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Abstract

The magnetic equivalent of the contingent negative variation (CMV) and visual evoked

magnetic fields (VEF) in anticipation of pictures of opposite-sex nude, same-sex nude, and

neutral photographs has been recorded with whole-head MEG in 12 males and 12 females.

Subjective ratings of valence indicated a strong gender effect. While females rated both male

and female nudes as neutral, males rated male nudes similar to neutrals but female nudes

received higher scores of pleasantness. Gender differences were also found for ratings of

picture-induced arousal. While females rated male and female nudes as equally arousing,

males attributed more arousal to opposite-sex nudes. The CMV instead revealed, for both

male and female participants, higher amplitudes for opposite-sex nudes. VEF in response to

nudes revealed two components with mean latencies of 126 and 203 ms. The amplitude of the

first component was stronger in males than in females, and only in males the magnetic activity

was increased in response to male and female nudes compared to neutral pictures. For the

second component the mean magnetic activity was higher in response to nudes than to neutral

contents for both male and female participants. The results are discussed in terms of an

evolutionary view of sexual selection, which predicts a greater response in male subjects to

stimuli relevant for mate choice.
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1. Introduction

The aim of this study was to investigate brain responses to pictures of nudes by

recording the magnetic equivalent of contingent negative variation (CNV) and visual

evoked magnetic fields (VEF) and determine their relationship to subjective ratings

of valence and arousal. In previous studies using event-related potentials as

correlates of affective picture processing, pictures of nudes were not considered in
isolation but usually inserted in groups of pleasant highly arousing stimuli. Most of

these studies reported an enhanced late positive potential evoked by motivational

content compared to neutral slides. The onset of this component is in the latency

range of 300 ms and reaches its maximum at about 1 s after picture presentation, and

is sustained for most of the picture presentation period (Cuthbert et al., 2000;

Palomba et al., 1997; Johnston et al., 1986; Carretié et al., 1996). Pictures of adult

nude persons in a society with bodies covered by clothes represent stimuli with a

particularly biological value. The assumption that they would be perceived a priori
as pleasant is questionable. Photographs of nudes with an explicit erotic content tend

to be perceived as neutral or slightly unpleasant by females independent of the sex of

the depicted figures. In contrast, heterosexual males perceive opposite-sex nudes as

pleasant and highly arousing and same-sex nudes as neutral and only slightly

arousing. This gender difference becomes larger using pornographic versus erotic

stimuli and is much larger for college age participants compared to older populations

(Murnen and Stockton, 1997; Costa and Ricci Bitti, 1999a). Similar results have been

found with other measures of sexual interest such as viewing time (Quinsey et al.,
1996). In this study we intended to verify whether this gender difference is reflected in

specific brain activities assessed by evoked magnetic fields, or whether brain

responses are dissociated from subjective reports.

Three studies have measured CNV to differentially study brain responses to

photographs depicting nudes. An increased anticipatory CNV was expected to

preferred sexual stimuli. First, Costell et al. (1972) recorded the CNV in the interval

between paired exposure of male nudes, female nudes, and sexually neutral slides

and found that in 18 out of the 24 participants CNV amplitude was greater in
response to opposite-sex stimuli than to either same-sex or neutral slides.

Furthermore, only females demonstrated a greater response to same-sex than to

neutral pictures. No subjective data of attractiveness and sexual interest were

collected. Twenty years later Howard et al. (1992) replicated results of Costell et al.

(1972) in a sample of males introducing a ‘‘match/mismatch’’ CNV paradigm in

which S2 was either identical or different from S1 although belonging to the same

stimulus category (male nude, female nude or neutral) as S1. Subjects were required

to indicate a same/different judgment by pressing a button at S2 offset. With this
paradigm requesting all subjects to perform the same task it was possible to control

for variations in levels of attention which could have accounted for the results of the

Costell et al. (1972) study. Howard et al. (1994) applied the same paradigm in self-

declared homosexuals and in male child sex offenders. The results showed that in

male and female homosexuals CNV amplitude was not different between same-sex

and opposite-sex pictures of nudes. Furthermore, ‘‘non-pedophiles’’ showed
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significantly larger CNVs to female adults than to female children, but ‘‘pedophiles’’

did not.

