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Some behavioral and neuroimaging studies suggest that adults prefer to view attractive faces of
the opposite sex more than attractive faces of the same sex. However, unlike the otherrace face
effect (Caldara et al., 2004), little is known regarding the existence of an opposite-/same-sex bias
in face processing. In this study, the faces of 130 attractive male and female adults were foveally
presented to 40 heterosexual university students (20 men and 20 women) who were engaged in
a secondary perceptual task (landscape detection). The automatic processing of face gender was
investigated by recording ERPs from 128 scalp sites. Neural markers of opposite- vs. same-sex
bias in face processing included larger and earlier centro—parietal N40Os in response to faces
of the opposite sex and a larger late positivity (LP) to same-sex faces. Analysis of intra-cortical
neural generators (swLORETA) showed that facial processing-related (FG, BA37 BA20/21) and
emotion-related brain areas (the right parahippocampal gyrus, BA35; uncus, BA36/38; and the
cingulate gyrus, BA24) had higher activations in response to opposite- than same-sex faces. The
results of this analysis, along with data obtained from ERP recordings, support the hypothesis
that both genders process opposite-sex faces differently than same-sex faces. The data also
suggest a hemispheric asymmetry in the processing of opposite-/same-sex faces, with the
right hemisphere involved in processing same-sex faces and the left hemisphere involved in
processing faces of the opposite sex. The data support previous literature suggesting a right
lateralization for the representation of self-image and body awareness.
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INTRODUCTION

Humans quickly process faces to identify conspecific features and
adjust their behavior based on this identification, reacting differ-
ently to faces of the same/opposite sex, competitors/friends, and
elderly/youngsters. Studies based on psychological ratings (Perrett
etal., 1998; Cornwell et al., 2004) and brain activation (Kranz and
Ishai, 2006) have shown that individuals prefer to view attrac-
tive faces of the opposite sex compared to those of the same sex
(Penton-Voak et al., 2001; Little et al., 2002; Rhodes, 2006). This
bias may result from the fact that sexually dimorphic facial charac-
teristics convey information about the quality of potential mates.
Kranz and Ishai (2006) used fMRI to scan a group of female and
male subjects looking at male and female faces; the study took into
account both the gender of the faces and the sexual preference of
the viewers. Heterosexual women and homosexual men exhibited a
significantly greater response in the thalamus and the orbitofrontal
cortex when viewing male than female faces, whereas heterosexual
men and homosexual women responded significantly more strongly
to female than male faces in an attractiveness rating task. In a related
study, Conway et al. (2008) found that subjects preferred a direct
(vs. averted) gaze when judging the attractiveness of happy faces
relative to unhappy faces and that this preference for direct gaze
was particularly pronounced in judgments of opposite-sex faces.
Several fMRI studies have investigated the same-/opposite-sex effect
using different face-processing paradigms (Fischer et al., 2004a,b;
Turk et al., 2004). For instance, Turk et al. (2004) asked subjects
to view pictures of men or women to be selected for a dinner

date. They observed a greater blood oxygenated level dependent
response (BOLD) response for consequential decisions (opposite-
sex dates) compared to inconsequential decisions (same-sex dates)
in the dorsal anterior cingulate cortex (ACC), the medial surface
of the superior frontal gyrus or pre-SMA (BA 8) and two areas of
the right ventral temporal cortex. These ventral temporal regions,
which are located near the putative fusiform face area (Kanwisher
et al., 1997), may be associated with attentive face processing in
consequential decision making (i.e., selecting a dinner date). A bias
toward opposite- than same-sex individuals has been observed for
the auditory modality as well. For example, some studies (e.g., Jones
etal.,2010) have shown that women prefer “masculine” voices, and
men prefer “feminine” voices (Welling et al., 2008), preferences
that are thought to assist in the identification of high-quality (e.g.,
healthy) mates. Consistent with these findings, studies manipulat-
ing the pitch of voice recordings have found that raising the pitch
of women’s voices (Feinberg et al., 2008) and lowering the pitch of
men’s voices (Feinberg et al., 2005; Vukovic et al., 2008) increased
vocal attractiveness.

