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Abstract

The angry facial expression is an important socially threatening stimulus argued to have evolved to regulate social
hierarchies. In the present study, event-related potentials(ERP) were used to investigate the involvement and temporal
dynamics of the frontal and parietal regions in the processing of angry facial expressions. Angry, happy and neutral
faces were shown to eighteen healthy right-handed volunteers in a passive viewing task. Stimulus-locked ERPs were
recorded from the frontal and parietal scalp sites. The P200, N300 and early contingent negativity variation(eCNV)
components of the electric brain potentials were investigated. Analyses revealed statistical significant reductions in
P200 amplitudes for the angry facial expression on both frontal and parietal electrode sites. Furthermore, apart from
being strongly associated with the anterior P200, the N300 showed to be more negative for the angry facial expression
in the anterior regions also. Finally, the eCNV was more pronounced over the parietal sites for the angry facial
expressions. The present study demonstrated specific electrocortical correlates underlying the processing of angry
facial expressions in the anterior and posterior brain sectors. The P200 is argued to indicate valence tagging by a fast
and early detection mechanism. The lowered N300 with an anterior distribution for the angry facial expressions
indicates more elaborate evaluation of stimulus relevance. The fact that the P200 and the N300 are highly correlated
suggests that they reflect different stages of the same anterior evaluation mechanism. The more pronounced posterior
eCNV suggests sustained attention to socially threatening information.
� 2004 Elsevier B.V. All rights reserved.
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1. Introduction

The selective processing of threatening angry
facial expression has been extensively investigated
on both the behavioural, functional(e.g. Ohman¨
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et al., 2001; Tipples et al., 2002) and physiological
level (e.g. Dimberg and Petterson, 2000; Morris et
al., 1998). The threatening facial expression of
anger provides an important warning signal in the
regulation of social hierarchies(Darwin, 1872;
Lorenz, 1966; Van Honk and De Haan, 2001).
Recently, Van Honk et al.(2000, 2001b) demon-
strated attentional biases to angry facial expres-
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sions using a modified emotional Stroop task in
healthy volunteers. In this task different colored
(i.e. blue, green, yellow or red) angry and neutral
faces were presented and the subjects had to name
the color of the face as fast as possible. The
rationale behind this task was that it would take
longer for subjects to name the color of the face
when they attended towards an emotional com-
pared to neutral facial expression(i.e. interfer-
ence). Faster color naming, on the other hand,
would suggest that the perceiver was avoiding the
processing of the emotional facial expression(i.e.
facilitation). Van Honk et al. (2000, 2001b)
showed interference during color naming of angry
facial expressions, which was interpreted in terms
of the face capturing attentional resources.

Although electrophysiological studies have dem-
onstrated specific deflections in the ongoing EEG
that are related to facial and affective information
processing as early as 100 ms post-stimulus(e.g.
Orozco and Ehlers, 1998; Pizzagalli et al., 1999),
these early brain potentials seem to reflect pro-
cesses related to morphological encoding, such as
the extraction of physiognomic features of the face
(Bruce and Young, 1986). The N170, for instance,
is a negative deflection in the EEG that is specif-
ically involved in the structural face encoding, but
does not seem directly sensitive for familiarity or
the emotional expression of the face(Balconi and
Pozzoli, 2003; Eimer and Holmes, 2002; Herrmann
et al., 2002). Pizzagalli et al.(2002), however,
recently reported early brain potentials(approx.
160 ms), which were a function of affective
judgment. Notwithstanding, it has been argued that
cognitive and affective information processing
arises after 200 ms.

A brain potential which has proven to be sen-
sitive to emotional visual stimulation is a positivity
peaking approximately 200 ms, designated as the
P200 (Carretie et al., 2001a,b). Horley et al.´
(2001), for instance, demonstrated reduced P200
amplitude following angry, compared to neutral
facial expressions. It has been suggested that the
relative early P200 reflects a valence specific
orienting index for relevant stimuli. Processes that
occur later in the ERP chronometry are argued to
be related to more complex cognitive and affect-
related processes. For example, the N300 has been