In the present study the same ‘‘match/mismatch’’ paradigm used by Howard et al.

(1992, 1994) was adopted with a single modification. While, in previous studies, trials

belonging to one category of stimuli (female nudes, male nudes, neutrals) were

recorded in a blocked design, in this study the order of presentation was completely

randomized trying to avoid effects of enhanced attention or distraction caused by

sequences of matched and unmatched pairs. Cortical activation was recorded by

magnetoencephalography (MEG) with better temporal and spatial resolution than

EEG (Williamson et al., 1991). Previous studies of magnetic evoked responses to

affective pictures focused mainly on emotional face expressions (Streit et al., 1999;

Swithenby et al., 1998). Following Watanabe et al. (1999) two components can be

expected in the magnetic evoked response to affective stimuli. The mean latency for

the first component was 131 ms in response to full faces with opened and closed eyes

and 145 ms in response to eyes alone. Mean latency for the second component was

179 ms in response to faces and 208 ms in responses to eyes alone. According to

Watanabe et al. (1999) the second component is more sensitive to the difference

between neutral stimuli and pictures of faces. Comparability with previous results

for electrical CNV was assured by the work of Hultin et al. (1996) which showed a

correlation of r�/0.76 between the amplitude of magnetically and electrically

recorded CNV.

For the present study we hypothesized that cultural norms affect subjective ratings

of valence of opposite sex nudes more than brain activity. We assumed an increased

anticipatory brain response to opposite sex persons for both genders but not

necessarily for subjective valence. In line with previous researches (Mercer and

Kohn, 1979; Costa and Ricci Bitti, 1999a,b) we expected that male participants

express more polarized ratings of valence than females.

2. Method

2.1. Participants

Twelve male (mean age: 24.7; S.D.: 3.8 years) and 12 female (mean age: 22.3; S.D.:

2.9 years) university students participated in the study. All subjects had normal or

corrected-to-normal vision. They were paid 10 t for a 90 min session. They were

informed that the study concerned the response to visual affective stimuli among

them pictures of nudes. All subjects gave informed consent. Three male and four

female participants were excluded from CMV analysis due to excessive number of

eye movement artifacts (exceeding 30% of all trials). For the same reason two male

and three female participants did not enter VEF analysis.
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2.2. Stimuli

Thirty neutral photographs were chosen from the International Affective Picture

System (IAPS, Center for the Study of Emotion and Attention, 1994) and 30 pictures

of nude females and males were selected from Playboy and Playgirl , respectively, in

order to compose 60 picture pairs including 20 neutral stimuli, 20 female nudes, and

20 male nudes. In 50% of pairs the first and second picture matched, i.e. were
identical, and in the other 50% pictures were different although belonging to the

same category. Pictures of nudes represented whole body nude models aged 18�/30

depicted in frontal view, with visible genitals, and in explicit provocative erotic pose.

Neutral pictures depicted household objects such as a towel, an hairdryer, a book, a

spoon or buildings or abstract patterns, and did not include human faces or bodies.

2.3. Procedure

A ‘‘match/mismatch’’ paradigm was used in which the subject had to indicate

whether or not S2 differed from S1. Subjects indicated ‘‘same’’ and ‘‘different’’ by

raising, respectively, their right or left forefinger after S2 offset (Howard et al., 1994).

Response assignment was counterbalanced across subjects. S1 and S2 belonged both

to one of the following categories: neutral, female nude, and male nude. The

duration of S1 and S2 was 1 and 2 s, respectively, the interstimulus interval (offset S1

to onset S2) was 3.5 s, and the inter-trial interval varied randomly between 5 and 15

s. Picture pairs were presented in a quasi-random order, with the constraint that not
more than two pairs of a given category were presented consecutively.

Subjects sat in a comfortable chair adjustable in height and were instructed to gaze

at the red cross near the center of the screen and to refrain from blinking or moving

their eyes except during the interval between trials.

2.4. MEG recording

The magnetic field recorded by MEG is mainly due to intracellular currents

parallel to the head surface. Radial currents oriented towards the center of the head
or in opposite direction do not contribute to the magnetic field. In contrast to EEG,

magnetic fields are largely unaffected by the electrical properties of the different

tissues surrounding the brain (cerebrospinal fluid, skull and scalp). Neuromagnetic

fields are extremely weak, being typically of about 100 femtotesla (fT) (100�/10�15

T) (Williamson and Kaufman, 1987).