It should be noted that a preference for the opposite sex has
not been consistently observed in face processing because this
processing also depends on the emotional content of faces. Fischer
et al. (2004a) used fMRI to record the BOLD signal in 24 men
and women while the subjects viewed angry, fearful, or neutral
male and female faces. In the men, activity in the occipital and the
anterior cingulate cortices increased when confronted with angry
male faces relative to angry female faces, thus suggesting that men
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react more emotionally when confronted with angry male faces.
Therefore, this study did not observe an opposite-sex bias. However,
in a second study (Fischer et al., 2004Db), the same group passively
exposed viewers to neutral male and female faces and found that,
during exposure to faces of the opposite vs. the same sex, men
displayed increased activation in the left amygdala and adjacent
anterior temporal regions. Therefore, it can be concluded that the
perception of emotional faces, and particularly of angry expres-
sions, does not result in a bias toward opposite- vs. same-sex faces
because there is an interaction between face gender and affective
valence, with males responding more strongly to aggressive males
than females.

Both the neuroimaging evidence and the results of behavioral
studies are complex and conflicting, and little is known regarding
the electrophysiological indices of opposite-sex bias in face process-
ing. Studies using EEGs or ERPs to measure opposite-sex bias are
rare and inconsistent (Oliver-Rodriguez et al., 1999; Langeslag
et al., 2007; Suyama et al., 2008; Sun et al., 2010). For example,
a recent study (Sun et al., 2010) using ERPs to investigate face-
processing mechanisms related to gender and sexual orientation
provided interesting data on sex differences in face coding but did
not examine whether the viewer’s sex affected the processing of
male and female faces (same-/opposite-sex effect).

An ERP study by Suyama et al. (2008) employed a gender dis-
crimination task and found that men exhibited a larger P2 com-
ponent to female faces compared to male faces at about 220 ms
over left temporal sites. A similar increase was observed in women
processing male faces, but it was located approximately 170 ms
over central sites. This study thus observed an opposite-sex bias but
found that it differed in men and women. In an interesting passive-
viewing study (Oliver-Rodriguez et al., 1999), ERPs were recorded
in male and female participants in response to faces of both gen-
ders. After ERP recording, the viewers were asked to rate each face
on a five-point attractiveness scale. In male viewers as well as in
preovulatory and postovulatory female viewers, a positive correla-
tion was observed between the ratings and the P300 amplitudes in
response to opposite-sex faces. The modulation in P300 amplitude
was thought to be related to the emotional value of the stimulus.
A similar interpretation has been used to explain the finding that
male and female subjects display larger P300 amplitudes (Langeslag
etal.,2008) and late positive potentials (LP) (Langeslag et al., 2007)
in response to photographs of romantic partners relative to pho-
tographs of opposite-sex friends. Early posterior negativity (EPN,
~250 ms) and increased LP amplitude were observed in response to
attractive faces compared to non-attractive faces in a study that did
not consider the sex of either the viewers or the photographed faces
(Werheid et al., 2007). Therefore, both studies found an enlarged
LP for attractive (vs. unattractive), or beloved (vs. familiar) faces,
suggesting a possible effect of emotional arousal. These findings
agree with the previously discussed fMRI results and support the
hypothesis that the processing of non-emotional opposite-sex faces
is more effective than the processing of same-sex faces (e.g., Fischer
et al., 2004b; Kranz and Ishai, 2006). However, in the first study
(Langeslag et al., 2007), the opposite-sex effect was confounded by
the effect of romantic involvement, whereas in the second study
(Werheid et al., 2007), neither the gender of the viewers nor the
sex of the faces was considered.

The present study aimed to determine how early in the visual
processing stream an opposite-sex bias exists while controlling for
the emotional content and the attractiveness of the faces. Pictures
of attractive men and women were presented to casually recruited
heterosexual men and women while they were engaged in a sec-
ondary target-detection task. The ERPs associated with faces of
the opposite sex were averaged across the sexes to identify neural
markers for opposite-sex bias in face processing while controlling
for sex differences in face processing (e.g., sex differences in social
responsiveness, Proverbio et al., 2008; or face decoding, Proverbio
et al., 2006).

The current literature suggests that the processing of opposite-
sex faces would occur earlier than that of same-sex faces and that
the expedited processing would result in earlier peaks of ERP com-
ponents. Furthermore, in light of the neurometabolic studies (e.g.,
Fischer et al., 2004b; Kranz and Ishai, 2006) that provide evidence
that opposite-sex processing is associated with an increase in brain
activity, which reflects attentive/effective processing, we expected
an enhancement in the mean amplitude of some ERP components
in response to opposite-sex faces compared to same-sex faces. We
assumed that the increases in bio-electrical potentials in response
to opposite-sex faces compared to same-sex faces reflected the
processing of other people’s faces. In contrast, the larger potentials
in response to same-sex faces reflected self-sex, self-representation,
and body awareness processes linked to the ability to distinguish
between self and others, which are thought to be right-lateralized
brain functions (Keenan et al., 2000, 2001, 2003).

