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A B S T R A C T   

Virtual Reality has significantly improved the understanding of body experience, through techniques such as 
Body Illusion. Body Illusion allows individuals to perceive an artificial body as their own, changing body 
perceptual and affective components. Prior research has predominantly focused on female participants, leaving 
the impact of Body Illusion on males less understood. This study seeks to fill this gap by examining the nuanced 
bodily experiences of men in comparison to women. 40 participants (20 females and 20 males) were proposed 
with visuo-tactile synchronous and asynchronous Body Illusion to explore changes in body satisfaction and body 
size estimation across three critical areas: shoulders, hips, and waist. Results revealed significant initial dis-
parities, with females displaying greater body dissatisfaction and a tendency to overestimate body size. After 
Body Illusion, females adjusted the hips perceived body size closer to that of the virtual body and reported 
increased body satisfaction independent of the condition. Conversely, males showed changes only in waist size 
estimation only after synchronous stimulation without significant shifts in body satisfaction. These results sug-
gest a higher sensitivity of women to embodied experiences, potentially due to societal influences and a greater 
inclination towards self-objectification. These insights pave the way for creating more refined and effective in-
terventions for body image issues, highlighting the importance of incorporating gender-specific considerations in 
VR-based prevention and therapeutical programs.   

1. Introduction 

Body illusions offer profound insights into understanding body 
experience and its underlying mechanisms, serving as a powerful lens 
through which the intricate relationship between physical self- 
perception and identity can be explored (Vankerckhoven et al., 2023). 

In the last years, technological advances allowed the development of 
advanced paradigms for proposing bodily illusions that can cleverly 
modify core components of Bodily Self- Consciousness, namely the sense 
of owning a body (ownership), the sense of being in a body and occu-
pying a specific physical space (self-location), and the sense of having 
control over the body (agency; de Vignemont, 2020). Specifically, 
technology allowed the transition from the classic rubber hand to 
making subjects experience a fake rubber hand as their own (Rubber 
Hand Illusion (Botvinick & Cohen, 1998)), to the use of whole manne-
quins that make people perceive a completely artificial body as their 
own (Full Body Illusion (Ehrsson, 2022; Preston et al., 2015)). 
Furthermore, the availability of low-cost technology has enabled more 

sophisticated techniques to emerge. In particular, the use of Virtual 
Reality (VR) has made it possible to create convincing, high-fidelity 
graphics for the proposal of Full-Body Illusions in which individuals 
identify with entire virtual bodies (Blanke & Metzinger, 2009; Preston 
et al., 2015; Scarpina et al., 2019). Immersive VR (IVR) experiences have 
outperformed traditional, non-digital techniques in terms of their 
effectiveness in promoting the identification of artificial bodies (or body 
parts). This progress opened new avenues for understanding the com-
plex relationship between human cognition and the perception of one's 
physical self. In this regard, researchers have developed paradigms 
where the artificial body presented in IVR can be drastically different 
from the user's actual body, a process referred to as Full Body Illusion 
(FBI) (Petkova & Ehrsson, 2008; Serino et al., 2019). During FBI, in-
dividuals can experience having a different body - such as one that is 
thinner, taller, larger, or smaller than their actual body (Petkova & 
Ehrsson, 2008; Serino et al., 2019; Serino, Pedroli, et al., 2016). This 
possibility provided profound insights into the malleability of body 
representation. 
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1.1. The multisensory integration process (MSI) 

The core principle underpinning body illusions is the reliance on the 
body's Multisensory Integration Process (MSI). Indeed, body represen-
tation is developed and updated through an MSI process where con-
current spatial and temporal information coming from different sensory 
modalities are unified into a coherent and unique percept (Brizzi, San-
soni, Di Lernia, et al., 2023; Brizzi, Sansoni, & Riva, 2023). Body illu-
sions fully exploit MSI: the phenomenon of embodiment - namely the 
identification with an artificial body experienced through body illusions 
- is promoted by synchronous multisensory stimulation where sensory 
information from the artificial and real bodies are spatially and 
temporally congruent (Blanke & Metzinger, 2009; Costantini & 
Haggard, 2007; Petkova & Ehrsson, 2008). 

Typically, embodiment induction requires that the virtual body is 
presented from a first-person perspective so that the visible virtual body 
and the hidden physical body are aligned (i.e., they have the same self- 
location), and they are congruently stimulated in the same body region 
at the same time (i.e., synchronous visuo-tactile stimulation) or syn-
chronized in terms of movements (i.e., visuo-motor synchronization; 
Blanke & Metzinger, 2009; Spanlang et al., 2014). 

The illusion strength is instead usually reduced when the stimulation 
is applied without temporal and spatial synchronization between what 
the individual sees (i.e., the virtual body being touched on the abdom-
inal area) and feels (i.e., the real body not being touched, being touched 
in another body area, or with perceivable delay; Blanke & Metzinger, 
2009; Keenaghan et al., 2020; Spanlang et al., 2014). Despite synchro-
nous and asynchronous stimulation remaining widely used as experi-
mental and control conditions respectively (e.g., Di Lernia et al., 2023), 
recent studies observed that proved that a certain level of visual- 
temporal mismatch does not affect the illusion (Burin et al., 2018) or 
even a complete mismatch between visuomotor feedback (Burin et al., 
2020). 

1.2. Virtual reality body-focused interventions 

Groundbreaking studies revealed that IVR-based Full Body Illusion 
(IVR-FBI) significantly altered body perception, leading to perceptual 
and affective alterations (Keizer, Van Elburg, et al., 2016; Scarpina et al., 
2019; Serino et al., 2019). In this context, we refer to BS as a subtype of 
full-body illusion where there is no correspondence between the user's 
body and the artificial one (Petkova and Ehrsson, 2008). For example, 
the embodiment of a thinner virtual body was found to increase body 
satisfaction in females (Porras Garcia et al., 2019; Preston & Ehrsson, 
2018), whereas the embodiment of an obese body was found to trigger 
body dissatisfaction and anxiety (Porras Garcia et al., 2019; Preston & 
Ehrsson, 2014a, 2018). Similarly, it was observed that body size esti-
mation changed significantly towards the virtual body after the FBI in 
samples of female participants (Keizer, van Elburg, et al., 2016; Serino 
et al., 2019). Moreover, the study by Preston and colleagues (2018) 
showed that owning an obese body decreased body satisfaction, and 
owning a slimmer body increased body satisfaction in females. 

These findings led to the proposal of using this procedure for 
manipulating and correcting the body experience of patients affected by 
disorders characterized by altered relationships between the self and the 
body. In particular, FBI has been used to alter body experience in pa-
tients with Eating and Weight disorders such as Anorexia Nervosa and 
Obesity (Serino, Scarpina, et al., 2016). For example, in women suffering 
from Anorexia Nervosa, exposure to a normal-weight body has been 
shown to reduce the overestimation of body size typically reported by 
those suffering from the disorder, thereby contributing positively to the 
healing and recovery process (Keizer, Van Elburg, et al., 2016; Serino 
et al., 2019; Serino, Scarpina, et al., 2016). Similarly, female patients 
affected by obesity and healthy controls reported significant changes in 
the estimation of their abdomen circumference after embodying a slim 
body according to the artificial body measures (Keizer, van Elburg, et al., 

2016; Serino et al., 2019). 
Overall, IVR-BS emerged as a valuable tool for addressing altered 

body experience in two core components: the ability to accurately assess 
one's body size and spatial awareness (the perceptual component), and 
the emotions and sensations associated with one's body (the emotional 
component; (T. F. Cash, 2000; de Vignemont, 2010; Longo et al., 2009)). 