demonstrated to be an emotion-sensitive potential,
which is less affected by cognition(Carretie et al.,´
1997). Carretie et al.(1997) argue that the N300´
might reflect an arousal dimension of affective
characteristics of visual stimuli. Moreover, the
N300 in the anterior brain region has been posi-
tively associated with arousing negative valenced
stimuli, whereas a more posterior N300 distribu-
tion was related to arousing positive valenced
stimuli. In accordance with a frontal-parietal net-
work of attention put forward by Posner and
Raichle (1997), the P200 and N300 might be
involved in the detection and evaluation of angry
facial expressions, respectively. A vigilance net-
work of attention consisting of the frontal and
parietal cortex is argued to maintain a state of
alertness when salient stimuli are encountered.
Angry facial expression are important socially
threatening stimuli (Ohman, 1997), hence the¨

involvement of the vigilance network can be
assumed, in particular since alertness and action
preparation are essential for appropriate responses.

Several studies have reported positive going
waveforms after displaying affective pictures
(Cuthbert et al., 2000; Keil et al., 2002). Ruchkin
et al.(1988) argued that positive going waveforms
might particularly be associated with perceptual
operations and memory storage, whereas the neg-
ative going waveforms are more related to higher
order conceptual processing. Cuthbert et al.(2000)
suggested that slow waves can be evoked during
picture viewing and augmented for emotional lad-
en stimuli, mirroring increases in resource alloca-
tion to motivationally relevant incentives.
Enhanced late positive going waveforms have
indeed been observed after the display of pleasant
and unpleasant pictures from the International
Affective Picture System(IAPS) (e.g. Cuthbert et
al., 2000; Schupp et al., 2000). However, the
neural signature of the positive going waveform
remains somewhat elusive. In particular negative
going waveforms over posterior regions, including
the eCNV are assumed to reflect underlying cor-
tical activation through massive depolarisation of
apical dendrites(Weisz et al., 2002). Since a slow
negative going wave has been found to be indic-
ative of allocation of cortical resources(Alten-
muller and Gerloff, 1999) and the CNV in a¨
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post-stimulus trace reflects selective attention paid
to a highly relevant stimulus(Wilkinson and Ash-
by, 1974), it is feasible that threatening angry
facial expressions will elicit an eCNV rather than
a positive going waveform. Thus, albeit the eCNV
is typically elicited in S1–S2 paradigms, it may
nevertheless be conjectured that the eCNV could
be evoked and modulated by angry facial expres-
sions, indexing a rudimentary form of action
preparation.

Although, the electrophysiology of face process-
ing has been abundantly investigated, little is
known about the processing of angry faces in the
fronto-parietal network of attention. The present
study was designed to investigate the temporal
dynamics of the frontal and parietal EEG display-
ing angry compared to neutral and happy facial
expressions. As noted, the P200 amplitude is
argued to indicate valence tagging and amplitude
reductions have been observed after displaying
angry facial expressions(Horley et al., 2001).
Thus, currently reductions in P200 amplitude were
hypothesized. Larger N300 amplitude indicating
elaborate attentional processing were hypothesized
to occur after the angry facial expression. Also,
since the eCNV varies as a function of alertness
and sustained attention, a more pronounced nega-
tivity for the threatening angry facial expression
was expected. If indeed the P200, N300 and eCNV
amplitude would be modulated by the threatening
angry facial expression, it would be worthwhile to
investigate possible functional relationships
between the components as well.

2. Methods

2.1. Participants

Eighteen healthy volunteers(mean"S.D. age,
21.6"1.9 years) were recruited among students at
Utrecht University, Utrecht, The Netherlands. Par-
ticipants (11 females) were non-smoking and
right-handed as indexed by the Edinburgh Hand-
edness Inventory(Oldfield, 1971) (mean"S.D.
score, 44.3"3.2). None of the subjects had a
history of psychiatric or neurological conditions
and had normal or corrected-to-normal vision. All
volunteers were unaware of the aim of the study.

Informed consent was obtained and participants
received payment for taking part in the study. The
protocol was approved by the local ethical com-
mittee of Faculty of Social Sciences.

