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Abstract

While there are studies regarding the neural correlates of human facial attractiveness, there are few investigations consider-
ing neural responses for body form attractiveness. The most prominent physical feature defining men’s attractiveness is their
physical fitness and upper body strength. Shoulder-to-hip ratio (SHR), a sexually dimorphic trait in humans, is an indicator
of men’s attractiveness for both men and women. The current study is the first to report on the neurophysiological responses
to male and female body forms varying in SHR in healthy heterosexual men and women observers. Electroencephalographic
(EEG) signals were acquired while participants completed an oddball task as well as a subsequent attractiveness judgement
task. Behavioral results showed larger SHRs were considered more attractive than smaller SHRs, regardless of stimuli and
participants’ sex. The electrophysiological results for both the oddball task and the explicit judgement of attractiveness
showed that brain activity related to male SHR body stimuli differed depending on the specific ratios, both at early and late
processing stages. For female avatars, SHR did not modulate neural activity. Collectively the data implicate posterior brain
regions in the perception of body forms that differ in attractiveness vis-a-vis variation of SHR, and frontal brain regions when

such perceptions are rated explicitly.
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Introduction

Visual perception of the human body activates a distinct
region in human visual cortex, a region that selectively
responds to the appearance of human bodies but not faces
(Downing et al., 2001; Peelen & Downing, 2007). This region
is called the extrastriate body area (EBA; Downing et al.,
2001) and is located in the lateral occipito-temporal cortex.
In addition to the EBA, the fusiform body area (FBA) is a
region in extrastriate visual cortex that responds selectively
to visual depictions of the human body (Peelen & Downing,
2005; Schwarzlose et al., 2005). It is suggested that EBA
neurons respond to parts of the body while FBA neurons are
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more responsive to the appearance of the whole body (Taylor
etal., 2007). For example, pictures of the human body elicit a
negative event-related potential (ERP) component peaking at
190 ms (N190) that differs from the N170 component which
tends to be elicited selectively by faces (Gliga & Dehaene-
Lambertz, 2005; Thierry et al., 2006).

While there are studies regarding the neural correlates
of facial attractiveness that have used, for example, func-
tional magnetic resonance imaging (fMRI) or ERP (e.g.,
Calvo et al., 2018; Cloutier et al., 2008; Hahn et al., 2016;
Trujillo et al., 2014), there are relatively few investigations
that have considered the neural responses for the attractive-
ness of the body form using fMRI (Holliday et al., 2011;
Platek & Singh, 2010) or ERP measures (Del Zotto & Pegna,
2017; Pazhoohi et al., 2020b). For example, Del Zotto and
Pegna investigated attractiveness of the female body form
by testing the association of patterns of brain activation with
different waist-to-hip ratios (WHRs; lower values yield a
“curvier” figure). They showed that men generated a P1 that
had a higher amplitude for the WHR 0.7 compared to 0.6, 0.8
and 0.9, and the N190 showed a higher amplitude for WHR
0.6 for both the male and female observers. Furthermore,
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Pazhoohi et al. (2020b), reported that the perception of wom-
en’s lower WHR and larger breasts show different temporal
and spatial patterns of activation compared to the percep-
tion of larger WHR and smaller breasts. Specifically, in an
implicit evaluation (i.e., an oddball task), as well as during
an explicit evaluation of women’s bodies (i.e., an attractive-
ness judgement task), attractive WHRs and breast sizes dif-
ferently influenced brain activity related to visual processing
than less attractive WHRs and breast sizes, both at early and
late temporal stages in men and women.

While WHR is a factor in perceptions of female body
form attractiveness (Barber, 1995; Bovet & Raymond, 2015;
Singh, 1993), the most prominent physical feature linked to
perceptions of male body form attractiveness is physical fit-
ness and upper body strength (Dixson et al., 2003; Honekopp
et al., 2007). Shoulder to hip ratio (SHR), the circumference
of the shoulders relative to the hips, is a sexually dimorphic
trait in humans and a higher SHR is positively associated
with attractiveness in men (Fan et al., 2005; Horvath, 1981;
Tovée et al., 1999). In general, women visually attend more
to muscular male body forms and consider muscular men
with broader shoulder more attractive than overweight and
lean men (Dixson et al., 2014; Garza et al., 2017). Moreover,
women desire men portraying a more masculine SHR and
upper body as their potential partners (Braun & Bryan, 2006;
Sell et al., 2017). It appears that women are drawn to these
characteristics because they are linked to good genes, mas-
culinity, and immune system strength, which may offer both
indirect advantages, such as healthier offspring, and direct
benefits, such as acquiring resources (Frederick & Haselton,
2007; Garza & Byrd-Craven, 2021; Gray & Frederick, 2012;
Pazhoohi et al., 2023b; Puts et al., 2012).

Additionally, men are generally more attentive of arival’s
upper-body, and exposure to a rival with a high SHR may
evoke jealousy (Buunk & Dijkstra, 2005; Massar & Buunk,
2009). Men also desire more masculine body forms as they
consider (correctly it would seem) that such body forms
increase their attractiveness to women and may increase
their success in intrasexual competitions (Frederick et al.,
2007; Kordsmeyer et al., 2018). Moreover, men with higher
SHR self-report higher body esteem (Pazhoohi et al., 2012),
a higher number of sexual partners, more extra-pair copu-
lations, and an earlier age of initiation to sexual activities
and masturbation (Hughes & Gallup, 2003). Men are more
attentive to other men’s characteristics such as increased
muscularity because it could be a cue to formidability, fight-
ing ability and resource holding power (Durkee et al., 2018,
2019; Puts, 2010; Sell et al., 2009, 2012).