MATERIALS AND METHODS

PARTICIPANTS

A total of 40 university students (20 women and 20 men) rang-
ing in age from 20 to 30 years (mean age = 22.3 years, SD = 2.7;
women = 21.8, men = 22.8) voluntarily participated in the study. All
participants had normal or corrected-to-normal vision with right-
eye dominance. All participants were right-handed as assessed by
the Edinburgh Inventory, and no participants had any left-handed
relatives. All participants provided written informed consent. All
experiments were conducted according to the ethical recommenda-
tions of the Declaration of Helsinki, were approved by the Ethical
Committee of the Italian National Research Council (CNR) and
were in compliance with the APA standards for the treatment of
human volunteers (1992, American Psychological Association). The
participants earned academic credits for their participation. The
data from one male and one female subject were discarded because
of excessive eye movement; therefore, equal numbers of male and
female subjects were preserved.

STIMULI AND PROCEDURES

The participants were seated in a dimly lit, electrically shielded
cubicle, and asked to focus both eyes on a fixation point in the
center of a visual display positioned 114 cm away. The participants
were instructed to avoid eye or body movements. The faces of 130
attractive, adult males and females (ranging from 18 to 50 years
of age) were used as stimuli. Face attractiveness was established
by four independent judges but without a specific rating proce-
dure. The faces were presented for 800 ms at a screen contrast of
40%. All faces had the same average luminance of 16.4 cd/cm?, and
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the eyes of the presented faces were aligned to the fixation point.
All faces were smiling or showing a positive facial expression (see
Figure 1). The faces were presented randomly mixed with equi-
luminant, infrequent targets (3—7 per run) depicting landscapes.
The stimulus size was 7° 9" 56” x 8° 23" 1”. The ISI ranged from
1300 to 1500 ms. The outer background was dark gray. The task
consisted of detecting landscape images and the viewing of male
and female faces was passive. Participants had to press a response
key to targets with the index finger of the left or right hand. The
two hands were used alternately during the recording session. The
order of response hand was counterbalanced across subjects.

EEG RECORDING AND ANALYSIS

Electroencephalography was continuously recorded from 128 sites
at a sampling rate of 512 Hz. Vertical eye movements were recorded
by two electrodes placed below and above the right eye, whereas
horizontal movements were recorded from electrodes placed at the
outer canthi of the eyes. Linked ears served as the reference lead.
EEG and electro-oculogram (EOG) were amplified with a half-am-
plitude band pass of 0.016—100 Hz. Electrode impedance was main-
tained below 5 kQ. EEG epochs were synchronized with the onset
of stimulus presentation and analyzed by ANT-EEProbe software.
Computerized artifact rejection was performed before averaging in
order to discard epochs in which eye movements, blinks, excessive
muscle potentials, or amplifier blocking occurred. EEG epochs asso-
ciated with incorrect behavioral responses were also excluded. The
artifact rejection criterion was a peak-to-peak amplitude exceeding
70 uV, and the rejection rate was 5% (min 2%, max 7%).

DATA ANALYSIS

ERPs were averaged offline from 200 before to 800 ms after stimulus
onset and were low-pass filtered up to 50 Hz. ERP components
were identified and measured with reference to the average baseline
voltage over the interval from —100 to 0 ms at the sites and latency
where they reached their maximum amplitude.

Earlier posterior P1 and N1 components were not quantified
because waveforms were virtually identical across stimulus condi-
tions. The mean amplitude of anterior N2 was measured at Fp1,
Fp2, F1, and F2 sites in the 200-300 ms time window. The peak
amplitude and latency of the centro—parietal N400 component were
measured at CCP1h and CCP2h sites during the 350-500 ms time
window. Multiple comparisons of means were done using post hoc
Tukey test. The amplitude of the LP was quantified at occipito—pari-
etal sites (PPO1, POz, and PPO2) during the 690-720 ms time win-
dow. ERP data were subjected to multifactorial repeated-measures
ANOVAs with a single within factor (participant’s sex: male, female)
and two between factors: face gender (same, opposite) and laterality
(left, right). Laterality had two levels for N400 ANOVA (left and
right) and three levels for LP ANOVA (left, midline and right).

