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Gender-specific aftereffects following adaptation to

silhouettes of human bodies

Rocco Palumbo1, Bruno Laeng2, and Luca Tommasi1

1Department of Neuroscience and Imaging, University of Chieti,

Chieti, Italy
2Center for the Study of Human Cognition, Department of

Psychology, University of Oslo, Oslo, Norway

We used silhouettes of headless human bodies, devoid of primary sexual
characteristics but possessing enough morphological information to visually convey
the sexual phenotype, as stimuli of a visual adaptation paradigm. The results show
that prolonged adaptation to a distinctively male or female body induces a gender-
specific contrast aftereffect on the subsequent perception of a neutral (androgy-
nous) body (i.e., after exposure to a female body, the androgynous body appears as
more male). This is the first demonstration that adaptation occurs for the sexually
dimorphic global shape of the human body, thus proving that bodily gender can be
listed as a dimension sensitive to visual adaptation, similarly to faces. Intriguingly,
the contrast aftereffects measured were much stronger following exposure to
adapters of the same gender as the observers’, possibly suggesting a role of
perceptual experience favouring mate selection and pair bonding.

Keywords: Adaptation; Aftereffects; Body perception; Gender; Silhouette.

Among the effects of prior experience on perception, it has been known at

least since Aristotle (see 2001) that the prolonged exposure to a scene causes

a change in the appearance of another subsequently seen, a classic example

being the ‘‘waterfall illusion’’, which can be experienced fixating at the

downward flow of water followed by moving gaze at another, still, location

in the surroundings (e.g., some trees, which would paradoxically appear to

move upward; Mather, Verstraten, & Anstis, 1998). The transient phenom-

ena of perceptual aftereffects are believed to depend on the activation of
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neuron populations that respond selectively to a given property of the stimuli

(Barlow & Hill, 1963).

Many studies have shown that aftereffects occur not only for low-level

properties of stimuli (such as motion, colour, or orientation) but also for

high-level properties, such as visual numerosity or shape (Burr & Ross, 2008;
Suzuki & Cavanagh, 1998). Among high-level properties that have been

shown to produce aftereffects, facial features have been studied increasingly

in the last decade (Webster & MacLeod, 2011). For instance, Leopold,

O’Toole, Vetter, and Blanz (2001) observed a systematic bias in the

recognition of facial identity after prolonged exposure to another identity

presented before: Test faces possessing features opposite to those of the

adapting faces in the ‘‘face space’’ were more easily recognized. Similarly,

Webster, Kaping, Mizokami, and Duhamel (2004) showed a change in
gender perception of an androgynous face after adaptation to a male or a

female face, the androgynous face appearing as more female after exposure

to a male adapter, and vice versa.

Studies on adaptation using faces as stimuli have focused on aftereffects in

the dimensions of sex and gender (Kloth, Schweinberger, & Kovács, 2010;

Kovács et al., 2006), identity (Leopold et al., 2001), emotional expressions

(Webster et al., 2004), ethnicity (Webster et al., 2004), age (Schweinberger

et al., 2010), and gaze direction (Jenkins, Beaver, & Calder, 2006; Kloth &
Schweinberger, 2008). Perceptual effects following adaptation have been

observed also for other categories of social stimuli, such as biological motion

(Troje, Sadr, Geyer, & Nakayama, 2006) and voices (Schweinberger et al.,

2008), and appear to transfer from a social-like dimension to another, such

as shown in the case of aftereffects on face perception following exposure to

human bodies (Ghuman, McDaniel, & Martin, 2010). However, little

attention has been paid in research on aftereffects within the specific

category of the human body. In particular, the study by Ghuman et al.
(2010) showed that the adaptation to the image of a female or a male human

body produces an aftereffect in the judgement of the gender of faces. In the

same way as the face, the body contains informative elements about gender

that were shown to influence subsequent impressions of facial gender, in the

direction of a contrast effect (e.g., adaptation to a female body made faces to

appear more male).