2.2. Passive viewing task

The stimuli were taken from Ekman and Friesen
(1976) Pictures of Facial Affect and other com-
parable specially prepared facial stimuli(Van
Honk et al., 2000). Pictures of 10 different indi-
viduals each displaying angry, neutral and happy
facial expression were used. Happy facial expres-
sions were included to control for valence(Van
Honk et al., 2001a). The passive viewing task
consisted of ninety consecutive non-paced 750 ms
presentations of thirty facial expressions of each
category. Prior to each sequence of facial picture,
a fixation cross appeared at the centre of the screen
for 750 ms. The inter-stimulus interval between
the presentations varied randomly between the
1500 and 2500 ms. All stimuli were projected in
the centre of the screen in grey-scales on a black
background, using a 70 Hz computer screen at a
distance of 110 cm from the eyes. The image sizes
were 14=9 cm and the vertical and horizontal
visual angles being 3.648 and 2.348, respectively.
The stimuli were presented in a random fashion.

2.3. Event related potentials

EEGs were recorded from eight electrodes, i.e.
F3, F4, P3, P4, Fz, Cz, Pz and Oz scalp positions,
using an Electro-Cap with AgyAgCl electrodes
(Neurosoft, Inc.) and according to the International
10-20 System. EEG signals were referenced to an
electrode placed behind the subject’s right mastoid.
The choice of the reference has been a longstand-
ing issue in electrophysiological studies(see for
instance Nunez et al., 1997; Picton et al., 2000;
Reilly, 1999). Various solutions have been pro-
posed in order to minimize the influence of refer-
ence, but no agreement on an optimal solution for
the reference problem has been reached yet(Hage-
mann et al., 2001). The mastoid reference is often
used to maximize inter-electrode distance and to
avoid mixed activity from two different scalp
areas. This montage is based on the assumption
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that unlike, for instance, vertex referencing the
mastoid site picks up no or minimal electrical
activity. Although, the reference electrode ought to
be ‘silent’, this is hard to accomplish. One of the
solutions is to use a scalp site with minimal activity
(Hagemann et al., 1998). Furthermore, different
reference strategies do not necessarily compromise
whether and where the ERPs are recorded. For
instance, Horley et al.(2001) ran separate analyses
with two different reference montages with no
unduly effects on the P200 component. Finally,
Keil et al. (2002) recently used a high-density
electrode(129-sensor) array and an average ref-
erence to investigate affective picture processing.
Surprisingly, the polarity and topography of the
effects were similar to that observed in previous
comparable work, which had used smaller montage
sizes and linked mastoids.

For the purpose of artefact scoring, vertical
(VEOG) and horizontal(HEOG) eye movements
were recorded. AgyAgCL electrode pairs(bipolar)
were placed at the supra- and suborbit of the right
eye and at the external canthi of each eye. ECI
EEG Gel was used for both EEG and EOG and
all electrode impedances were less than 5000V.
An acquisition amplifier(Ampligraph) was used
to filter incoming signals(low-pass cut-off fre-
quency 70 Hz; time constant 3 s). For the EEG
recordings NeuroScan software(El Paso, Texas)
was used. Amplification was set at 20000 for both
the EEG and EOG leads, and the sample rate was
250 Hz. Raw EEG was digitally low-pass filtered
offline with a cut-off frequency of 15 Hz, corrected
for eye-movements, using linear regression, and
epoched in ay50 to 1024 ms stimulus-locked
time window. Muscular and other sources of arte-
facts ("50 mV) in the stimulus-locked epochs
were removed prior to further analysis. The des-
ignation of an artefact in one of the leads resulted
in removal of that epoch for all channels in order
to ensure that the remaining data were identical
for all sites in time. The remaining EEG epochs
were baseline corrected using the mean amplitude
50 ms prior to stimulus onset and averaged across
the different facial expressions, constructing a
mean ERP for the angry, neutral and happy facial
expressions for the passive viewing task. An aver-
aged waveform from at least 25 artefact-free trials

for each emotional facial expression could be
obtained.

2.4. Procedure

Upon arrival at the psychological laboratory
volunteers written informed consent was obtained
and the computerized version of the Edinburgh
Handedness Inventory was completed. Next, par-
ticipants were prepared for the EEG recording.
After completion, the subjects were seated in a
comfortable chair situated in a dimly lit room
adjacent to the control chamber. EEG was recorded
during passive viewing task, and subjects were
instructed to relax, keep head movements to a
minimum, and to focus on the screen. The entire
experiment took approximately 1 h per subject.