1.3. Gender differences and virtual reality body-focused interventions 

Nevertheless, significant questions remain to be answered before 
fully integrating IVR-based body-focused procedures in clinical practice, 
particularly regarding how different genders might respond to these 
experiences. A substantial proportion of previous research indeed pre-
dominantly focused on female subjects and patients grappling with 
eating and body image disorders. Notably, this applies not only to 
conditions with a higher prevalence in women such as Anorexia Nerv-
osa, but also to pathologies with a higher prevalence in men, such as 
obesity (Muscogiuri et al., 2023). For instance, studies using IVR-BS to 
treat obesity primarily focused on females (Serino, Pedroli, et al., 2016; 
Serino, Scarpina, et al., 2016; Scarpina et al., 2019), so it is not clear 
whether this body-focused intervention might be beneficial also for 
males. 

This understanding is crucial to tailor effective treatments and 
maximize the therapeutic potential of IVR in the area of body repre-
sentation and experience. This becomes even more critical in light of the 
growing body of research that suggests that body-self issues are not 
exclusively female concerns: men tend to experience a critical rela-
tionship with their bodies too, which can lead to distress and problems 
in various areas of life, from social to psychological (Eisenberg et al., 
2006; Neumark-Sztainer et al., 2006). 

Hence, understanding the transformative potential of FBI to alter 
body-self relationships requires a nuanced appreciation of gender- 
specific similarities and differences (Eisenberg et al., 2006; Talbot & 
Mahlberg, 2023). This is also in light of data demonstrating that body 
size misestimation and dissatisfaction are widespread across the popu-
lation, highlighting a widespread propensity, even among non-clinical 
populations, to overestimate one's body width and to be dissatisfied 
with one own body (Eisenberg et al., 2006; Talbot & Mahlberg, 2023). 
This misperception and affective state are not merely a benign cognitive 
bias: they have profound implications, entwined with various facets of 
an individual's psychological well-being, and even the onset and main-
tenance of disordered eating behaviors. 

In other words, it is not enough to recognize that such illusions can 
alter body perceptions: it is essential to understand the magnitude and 
direction of these changes, and how they may affect men and women 
differently. The development of therapeutic and preventive in-
terventions aimed at improving body image and promoting mental 
health might benefit greatly from this understanding, as interventions 
can then be tailored to be universally effective and flexible enough to be 
adapted to specific demographic groups or individuals. Then, this study 
investigated how body size perception and body satisfaction changed 
after IVR-BS in males and females. To this end, we developed a gender- 
specific version of the currently used Virtual Reality Full Body Illusion 
and investigated how this procedure affected body self-experience from 
affective (i.e., body satisfaction) and perceptual (i.e., body size estima-
tion) levels. 

2. Methods 

2.1. Participants 

A total of 43 participants participated in the experiment (21 males 
and 22 females), according to the sample size calculation (G*Power) for 
repeated measures ANOVA with within-between interactions (alpha =
0.05, beta = 0.8, effect size f = 0.25, number of groups = 2, number of 
measures = 3, correlation among measures = 0.5) and based on previous 
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research (Preston & Ehrsson, 2018; Serino et al., 2019). We included 
only healthy participants with no current diagnosis of psychopatholog-
ical and/or neurological conditions based on self-reported information. 

Participants completed the General Health Questionnaires before 
starting the study to assess their psychological well-being. Three par-
ticipants (two females and one male) were removed from subsequent 
analysis because of scoring GHQ higher than 14, indexing possible 
psychological distress. Then, the final sample consisted of 20 males and 
20 females. Table 1 reports the final sample descriptives. 

2.2. Procedure 

Participants were first asked to sign the informed consent form and 
were then introduced to the experimental procedure and technology. 
They were asked to complete initial questionnaires (i.e., socio- 
demographic information, Body Image State Scale, and General Health 
Questionnaire) and to estimate the circumference of three different body 
parts in a randomized order (i.e., hips, waist, and shoulders, according to 
the Body Size Estimation task procedure; BES). They were then pre-
sented with IVR experience - i.e., FBI. Participants wore the headset and 
were asked to look around the virtual room. They saw a body and were 
instructed to align themselves with the virtual body (the instruction was 
as follows: “Can you see a virtual body in the room? Perfect, now align 
yourself with the virtual body as if you were about to enter the body”; 
Serino, Pedroli, et al., 2016; Serino, Scarpina, et al., 2016; Di Lernia 
et al., 2023). Once the gender-matched virtual and physical body loca-
tions coincided, participants were instructed to look down and focus on 
their abdominal area (the instruction was as follows: “Now, you have 
just to look at your belly”). To promote embodiment over the virtual 
body, the experimenter stimulated the abdominal area of the avatar and 
the participants' real body with the controller, while the same stimula-
tion was applied to the avatar. After 120 s of visual-tactile stimulation 
(based on Preston & Ehrsson, 2014b), they were asked to complete the 
Embodiment Questionnaire to assess embodiment strength and had to 
estimate a second time to estimate the circumferences of three body 
regions (Body Size Estimation task) and rate their body satisfaction 
(Body Image State Scale). The procedure was administered twice to all 
participants in counterbalanced order, providing both synchronous and 
asynchronous visuo-tactile stimulation to avoid possible order effects. 
Consequently, the study used a mixed design with two factors: the 
participants' gender (male or female) and the different assessment times 
(body satisfactionand body size estimation at the baseline, after the 
asynchronous, andsynchronous virtual experience). 

2.2.1. General health questionnaire 
The General Health Questionnaire 12 (GHQ-12; (Politi et al., 1994)) 

is a non-clinical instrument designed to gauge an individual's overall 
psychological well-being. It serves as a preliminary screening tool, not 
for diagnosis but to assess general mental health. The questionnaire 
consists of 12 items that ask questions about the respondent's recent 
experiences and feelings. This self-administered questionnaire com-
prises 12 items, which inquire about a person's recent feelings and ex-
periences. Respondents indicate their agreement with each item using a 

Likert scale that ranges from 0 (more than usual) to 3 (much less than 
usual). A score of 19 or above is considered a potential indicator of 
psychological distress. The GHQ-12 addresses various aspects of well- 
being, such as enjoyment of daily activities, problem-solving capacity, 
feelings of unhappiness and depression, loss of self-confidence, and 
general happiness. The Italian adaptation of the GHQ-12 was developed 
at the University of Verona using a back-translation method and has 
repeatedly been validated and confirmed as a reliable tool (Piccinelli 
et al., 1993). GHQ-12 was used as a screening for psychological distress 
so that only participants with a total score higher than 14 (indexing the 
absence of distress) were then included in the analysis. 