A study by Winkler and Rhodes (2005) investigated the effect of prior

experience within the domain of body perception, using photographs of
female headless bodies as stimuli. From a set of original photographs, a

number of wider and narrower bodies were prepared. Subjects rated the

attractiveness and normality of bodies before and after exposure to

extremely narrow and extremely wide bodies. The prolonged exposure to

an extremely narrow body made the point of highest attractiveness and

normality of following test bodies to shift towards narrower levels, whereas
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the exposure to an extremely wide body caused a shift only for the point of

highest normality but not for that of highest attractiveness (see also Glauert,

Rhodes, Byrne, Fink, & Grammer, 2009, for a more clinical-oriented work

using a similar paradigm). A very recent study by Hummel, Rudolf, Untch,

et al. (2012) also exploited an adaptation paradigm in the domain of body
shape: Female subjects were adapted to thin or fat body pictures (that could

depict a manipulation of their or another person’s body), and then evaluated

how much body shapes in a series of thin-to-fat manipulated test images of

their body corresponded to their own body. An aftereffect was found to

influence results: When subjects had been adapted to a thin body they rated

a thinner than actual shape as the one most corresponding to their body,

whereas when they had been adapted to a fat body they rated a fatter than

actual shape as the one most corresponding to their body. In an fMRI-
adaptation study by this research group (Hummel, Rudolf, Brandi, et al.,

2012), the same thin�fat adaptation paradigm was also adopted, and neural

adaptation (corresponding to the perceptual aftereffect) was found to be

present in the fusiform body area and in the right middle occipital gyrus, two

areas that are known to represent bodies and body parts (Taylor, Wiggett, &

Downing, 2007).

Among the features that can be assessed by means of visual inspection of

the human body, gender is an obvious candidate, due to the dimorphism of the
human body and its role in sex recognition (Johnson & Tassinary, 2005; Lippa,

1983). Given the scarcity of adaptation studies on the body in general, it is no

wonder that no study ever investigated gender-specific aftereffects induced by

adaptation to human bodies. Probably, this lack of evidence is due to the fact

that the presence of primary sexual characteristics on the human body (e.g.,

breast, external genitals) makes it impossible to create androgynous bodies

using procedures similar to those usually adopted in the studies on face

aftereffects (in which morphing and averaging techniques are exploited).
However, body gender can be evaluated not only by the presence of local

features, but is also visually characterized by its global shape or outline (as

defined by the size and shape of shoulders, the waist-to-hip ratio, musculature,

etc.; Lippa, 1983). In the present study, we used silhouettes of human bodies as

stimuli of an adaptation paradigm; such stimuli are devoid of primary sexual

characteristics but possess enough morphological information to clearly

visually convey the sexual phenotype. Moreover, we took advantage of the fact

that silhouettes can be graphically created as possessing features along
appropriately chosen anthropometric continua, so as to yield silhouettes

that would appear androgynous (for a similar approach using face profiles, see

Davidenko, 2007; Davidenko, Witthoft, & Winawer, 2007).

The aim of the present study was thus to investigate whether gender

contrast aftereffects occur for human bodies similarly as shown for faces.

According to studies on aftereffects in the perception of gender of human
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faces (Davidenko et al., 2007; Webster et al., 2004), we expected that the

prolonged exposure to a distinctively male or female body would produce a

contrast aftereffect in the ensuing perception of an androgynous body,

making it appear more female or male, respectively.

METHOD

Participants

Twenty-four participants (12 males; M�21.9; SEM �0.26) took part in a

preliminary rating, in which we selected the adapter (gender-distinctive)

and test (gender-ambiguous) bodies used for the following adaptation

experiment.
Twenty-four new naı̈ve participants (12 males; M�22.7; SEM �0.51)

took part in the adaptation experiment.

Both groups consisted of volunteering students of Psychology of the

University of Chieti. The experiment was carried out in compliance with the

local ethical committee guidelines.

