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Abstract

Recent event-related potential studies have shown that the occipitotemporal N170 component - best known for its
sensitivity to faces - is also sensitive to perception of human bodies. Considering that in the timescale of evolution clothing
is a relatively new invention that hides the bodily features relevant for sexual selection and arousal, we investigated whether
the early N170 brain response would be enhanced to nude over clothed bodies. In two experiments, we measured N170
responses to nude bodies, bodies wearing swimsuits, clothed bodies, faces, and control stimuli (cars). We found that the
N170 amplitude was larger to opposite and same-sex nude vs. clothed bodies. Moreover, the N170 amplitude increased
linearly as the amount of clothing decreased from full clothing via swimsuits to nude bodies. Strikingly, the N170 response
to nude bodies was even greater than that to faces, and the N170 amplitude to bodies was independent of whether the
face of the bodies was visible or not. All human stimuli evoked greater N170 responses than did the control stimulus.
Autonomic measurements and self-evaluations showed that nude bodies were affectively more arousing compared to the
other stimulus categories. We conclude that the early visual processing of human bodies is sensitive to the visibility of the
sex-related features of human bodies and that the visual processing of other people’s nude bodies is enhanced in the brain.
This enhancement is likely to reflect affective arousal elicited by nude bodies. Such facilitated visual processing of other
people’s nude bodies is possibly beneficial in identifying potential mating partners and competitors, and for triggering
sexual behavior.

Citation: Hietanen JK, Nummenmaa L (2011) The Naked Truth: The Face and Body Sensitive N170 Response Is Enhanced for Nude Bodies. PLoS ONE 6(11):

€24408. doi:10.1371/journal.pone.0024408

Editor: Hans P. Op de Beeck, University of Leuven, Belgium

* E-mail: jari.hietanen@uta.fi

Received February 17, 2011; Accepted August 10, 2011; Published November 16, 2011

Copyright: © 2011 Hietanen et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by the Academy of Finland grants #130272 to J.K.H and #121031 to L.N. and the AivoAALTO Grant from the Aalto University.
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Without any doubt, other human beings are the most important
visual objects in our environment. Compatible with this, cognitive
neuroscience has revealed that the perception of other human
beings is based on brain mechanisms specifically devoted to
processing visual information from this socially and biologically
relevant class of stimuli [1]. Much research has focused on
neurocognitive mechanisms subserving perception of human faces
and bodies as they both provide information necessary for social
interaction and interpersonal relationships.

Several lines of evidence suggest that both human and sub-
human primate brains contain cells specialized in processing of
facial information [2—4]. For example, functional neuroimaging
studies have identified an interconnected occipitotemporal neural
network which shows face-selective response properties and high
level of specialization in processing of the facial image [3,5,6].
Perception of human bodies is also subserved by a specialized
brain network [7-9]. Paralleling the functional properties of the
face-sensitive mechanisms, these lateral and ventral occipito-
temporal circuits are engaged more vigorously during the
perception of human bodies and body parts than during the
perception of inanimate objects, isolated body parts or faces
[7,10,11].
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Electroencephalography (EEG) and magnetoencephalography
(MEG) studies have investigated the early stages of visual
processing of human faces and bodies. These studies have
identified an event-related potential (ERP) and its magnetic
counterpart recorded over occipito-temporal regions peaking
between 140-200 ms after stimulus onset and being more sensitive
to faces than to other objects [12-15]. Because of the typical peak
latency (170 ms) of this negative potential, it is often referred to
as N170 response. However, whether the N170 reflects only
processes related to face perception is still a matter of great debate
[14,16,17]. It has indeed been shown that the perception of bodies
also triggers a profound N170 component whose amplitude is
greater than that triggered by objects, but smaller than [18,19] or
similar [20,21] to that triggered by faces. The body-sensitivity of
the N170 response could be explained by arguing that the N170
response reflects the processing of configurally represented
information [22] which is important both for face [23] and body
[24] perception. Compatible with this view, the N170 response to
both faces and bodies shows response characteristics considered
typical for configural or holistic processing of visual stimuli, such as
sensitivity to spatial inversion of stimuli [19,25-27]. However,
considering that the potential distribution and source localization
of the N170 response differ between bodies and faces [18,20], it is
reasonable to assume that the N170 response does not reflect mere
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general configural processing of visual objects. More likely, it is
driven by activation of the above-mentioned occipito-temporal
areas specialized for processing of faces and bodies.

In all the aforementioned electrophysiological studies investi-
gating the early visual processing of body information [18-
21,26,27], the bodies were presented as wearing clothes. However,
during the evolution, the cortical networks specialized in body
perception have probably been tuned to respond to nude bodies.
Although clothing provides cues to gender, sexual status, and rank
in many cultures, clothing is typically used to restrict the visibility
of the body, especially the primary and secondary sexual cues, and
thus clothing hides bodily features relevant for sexual selection and
arousal. Among primates, identification of mating partners relies
extensively on the visual system [28] and humans, like other
primates, display highly selective preferences in viewing the sexual
signals of conspecifics [29,30]. Perception of these signals and their
evaluation as positive leads to physiological arousal, which can
subsequently trigger sexual behaviors and ultimately copulation
[31]. Efficient perception of sexual signals and categorization of
conspecifics as potential mating partners or competitors is thus
essential for both sexual selection and ensuring reproduction in
primates.

Earliest recorded signs of clothing date to 36,000 BCE [32],
although genetic and molecular clock estimates of the head and
body lice — the latter having little chance of surviving on naked
human body — suggest that body lice have originated already
72,000%£42,000 years ago, which could coincide with the
beginning of frequent use of clothing [33]. Thus, considering that
the use of clothing has a relatively short history in the time-scale of
evolution, it is possible that the responses of the brain networks
specialized in body perception could show attenuated responses
towards bodies wearing clothing. It has actually been proposed
that colour vision might have evolved in primates for discriminat-
ing the spectral modulations on the skin of conspecifics [34]. In
line with this, human visual system has been found to be
particularly sensitive to detecting desaturated reddish targets
resembling human skin tones [35]. Against this background, an
interesting question arises: does the human brain show enhanced
visual processing of nude over clothed bodies, and especially, if so,
can we find the enhanced processing already at the early stages of
visual processing?

As noted, nude bodies, especially of the opposite sex, are
affectively pleasant and highly arousing stimuli [36,37]. There is
an extensive literature on affective picture processing showing that
stimulus valence and arousal, in general, modulate several ERP
components (for a review, see [38]). In this line of research, the
high arousing, affectively pleasant stimuli have often included
pictures showing nude people. However, none of these studies has
investigated specifically the early visual processing of nude bodies.
Furthermore, most prior studies have analyzed middle (200
300 ms) or long latency (>300 ms) responses triggered by complex
pleasant scenes with varying content. There are, however, also
studies that have shown affective modulation on short latency ERP
responses. The evidence regarding the affective modulation of the
P1 component is inconclusive and, if anything, it suggests that P1
is enhanced to stimuli with unpleasant valence (see [38]).
However, reliable affective modulation has been observed for
later N1 responses for pleasant [39-—41] and unpleasant stimuli
[40]. There is also some evidence that nude bodies might trigger
enhanced early occipitotemporal responses. A MEG study
measuring responses specifically to same-sex and opposite-sex
nudes reported two early components which were larger to nude
bodies than to neutral, non-human objects [42]. The earlier
component, with a mean latency of 126 ms, was larger to male
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and female nudes compared to neutral pictures, but only in male
participants, whereas the second component, with a mean latency
of 203 ms, was larger to nudes than to neutral pictures in both
sexes. However, the responses were averaged over all occipital and
temporal channels and, more importantly, responses to nude
bodies were compared with those to objects rather than with those
to clothed bodies or faces. Thus, these studies do not reveal how
nudity influences early visual processing of human bodies.
Functional imaging studies with coarser time-scale have also
confirmed that occipitotemporal responses are amplified for erotic
pictures involving couples as well as single nude bodies (for a
review, see Table 1 in [43]). However, due to the limits of
temporal resolution of fMRI, these studies have also been unable
to characterize the processing in the early visual stages. In sum,
although the visual processing of sexually explicit material has
been extensively investigated, our knowledge of how clothing
affects the early visual responses to human bodies remains elusive.