All data acquisition was carried out at the MEG Center of the University of

Tübingen using a CTF-Omega whole head MEG. The system contains 151

gradiometers, covering the upper part of the head. Data were low-pass filtered at
104 Hz and digitized using a sampling rate of 312.5 Hz. Eye movement artifacts were

controlled by recording horizontal and vertical electro-oculogram. Head position

was determined prior and after the recording by activating small coils positioned at

the masion and the left and right preauricular points. Error tolerance for sensor

locations was less than 5 mm.
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Subjects viewed images that were projected onto a screen inside the magnetically

shielded room using a video projector. Each image was 384�/384 pixels in height

and width and subtended a visual field of 158�/158. All images were created using a

16 color scale and were processed such that mean luminance and variation of

luminances were within narrow ranges.

2.5. Subjective measures

Valence and arousal of 10 pictures of each category selected randomly from the 30

picture set presented during MEG recordings were rated by each subject using a

paper-and-pencil version of the Self-Assessment Manikin (Bradley and Lang, 1994).

Subjective ratings for valence were scored on an 11 point scale ranging from �/5

(extremely unpleasant) to 5 (extremely pleasant) with 0 indicating neutral valence.

Arousal was also scored on an 11 point scale ranging from 0 (totally unexciting) to

10 (extremely exciting). Presentation order was randomized.

2.6. Data analysis

Epochs of magnetic fields activity ranging from 500 ms before S1 onset to 500 ms

after S2 offset were stored for off-line analysis of evoked magnetic fields. Selective

averaging of trials was done for each condition. Each average was based on a

minimum of 15 epochs. Epochs were rejected if they contained eye artifacts (9/70

mV) or magnetic artifacts (9/1 pT). Contaminated trials exceeding 30% caused the

exclusion of the subject from further analysis. Because of the large inter-individual as
well as intra-individual differences in the amplitude of the magnetic homologous of

the CNV*/the magnetic contingent variation (CMV)*/(Hultin et al., 1996) the

seven channels with the largest magnetic activity, corresponding to regions of

maximal magnetic activity within a window of 1.5�/3.5 s post S1 stimulation, were

selected for each subject and for each category. Contingent magnetic variation was

computed as the mean amplitude in the interval ranging from 1.5 to 3.5 s after S1

onset.

VEF’s were analyzed in a window ranging from 200 ms before to 600 ms after slide
onset. For each subject artifact-free epochs of S1 were separately averaged for each

magnetic channel and for each picture category, i.e. neutrals, pictures of male and

female nudes. Only evoked responses to S1 entered the averaging procedure. Evoked

responses to S2 were discarded because subjects knew its category in advance. All

occipital and temporal channels were averaged separately for the left and right

hemisphere. The distinction between hemispheres was motivated by the symmetrical

distribution of dipole fields across both hemispheres obtained in our study. Since the

polarity of the magnetic activity indicates the direction of magnetic flux, but not the
amount of brain activity, MEG-data were rectified by calculating the squared

amplitude of the magnetic field. As in Swithenby et al. (1998) occipital and temporal

channels were selected on the basis of main magnetic activities.

A visual inspection of the spatio-temporal pattern of evoked magnetic fields

revealed the presence of two main components (termed M1 and M2) which
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confirmed results found by Watanabe et al. (1999) for human face perception. The

first component had a mean peak latency of 126 ms whereas the second one revealed

a peak at 203 ms (Fig. 3). Visual evoked magnetic activity was parameterized by

calculating the mean squared amplitude of the magnetic fields, in an interval ranging

from 100 to 140 ms for M1 and from 180 to 220 ms for M2.

Single dipole source modeling based on a least-square fit was used to characterize

the topography of the evoked responses and to yield rough estimates of the brain

areas, which were involved in affective picture processing. Source analysis was

carried out separately for M1 and M2 components. Only sources accounting for �/

85% of the field variance were accepted.

