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Human gender differences in an emotional visual oddball task:
an event-related potentials study
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Abstract

Pictures from the Ekman and Friesen series were used in an event-related potentials study to define the timing of occurrence of gender
differences in the processing of positive (happy) and negative (fear) facial expressions. Ten male and 10 female volunteers were confronted
with a visual oddball design, in which they had to detect, as quickly as possible, deviant happy or fearful faces amongst a train of standard
stimuli (neutral faces). Behavioral results suggest that men and women detected fearful faces more quickly than happy ones. The main result
is that the N2b component, functionally considered as an attentional orienting mechanism, was delayed in men for happy stimuli as compared
with fearful ones. Gender differences observed in the processing of emotional stimuli could then originate at the attentional level of the
information processing system.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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Several recent studies have suggested that gender differ-
ences in emotional processing, most notably reflected in
greater male aggression, may have neuro-anatomical cor-
relates [9,13,15,20]. By examining temporo-limbic and
prefrontal structures with quantitative magnetic resonance
imaging (MRI), Gur et al. showed that women have larger
orbital frontal cortices than men, resulting in highly signif-
icant difference in the ratio of orbital to amygdala volume
[9]. Canli et al. used functional MRI to demonstrate stronger
right amygdala activation in men and left amygdala activa-
tion in women when subjects remembered unpleasant pic-
tures. Wrase et al. found that direct exposure to emotional
pictures led, in men, to amygdala activation in the pleasant
condition, whereas women showed stronger activation for
affectively negative pictures in the anterior and medial cin-
gulate gyrus[4,20]. It is therefore argued that: (1) gender
differences should be taken into account when emotional
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paradigms are used in brain imaging studies; and (2) these
different neural pathways devoted to emotional modulation
may relate to behavioral evidence for sex differences in
emotion processing[9,20].

Only a few brain imaging studies have tried to localize the
different brain networks associated with emotion process-
ing in women and men[9,13,15,20]. One of the fundamen-
tal issues in emotion and gender research is that the same
visual stimuli elicit different levels of arousal and valence
in men and women[20]. As neuro-anatomical differences
could cause behavioral differences between women and men
in emotional studies, we think that it would be relevant to
definewhenthese differences occur in the information pro-
cessing system. Due to their excellent temporal resolution,
event-related potentials (ERPs) allow us to investigate the
temporal course of the various stages implied in a cognitive
function [17]. In the present study, we explore, for the first
time to our knowledge, the attentional or decisional origin
of the behavioral differences evidenced by women and men
when confronted with positive or negative emotional facial
expressions.
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To do so, we used a variation of the visual oddball
paradigm, in which subjects were confronted with one fre-
quent stimulus (a neutral face) and two deviant ones they
have to detect as quickly as possible (a happy and a fearful
face). Most ERP studies have used an “oddball” paradigm,
in which subjects are asked to detect, amongst a series of
standard stimuli, an infrequent deviant one. The detection
of stimulus change may play a role in directing attention
to events of biological importance[10]. This is indexed by
two main ERP components. First, when subjects are placed
in attentive conditions, deviant visual stimuli evoke a N2b
component, peaking at occipital electrodes around 250 ms,
which indicates a switch of attention to biologically signifi-
cant events in order to cope with them[5,10]. Second, a P3b
component is maximally recorded at parietal sites around
450 ms, which is functionally related to later conscious, de-
cisional and premotor response-related stages[3,5]. In other
words, using ERPs in this emotional detection task will
allow us to separate the attentional (preparation-to-process)
and the response-related (preparation-to-respond) steps im-
plied during the task. Our principal aim is then to define the
level of the information processing system (attentional or
decisional) at which the differences observed when women
and men are confronted with happy and fearful stimuli orig-
inate. An effect circumscribed to response-related stages
(decision-making, response premotor preparation) will im-
ply a modulation of the P3b component, but not of the
attentional N2b (indeed, motor potentials contaminate P3b
by inducing amplitude reduction and/or double peaking,
but probably not earlier components;[14]). However, a
behavioral effect originating at the attentional level and ex-
tending to behavioral responses will affect both components
(N2b and P3b modulations) (see[10] for a review of these
components).

