irrele-
ant, and attention was directed to the line stimuli instead (see
ection 5).

Fig. 3 shows ERPs in response to task-relevant emotional and
eutral faces elicited at frontal midline electrode Fz, separately
or experimental blocks containing angry, disgusted, happy, and
urprised faces. Emotional expression effects were very simi-
ar across different facial expressions. An enhanced positivity
or emotional as compared to neutral faces started about 180 ms
fter stimulus onset, and a sustained emotional positivity was
resent throughout the 1000 ms recording epoch. These effects
ere elicited in a very similar fashion for all six emotions stud-

ed, and scalp topographies were statistically indistinguishable
cross emotions.1 It is notable that the onset of emotional expres-
ion effects shown in Fig. 3 was slightly delayed relative to the
nset latencies observed in our earlier study (Eimer & Holmes,
002), where frontal differences between ERPs to upright fearful
nd neutral faces were already present at 120 ms post-stimulus
see Figs. 1 and 2). This difference is most likely due to the
act that face stimuli were now presented peripherally, rather
han centrally, and were accompanied by potentially competing
on-face stimuli (vertical lines) close to fixation (see Fig. 3, top).

The similarity in the onset latencies of ERP emotional expres-
ion effects for all six basic emotional expressions suggests that

motionally relevant information delivered by facial expression
s available to neocortical processes within less then 200 ms after
timulus onset, and at approximately the same time for all basic

1 Emotional expression effects for fearful and disgusted faces, which are not
hown in Fig. 3, were also similar to and statistically indistinguishable from the
ffects observed for the other emotions (see Eimer et al., 2003 for more details).

o
r
r
l
&
2
o
E

chologia 45 (2007) 15–31 19

motional expressions. The observation that all six emotional
acial expressions were also very similar in terms of the mag-
itude and duration of their effects on ERP waveforms relative
o neutral faces, which was confirmed by statistical analyses
see Eimer et al., 2003, for details), appears to be at odds with
he hypothesis that distinct neural sub-systems specialise in the
rocessing of specific emotions (Adolphs, 2002). If this was the
ase, one might have expected systematic differences between
RP emotional expression effects elicited by different facial
xpressions. While many neuroimaging studies have shown
motion-specific activation patterns of brain regions such as the
mygdala or insula (Adolphs, Tranel, & Damasio, 2003; Breiter
t al., 1996; Calder, Keane, Manes, Antoun, & Young, 2000;
alder, Lawrence, & Young, 2001; Morris et al., 1996; Phillips
t al., 1997, 1998; Sprengelmeyer, Rausch, Eysel, & Przuntek,
998; Whalen et al., 2001), fMRI measures are insensitive to the
ime scale of such effects. Thus, it is possible that some of these
ffects occur substantially later than the early ERP modulations
ound in our studies. Initial evidence for this assumption comes
rom recent intracranial recordings of ERPs to facial expressions
Krolak-Salmon, Henaff, Vighetto, Betrand, & Maugiere, 2004).
n this study, fear-specific amygdala responses were observed
t latencies of 200 ms and beyond, that is, well after the early
ear-specific ERP modulations described above. In addition, rel-
tively few fMRI studies to date have pointed to differential
ctivation within surface neocortical structures (where effects
f emotional expression on ERPs are likely to be generated).
t is thus possible that early stages in the processing of emo-
ionally relevant information, subserved by limbic structures or
he basal ganglia, and neocortical emotional processing stages
iffer in terms of their specificity.

It has to be acknowledged that these tentative interpreta-
ions are primarily based on the results of a single ERP study,
here systematic differences in ERP responses to specific facial

xpressions were conspicuously absent (Eimer, Holmes, &
cGlone, 2003). One could argue that this negative result may

e primarily due to methodological factors. For example, the
ame neutral face stimuli were presented in all blocks, whereas
he expression of emotional faces changed across blocks. This
ould have resulted in different rates of habituation for emo-
ional versus neutral faces, regardless of emotional expression
see Carretie, Hinojosa, & Mercado, 2003, for ERP correlates of
abituation to emotional stimuli). However, the fact that the emo-
ional expression effects observed in this experiment were qual-
tatively very similar to the effects observed in our other studies
here emotional and neutral faces were equiprobable makes

his interpretation somewhat unlikely. Alternatively, it could be
rgued that subtle topographical differences in the impact of
motional facial expression on electrical brain responses may
nly be detectable when combining high-density EEG or MEG
ecordings and source localization analyses. In fact, several
ecent studies have reported systematically different ERP modu-
ations in response to different emotional expressions (e.g., Batty
Taylor, 2003; Pourtois, Grandjean, Sander, & Vuilleumier,
004). In light of these results, it is clear that the question whether
r not different emotional facial expressions give rise to specific
RP effects is far from settled, and that further systematic studies
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ig. 3. Top: Stimulus setup used in the Eimer et al. (2003) study. Bottom: Gran
rrays containing neutral faces (dashed lines) or emotional faces (solid lines). ER
aces. Data from Eimer et al. (2003).

f electrophysiological correlates of emotional face processing
re needed to find a definitive answer.