In the present ERP experiments we tested whether the
amplitude of the well-known face and body selective N170
component is dependent on whether the bodies were nude or
clothed. Because N170 is known specifically for its sensitivity to
faces, we also wanted to compare responses to nude and clothed
bodies vs. faces. In two experiments we measured ERPs elicited by
faces, nude bodies, bodies wearing sexually revealing clothing
(swimsuits), fully clothed bodies as well as inanimate control
objects (automobiles). Our prediction was straightforward: if the
brain prioritizes the visual processing of nude bodies, N170
amplitude should be larger to nude than to clothed human bodies.

Experiment 1

In Experiment 1, color pictures of cars, faces, nude bodies, and
bodies in swimsuits were presented as stimuli (see Fig. 1). In the
pictures showing bodies, the head was masked. To match the nude
and clothed bodies as well as possible, we used the same set of
pictures for both conditions, except that we covered the nude
bodies by drawing black swimsuits on top of them. This method
also controlled for the possible effects of body posture on the
responses. We were also interested in the possible effects of the
models’ sex on the responses to nude female and male bodies. For
Experiment 1, we recruited only male participants because, in
previous studies, the enhancement of brain activation in visual
areas to erotic vs. neutral pictures has been shown to be larger
among male than female participants [42,44] and, moreover, male
participants’ physiological and evaluative responses have been
found to be markedly discriminative to opposite-sex vs. same-sex
sexual stimuli [42,45]. In Experiment 1 (and also in Experiment 2),
we restricted the data analysis to the N170 component due to its
well-known face and body-sensitive response properties.

Materials and Methods

Ethics Statement. The research was conducted according to
the ethical standards of the American Psychological Association
(APA). According to Finnish regulations (Act on Medical Research
and Decree on Medical Research 1999, amended 2010), specific
ethics approval was not necessary for this study. A written
informed consent was obtained from all participants.

Participants. [Fifteen healthy male volunteers with normal or
corrected-to-normal vision participated in the experiment (age:
M=28.27; SD=8.30; range 2047 years). One of the participants
was left-handed and all the others were right-handed.

Stimuli. Color pictures of faces, nude bodies, bodies wearing
swimsuits, and cars were used as stimuli (see Fig. 1). The stimuli
were downloaded from different websites. Face stimuli were
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Figure 1. lllustration of the stimuli used in Experiments 1 and 2. In Experiment 1, pictures of nude bodies (a), bodies wearing swimsuits (b),
faces (d), and cars (e) were used. In Experiment 2, pictures of fully clothed bodies (c) were presented instead of bodies wearing swimsuits. In
Experiment 1, the heads of the bodies were masked by pixellation. In Experiment 2, the bodies were presented with both intact and masked heads,
and the face and car stimuli were presented in intact and masked forms. In both experiments, the face and body pictures were color photographs of
human models. The images shown here do not depict the actual stimuli but are intended only as examples.

doi:10.1371/journal.pone.0024408.g001

generated by clipping the faces from the full-body pictures, hence
the relative sizes of the face and body stimuli reflected the natural
biological structure of the human face and body. For the swimsuit
pictures, black swimsuits (one-piece swimsuits for females, square
cut swimsuits for males) were drawn on top of the nude bodies with
Adobe Photoshop 11 drawing tools. The models in the pictures
showing bodies were standing in typical modeling postures. In the
pictures showing bodies, a rectangular shaped area around the
head was masked by means of decreasing the resolution in the
head area to an average of 4 pixels per inch. In the stimuli showing
humans, half included female models and the other half male
models. The deviant target stimulus category (see below) included
color pictures of various animals. There were 20 pictures in each
category.

The stimulus size (horizontal xvertical) at the viewing distance of
78 cm was 6°x8° for faces (8.2 cmx10.9 cm), 7°x15° for bodies
(9.5 cmx20.5 cm), 18°x12° for cars (24.7 cmx16.3 cm), and
13°x12° (17.2 ecmx16.4 cm) for target animals. All stimuli were
cut out from the backdrop, and shown against a white
background. The fixation point was a black plus (0.7°x0.7°;
1 emx1 cm). The stimuli were shown on a 17" LCD-monitor set
to resolution 1024x768 and with a refresh rate of 75 Hz.
Neuroscan Stim software controller stimulus presentation.
Participants were seated comfortably in an
armchair in front of a monitor. The laboratory room was dimly
lit. In the ERP measurements, the presentation of the stimulus
pictures was divided into four blocks of equal length. The stimuli
were presented in random order with the restriction that two
animal pictures (targets) were not shown in succession. Pictures

Procedure.
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were shown for 500 ms with an inter-trial interval (ITI) of
1500 ms. A fixation point was shown during I'TT in the middle of
the screen. Before the actual experiment the participants practiced
the task with a short training block (with stimulus examples not
included in the experimental blocks). Participants sat in a chair
holding a response button in their right hand. They were
instructed to press the button whenever they saw an animal.
They were asked to fixate at the fixation point during the stimulus
set. There was a short pause between the four blocks.

EEG recording and statistical data analysis. Continuous
EEG was recorded from the scalp with 21 electrodes (Ag/AgCl)
mounted on an elastic cap (Electro-Cap International, Inc.). A 10—
20 electrode positioning system was used. Online, the signal was
referenced to nosetip. Mild skin abrasion was used to reduce
the electrode impedances below 5 kQ. Vertical (VEOG) and
horizontal (HEOG) electro-oculogram was recorded with bipolar
channels from sites above and below the midpoint of the left eye
and beside the outer canthi of each eye. The EEG was band-pass
filtered from 0.05 to 100 Hz and amplified with a gain of 5000
before storing on a computer disk at a sample rate of 1000 Hz
(Neuroscan/Synamps).

Off-line, the EEG signal was digitally filtered using a 30 Hz
lowpass filter and re-referenced to an average of all recording
channels. The data were segmented to 600 ms epochs starting
100 ms prior to stimulus presentation. The segments were
baseline-corrected against the mean voltage during the 100-ms
pre-stimulus period. Segments with eye movements and blinks
were excluded from further analyses using =100 puV thresholds for
the HEOG and VEOG. Average waveforms for each participant
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in each condition were calculated from the accepted trials. For
N170, peak amplitude and its latency were analyzed within a 110—
180-ms post-stimulus time window. The amplitude and latency
analyses were based on ERPs recorded from electrodes T5 and
T6. The data were normally distributed and thus analyzed with
analyses of variance.

Greenhouse-Geisser correction procedure was applied to
analysis of variance when necessary. For the sake of brevity, the
original degrees of freedom are reported. For all multiple
comparisons, Sidak correction was performed.

Results

N170 amplitude. Figure 2 shows ERPs from two occipito-
temporal (T5, T6) channels and scalp topographies of the mean
voltage amplitudes for different stimulus types (averaged across
stimulus sex). All stimulus categories elicited a prominent N170
response on these channels. For faces and bodies, the amplitude of
the N170 response was at its largest on these channels (see
Supporting Information, Fig. S1). A Stimulus (car, face, nude
body, swimsuit body)xLaterality (left vs. righty ANOVA on the
N170 amplitude showed a main effect of stimulus type
(113,42) = 34.8, P<.001). Pairwise comparisons indicated that the
N170 response to all human stimuli was greater than the response
to cars (all Ps<.001) (Fig. 3). More interestingly, the N170
amplitude to nude bodies (M= —8.0 uV) was greater than
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Figure 2. Brain responses to different stimuli in Experiment 1.
(a) ERPs from occipitotemporal channels T5 (left) and T6 (right) to cars,
faces, nude bodies, and bodies in swimsuits. The responses are
averaged across stimulus sex. (b) Scalp topographies of the mean
voltage amplitudes for different stimulus types in five consecutive
20-ms time windows starting at 100 ms post-stimulus.
doi:10.1371/journal.pone.0024408.9g002
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the response to swimsuit bodies (M=—7.0 uV) or faces
(M=—=5.7 uV) (both Ps<.01). The difference between swimsuit
bodies and faces was not significant (P=.108). The voltage
topographies suggest that perception of nude bodies resulted in
longer-lasting, more extensive, and more posteriorly extending
negativity than perception of other stimulus classes (see also
Supporting Information, Fig. S2).