A recent eye-tracking study ventured to investigate, for the
first time, men and women's preference for male and female
bodies that varied in terms of SHR (Pazhoohi et al., 2019). In
line with previous research, men looked longer at the chest of
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males with higher SHRs; but a similar pattern was not observed
for women. Nonetheless, men rated males with higher SHRs
and women with lower SHRs as more attractive, while women
rated an intermediate SHR as most attractive for both male and
female images (Pazhoohi et al., 2019). The difference in how
men and women visually prefer and rate attractiveness based
on SHR raises the question of whether there are sex differences
at the neural level for processing male and female bodies with
varying upper body sizes (SHR).

While previous studies investigated neural and behavioral
correlates of women’s WHRs (Del Zotto & Pegna, 2017,
Holliday et al., 2011; Pazhoohi et al., 2020a, 2020b; Platek
& Singh, 2010), to the best of our knowledge no previous
investigation has considered the neural correlates of male
and female upper body size perception. In the current study
we aimed to determine the behavioral and neurophysiological
correlates of male and female observers when viewing male
and female body forms varying in SHR. This will provide
insights into the cognitive mechanisms responsive to these
bodily features, and how these are affected by the observer-
stimulus sex relationship. Based on Pazhoohi et al. (2019),
we expected: (1) males would rate women with lower SHRs
as more attractive, while women would prefer an intermedi-
ate SHR, and (2) males would rate males with a large SHR
as more attractive and females would again prefer an inter-
mediate SHR. As for the brain activity, though this research
is largely explorative in nature, in line with the findings of
Pazhoohi et al. (2019) we tentatively predict prominent brain
activity differences for male than female participants both in
response to female and male avatars.

In order to address the above, we examined electroen-
cephalographic (EEG) signals to male and female body forms
varying in SHR in healthy heterosexual men and women
observers, while they completed an oddball task (Squires
et al., 1975) and a subsequent attractiveness judgement
task. In both tasks, participants were exposed to images of
female and male body figures varying in SHR. The oddball
task, where participants were engaged in a task irrelevant
to body size judgement, was used as an implicit measure-
ment of attractiveness while the rating task was an explicit
measurement of attractiveness. Previous research has shown
differences in implicit and explicit processing of nonverbal
social signals such as facial expressions (Critchley et al.,
2000). Accordingly, in the current study we aimed to explore
whether there are dissociations between these two forms of
measurement of body size perception.
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Method
Participants

In this study, 48 heterosexual individuals (28 females)
between 18 and 37 years old (M =23; SD =4.36) were
included as the final number of participants. They were
recruited from University of Minho students through an
institutional credit system. None of the participants had any
history of major psychiatric or neurological disorders, nor
were they on medication; they also reported the absence of
any psychoactive drugs during the last month prior to partici-
pation. Participants either received course credit or 10 Euros
gift cards in exchange for their participation.

Prior to the beginning of the study, a consent form was
signed by the participants and sociodemographic information
was collected. The participants were also asked to complete
a brief battery of questionnaires; namely, the NEO-FFI-20
Personality Inventory (Bertoquini & Pais-Ribeiro, 2006),
which is a validated Portuguese short version of the NEO-PI-
R (Costa & McCrae, 1995); the Brief Symptoms Inventory
(Derogatis, 1993) validated in Portuguese (Canavarro, 1999);
the Edinburgh Handedness Inventory (Oldfield, 1971); and
the Graffar Social Classification Scale (Graffar, 1956). All
participants, but one, were right-handed. All participants had
normal or corrected to normal vision. Further, there were no
differences between participating men and women in any of
the aforementioned tests (Table 1).

Procedure and Measures
Stimuli

The stimuli were generated using DAZ 3D studio version 4.6
(Daz Productions, Inc., Salt Lake City, UT, USA). Six stimuli
(see Fig. 1) were generated using one female model and one
male model, each with three SHRs of small (1.1), medium (1.2)
and large (1.3) ratios. Previous studies determined that men's
SHR ranged from 1.03 to 1.40, with an average of 1.18+0.07,
as reported by Hughes and Gallup (2003). As a result, we cat-
egorized an SHR of 1.2 as intermediate and developed two
alternative ratios, namely a lower (1.1) and a higher (1.3) ratio.
Head and feet of the stimuli were cropped. For the oddball task,
another set of stimuli were created for each sex with flowers on
the chest area of the stimuli’s upper clothing (see Fig. 1). All the
stimuli were presented in grayscale and equated for exposure
value and luminance.

Task Design and Paradigm

Participants were seated in a comfortable armchair in front
of a 19” LCD monitor on which the stimuli were presented.
The experiment consisted of two blocks: an oddball task and
an attractiveness judgement task, the latter which was always
completed last to avoid priming performance on the oddball
task. In the oddball task participants viewed stimuli varying
in sex (i.e., male and female avatars) and SHR centered on
the screen while they were asked to press the “M” key on the
computer’s keyboard whenever they saw flowers (the oddball
event) on a T-shirt. Stimuli were presented and responses
were recorded using Presentation® software (Neurobehav-
ioral Systems, Inc., Albany, CA, USA). Each trial consisted
of a pre-stimulus black screen with a white fixation cross in
the center that lasted between 300 and 500 ms, followed by
the stimulus display in the middle of the screen for 750 ms.
There was a jittered intertrial interval of 1200—1700 ms