. Structural encoding and facial expression processing

re independent and parallel processes

Evidence from neuropsychology strongly suggests that the
rocessing of facial identity and facial expression are subserved

r
&
H
i

raged ERP waveforms elicited at midline electrode Fz in response to stimulus
e shown separately for blocks containing angry, disgusted, happy, and surprised

y dissociable neural substrates, in line with the model of face
rocessing proposed by Bruce and Young (1986). Focal dam-
ge to selective brain regions can leave some patients with a
eficiency in recognising faces, and yet spare the ability to

ead facial expressions of emotion (Etcoff, 1984; Posamentier

Abdi, 2003; Tranel & Damasio, 1988; Young, Newcombe, de
aan, Small, & Hay, 1993). On the other hand, some patients are

mpaired in their ability to read emotional cues from faces, but
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emotional expression could indicate that this component reflects
face processing at some other anatomical stage than fusiform
gyrus. In fact, there is now evidence from source localization

2 It should be noted that in contrast to the findings reported here, some other
studies have reported effects of emotional facial expression on early posterior
ig. 4. Grand-averaged ERPs in response to fearful faces (solid lines) and neu
ateral temporal electrodes (T5/6, bottom panel). Data from Eimer and Holmes

ave no difficulty in identifying people (Hornak, Rolls, & Wade,
996). Informed by such double dissociations, models of face
rocessing such as those proposed by Bruce and Young (1986)
nd by Haxby et al. (2000) have incorporated the assumption
hat the detection and analysis of facial emotional expression
nd the structural encoding of facial features for face recogni-
ion are implemented by separable, independent, and parallel
rocesses.

The ERP studies reviewed so far (Eimer & Holmes, 2002;
imer et al., 2003) have yielded further findings that are relevant

o this hypothesis that the perceptual structural encoding and
ubsequent recognition of faces and the detection and analysis
f emotional facial expression are independent. Fig. 4 (bottom)
hows the face-specific N170 component, as observed in our
nitial study (Eimer & Holmes, 2002) at lateral temporal elec-
rodes T5/6 in response to fearful and neutral faces. Numerous
RP studies have demonstrated that this component is triggered

eliably by faces at lateral posterior electrodes at about 170 ms
ost-stimulus, but not by other types of objects. The N170
omponent is assumed to reflect the pre-categorical perceptual

ncoding of faces in face-specific ventral visual areas, which
rovides structural representations that are utilized by subse-
uent face recognition stages (Bentin, Allison, Puce, Perez, &
cCarthy, 1996; Eimer, 1998, 2000).

E
e
v
e
e

ces (dashed lines) at lateral frontocentral electrodes (FC5/6, top panel) and at
).

As can be seen from Fig. 4 (bottom), the N170 was not at all
ensitive to facial emotional expression, as no systematic differ-
nces in N170 amplitudes or latencies were observed for fearful
s compared to neutral faces. This was confirmed in another
tudy (Eimer et al., 2003), where the N170 component was found
o be unaffected by the presence versus absence of any of the
ix basic emotional expressions. These findings suggest that the
tructural encoding of faces, as reflected by the N170, is insen-
itive to information derived from emotional facial expression.2

t is interesting to note in this context that several fMRI studies
Morris et al., 1998; Vuilleumier et al., 2001) have found that
ctivity within face-specific fusiform areas is modulated by emo-
ional facial expression. The fact that the N170 is insensitive to
RP component, such as the P1 and N170 (e.g., Batty & Taylor, 2003), or
ven the earlier C1 component which is assumed to be generated in primary
isual cortex (Pourtois et al., 2004, 2005), thus suggesting that under certain
xperimental conditions, emotional facial expression may be able to modulate
arly stages of perceptual processing in sensory-specific visual areas.
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tudies (e.g., Itier & Taylor, 2004) that the N170 may at least
n part be generated in more lateral temporal regions such as
he superior temporal sulcus. Alternatively, the N170 might be
riggered during an early expression-independent face process-
ng stage located within the fusiform face area, which is too
ransient to be picked up reliably with hemodynamic measures,
ut is followed at longer latencies by a more sustained selec-
ive processing of facial expression in fusiform gyrus. In this
ontext, it is interesting to note that intracranial recordings from
entral and lateral occipitotemporal and temporal regions have
dentified a sequence of face-specific potentials, starting with
he N200 (Allison, Puce, Spencer, & McCarthy, 1999), and have
ound that only longer latency components are affected by affect,
amiliarity, and priming (Puce, Allison, & McCarthy, 1999).

To illustrate that structural encoding and emotional face
rocessing, as reflected by ERP measures, represent separa-
le stages, Fig. 4 contrasts ERPs observed in our initial study
Eimer & Holmes, 2002) in response to fearful and neutral faces
t lateral posterior electrodes (where the N170 component was
ound to be insensitive to facial expression, bottom panel) with
RPs recorded at the same time at lateral frontocentral elec-

rodes, where emotional expression effects were clearly present
t and even before 170 ms post-stimulus. This pattern of results,
hich was replicated in our other studies (Eimer et al., 2003;
olmes, Vuilleumier, & Eimer, 2003), strongly suggests that

he rapid detection of emotional facial expression within anterior
rain regions occurs independently and in parallel with the con-
truction of a detailed perceptual representation of faces within
ace-specific posterior ventral areas. They provide new evidence
or the existence of functionally separable and parallel brain
rocesses involved in the structural encoding of faces and in
he processing of emotional facial expression (see also Parry,
oung, Saul, & Moss, 1991, for further neuropsychological evi-
ence for dissociable impairments in face processing after brain
njury).

