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To clarify the time course of neural responses to faces with
di¡erent emotional expressions, we used event-related potential
(ERP) and reaction time measures. Faces expressing four
di¡erent emotions (happy, neutral, fearful, disgusted) and houses
were shown in both upright and inverted orientations while
subjects performed an immediate-repeats task. Results
indicated that upright fearful expressions enhanced the frontocen-
tral P200. However, emotional e¡ects on the N170 and late

positive component interacted with face orientation and
were not selective for any speci¢c expression. A unique
negative component for upright disgust faces was observed
at B300ms at occipital regions. These results provide evidence
for emotion-speci¢c ERPs associated with fear and disgust,
distinct from other non-speci¢c con¢gurational and attentional
e¡ects. NeuroReport 15:211^216 �c 2004 Lippincott Williams &
Wilkins.
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INTRODUCTION
The ability to recognize facial expressions is crucial for
adaptive social interaction. Recognizing another’s expres-
sion of rage or fear, for example, could allow for a rapid
response to escape danger. How the brain discerns between
different facial expressions of emotion has been the subject
of a number of recent studies. Single-neuron studies in
primates have identified face-selective neurons in temporal
cortex [1]. PET and fMRI imaging in humans have revealed
brain areas activated by faces and emotional expressions,
particularly limbic areas in temporal and prefrontal cortex
such as the amygdala and orbitofrontal cortex [2,3], as well
as the fusiform gyrus [4]. Event-related potentials (ERPs)
have shown differences in timing, amplitude, and topo-
graphic layout of activation to different facial expressions.
These findings converge to suggest that different emotional
expressions implicate dissociable networks [5]. However,
this issue continues to be debated. The present experiment
compares the time-course of neural responses to different
emotional expressions in faces.
Electrophysiological measures of brain processes, such as

ERPs, are an ideal method to examine precise differences in
brain responses during windows of time on the order of
milliseconds. Studies of ERPs generated by faces often focus
on key components such as the face-specific N170 [6] and
vertex positive potential [7], or on the P300 and late positive
component (LPC). Early components are thought to reflect
basic structural encoding of faces, whereas later components
may reflect categorization and attention to motivationally

relevant information, including emotion, gender, or identity.
Thus, different tasks may evoke different responses despite
identical stimuli (e.g. as during attention to gender or to
expression; see [8]). However, recent findings that early
components may also be modulated by emotional expres-
sion as early as 120–160ms [4,9] suggest that structural
encoding might occur in parallel with affective processing.
Currently, little is known about the interactions between
encoding of structural face information and expression.
Several studies reported ERP effects of facial expressions

in both early and later components. Marinkovic and
Halgren [10] employed an emotional rating task with
happy, sad, and neutral faces, and found that emotional
expressions, as compared with neutral, elicited a larger
lateral occipito-temporal negativity from 200 to 400ms post-
stimulus. Moreover, the LPC at frontal sites was modulated
by attention to emotional valence. Similarly, Krolak-Salmon
[8] found ERP differences only when the task required
expression discrimination, but not during a gender task.
Emotional and neutral faces differed at 250–550ms, whereas
the different expressions diverged at 550–750ms. More
recently, Eimer and Holmes [9] described earlier differences
(at 120ms) in a frontocentral positivity, which was larger for
fearful than for neutral faces. This early latency implies that
the detection of facial expression could occur at least
partially independently of the structural encoding asso-
ciated with the N170. A broadly distributed and sustained
positivity was observed after 250ms [9]. However, it is
unclear whether these responses are specific for fearful
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expressions and whether they are separate from structural
encoding of other configurational information in faces. Face
inversion (disrupting holistic processing) eliminated ERP
differences for fearful expressions during the earliest
segment (110–150ms), suggesting emotion-specific effects
rather than more general effects of facial features [9].
However, few studies have examined the effects of orienta-
tion on the processing of other emotional expressions.
To distinguish the effects of emotion from changes in the

configurational traits of faces, we used ERPs to examine the
processing of different facial expressions in both upright
and inverted orientations. Four different expressions were
presented (happy, neutral, fearful, and disgusted). The
presence of emotion-specific responses was evaluated at
early latencies in frontocentral regions, and at later time
intervals for the LPC.