Next we tested whether the N170 responses to human stimuli
were affected by the sex of the model. A Stimulus (face, nude body,
swimsuit) xStimulus Sex (male vs. female)xLaterality ANOVA
showed the effects of Stimulus (M2,28)=13.0, P<.001), and
Stimulus xStimulus Sex interaction (F2,28)=6.7, P=.013). Pair-
wise comparisons indicated that the N170 amplitude was greater
to naked females than males (M=-82puV vs. —7.7 uV,
P=.034), whereas there was no difference in response to female
and male faces (M= —5.8 pV vs. —5.6 uV, P=.316). The N170
amplitude was lower for female than male swimsuit bodies
(M=—6.6 uV vs. —7.5 pV, P=.049).

N170 latency. The NI170 latency data showed the main
effects of stimulus (F3,42)=10.7, P<.001), and laterality
(f11,14)=5.8, P=.03). Pairwise comparisons indicated that the
N170 latency was longer to nude bodies (M =153 ms) than to
swimsuit bodies (M =146 ms), faces (M=141 ms), and cars
(M=141 ms) (P=.02). The N170 latency was longer in the right
(M=147 ms) than left (M =143 ms) hemisphere. The N170
latencies to human stimuli were not affected by the sex of the
model.

Discussion

Our main finding was that clothing modulated the N170
response to bodies: N170 amplitude was larger to nude bodies
than to the bodies wearing swimsuits, while all body stimuli elicited
larger N170 responses than control objects (cars). In general, these
results are compatible with the prior studies on body-sensitivity of
the N170 component [18-21,26,27] as well as the extensive line of
research showing enhanced ERP responses to affectively arousing
stimuli [38]. Specifically, our findings converge with the
experiments showing enhanced N1 responses to affective stimuli
[39-41]. The present experiment nevertheless goes beyond the
previous findings in two important aspects. First, we directly

N170 amplitude (pV)

Car

Face Nude Swimsuit
Stimulus type

Figure 3. Histograms (mean + s.e.m.) showing the amplitude of
the N170 response to different stimuli in Experiment 1.
Amplitudes are averaged across recording channel and stimulus sex.
(**P<<.01; ***P<<.001).

doi:10.1371/journal.pone.0024408.g003
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compared visual responses to single human bodies which were
either nude or covered (by a swimsuit) and, second, we showed the
effect of nudity on N170 response measured from those occipito-
temporal channels showing typically high sensitivity for human
faces and bodies. Our results thus confirm that nudity of human
bodies is detected early on during visual processing, and that the
human brain exhibits enhanced visual processing to other people’s
nude bodies. Interestingly, the N170 response to nude bodies was
even grealer than that to faces, even though the N170 response to
faces was at its largest on the chosen T5/T6 channels. The
amplitude difference between swimsuit bodies and faces was not
statistically significant. Given the sheer number of studies showing
that faces elicit the most pronounced N170 amplitudes [12-14],
our findings showing the largest N170 amplitudes to nude bodies is
somewhat surprising.

Experiment 1 involved only male participants, and their N170
amplitude was greater to nude female bodies than to nude male
bodies. This fits with prior findings showing that male participant’s
evaluative and looking-time responses [42,45,46] are different for
same vs. opposite-sex nude bodies. We extended these findings to
early visual cortical responses to body stimuli. On the contrary,
stimulus sex had no effect on N170 to faces, which is compatible
with previous results showing no difference in N170 responses to
same-sex vs. opposite-sex faces [47].

Experiment 2

Experiment 2 had three major aims. First, we investigated
whether our findings on the enhanced N170 component to nude
vs. clothed and opposite vs. same-sex nude bodies would also be
generalized to female participants. To that end, we measured
ERPs from both male and female subjects. To make our results on
the body-selective N170 response directly comparable with prior
studies, we presented participants with nude and fully clothed male
and female stimuli. Second, considering the importance of facial
information for sexual behavior (e.g. [48]), we tested whether the
N170 amplitude would be even more pronounced to nude bodies
with visible heads/faces than to nude bodies with masked heads.
This also allowed us to study the effects of face visibility on N170
responses to human bodies in general. To have a full factorial
design in our experiment, we presented all our stimulus categories
both in intact and masked versions. In the masked nude and
clothed body pictures only the heads were pixellated (see sample
stimuli in Fig. 1). Finally, we evaluated whether the enhanced
N170 response to nude bodies would be associated with elevated
physiological arousal and self-reported affective experiences. To
this end we measured skin conductance responses (SCR) and
subjective evaluations of arousal and emotional valence occasioned
by the stimuli, and correlated these with the corresponding N170
amplitudes.

Materials and Methods

Ethics Statement. The research was conducted according to
the ethical standards of the American Psychological Association
(APA). According to Finnish regulations (Act on Medical Research
and Decree on Medical Research 1999, amended 2010), specific
ethics approval was not necessary for this study. A written
informed consent was obtained from all participants.

Participants. Thirty-two (16 females) healthy volunteers
with normal or corrected-to-normal vision participated in the
experiment (age M =24.47, SD = 8.32, range 19-66 years). One of
the males was left-handed while all the other participants were
right-handed. The EEG data of one male participant were not
recorded because of technical problems.
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Stimuli. Color pictures of faces, nude bodies, clothed bodies,
and cars were used as stimuli (see illustrations in Fig. 1). The
models in both the nude and clothed body pictures were standing
in typical modeling postures. Half of the human pictures involved
female models and the other half male models. Like in Experiment
1, the deviant target stimulus category included color pictures of
various animals. The size of the stimuli and their presentation
conditions were similar to those in Experiment 1. Different
stimulus sets were used for the ERP and SCR experiments. The
stimuli for the ERP experiment were 20 pictures of faces (male/
female), nude bodies (male/female), clothed bodies (male/female),
and cars. There were two versions of each picture: intact and
masked. In the masked face and car pictures, the head/car was
rendered unrecognizable by means of pixellation (4 pixels per
inch), whereas for masked nude and clothed body pictures only the
heads were pixellated. The target stimulus category included
20 pictures of different animals. The stimuli for the SCR
measurements consisted of color pictures of faces, naked bodies
with masked face, clothed bodies with masked face, and cars.
There were thus six categories of human pictures (males and
females) and pictures of cars. Five different pictures from each
category were presented. Pictures of animals served as targets.
Participants were seated comfortably in an
armchair in front of a monitor. The laboratory room was dimly
lit. The experimental session began with the SCR measurements
where each of the 38 pictures (including 3 pictures of animal
targets) was presented for 3 seconds with an I'TI of 15 seconds.
During the ITI, a fixation point was shown at the center of the
screen. The stimuli were presented in pseudo-random order - one
picture from each category was shown before the next
presentation from this category - within two blocks. Participants
were instructed to sit still and comfortably while looking at the
pictures and to press the left mouse button every time they saw a
picture of an animal. The procedure for the ERP measurements
was similar to that in Experiment 1.

Immediately after the SCR and ERP measurements, partici-
pants rated their experiences of valence and arousal while viewing
the face, body and car stimuli using the SAM (Self-Assessment
Manikin [49]). After this the electrodes were removed and the
participants were allowed to clean themselves. Finally, participants
completed The Sell Assessment of Sexual Orientation —question-
naire [50]. This questionnaire measures sexual attraction towards
males and females, amount of sexual activity with males and
females, and sexual identity (homo/heterosexuality). For assessing
our participants’ sexual orientation, we analyzed answers to an
item where the participants were asked to rate their degree of
homosexuality on a 7-point scale (1 =not at all homosexual;
7 = extremely homosexual).

EEG and SCR recording and statistical data analysis. The
recording and analysis of the EEG/ERP data were similar to those in
Experiment 1. Skin conductance was measured with Ag/AgCl
electrodes (diameter 8 mm). The palmar surfaces on the medial
phalanxes of the index and middle fingers of the left hand were
cleaned and the electrodes filled with paste were attached to the
corresponding locations. The signal was acquired with a GSR
amplifier supplying constant-voltage AC excitation (22 mV)
(ADInstruments). Recordings were done with Power Lab 400
equipment, using Power Lab Chart 3.6 program running on a
Power Macintosh 7100/80 computer. The sampling rate was
100 Hz. The skin conductance response (SCR) was defined as the
maximum change from the baseline level (at the stimulus onset)
during a 4-second time period starting 1 second after stimulus onset.
The data were averaged in each condition for each participant.
Responses contaminated, for example, by participant’s body

Procedure.
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movements or by technical problems were eliminated from the
analysis. Of all the trials 28.3% were discarded on the basis of these
criteria. To normalize the data for the statistical analyses, a log
transformation [log (SCR+1)] was performed.