. The impact of attention on the processing of
motional facial expression

It is often assumed that affectively salient stimuli such as emo-
ional facial expressions are detected pre-attentively, and attract
ttention automatically (see Palermo & Rhodes, 2006, this issue,
or detailed discussion). Strong attentional biases towards emo-
ional stimuli have indeed been found in behavioural studies
or visual search tasks (Eastwood, Smilek, & Merikle, 2001;
ox et al., 2000; Hansen & Hansen, 1988; Öhman, Flykt, &
steves, 2001; Öhman, Lundqvist, & Esteves, 2001), or dot
robe detection tasks (Holmes, Green, & Vuilleumier, 2005;
olmes, Richards, & Green, 2006; Mogg & Bradley, 1999;
ogg et al., 2000). However, recent brain imaging studies have

ielded conflicting findings with respect to the influence of atten-
ion on the processing of affective material. On the one hand,
mygdala responses to fearful faces in humans appear to be

naffected by spatial attention (Vuilleumier et al., 2001), and
mygdala activations triggered by highly arousing emotional
cenes are not modulated by a secondary task (Lane, Chua, &
olan, 1999). In addition, neglect and extinction patients are
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ore likely to detect emotionally significant relative to neutral
ictures when these are presented in the affected visual hemi-
eld (Vuilleumier & Schwartz, 2001a, 2001b). These results
uggest that emotional stimuli can capture attention automati-
ally. However, other recent fMRI studies have found attentional
odulations of amygdala responses to fearful or happy facial

xpressions (Pessoa, Kastner, & Ungerleider, 2002; Pessoa,
cKenna, Gutierrez, & Ungerleider, 2002), as well as increased

esponses to attended versus unattended fearful faces in the ante-
ior temporal pole and anterior cingulate gyrus (Vuilleumier et
l., 2001).

We investigated the role of attention in the processing of emo-
ional facial expression by studying whether and how directing
ttention towards or away from emotional faces would affect any
motion-induced modulations of ERP waveforms. In one study
Holmes et al., 2003), we recorded ERPs in response to stimulus
rrays that consisted of two faces and two houses arranged in
orizontal and vertical pairs (see Fig. 5, top). The location of the
ace and house pairs (vertical versus horizontal) and the emo-
ional expression of the face pair (fearful versus neutral) was
aried randomly across trials. Participants had to direct their
ttention either to the two vertical or to the two horizontal loca-
ions in order to detect infrequent target events (two identical
aces or two identical houses at these attended locations). Stim-
li at the two other locations could be ignored. Task-relevant
ocations changed randomly across trials, and were indicated by
wo boxes presented at the start of each trial.

Fig. 5 shows ERPs triggered in response to stimulus arrays
ontaining either fearful or neutral faces, separately for trials
here faces were presented at cued (attended) positions (faces-

ued trials), and for trials where houses were presented at cued
ocations, while faces were task-irrelevant and could therefore
e ignored (houses-cued trials). When faces were attended, the
esults obtained in our previous studies (Eimer & Holmes, 2002;
imer et al., 2003) were basically replicated. Fearful faces trig-
ered an enhanced positivity relative to neutral faces, with an
arly frontocentral effect and a subsequent more broadly dis-
ributed sustained emotional positivity. Surprisingly, these emo-
ional expression effects were completely eliminated on trials
here faces were presented at unattended locations (Fig. 5,
ouses-cued trials). Here, no statistically significant modula-
ions of ERPs in response to arrays containing fearful versus
eutral faces were obtained at all. This finding that emotion-
pecific ERP modulations are strongly dependent on spatial
ttention challenges the hypothesis that the detection and pro-
essing of emotional facial expression occurs pre-attentively,
nd suggests that the processes reflected by ERP modulations
ensitive to emotional facial expression are gated by spatial
ttention.

In order to confirm and extend this surprising finding that
RP modulations triggered by emotional faces are contingent
pon faces being attended, we investigated the impact of direct-
ng attention towards or away from faces for all six basic

acial expressions. This was done in the study (Eimer et al.,
003) already introduced in Section 3, where stimulus arrays
onsisted of pairs of identical peripheral faces that were pre-
ented together with a central pair of vertical lines (Fig. 6, top).
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Fig. 5. Top: Stimulus setup used in the Holmes et al. (2003) study. Bottom: Grand-averaged ERP waveforms elicited at midline electrode Fz at lateral frontal electrodes
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3/4 in response to stimulus arrays containing fearful faces (solid lines) or neu
ttended locations (faces-cued trials), and for trials where houses were present
olmes et al. (2003).

acial expression was either neutral, or angry, disgusted, fear-
ul, happy, sad, or surprised, with emotional expression varied
cross blocks. To assess the impact of spatial attention on the
rocessing of emotional facial expression, we compared two dif-
erent tasks where attention was either directed towards or away
rom the face stimuli. In the Emotion task described in Sec-
ion 3, faces were attended, since participants were instructed

o judge their emotional expression. In the Lines task, atten-
ion was directed away from these faces, as participants had to
eport whether the two vertical lines were identical or differed in
ength.

f
a
c
a

aces (dashed lines), shown separately for trials where faces were presented at
attended locations and faces were unattended (houses-cued trials). Data from

Fig. 6 shows ERPs triggered at frontal recording sites in
esponse to emotional faces (collapsed across all six emotional
acial expressions) and neutral faces in the Emotion task where
aces were attended and in the Lines task where attention was
irected away from these faces. In the Emotion task, emotional
aces elicited an enhanced positivity starting at about 160 ms
ost-stimulus (see also Section 3 and Fig. 3), similar to the results

rom our other ERP studies (Eimer & Holmes, 2002; Holmes et
l., 2003). In marked contrast, emotional expression effects were
ompletely eliminated in the Lines task (Fig. 6, bottom). When
ttention was directed away from face stimuli towards the per-
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ig. 6. Top: Stimulus setup used in the Eimer et al. (2003) study. Bottom: Grand
3/4 in response to stimulus arrays containing emotional faces (solid lines) or ne
nd therefore attended (Emotion Task), and for blocks where lines were task-re

eptually difficult central line discrimination task, the presence
f emotional versus neutral faces had no effect whatsoever on
RP waveforms, and this was the case for each of the six basic
motions studied (see Eimer et al., 2003, for more details).