2.7. Statistical analysis

Valence and arousal ratings were analyzed by a three-way ANOVA inserting

PARTICIPANT GENDER as between-subject factor. PICTURE CONTENT (three levels:

‘‘Neutral’’, ‘‘Male Nude’’, and ‘‘Female Nude’’) and PICTURES within each category

(10 levels) constituted the within-subject factors.

For both valence and arousal the gender difference for the variability of SAM

ratings for pictures of male and female nudes was statistically tested. The standard

deviation (S.D.) for each of the ten ‘‘Male Nudes’’ and the ten ‘‘Female Nudes’’,

distinguishing between male and female participants, was computed. S.D. data were

submitted to a two-way ANOVA with GENDER and PICTURE CONTENT (two levels:

‘‘Male Nudes’’ and ‘‘Female Nudes’’) as grouping variables.

The magnetic equivalent of CMV was analyzed by a two-way ANOVA with

PARTICIPANT GENDER as between-subject factor and PICTURE CONTENT as within-

subject factor. VEF’s were analyzed separately for the first and second component

by means of a four-way ANOVA involving PARTICIPANT GENDER as between-

subject factor and PICTURE CONTENT, HEMISPHERE, and REGION (two levels:

occipital and temporal) as within-subject factors. VEF variability for female and

male participants was statistically tested computing the S.D., distinguishing between

females and males, of VEF data in response to pictures of female and male nudes

considering separately occipital, temporal and parietal channels of left and right

hemisphere. S.D. data were then submitted to a two-way ANOVA including

GENDER and PICTURE CONTENT (two levels: ‘‘Male Nudes’’ and ‘‘Female Nudes’’) as

grouping variables.
Source localization results, specified in Cartesian coordinates referring to a

coordinate system with an origin in the center of the head and axes along the axial,

coronal and sagittal planes were compared by a MANOVA. The MANOVA

involved the factors COMPONENTS (two levels: M1 and M2) and the factor LOCATION

with three levels (‘‘X’’, ‘‘Y’’, ‘‘Z’’). Pairwise comparisons (Tukey test) were

performed to follow-up main effects if appropriate. Greenhouse�/Geisser adjust-

ments were applied to degrees of freedom on variables with more that two levels.
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3. Results

3.1. Valence and arousal rating

The mean valence ratings for female and male participants are illustrated in Fig.

1(top). The interaction between PARTICIPANT GENDER and PICTURE CONTENT was

significant: F (2, 44)�/25.21, P B/0.001, o�/0.93. Post-hoc comparison evidenced
that for females both ‘‘Male Nudes’’ (P B/0.76) and ‘‘Female Nudes’’ (P B/0.69)

were not significantly different from valence rating assigned to ‘‘Neutrals’’.

Furthermore ‘‘Male Nudes’’ were not rated significantly more pleasant than

‘‘Female Nudes’’ (P B/0.07). For male participants ‘‘Male Nudes’’ were rated

similar to ‘‘Neutrals’’ (P B/0.88), whereas ‘‘Female Nudes’’ received a higher

evaluation as compared to both ‘‘Male Nudes’’ (P B/0.001) and ‘‘Neutrals’’ (P B/

0.001).

The variability in valence rating for pictures of nudes was significantly higher for
female participants (Mean S.D.�/2.09) in comparison to males ones (Mean S.D.�/

1.53): F (1, 36)�/25.95, P B/0.001. The variability was not significantly different

between ‘‘Male Nudes’’ and ‘‘Female Nudes’’.

The interaction between PARTICIPANT GENDER and PICTURE CONTENT was

significant for Arousal: F (2, 44)�/49.10, P B/0.001, o�/0.98, and is illustrated in Fig.

1(bottom). The post-hoc comparison revealed higher ratings for ‘‘Male Nudes’’ in

comparison to ‘‘Neutrals’’ (P B/0.001) in female participants. The difference

between ‘‘Male Nudes’’ and ‘‘Female Nudes’’ was, however, not significant (P B/

0.17). In male participants ‘‘Male Nudes’’ were evaluated more arousing than

‘‘Neutrals’’ (P B/0.02) and ‘‘Female Nudes’’ received a significant higher evaluation

in comparison to ‘‘Male Nudes’’ (P B/0.001).