A development of low resolution electromagnetic tomog-
raphy (LORETA; Pasqual-Marqui et al., 1994) inverse solution
was applied to ERP difference waves at various time latencies.
Specifically, it was applied to the difference wave obtained by
subtracting ERPs to same-sex faces from ERPs to opposite-sex
faces in the 400-500 ms time window (N400 range) and to the
difference wave obtained by subtracting the ERPs to opposite-sex
faces from those to same-sex faces in the 590-720 ms time win-
dow (LP range). The standardized LORETA (sLORETA) method
employs statistical parametric maps related to the reliability of the
estimated current source density distribution. In this work, we
used the swLORETA method (Palmero-Soler et al., 2007), which
is a variation of the SLORETA method. This method incorporates
a singular value decomposition based lead field weighting that
compensates for the varying sensitivity of the sensors to cur-
rent sources at different depths. The swLORETA solution was
computed using a regular 3D grid of voxels that represents the
possible sources of the EEG signals. Furthermore, the solution
was restricted to the gray and white matter obtained from the
segmentation of the Collins 27 MRI produced by the Montreal
Neurological Institute (Evans and Collins, 1993). The boundary

1300-1500 Target

ms 800 ms ISI

landscapes as quickly and accurately as possible.

FIGURE 1 |Timeline of stimulus presentation. Each picture was displayed for 800 ms and followed by a random ISI. The task consisted of responding to

800 ms
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element model (BEM) was used for solving the forward prob-
lem (Geselowitz, 1967). The BEM consisted of one homogenic
compartment composed of 3446 vertices and 6888 triangles.
The swLORETA was complemented by equivalent dipole mod-
eling. The electromagnetic dipoles are represented as arrows and
indicate the position, orientation, and magnitude of the dipole-
modeling solution that was applied to the ERP difference wave
during the specific time window. Grid positions that exhibited
magnitudes greater than their 16 nearest neighbors are shown
with an arrow that points in the direction of the equivalent cur-
rent dipole. The following source space properties were used: grid
spacing = 5 mm; estimated SNR = 3.

RESULTS

Figure 2 shows grand-average ERP waveforms recorded at sev-
eral centro—parietal and occipito—parietal sites in women and
men in response to faces of female and male individuals where
N400 and LP reached their maximum amplitude and showed
face-gender effects. Earlier ERP responses (P1 and N1) were
indistinguishable across stimulus conditions in all subjects so

we did not quantify the effects. Anterior N2 (200-300 ms) was not
significantly affected by face gender. For both men and women
(no effect of sex was found), the ANOVA of the mean N400
latency data showed an expedited processing of opposite-sex faces
(F1, 36 = 12.518; p = 0.0011). Participants displayed an earlier
N400 in response to faces of the opposite sex (please see Table 1
for mean values) relative to faces of the same sex. These results
are shown in the grand-average waveforms of Figure 3 and the
graphics in Figure 4 that display the N400 latencies recorded in
men (Figure 4A) and women (Figure 4B) as a function of face
gender and recording cerebral hemisphere. The N400 was also
earlier over the right (436 ms, SE = 5.1) centro—parietal sites rela-
tive to the left (438 ms, SE = 5.2), as confirmed by ANOVA (F1,
36 =4.396; p=0.0431). Individual scores of N400 latencies across
genders and recording hemispheres are shown in Figures 4C,D.
The difference between the opposite and the same condition
was computed to determine the advantage of the opposite- vs.
same-sex face processing and displayed on a linear scale as a
function of N400 latency. Data were highly consistent across
sexes and hemispheres.

CPP1h CPP2h

-4.0 == -4.0-1
-2.0 4= =204
7‘QIA[\/(“\l | AA[\ 1A ! | Men
Yoo Vo M's 1 Vo2 y\ 06 08

20T 201
404 404

N400 N40 ——— Female faces
ol 0 ——— Male faces
=204 ’/\ 2.0

B -+ Women

0.4 .6, 0.8 0.4 6, 0.8
4.0 4= 40—

PPO1 POz

-4.0- -40T

-40-T

FIGURE 2 | ERP waveforms recorded at left, right and midline centro-parietal and occipito-parietal sites in women (= 19) and men (N = 19) in response
to faces of female and male individuals. Both genders exhibited an enlarged N400 to opposite-sex faces and a large late positivity (LP) to same-sex faces.
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The ANOVA on mean peak amplitude values revealed sig-
nificantly larger N400 amplitudes (F1, 36 = 4.98; p = 0.031)
in response to faces of the opposite sex relative to faces of the
same sex for all subjects (see means reported in Table 1 and
Figures 5A,B for a detailed analysis of same-/opposite-sex bias
in male and female participants). The N400 amplitudes were
larger over the left centro—parietal area (—3.56 uV, SE = 0.56)
relative to the right (=2.5 pV, SE = 0.57), as confirmed by
ANOVA (F1, 36 = 28.5; p = 0.000005) and represented in the
topographic maps in Figure 6A. However, hemispheric asym-
metry was only observed in the male brain (see Figure 5A), as
shown by the significant sex of viewers X laterality interaction
(F1,26 =32.34; p = 0.000002) and relative post hoc comparisons
(Women: RH = —3.55, LH = —3.48 uV, N.S.; Men: RH = —1.44,
LH = -3.63 pV, p < 0.0001). Individual scores of N400 ampli-
tude across genders and recording hemispheres are presented
in Figures 5C,D. The difference between the opposite- and the