2.5. Data analyses

For each individual the average amplitude of
the P200 and N300 components for each facial
expression category were determined by means of
peak-amplitude scoring between 150–250 ms and
250–350 ms time intervals, respectively,(adapted
from Carretie and Iglesias, 1995). The slow wave´
activity, the eCNV, was defined as the mean
amplitude in the 425–525 ms time window. To
investigate anterior-posterior and interhemispheric
differences, separate 3=3 MANOVAs for the fron-
tal (F3, F4, Fz) and parietal(P3, P4, Pz) were
performed with Electrode and Valence(angry,
neutral and happy facial expressions) as within-
subject factors and the mean amplitude of the
P200, N300 components and the eCNV as the
dependent variables. Potential functional relation-
ship between the brain potentials of interest and
emotional face processing were investigated using
post-hoc Pearson’s correlations. The alpha level of
significance(two-tailed) was set at 0.05 through-
out.

3. Results

Separate MANOVAs for the frontal and parietal
electrode sites revealed a significant main Valence
effect of reduced P200 amplitude for the angry
facial expressions compared to both the anterior
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Fig. 2. The anterior P200–N300 amplitude correlation for the
angry facial expressions.

Fig. 1. Mean scalp-recorded ERPs in microvolt for the angry, happy and neutral facial expressions.

wF(2,16)s3.6: P-0.05x and posterior regions
wF(2,16)s5.0: Ps0.02x. Two separate MANO-
VAs were conducted to test for differences between
frontal and parietal distribution of the N300. There
was an augmentation of the N300 amplitude over
the frontal electrodeswF(2,16)s4.4: Ps0.03x, but
the effect failed to reach significance over the
posterior siteswF(2,16xs2.2: P)0.15x for the
angry facial expression. Two separate MANOVAs
yielded a significance larger eCNV over the pari-
etal wF(2,16)s5.1: P-0.02x, but not the frontal
electrode sites for the angry facial expression
wF(2,16)s1.9: P)0.17x. The parietal eCNV and
its reactivity seem to be in accordance with the
typical topographical distribution of the eCNV
over the scalp. Fig. 1 displays the grand-averaged
ERPs for the angry, neutral and happy facial
expressions over the frontal and parietal electrode
sites. Finally, Pearson correlations demonstrated a
highly significant relationship between the anterior
P200 and N300 amplitude for the angry facial
expression wr(18)s0.8: Ps0.0003x, which is
shown in Fig. 2. An association between P200 and
eCNV, was however not foundwr(18)s0.1: Ps
0.65x.
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4. Discussion

The present study investigated the electrocortical
processes over the anterior and posterior brain
regions for angry, neutral and happy facial
expressions.

Unlike most of the earlier brain potentials the
P200 has demonstrated to be valence specific
(Carretie et al., 2001a). In accordance with this´
notion, a recent study by Horley et al.(2001)
indeed showed a relationship between reduced
P200 amplitude following the presentation of
angry, compared to neutral facial expressions,
which was replicated in the present study. Sokolov
(1975) suggested that in the case of threatening
stimuli the cortical analysers are shut down, in
order to preclude higher level cognitive processing
to interfere with the need for efficient and quick
responses. The available energetic resources must
immediately be re-allocated to(subcortical) brain
structures involved in the preparation of fight-
flight responses(Ledoux, 2002). In the present
respect, it might thus be argued that the reduced
P200 component reflects a relative fast and early
threat related index of information processing: a
global valence tagging or detection system. A
similar although reversed pattern was observed for
the N300 which showed to be larger for the angry
facial expressions. Carretie et al.(1997, 2001a)´
already emphasized the importance of this negative
brain potential in the processing of emotionally
salient stimuli. Alternatively, Rockstroh et al.
(1989) and Schupp et al.(1994) have argued that
positive and negative brain potentials relate to
inhibitory and facilitatory processes. Accordingly,
the reduced P200 amplitude would stand for cor-
tical activation and enhanced processing which
might explain the physiological relation with the
enhanced N300 amplitude.