The variability for arousal ratings, as for valence, was significantly higher for

female participants (Mean S.D.�/2.81) than for male participants (Mean S.D.�/

1.81): F (1, 36)�/47.74, P B/0.001. The variability did not differ between ‘‘Male

Nudes’’ and ‘‘Female Nudes’’.

3.2. CMV

The main effect of PICTURE CONTENT was significant: F (2, 30)�/3.28, P B/0.05,

o�/0.85. Mean CMV amplitudes in response to the three picture categories were:

107.88 fT for ‘‘Neutrals’’, 136.91 fT for ‘‘Male Nudes’’, and 141.46 fT for ‘‘Female

Nudes’’. The post-hoc test evidenced a significant difference for ‘‘Female Nudes’’ in

comparison to ‘‘Neutrals’’ (P B/0.03), whereas the difference between ‘‘Male Nudes’’

and ‘‘Neutrals’’ approached significance (P B/0.06). The comparison between

‘‘Male’’ and ‘‘Female Nudes’’ was not significant (P B/0.76). Grand-averages of
CMV for female and male participants are represented in Fig. 2.

The interaction between PARTICIPANT GENDER and PICTURE CONTENT was also

significant: F (2, 30)�/3.88, P B/0.03, o�/0.85. Mean CMV amplitudes for female

participants were: 102.10 fT for ‘‘Neutrals’’, 160.68 fT for ‘‘Male Nudes’’, and 128.22

fT for ‘‘Female Nudes’’, whereas mean CMV amplitudes for male participants were:
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113.67 fT for ‘‘Neutrals’’, 113.14 for ‘‘Male Nudes’’, and 154.70 fT for ‘‘Female

Nudes’’. Post-hoc analyses revealed that for females the CMV amplitude in response

to ‘‘Male Nudes’’ was significantly higher (P B/0.01) than in response to ‘‘Neutrals’’,

Fig. 1. Valence (top) and arousal (bottom) ratings for male and female participants in response to female

nudes, male nudes, and neutrals.
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whereas the difference between ‘‘Neutrals’’ and ‘‘Female Nudes’’ did not reach

significance (P B/0.26). Considering males, the CMV amplitude in response to

‘‘Female Nudes’’ when compared to ‘‘Neutrals’’ was significantly larger (P B/0.02),

whereas the difference between ‘‘Neutrals’’ and ‘‘Male Nudes’’ was not significant

(P B/0.58). In summary, considering ‘‘Neutrals’’ as control condition, CMV

increases were significant only in response to opposite sex pictures.

Fig. 2. Grand-averages of CMV for male (top) and female (bottom) participants in response to the three

stimulus categories (‘‘Neutral’’, ‘‘Female Nudes’’ and ‘‘Male Nudes’’).
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3.3. Visual evoked magnetic fields

3.3.1. First component

Averaged magnetic brain responses for male and female participants, considering
all occipital and temporal channels, are depicted in Fig. 3. The main effect of

PARTICIPANT GENDER was significant: F (1, 17)�/5.19, P B/0.03. The mean magnetic

activity was higher for male participants than for female participants. The main

effect of PICTURE CONTENT was also significant: F (2, 34)�/4.99, P B/0.03, o�/0.70,

Fig. 3. Grand-averaged visual evoked magnetic fields (VEF) for male (top) and female (bottom)

participants in response to the three stimulus categories.
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and post-hoc analyses evidenced a greater amplitude for ‘‘Male Nudes’’ (P B/0.03)

and ‘‘Female Nudes’’ (P B/0.009) as compared to ‘‘Neutrals’’. The Left and Right

hemisphere activity did not differ significantly, whereas REGION was critical: F (1,

17)�/8.36, P B/0.01. The evoked magnetic activity was larger in occipital than in

Fig. 4. Individual averaged visual evoked magnetic fields (VEF) for male (left column) and female (right

column) participants in response to ‘‘Male Nude’’ (thicker line), ‘‘Neutral’’ (thinner line), and ‘‘Female

Nude’’ (middle thickness line) pictures.
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temporal areas. Finally the interaction between PARTICIPANT GENDER and PICTURE