Greenhouse-Geisser correction procedure was applied to
analysis of variance when necessary. For the sake of brevity, the
original degrees of freedom are reported. For all multiple
comparisons, Sidak correction was performed.

Results

N170 amplitude. Again, all stimulus categories elicited a
prominent N170 response (Fig. 4a). For faces and bodies, the
amplitude of the N170 response was at its largest on these channels
(see Supporting Information, Fig. S3). The analysis of the N170
amplitude data showed a significant effect of stimulus
(#13,90)=140.51, P<.001). N170 was significantly greater to
nude bodies (M= —6.7 uV) than to all other stimulus categories
(all Ps<<.001). N170 amplitude to faces (M= —2.6 puV) and clothed
bodies (M= —2.8uV) was also greater than that to cars
(M=-1.9 uV, both Ps<.01), but amplitudes for faces and
bodies did not differ (P=.825). In addition, Stimulus xMasking
(#13,90) = 20.00, P<.001) and Laterality xStimulus (#3,90) = 3.90,
P=.026) interactions were significant. The masking decreased the
N170 amplitude to cars (intact vs. masked; M= —2.2 pV wvs.
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Figure 4. Brain responses to different stimuli in Experiment 2.
(a) ERPs from occipitotemporal channels T5 (left) and T6 (right) to cars,
faces, nude bodies, and clothed bodies. The responses are averaged
across stimulus and participant’s sex. (b) Scalp topographies of the
mean voltage amplitudes for different stimulus types in five consec-
utive 20-ms time windows starting at 100 ms post-stimulus. For nude
and clothed bodies, the data are from the trials with masked head.
doi:10.1371/journal.pone.0024408.9g004
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—1.5uV), and faces (M= —3.6 uV vs. —1.5 uV), but had no
effect on nude (M=-6.7uV vs. —6.8uV) and -clothed
(M=-28uV vs. —2.8 uV) bodies (Fig. 5). Additionally, the
N170 amplitude was greater in the right than left hemisphere for
faces and bodies, whereas the opposite was true for cars. Like in
Experiment 1, the scalp topographies showed again a long-lasting
and extensive negativity for nude bodies (see Fig. 4b and
Supporting Information, Fig. S4).

We also analyzed the effects of stimulus and participant sex on
the N170 amplitudes to human stimuli. In order to make direct
comparisons with the results from Experiment 1, the analyses were
restricted to body pictures with masked heads. A Stimulus (face,
nude body, clothed)xStimulus Sex xLaterality xParticipant Sex
ANOVA showed, apart from the main effect of stimulus, the main
effect of Stimulus Sex (F{1, 29)=4.67, P=.039). N170 amplitude
was larger to female (M= —4.5uV) than male (M= —4.3 uV),
stimuli. However, the effect of stimulus sex was qualified by a
borderline Stimulus Sex xParticipant Sex interaction (/{1
29)=3.77, P=.062). As we had clear a priori predictions about
this interaction, planned contrasts were conducted. As in
Experiment 1, males showed larger N170 responses to female
(M= —=5.3 uV) than to male (M= —4.8 uV, P<.01) pictures. On
the contrary, stimulus sex had no effect on N170 amplitudes in
female subjects (male vs. female pictures, M= —3.8 uV vs.
—3.8 uv, P=.891).

We also analyzed whether the effects of stimulus and participant
sex were affected by the participants’ sexual orientation. Among
our 31 participants contributing to the ERP results, 21 (11 males,
10 females) considered themselves as ‘not at all’ homosexual. The
rest described themselves as slightly homosexual (4 males, 3
females), mildly homosexual (1 female), or moderately homosexual
(2 females). When the effects of stimulus and participant sex on the
N170 amplitudes to human stimuli were analyzed for the ‘not at
all homosexual’ participants, the results remained exactly the same
as above. For males, N170 was larger to all female vs. male stimuli
(P=.002), whereas there was no effect of stimulus sex for females
(P>.5). Although the number of participants considering
themselves as at least ‘slightly homosexual’ was very low, we
nevertheless analyzed the data for these participants also. A similar
ANOVA as above showed, besides the effect of stimulus, a

=== |ntact
== [asked

N170 amplitude (pV)
A

Car Face Nude Clothed
Stimulus type

Figure 5. Histograms (mean + s.e.m.) showing the amplitude of
the N170 responses in Experiment 2. Amplitudes are shown to
intact and masked versions of different stimuli, averaged across the
recording channel, stimulus sex, and participant’s sex.
doi:10.1371/journal.pone.0024408.g005
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Stimulus xStimulus Sex XParticipant Sex interaction (F2, 16)=
5.12, P=.019). For these male participants (n =4), the effect of
stimulus sex was not significant (male vs. female pictures,
M=—49pnV vs. —4.9 uV, P=.841). Instead, for the females
(n=06), a Stimulus xStimulus Sex interaction approached signifi-
cance (M2, 10)=3.68, P=.063). Pairwise comparisons indicated
that the N170 amplitude was marginally greater in reaction to
naked females than males (M= —7.5 uV vs. —6.3 uV, P=.076),
whereas there was no difference in response to female and male
faces (M= —3.4 uV vs. —3.8 uV) or to female and male clothed
bodies (M= —2.8 pV vs. —2.7 uV).

Finally, we investigated the effect of the degree of clothing on
N170 amplitude by pooling data from Experiments 1 and 2. As
Experiment 1 only involved male participants, this analysis was
confined to male participants only (additional analyses confirmed
that the following pattern of results remained the same had we
included female participants from Experiment 2). Because the data
on swimsuit and fully clothed bodies were collected from different
experiments, we standardized the data from the human stimulus
conditions in Experiments 1 and 2 by computing amplitude
differences between cars and each other stimulus condition in the
respective experiment. This analysis showed that the N170
amplitude increased linearly (R? for Least Squares regression
line =.99) as the degree of clothing decreased (Fig. 6). The
amplitude differences between responses to faces and nude bodies
vs. cars were equal between Experiments 1 and 2 (faces: 3.0 uV vs.
2.4 uV; nude bodies: 5.3 uV vs. 5.6 uV; both Ps>.4). This result
provides further justification for comparing the responses to
swimsuit vs. fully clothed bodies despite the data were collected
from separate experiments.

N170 latency. The analysis on the N170 latency data showed
a main effects of stimulus (/¢3,90)=10.17, P<.001) and masking
(F1,30)=18.62, P<.001), as well as StimulusxMasking
interaction (£13,90)=9.18, P<.001). Overall, the N170 latency

Exp 2
6 - Exp 1}
Exp 1 A7
-4 Exp 1EXFL?, o
. 119 G §=-.32-129%
R2=.99

Exp 2___,,_,,,,..,a.- {

9 4 "f

Human - car N170 difference (V)

Clo'thed Fa'ce Swirﬁsuit Nu'de

Stimulus type

Figure 6. The N170 amplitude modulation as a function of the
degree of clothing. The graph illustrates the N170 amplitude
difference (mean + s.e.m.) calculated between each human stimulus
category and cars in Experiments 1 and 2. In Experiment 2, data from
male participants only (n=15) were included. The regression line is
based on the mean amplitude differences (for faces and nude bodies,
averaged across data from Experiments 1 and 2).
doi:10.1371/journal.pone.0024408.g006
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was significantly longer to cars (M =151 ms) and nude bodies
(M=150 ms) compared to clothed bodies (M =142 ms, both
Ps<.001). The N170 latency to faces did not differ from the other
stimulus categories M =147 ms). The masking had a greater
influence on N170 latency to cars (intact vs. masked;
Mo =148 ms vs. M40 154 ms), and faces (M =140 ms vs.
154 ms) than on N170 latency to nude (A= 148 vs. 152 ms) and
clothed (M =143 vs. 142 ms) bodies.

The latency analysis involving the effects of stimulus and
participant sex on the N170 latencies to human stimuli showed the
main effect of stimulus, as expected, and also the main effect of
participant sex (F{1,29)=7.62, P<.01). Overall, the N170 latency
was significantly longer to male (M =150 ms) than female
(M= 140 ms) participants.