2.2.2. Full body illusion in virtual reality 
Participants initiate the virtual experience by donning a head- 

mounted display, specifically the Oculus Quest 2. Within the virtual 
environment, they view an avatar and are instructed to align their 
physical body with the virtual gender-matched one to ensure the real 
and virtual bodies are spatially congruent. Following this, the experi-
menter uses a controller to touch the avatar's abdomen—simultaneously 
replicating this touch on the participant's actual body. This dual stim-
ulation lasts for 120 s (Preston & Ehrsson, 2014b). There are two 
methods used in this visuo-tactile stimulation to ensure the illusion 
happens and provide a control condition: synchronous, where the 
stimulation of the real and virtual bodies is temporally and spatially 
aligned, and asynchronous, where there is no such alignment and a 
delay of approximately 10 s separates the visual and tactile input (based 
on Serino, Pedroli, et al., 2016; Serino, Scarpina, et al., 2016; Di Lernia 
et al., 2023). The sequence in which the participants receive synchro-
nous and asynchronous stimulation is counterbalanced to eliminate any 
potential bias from the order of presentation. The virtual avatars were 
designed based on prior studies, using Makehuman software to represent 
a normal-weight body (waist-to-height ratio equal to 0.4606; (Di Lernia 
et al., 2023; Keizer, Van Elburg, et al., 2016; Serino, Pedroli, et al., 
2016)). Fig. 1 shows the body parameters (see Keizer et al., 2016a, b; 
Serino, Pedroli, et al., 2016; Serino, Scarpina, et al., 2016; Serino et al., 
2019; Di Lernia et al., 2023). 

2.2.3. Embodiment questionnaire (EQ) 
An adapted version of the Embodiment Questionnaire developed by 

Piryankova and colleagues (2004) was administered at the end of the 
two virtual experiences (synchronous vs. asynchronous visual-tactile 
stimulation) to assess the effectiveness of this procedure in inducing 
an illusory sense of virtual body ownership (Di Lernia et al., 2023; 
Serino, Pedroli, et al., 2016). The EQ consists of 15 self-reported items 
on a 7-point Likert scale assessing the perception of the illusion in terms 
of ownership (e.g., “I felt like the virtual body was my body”), self- 
localization (e.g., “I felt like I was inside the virtual body”) and 
agency (e.g., “I felt like I had power over the virtual body”). This version 
of the questionnaire has been used in previous research in Italian sam-
ples (Di Lernia et al., 2023; Serino, Pedroli, et al., 2016). Following the 
methodology of previous research (e.g., Di Lernia et al., 2023), we 
proposed the paper-based questionnaire immediately after the IVR 
experience. 

Table 1 
Sample descriptives. The table displays a detailed breakdown of average age, waist, hips and shoulders circumferences mean values, Body Mass Index (BMI), and 
General Health Questionnaire (GHQ) scores, segmented by gender, including both mean values and standard deviations.  

Sample Descriptives  

Gender BMI Age Real_w Real_h Real_s GHQ 

Mean (sd) Female 20.9 (1.76) 25.3 (3.03) 80.4 (11.60) 93.8 (8.01) 99.9 (6.40) 12.8 (2.21)  
Male 23.1 (1.99) 26.6 (3.76) 101 (5.25) 106 (4.88) 118 (8.30) 11.7 (2.35) 

Minimum Female 18.4 20 63.2 76.9 90 7  
Male 19.4 20 86.8 94.2 103 7 

Maximum Female 24.4 32 102 109 110 14  
Male 27.4 33 110 113 132 14  
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2.2.4. Body size estimation (BES) task 
The Body Size Estimation task was developed to investigate the 

perceptual component of how individuals perceive their body size. The 
task requires estimating the circumference and/or width of different 
body parts (e.g., hips, waist, and shoulders) using a string. Based on 
previous research (Serino, Pedroli, et al., 2016; Serino, Scarpina, et al., 
2016; Di Lernia et al., 2023), participants had to estimate the circum-
ference of the above-mentioned body parts by placing a piece of rope in 
a circle/oval on the floor. Subsequently, the estimate of each body area 
is compared with the subject's actual measurement to obtain a measure 
of accuracy (i.e., the ratio between the estimation and the actual mea-
sure; (Farrell et al., 2005)). Each body part was estimated separately and 
in counterbalanced order. This can be considered an implicit task for 
body representation assessment as it requires participants to recall in 
memory their body dimensions and reproduce them with a string (Ser-
ino, Pedroli, et al., 2016; Serino, Scarpina, et al., 2016, 2019). 

2.2.5. Body image state scale (BISS) 
The Body Image State Scale is a self-reported questionnaire to assess 

state body image (Bardi et al., 2021; T. Cash et al., 2002). It comprises 6 
items and answers are rated on a 9-point Likert-type scale. Each item 
starts with the sentence “At this moment, I feel” [e.g. “At this moment, I 
feel (extremely dissatisfied to extremely satisfied) with my physical 
appearance”]. The score is an average of each element. Higher scores 
indicate higher body satisfaction. 

3. Analysis and results 

Analyses were run in Jamovi. For the Body State Satisfaction Ques-
tionnaire, we derived an aggregate score (BISS_Tot) by averaging the 
responses across items for each experimental condition. Similarly, we 
assessed accuracy in the Body Size Estimation task by computing the 
ratio of participants' estimations to the actual measurements of each 
body part (Accuracy), again considering each condition separately 
(based on (Serino, Pedroli, et al., 2016)). Outliers were defined as values 
lying >2.5 standard deviations from the mean in either direction. No 
outliers were detected. We looked at skewness and kurtosis (threshold 
+/− 2.5) to evaluate the distribution of BISS and Accuracy scores; re-
sults indicated no deviations from normality. Regarding the Embodi-
ment Questionnaire, we computed mean scores for each subscale, 
applying a similar protocol for outlier detection and exclusion—values 
were discarded if they were more than two standard deviations away 
from the mean, in either direction. Then, a set of analyses was planned 
specifically aimed at answering our research questions: 1) investigating 
gender differences at the baseline on body estimation accuracy and body 
dissatisfaction, and 2) see if and how males and females change their 
body satisfaction and perceptual accuracy level after the FBI experience. 

3.1. Embodiment questionnaire 

First, we wanted to evaluate differences in embodiment strength 
across conditions. We performed a non-parametric paired t-test (Wil-
coxon test) to compare embodiment strength after synchronous and 
asynchronous stimulation, observing significant differences across all 

Fig. 1. Avatar parameters. Height = 160.54, age = 25, front chest distance = 26.58, bust circumference = 82.99, underbust circumference = 66.57, waist 
circumference = 73.95, nape to waist = 38.34, waist to hip = 19.01, shoulder distance = 14.14. The same measures were used for the male body (Keizer et al., 
2016a, b). 
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EQ subscales. Notably, values after the synchronous stimulation were 
overall higher than after the asynchronous one. Table 2 shows the mean 
and standard deviation of each EQ subscale and t-test results. and 
comparisons (Serino, Pedroli, et al., 2016). 

3.2. Body satisfaction (BISS) at the baseline 

An independent sample t-test was used to examine differences in 
body satisfaction between genders at the baseline, before the body 
illusion. The analysis revealed a significant difference between genders(t 
(26.4) = − 6.51, p < 0.001; Cohen's d = − 2.06). Specifically, the female 
BISS mean value was lower for females than males (the mean for females 
was equal to 3.92 (0.53), whereas the mean for males was equal to 4.80 
(0.23)). Then, result suggested that young women tended to be more 
dissatisfied with their bodies as compared to men. 