Table 1| Mean values of N400 peak amplitude and latency, as well as LP
mean area recorded as a function of face gender, along with standard
errors, and confidence intervals.

same-sex condition was computed to determine the enhanced
response elicited by opposite- vs. same-sex faces and displayed
on a linear scale as a function of the response amplitude.

To localize the neural generator of opposite-sex bias in face
processing, low resolution electromagnetic tomography (swLO-
RETA) was applied to the difference wave. This wave was obtained by
subtracting ERPs associated with same-sex faces from ERPs associ-
ated with opposite-sex faces within the latency range of 400-500 ms,
which corresponds to the peak of the N400-evoked response. The
inverse solution (shown in Figure 7; Table 2 displays a list of active
sources for this solution) showed that the processing of opposite-
sex faces was associated with a much stronger focus of activity in
the bilateral limbic areas (parahippocampal gyri, BA28/35), left and
right uncus (BA38), cingulate cortex (BA24), and the left and right
fusiform gyri of the temporal lobe (BA37, BA20/21); this activity
also displayed strong left hemispheric asymmetry.

The analyses of LP mean-amplitude values were significant
for face gender (F1, 36 = 4.24, p = 0.046), indicating larger LP in
response to faces of the same gender (see Table 1 for mean val-
ues and Figure 6B for topographical mapping of the face-gender
effect) relative to faces of the opposite gender, as shown in the
waveforms presented in Figure 3 and the graphics displayed in

Face gender Mean SE —95% +95% ss Figure 8. The interaction of face gender X laterality X sex tended
toward significance (p = 0.07), suggesting a larger coding effect
N400 LATENCY (MS) in women (Figure 8B) compared to men (Figure 8A). This ten-
Opposite 428.066 5.607 416.695 439.437 38  dency can be determined by examining individual scores of same—
Same 445.382 5.765 433.689 457.074 38  opposite effects computed by subtracting LP to opposite minus
N400 AMPLITUDE (pV) same-sex faces in men (Figure 8C) and women (Figure 8D). There
Opposite -3.329 0.566 -4.478 -2.181 38 was some inter-subject variability for both genders, but overall,
Same -2.723 0.578 -3.896 ~1.550 38  women tended to elicit larger differential responses than men as
LATE POSITIVITY (AMPLITUDE pV) indicated by their more frequent positive values in the scatter-plot.
Opposite 1.179 0.265 0.641 1.718 38  SwWLORETA analysis of the LP response, obtained by subtracting
Same 1.643 0.269 1.099 2.188 38 ERPs to opposite-sex faces from ERPs to same-sex faces in the
CPP1h
4.0
20T OPPOSITE - SAME
vo{g =~ o T i, OPPOSITE SEX
20 SAME SEX
N400
4.0 mtm
PPO1 PPO2 POz

from ERPs to opposite-sex faces.

FIGURE 3 | Grand-average ERP waveforms (V= 38) recorded at centro—parietal and occipito—parietal sites (corresponding to the sites included in the N400
and LP ANOVAs) as a function of the face gender (opposite vs. same), along with the difference wave obtained by subtracting ERPs to same-sex faces

LP
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FIGURE 4 | (A,B) N400 peak latency values (in ms) with within-subjects

standard errors recorded in men (A) and women (B) as a function of face
gender and cerebral hemisphere. No effect of sex of viewers was found,
but a significant opposite-sex bias was observed. (C,D) The N400 latency
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difference between opposite and same for men and women recorded at
left and right centro—parietal sites. Negative values indicate expedite
opposite-sex processing. Results were consistent across subjects and
sex groups.