Table 1 Independent group

. Male (n=20) Female (n=28) t P
t-test results comparing male J
and female participants for M SD M SD
sociodemographic, personality
and neuropsychological Age (in years) 24.15 5.16 22.18 3.56 1.57 124
variables GSC Score 12.95 2.14 13.25 2.08 -.49 .629
Neo-FFI-20
Neuroticism 7.05 2.19 6.86 2.53 27 785
Extraversion 10.70 2.30 9.86 2.03 1.34 .186
Openness 10.70 4.17 11.04 2.43 -.35 127
Kindness 10.80 2.46 9.93 2.79 1.12 .269
Self-consciousness 12.80 1.91 12.25 1.62 1.08 288
BSI
Global symptom index 43 .25 52 .38 —-.94 351

GSC score: Graffar Social Classification score, BSI: Brief Symptoms Inventory
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Fig. 1 Examples of the stimuli
used in this study: male avatars
with a small SHR, b medium
SHR, and ¢ large SHR; d
oddball stimulus for male avatar
and medium SHR; female
avatars with e small SHR, f
medium SHR, and g large SHR;
h oddball stimulus for female
avatar and medium SHR

€

(300-500 ms pre-stimulus + 900-1200 ms post-stimulus),
with a white fixation cross in the center of the black screen;
Fig. 2A). Both the standard stimuli and the oddballs were
presented in random order (180 trials for standard stimuli
and 48 trials for oddball stimuli).

In the second block, participants completed an active
attractiveness judgement task while EEG was recorded.
Stimuli varying in sex and SHR were presented in random
order. There were 150 trials and each trial consisted of a vari-
able interstimulus interval of 700 to 1000 ms (600-900 ms
pre-stimulus 4+ 100 ms post-stimulus), followed by stimu-
lus presentation for 750 ms before a 7-point Likert scale
replaced the stimulus (Fig. 2B). The Likert scale was pre-
sent on screen until the participant’s response indicating the
perceived attractiveness of the stimulus (1 =not attractive at
all; 7=highly attractive).

Behavioral Analysis

Behavioral analyses were performed using SPSS. An inde-
pendent-samples #-test was conducted to test for sex differ-
ences in oddball response accuracy and reaction time. Odd-
ball reaction time was measured as the time between the onset
of an oddball stimulus and the execution of a response key.
A mixed ANOVA tested the effects of participant sex
(male and female observers) and SHR (small, medium, and
large) on perceived attractiveness ratings, and another mixed
ANOVA on reaction times for providing the ratings. Ratings
were considered the numeric value entered upon presentation
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A) Oddball paradigm procedure

Standard Stimuli

Oddball Stimuli

300-500 750 900-1200

Time (ms)

B) Attractiveness judgement procedure

Attractiveness Scale

600-900 750 (until response) 100

|

Time (ms)

Fig.2 Experimental procedures for A oddball paradigm and B attrac-
tiveness judgement task
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of the Likert scale and the reaction time the time elapsed form
scale presentation to button press.

EEG Recording and Processing

Experimental sessions took place in an electrically and
acoustically shielded room. EEG was recorded with a
64-channels BioSemi ActiveTwo system (BioSemi B.V., The
Netherlands), with the active electrodes placed at standard
positions of the international 10-10 system of an elastic cap
and using a Common Mode Sense recording montage, which
produces reference free recordings. Additionally, electroocu-
logram signals were monitored via two electrodes in the outer
canthi of the eyes and another one below left eye in order
to correct EEG signals for ocular movements artifacts. All
electrodes were adjusted to maintain their offset lower than
30 mV. EEG signals were amplified and digitized at a rate of
512 Hz, and the signal was bandpass filtered online between
0.01 and 100 Hz.

EEG Analyses

EEG data were processed and visualized using BrainVision
Analyzer 2.1 (Brain Products GmbH, Miinchen, Germany).
The signals were filtered digitally off-line between 0.1 and
30 Hz via a phase shift free fourth-order Butterworth filter
and re-referenced to average reference. Then the signals were
corrected for ocular artifacts using the procedure developed
by Gratton et al. (1983). Semi-automatic artifact rejection
was also applied. EEG was segmented offline into epochs
from 200 ms prior to stimulus onset to 750 ms after the onset
of the stimulus. Mean activity during the pre-stimulus inter-
val was used as baseline. Artifact free epochs were averaged
across participants for the combination of the three SHRs
(small, medium and large) for each of the avatar sex condi-
tions (male and female).

For ERP analysis, temporal Principal Component Analysis
(tPCA) was applied to each of the participant's data for each
condition and avatar sex. This method allows us to avoid
the potential errors that may arise from visual inspection of
the ERP waveforms during the decomposition of the ERPs
into its constituent components (Dien et al., 2005). tPCA
results produce a matrix for factor scores and another one
for factor loadings. Factor scores are the transformation of
the amplitude values representing magnitudes of the latent
variables (i.e., transformations of the original microvolt val-
ues for each participant, condition, and electrode) and factor
loadings are the data points based on the number of channels,
epoch length, and frequency showing the distribution of each
factor over time (Dien, 1998).

Application of tPCA to the oddball task related EEG sig-
nals showed eight temporal factors (TFs), altogether account-
ing for 92.05% of the variance (Fig. 3A). In temporal order