In the light of these findings that emotional expression effects
n ERP waveforms were completely eliminated when attention
as directed away from laterally presented emotional faces to
ther task-relevant locations, we next wanted to find out whether
ttention would have a similar impact on emotional face process-
ng even when faces are located at fixation. With emotional faces
resented within foveal vision, we expected to find little if any

odulatory effects of attention on emotional expression effects.
his was tested in another ERP study (Holmes, Kiss, & Eimer,
006), where single faces (either fearful or neutral) were pre-
ented foveally at fixation, and were flanked by a pair of vertical

a
a
c
s

ged ERP waveforms elicited at midline electrode Fz at lateral frontal electrodes
aces (dashed lines), shown separately for blocks where faces were task-relevant
and faces were unattended (Lines Task). Data from Eimer et al. (2003).

ines that were either identical or different in length (see Fig. 7,
op). In one half of the experiment, faces were attended, since
articipants had to detect immediate repetitions of the same face
timulus on successive trials. In the other experimental half, they
ad to detect immediate repetitions of an identical line pair on
uccessive trials, and faces could be entirely ignored.

Fig. 7 shows grand-averaged ERP waveforms obtained from
en participants in response to fearful and neutral faces at midline
lectrodes Fz and Cz when attention was directed to central faces
Faces task, top) or to lateral lines (Lines task, bottom). Simi-
ar to the results obtained before, fearful faces again triggered

n enhanced positivity relative to neutral faces when faces were
ttended, and this effect started at about 150 ms post-stimulus. In
ontrast to our findings for lateral faces, these emotional expres-
ion effects were not entirely eliminated when attention was
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Fig. 7. Top: Stimulus setup used in our study of the impact of selective attention on the processing of foveal emotional faces. Bottom: Grand-averaged ERP waveforms
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licited at midline electrodes Fz and Cz in response to stimulus arrays containi
locks where faces were task-relevant and therefore attended (Emotion Task), an
ata from Holmes et al. (2006a).

irected to the lateral lines. As can be seen from Fig. 7, the
arly phase of this effect triggered between 150 and 200 ms
ost-stimulus was clearly preserved even when instructions
equired participants to ignore foveal faces, and statistical anal-
ses revealed that a significantly enhanced positivity to fearful
aces was present regardless of attention instructions. In con-
rast, longer latency emotional expression effects, which were
resent when faces were attended, were strongly attenuated and
ailed to reach statistical significance in the Lines task where
articipants were instructed to ignore faces, and to judge lateral
ines instead.

These observations suggest that there are important differ-
nces in the impact of attention on cortical stages of emotional

xpression processing of foveal and peripheral faces. When faces
re presented at fixation, an initial rapid detection of their emo-
ional expression (as reflected by early emotional expression
ffects) takes place irrespective of attentional task instructions.

a
f
e
l

otional faces (solid lines) or neutral faces (dashed lines), shown separately for
blocks where lines were task-relevant and faces were unattended (Lines Task).

n contrast, no ERP evidence for emotional expression pro-
essing can be found when peripherally presented faces are
nattended. However, and equally importantly, it appears that
ubsequent stages in emotional face processing are under full
trategic control, and are therefore only activated when atten-
ional task instructions require observers to process these faces,
rrespective of whether they are presented foveally or in the
eriphery of the visual field.

The ERP studies presented in this section have demonstrated
hat emotion-specific ERP modulations are strongly dependent
n spatial attention. The observation that both short-latency
s well as sustained longer latency ERP emotional expres-
ion effects are completely eliminated when emotional faces

re presented at lateral positions and outside of the current
ocus of attention is clearly at odds with the hypothesis that
motional facial expression is always fully processed, regard-
ess of other current task demands. It should be noted that our
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bservation that ERP modulations sensitive to emotional facial
xpression are gated by spatial attention contrasts markedly
ith fMRI results showing that amygdala responses to fear-

ul faces and other emotionally salient stimuli are unaffected
y attention (Anderson, Christoff, Panitz, De Rosa, & Gabrieli,
003; Lane et al., 1999; Vuilleumier et al., 2001; see also

¨ hman & Mineka, 2001, for a description of a module for
ear elicitation that is cognitively impenetrable and activated
utomatically). Recent functional imaging studies have even
emonstrated fear-specific amygdala activation during binocular
uppression (Pasley, Mayes, & Schultz, 2004; Williams, Morris,

cGlone, Abbot, & Mattingley, 2004), which was interpreted
s evidence for a direct subcortical pathway to the amygdala.

The striking differences between these results and the ERP
ndings discussed in this section suggest that frontal neocor-

ical and limbic systems involved in the analysis of emotional
vents might differ with respect to their functional properties.
apid amygdala responses may be triggered by attended as well
s unattended emotional stimuli (although these responses may
till be modulated by selective attention; see Pessoa et al., 2002a,

002b). In contrast, neocortical stages of emotional processing
as reflected by the ERP effects discussed here) appear to be
uch more dependent on focal attention. At these stages, emo-

ionally salient events such as emotional faces may not have

s
c
H
s

ig. 8. Grand-averaged ERP waveforms elicited at midline electrodes Fz and Cz in
eparately for broadband (BSF) faces (left), high spatial frequency (HSF) faces (mi
2005b).
chologia 45 (2007) 15–31

unique status with respect to their immunity to attentional
apacity limitations. When attention is already actively engaged
lsewhere, the cortical processing of emotional facial expres-
ions may therefore be similarly impaired as the processing of
ther types of perceptual objects.