LP latency range (590-720 ms) indicated a series of significant
generators explaining the surface difference-voltage displayed in
Figure 9. The processing of same-sex faces was associated with the
activation of a neural circuit including both posterior and ante-
rior neural structures (listed in Table 3), among which the five
strongest sources of activity were located in the right hemisphere:
parahippocampal gyrus (BA35), occipital fusiform gyrus (BA37),
temporal fusiform gyrus (BA20), middle temporal gyrus (BA21),
and superior temporal gyrus (BA20).

DISCUSSION

The present data provide evidence for an opposite-sex bias in face
processing. Indeed, the inattentive perception of opposite-sex
faces (in both genders) was characterized by a larger and earlier
centro—parietal N400 when compared to same-sex faces. Furthermore,

we also observed a greater late positive component (LP) in response
to same-sex faces than to opposite-sex faces at occipito—parietal sites,
suggesting a functional and anatomical dissociation between self-sex
and other-sex face processing. Indeed, other studies have shown that
the identification of opposite-sex faces is performed more quickly
than identifying same-sex faces, regardless of facial expressions
(Hofmann et al., 2006). These results are consistent with the evolu-
tionary hypothesis that suggests that individuals attend more strongly
opposite-sex faces than to same-sex faces to facilitate the identifica-
tion of potential mates. To study sex differences in the recognition of
human faces with different facial expressions, the authors (Hofmann
et al., 2006) taught 65 women and 64 men to associate names with
various neutral male and female faces. During the recall phase, the
participants were asked to identify the same faces depicting differ-
ent emotional expressions. The group found that women named
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standard errors recorded in men (A) and women (B) as a function of face
gender and cerebral hemisphere. A strong hemispheric asymmetry is visible
in men (A) but not women (B). (C,D) Scatter plots displaying individual
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N400 (Opposite - Same)

450-500 ms

120
120

FIGURE 6 | (A) Isocontour voltage topographical maps (top, front, and side views) of the face/gender effect obtained by subtracting ERPs associated with same-sex
faces from ERPs associated with opposite-sex faces during the 400-450 ms time window (N400). (B) Topographical maps obtained by subtracting ERPs associated
with opposite-sex faces from ERPs associated with same-sex faces during the 590-720 ms time window (LP).
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male faces faster than men, and men named female faces faster than
women. These results suggest that opposite-sex faces require less
processing than same-sex faces, a finding also consistent with this
evolutionary perspective. In the present study, the discovery of an
opposite-/same-sex effect in the N400 latency range (400—450 ms)
supports the hypothesis that opposite-sex faces are attended to
more strongly than same-sex faces. This result is consistent with the
hypothesis that opposite-sex faces being evaluated as potential mates,
but this interpretation is rather speculative and needs to be corrobo-
rated by further investigation. Indeed, the swLORETA found a series
of source locations in regions devoted to face processing: the left and
right fusiform gyri of the temporal lobe, BA37/20 (Kanwisher and
Yovel, 2006); regions providing emotional content in face processing
such as the right uncus (BA38) and bilateral limbic areas (parahip-
pocampal gyri), BA28/35 (Vuilleumier et al., 2001); regions provid-
ing emotional valence to affective visual stimuli such as faces, that
is the medial and superior frontal gyri, BA10/11 (Dolan et al., 1996;
Paradiso etal., 1999). Therefore, on the basis of source reconstruction
data, it can be hypothesized that the processing of opposite-sex faces
might be more attentive, or effective or emotionally valenced than

FIGURE 7 | The swLORETA inverse solution applied on the opposite-/
same-sex difference wave during the time window 400-500 ms, which
corresponds to the peak of the N400 response. The electromagnetic
dipoles are shown as yellow arrows and indicate the position, orientation, and
magnitude of the dipole-modeling solution applied to the ERP difference wave
in this specific time window.

that of same-sex faces because it produced stronger electromagnetic
signals (deriving from excitatory post-synaptic potentials) in regions
devoted to face processing and providing the emotional connotation
to sensory information.

The centro—parietal N400 is thought to result from incongruence
between incoming information and the mental (semantic) repre-
sentation of words (Kutas and Hillyard, 1980), pictures and actions
(Proverbio and Riva, 2009). Furthermore, the N400 may indicate dif-
ficulty in semantic-integration processes (Brown and Hagoort, 1993)
and is elicited in same/different judgment tasks (Simos and Molfese,
1997) by the presence of different or deviant items. Interestingly,
Watson et al. (2007) found that the N400 indicated the extent to
which self-relevant information conflicts with an individual’s self-
concept. In this light, the N400 was believed to judge differences in
self-referent information. Similarly, our data suggest that the N400
occurs in response to viewing unfamiliar, attractive faces, and differs
depending on the gender of the face in relation to the viewer.