from stimulus onset, the largest factor loadings for TF4 were
observed between 85 and 95 ms post-stimulus, while its larg-
est positive factor scores were found at parietal and parieto-
occipital electrodes (Pz, P1, P2, P3, P4 POz, PO3, and PO4).
The largest factor loadings for TF8 were identified between
95 and 115 ms post-stimulus and the largest positive factor
scores were at parieto-occipital electrodes (Oz, O1, 02, PO7,
POS8, P7, P8, P9, and P10). TF6 largest factor loadings were
obtained between 125 and 150 ms post-stimulus and its larg-
est factor scores were observed at parieto-occipital electrodes
(0Oz, 01, 02, POz, PO3, PO4, PO7, and POS8). From 150 to
185 ms post-stimulus, TF5 had its maximum factor loadings
with its largest negative factor scores located at parietal and
parieto-temporal electrodes (TP7, TPS, P7, P8, P9, and P10),
corresponding to the negative going part of N190. The maxi-
mum factor loadings for TF2 were obtained between 200 and
300 ms after the onset of the stimulus and largest positive fac-
tor scores were maximal at parieto-occipital electrodes (POz,
PO3, P04, PO7, POS, Oz, O1, and O2). From 350 to 500 ms
post-stimulus, TF3 had the largest factor loadings with its
highest negative factor scores observed at frontal electrodes
(FPz, FP1, FP2, AFz, AF3, AF4, AF7, and AF8). TF7 high-
est factor loadings were observed from 480 to 580 ms post-
stimulus and its highest factor scores were located at frontal
and frontocentral electrodes (Fz, F1, F2, F3, F4, FCz, FC1,
and FC2). Finally, TF1 was corresponding with a negative
slow wave (NSW) with its factor loadings being maximal
from 600 ms post-stimulus to the end of the recording epoch
(750 ms) and its factor scores being maximal at frontal elec-
trodes (FPz, FP1, FP2, AFz, AF3, AF4, AF7, and AFS).
After applying the tPCA to ERP data for the attractive-
ness judgement task, six temporal factors explaining 92.14%
of the variance were identified (Fig. 3B). In temporal order
from stimulus onset, TF3 factor loadings were maximal from
125 to 160 ms post-stimulus and its factor scores were high-
est at occipital and parieto-occipital electrodes (Oz, O1, O2,
POz, PO3, PO4, PO7, and POS), probably corresponding
with the classical P1 component. TF5 was probably related
to an early N190 component, since it showed the highest fac-
tor loadings from 165 to 175 ms after the onset of stimulus
with the largest negative factor scores observed at parietal
and parieto-occipital electrodes (PO7, POS, P7, P8, P9, and
P10). TF2 largest factor loadings were observed between 175
and 315 ms post-stimulus with its highest factor scores found
at parieto-occipital and occipital regions (Oz, O1, 02, POz,
PO3, PO4, PO7, and PO8). TF6 factor loadings were high-
est between 300 and 330 ms post-stimulus and its largest
negative factor scores were observed at occipital, parietal
and parieto-occipital regions (Oz, O1, 02, PO7, POS, P7,
P8, P9, and P10). Maximal TF4 factor loadings were between
320 and 500 ms post-stimulus with its highest negative factor
scores observed at frontal electrodes (FPz, FP1, FP2, AFz,
AF7, AF8, F7, and F8). Finally, TF1 was associated with a
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A) Oddball paradigm temporal PCA factors
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Fig.3 A Extracted temporal principal components analysis fac-
tors for the oddball task. B extracted temporal principal components
analysis factors for attractiveness judgement task. C voltage maps of

NSW as the maximal factor loadings were observed between
500 ms and the end of the analyzed epoch, while the maximal
negative factor scores were recorded at frontal electrodes
(FPz, FP1, FP2, AFz, AF7, AF8, F7, and F8).

To analyze the ERP data for both oddball and attractive-
ness judgement tasks, factor scores were averaged before
entering statistical analysis across three laterality levels (mid-
line, left and right hemispheres) for those electrodes showing
maximal factor scores for each temporal factor independently.
No midline region was available for TF5 of both oddball
and attractiveness judgement tasks, therefore the laterality
effect had only two levels (left and right hemispheres) for
this temporal factor. A mixed ANOVA tested the effects of
participant sex (male and female), SHR (small, medium, and
large), and Laterality (midline, left and right hemispheres)
on factor scores for each TF and independently for male and
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female avatars. For all the ANOVASs carried out, Green-
house—Geisser correction was applied whenever there was
violation of the sphericity assumption, and the Bonferroni
test was applied in post hoc comparisons whenever neces-
sary, with significance cut-off at p <0.05.

Additionally, standard low resolution brain electromag-
netic tomography (SLORETA) was used to explore differ-
ences between conditions in the estimated cortical sources of
electric activity signals recorded at the scalp (Pascual-Marqui
et al., 1994). This algorithm is a discrete, 3D distributed,
linear, weighted minimum norm inverse solution. Thus, this
procedure yields images of current density with exact locali-
zation, albeit with low spatial resolution (i.e. neighboring
neuronal sources will be highly correlated) (Pascual-Marqui,
1999; Pascual-Marqui et al., 1994). sSLORETA computations
were made in a realistic head model (Fuchs et al., 2002) based
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on the MNI152 template (Mazziotta et al., 2001), for which
the three-dimensional solution space was restricted to corti-
cal gray matter partitioned in 6239 voxels at 5 mm spatial
resolution. Thus, SLORETA generates functional images that
represent the brain regions that showed activation at a given

time window for a specific experimental condition. Current
source distribution maps for each TF were generated via the
implementation of LORETA algorithms in Brain Vision
Analyzer 2.0 (Fig. 4) and the coordinates of the voxel with
higher estimated activity for each TF are gathered at Table 2.