CONTENT was significant: F (2, 34)�/3.41, P B/0.04, o�/0.79 (Fig. 5, top). The

difference between pictures of nudes and ‘‘Neutrals’’ was significant only for male

participants (P B/0.04 for ‘‘Male Nudes’’ and P B/0.009 for ‘‘Female Nudes’’). For

Fig. 5. Interaction between PARTICIPANT GENDER and PICTURE CONTENT for the first

component (top) and the second component (bottom) of the VEF.
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female participants the activity evoked by ‘‘Male’’ and ‘‘Female Nudes’’ did not

differ. Variability in response to pictures of nudes for male and female participants

was not significantly different (P B/0.18). Individually averaged VEF for all male

and female participants that entered this analysis are shown in Fig. 4.

3.3.2. Second component

The PARTICIPANT GENDER did not influence the second component (P B/0.94).
The main effect of PICTURE CONTENT was significant: F (2, 34)�/9.96, P B/0.0005,

o�/0.85 (Fig. 5, bottom). The magnetic activity was higher for ‘‘Male Nudes’’ (P B/

0.0005) and for ‘‘Female Nudes’’ (P B/0.007) in comparison to ‘‘Neutrals’’. The

main effect of HEMISPHERE was significant: F (1, 17)�/4.52, P B/0.04. The activity

was higher in the right than in the left hemisphere. The interaction between

HEMISPHERE and PICTURE CONTENT was also significant: F (2, 34)�/3.35, P B/0.04.

Post-hoc analysis revealed that the higher right hemisphere activation occurred only

for ‘‘Male Nudes’’ (P B/0.0004), and ‘‘Female Nudes’’ (P B/0.009), whereas for
‘‘Neutral’’ pictures HEMISPHERE was not critical (P B/0.99). As for the first

component variability between female and male participants was not significantly

different (P B/0.48).

3.3.3. Topography of M1 and M2

A significant effect of the MANOVA (Rao’s R [3, 104]�/5.22, P B/0.002)

indicated a difference in topography between the first and second component. In

particular, analysis of specific effects showed a significant difference in anterio-
posterior direction (F ([1, 106]�/13.47, P B/0.003) with the first component being

more occipital than the second one. No significant difference emerged for axial and

sagittal directions. Large variability of dipole source localization indicate that the

modeled activity is generated by extended sources in the ventral occipito-temporal

regions for both components, with sources of M1 being more occipital than those of

M2.

4. Discussion

The gender effect that was found for the first component of the magnetic evoked

potential could be linked to expectations of sexual selection theory regarding gender

differences in response to erotic stimuli (Buss, 1989; Symons, 1979). The absence of

an emotional modulation in the first component in female subjects mirrored the

subjective data in which females expressed only a slight increase of arousal for both

male and female nudes. With regard to valence pictures showing opposite-sex nudes
received a much more positive evaluation by male participants than by female ones.

Male subjects rated opposite-sex pictures highly arousing and pleasant in compar-

ison to same-sex pictures and expressed more polarized judgments as female subjects.

An exact replication of these data using the same stimuli depicting nudes was

obtained in an Italian sample (Costa and Ricci Bitti, 1999a) by using viewing time as

a measure of sexual interest. Females typically explore photographs of nude males
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and females for the same time whereas males devote much more time to the

exploration of opposite-sex than same-sex nudes (Costa and Ricci Bitti, 1999b;

Quinsey et al., 1996). Also in Oliver-Rodriguez et al. (1999) the magnitude of the

difference between male and female faces was larger for male than for female

participants when evaluating pictures of faces differing in attractiveness. This finding

is in accordance with the evolutionary theory of mate preferences by Symons (1979)

which states that differences between male and female mate preferences are

explicable in terms of differential parental investment. Since human males have a

higher potential reproduction rate than human females they emphasize physical

attractiveness in mate choice. Human females, to the contrary, are more selective in

their choice of sexual partners and attach more importance to social status, earning

potential and security than males. More recently, Buss (1989) has confirmed this

theory collecting data from 33 countries located on six continents and five islands.