The expedited processing of opposite-sex faces is similar to the
other-race face effect (ORE) found in several ERP studies (Caldara
et al., 2004; Balas and Nelson, 2010). For example, Caldara et al.
(2004) found that, while other-race faces are recognized less accu-
rately than same-race faces, other-race faces are classified faster.
Using ERPs, the authors found a 20 ms advantage for parietal P3
responses associated with the processing of Asian (other-race) rela-
tive to Caucasian (same-race) faces during a face-classification by
race task in which ERPs were time-locked to face presentation.

While many studies have shown that same-race faces are rec-
ognized more easily than the faces of different, unfamiliar races
(Byatt and Rhodes, 2004), other studies have shown that other-
race faces are more quickly classified by race. An ERP study by
Balas and Nelson (2010) found earlier N170 latencies in response
to black vs. white faces (in white participants), thus suggesting that
unfamiliar pigmentation can accelerate configurational analysis
in face processing. The ORE effect and the opposite-sex bias are
similar in that both effects represent neural markers of self/other
representation and the ability to distinguish between self and oth-
ers, which may be related to self awareness and body representation
(Decety and Sommerville, 2003).

Table 2 | Talairach coordinates corresponding to the intracranial generators explaining the difference-voltage relative to the opposite minus same

sex contrast within the 400-500 ms time window according to swLORETA (ASA) Grid spacing =5 mm; estimated SNR = 3; unit = nAm.

Magn. T—x(mm) T—y(mm) T—z(mm) HEM Lobe Gyrus BA
6.77 -48.5 -33.7 -23.6 L T Fusiform 20
6.74 -48.5 -55 -17.6 L T Fusiform 37
5.57 50.8 -33.7 -23.6 R T Fusiform 20
5.35 50.8 -16.1 -22.2 R T Fusiform 20
6.3 -185 -8 -28.9 L Limbic Uncus 36
5.70 21.2 9.1 -27.5 R Limbic Uncus 38
5.56 21.2 -24.5 -15.5 R Limbic Parahippocampal 35
6.03 -38.5 -15.3 -29.6 L T Inferior temporal 20
5.30 50.8 -0.6 -28.2 R T Middle temporal 21

5.19 -58.5 -8.7 -21.5 L T Inferior temporal 20
2.79 -48.5 334 23.1 L F Middle frontal 46
1.73 -8.6 124 30.3 L Limbic Cingulate 24
1.57 40.9 -30.4 34.9 R P Inferior parietal lobule 40
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FIGURE 8 | (A,B) LP mean-amplitude values (in V) with within-subjects
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and recording site. (C,D) Scatter plot displaying individual values of LP
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component obtained by subtracting same-opposite responses recorded in men
(C) and women (D) at left and right occipito—parietal sites. Positive values
indicate larger cerebral responses to same-sex faces.

The present study also found a sex-related effect in the LP,
which displayed larger modulation in women as a function of
face gender (same or opposite). These results are consistent with
a similar finding by Sun et al. (2010), who found increased P300
modulation in a gender-identification task in women. In that
study, the data were interpreted to indicate that women conducted
a more extensive evaluation process in categorizing male and
female faces.

Elevated LP activity has previously been shown in response to
attractive faces (Werheid et al., 2007), emotional pictures (Dolcos
and Cabeza, 2002), and faces with emotional expressions (Eimer
and Holmes, 2007). Because the LP is increased for both unpleas-
ant and pleasant stimuli, it is likely sensitive to arousal rather than
emotional valence (Schupp et al., 2006).

Inastudy measuring LP response, He et al. (2009) recorded ERPs
in a group of white subjects while the subjects performed a gen-
der-identification task including white, Asian and black faces. This
group found an increased late positive complex at approximately
500 ms that was associated with faces of the same race. He et al.
interpreted this result to indicate extended processing of same-race
faces. In contrast to N400, the LP deflection associated with sex or
race might reflect an awareness of similarity rather than difference.
However, because of the uniqueness of these data, further investiga-
tion is required to determine whether N400 and LP responses reflect
aform of same/different discrimination at the representational level
or whether they are specific to self-representation. Indeed, only two
previous studies have investigated the specific effect of face gender
on ERP components in both women and men (Oliver-Rodriguez
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Table 3 | Talairach coordinates corresponding to the intracranial generators explaining the difference-voltage relative to the same minus opposite

sex contrast within the 590-720 ms time window according to swLORETA (ASA); grid spacing =5 mm; estimated SNR = 3; unit = nAm.