SOURCE ACTIVITY ESTIMATIONS

TF5

ODDBALL

ATTRACTIVENESS
JUDGMENT

o ® e e

Fig.4 Source activity estimation maps for each task and temporal factor showing the brain regions with maximal activation for each temporal

factor
Table2 Areas of activa'tion in Task Temporal factor Anatomical region Brod- MNI Coordinates
;l;z;)e?;l:stllt;:liAttractlveness (time range in ms) mann . y -
area '
Oddball 4 (85-95) Right lingual gyrus 18 4 —-81 1
8 (95-115) Right lingual gyrus 18 4 —-81 1
6 (125-150) Left inferior occipital gyrus 17 -10 -95 —13
5 (150-185) Left lingual gyrus 18 -3 —-81 1
2 (200-300) Right middle temporal gyrus 39 46 -74 15
3 (300-500) Left superior frontal gyrus 11 =31 59 —13
7 (480-580) Left superior frontal gyrus 11 =31 59 —13
1 (600-750) Left middle frontal gyrus 10 =31 59 -6
Attractiveness 3 (125-160) Left inferior occipital gyrus 17 -10 -95 —13
judgement 5 (165-175) Left middle occipital gyrus 19 -31 -8 8
2 (175-315) Right middle temporal gyrus 39 46 -74 15
6 (300-330) Right middle temporal gyrus 19 39 —-81 22
4 (320-500) Left middle frontal gyrus 10 -38 52 8
1 (500-750) Left middle temporal gyrus 21 —45 10 -34
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Further, the estimated current source density distributions
were compared between each pair of experimental conditions
for each TF and avatar sex separately by running a nonpara-
metric statistical mapping procedure (Nichols & Holmes,
2002) in LORETA software. In this procedure a paired sam-
ples t-test for each single voxel for each temporal factor was
run to compare the current source density distribution for
each pair of conditions. Then, 5000 randomizations with the
statistical procedure applied in each run were conducted to
determine a statistical threshold (p <0.05) corrected for mul-
tiple comparisons.

Results
Behavioral Results
Oddball Accuracy and Reaction Time

An independent-samples 7-test was conducted to compare
oddball accuracy between men and women. There was no sig-
nificant difference between men (M =99.90%, SD =0.46%)
and women (M =99.93%, SD =0.39%) in oddball accuracy,
1(46)=—-0.23, p=0.812. Also, there was no difference in the
reaction time between men (M =466.83, SD=38.51 ms) and
women (M =453.83, SD=48.67, #(46)=0.99, p=0.328).

Attractiveness Judgements and Reaction Time

Male Avatars A 2 (Participant Sex: Male and Female) X 3
(SHR: Small, Medium, and Large) mixed analysis of variance
(ANOVA) was performed for male avatars, with Participant
Sex as a between-subjects factor and SHR as a within-sub-
jects factor. The main effect for Participant Sex was signifi-
cant, F(1,46)=45.62,p<0.001, n2 =0.49; women rated the
stimuli (M =4.68, SEM =0.23) more attractive than men
(M=2.24, SEM =0.27).

Results also showed a significant main effect for SHR,
F(1.36, 62.56)=22.24, p <0.001, n>=0.32; large SHR
(M =3.79, SEM =0.22) was rated more attractive than
both medium (M =3.53, SEM =0.18, p=0.044) and small
SHRs (M =3.05, SEM=0.16, p <0.001). Also, medium
SHR was rated significantly more attractive than small SHR
(»<0.001). The Participant Sex x SHR interaction was not
significant (p =0.230).

To investigate the reaction time, a 2 (Participant Sex) X 3
(SHR: small, medium, and large) mixed ANOVA was per-
formed, with Participant Sex as a between-subjects factor and
SHR as a within-subjects factor. No significant differences
were observed for the main effects and their interaction (all
ps>0.178).
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Female Avatars A 2 (Participant Sex: Male and Female) X 3
(SHR: Small, Medium, and Large) mixed ANOVA was
performed for female avatars, with Participant Sex as a
between-subjects factor and SHR as within-subjects factor.
Results showed a significant main effect for SHR, F(1.66,
76.65)=22.24, p<0.001, 1> =0.55; large SHR (M =4.88,
SEM =0.15) was rated more attractive than both medium
(M=4.65,SEM=0.14, p=0.001) and small SHRs (M =4.14,
SEM =0.14, p<0.001). Also, medium SHR was rated sig-
nificantly more attractive than small SHR (p <0.001). Partici-
pant Sex main effect (p =0.259) and Participant Sex x SHR
interaction were not significant (p =0.247).

No significant main effects or interactions between the
aforementioned factors were observed for reaction times (all
ps>0.153).

EEG results
Male Avatars

Oddball Task Factor Scores Analysis of Variance. A 2 (Par-
ticipant Sex: Male and Female) X 3 (SHR: Small, Medium,
and Large) x 3 (Laterality: Midline, Left, and Right Hemi-
spheres) mixed ANOVA was performed, with Participant
Sex as a between-subjects factor and SHR and Laterality as
within-subjects factors.

Results showed a main effect of SHR for TF5 (negative
going part of N190), F(2, 92)=3.98, p=0.022, 1°=0.08.
Pairwise comparisons showed that large SHR (M =—0.50,
SEM =0.13) had more negative factor scores than medium
SHR M =-0.33, SEM=0.13, p=0.014; see Fig. 5 for TF5
ERPs and voltage maps).

LORETA Analysis. Using LORETA software, 7-tests were
conducted to compare neural activation between different
SHR conditions. LORETA results showed that TF4 current
source activity was significantly higher for large SHR than
medium SHR at right Postcentral gyrus (t=3.687 p=0.047).
Additionally, #-tests for TF3 showed significantly higher acti-
vation for small SHR than medium SHR at right Cuneus
(t=-3.760, p=0.033; see Fig. 6).

Attractiveness Judgment Task Factor Scores Analysis of
Variance. A 2 (Participant Sex: Male and Female) X 3 (SHR:
Small, Medium, and Large) X 3 (Laterality: Midline, Left,
and Right Hemispheres) mixed ANOVA was performed, with
Participant Sex as a between-subjects factor and SHR and
Laterality as within-subjects factors.