3.3. Body satisfaction (BISS) changes after full body illusion 

A repeated measures ANOVA was performed to examine the impact 
of body illusion on body satisfaction in male and female participants. We 
considered Condition (baseline, synchronous, asynchronous) as within 
factor, Gender (male, female) as between factor, and Body Satisfaction 
(BISS score) as the independent variable. Greenhouse-Geisser correction 
was applied when the assumption of sphericity was violated. Subse-
quently, post hoc analyses with Bonferroni correction were conducted to 
investigate within gender variations. 

We observed a significant main effect of Condition (F(2, 76) = 17.5, 
p < 0.001, η2 = 0.045) and Gender (F(1, 38) = 33.6, p < 0.01, η2 = 0.38), 
as well as a significant interaction effect Gender*Condition (F(2,76) =
11.4, p < 0.01, η2 = 0.02; Fig. 2). Post-hoc comparisons revealed that 
females changed their satisfaction level both after synchronous and 
synchronous stimulation as compared to baseline, whereas no differ-
ences were observed for males did not. Table 4 reports post-hoc results. 

3.4. Body size estimation (BES) at the baseline 

An independent sample t-test was performed to investigate gender 
differences in the Body Size Estimation task at baseline for each body 
area. The analysis revealed that there were no significant differences 
between males and females in the estimation of waist and shoulder 
circumferences whereas differences emerged when considering hips 
estimation. Table 3 presents analysis results. Then, even though both 
males and females tended to overestimate their body dimensions (values 
>0), females tended to overestimate their hips more than males. 

3.5. Body size estimation (BES) after full body illusion 

A repeated measures ANOVA was performed to examine the impact 
of body illusion on body satisfaction in male and female participants 
separately. We considered condition (baseline, synchronous, asynchro-
nous) and body areas (shoulders, hips, waist) as within factors, gender 
(male, female) as between factor, and accuracy in body estimation (BES 
task performance) as the independent variable. The greenhouse-Geisser 
correction was applied when the assumption of sphericity was violated. 
Subsequently, post hoc analyses with Bonferroni correction were con-
ducted to investigate within gender variations. 

Results revealed a main significant effect of Condition (F(2, 76) =
18.006, p < 0.001, η2 = 0.015), Body Area (F(2, 76) = 12.923, p <
0.001, η2 = 0.090) and Gender, (F(1,38) = 7.76, p = 0.008, η2 = 0.089) 
as well as a significant interaction effect Condition*Gender*Body Area 
(F(4,152) = 3.858, p = 0.005, η2 = 0.006). Fig. 3 shows three way 
interaction results. 

Post hoc analysis within each gender revealed a significant change in 
hip estimation in female participants after both synchronous and asyn-
chronous conditions as compared to the baseline. Specifically, the 
comparison between the baseline and synchronous conditions revealed 
a significant mean difference of 0.082 (SE = 0.017, t(228) = 4.857, p <
0.01), and the comparison between baseline and asynchronous condi-
tion comparison showed a significant mean difference of 0.079 (SE =
0.017, t(228) = 4.651, p < 0.01). A significant change was instead 
observed for males in waist estimation only after synchronous stimula-
tion as compared to baseline (difference = 0.068, SE = 0.017, t(228) =

Table 2 
Wilcoxon test comparing illusion strength after synchronous and asynchronous stimulation. The table reports the de-
scriptives for each subscale of the Embodiment Questionnaire (EQ) and Paired-Sample T-Test results. Sync = syn-
chronous stimulation; Async = asynchronous stimulation; Loc = location; Own = ownership; Ag = agency.  

EQ Descriptives     

N Mean SE 
Sync_Own 40 3.48 (0.487) 0.0769 
Async_Own 40 1.69 (0.477) 0.0754 
Sync_Loc 40 3.88 (0.836) 0.1322 
Async_Loc 40 1.70 (0.544) 0.086 
Sync_Ag 40 2.42 (0.626) 0.099 
Async_Ag 40 1.11 (0.265) 0.0419    

95 % Intervallo di Fiducia     

W p Mean difference SE Inferior Superior Effect size 

Sync_Own – Async_Own 820 <0.001 1.78 0.0786 1.61 1.94 1.00 
Sync_Loc – Async_Loc 820 <0.001 2.13 0.1164 1.88 2.38 1.00 
Sync_Ag – Async_Ag 666 <0.001 1.5 0.1069 1.25 1.75 1.00  

Fig. 2. BISS changes in females and males across conditions. 1 = females, 2 
= males. 
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4.033, p = 0.011). 

4. Discussion 

This study investigates how FBI into a different normal-weight body 
alters body representation from perceptual and emotional viewpoints in 
a sample of healthy male and female participants. Unlike previous 
studies, the current research emphasizes similarities and differences in 
body experience across genders, specifically concerning body size esti-
mation and body satisfaction. 

4.1. Gender differences at the baseline 

4.1.1. Body satisfaction 
The first result of this study showed that females tended to be more 

dissatisfied with their bodies as compared to males. This is in line with a 
wide body of literature (Pingitore et al., 1997; Quittkat et al., 2019), 
indicating that women generally report heightened levels of body 
dissatisfaction and experience greater pressure to conform to certain 
aesthetic standards as compared to men, especially within Western 
cultures (Santhira Shagar et al., 2021). Then, even though males are 
growingly exposed to messages promoting idealized body types, the 
effects of such messages seem to be not as deeply rooted or impactful as 
they are for females. 

This may partially relate to differences in self-serving approaches. 

Table 3 
Results of independent sample t-test for BES performance at the baseline. The table details the comparative analysis of gender-based differences in body 
dimension accuracy across different body areas.   

Group N Mean SE 

Accuracy_shoulders Female  20 1.18 (0.130)  0.029  
Male  20 1.12 (0.139)  0.031 

Accuracy_waist Female  20 1.30 (0.182)  0.04  
Male  20 1.21 (0.124)  0.027 

Accuracy_hips Female  20 1.24 (0.134)  0.029  
Male  20 1.08 (0.092)  0.02   

Independent Samples T-Test         

Statistic df p  Effect Size 

Accuracy_shoulders Student's t  1.23  38  0.227 Cohen's d  0.389 
Accuracy_waist Student's t  1.81  38  0.079 Cohen's d  0.571 
Accuracy_hips Student's t  4.31  38  <0.001 Cohen's d  1.363  

Table 4 
BISS changes within genders. The table presents post-hoc comparison within gender to investigate changes in BISS scores across conditions. Base = baseline; Sync =
synchronous stimulation; Async = asynchronous stimulation.  

Condition Gender  Condition Mean Difference SE df t pbonferroni 

Base Female – Sync − 0.316 0.062 76 − 5.095 <0.001   
– Async − 0.457 0.062 76 − 7.363 <0.001  

Male – Sync − 0.058 0.062 76 − 0.939 1   
– Async − 0.041 0.062 76 − 0.669 1   
–       

Sync Female – Asyncs − 0.14 0.062 76 − 2.268 0.393  
Male – Async 0.016 0.062 76 0.27 1  

Fig. 3. BES changes across different body areas and conditions. The plot shows how females (1) and males (2) changed their body size estimation across conditions 
divided for different body areas. 