MATERIALS AND METHODS
Subjects: Sixteen healthy right-handed controls (eight
male, eight female), ages 27–77 years (mean 53.37 14.2
years) participated in the study. These individuals also
served as controls for patients with lesions of orbitofrontal
cortex, which will be reported in another paper. All
participants were paid and signed informed consent
statements approved by the Institutional Review Boards of
the Veterans Affairs Medical Center and UC Davis.

Stimuli: Face stimuli consisted of 10 different individuals
(taken from [11]), expressing four different emotions (happy,
neutral, fearful, disgusted), for a total of 40 different faces.
Faces were shown upright (40) and inverted (40), with 80
faces per block (total 800). Face stimuli were cropped in an
oval shape to exclude hair or clothing. Also included were
house stimuli (20 different houses), shown both upright and
upside down, with 40 houses per block (total 400). House
stimuli were also cropped in an oval shape.

Procedure: Subjects viewed 10 blocks of 120 faces and
houses on a computer screen in a dimly-lit and sound-
attenuated room. Images were presented centrally on the
screen at a size of 10 cm and a distance of 110 cm from the
viewer. Stimuli were shown for 750ms each with an ISI of
1750ms. Subjects were instructed to press a button each
time a stimulus immediately repeated itself (20% occur-
rence, randomly ordered). Repeat targets were defined as an
exact repetition of a stimulus in identity, emotion and
orientation. Half of the trials used a right-hand button press,
and half of the trials used a left-hand button press. Subjects
began with a practice block. Reaction times and accuracy
were recorded along with the EEG.

ERP recording and analysis: EEG recordings were made
from 26 tin electrodes embedded in an Electro-Cap. Using
the 10-20 system, scalp readings were recorded from: Fp1,
Fp2, AF3, AF4, F3, F4, F7, F8, FC5, FC6, Fz, Cz, Pz, POz, C3,
C4, T3 (T7), T4 (T8), T5 (P7), T6 (P8), CP5, CP6, P3, P4, O1
and O2. Two left horizontal and vertical EOG sites, a right
mastoid site, and one nosetip electrode, were also recorded.
All electrodes were referenced to the left mastoid. Electrode
impedance was kept at r 10 kO. Signals were amplified
(� 50 000) and filtered (0.1–80Hz) via an SA Instrumen-

tation acquisition system. EEG was continuously recorded
at 16-bit resolution and a sampling rate of 256Hz.

Data were re-referenced to the average of the mastoids
off-line and digitally low-pass filtered (20Hz). A second
average was obtained with data referenced to the nosetip.
Trials containing eye-blink artifacts, excessive peak-to-peak
deflections, EMG artifact, or amplifier blocking were
removed automatically from data being averaged. Trials
with correctable blinks (i.e. uncontaminated by other
artifacts) were corrected with an adaptive filtering algo-
rithm [12] and included in the relevant average. ERP
averages for each stimulus type were computed for
individual subjects. Stimulus-locked averages were ex-
tracted during the analysis and identified by event codes.
ERPs were quantified by calculating peak amplitude or
mean amplitude in defined latency windows relative to a
100ms pre-stimulus baseline. Peak latency was referred to
stimulus onset. The data were statistically evaluated with
repeated measures ANOVAs, using Greenhouse-Geisser
corrections for multiple comparisons when appropriate.
ERP measures were analyzed using non-target face data for
the factors of orientation (upright, inverted), emotional
expression (happy, neutral, fear, disgust), and electrode site
(Fp1-O2).

RESULTS
Behavioral: Subjects showed an average accuracy rate
of 91.29% in detecting immediate repeats, with greater
accuracy for upright than for inverted faces (F(1,15)¼ 24.69,
p¼ 0.0002, upright correct¼ 93.91%, inverted correct¼
88.67%). Average reaction time was 545.3ms, with responses
faster to upright than to inverted faces (F(1,15)¼ 22.43,
p ¼ 0.0003, upright reaction time¼ 538.6ms, inverted reac-
tion time¼ 552.0ms). Although the orientation x emotion
interaction was not significant (p¼ 0.134), planned compar-
isons indicated that upright happy, neutral, and disgust
expressions elicited shorter reaction times than inverted
(po 0.05), while reaction times for fearful expressions were
not different between upright and inverted. Among expres-
sions in the upright orientation, reaction times were longer
for fearful than for disgust faces (F(1,15)¼ 9.25, p¼ 0.012),
but not different between other upright expressions. There
were no reaction time differences between expressions in
the inverted orientation.