. The impact of spatial frequency on emotional
xpression analysis

One distinctive feature of brain structures sensitive to emo-
ionally relevant information such as the amygdala, superior
olliculus and pulvinar is that they appear to be preferentially
ctivated by low spatial frequency (LSF), but not high spatial
requency (HSF) representations of fearful faces (Vuilleumier,
rmony, Driver, & Dolan, 2003; Winston, Vuilleumier, & Dolan,
004). This observation is consistent with anatomical evidence
hat these brain areas receive substantial magnocellular inputs
Berson, 1988; Leventhal, Rodieck, & Dreher, 1985; Schiller,

alpeli, & Schein, 1979), possibly as part of a phylogenetically
ld route specialised for the rapid processing of fear-related

timuli (Le Doux, 1996; Morris, Ohman, & Dolan, 1999). In
ontrast, parvocellular channels, which are more responsive to
SF stimuli, provide input to ventral visual cortex, but not

ubcortical areas, and are crucial for the detailed processing

response to fearful faces (solid lines) and neutral faces (dashed lines), shown
ddle), and low spatial frequency (LSF) faces (right). Data from Holmes et al.
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f shape and colour on which object and face recognition are
ased (Breitmeyer, 1992; Livingstone & Hubel, 1988). A recent
ehavioural study conducted in our lab (Holmes et al., 2005a)
as also revealed that rapid attentional responses to fearful ver-
us neutral faces are driven by LSF rather than HSF information,
onsistent with the suggested role of amygdala in the media-
ion of attention towards emotional stimuli (Morris et al., 1998;
uilleumier et al., 2001).

Given the assumed preference of amygdala and connected
tructures for LSF information, driven by magnocellular affer-
nts, we have recently conducted a study (Holmes, Winston, &
imer, 2005) to investigate whether effects of emotional facial
xpression on ERP waveforms would show a similar selectiv-
ty. ERPs were recorded while participants viewed photographs
f centrally presented faces with fearful or neutral expressions,
ouses, or chairs. Their task was to detect and respond to infre-
uently presented target stimuli (chairs). Fig. 8 (top) shows
xamples of the different types of face stimuli used in this
tudy. Broad spatial frequency (BSF) stimuli were unfiltered,
SF stimuli were low-pass filtered to retain only frequencies
elow 6 cycles per image (2 cycles/degree of visual angle), while
SF stimuli were high-pass filtered to retain only frequencies

bove 26 cycles per image (4 cycles/degree of visual angle). To
reclude confounds due to differences between these stimulus
ategories in terms of their brightness or contrast, all stimuli were
ormalized for their luminance and average spectral energy.

Fig. 8 shows ERPs elicited at midline electrodes Fz and Cz
n the first 400 ms after stimulus onset in response to fearful
nd neutral faces, separately for BSF faces (left panel), HSF
aces (middle panel), and LSF faces (right panel). As expected,
motional expression had a strong effect on ERPs elicited by
SF faces. Confirming previous findings, an enhanced and sta-

istically reliable positivity for fearful relative to neutral faces
tarted at about 150 ms post-stimulus. In contrast, there was no
lear evidence for differential ERP responses to fearful versus
eutral faces in response to HSF and LSF faces (see Fig. 8,
iddle and right panels). The absence of systematic emotional

xpression effects for these filtered faces was also confirmed by
tatistical analyses. If LSF cues were more important than HSF
ues in producing ERP modulations to fearful facial expressions,
ne would have expected to find stronger emotional expression
ffects for LSF as compared to HSF faces, with effects for LSF
aces possibly even similar in magnitude to expression effects
bserved for unfiltered BSF faces. In fact, ERP responses to
SF faces were entirely unaffected by emotional expression.
iven that emotional processes in amygdala and related brain

egions have been found to be selectively driven by LSF signals
Vuilleumier et al., 2003; Winston et al., 2004), the absence of
ny reliable ERP effects of facial expression for LSF faces again
uggests that these ERP responses do not directly reflect activ-
ty in these regions, but are instead produced by functionally
istinct neocortical brain systems.
. Conclusions

In the studies reviewed in this paper, ERPs were measured
n response to emotional and neutral faces. We investigated

s
s
b
t
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he onset, time course, and topographic distribution of brain
esponses to emotional faces in order to learn more about func-
ional properties of emotional face processing. These studies
ave revealed robust and replicable differential ERP responses
o emotional versus neutral faces. In all experiments reviewed
n this paper, emotional faces triggered an increased positivity
elative to neutral faces. The onset of this emotional expression
ffect was remarkably early, ranging from 120 ms post-stimulus
hen faces were presented at fixation and no competing non-face

timuli were simultaneously present (Eimer & Holmes, 2002)
o 180 ms post-stimulus when emotional faces were presented
t peripheral locations together with other stimuli close to fixa-
ion (Eimer et al., 2003). While we assume that factors such as
he retinal position of faces and the presence versus absence of
otentially competing non-face stimuli in the display are largely
esponsible for such onset latency differences, the possibility
emains that other cognitive factors might determine the onset
f these effects. It is unlikely that the presence of an explicit emo-
ion task plays an important role, given that very early emotional
xpression effects were observed under conditions where par-
icipants had to detect the immediate repetitions of face as well
s non-face stimuli, and emotional expression was entirely irrel-
vant (Eimer & Holmes, 2002). The intriguing possibility that
he onset of these effects might also vary as a function of partic-
pants’ trait or state anxiety (see Bishop, Duncan, & Lawrence,
004; Fox, 2002, for recent behavioural and neuroimaging evi-
ence for an impact of anxiety on emotional processing) will be
nvestigated in future studies.