Baumeister (2000) has proposed that female sex drive is more prone to respond to

sociocultural and situational factors than the male one, which is suggested to be

more rigid. A possible explanation for this gender difference is that women have a

less intensive sex drive than men and that this difference allows the female sexual

behavior and preference to be more easily modified by environmental and cultural

factors. Women report spontaneous sexual desire less often than men and think

about sex less often than men (Beck et al., 1991; Eysenck, 1971; Knoth et al., 1988;

Laumann et al., 1994). Women have fewer sexual fantasies involving fewer partners

and less variety of activity (Ellis and Symons, 1990; Leitenberg and Henning, 1995).

They also report less enjoyment of erotica and pornography, the type of stimuli

adopted in the present research. They rather enjoy more artistic well designed

pictures of nudes, pictures of partially naked and pictures of nudes that evoke

tenderness and without an explicit sexual content (see, e.g. Reed and Reed, 1972;

Schmidt and Sigusch, 1970; Sigusch et al., 1970; Sigusch and Schmidt, 1973). They

desire less frequent sex and fewer sexual practices than men (Ard, 1977; Bergström-

Walan and Nielsen, 1990; Julien et al., 1992; Laumann et al., 1994). Women initiate

sex less frequently and refuse it more often (Byers and Heinlein, 1989; Clark and

Hatfiels, 1989; LaPlante et al., 1980; O’Sullivan and Byers, 1992). Women desire

fewer partners than men (Buss and Schmitt, 1993; Miller and Fishkin, 1997) and seek

out fewer extramarital partners (Cotton, 1975; Lawson, 1988; Spanier and Margolis,

1983; Thompson, 1983). Women and girls masturbate less often than men and boys

(Arafat and Cotton, 1974; Asayama, 1975; Laumann et al., 1994; Oliver and Hyde,

1993; Sigusch and Schmidt, 1973). Women rate their sexual urges as less strong than

men (Mercer and Kohn, 1979), and women are more likely to cite lack of interest and

enjoyment as a reason for not having sex (Leigh, 1989).

Ratings of valence and arousal of pictures of nudes by females showed a greater

variability than when the same stimuli were rated by men. This evidence is in

accordance with the gender differences in erotic plasticity outlined by Baumeister

(2000) who stated that female sexuality is fairly malleable, mutable, and more

responsive to culture, learning, and social circumstances. This gender difference,

however, emerged only on subjective ratings and not in relation to VEF.
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A gender effect similar to those obtained in the present study was found by Oliver-

Rodriguez et al. (1999) studying visual evoked potentials to face pictures of varying

attractiveness in the time window ranging from 450 to 650 ms. In response to facial

stimuli depicting both males and females, male participants showed a more

pronounced brain response than females. As in our study the association between

attractiveness ratings and potential amplitude was smaller for females. The larger

P300 amplitude observed in males by Oliver-Rodriguez et al. (1999) could, therefore,
reflect a higher sensibility to cues of physical attractiveness (Berscheid and Walster,

1974; Ford and Beach, 1951; Durden-Smith and DeSimone, 1983).

Costell et al. (1972) and Howard et al. (1992) revealed that males and females both

respond with larger CNV amplitude to stimuli of opposite sex than to either same sex

or neutral pictures. Howard et al. (1994) confirmed this trend in heterosexual men

but found that in self-declared homosexuals CNV increased equally in response to

pictures of male and female nudes. Sexual preference is a matter of positive incentive

and valence, and there are no data available proving a sensibility of CNV to valence
with a wide range of affective pictures (Summary see: Birbaumer et al., 1990). CNV

and CMV may indicate the amount of incentive, motivation and preparation

oriented toward the S2 and constitute an unspecific measure of all types of

preparatory responses including sexual motivation.

In a MEG study on neural processing of human faces, Swithenby et al. (1998)

found a M1 component in the occipito-temporal region with a mean latency of 140

ms which differentiated significantly human faces from other images. Another MEG

study by Streit et al. (1999) which used the Ekman and Friesen set of pictures with
basic facial expressions found that the earliest activation specific for emotional

content of faces appeared in the posterior sector of superior right temporal cortex at

about 160 ms. Watanabe et al. (1999) reported a mean latency of 131 ms for the M1

component in response to faces with opened and closed eyes. The latency of 126 ms

found in the present study is only slightly earlier than the one reported by Watanabe

et al. (1999). This early component found for pictures of nudes may, therefore,

partially be attributed to the presence of faces. The lack of an increased amplitude to

nudes in female participants and the earlier latency found in this study, however,
may imply an additional effect of the erotic content of the stimuli.