G. Brizzi et al.                                                                                                                                                                                                                                   



Acta Psychologica 249 (2024) 104386

7

Specifically, previous research suggested that men tend to adopt self- 
enhancement and self-protection strategies which could bolster their 
self-esteem, finding alternative sources of self-worth outside the body 
domain (e.g., achievements, personal strengths, non-appearance-related 
qualities (Brennan et al., 2010; Burlew & Shurts, 2013; Grossbard et al., 
2009; Voges et al., 2019). On the other hand, Brennan et al. (2010) 
observed that men tend to be quieter about their body negativity as 
compared to females, even though they still struggle with their bodies. 
In this regard, future research could employ implicit measures of body 
satisfaction, which may circumvent explicit measures biases (e.g., social 
and response biases). For instance, body satisfaction implicit measures 
might include Relational Responding Task (Glashouwer et al., 2018), 
and Implicit Association Tests (Preston & Ehrsson, 2018; Velkoff & 
Smith, 2020). 

Nonetheless, socio-cultural determinants might contribute to gender 
differences in body satisfaction. Indeed, the cultural role of female and 
male bodies was not the same. Traditionally, the female body was 
depicted as a symbol of beauty and desire – i.e., it was objectified – 
leading females to self-objectify themselves (Calogero et al., 2010; 
Fredrickson & Roberts, 2016; Rollero & De Piccoli, 2017). Specifically, 
girls' bodies have been seen as objects whose main goal is to appeal to 
the observer and be in line with societal ideals. Notably, high degrees of 
self-objectification have a profound effect on how one experiences one's 
own body, adversely affecting both body-self relationship as well as 
psychological well-being more broadly (Calogero et al., 2005, 2010; 
Fredrickson & Roberts, 2016; Riva et al., 2015; Rollero & De Piccoli, 
2017; Winn & Cornelius, 2020). Conversely, the male body has histor-
ically been under-examined, with the masculine form typically linked to 
attributes of power, proficiency, and achievement (Lefkowich et al., 
2017). This might lessen the Self-Objectification process and downplay 
the importance of physical appearance in males, shifting the focus to-
wards other parameters such as performance, and social standing (Lef-
kowich et al., 2017). 

On the other hand, recent studies highlighted the escalating male 
pursuit of muscular physiques (Eik-Nes et al., 2018a). That is, males in 
recent years seem to desire to be more muscular and/or perceive to be 
not enough muscular (Blashill et al., 2020). However, research revealed 
that excessive preoccupation with a perceived one's appearance is a 
broader concept as compared to the drive for muscularity (see Blashill 
et al., 2020). Consequently, while global and general measures of body 
satisfaction may be effective for evaluating females, they may not be as 
suitable for exploring male body-self relationships. The idea that body 
satisfaction might assume different facets depending on gender, is sup-
ported by previous studies revealing that only girls associated body 
dissatisfaction with the concept of self-esteem (Furnham et al., 2002). 

This would imply using different tools to assess the level of body 
satisfaction based on the specific sample of interest (e.g., the Drive for 
Muscularity Attitudes Questionnaire for a male sample; Morrison and 
Harriman, 2005). Recent studies have attempted to construct tools 
capable of accounting for both thinness and muscularity, proposing 
assessment tools that displayed a series of 3D bodies modified along 
these two parameters (Arkenau et al., 2020; Steinfeld et al., 2020). 
Participants were asked to respond by marking the body that best re-
flected their real body and their ideal body, where the discrepancy 
provided an index of body satisfaction in line with the classic procedure 
of Figure Rating Scales (Arkenau et al., 2020; Steinfeld et al., 2020). On 
one hand, this approach allows standardized measures for both males 
and females, whereas on the other these are non-immersive 3D tools 
(Arkenau et al., 2020; Steinfeld et al., 2020) that are not able to 
discriminate the influence of the two specific factors, so that separate 
and specific scales might be developed. This implies that body satis-
faction is a complex construct that necessitates the use of gender-specific 
assessment instruments and methodologies. 

Currently, we are facing a notable shift in societal norms and atti-
tudes, with the male body increasingly subject to objectification pro-
cesses as well (Bocarsly et al., 2023). This suggests that although 

objectification may have been internalized by males to a certain extent, 
its full impact remains to be thoroughly examined in the current socio- 
cultural corner. Given the crucial role of objectification in the devel-
opment of an altered body-self relationship, future longitudinal studies 
might involve young boys to track and understand the potential long- 
term effects of this trend, twinning that which has been historically 
observed for females. 

4.1.2. Body size estimation 
A second important finding from this study refers to the body esti-

mation abilities, namely in the accuracy with which people estimate 
their body dimensions. In line with previous research, we observed that 
both males and females misestimate their body dimensions, with an 
overestimation tendency (Martynov et al., 2020). However, what is 
innovative about the present study is related to gender differences across 
different body areas. 

We found that females tended to overestimate the hips size more 
than males. Again, this may be related to socio-cultural standards of 
beauty that emphasize hip size and shape as critical elements of the 
female form. These standards glorify body types that are typically 
slender and curvaceous at the hips, a beauty ideal not typically applied 
to men (Singh & Young, 1995). Building on this concept, the process of 
self-objectification could result in a cognitive bias wherein women view 
their bodies through the prism of societal expectations. Moreover, hips 
are a focal point of femininity and attractiveness, and this can lead to a 
heightened awareness and critical assessment of their own body in 
comparison to these ideals (Singh & Young, 1995). For males, instead, 
we observed that they tended to overestimate the waist circumference 
significantly more than females. Parallelly to what emerged for females, 
this is in line with the societal ideal body for men, which demands a 
developed musculature (particularly the upper body) and leanness to 
produce a “v” shaped torso (Gruszka et al., 2022). 

Then, while both genders may overestimate their body dimensions, 
what makes our findings particularly intriguing is the observed gender 
differences concerning body areas that are socially and culturally 
regarded as symbols of femininity and masculinity. Assuming the 
absence of perceptual deficits, results seem to suggest that socio-cultural 
factors and emotional aspects drive the observed overestimation. A more 
in-depth analysis would benefit from investigating the precise rela-
tionship between the perceived size of specific body areas, the level of 
satisfaction with these regions (using tools like the Body Area Satisfac-
tion Scale), and the degree of Objectification to specifically verify this 
hypothesis. 

Notably, some research observed that women were more likely to 
misperceive themselves as overweight, while men were more likely to 
perceive themselves as underweight (Weng et al., 2023; Griffiths et al., 
2015). The authors discussed their findings referring to possible inter-
vening variables such as BMI, age, media exposure, and social com-
parison. Whereas in our study BMI and age were not significantly 
different between groups, a future analysis might consider whether so-
cial media use might influence body size estimation abilities. It might be 
that girls tend to use social media to be exposed to images of girls with a 
body that conforms to the beauty standards of thinness, while boys use 
social media to look at a different kind of content, hence this might have 
an effect on their body perception. 

4.2. Body representation after full body illusion 

4.2.1. Body size estimation task 
Concerning the change in body representation after the FBI, data 

revealed that females changed their hips estimations after both syn-
chronous and asynchronous stimulation as compared to the baseline. 