ERP: We first focused on three components of standard
ERPs elicited by faces: the N170 (120–230ms, at T5 and T6);
the P200, often referred to as the vertex positive potential
(100–250ms, measured at 22 electrode sites); and the LPC
(400–800ms, measured at 22 electrode sites). Component
amplitudes were quantified using either mean (P200 and
LPC) or peak (N170) measures during each time window.
Two reference sites were utilized: N170 and LPC were
quantified from averages referenced to the nosetip, while
P200 was measured using an averaged mastoid reference
[6,7].

N170: The N170 component to upright and inverted
faces is illustrated in Fig. 1. Whereas differences in
N170 amplitudes were not found for orientation (F(1,15)¼
2.05, p¼ 0.17) or emotion (F(3,45)¼ 1.13, p ¼0.34), the
orientation� emotion interaction was significant (F(3,45)¼
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5.35, p¼ 0.005). The N170 to neutral faces showed a trend
toward greater amplitude for inverted than upright orienta-
tion (p¼ 0.073), consistent with previous findings [6,13,14].
By contrast, happy and disgust faces elicited larger N170 s
when upright than when inverted (po 0.02 for both).
Importantly, there were no significant effects of expression
for faces presented in the upright orientation. In the
inverted position, neutral faces had more negative ampli-
tudes than happy and disgust (both po 0.005), while fearful
faces were also more negative than disgust (p¼ 0.037).
Overall, these effects suggest a modulation of N170 by
general configurational cues affected by inversion, rather
than by specific emotional significance.
N170 latencies for inverted faces were slower than for

upright faces (F(1,15)¼ 9.79, p¼ 0.007, 161.4ms upright,
165.7ms inverted). This was found for each emotional
expression (all po 0.04).

P200: Like the N170, the P200 component is clearly larger
to faces than to houses (Fig. 2). Emotion significantly
influenced P200 amplitude (F(3,45)¼ 2.98, p¼ 0.046).
Planned comparisons revealed that upright P200 s were
enhanced specifically for fearful faces relative to happy
faces (F(1,15)¼ 6.22, p¼ 0.024), with a similar trend com-
pared to neutral faces (F(1,15)¼ 3.92, p¼ 0.065). This
enhancement by fear occurred at both frontal and central
sites. Disgust did not differ from any other expression.
P200 s to inverted stimuli showed no significant differences
between facial expressions, but a trend toward delayed
latency (F(1,15)¼ 4.31, p¼ 0.056, 172.7ms upright, 177.2ms
inverted). Orientation did not produce a significant main
effect (F(1,15)¼ 2.41, p¼ 0.14) but interacted with electrode
site (F(21,315)¼ 4.53, p¼ 0.006), since P200 amplitude was
greater for upright than inverted faces primarily at frontal
electrodes.

LPC: Although upright faces did not differ between
expressions for LPC amplitudes, inverted faces did (Fig.
3). The main effect of emotion (F(3,45)¼ 3.72, p¼ 0.024) was
modified by an emotion�orientation interaction (F(3,45)¼
4.99, p¼ 0.009). For inverted faces, emotion enhanced LPC
amplitudes compared to neutral (F(3,45)¼ 7.82, p¼ 0.002;
po 0.005 for all contrasts). For upright faces, LPCs did not
differ based on expression (p¼ 0.918). A main effect of

orientation was also observed, with larger amplitudes
elicited by inverted than upright faces (F(1,15)¼ 9.31,
p¼ 0.008), and a trend for delayed latencies for inverted
faces vs upright (F(1,15)¼ 3.63, p¼ 0.076). Finally, an
orientation � electrode interaction (F(21,315)¼ 13.20, p¼
0.0001) reflected the fact that inversion effects were largest
at frontal sites. Overall, these results suggest attentional
effects on the LPCs related to stimulus inversion, rather than
emotional effects.