Ten men (mean age: 25.9; S.D.: 1.96) and 10 women
(mean age: 23.5; S.D.: 3.24) (t(9) = −1.9; NS), all
right-handed, participated in this ERP experiment to ex-
plore gender differences in the time course of emotional
information processing. As women are more prone to suffer
from affective disorders[13], which could alter emotion
recognition[16], we matched the male and female partici-
pants in the present study on their scores on the 13-items
Beck Inventory Depressive Scale (mean for men: 2.1, S.D.:
2.18; women: 3.2, S.D.: 2.86;t(9) = 0.736; NS) and on
the Spielberger Anxiety Inventory-Trait (mean for men:
40, S.D.: 6.03; women: 45, S.D.: 11.15;t(9) = 1.400; NS)
[1,18]. Four faces (two females) with neutral, happy and
fearful expressions were selected from the highly standard-
ized set of pictures of Ekman and Friesen series (actors PE,
JJ, MO and PF)[8].

Subjects were confronted with a total of 16 blocks (four
blocks each repeated four times) that were defined by 100
stimuli (84 frequent stimuli: for instance, face A neutral; 8
deviant face A happy; 8 deviant face A fear). The order of the
16 blocks varied across subjects. During the ERPs record-
ing, subjects sat on a chair in a dark room with their head

restrained in a chin rest and placed at 1 m from the screen.
Stimuli subtended a visual angle of 3◦ × 4◦. Faces were
presented for 500 ms. A black screen was displayed as inter-
trial interval, lasting randomly between 1300 and 1600 ms,
but the subject had 1500 ms to answer since the stimula-
tion onset. The participants had to point out as quickly as
possible the occurrence of a deviant stimulus by pressing a
button with their right index finger. The EEG was recorded
by 32 electrodes mounted in an electrode Quick-Cap. Elec-
trode positions included the standard 10-20 system locations
and intermediate positions. Recordings were made with a
linked mastoid physical reference. The EEG was amplified
by battery-operated SYNAMPS amplifiers with a gain of
30,000 and a band-pass of 0.01–100 Hz. The impedance of
all electrodes was kept below 20 k�. EEG was continuously
recorded (sampling rate 500 Hz, Neuroscan) and trials con-
taminated by EOG artifacts (mean of 15%) were eliminated
off-line. Epochs beginning 150 ms prior to stimulus onset
and continuing for 850 ms were created. Two parameters
were coded for every stimulus: (1) the type of the stimulus
(rare happy, rare fear, or frequent (where only the frequent
stimuli preceding the deviant ones were counted so as to
have the same total number of averaged frequent stimuli));
and (2) the response type (keypress for deviant stimuli, no
keypress for frequent ones). This coding allowed us to com-
pute different averages of ERP target stimuli for each subject
individually. Data were filtered with a 30 Hz low-pass filter.

As the performance was correct at 98%, only correct re-
sponse latencies were statistically analyzed with Systat 5.1®.
At selected electrodes (Oz for N2b, Pz for P3b), individual
peak amplitudes and maximum peak latencies were obtained
separately for the ERPs resulting from the subtraction of
waveforms evoked by standard and deviant stimuli. These
values were tested using repeated measures of ANOVAs and
paired Studentt-tests.

Behavioral results are presented inTable 1. We computed
a 2× 2 ANOVA with gender (male, female) as between fac-

Table 1
Behavioral and ERP results (S.D.)

Rare happy faces Rare fear faces

Behavioral data
Women 425 ms (S.D. 53) 404 ms (S.D. 46)
Men 431 ms (S.D. 37) 397 ms (S.D. 37)

N2b latency (Oz)
Women 237 ms (S.D. 37) 230 ms (S.D. 26)
Men 259 ms (S.D. 27) 238 ms (S.D. 21)

P3b latency (Pz)
Women 444 ms (S.D. 53) 428 ms (S.D. 46)
Men 460 ms (S.D. 47) 442 ms (S.D. 48)

N2b amplitude (Oz)
Women −3.05 mV (S.D. 1.8) −3.85 mV (S.D. 1.6)
Men −3.14 mV (S.D. 2.1) −4.09 mV (S.D. 2.8)