The initial phase of the emotional expression effects observed
n the studies reviewed here showed a frontocentral scalp distri-
ution, while its later phase beyond 250 ms post-stimulus was
ore broadly distributed (see Fig. 2), thus strongly suggesting

hat different neural generators are activated during early and
ater stages of this emotional positivity. While similar broadly
istributed longer latency positivities have been reported in
revious ERP studies for emotionally salient non-face stimuli
Cuthbert et al., 2000; Diedrich et al., 1997; Keil et al., 2002),
ifferential ERP modulations at latencies below 200 ms have
ot been found with other types of emotional material, thus sug-
esting that such rapid effects might be specific for emotional
aces (see Ashley et al., 2003, for similar early ERP effects of
motional facial expression).

The short onset latency of emotional expression effects
bserved in the ERP studies reviewed in this paper might sug-
est that the early phase of these effects reflects the rapid pre-
ttentive automatic assessment of the emotional content of faces,
s implemented by structures such as the amygdala. One obvious
bjection against this hypothesis is that it is highly unlikely that
he effects of emotional expression on ERP waveforms reviewed
n this paper are generated in the amygdala, given its deep posi-
ion and its electrically closed nuclear structure of clustered
eurons (unlike the regular alignment of neurons in layers of the
eocortex). Of course, even though amygdala activations them-

elves are unlikely to result in measurable ERP responses at the
calp surface, rapid automatic amygdala activations triggered
y emotional faces might still be relayed directly to neocor-
ical areas (Morris et al., 1998), where they could be picked
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p via ERPs. It is conceivable that the early emotional expres-
ion effects observed in our ERP studies reflect activity within
neural network involved in the rapid automatic classification
f emotional faces, which includes limbic structures as well as
nterconnected neocortical regions. However, several other find-
ngs from our ERP studies provide strong evidence against such

hypothesis. First, we found that ERP emotional expression
ffects were triggered at comparable latencies, and showed sim-
lar amplitudes and scalp topographies for all six basic emotions
Eimer et al., 2003). Although clearly preliminary (see the cau-
ionary comments in Section 3), this finding contrasts markedly
ith the emotion-specificity of the neural structures assumed

o be involved in the rapid automatic evaluation of emotional
ontent. Several studies have found a disproportionate activa-
ion of the amygdala in response to facial expressions of fear
Breiter et al., 1996; Morris et al., 1996; Phillips et al., 1998;

halen et al., 2001). Insula and basal ganglia seem to be par-
icularly involved in processing facial expressions of disgust
Adolphs et al., 2003; Calder et al., 2000, 2001; Phillips et al.,
997, 1998; Sprengelmeyer et al., 1998), and prefrontal areas
ppear to be specifically implicated in the recognition of angry
aces (Blair, Morris, Frith, Perrett, & Dolan, 1999; Harmer,
hilo, Rothwell, & Goodwin, 2001). Second, we found that ERP

esponses to emotional faces are not selectively driven by low
patial frequency information (Holmes et al., 2005b). Again, this
bservation contrasts with previous observations for structures
ubserving the automatic classification of emotional input, such
s the amygdala, which has been found to be preferentially acti-
ated by LSF signals (Vuilleumier et al., 2003; Winston et al.,
004). And finally, fear-specific amygdala activation appears to
tart only at latencies of 200 ms (Krolak-Salmon et al., 2004),
nd thus considerably later than the early emotional expression
ffects observed in our studies. This observation casts further
oubt on the hypothesis that rapid amygdala signals are respon-
ible for these ERP effects.

The most important evidence against the hypothesis that
RP modulations sensitive to emotional facial expression are
enerated during the initial automatic classification of emo-
ional content comes from our finding that spatial attention
ad a strong modulatory effect on these modulations. When
aces were presented foveally, early emotional expression effects
but not longer latency effects) were triggered independently
f the current focus of attention. However, and most impor-
antly, even these early effects were completely eliminated when
ttention was directed away from the location of peripheral
motional faces towards another perceptual task (Eimer et al.,
003; Holmes et al., 2003). This observation is clearly at odds
ith the idea that early emotional expression effects reflect the
re-attentive registration of facial expression. Recent fMRI evi-
ence suggests that amygdala responses to fearful faces are
naffected by attention (Lane et al., 1999; Vuilleumier et al.,
001), indicating that the amygdala is part of a network involved
n the pre-attentive automatic detection of emotional content.

he strong dependence of ERP emotional expression effects
n spatial attention demonstrated in our studies implies that
he processes responsible for the generation of these effects are
unctionally distinct from this pre-attentive detection network.

l
t

a
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ne could speculate that this remarkable effect of attention on
motional expression processing, as reflected by the absence
f any differential ERP effects for unattended emotional faces,
ight be mediated by control structures in orbitofrontal cor-

ex. Orbitofrontal regulatory processes can suppress responses
o emotional stimuli in the amygdala as well as in higher-
rder emotion areas (Davidson, 2002; Freedman, Black, Ebert,

Binns, 1998; Rolls, 1996). Orbitofrontal cortex has also
een implicated in monitoring and restricting affective impulses
hrough feedback mechanisms (Rolls, 1999; see also Rolls,
006, this issue), and has been posited as a key structure in the
eallocation of attention when emotional faces are task irrelevant
Vuilleumier et al., 2001).

It is conceivable that the absence of early emotional expres-
ion effects in response to unattended peripheral emotional faces
ound in our previous studies (Eimer et al., 2003; Holmes et al.,
003) may be due to the fact that observers were unable to iden-
ify facial expressions when attention was directed elsewhere.
lthough face identification performance was excellent when
eripheral faces were attended, the possibility that observers are
naware of emotional expressions when attention is diverted has
ot yet been explicitly addressed. Links between attention, early
motional expression effects, and the presence versus absence
f conscious awareness of facial expressions will need to be
ystematically investigated in future studies.