Posterior negativity for disgust: The nose-referenced
ERPs at electrodes O1 and O2 (and slightly at T5 and T6)
revealed a notable finding for disgust faces, which elicited a
unique negative peak at B300ms compared to happy,
neutral, or fearful (Fig. 4). Post-hoc calculations (220–400ms)
showed a trend for an orientation� emotion interaction
(F(3,45)¼ 2.87, p¼ 0.062). Upright disgust faces were more
negative than upright happy faces (p¼ 0.037) and more
negative than upright fearful or upright neutral (both
p¼ 0.059). Upright disgust faces were also more negative
than inverted disgust faces (p¼ 0.001).

DISCUSSION
This study demonstrates that emotional facial expressions
can differentially affect early ERP responses (P200) in
frontocentral areas for upright stimuli, and also modulate
the effects of inversion at both early (N170) and later (LPCs)
stages of processing. We found that only upright fearful
expressions enhanced the frontocentral P200. On the other
hand, emotional effects on the N170 and LPCs interacted
with face orientation and were not selective for any specific
expression, suggesting a broader role in the encoding of
facial configuration unrelated to emotional information per
se. Emotion did not affect ERP latencies, but inversion
delayed the N170 [9] and P200. Finally, we also found a
previously unreported negativity for upright disgust faces
at B300ms in occipital regions. These results therefore
provide new evidence for emotion-specific ERPs associated
with fear and disgust, distinct from other non-specific
configurational and attentional effects. These findings
support a theory of brain processing of facial expressions

UPRIGHT
N170 N170

INVERTED

−5µV −5µV

Neutral

Fearful

Happy

Disgust

Fig. 1. Averaged ERPs at the right posterior temporal electrode site
(T6) to faces illustrate that the N170 component was una¡ected by emo-
tional expression for upright faces, but was in£uenced by expression for
inverted faces. Stimulus onset occurs at thevertical bar (time¼ 0ms), the
tic mark is 200ms, and negative is plotted upward.
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400 800

P200

Neutral

Fearful

Happy
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Fig. 2. ERPs at the frontal midline electrode (Fz) to upright houses and
to neutral, fearful, and happy faces. In the mastoid-referenced average,
the P200 (or vertex positive potential) is selective for faces and shows
an enhancement for fearful expressions.
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of emotion in which different emotional expressions engage
dissociable networks.
Our N170 findings show that face inversion can have

differential effects on holistic structural encoding processes
that are also influenced by facial expression. Typically, face
inversion increases the amplitude and delays the latency of
the N170 [6,13,14], as we observed here for neutral
expressions. Conversely, we found that inverted faces with
happy and disgusted expressions elicited decreased N170
amplitudes, whereas expression of upright faces did not
influence N170, suggesting that these effects reflected
structural encoding stages rather than processing of
affective valence. Although these findings are consistent
with previous studies indicating that N170 is insensitive to a
variety of factors, including emotion or familiarity [6,15],
others have reported modulations of the N170 based on

spatial attention [16] and the affective factor of liked and
disliked faces [4].

We were unable to replicate findings of an effect of fear as
early as 120ms [9,16]. Our earliest differences were seen in
the N170 for inverted faces with different expressions and in
the P200 for upright fearful faces. One possible explanation
for these differences might involve changes in emotional
response related to age. Our mean subject age was B52
years, while most studies use college-aged subjects in their
20 s. Although correlation analyses on the data failed to find
relationships between age, latency, and amplitude, such age-
related differences may need more consideration. Recent
behavioral findings suggest that increasing age can reduce
recognition of certain emotional expressions, particularly
fear and anger, while increasing or preserving recognition of
disgust [17]. Another study showed that older subjects tend
to use different cortical networks to process emotional facial
expressions compared with younger subjects, with
relatively greater activation of frontal regions rather than
amygdala and temporo-limbic regions [18]. If rapid
responses to emotionally relevant stimuli critically involve
the amygdala, our lack of early emotional differences in
older subjects might be consistent with an increased
engagement of frontal rather than temporo-limbic networks.