For TF5 (early N190), results showed a significant main
effect for SHR, F(2, 92)=4.79, p=0.010, n2 =0.09; small
SHR (M=-1.11, SEM =0.14) had higher negative fac-
tor scores than medium SHR (M =-0.82, SEM=0.15,
p=0.006; see Fig. 7 for TF5 ERPs and voltage maps).
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Fig.5 Event-related potentials ODDBALL TASK TEMPORAL FACTOR 5
and voltage maps for temporal
factor 5 of Oddball task show-
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Fig.7 Event-related potentials
and voltage maps for temporal
factor 5 of attractiveness judge-
ment task showing left, midline,
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For TF2, results showed a main effect of SHR, F(2,
92)=13.85, p=0.025, n2 =0.07. Pairwise compari-
sons showed that medium SHR M =1.37, SEM =0.13,
p=0.024) had higher factor scores than large SHR (M =1.22,
SEM =0.12; see Fig. 8 for TF2 ERPs and voltage maps).

Results showed a significant main effect of SHR for
TF6, F(2, 92)=5.34, p=0.006, n2 =0.10. Moreover, the
SHR x Laterality interaction was significant, F(3.05,
140.71)=3.11, p=0.017, n2 =0.06; on the midline
electrodes, small SHR (M =-1.29, SEM =0.17) had
higher negative factor scores than medium (M = —0.93,
SEM =0.17, p=0.003) and large SHRs (M =—-0.92,
SEM =0.15, p=0.019). Also, on the left hemisphere,
small SHR M =-1.11, SEM =0.12) had lower fac-
tor scores than medium SHR (M =-0.77, SEM=0.15,
p=0.004; see Fig. 9 for TF6 ERPs and voltage maps).

Finally, results showed a significant main effect of SHR
for TF4, F(2, 92)=6.65, p=0.002, n*=0.12; large SHR
(M =-0.89, SEM =0.12) had lower negative factor scores
than medium SHR M =-1.31, SEM=0.12, p =0.003;
see Fig. 10 for TF4 ERPs and voltage maps).

LORETA Analysis. LORETA ¢-tests results for TF2
showed that source estimated activity was significantly

@ Springer
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higher for medium SHR than large SHR at right post-
central gyrus (t=—4.48, p<0.004). In contrast, for TF6
activation was significantly higher for large than medium
SHR at right parahippocampal gyrus (t=3.84, p=0.029)
and significantly higher for larger than small SHR at right
posterior cingulate and Cuneus (r=3.74, p=0.036). Sim-
ilarly, TF1 showed significant results when comparing
large SHR with medium SHR (r=3.94, p <0.029). Cur-
rent source density estimates indicate higher activation
at right posterior cingulate for large SHR than medium
SHR (see Fig. 11).

Female Avatars

Factor Scores Analysis of Variance A 2 (Participant Sex:
Male and Female) x 3 (SHR: Small, Medium, and Large) X 3
(Laterality: Midline, Left, and Right Hemispheres) mixed
ANOVA was performed for female avatars, with Participant
Sex as a between-subjects factor and SHR and Laterality
as within-subjects factors. No significant difference was
observed, for temporal factors either in oddball or attrac-
tiveness judgement tasks.
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Fig.8 Event-related potentials
and voltage maps for temporal
factor 2 of Attractiveness Judge-
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LORETA Analysis Oddball Task. LORETA ¢-test results for
the oddball task for female avatars showed that medium
SHR was related to significantly higher activation at mid-
dle temporal gyrus than small SHR for TF6 (r=3.80,
p=0.043). Also, for TF7 activation at middle occipital
gyrus was significantly higher for medium than large SHR
(t=-4.06 p=0.008; see Fig. 12).

Attractiveness Judgement Task. Loreta t-test results for
the attractiveness judgment of female avatars showed sig-
nificant differences only for TF2. Large SHR showed sig-
nificantly lower activation than medium SHR at precentral
gyrus (1=3.92, p=0.024), but significantly higher Cuneus
activation than Small SHR (¢=3.75, p=0.041; see Fig. 13).

Discussion

In the current study we investigated neural and behavioral
correlates of perceived attractiveness of male and female
avatars’ as a function of the SHR. Behavioral results showed
that compared to men, women rated male avatars as more

200

300 400 500 600 700

Time (ms)

attractive. Moreover, all the participants rated large SHR
more attractive than medium and small SHRs, and preferred
medium SHR over small SHR independently of avatar sex.

Behavioral results regarding the preference for larger SHR
in male models are in accordance to previous behavioral
studies showing preference for more masculine and bigger
upper body for men (Braun & Bryan, 2006; Dixson et al.,
2014; Fan et al., 2005; Frederick et al., 2007; Kordsmeyer
et al., 2018; Pazhoohi et al., 2012, 2023b; Sell et al., 2017;
Tovée et al., 1999). Interestingly, there was no difference in
the preference pattern observed between female and male
avatars, meaning participants also considered higher SHRs
more attractive for female avatars. This is in contrast with
Pazhoohi et al. (2019) behavioral findings which led to our
predictions that men would prefer male avatars with higher
SHRs and female avatars with a lower SHR, whereas women
would prefer intermediate SHRs for both sexes.