SCR and subjective arousal and valence evaluations. Skin
conductance responses (Fig. 7a) were first analyzed by one-way
repeated measures ANOVA comparing faces vs. nude bodies with
masked heads vs. clothed bodies with masked heads vs. cars. The
effect of stimulus type was significant (/{3,93)=22.08, P<.001).
SCR to nude bodies was greater (M= 0.813 uMho) than SCR to
dressed bodies (M =0.169 uMho), faces (M =0.228 uMho), and
cars (M= 0.284 uMho) (all Ps<.001). SCR to cars was also greater
than SCR to clothed bodies (P=.012). A follow-up analysis for the
human stimuli (Stimulus xStimulus Sex xParticipant Sex ANOVA)
showed that the SCRs to male and female human stimuli were not
affected by the participant’s gender. We also tested whether the
physiological arousal triggered by the stimuli would be associated
with N170 amplitudes. To that end, we took the overall means of
SCRs and N170 amplitudes to each stimulus category and
computed their rank order correlation (Spearman’s rho).
However, the correlation failed to reach significance (r,= —.4,
P=.6).

Compatible with the autonomic responses, the effect of stimulus
type was also significant for the subjective arousal ratings
(H3,93)=30.59, P<.001) (Fig. 7b). Arousal ratings were higher to
nude bodies (M =5.3) than to all other categories (all Ps<<.001).
Ratings to faces (M = 3.6), clothed bodies (M = 3.4), or cars (M = 3.0)
did not differ from each other. Similarly to SCRs, we computed the
rank correlation between the mean self-reported arousal ratings and
N170 amplitudes to each stimulus category. This revealed a strong
association between the self-reported arousal scores and N170
amplitudes (r,= —1.0, P<.001). Analysis of the human stimuli
showed that the interaction between stimulus sex and participant
sex (M1,30)=9.46, P<.01) was significant. For males, the arousal
ratings were higher for female (M = 4.7) than male (M = 3.9) models,
whereas for female participants the arousal ratings were higher for
male (M= 4.3) than female (M = 3.6) models.

The effect of stimulus type (cars, faces, nude bodies, clothed
bodies; averaged across stimulus gender and subject gender) on
valence ratings was significant (3, 93)=6.32, P<.01) (Fig. 7¢).
Valence ratings to faces (M =06.1) and to clothed bodies (A/=6.1)
were higher than those to nude bodies (M= 5.4) or cars (M= 5.21)
(all Ps<.05). There were no other differences. The mean self-
reported valence ratings and mean N170 amplitudes to each
stimulus category were not correlated (r,=—.2, P=.8). A
Stimulus xStimulus  Sex XParticipant Sex ANOVA on valence
ratings to human stimuli showed that all main effects as well as the
interactions were statistically significant (all 2<<.05). These effects
reflected the fact that for male participants, the valence ratings
were higher for all female than male stimuli (M=6.8 vs. 4.4,
averaged across stimulus categories), whereas, for females, the
opposite-sex preference was smaller (M =6.4 vs. 6.0, averaged
across stimulus categories) and, moreover, the female participants
rated male and female faces equally pleasant (both AMs=6.5).
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Figure 7. Arousal and valence responses. (a) Skin conductance
responses (mean + s.e.m.) to pictures of faces, nude bodies with masked
heads, clothed bodies with masked heads, and cars. (*P<.05;
***¥P<,001). (b) Subjective arousal ratings (mean + s.e.m.) to different
stimulus categories. (c) Subjective valence ratings (mean + s.e.m.) to
different stimulus categories.

doi:10.1371/journal.pone.0024408.9007

Discussion

In Experiment 2 we replicated our findings on larger N170
amplitudes to nude vs. clothed bodies and confirmed that this
occurs for both male and female participants. Moreover,
combined analysis of Experiments 1 and 2 demonstrated that
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N170 to bodies was sensitive to the degree of clothing: the N170
amplitude increased linearly as the amount of clothing decreased
from full clothing via swimsuits to nude bodies. These results show
that early visual processing of human bodies is sensitive to the
visibility of the sex-related features of human bodies and that
visual processing of other people’s nude bodies is enhanced in the
brain.

In Experiments 2 male subjects exhibited larger the N170
responses to all opposite-sex compared to same-sex human stimuli,
whereas in Experiment 1 this bias towards opposite-sex stimuli was
restricted to nude bodies only. For female participants, the
stimulus sex had no effect on N170 responses. These findings are
compatible with the prevailing view of sexual responsiveness
suggesting greater discrimination of physiological responses to
sexually arousing opposite-sex vs. same-sex stimuli among males
than females [42,45,46,51,52]. Comparison of the results between
those participants who considered themselves as ‘not at all’
homosexual and those who considered themselves as at least
slightly homosexually oriented suggested that the participant’s
sexual orientation might be modulating the N170 responses to
nude bodies. Previous electrophysiological studies have shown a
late, attention-related ERP component, Contingent Negative
Variation (CNV), to be larger to female than male nudes in
heterosexual but not in homosexual males [53]. Recently, sexual
orientation has also been shown to influence on attention orienting
to visually suppressed, nude male and female bodies [54]. In future
studies it will be interesting to investigate the effect of stimulus sex
on N170 response to nude bodies in homosexually oriented male
and female participants. If the results confirmed that the
discrimination between responses to female vs. male bodies is
different in heterosexually and homosexually oriented participants,
the results would strengthen the view that the visual system
enhances the early processing of information relevant to one’s
sexual behavior.

One of the most surprising findings in Experiment 1 was that
the N170 amplitude to nude bodies was larger than that to faces.
We successfully replicated this effect in Experiment 2, and
demonstrated that the N170 response to bodies was strongly
modulated by nudity in both male and female participants. In our
stimulus sets, the face images were somewhat smaller in size
compared to the body images. To keep the relative size of the
bodies and faces similar to that under natural conditions, the heads
were clipped away from the full-body stimuli without doing any
rescaling of the stimuli. This obviously raises the question about
whether the larger size of the body versus face images could
explain the larger N170 amplitude to nude bodies vs. faces. This is
nevertheless unlikely for three reasons. First, the N170 amplitude
differentiated between the nude and swimsuit bodies as well as
nude and clothed bodies even though their size was exactly the
same. Second, the order of physical stimulus size (from the smallest
to the largest) was faces, bodies, and cars, whereas the order of the
N170 amplitude size was cars, faces, and nude bodies. Third, the
N170 (N1) amplitude has been shown to be unaffected by the size
of the stimulus [55].

The results of Experiment 2 also showed that visibility of faces
had no effect on the N170 amplitude evoked by the nude or
clothed bodies. Now, one could argue that the N170 responses to
bodies were not reflecting only body-related visual processing, but
that face-related visual processing could also have contributed to
the responses. Namely, a recent fMRI study has shown that
presenting a body in the context of a masked head elicits enhanced
activity in the face-sensitive temporal brain regions (fusiform face
area, FIFA) compared to, for example, presentation of the masked
head alone [56]. One could thus argue that maybe our N170
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responses to bodies would have reflected summed responses to
bodies and faces, the latter being triggered by the body context.
However, considering that Experiment 2 showed that 1) N170
amplitudes were larger for both masked and intact nude versus
clothed bodies and i) N170 amplitudes to bodies with masked and
intact faces were equal, we do not find this possibility likely. One
previous study (ref. [27] Fig. 5), found larger N170 response to
human bodies with absent heads compared to those with heads,
whereas our results, as noted above, indicated no effect of the
presence of a intact vs. masked head. It is possible that removal of
the head altogether (cf. [27]), results in rather an unusual picture of
a “decapitated” human body, and this kind of a stimulus may
evoke affective responses leading to enhanced N170 responses. In
the present experiment, the head was masked by image pixellation
rather than removed altogether. Our results show that even
though facial information is important for human sexual behavior
(e.g. [48]), the N170 response to nude bodies was not affected by
the visibility of the face. In other words, facial information did not
contribute to the enhancement of early visual processing to nude
human bodies, but resulted from detection and processing of
features confined to the body area. Accordingly, it is likely that the
facial information related to sexual arousal is processed at a later
stage, and 1s thus not reflected in the early face- and body-selective
ERP components.

The measurements of autonomic responses and self-ratings of
arousal showed higher arousal to nude bodies than to other
stimulus categories. Furthermore, the mean self-reported arousal
to different stimulus categories was significantly correlated with the
mean N170 amplitudes. On the contrary, the valence ratings
showed that the nude bodies were evaluated as less pleasant than
the dressed bodies and faces, and the mean valence ratings did not
correlate with the mean N170 amplitudes. These findings support
the notion that the N170 enhancement to nude bodies is mediated
by elevated affective arousal, and confirm that arousal - rather
than affective valence — is responsible for the enhanced N170
amplitudes to nude bodies.