Larger LPC amplitudes were obtained for inverted
emotional expressions than for neutral expressions. This
result contrasts with previous findings that inversion
disrupts emotional effects on the LPC [9]. Both studies used
the same 1-back repetition task, but a notable difference was
the number of emotions tested. Whereas Eimer and Holmes
used a single emotion (fear), we used three different
emotions in addition to neutral. This might require more
attention in order to distinguish between emotions in faces
repeated with an inverted orientation, and thus force more

Fp1

F3

C3

GP5

−5µV

400 800

LPC

EOG

Fz

Cz

Pz

Neutral

Fearful

Happy

Disgust

CP6

C4

F4

Fp2

Fig. 3. Averaged ERPs to inverted faces at frontal, central, and parietal electrodes highlight the enhancement of the late positive component (LPC) for
emotional compared with neutral expressions.

O2

−5µV
400 800

Neutral

Fearful

Happy

Disgust

Fig. 4. Averaged ERPs to upright faces at the right occipital electrode
(O2) illustrate a unique posterior negativity for expressions of disgust at
B300ms (arrow).
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global facial processing rather than simple featural detec-
tion. Our results therefore suggest that LPC may reflect
attentional processes rather than specific emotional re-
sponses. This interpretation is consistent with other studies
showing that task-type and attention to emotion may play
an important role in the response to different facial
expressions [8]. Larger questions about the relationship
between attention and emotion, such as whether emotional
stimuli can elicit automatic responses or whether attentional
resources are required, are currently under debate [19–21].
An important issue to consider in neuroimaging studies is
that the time-course of any attentional modulation is
unknown. The current experiment did not manipulate
attention, but future ERP research can address these issues
more directly [16].
A novel finding in our study concerned a specific

negativity at 300ms in occipito-temporal areas for upright
(but not inverted) disgust faces. This disgust component has
not been previously reported to our knowledge. While some
ERP studies reported a response to disgust expressions in
similar areas and time frames [8], these were not selective
for disgust as compared to other expressions. However, a
recent study by Krolak-Salmon et al. [22] found a specific
activation to disgust faces at 300ms in the anterior insula,
using depth electrodes in epilepsy patients. While our ERP
component shows a more posterior scalp distribution, the
activation occurred at approximately the same time, and is
unique to disgust compared with other expressions. Such
similarities suggest the need for further investigation of
responses elicited by disgust stimuli.
Converging evidence suggests that processing of fear and

disgust may involve two distinct emotional systems each
relying on specialized neural substrates [5]. While imaging
studies showed activation by fear in the amygdala and other
limbic structures, facial expressions of disgust produce
activation in the insula, amygdala, basal ganglia, and frontal
cortex [23,24]. Notably, specific deficits in the recognition of
disgust are found in patients with basal ganglia damage,
including obsessive-compulsive symptoms [25], Hunting-
ton’s disease [26] and focal subcortical stroke [5], suggesting
that disgust may also have a dedicated neural substrate.
ERP generators related to the output from these deep basal
ganglia and insula regions might project to the scalp to
produce the observed disgust-related negativity. Our find-
ings therefore provide novel support for the proposal that
signals of disgust may engage neural processes with a
specific time-course at 300ms.

CONCLUSION
The current findings support the idea that the processing of
different emotional facial expressions engages dissociable
neural networks. This was demonstrated by recording
event-related brain potentials (ERPs) to faces with four
different expressions (happy, neutral, fearful, and dis-
gusted) and to houses while subjects were engaged in a 1-
back repetition task. A further manipulation, presentation of
stimuli in upright and inverted orientations, was designed
to distinguish the effects of emotion from the effects of
changes in the configurational characteristics of faces. Two
ERP effects were specific to a particular emotion:
the frontocentral P200 was enhanced by upright fearful
expressions, and a previously unreported negative ERP
was elicited by upright disgust faces at B300ms at

occipito-temporal electrodes. Emotional effects on the face-
specific N170 and late positive component (LPC), however,
were not selective for any specific expression but interacted
with face orientation. Such results suggest that the LPC may
reflect configurational or attentional processes rather than
specific emotional responses, and that N170 effects reflect
structural encoding stages rather than processing of
affective valence. These results provide new evidence for
emotion-specific ERPs associated with fear and disgust,
distinct from other non-specific configurational and atten-
tional effects.
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