Stimuli

By means of 3-D software specifically aimed at modelling synthetic human

bodies (MakeHuman 0.9.1; MakeHuman Team, 2001�2012) it was possible

to generate a set of human bodies differing from each other for three main

features: Waist-to-hip ratio, weight, and musculature. The combinatorial

association of low and high values of these three parameters allowed us to

establish eight (23�8) equally spaced points on a virtual body space,

corresponding to eight prototype bodies. Low and high values of the three

parameters corresponded to setting the software graphical controls that
allow the modification of waist-to-hip ratio, weight, and musculature, at 25%

and 75% values, respectively. While keeping these parameters fixed, each of

the eight prototype bodies thus created was modified along a fourth

parameter, gender (which consisted in a combination of shoulder, torso,

and hip width), in 13 equally spaced values, allowing us to obtain a total of

eight series of 13 bodies, each series ranging from the minimum value (100%

female) to the maximum value (100% male) of the software graphical control

that allows to modify gender. Subsequently, each of the 104 bodies thus
obtained was transformed into a black silhouette on a white background,

using Adobe Photoshop Elements 8.0 (see Figure 1 for examples).

Procedure

In the preliminary rating, we asked the first group of participants to evaluate

how masculine or feminine each of the 104 silhouettes appeared. The

4 PALUMBO, LAENG, TOMMASI

D
ow

nl
oa

de
d 

by
 [

H
ar

va
rd

 L
ib

ra
ry

] 
at

 0
7:

49
 0

8 
O

ct
ob

er
 2

01
4 



participant was seated in a dark experimental room and silhouettes were

presented one at a time on a 17-inch Philips 170S monitor via an E-prime

1.2-controlled script. The rating was administered as a single block of

randomized trials. The distance of the participant from the screen was 50 cm,

and each silhouette subtended 88 (horizontal)�168 (vertical) and was

Figure 1. Examples of three bodies generated by the software along one of the eight series and

rendered graphically into silhouettes. The three silhouettes were selected, based on the participants’

ratings in the preliminary study, as the most feminine looking, the most androgynous, and the most

masculine looking of their series.
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located at the centre of the screen. Each stimulus was preceded by a fixation

point (250 ms) and the stimulus duration was 500 ms, after which the

participant gave her/his judgement by means of an adjustable analogue scale,

namely a mouse-operated horizontal slider on the screen (21 cm in length),

which ends represented ‘‘extreme masculinity’’ and ‘‘extreme femininity’’ of
the silhouette. Moving the cursor from the centre towards either direction of

the slider corresponded to recording a score ranging between �50 and �50.

Femininity and masculinity labels were counterbalanced across participants

as regards the direction (left/right) on the slider. After conventionally

recoding the scores as female and male so as to assume the negative and the

positive sign respectively, for each of the eight series of silhouettes we chose

the most female-looking silhouette as the one whose average judgement was

the nearest to �50, the most male-looking silhouette as the one whose
judgement was the nearest to �50, and the most neutral-looking silhouette

as the one whose judgement was the nearest to zero. The eight male

silhouettes selected (M�30.0591.37) and the eight female silhouettes

selected (M��27.4193.98) were used as adaptation stimuli, whereas the

eight neutral silhouettes selected (M�3.3592.93) were used as test stimuli,

given their androgynous appearance.

In the adaptation experiment, a series of 128 trials (resulting from the

combination of [8 male adapter silhouettes�8 female adapter silhouettes]�
8 androgynous silhouettes) was presented to each participant in the second

group. The participant was seated in a dark experimental room and trials

were presented on a 17-inch Philips 170S monitor (resolution was set to

1152�864 pixels with a refresh rate of 75 Hz) by means of an E-prime 1.2-

controlled script. Distance of the participant from the screen was 50 cm. In

each trial, a fixation point appeared in the centre of the screen lasting 250

ms, after which a male or a female adaptation stimulus (88 horizontal�168
vertical) was presented for 10 s. Then, following a brief central fixation point
(250 ms), an androgynous test stimulus was presented for 500 ms (88
horizontal�168 vertical). After disappearance of the test stimulus, the

participant was asked to rate the gender of the second silhouette in the same

way as in the preliminary rating (see Figure 2 for a representation of the trial

structure). The 128 trials were presented in random order as regards the

gender of the adapters, and were administered as two blocks separated by a

short rest.

Data analysis

Scores were transformed into percentage values on a continuum ranging

from �100% (female) to 100% (male). An ANOVA with adapter’s sex as a

within factor and participant’s sex as a between factor was carried out.