Notably, in the present study the N300 amplitude
appeared to be significantly modulated over the
anterior brain sectors. This observation is in accor-
dance with the findings of Carretie et al.(1997)´
who showed that the N300 which most pronounced
over the frontal cortex for arousing negative related
stimuli. In the present respect, it is argued that the
N300 reflects a more in depth evaluation of the
relevant stimuli, which have passed the initial

detection of significance(the P200). It is further-
more interesting to observe that besides from being
modulated by the angry facial expression, the P200
was also positively associated with the emergence
of the N300. This provides evidence for a relation-
ship between the computations underlying detec-
tion and evaluation. This P200–N300 complex is
likely part of an anterior network involved in the
detection and evaluation of threat. The well-docu-
mented executive functions of the frontal brain
areas in cognition and emotion(Fuster, 1997) are
in support of this assumption.

Parietal enhancements of the eCNV for angry,
but not neutral and happy faces were observed in
the current study. Cuthbert et al.(2000) and Keil
et al. (2002) and Schupp et al.(2003) have
reported positive going waveforms following emo-
tional pictures. However, in the present study a
different set of emotional stimuli was used. The
average ERP of their negative IAPS pictures is
not exclusively based on emotional facial expres-
sions, since the IAPS also uses rather gruesome
negative pictures of, for instance, mutilated bodies
(e.g. Cuthbert et al., 2000). This dissimilarity
might well evoke a different cascade of electro-
physiological effects. The eCNV is assumed to
reflect underlying cortical activity through massive
depolarisation of apical dendrites(Weisz et al.,
2002) and suggested to function as a warning-type
signal (Weerts and Lang, 1973). Interestingly as
can be read from the Introduction, Wilkinson and
Ashby (1974) suggested that the CNV in a post-
stimulus time period might index selective atten-
tion. The parietal lobules have been implicated in
a vigilant attention network(Posner and Raichle,
1997). Adding evidence to this parietal involve-
ment in emotional processing, Schutter et al.
(2002) recently showed that baseline parietal activ-
ity was predictive for selective attention to the
angry facial expressions. Since no correlation was
found between the parietal P200 and the eCNV, it
can be argued that the parietal eCNV reflects a
separate functional process, instantiated after the
completion of the first evaluation stage. Thus, the
eCNV might be associated with sustained attention
and action preparation. It can nevertheless be
argued that the selective processing of the angry
facial expression is primarily a consequence of
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arousal(Cuthbert et al., 2000; Keil et al., 2002;
Schupp et al., 2000). At least subjectively, the
emotional expressions of anger and happiness do
not seem to differ on the arousal dimension.
Indeed, Balconi and Pozzoli(2003) recently found
that the angry and the happy facial expressions are
rated as negative and positive in valence, but both
highly arousing. We did not ask the participants to
subjectively rate the arousal dimension of the faces
nor did we apply autonomic measures. Presently,
the angry face did exert selective modulatory
effects on the N300 and the P200 component. Note
that the N300 has been linked to negatively arous-
ing events (Carretie et al., 1997), whereas the´
reduced P200 amplitude has specifically been asso-
ciated with angry facial expressions(Horley et al.,
2001). On the basis of above-noted findings(Bal-
coni and Pozzoli, 2003; Horley et al., 2001) and
the current differential findings on angry and
happy faces, it can be suggested that valence is
involved in the ERP of the angry facial expression.

A possible limitation of the study is the small
number of electrode sites from which EEG was
recorded. Larger montage-sizes might provide
more detailed information regarding polarity and
topographical distribution, albeit the parsimonious
use of less dense arrays does not compromise
findings with respect to polarity and topographical
distribution per se. In defense, Keil et al.(2002)
recently used a high-density electrode(129-sensor)
array and average referencing and demonstrated
that the polarity and topography of ERP compo-
nents were similar to that observed in previous
work with smaller montage sizes and linked mas-
toids. It should, however, be noted that larger
electrode arrays do provide better estimates of
topographical distribution enabling electrocortical
source analysis, this was beyond the scope of our
study.

In sum, based on the present data, it is concluded
that the frontal brain sector is involved in the
detection(P200) and evaluation(N300) of angry
facial expressions, whereas the posterior cortices
are involved in sustained selective attention and
action preparation(eCNV). The frontal P200–
N300 complex and parietal eCNV may be part of
a functionally dissociated fronto-parietal network
of attention in which anterior and posterior sectors

are responsible for different aspects of affective
processing.
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