It should also be stressed that amygdala activations in
esponse to emotional stimuli do not always and exclusively
epresent a rapid and automatic classification of these stimuli.
ttentional modulations of amygdala responses to fearful or
appy facial expressions have in fact been observed (Pessoa et
l., 2002a, 2002b), and modulations of amygdala activation were
lso found as a function of top–down control processes involved
n the intentional regulation or reinterpretation of affective infor-

ation (Ochsner, Bunge, Gross, & Gabrielli, 2002; Schaefer et
l., 2002). These findings suggest that the amygdala may also
lay an important role during later processing stages where the
rocessing of emotional information is under attentional control
nd conscious representations of emotional content are gener-
ted.

Overall, our findings that ERP modulations in response to
motional faces were triggered in a very similar fashion for
ll basic facial expressions, were not selectively driven by low
patial frequency information, but were strongly modulated by
ttention all suggest that these effects are elicited during stages in
he processing of emotional information that are located beyond
he initial rapid and automatic classification of emotional con-
ent. The outcome of an initial rapid and automatic appraisal
f emotional stimuli will be fed into higher necortical stages
f emotional processing, where the evaluation of emotional
aterial is likely to continue in parallel with ongoing emotion

valuation in amygdala and related brain circuits. We suggest
hat emotional expression effects, as reflected by ERP wave-
orms in response to emotional faces, reflect processes at this

ater neocortical stage in the processing of emotional informa-
ion.

At present, it would be premature to speculate in more detail
bout specific cortical regions where the ERP effects reviewed
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in this paper might be generated, although regions such as ante-
rior cingulate, somatosensory cortex, or medial prefrontal corti-
cal areas seem plausible candidates. For example, Vuilleumier,
Armony, Driver, and Dolan (2001) have identified a dorsal
region of the anterior cingulate, which showed greater activation
when emotional faces were attended, analogous to our finding
that ERP effects of emotional expression are strongly affected
by attention. The dorsal subdivision of the anterior cingulate
has been implied in functions such as attentional control, error
and response conflict monitoring (Bush, Luu, & Posner, 2000;
Paus, Koski, Caramanos, & Westbury, 1998; Posner & Rothbart,
1998), but also as a potential locus of emotional awareness
(Lane, Reiman, Axelrod, Holmes, & Schwartz, 1998), consistent
with evidence that this region participates directly in the affec-
tive component of personally experienced (Rainville, Duncan,
Price, Carrier, & Bushnell, 1997) or observed (Hutchison, Davis,
Lozano, Tasker, & Dostrovsky, 1999) pain.

The analysis of emotional facial expression is based on a com-
plex neural network, and includes both a rapid, obligatory, and
pre-attentive classification of emotional content (implemented
within the amygdala, orbitofrontal cortex, and ventral striatum),
and the subsequent in-depth analysis of emotional faces in higher
order necortical emotion areas (including somatosensory cortex,
anterior cingulate, and medial prefrontal cortices). In spite of the
fact that ERP effects of emotional facial expression are triggered
at very short latencies, they are likely to reflect processes that
form part of the second, higher level and attention-dependent
emotional processing system, where representations of emo-
tional content are generated in a strategic and task-dependent
fashion for the adaptive intentional control of behaviour. Further
studies will have to investigate to what extent effects of emo-
tional facial expression on ERP waveforms, such as reviewed
here, might represent the initial stages of higher level emotional
processes, which may not just be involved in the analysis of
emotionally relevant sensory stimuli, but perhaps also in the
representation of subjective emotional states.
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orris, J. S., Öhman, A., & Dolan, R. J. (1999). A subcortical pathway to
the right amygdala mediating “unseen” fear. Proceedings of the National
Academy of Sciences, 96, 1680–1685.

chsner, K., Bunge, S. A., Gross, J. J., & Gabrielli, J. D. E. (2002). Rethinking
feelings: An fMRI study of the cognitive regulation of emotion. Journal of
Cognitive Neuroscience, 14, 1215–1229.

¨ hman, A., Flykt, A., & Esteves, F. (2001). Emotion drives attention: Detecting
the snake in the grass. Journal of Experimental Psychology: General, 130,
466–478.

¨ hman, 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, 381–396.

¨ hman, A., & Mineka, S. (2001). Fears, phobias, and preparedness: Toward
an evolved module of fear and fear learning. Psychological Review, 108,
483–522.

alermo, R., & Rhodes, G. (2006). Are you always on my mind? A review of
how face perception and attention interact. Neuropsychologia (this issue).

arry, F. M., Young, A. W., Saul, J. S., & Moss, A. (1991). Dissociable face pro-
cessing impairments after brain injury. Journal of Clinical and Experimental
Neuropsychology, 13, 545–558.

asley, B. N., Mayes, L. C., & Schultz, R. T. (2004). Subcortical discrimination
of unperceived objects during binocular rivalry. Neuron, 42, 163–172.

aus, T., Koski, L., Caramanos, Z., & Westbury, C. (1998). Regional differences
in the effects of task difficulty and motor output on blood flow response in
the human anterior cingulate cortex: A review of 107 PET activation studies.
Neuroreport, 9, 37–47.

essoa, L., Kastner, S., & Ungerleider, L. G. (2002a). Attentional control of the
processing of neutral and emotional stimuli. Cognitive Brain Research, 15,
31–45.

essoa, L., McKenna, M., Gutierrez, E., & Ungerleider, L. G. (2002b). Neural
processing of emotional faces requires attention. Proceedings of the National
Academy of Science USA, 99, 11458–11463.

hillips, M. L., Young, A. W., Senior, C., Brammer, M., Andrew, C., Calder, A.
J., et al. (1997). A specific neural substrate for perceiving facial expressions
of disgust. Nature, 389, 495–498.

hillips, M. L., Young, A. W., Scott, S. K., Calder, A. J., Andrew, C., Giampietro,
V., et al. (1998). Neural responses to facial and vocal expressions of fear
and disgust. Proceedings of the Royal Society London Series B, 265, 1809–
1817.

ourtois, G., Grandjean, D., Sander, D., & Vuilleumier, P. (2004). Electrophysi-
ological correlates of rapid spatial orienting towards fearful faces. Cerebral
Cortex, 14, 619–633.

ourtois, G., Thut, G., Grave de Peralta, R., Michel, C., & Vuilleumier, P. (2005).