Single-sample exact t-tests were carried out as well, in order to ascertain
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whether the judgements given to the test silhouettes following adaptation

differed from the neutrality value.

Moreover, in order to better interpret the results according to our

prediction of a contrast aftereffect and to further explore the strength of the
effect, participants’ judgements were recoded assigning a negative sign to the

modulus of the data point in case of a contrast (repulsion) effect, and

assigning a positive sign to the modulus in case of an assimilation

(attraction) effect. A second ANOVA was carried out on these recoded data.

RESULTS

The ANOVA on the percentage scores revealed a main effect of adapter’s sex,

F(1, 22) �27.72, p B.001, h2�.99 (see Figure 3). Single-sample exact t-tests
showed that female adapters shifted the judgement of the androgynous

silhouettes towards masculinity (M�13.62%), t(23) �3.57, p B.005, and

that male adapters shifted the judgement of the androgynous silhouettes

towards femininity (M��14.29%), t(23) �4.13, p B.001. A contrast

aftereffect was thus obtained following both the female and the male

adapters: Androgynous test silhouettes were judged more masculine after

adaptation to female silhouettes, and more feminine after adaptation to male

silhouettes.
A main effect of participant’s sex was also found, F(1, 22) �10.87, p B

.005, h2�.88 (see Figure 4). Single-sample exact t-tests showed that female

participants tended to judge the androgynous silhouettes as more masculine

(M�6.68%), t(11) �1.99, p�.07, whereas male participants judged the

androgynous silhouettes as more feminine (M��7.34%), t(11) ��2.80,

p B.05.

Figure 2. A representation of the visual events constituting the structure of a single trial in the

adaptation experiment.
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No interaction was found between adapter’s sex and participant’s sex,

F(1, 22) �0.35, p�.56, h2�.08 (see Figure 5). Taking together the two

main effects and the pattern of null interaction (Figure 5) it must be

remarked that participants of both sexes judged the androgynous silhouettes

in the direction opposite to the adapter, but the aftereffect was comparably

strong for males and females when the adapter’s sex was the same as the

participant’s sex, and comparably weak for males and females when the

adapter’s sex was opposite to the participant’s sex. Single-sample exact t-tests

showed indeed that female participants adapted to the female adapters

incurred in the aftereffect (M�19.07%), t(11) �3.15, p B.01, and the same

Figure 3. Plot of the aftereffect as a function of adapter’s sex (positive percentages represent

perceived masculinity, negative percentages represent perceived femininity).

Figure 4. Plot of the aftereffect as a function of participant’s sex (positive percentages represent

perceived masculinity, negative percentages represent perceived femininity).
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was true when male participants were adapted to the male adapters (M�
�22.86%), t(11) ��5.56, p B.001, whereas female participants adapted to

the male adapter did not incur in a significant aftereffect (M��5.71%),

t(11) ��1.28, p�.22, and male participants adapted to the female adapter

only showed a trend (M�8.17%), t(11) �1.88, p�0.08.

The ANOVA on the recoded percentage scores did not show a significant

effect of adapter’s sex, F(1, 22) �0.024, p�.87, h2�.001, and participant’s

sex, F(1, 22) �0.35, p�.561, h2�.016. However, the interaction between

participant’s sex and adapter’s sex turned out to be significant, F(1, 22) �
10.88, pB.01, h2�.331. Post hoc analysis (Fisher’s LSD test) revealed that

the strength of the contrast aftereffect was greater when female participants

were adapted to female silhouettes (M��19.07%) than to male silhou-

ettes (M��5.71%), pB.05. The strength of the contrast aftereffect in

male participants, conversely, was greater following adaptation to male

silhouettes (M��22.86%) than to female silhouettes (M��8.17%), pB

.05. Finally, the strength of the aftereffect did not differ between male and

female participants neither when they were adapted to adapters of their own

sex (p�.58), nor when they were adapted to adapters of the opposite sex

(p�.71).