One reason for the present result could be that in the current
study male and female avatars were shown in a random order
within the same single block. This might have influenced the
results in a way that participants opted for general preference to
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Fig. 9 Event-related potentials
and voltage maps for temporal
factor 6 of Attractiveness Judge-
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higher SHRs, irrespective of the sex of the avatars. Another pos-
sibility is that the preference for more masculine body forms of
the female avatars could reflect an increase pressure for women
to be physically toned (e.g., the yoga culture in social media)
and equating that with beauty. While we did not measure our
participants’ social media use and exposure, future research
might choose to test how such a variable might affect prefer-
ences for women’s SHR. Another potential reason for the unex-
pected finding that participants preferred women with higher
SHR could be due to the positioning of the arms, as increase
in shoulder size has resulted in increase of distance between
arms and the body in stimulus with high SHR compared to
low SHR, thereby might have led into the illusion that women
with higher SHR has a thinner body, hence more attractive. To
address this confound, we cropped the upper body below the
breasts and post-hoc asked a separate sample of participants
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to rate the attractiveness of the three stimuli differing in arm
positioning. No difference was found between the stimuli. It
should be noted that research on attractiveness perception of
women’s upper body size is limited to the current study and
Pazhoohi et al. (2019); therefore, future research is needed to
further investigate the role of women’s SHR on interpersonal
perception and attraction. Moreover, the study has a drawback
in that it only used three levels of SHR. To enhance the study's
ecological validity, future research should obtain a broader
range of SHR (e.g., Pazhoohi et al., 2023a).
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Fig. 10 Event-related potentials
and voltage maps for temporal
factor 4 of Attractiveness Judge-
ment task showing left, midline,
and right pools for male avatar
SHR (small, medium, and large)
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Male Avatars
Oddball Task

The electrophysiological results for the oddball task (implicit
attractiveness) showed an effect for the TFS (negative-going
part of N190) component, peaking between 150 and 185 ms
post-stimulus with the largest factor scores at parietal and
parieto-temporal electrodes. Using a LORETA brain elec-
tromagnetic tomography the source of maximal activity for
TF8 was estimated at the left lingual gyrus in Brodmann area
18 (secondary visual cortex). Results showed that for male
avatars, large SHR had higher negative factor scores than
medium SHR of male avatars. The lingual gyrus (Brodmann
area 18) or the secondary visual cortex (V2) is selectively
activated during complex shape recognition and texture per-
ception (Freeman et al., 2013; Hegdé & Van Essen, 2000),
and emerging less than 100 ms after stimulus presentation
(Hegdé & Van Essen, 2004). Brodmann area 18 alongside
Brodmann area 19 form the extrastriate visual cortex, where
EBA and FBA are also situated, and, therefore, the results of
the current study highlight the role of these body sensitive

L . L L L
300 400 500 600 700
Time (ms)

brain regions in the processing of male SHR variations early
in the analysis of visual stimuli. Furthermore, this result is in
accordance with the previous studies showing an N190 body
processing specificity (Gliga & Dehaene-Lambertz, 2005;
Pourtois et al., 2007; Thierry et al., 2006) and its modulation
by factors determining the attractiveness of body forms (e.g.
WHR in females, Del Zotto & Pegna, 2017).

LORETA Analysis The LORETA results comparing neural
activity of SHR conditions for each TF showed that TF4 had
higher neural activity for large SHR at the right postcentral
gyrus compared with medium SHR. Right postcentral gyrus
was previously shown to play a role in facial attractiveness
rating (Shen et al., 2016). Similarly, right postcentral gyrus
showed different activation in response to implicit attractive-
ness perception, as well as judgements of attractiveness of
different male SHRs (see below). Additionally, for TF3 small
SHR had higher activation at right Cuneus than medium
SHR. Cuneus is one of the brain areas that shows higher
activation to body stimuli than face stimuli (Kret et al., 2011),
and the current results from both the oddball task as well as
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Fig. 11 Sectional views and
3D cortex images showing the
estimated cortical sources of

electric activity for temporal 3D CORTEX
factors 2, 6, and 1 in the Attrac-
tiveness Judgement task for
male avatars .>
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the attractiveness judgement task (see below) highlight its
role in perception of male body attractiveness.

Attractiveness Judgment Task

The electrophysiological results for active judgements of
attractiveness showed an effect for the TF5 (early N190) com-
ponent peaking from 165 to 175 ms. The source of maximal
activity during the time-window of TF5 was estimated at
Brodmann area 19 (left middle occipital gyrus). Small SHR
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of male avatars had higher negative amplitude than medium
male SHR. Middle occipital gyrus has been shown to be
activated in response to facial attractiveness perception and
rating (Vartanian et al., 2013). Moreover, Brodmann area 19
is associated with several visual functions and along with
area 18 constitute extrastriate visual cortex, in which EBA
and FBA areas are located (Downing et al., 2001; Peelen &
Downing, 2005, 2007; Schwarzlose et al., 2005), and sug-
gests an early N190 normal activity regarding perception and
attractiveness rating of stimuli differing in SHR, supporting
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Fig. 12 Sectional views and
3D cortex images showing the
estimated cortical sources of
electric activity for temporal
factors 6 and 7 in the Oddball
task for female avatars
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Fig. 13 Sectional views and
3D cortex images showing the
estimated cortical sources of
electric activity for temporal
factor 2 in the Attractiveness
Judgement task for female
avatars
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results from the previous studies in this regard (Thierry et al.,
20006).

The results for TF2 showed higher amplitude for medium
SHR than large SHR. This component peaked between 175
and 315 ms after the onset of the stimulus presentation maxi-
mizing at parieto-occipital electrodes and showing maximal
current source activity at Brodmann area 39 (right middle
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temporal gyrus). Middle temporal gyrus is suggested to be
involved with convergence of information across different
modalities related to vision, action, haptics, and language
(Weiner & Grill-Spector, 2013). For example, it was shown
to be involved in perception of facial attractiveness though
this region is not necessarily within face processing areas
(Vartanian et al., 2013). Brodmann area 39 is identified as
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angular area (Triarhou, 2007) and the activation of middle
temporal gyrus and angular area in the processing of human
body images in the current study extends their role to the
perception and judgements of attractiveness of body figures.