Our findings align with prior studies indicating that experiencing 
embodiment through a simulated body can influence perceptions of 
object size, including one's own body. This result can be explained by 
referring to the predictive coding framework of brain functioning and 
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Virtual Reality technology functioning (Millidge et al., 2021; Talsma, 
2015). Specifically, when participants engage with a virtual body that 
doesn't match their anticipated body expectation (priors), there is a 
conflict between the incoming sensory information and the brain's 
prediction (prediction error); to reconcile this, the brain adjusts its 
representation of the body to align with the new multisensory inputs 
(Pedroli, et al., 2016; Riva, 2018; Serino, Pedroli, et al., 2016; Serino, 
Scarpina, et al., 2016). As a result, individuals might tend to over-
estimate their body dimensions because they build their representation 
on inaccurate expectations and priors (Brizzi, Sansoni, Di Lernia, et al., 
2023). However, when they swap into a different body through multi-
sensory immersive technology, like Virtual Reality, the prediction error 
prompts the brain to update the body representation (Brizzi, Sansoni, Di 
Lernia, et al., 2023; Brizzi, Sansoni, & Riva, 2023; Serino et al., 2019). 
On these bases, Virtual Reality seems to be able to modify the body 
memory, at least temporarily. 

This idea that embodiment over an artificial body significantly af-
fects body perception was found in previous research involving healthy 
participants and patients affected by body image disturbances such as 
Eating and Weight Disorders (i.e., Anorexia Nervosa and obesity; Keizer, 
Van Elburg, et al., 2016; Scarpina et al., 2019; Serino, Scarpina, et al., 
2016). Following these results, research has recently focused on the 
development of procedures exploiting Virtual Reality body illusions to 
correct dysfunctional body-self relationships and facilitate the recovery 
journey. For instance, FBI has been effectively employed to assess and 
treat body image distortions in females with Anorexia Nervosa (Ferrer 
et al., 2020; Porras Garcia et al., 2019; Porras-Garcia, Serrano-Troncoso, 
et al., 2020) and obesity (Scarpina et al., 2019). 

These results underscore the potential of Virtual Reality as a trans-
formative tool. This is because of specific features of this technology: it is 
immersive, cognitive, and simulative, namely that it can mirror the 
brain's predictive functions and then has the potential to impact the 
bodily information processing pathways (Riva et al., 2017, 2019). These 
are the reasons why IVR has been proposed to be the core of a new trans- 
disciplinary research field - embodied medicine - whose main goal is the 
use of multisensory and immersive technologies to alter the body 
experience by replacing multisensory bodily contents with synthetic 
ones (Riva et al., 2017, 2019). 

Notably, the efficacy of this approach seems to be higher when there 
is crossmodal congruency between the real and the virtual world. This is 
because multisensory integration of spatially and temporally congruent 
crossmodal signals is at the basis of how our experiences, including the 
body. This explains why changes in body estimation were primarily 
observed after synchronous stimulation (Blanke, 2012; Brizzi, Sansoni, 
Di Lernia, et al., 2023; Ehrsson, 2012; Rossi Sebastiano et al., 2022). 

However, the literature provides mixed findings concerning the 
exact mechanisms behind the effects of synchronous and asynchronous 
stimulation on body size estimation. If the most of studies highlighted 
the importance of spatial and temporal synchrony between the virtual 
and real environments to drive change (Malighetti et al., 2022), the 
present study and previous research found different results. For instance, 
Van Der Hoort and colleagues (2011) found that the overestimation of 
object sizes after experiencing a small body occurred through synchro-
nous visuo-vestibular as well as through asynchronous visuo-tactile 
stimulation. Similarly, Keizer and colleagues (2016) found that the 
embodiment of a virtual body altered body size estimation irrespective 
of the type of stimulation. Here, the authors suggest that processing 
information from other sources of input (e.g., proprioception, intero-
ceptive signals, tactile information) might allow for a more holistic 
experience of the body, which in turn might enhance body size esti-
mation accuracy (Keizer, Van Elburg, et al., 2016). Other authors, 
instead, suggested that change after asynchronous stimulation was 
linked to the weight attributed to visual information during the pre-
dictive process (Thaler et al., 2018). If these hypotheses are true, 
embodiment might then not be necessary to observe changes. 

This aligns with our results and previous research (e.g., Serino, 

Pedroli, et al., 2016; Serino, Scarpina, et al., 2016), where changes in 
body estimation were detected despite low levels of embodiment in the 
synchronous condition (around the mean value of a scale ranging from 
“totally disagree” to “totally agree”). This aligns with the suggestion by 
Longo and colleagues (2008): the authors performed a psychometric 
evaluation of embodiment measures, observing a mean value of around 
0 (on a scale ranging from − 3 to 3). From their discussion, embodiment 
should not be perceived as a binary state but rather as a progressive 
process assessed along a continuum. On the other hand, previous 
research (e.g., Serino, Pedroli, et al., 2016; Serino, Scarpina, et al., 2016; 
Keizer et al., 2016a, b; Di Lernia et al., 2023) considered embodiment 
successfully induced in light of significant differences between syn-
chronous and asynchronous stimulation. That is, what seems to matter is 
the difference across conditions and multisensory stimulation. 

Notably, other parameters might account for contrasted findings, 
such as the software and the experimental setting, among others. For 
instance, it might be that the graphic quality or the realism of the avatar 
significantly impacts the illusion experience and then the observed 
change (Mottelson et al., 2023). In this regard, it might be important to 
use similar approaches in future research to make results comparable 
and drive conclusions. Further research is needed to discern whether 
this synchrony is an absolute prerequisite for any perceptual change, or 
if it is merely a beneficial factor that amplifies the effect of change. 

On the other hand, differently from female participants, we found 
males changed waist estimations only after synchronous stimulation. 

This might be attributed to gender-specific approaches to processing 
body-related information and the varying levels of concern over the 
body. Previous research indicates that women generally place a greater 
emphasis on appearance, leading to a higher investment in contem-
plating and attempting to modify their bodies as compared to men 
(Quittkat et al., 2019). Consequently, it might be that males tend to have 
a more rigid and less malleable body, making their body representation 
more resistant to alteration through multisensory stimulation. Subse-
quent research should specifically investigate body representation 
malleability and its relationship with body investment. Moreover, future 
studies might consider exploring the cumulative effects of repeated FBI: 
this would aim to determine whether sustained and repeated sessions 
could lead to any significant modifications in body size estimation and 
overall body representation also among males. It may be possible to 
conduct a repeated measures study in which several FBI sessions are 
offered several times. Furthermore, comparisons could be made between 
the effects of exposure to a normal-weight body (as is the case in pro-
cedures with female patients) and/or to a muscular body. Such a pro-
cedure could clarify whether the lack of change in men is related to the 
use of the specific avatar or the duration of exposure. 

Another reason that might partially explain our finding might be 
related to the embodiment process: males may tend to experience the 
illusion less than females, which in turn translates into a different body 
estimation change. This might be because body illusions are based on 
multisensory conflicts, and previous studies reported gender differences 
in multisensory tasks (Collignon et al., 2010). However, as described 
above, other findings observed body experience changes both before 
synchronous and asynchronous stimulation, namely with and without 
embodiment or at least independently on the level of embodiment. That 
is, it is not clear whether the embodiment is necessary for body 
perception to change, or whether visual information alone might pro-
mote changes (Maselli & Slater, 2013; Pavone et al., 2016; Tieri et al., 
2017). 

It might also be that the difference between females and males 
related to the virtual body. That is, it might be that the difference be-
tween the virtual body and the real one in the case of girls was suffi-
ciently similar to promote greater identification. In contrast, for males 
the differences might be too vast for this projection process to occur. 
However, this hypothesis is discomfirmed by evidence suggesting that 
virtual bodies are embodied equally strongly regardless of their simi-
larity to the real body - e.g., bodies of own- and other-race (Banakou 
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et al., 2016; Pyasik et al., 2023), smaller and larger size (Tambone et al., 
2021), different genders (Tacikowski et al., 2020), bodies of historical 
figures that do not resemble own bodies at all (Banakou et al., 2018). 