P3b amplitude (Pz)
Women 7.90 mV (S.D. 2.1) 9.82 mV (S.D. 1.8)
Men 6.83 mV (S.D. 2.4) 7.79 mV (S.D. 1.9)
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tor and emotion (happy, fear) as within factor. This showed
no main effect of gender (F(1, 18)= 0.001; NS) but a sig-
nificant main effect of emotion (F(1, 18) = 103, 569;P
< 0.0001) and a significant interaction (F(1, 18)= 5, 502;
P = 0.031). This suggests that both sexes detected fearful
faces more quickly than happy ones (men:t(9) = 10.423;P
< 0.0001; women:t(9) = 4.984;P = 0.001), but that this
difference was larger in men (mean difference between fear
and happy faces: 34 ms for men, 21 ms for women) (t(9)
= −2.488;P = 0.035).

ERP results are illustrated byFig. 1, that shows, for men
and women separately, the difference-waveform and the to-
pographies obtained when we subtract the ERPs in response
to frequent stimuli from those obtained in response to the de-
viants. Two main components, classically described in this
kind of visual oddball design, are observable: (1) the N2b
component, maximally recorded at occipital sites around
230 ms; and (2) the P3b component, maximally recorded at
parietal sites around 450 ms[3,5].

In women, the N2b component reached its maximum peak
value at occipital sites (Oz) around 237 ms for rare happy
faces and around 230 ms for rare fear ones. The correspon-
dent values for men were 259 ms for rare happy faces and
238 ms for rare fear ones. Statistical results were summa-
rized in Table 2. For latency values, the analyses suggest
that the maximum N2b peak amplitude had at a later latency
for rare happy face than for rare fear face, but only for men.
There was only one significant effect for the maximum am-
plitude values, i.e. a main effect of emotion, showing, for
both sexes, a higher amplitude for the N2b component in
response to rare fear faces than to rare happy ones.

In women, the P3b component was maximally recorded
at parietal sites (Pz) around 444 ms for rare happy faces
and 428 ms for rare fear ones. In men, this component was
recorded around 460 and 442 ms for rare happy and rare
fear faces, respectively. Statistical analyses reveal a main
effect of emotion, for both peak maximum latency and peak
maximum amplitude value. As no main effect of gender nor
interaction (emotion× gender) was shown, this suggests that
the P3b component has a greater amplitude and an earlier
onset latency for rare fear faces than for rare happy ones,
independently of the subjects’ gender.

The first important result of the present study is that
women as well as men show faster responses to fearful facial
expressions than to happy ones. This was neurophysiolog-
ically indexed as follows: on the one hand, we obtained a
posterior N2b component, reflecting the degree of voluntary
attention related to visual information processing during a
target detection task[5,10]. The N2b was both enhanced in
amplitude and of shorter latency for fearful stimuli. As facial
muscles are differently involved in the production of happy
and fearful expressions[8], it could be that the physical
differences between neutral and fearful faces are more im-
portant than physical differences between neutral and happy
ones. This could lead subjects to detect more quickly the
physical differences related to the fearful facial expression.

However, even if this stimulus-like effect cannot be entirely
discarded, we suggest that the enhanced N2b component
evoked by fearful faces may have been due to increased
attention directed to potentially threatening information. In-
deed, several recent studies have suggested that some neural
responses to fear signals in faces may take place in a rel-
atively automatic way, providing support for a critical role
of this fear system in fast adaptive behavior to threats[19].
A principal role is suggested for the amygdala, which could
play some role in tuning the visual system to become more
sensitive to threat cues by means of efferent projections to
primary sensory areas[6,7,12]. Thus, the greater attentional
resources devoted to fearful faces can be considered as
adaptive, as it is important to correctly identify fear in order
to understand what is at stake and how to cope with it. On
the other hand, we also obtained, for both sexes, a parietal
P3b component, which was functionally related to several
psychological concomitants (such as decision-making, pre-
motor response preparation, context updating). This compo-
nent showed a greater amplitude and an earlier peak latency
for fearful faces than for happy ones, indicating a complete
consistency between behavioral and neurophysiological
data. Indeed, a behavioral delay was obtained for response
latencies, suggesting that fearful stimuli are detected faster
than happy ones. ERP correlates of this behavioral effect
are defined by a delay in the P3b component (reflecting the
response-related stage), that originated in the greater atten-
tional resources (reflected by a N2b of greater amplitude
and shorter latency onset) devoted to fearful faces.