Discussion

Our ERP data show for the first time that early visual processing
of nude over clothed bodies is enhanced. Previous ERP studies had
shown that the N170 component is sensitive to perception of
human bodies [18-21,26,27]. The results from the present two
experiments showed that the visual processing of male and female
human bodies - as reflected by the occipito-temporal N170
response - was enhanced if their sex-related features were visible.
Moreover, the results demonstrated that N170 to bodies was
sensitive to the degree of sex-related features visible in the bodies:
the N170 amplitude increased linearly as the amount of clothing
decreased from full clothing via swimsuits to nude bodies.
Importantly, our results also showed that the N170 response
traditionally assumed to be most pronounced to human faces [12—
14] turned out to be even greater to nude bodies than to faces.
Altogether these results show that early face and body sensitive
cortical responses are sensitive to the visibility of the sex-related
features of human bodies and that the human brain exhibits
enhanced visual processing of other people’s nude bodies, a
mechanism possibly beneficial in identifying potential mating
partners and competitors.

But why would the N170 component be sensitive to the degree
of nudity of the human bodies? Interpreting our findings against
the dominant frameworks of the electrophysiology of face and
body perception does not provide a satisfactory explanation. First,
assuming that the N170 reflects the engagement of configural
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processing networks [22] one would have to argue that perception
of nude human bodies increasingly activates the neural networks
coding configurally or holistically represented visual information.
However, this explanation is not very plausible, as our results
showed that the nude bodies elicited an even greater N170
response than did human faces, the stimulus category whose
perception is considered to be based on a particularly strong
configural representation [23]. Second, another prominent
hypothesis suggests that the N170 response reflects the functioning
of the mechanisms sensitive to extensive experience with any
category of visual stimuli (expertise hypothesis [17]). However, in
this case, we would have to argue that our participants drawn from
the volunteer pool of our university had had more exposure to
nude bodies than to clothed bodies and faces. This is not likely,
either.

A third and a more appealing explanation concerns the role of
affective arousal in modulating the amplitude of the N170
response. Our measurements of autonomic responses and self-
ratings support for this hypothesis: both measures showed higher
arousal to nude bodies than to other stimulus categories, and the
overall mean self-reported arousal scores to different stimulus
categories were also correlated with the N170 amplitudes. This
accords with the extensive literature showing enhanced ERP
responses to affectively arousing stimuli (for a review, see [38]). A
handful of previous studies has found affective modulation of early
visual ERP responses (such as N1, e.g. [39-41]. We replicate these
findings and show that particularly the face- and body-sensitive
occipitotemporal N170 response shows significant sensitivity to a
very specific affective signal, namely, the visibility of sex-related
human body features.

>In more general sense the present findings suggest that the
face- and body-sensitive N170 response can be greatly modulated
by the affective and motivational significance of the stimulus.
Previous studies have already shown that the N170 amplitude is
enhanced for emotionally arousing faces such as those with fearful
rather than neutral facial expressions [57,58], faces displaying
gaze contact rather than gaze aversion (eye contact; [59,60]), and
familiar rather than unfamiliar faces [61]. Interestingly, in
previous studies investigating the effects of expressive body
postures on early visual processing, N170 has not been found to
be modulated by body expressions [26,62]. However, in one study
the VPP (vertex positive potential), a positive counter-part of
N170 recorded from the top of the head, was observed to be
enhanced to fearful bodies [26]. One possible way to reconcile
these seemingly discrepant results is that nude bodies are
obviously much stronger and salient affective signals than, for
example, fearful body postures. Accordingly, it is understandable
that nude bodies but not bodily expressions trigger enhanced
N170 amplitudes.

Taken together, our results suggest that the N170 component
reflects two different types of processes: engagement of visual
processing systems specialized for face and body perception, as
well as affective-motivational processes tracking emotional arousal
level. Configural versus featural processing of visual stimuli has
typically been investigated by rotating the stimuli upside down.
This manipulation disrupts configural coding and is known to
interfere specifically with the perception of faces, bodies, and
target objects of expertise. As inversion also increases the latency
and sometimes also the amplitude of N170 to these stimuli
[25,26,63], results from such studies convincingly suggest that
N170 reflects visual processing of faces and bodies, and possibly
also of other types of configurationally represented visual
information. In line with this, we found larger N170 amplitudes
for faces vs. cars in the absence of arousal differences between
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these categories. Accordingly, these differences must be due to an
arousal-independent mechanism, such as differential engagement
of the category-selective visual processing systems, or those
subserving, for example, configural processing of visual informa-
tion.

However, the present data highlight that inputs from brain
regions encoding of salient and arousing visual stimuli also
contribute significantly to the N170 wave. There is abundant
evidence implicating the amygdala as one of the core regions
involved in early encoding emotional features from sensory input
[64,65] including sexual cues [66]. It has been proposed [67,68]
that amygdala may accomplish some forms of affective evaluation
even before visual information is transmitted to the occipitotem-
poral areas involved in object recognition. But recently it has been
suggested that the cortex may have a more important role in
processing of affective information than previously assumed.
Pessoa and Adolphs [69] postulated a multiple-waves model
emphasizing the existence of multiple parallel cortical routes and
several ‘short-cut’ connections between lower and higher visual
areas. Such connections would allow affective modulation of short-
latency brain responses without a need to rely on subcortical
processing.

Although we have emphasized the role of affective arousal in
generating the enhanced N170 response to nude bodies, there
may be other alternatives for explaining the present results. One
possibility relates to attentional top-down effects on the N170
responses. Even though many studies have failed to find
attention effects on the N170/M170 responses to faces [70—
72], there are recent studies showing that the N170 response to
faces can be sensitive to both spatial [73-75] and object-based
[76,77] selective attention. Thus, it is possible that more
attention was allocated on nude vs. clothed bodies and the
amplitude enhancement of the NI170 response may have
reflected this effect, at least to some extent. As the effects of
affective arousal and attention are tightly intertwined, differen-
tiating between these effects will be an important issue for future
studies. Second, based on our results we can not strictly
dissociate the contribution of body nudity per se and the
contribution of affective arousal on enhanced N170 responses.
Disentangling specifically the contribution of affective arousal
would have required a control stimulus category not showing
body nudity, but associated with positive valence and, impor-
tantly, eliciting high arousal comparable to that elicited by nude
bodies. However, finding such a stimulus category is not
straightforward. Another possibility would be replicating the
present experiment with participants such as those with
hypoactive sexual disorder, for whom nude bodies are not
exceedingly arousing. These patients have, for example, been
shown to experience lower level of sexual arousal during viewing
of erotic films as compared to controls [78]. Finally, the N170
responses to a face have been shown to decrease when there is
another face in the visual field, a finding interpreted to result
from competition for recruiting a common population of
neurons [79,80]. Against this finding it is possible that the
enhanced N170 response for naked vs. clothed bodies could
reflect, in fact, attenuated N170 amplitudes to clothed bodies
because of mutual suppressive competition among bodies and
object shapes (clothes). In order to test this hypothesis, future
studies could investigate, for example, whether presentation of
mere clothes next to a nude body results in smaller N170
responses compared to those to the presentation of nude bodies
only.

An important and yet open question is whether N170 elicited by
faces vs. nude and clothed bodies reflects the activation of the same
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or different neural generators. In previous studies comparing the
N170 response between clothed bodies and faces, some research-
ers have reported similar scalp topography for faces and bodies
[26], whereas others have shown that the potential distribution
and source localization differ between responses to bodies and
faces [18,20]. The N170 topography of the present study provided
evidence for separate sources. However, in the present study the
sensor density of 21 electrodes was too low to allow accurate
source localization. This question must be addressed in future
studies employing high-density electrode networks or magnetoen-
cephalography. It will be of particular interest be to ascertain
whether the processing of nude bodies engages only the same
cortical sources as the processing of clothed bodies and faces, or
whether the N170 response enhancement to nude bodies reflects
activation of additional cortical-subcortical generators. Obviously,
another great challenge for future research will be to reveal the
visual features that make nude human bodies affectively arousing
and subject to enhanced visual processing.

Conclusions

We conclude that the human brain is tuned to detect sexual
signals from human bodies rapidly, and that this categorization
process is reflected in the face- and body-sensitive N170
component of the ERP wave. Such a perceptual ‘highway’ for
processing of sexual cues is highly beneficial for triggering sexual
behavior, and subsequently ensuring mating and reproduction.
Furthermore, we argue that affective arousal can provide a
significant contributory factor in generating the N170 response,
providing further support for the models of rapid modulation of
visual responses by emotional information [68].