DISCUSSION

An increasing number of adaptation studies have demonstrated that the

perception of gender as a facial feature is influenced by prior experience,

generally showing that contrast aftereffects ensue from prolonged exposure

to a face of a given sex (Jaquet & Rhodes, 2008; Webster et al., 2004). These

aftereffects have been of great importance in providing support to the idea

Figure 5. Plot of the aftereffect as a function of participant’s sex and adapter’s sex (positive

percentages represent perceived masculinity, negative percentages represent perceived femininity).
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that there may be selectivity in the processing of gender features in the visual

cortex (Kloth et al., 2010; Little, DeBruine, & Jones, 2005; Ng, Ciaramitaro,

Anstis, Boynton, & Fine, 2006; Webster & MacLeod, 2011).

Taking advantage of the straightforward way in which one can create

human silhouettes with a parameterized approach, we could document that
the prolonged adaptation to a gender-distinctive body induces a contrast

aftereffect on the subsequent perception of an androgynous body. The

results of the present experiment show that adaptation can occur for the

sexually dimorphic global shape of the human body, thus suggesting that

body shape can be listed as a dimension sensitive to adaptation as far as

gender perception is concerned, similarly to what had already been shown in

the case of faces (Jaquet & Rhodes, 2008; Webster et al., 2004). Although

differences exist in the detection and processing of human faces and bodies
(Slaughter, Stone, & Reed, 2004), it seems that intracategory gender-selective

aftereffects affect both types of social stimuli. Our result might perhaps be

expected given the previous findings by Ghuman et al. (2010, Exp. 2A),

documenting a body-to-face gender-specific aftereffect, although it should

not be taken for granted that a cross-category aftereffect can predict an

intracategory aftereffect (see Webster & MacLeod, 2011, for a discussion on

transfer of aftereffects across features in face adaptation studies; see also

Winkler & Rhodes, 2005).
It is important to remark that the gender-specific aftereffects were here

obtained with a type of visual stimulus, the body silhouette, which conveys

basic information on body shape and can be thus considered a useful tool in

the study of body perception (see Davidenko et al., 2007, for analogous

results obtained with face silhouettes). Interestingly, the local parameters of

the visual body shape that were responsible for the sensitivity to adaptation

found in the present study are those that allowed us to create silhouettes

possessing variable values of masculinity and femininity given the 3-D
modelling software we used. These parameters consisted in shoulder, torso,

and hip width, disregarding of the combination of low and high values of the

three other basic dimensions that were kept fixed in order to create the

silhouettes, namely waist-to-hip ratio, weight, and musculature. Further

studies are needed to disentangle which parameters contribute the most to

gender adaptation, as it is well-known that both waist-to-hip ratio and

shoulder width are highly informative cues to sex recognition (Lippa, 1983).

Moreover, the present results strengthen the idea that global body shape is a
feature engaging dedicated neural structures (Hummel, Rudolf, Brandi, et al.,

2012; Taylor et al., 2007) and further suggest the presence of specialized neural

substrates for the visual recognition of the human sexual phenotype.

We speculate that the interaction between the gender of the adapter

silhouette and the sex of participants, which indicated a stronger repulsion

aftereffect when participants were adapted to silhouettes of their own sex,
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could represent a sex-contingent predisposition to other’s sex recognition

that could provide advantages in human mate selection. In fact, a

predisposition that enhances perceptual attributes of the other sex after

exposure to individuals of one’s own sex but not after exposure to individuals

of the other sex, possibly depending on attentive factors (Rezec, Krekelberg,

& Dobkins, 2004), might be useful for (1) strengthening the search image of

potential mates in an individual cohabiting with other individuals of the

same sex (as it is likely the case for the participants of our study, university

students), and (2) for dampening the strength of such a search image (or even

reversing it) in individuals experiencing long-term sexual relationships, who

should thus benefit from pair bonding. It is unclear, however, why such a sex-

contingent perceptual asymmetry would be present for bodies but not for

faces (although see Zäske & Schweinberger, 2011, for similar results on vocal

aftereffects), in light of the fact that faces are evaluated as more relevant

than bodies in judging others’ attractiveness (Currie & Little, 2009) and we

are not aware of similar results in the case of gender-selective face

adaptation.
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