Two electrophysiological stages of spatial orienting towards fearful faces:
Early temporo-parietal activation preceding gain control in extrastriate visual
cortex. NeuroImage, 26, 149–163.

osamentier, M. T., & Abdi, H. (2003). Processing faces and facial expressions.
Neuropsychology Review, 13, 113–143.



ropsy

P

P

P

R

R

R
R

R

S

S

S

S

T

V

V

V

V

V

W

W

W

M. Eimer, A. Holmes / Neu

osner, M. I., & Rothbart, M. K. (1998). Attention, self regulation and con-
sciousness. Philosophical Transactions Royal Society London Series B, 353,
1915–1927.

uce, A., Allison, T., & McCarthy, G. (1999). Electrophysiological studies of
human face perception. III. Effects of top–down processing on face-specific
potentials. Cerebral Cortex, 9, 445–458.

uce, A., Epling, J. A., Thompson, J. C., & Carrick, O. K. (2006). Neural
responses elicited to face motion and vocalization pairings. Neuropsycholo-
gia (this issue).

ainville, P., Duncan, G. H., Price, D. D., Carrier, B., & Bushnell, M. C. (1997).
Pain affect encoded in human anterior cingulate but not somatosensory cor-
tex. Science, 277, 968–971.

olls, E. T. (1996). The orbitofrontal cortex. Philosophical Transactions Royal
Society London B, 351, 1433–1443.

olls, E. T. (1999). The brain and emotion. Oxford: Oxford University Press.
olls, E. T. (2006). The representation of information about faces in the temporal

and frontal lobes. Neuropsychologia (this issue).
ossion, B., Caldara, R., Seghier, M., Schuller, A. M., Lazeyras, F., & Mayer,

E. (2003). A network of occipito-temporal face-sensitive areas besides the
right middle fusiform gyrus is necessary for normal face processing. Brain,
126, 2381–2395.

chaefer, S. M., Jackson, D. C., Davidson, R. J., Aguirre, G. K., Kimberg, D.
Y., & Thompson-Schill, S. L. (2002). Modulation of amygdala activity by
the conscious regulation of negative emotion. Journal of Cognitive Neuro-
science, 14, 913–921.

chiller, P. H., Malpeli, J. G., & Schein, S. J. (1979). Composition of genicu-
lostriate input to superior colliculus of the rhesus monkey. Journal of Neu-

rophysiology, 42, 1124–1133.

earcy, J. H., & Bartlett, J. C. (1996). Inversion and processing of com-
ponent and spatial-relational information in faces. Journal of Exper-
imental Psychology: Human Perception and Performance, 22, 904–
915.

Y

chologia 45 (2007) 15–31 31

prengelmeyer, R., Rausch, M., Eysel, U., & Przuntek, H. (1998). Neural struc-
tures associated with recognition of facial expressions of basic emotions.
Proceedings for the Royal Society London Series B, 265, 1927–1931.

ranel, D., & Damasio, A. R. (1988). Nonconscious face recognition in patients
with face agnosia. Behavioural Brain Research, 30, 235–249.

uilleumier, 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, 829–841.

uilleumier, P., Armony, J. L., Driver, J., & Dolan, R. J. (2003). Distinct spa-
tial frequency sensitivities for processing faces and emotional expressions.
Nature Neuroscience, 6, 624–631.

uilleumier, P., & Pourtois, G. (2006). Distributed and interactive brain mecha-
nisms during emotion face perception: Evidence from functional neuroimag-
ing. Neuropsychologia, doi:10.1016/j.neuropsychologia.2006.06.003.

uilleumier, P., & Schwartz, S. (2001a). Emotional expressions capture atten-
tion. Neurology, 56, 153–158.

uilleumier, P., & Schwartz, S. (2001b). Beware and be aware: Capture of spatial
attention by fear-related stimuli in neglect. Neuroreport, 12, 1119–1122.

halen, P. J., Shin, L. M., McInerney, S. C., Fischer, H., Wright, C. I.,
& Rauch, S. L. (2001). A functional MRI study of human amygdala
responses to facial expressions of fear versus anger. Emotion, 1, 70–
83.

illiams, M. A., Morris, A. P., McGlone, F., Abbot, D. F., & Mattingley, J.
B. (2004). Amygdala responses to fearful and happy facial expressions
under conditions of binocular suppression. Journal of Neuroscience, 24,
2898–2904.

inston, J. S., Vuilleumier, P., & Dolan, R. J. (2004). Effects of low spatial

frequency components of fearful faces on fusiform cortex activity. Current
Biology, 13, 1824–1829.

oung, A. W., Newcombe, F., de Haan, E. H., Small, M., & Hay, D. C. (1993).
Face perception after brain injury. Selective impairments affecting identity
and expression. Brain, 116, 941–959.


	Event-related brain potential correlates of emotional face processing
	Introduction
	ERP correlates of emotional face processing: fearful faces
	ERP correlates of emotional face processing: other emotional expressions
	Structural encoding and facial expression processing are independent and parallel processes
	The impact of attention on the processing of emotional facial expression
	The impact of spatial frequency on emotional expression analysis
	Conclusions
	Acknowledgements
	References