Supporting Information

Figure S1 NI170 amplitudes measured from all posterior
recording channels in Experiment 1. The largest amplitudes for
stimuli from each category were measured as follows (averaged
across left and right channels): car, T3/T4, M= —2.8 pV; face,
T5/T6 M= —5.7 uV; nude, T5/T6 M=—8.0 uV; swimsuit,
T5/T6, M=—7.0 uV.

(TIF)

Figure 82 Statistical comparisons for the scalp topographies of
the mean voltage amplitudes between face vs. car, nude bodies vs.
face, face vs. swimsuit bodies, and nude bodies vs. swimsuit bodies
in Experiment 1. The statistical comparisons are plotted in five
consecutive 20-ms time windows starting at 100 ms post-stimulus.
The arrows indicate color codes corresponding to the critical
t-values (P<<.05).

(JPG)

Figure 83 N170 amplitudes to intact versions of the stimuli
measured from all posterior recording channels in Experiment 2.
The largest amplitudes for stimuli from each category were
measured as follows (averaged across left and right channels): car,
T3/T4, M= —2.6 uV; face, T5/T6 M= —3.6 uV; nude, T5/T6
M= —6.7 uV; clothed, O1/02, M= —3.0 uV.

(TTF)

Figure S4 Statistical comparisons for the scalp topographies of
the mean voltage amplitudes between face vs. car, nude bodies vs.
face, face vs. clothed bodies, and nude bodies vs. clothed bodies in
Experiment 2. The statistical comparisons are plotted in five
consecutive 20-ms time windows starting at 100 ms post-stimulus.
The arrows indicate color codes corresponding to the critical
t-values (P<.05).

(JEG)

November 2011 | Volume 6 | Issue 11 | e24408



Acknowledgments

We thank Pekka Santtila for providing stimulus materials, Ilkka
Kirjavainen for his help with data acquisition, and our volunteers for
making this study possible.

References

1. Hari R, Kujala MV (2009) Brain basis of human social interaction: from
concepts to brain imaging. Physiol Rev 89: 453-479.

2. Allison T, Puce A, McCarthy G (2000) Social perception from visual cues: role of
the STS region. Trends Cogn Sci 4: 267-278.

3. Haxby JV, Hoffman EA, Gobbini MI (2000) The distributed human neural
system for face perception. Trends Cogn Sci 4: 223-233.

4. Perrett DI, Hietanen JK, Oram MW, Benson PJ (1992) Organization and
functions of cells responsive to faces in the temporal cortex. Philos Trans R Soc
Lond B Biol Sci B 335: 23-30.

5. Fairhall SL, Ishai A (2007) Effective connectivity within the distributed cortical
network for face perception. Cereb Cortex 17: 2400-2406.

6. Kanwisher N, McDermott J, Chun MM (1997) The fusiform face area: a
module in human extrastriate cortex specialized for face perception. J Neurosci
17: 4302-4311.

7. Peelen MV, Downing PE (2007) The neural basis of visual body perception. Nat
Rev Neurosci 8: 636-648.

8. Minnebusch DA, Daum I (2009) Neuropsychological mechanisms of visual face
and body perception. Neurosci Biobehav Rev 33: 1133-1144.

9. de Gelder B, Van den Stock J, Meeren HKM, Sinke CBA, Kret ME, et al.
(2010) Standing up for the body. Recent progress in uncovering the networks
involved in the perception of bodies and bodily expressions. Neurosci Biobehav
Rev 34: 513-527.

10. Downing PE, Jiang Y, Shuman M, Kanwisher N (2001) A cortical area selective
for visual processing of the human body. Science 293: 2470-2473.

11. Pourtois G, Peelen MV, Spinelli L, Seeck M, Vuilleumier P (2007) Direct
intracranial recording of body-selective responses in human extrastriate visual
cortex. Neuropsychologia 45: 2621-2625.

12. Bentin S, Allison T, Puce A, Perez E, McCarthy G (1996) Electrophysiological
studies of face perception in humans. J Cogn Neurosci 8: 551-565.

13. Itier RJ, Taylor MJ (2004) N170 or N1? Spatiotemporal differences between
object and face processing using ERPs. Cereb Cortex 14: 132-142.

14. Rossion B, Jacques C (2008) Does physical interstimulus variance account for
early electrophysiological face sensitive responses in the human brain? Ten
lessons on the N170. Neuroimage 39: 1959-1979.

15. Sams M, Hietanen JK, Hari R, Ilmoniemi RJ, Lounasmaa OV (1997) Face-
specific responses from the human inferior occipito-temporal cortex. Neurosci-
ence 77: 49-55.

16. Carmel D, Bentin S (2002) Domain specificity versus expertise: factors
influencing distinct processing of faces. Cognition 83: 1-29.

17. Bukach CM, Gauthier I, Tarr MJ (2006) Beyond faces and modularity: the
power of an expertise framework. Trends Cogn Sci 10: 159-166.

18. Thierry G, Pegna AJ, Dodds C, Roberts M, Basan S, et al. (2006) An event-
related potential component sensitive to images of the human body. Neuroimage
32: 871-879.

19. Righart R, de Gelder B (2007) Impaired face and body perception in
developmental prosopagnosia. Proc Natl Acad Sci USA 104: 17234-17238.

20. Gliga T, Dehaene-Lambertz G (2005) Structural encoding of body and face in
human infants and adults. ] Cogn Neurosci 17: 1328-1340.

21. Meeren HK, van Heijnshergen CC, de Gelder B (2005) Rapid perceptual
integration of facial expression and emotional body language. Proc Natl Acad
Sci USA 102: 16518-16523.

22. Eimer M (2000) The face-specific N170 component reflects late stages in the
structural encoding of faces. Neuroreport 11: 2319-2324.

23. Maurer D, Le Grand R, Mondloch CJ (2002) The many faces of configural
processing. Trends Cogn Sci 6: 255-260.

24. Reed CL, Stone VE, Bozova S, Tanaka J (2003) The body-inversion effect.
Psychol Sci 14: 302-308.

25. Rossion B, Gauthier I (2002) How does the brain process upright and inverted
faces? Behav Cogn Neurosci Rev 1: 63-75.

26. Stekelenburg JJ, de Gelder B (2004) The neural correlates of perceiving human
bodies: an ERP study on the body-inversion effect. Neuroreport 15: 777-780.

27. Minnebusch DA, Suchan B, Daum I (2009) Losing your head: behavioral and
electrophysiological effects of body inversion. J Cogn Neurosci 21: 865-874.

28. Ghazanfar AA, Santos LR (2004) Primate brains in the wild: the sensory bases
for social interactions. Nat Rev Neurosci 5: 603-616.

29. Deaner RO, Khera AV, Platt ML (2005) Monkeys pay per view: adaptive
valuation of social images by rhesus macaques. Curr Biol 15: 543-548.

30. Grammer K, Fink B, Moller AP, Thornhill R (2003) Darwinian aesthetics:
sexual selection and the biology of beauty. Biol Rev 78: 385-407.

31. Walen SR, Roth D (1987) A cognitive approach. In: Geer JH, O’Donohue WT,
eds. Theories of Human Sexuality. New York: Plenum Press. pp 335-362.

32. Kvavadze E, Bar-Yosef O, Belfer-Cohen A, Boaretto E, Jakeli N, et al. (2009)
30,000-year-old wild flax fibers. Science 325: 1359-1359.

33. Kittler R, Kayser M, Stoneking M (2003) Molecular evolution of Pediculds
humanus and the origin of clothing. Curr Biol 13: 1414-1417.

@ PLoS ONE | www.plosone.org

1

Visual Processing of Nude Bodies

Author Contributions

Conceived and designed the experiments: JKH LN. Performed the
experiments: JKH LN. Analyzed the data: JKH LN. Contributed
reagents/materials/analysis tools: JKH LN. Wrote the paper: JKH LN.

34. Changizi MA, Zhang Q, Shimojo S (2006) Bare skin, blood and the evolution of
primate colour vision. Biol Lett 22: 217-222.

35. Lindsey DT, Brown AM, Reijnen E, Rich AN, Kuzmova YI, et al. (2010) Color
channels, not color appearance or color categories, guide visual search for
desaturated color targets. Psych Sci 21: 1208-1214.