Magn. T—x(mm) T—y (mm) T-z(mm) HEM Lobe Gyrus BA
5.15 21.2 -24.5 -15.5 R Limbic Parahippocampal 35
5.14 40.9 -bb -17.6 R O Fusiform 37
5.14 50.8 -33.7 -23.6 R T Fusiform 20
4.78 50.8 -0.6 -28.2 R T Middle temporal 21
4.75 31 9.1 -27.5 R T Superior temporal 38
3.48 50.8 1.4 39.2 R F Middle frontal 8
4.25 -18.5 -8 -28.9 L Limbic Uncus 36
4.22 -18.5 -45.8 -95 L Cereb Fusiform/parahippocampal 19/36
4.12 -38.5 -55 -17.6 L T Fusiform 37
3.74 -38.5 43.4 239 L F Middle frontal 10
3.71 -28.5 56.3 -1.6 L F Superior frontal 10
3.49 -48.5 8.2 -20 L T Superior temporal 38
3.06 11.3 64.4 16.8 R F Superior frontal 10
3.02 31 53.4 24.8 R F Superior frontal 10
2.98 -85 64.4 16.8 L F Superior frontal 10
2.67 1.5 -20.3 26.8 R Limbic Cingulate 23
2.53 1.5 8.5 65.9 R F Superior frontal 6

FIGURE 9 | The swLORETA inverse solution applied on the same/
opposite-sex difference wave during the time window 590-720 ms,
which corresponds to the peak of the late positivity (LP). The
electromagnetic dipoles are shown as yellow arrows and indicate the position,
orientation, and magnitude of the dipole-modeling solution applied to the ERP
difference wave in this specific time window.

etal.,, 1999; Suyama et al., 2008). However, although these studies
found that men and women differ in their specific responses to male
and female faces, they did not explore opposite-/same-sex bias. In
addition, the relative difference in the timing of sex-dependent
modulation between studies might be caused by different experi-
mental paradigms, which included gender discrimination (Suyama
et al., 2008), attractiveness rating (Oliver-Rodriguez et al., 1999),
or passive viewing (the present study).

It should be noted that, although N400 responses to opposite-
sex faces involved left hemispheric regions to a greater extent than
right hemispheric regions, the LP to same-sex faces was strongly
lateralized to the right hemisphere, as indicated by swLORETA
source reconstruction. These results suggest a right asymmetry in
the activation of the parahippocampal gyrus, the fusiform gyrus,
the middle and superior temporal gyrus, and the middle fron-
tal gyrus. This pattern of results is consistent with many studies

suggesting a hemispheric asymmetry for the processing of self
vs. other faces. For example, in a study where a group of patients
underwent the intracarotid amobarbital (Wada) test (Keenan
et al., 2001), it was shown that the right hemisphere was prefer-
entially involved in self-face recognition, and the left hemisphere
was preferentially involved in other-face recognition. In a rather
interesting paper on the split brain patient M.L. (Keenan et al,,
2003), who underwent a total callosotomy, it was found that when
searching for the self-face in a series of morphs (composite facial
images made up of his own and a famous face) the patient’s per-
formance was better when responding with the right hemisphere
(i.e., indicating with the left hand). These data suggested that the
right hemisphere is preferentially suited for self-face processing,
a hypothesis that is also supported by analogous behavioral data
(Keenan et al., 2000).

Consistently, the inverse solution performed in the present
study on LP activity in response to same-sex faces demonstrated
a strong right hemispheric asymmetry in the activation of pos-
terior brain regions and the right middle frontal gyrus (BAS).
The current literature suggests that the right temporomesial and
temporolateral cortices, along with the right posterior cingulate
areas, right insula, and right prefrontal areas (Fink et al., 1996),
are involved in self representation (Craik et al., 1999). In addi-
tion, there is neurological evidence that right hemispheric lesions
can lead to self-representation disorders, lack of body awareness
and deficits in the ability to distinguish between self and others
(Decety and Sommerville, 2003). These results are particularly
pertinent to our data comparing the processing of same-sex with
other-sex faces.

In conclusion, the present study found an opposite-/same-sex
bias similar to the ORE (Caldara et al., 2004) and identified specific
neural markers for sex bias in face processing, including a larger
and earlier N400 associated with opposite-sex faces and a wider
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LP associated with same-sex faces. Both the ERP patterns and our
analysis of intra-cortical neural generators (swLORETA) indicated
the activation of brains areas related to face processing and emotion,
supporting the hypothesis that both genders process opposite-sex
faces earlier and more effectively than same-sex faces.
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