However, going more into detail about our previous finding, data 
revealed that the body size estimation differed across genders for spe-
cific body areas. Specifically, females significantly changed the estima-
tion of their hips after the illusory experience, whereas males changed 
significantly their waist estimation only after synchronous stimulation. 

Specifically, we found that the body areas typically considered 
emotionally salient to each gender (the hips for women and the waist for 
men) are the ones that change the most following FBI (Zavorsky et al., 
2007). It might be that the most critical and emotionally charged areas 
may also be the most malleable and susceptible to multisensory ma-
nipulations. To date, studies on body illusions involving individuals 
affected by Anorexia Nervosa revealed that patients tend to show a more 
flexible body representation than healthy controls, so they tend to 
experience the illusion strongly and their body representation can be 
easily influenced by external stimuli (Keizer et al., 2014). In light of the 
body-self alteration that characterizes this condition, it might be body 
areas that are particularly emotionally salient tend to be more suscep-
tible to modifications and alterations. Notably, previous authors sug-
gested that when we ask individuals to judge the dimension of body 
parts, perhaps we are measuring the perceptual dimension together with 
the feelings, concerns, and preoccupation about those body parts, 
affecting the judgment itself (Riva, 2018; Riva & Dakanalis, 2018). 
However, further and specific research is needed to confirm this 
hypothesis. 

An interesting result is that alterations were reported in the body 
areas of the avatar that were visible to the participants. Unlike other 
studies, we did not observe changes in the estimation of shoulder 
circumference, which was not visible in the avatar since the participants' 
attention was directed to the hips and waist (as presented in the pro-
cedure section, the task of the participants was to look at and focus on 
the abdominal area). This finding aligns with the idea that visual in-
formation plays a key role in shaping our perception —meaning that 
sight may carry more weight in the predictive process compared to other 
sensory information (Alexi et al., 2018). However, exact mechanisms 
need to be better investigated. For instance, the observed changes might 
be due to a serial dependency bias due to the exposure. In addition, more 
refined mechanisms, such as a change in the multisensory integration 
process, might have an influence too. On one hand, the short-time effects 
observed in body estimation change after the illusion seems to provide 
evidence for the first hypothesis (Keizer, Van Elburg, et al., 2016). 
Conversely, the enduring effects noticed in clinical populations 
following multiple exposures might suggest that while single-session 
effects may be attributed to cognitive biases, repeated engagements 
with the illusion might induce more profound and lasting changes 
(Porras-Garcia, Ferrer-Garcia, et al., 2020). Follow-up assessment mea-
sures can be additionally used to assess this aspect. 

4.2.2. Body state satisfaction 
The last finding from this study relates to body satisfaction change 

after FBI. We observed that the exposure to a virtual body did not 
significantly change body satisfaction in male participants, whereas an 
improvement was found for females independently of the stimulation. 

This gender difference seems to be consistent with data related to 
body size estimation. Then, we observed congruence between the 
emotional and perceptual components (Ramos et al., 2019). This might 
be related to the avatar used: unlike previous studies (Preston & Ehrs-
son, 2018), we presented a slim body that was comparable for both 
males and females. However, it is possible that such a body type is not 
particularly desirable for males, who might idealize a more muscular 
body (Eik-Nes et al., 2018b; Frederick et al., 2005). Therefore, this 
paradigm might not be optimal for studying male body experience. 
However, studies using muscular bodies in line with sociocultural 
standards found resistance to change in body satisfaction at both an 

implicit and explicit level (Preston & Ehrsson, 2018). 
A speculative explanation could concern the flexibility with which 

body representation changes in males and females: as mentioned earlier, 
it could be that females tend to fluctuate more in their level of body 
satisfaction than males. This aligns with the findings of a meta-analysis 
showing that merely observing ideal bodies (for example, in images or 
social media posts) can significantly alter body satisfaction in females by 
triggering comparison mechanisms (Grabe et al., 2008). Hence, there 
may be a different susceptibility and suggestibility to body-related 
stimuli across genders, although further and more specific research is 
required (Arkenau et al., 2022). Another possible explanation of this 
finding could be related to baseline differences: since males started from 
a higher level of body satisfaction, changes might be less pronounced. 
Moreover, the same intervening variables explaining baseline satisfac-
tion differences might play a role, including both methodological 
choices (e.g., the use of explicit measures) as well as psychological 
factors (e.g., women tend to rely more on self-critical strategies when 
evaluating their physical appearance, whereas men tend to rely more on 
self-hopeful strategies; Franzoi et al., 2012). 

It is also possible that resemblance to the avatar and the level of 
embodiment impact such change (Preston & Ehrsson, 2018). For 
instance, greater subjective similarity to the avatar might result in less 
change or higher levels of embodiment might be associated with greater 
change. 

4.3. Limitations and future research 

This study confirmed previous findings related to gender differences 
in body-self relationships and provides novel insights into the effects of 
body illusions on body representation. However, some caveats should be 
considered in the interpretation of our data. First, a larger sample size is 
needed to verify the reproducibility of our results. Second, this study 
focused on bodily perceptual and emotional components, but other 
factors might be better investigated to understand their role in deter-
mining a change and gender differences, such as objectification level or 
self-esteem among others. Future studies might include also these 
possible intervening variables to see if and how they influence body 
change. 

Another limitation relates to the experimental tools: in line with 
previous research (e.g., Keizer et al., 2016a, b; Serino, Pedroli, et al., 
2016; Serino, Scarpina, et al., 2016; Di Lernia et al., 2023), participants 
could not move and the avatar was static. This is why we did not assess 
cybersickness and motion sickness in this study. However, the brain 
seems more responsive to human action than static images, with possible 
implications on body representations (Cazzato et al., 2012; Peuskens 
et al., 2005). This insight opens new avenues for future research, 
particularly in exploring the potential of inducing embodiment with an 
avatar through visuomotor integration - where the virtual body's 
movements are synchronized with the participant's movements – seeing 
whether discomfort during the VR experience might emerge as a critical 
factor that could limit VR efficacy. 

Notably, the static nature of the proposed experience might explain 
the low levels of embodiment we observed in both in synchronous and 
asynchronous conditions. Indeed, similarly to previous works that used 
the same procedure (Serino et al., 2019; Serino, Pedroli, et al., 2016; 
Serino, Scarpina, et al., 2016; Keizer et al., 2016a, b; Di Lernia et al., 
2023) participants overall reported low embodiment levels around the 
mean value. However, specific parameters and cut-offs to better deter-
mine whether embodiment can be considered reached are needed. This 
even because in the case of virtual full-body illusion, the first-person 
perspective was shown to be sufficient to induce embodiment without 
any kind of synchronous multisensory stimulation (Maselli & Slater, 
2013; Pavone et al., 2016; Tieri et al., 2017), asynchronous visuotactile, 
and even visuomotor, stimulation might not be sufficient to disrupt the 
embodiment (Keenaghan et al., 2020; Maselli & Slater, 2013). Then, 
future research might include a different control condition, such as 
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visual-only stimulation – i.e., observation of the virtual body without 
any tactile/motor stimulation. This type of research might elucidate 
mechanisms underlying changes both after synchronous and asynchro-
nous stimulation. For example, it might be that mere visual exposure 
might induce changes because individuals tend to rely more on visual 
information compared to others. 