36. Bradley MM, Codispoti M, Cuthbert BN, Lang PJ (2001) Emotion and
motivation I: defensive and appetitive reactions in picture processing. Emotion 1:
276-298.

37. Codispoti M, De Cesarei A (2007) Arousal and attention: picture size and
emotional reactions. Psychophysiology 44: 680-686.

38. Olofsson JK, Nordin S, Sequeira H, Polich J (2008) Affective picture processing:
An integrative review of ERP findings. Biol Psychol 77: 247-265.

39. Keil A, Bradley MM, Hauk O, Rockstroh B, Elbert T, et al. (2002) Large-scale
neural correlates of affective picture processing. Psychophysiology 39: 641-649.

40. Schupp HT, Junghofer M, Weike AI, Hamm AO (2003) Attention and emotion:
an ERP analysis of facilitated emotional stimulus processing. Neuroreport 14:
1107-1110.

41. De Cesarei A, Codispoti M (2006) When does size not matter? Effects of stimulus
size on affective modulation. Psychophysiology 43: 207-215.

42. Costa M, Braun C, Birbaumer N (2003) Gender differences in response to
pictures of nudes: a magnetoencephalographic study. Biol Psychol 63: 129-147.

43. Biihler M, Vollstadt-Klein S, Klemen J, Smolka MN (2010) Does erotic stimulus
presentation design affect brain activation patterns? Event-related vs. blocked
fMRI designs. Beh Brain Funct 4: 30.

44. Sabatinelli D, Flaisch T, Bradley MM, Fitzsimmons JR, Lang PJ (2004) Affective
picture perception: gender differences in visual cortex? Neuroreport 15:
1109-1112.

45. Lykins AD, Meana M, Strauss GP (2008) Sex differences in visual attention to
erotic and non-erotic stimuli. Arch Sex Behav 37: 219-228.

46. Quinsey VL, Ketsetzis M, Earls C, Karamanoukian A (1996) Viewing time as a
measure of sexual interest. Ethol Sociobiol 17: 341-354.

47. Sun Y, Gao X, Han S (2010) Sex differences in face gender recognition: an
event-related potential study. Brain Res 1327: 69-76.

48. Boothroyd LG, Jones BC, Burt DM, DeBruinec LM, Perrett DI (2008) Facial
correlates of sociosexuality. Evol Hum Behav 29: 211-218.

49. Bradley MM, Lang PJ (1994) Measuring emotion: the Self-Assessment Manikin
and the semantic differential. J Beh Ther Exp Psychiat 25: 49-59.

50. Sell RL (1996) The Sell assessment of sexual orientation: background and
scoring. J Gay Lesbian Bisexual Identity 1: 295-310.

51. Alexander GM, Charles N (2009) Sex differences in adults’ relative visual
interest in female and male faces, toys, and play styles. Arch Sex Behav 38:
434-441.

52. Costell RM, Lunde DT, Kopell BS, Wittner WK (1972) Contingent negative
variation as an indicator of sexual object preference. Science 177: 718-720.

53. Howard RC, Longmore FJ, Mason PA, Martin JL (1994) Contingent negative
variation (CNV) and erotic preference in self-declared homosexuals and in child
sex offenders. Biol Psychol 38: 169-181.

54. Jiang Y, Costello P, Fang F, Huang M, He S (2006) A gender- and sexual
orientation-dependent spatial attentional effect of invisible images. Proc Natl
Acad Sci USA 7: 17048-17052.

55. Busch NA, Debener S, Kranczioch C, Engel AK, Herrmann CS (2004) Size
matters: Effects of stimulus size, duration and eccentricity on the visual gamma-
band response. Clin Neurophysiol 115: 1810-1820.

56. Cox D, Meyers E, Sinha P (2004) Contextually evoked object-specific responses
in human visual cortex. Science 304: 115-117.

57. Batty M, Taylor MJ (2003) Early processing of the six basic facial emotional
expressions. Cogn Brain Res 17: 613-620.

58. Leppinen JM, Kauppinen P, Peltola MJ, Hietanen JK (2007) Differential
electrocortical responses to increasing intensities of fearful and happy emotional
expressions. Brain Res 1166: 103-109.

59. Conty L, N’Diaye K, Tijus C, George N (2007) When eyes create the contact!
ERP evidence for early dissociation between direct and averted gaze motion
processing. Neuropsychologia 45: 3024-3037.

60. Ponkinen LM, Alhoniemi A, Leppanen JM, Hietanen JK (2010) Does it make a
difference if T have an eye contact with you or with your picture? An ERP study.
Soc Cogn Affect Neurosci doi: 10.1093/scan/nsq068.

61. Caharel S, Poiroux S, Bernard C, Thibaut F, Lalonde R, et al. (2002) ERPs
associated with familiarity and degree of familiarity during face recognition.
Int J Neurosci 112: 1499-1512.

62. van Heijnsbergen CC, Meeren HK, Grezes ], de Gelder B (2007) Rapid
detection of fear in body expressions, an ERP study. Brain Res 1186: 233-241.

63. Busey TA, Vanderkolk JR (2005) Behavioral and electrophysiological evidence
for configural processing in fingerprint experts. Vision Res 45: 431-448.

64. Baxter MG, Murray EA (2002) The amygdala and reward. Nat Rev Neurosci 3:
563-573.

November 2011 | Volume 6 | Issue 11 | e24408



66.

67.

68.

69.

70.

72.

. Zald DH (2003) The human amygdala and the emotional evaluation of sensory

stimuli. Brain Res Rev 41: 88-123.

Childress AR, Ehrman RN, Wang Z, Li Y, Sciortino N, et al. (2008) Prelude to
passion: limbic activation by “unseen” drug and sexual cues. PLoS ONE 3:
¢1506.

LeDoux JE (1995) Emotion:clues from the brain. Ann Rev Psychol 46:
209-235.

Vuilleumier P (2005) How brains beware: neural mechanisms of
emotional attention. Trends Cogn Sci 9: 585-594.

Pessoa L, Adolphs R (2010) Emotion processing and the amygdala: from a Tow
road’ to ‘many roads’ of evaluating biological significance. Nat Rev Neurosci 11:
773-782.

Carmel D, Bentin S (2002) Domain specificity versus expertise: Factors
influencing distinct processing of faces. Cognition 83: 1-29.

. Furey ML, Tanskanen T, Beauchamp MS, Avikainen S, Uutela K, et al. (2006)

Dissociation of face selective cortical responses by attention. Proc Natl Acad Sci
USA 103: 1065-1070.

Lueschow A, Sander T, Boehm SG, Nolte G, Trahms L (2004) Looking for
faces: Attention modulates early occipitotemporal object processing. Psycho-
physiology 41: 350-360.

@ PLoS ONE | www.plosone.org

12

76.

77.

78.

79.

80.

Visual Processing of Nude Bodies

. Carlson JM, Reinke KS (2010) Spatial attention-related modulation of the N170

by backward masked fearful faces. Brain Cogn 73: 20-27.

. Crist RE, Wu C-T, Karp C, Woldorff MG (2008) Face processing is gated by

visual spatial attention. Front Hum Neurosci 1: 10.

. Holmes A, Vuilleumier P, Eimer M (2003) The processing of emotional facial

expression is gated by spatial attention: evidence from event-related brain
potentials. Cogn Brain Res 16: 174-184.

Mohamed TN, Neumann MF, Schweinberger SR (2009) Perceptual load
manipulation reveals sensitivity of the face-selective N170 to attention.
Neuroreport 20: 782-787.

Sreenivasan KK, Goldstein JM, Lustig AG, Rivas RR, Jha AP (2009) Attention
to faces modulates early face processing during low but not high face
discriminability. Atten Percept Psychophys 71: 837-846.

Arnow BA, Millheiser L, Garrett A, Lake Polan M, Glover GH, et al. (2009)
Women with hypoactive sexual desire disorder compared to normal females: a
functional magnetic resonance imaging study. Neuroscience 158: 484-502.
Jacques C, Rossion B (2006) The time course of visual competition to the
presentation of centrally fixated faces. J Vision 6: 154-162.

Jacques C, Rossion B (2007) Electrophysiological evidence for temporal
dissociation between spatial attention and sensory competition during human
face processing. Cereb Cortex 17: 1055-1065.

November 2011 | Volume 6 | Issue 11 | e24408