If confirmed these results suggest an extremely early analysis of ‘‘prepared’’

emotional stimuli in the ventral visual stream. Streit et al. (1999) also confirmed the

presence of a second component selectively activated by affective stimuli in the

medial temporal cortex at about 200 ms.

Dipole sources are consistent with activity in the occipital-temporal cortex for

both the first and second component with a more posterior activity for the first

component and a more rostro-ventral activation for the second component,
paralleling the results of Swithenby et al. (1998), Streit et al. (1999) and Watanabe

et al. (1999).

Since the gender effect was present only on the first component, we suggest that

the two magnetic components represent distinct neural processing of the same

stimuli. The early component may reflect the more ‘‘prepared’’ evolutionary relevant

analysis while the second may indicate a more general emotional or face related
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processing stage. Streit et al. (1999) suggested that the unusually short latency of the

M1 may be partly the result of a priming-by-repetition effect caused by back-

projections from high-order visual areas.

Comparing the reported electrophysiological data with regional cerebral blood

flow data using PET (Redouté et al. , 2000; Stoléru et al. , 1999; Rauch et al. , 1999;

Pfaus, 1999) substantial differences in activation patterns emerge. rCBF increase in

males watching nude females was mainly confined to right orbitofrontal, anterior
cingulate, head of caudate, putamen and claustrum. Penile tumescence and perceived

sexual arousal was correlated with rCBF in the right superior frontal gyrus, left

postcentral gyrus, fusiform gyri, left precuneus and left temporal gyrus. Temporo-

occipital areas showed deactivation and were negatively correlated with perceived

sexual arousal and penile tumescence, whereas inferior parietal regions and other

regions, were positively correlated with sexual arousal but also with humorous

arousal caused by non-sexual material. In contrast to females, the increased

amplitude of the first component that is specific for sexual or at least positive
arousal appeared at more posterior locations in males. It is conceivable that fast

processing of affective significance involving thalamic, limbic (amygdala) and

cortical areas either cannot be detected with the slow rCBF measures or the time

was insufficient for accumulation of metabolic arousal for PET. The relatively weak

occipital ‘‘trigger’’ might be responsible for later accumulation of metabolic arousal

in frontal and cingulate structures.

The main limitation of the present study relies on the choice of a neutral set of

stimuli. If the results obtained with the exposure to pictures of nudes were compared
with a set of pictures of clothed males and females, the attribution of the gender

difference to the erotic content of the stimuli would have been more clear. Such a

design may have ruled out the possibility that the gender difference of the first

component could be attributed to a gender difference in the processing of pictures of

human faces or bodies’ figures in general. However, the study involved two sets of

stimuli with opposite content (same sex and opposite sex pictures of nudes) for both

male and female participants. The presence of the valence effect in the M1

component which was found exclusively for male participants cannot be explained
by the face-effect only since neither Watanabe et al. (1999) nor Swithenby et al.

(1998) report a gender difference in magnetic evoked fields in response to face

specific stimuli.
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Redouté, J., Stoléru, S., Grégoire, M.-C., Costes, N., Cinotti, L., Lavenne, F., Le Bars, D., Forest, M.G.,

Pujol, J.F., 2000. Brain processing of visual sexual stimuli in human males. Human Brain Mapping 11,

162�/177.

Reed, J.P., Reed, R.S., 1972. Pornography research using direct erotic stimuli. Journal of Sex Research 8,

237�/246.

Schmidt, G., Sigusch, V., 1970. Sex differences in response to psychosexual stimulation by films and slides.

Journal of Sex Research 6, 268�/283.

Sigusch, V., Schmidt, G., 1973. Teenage boys and girls in West Germany. Journal of Sex Research 9, 107�/

123.

Sigusch, V., Schmidt, G., Reinfeld, A., Wiedermann-Sutor, I., 1970. Psychosexual stimulation: Sex

differences. Journal of Sex Research 6, 10�/24.

Spanier, G.P., Margolis, R.L., 1983. Marital separation and extramarital sexual behavior. Journal of Sex

Research 19, 23�/48.
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