The second important result is the gender difference ob-
served in the processing of happy stimuli. As mentioned
above, the N2b component reflects an attentional stage of
the information processing system that can be defined by a
latency value based on its maximal peak amplitude. How-
ever, we observe that while women and men do not differ in
the latency of the N2b component for fearful faces (mean for
men: 238 ms; women: 230 ms), there is a significant gender
difference in the delay for happy ones (mean men: 259 ms;
women: 237 ms). In other words, at the attentional level,
women respond equally quickly to happy and fearful faces,
whereas men react significantly slowly (mean of 22 ms) to
happy stimuli.

Then, we are confronted with a particular “latency” effect:
the attentional process of happy and fearful faces (reflected
by the N2b component) reached, at the same moment, its
maximal amplitude in women,while it was significantly de-
layed for happy faces in men. Our study may indicate that
men allocate more attentional resources to threatening infor-
mation, while women show a more sensitive attentional pro-
cessing to emotional facesin general(positive and negative
emotional facial expressions). This finding could help us to
understand why women react more strongly and positively
to social support than men do[2]. Indeed, recent develop-
ments in understanding the psychosocial aspects of depres-
sion linked the well-known gender difference in depressive
prevalence with styles of support-seeking/support-giving,
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Fig. 1. (A) Waveforms (N2b and P3b) obtained, for women and for men, in response to deviant happy stimuli. Note the delay in the generation of the
N2b component for men. “S”: stimulus onset. (B) Brain topographies recorded from men happy, men fearful, women happy and women fearful faces
from 150 to 300 ms (six levels of 25 ms). Red colors represented positivities and blues ones negativities (used scale:−4 to 4 mV). Note the generation of
the N2b component (blue color) at occipital sites and of the P3b (red color) at centro-parietal ones. It could be observed that N2b and P3b components
generate darker colors (greater amplitudes) for fear stimuli than happy ones. Moreover, the maximal N2b amplitude was recorded for men fearful faces,
women happy faces and women fearful faces at brain map number 3 (between 204 and 228 ms) while this moment was significantly delayed for men
happy faces (brain maps number 4 and 5).
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Table 2
Synthesis of significant statistical results obtained on the N2b and P3b components by using a 2× 2 ANOVA with gender (male, female) as between-factor
and emotion (happy, fear) as within-factor

ANOVA 2 × 2 Paired Studentt-tests

N2b latency Main effect of emotion:F(1, 18) = 18.607,P < 0.0001 Happy vs. fear: men,t(9) = 5.504;P < 0.0001
Interaction emotion× gender:F(1, 18) = 4.584;P = 0.046 Happy vs. fear: women,t(9) = 1.341; NS

N2b amplitude Main effect of emotion:F(1, 18) = 4.997;P = 0.038 –
P3b latency Main effect of emotion:F(1, 18) = 37.699;P < 0.0001 –
P3b amplitude Main effect of emotion:F(1, 18) = 8.872;P = 0.008 –

Paired Student t-tests were used to investigate for significant interactions.

which implied some non verbal communication (such as
through facial expressions) and are more pronounced in
women[11]. Further studies are needed to address this issue
and to confirm these preliminary results.

Overall, brain imaging studies have shown that pleasant
and unpleasant visual stimuli activated different neuronal
structures in women and men[9,13,15,20]. By using ERPs,
(1) we confirmed these neural differences by showing mod-
ulations of ERP components due to gender; and (2) we gave
a functional and a temporal relevance to these differences
by suggesting they originated at the attentional level (N2b
component) of the information processing system. We sug-
gest that these modulations are due to emotional content, and
not to the physical differences of our stimuli which would
not generate per se differences between men and women.
This may be important in understanding how women react
(as compared to men) to emotional material in their environ-
ment, and why they are more prone to suffer from affective
disorders, such as depression or anxiety.
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