Component TF6 factor loadings peaked between 300 and
330 ms and the source of its maximal activity was identi-
fied at Brodmann area 19 (right middle temporal gyrus)
using LORETA. For male avatars, small SHR had higher
negative amplitude than medium and large SHRs. Previous
research has shown a negative component with a latency
close to 300 ms (i.e. N300) is linked to image classification
(Hamm et al., 2002). Further, a higher N300 amplitude to
attractive facial stimuli than unattractive faces has been pre-
viously reported (Zhang & Deng, 2012; Zhang et al., 2011).
Interestingly, results of the present study show the opposite
relation of N300 with attractiveness, since it was more nega-
tive to small than large SHR. Given the scarce research on
the involvement of this component in facial and body form
attractiveness processing, the present results warrant fur-
ther investigation on the role of N300 during perception and
attribution of attractiveness to different body morphs and its
evaluation during active attractiveness judgement.

For the TF4 component the highest peak was observed
between 320 and 500 ms post-stimulus with the highest factor
scores at frontal electrodes. LORETA identified the source
of maximal brain activity associated with TF4 at Brodmann
area 10 (left middle frontal gyrus). For male avatars, medium
SHR had higher negative amplitude than large SHR. Previous
fMRI studies have shown activation in the left middle frontal
gyrus to attractive stimuli such as attractive body depictions
(Martin-Loeches et al., 2014; see Di Dio et al., 2007, for acti-
vation in right middle frontal gyrus associated to attractive
bodies perception). Collectively, it seems late components in
the current study, such as TF4, are associated with the judge-
ment of attractiveness, selection of the rating, and also the
consecutive response execution related to the judgement.

LORETA Analysis LORETA results showed that TF2 had higher
neural activity for medium SHR than large SHR at right post-
central gyrus. In contrast, activation for TF6 was higher for
large than medium SHR at the right parahippocampal gyrus
and higher for large than small SHR at the right posterior cin-
gulate and Cuneus. Right parahippocampal gyrus has been
shown to be activated during facial trustworthiness ratings
(Platek et al., 2009), while right posterior cingulate was shown
to be more activated to masculinized than feminized faces
(Rupp et al., 2009). Results of the current study extend the role
of right posterior cingulate in preference to more masculine
faces to masculine male body forms. Similarly, TF1 showed
large SHR had higher brain activation than medium SHR at
the right posterior cingulate. Our results extend the role of
postcentral gyrus, parahippocampal gyrus, and right posterior
cingulate to attractiveness judgements of male upper bodies.
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Female Avatars
LORETA Analysis

LORETA results for female avatars showed activations in
regions similar to those for male avatars, however the time
intervals for such activations were different for the female
avatars. Specifically, LORETA results of the oddball task
for female avatars showed higher activation for medium SHR
than small SHR at the middle temporal gyrus for TF6. Also,
for TF7 activation at the middle occipital gyrus was higher
for medium SHR than large SHR. Middle occipital gyrus has
been shown to be activated in response to facial attractiveness
perception and ratings (Vartanian et al., 2013).

In the attractiveness judgement task, LORETA results
showed lower activation of large SHR compared to medium
SHR at the precentral gyrus for TF2, while large SHR had
higher Cuneus activation than small SHR in the same tem-
poral factor. Similarly, for male avatars, LORETA results
showed higher activity for large than small SHR at the right
Cuneus, suggesting Cuneus activity related to SHR, irrespec-
tive of sex of the avatars. Precentral gyrus has been shown
to be involved in body part processing and body expression
perception (Grezes et al., 2007; Suzuki et al., 1997) and our
results extends its role to body size perception.

Conclusions

Accurate identification of bodily features plays a significant
role in human social interactions (Pazhoohi & Liddle, 2012).
Researchers have noted the evolutionary benefits of ability
to determine an individual's body size, shape, and posture
in human’s interactions, including in the contexts of men’s
intrasexual competition (Puts, 2010; Sell et al., 2009, 2012)
as well as intersexual selection (Dixson et al., 2014; Freder-
ick & Haselton, 2007; Garza & Byrd-Craven, 2021; Garza
et al., 2017; Pazhoohi et al., 2023b; Puts et al., 2012). This
research identified behavioral and neural correlates of male
and female SHR for men and women observers. Behavioral
results showed that both men and women rated larger SHR
as more attractive than smaller ones for both male and female
avatars. The EEG results of both the oddball task and the
explicit judgement of attractiveness showed that brain activ-
ity related to male SHR body stimuli differs depending on
the specific ratios, both at early and late processing stages.
However, the differences in neural activity regarding female
SHR were less conspicuous. In other words, while for male
avatars brain activity differences depending on SHR were
evident both at scalp and source level, for female avatars SHR
related differences were only observable at current source
activity level and in a more restricted time window than those
observed for male avatars. As the first study investigating
the brain activity in response to upper body size perception,
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findings of the current research signify evolutionary adap-
tive importance of men’s upper body size compared to that
of women’s at the neural level.

In sum, the results of the current study reveal that vari-
ation in SHR modulates attractiveness ratings for male and
female avatars alike. However, different patterns of brain
activity dynamics accompany such ratings. Specifically, for
male avatars, SHR variations modulate early and late activity
during visual processing. These modulations are present at
posterior brain regions related to body form perception, and
attractiveness processing, as well as some frontal regions
associated with judgement and decision making. This paper
extends the results of previous studies on facial attractiveness
to body attractiveness, namely SHR, and establish the basis
for future studies assessing the specific role of different ERP
components and brain regions in the determination of SHR in
perceptions of attractiveness of female and male body figures.
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