Lastly, we used explicit measures to assess embodiment and body 
satisfaction (Preston & Ehrsson, 2018). Since self-reported explicit re-
sults might be biased due to social and desirability biases, future 
research might then consider including implicit measures. For instance, 
the Relational Responding Task (Glashouwer et al., 2018) or the Implicit 
Association Tests (Preston & Ehrsson, 2018; Velkoff & Smith, 2020) can 
be used for assessing body satisfaction, whereas skin conductance and 
temperature (Palomo et al., 2018) can be used to measure embodiment 
strength. This can also better elucidate whether embodiment was suc-
cessfully induced, ideally solving the issue of determining embodiment 
strength with questionnaires that do not present a specific cut-off to 
determine whether the illusion occurred. 

5. Conclusions 

The results of this study underscore the potential of Virtual Reality to 
create immersive, embodied, and multisensory environments. IVR can 
effectively alter the body's affective and perceptual experience, 
distinctly in males and females. The small changes observed in males, 
however, suggested that they can benefit from interventions when 
reflecting their specific needs. Research is needed to understand how to 
design effective body illusion experiences for males. In this regard, it 
might be possible to investigate whether repeated exposure to FBI might 
affect male body experience by using longitudinal studies. 

Another point to highlight is providing useful recommendations for 
practitioners and policymakers interested in implementing IVR-based 
interventions for body image concerns. 

In this regard, it should be noted that the opportunity provided by 
IVR to work on the Self-body relationship is unparalleled, as it allows the 
individual to inhabit a body different from their own. While in the field 
of clinical psychology, this exercise has traditionally been proposed 
through imaginative techniques, having access to an embodiment pro-
cess capable of engaging all the subject's sensory channels would 
significantly enhance the opportunity to undergo an experience so 
transformative as to influence one's sense of bodily satisfaction. 

Finally, it ought to be underlined that the use of virtual reality tools 
can generate ethical problems, considering for example the fact that 
using virtual reality entails the risk of cybersickness. Concerning this 
phenomenon, symptoms may include headache, nausea, dizziness, vi-
sual fatigue, and disorientation. Despite these ethical implications, it is 
important to underline that measures to prevent or reduce the possible 
onset of cybersickness are easily applicable. For example, to obtain 
important results in terms of improving one's body satisfaction, it may be 
enough to use IVR for a very short time. From this perspective, therefore, 
it is as if IVR, requiring minimal effort from the subject, manages to 
achieve maximum output. 

This research area is poised to deepen our understanding of the body- 
self relationship, offering insights for the development of solutions for 
both men and women grappling with body-self concerns. Addressing 
this aspect is crucial for psychological health and preventing mental 
health disorders such as Eating Disorders (Cash & Brown, 1987; Daka-
nalis et al., 2016). On these bases, IVR interventions might indeed offer 
support before dysfunctional or pathological behaviors. In other words, 
such a stance not only promises to improve individual well-being but 
also aims to preempt the development of severe psychopathological 
conditions. 
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Gutiérrez Maldonado, J. (2020). The BIAS-VR. Assessing body image disturbance 
using a virtual reality software. Preliminary results. Annual Review of Cybertherapy 
and Telemedicine, 18, 257–260. 

Franzoi, S. L., Vasquez, K., Sparapani, E., Frost, K., Martin, J., & Aebly, M. (2012). 
Exploring body comparison tendencies: Women are self-critical whereas men are 
self-hopeful. Psychology of Women Quarterly, 36(1), 99–109. https://doi.org/ 
10.1177/0361684311427028 

Frederick, D. A., Fessler, D. M. T., & Haselton, M. G. (2005). Do representations of male 
muscularity differ in men’s and women’s magazines? Body Image, 2(1), 81–86. 
https://doi.org/10.1016/J.BODYIM.2004.12.002 

Fredrickson, B. L., & Roberts, T. A. (2016). Objectification Theory: Toward 
Understanding Women's Lived Experiences and Mental Health Risks. Doi:https://doi. 
org/10.1111/j.1471-6402.1997.Tb00108.x, 21(2), 173–206. doi:https://doi.org/1 
0.1111/J.1471-6402.1997.TB00108.X. 

Furnham, A., Badmin, N., & Sneade, I. (2002). Body image dissatisfaction: Gender 
differences in eating attitudes, self-esteem, and reasons for exercise. The Journal of 
Psychology, 136, 581–596. 

Glashouwer, K. A., Bennik, E. C., de Jong, P. J., & Spruyt, A. (2018). Implicit measures of 
actual versus ideal body image: Relations with self-reported body dissatisfaction and 
dieting behaviors. Cognitive Therapy and Research, 42(5), 622–635. https://doi.org/ 
10.1007/s10608-018-9917-6 

Grabe, S., Ward, L. M., & Hyde, J. S. (2008). The role of the Media in Body Image 
Concerns among Women: A Meta-analysis of experimental and correlational studies. 
Psychological Bulletin, 134(3), 460–476. https://doi.org/10.1037/0033- 
2909.134.3.460 

Griffiths, S., Murray, S. B., & Touyz, S. (2015). Extending the masculinity hypothesis: An 
investigation of gender role conformity, body dissatisfaction, and disordered eating 
in young heterosexual men. Psychol Men Mascul., 16(1), 108. 

Grossbard, J. R., Lee, C. M., Neighbors, C., & Larimer, M. E. (2009). Body image concerns 
and contingent self-esteem in male and female college students. Sex Roles, 60(3–4), 
198–207. https://doi.org/10.1007/s11199-008-9535-y 

Gruszka, W., Owczarek, A. J., Glinianowicz, M., Bąk-Sosnowska, M., Chudek, J., & 
Olszanecka-Glinianowicz, M. (2022). Perception of body size and body 
dissatisfaction in adults. Scientific Reports, 12(1). https://doi.org/10.1038/S41598- 
021-04706-6 

Keenaghan, S., Bowles, L., Crawfurd, G., Thurlbeck, S., Kentridge, R. W., & Cowie, D. 
(2020). My body until proven otherwise: Exploring the time course of the full body 
illusion. Consciousness and Cognition, 78, Article 102882. https://doi.org/10.1016/j. 
concog.2020.102882 

Keizer, A., Smeets, M. A. M., Postma, A., van Elburg, A., & Dijkerman, H. C. (2014). Does 
the experience of ownership over a rubber hand change body size perception in 
anorexia nervosa patients? Neuropsychologia, 62(1), 26–37. https://doi.org/ 
10.1016/J.NEUROPSYCHOLOGIA.2014.07.003 

Keizer, A., Van Elburg, A., Helms, R., & Dijkerman, H. C. (2016a). A virtual reality full 
body illusion improves body image disturbance in anorexia nervosa. PLoS One, 11 
(10). https://doi.org/10.1371/journal.pone.0163921 

Keizer, A., van Elburg, A., Helms, R., & Dijkerman, H. C. (2016b). A virtual reality full 
body illusion improves body image disturbance in anorexia nervosa. PLoS One, 11 
(10), Article e0163921. https://doi.org/10.1371/journal.pone.0163921 

Lefkowich, M., Oliffe, J. L., Hurd Clarke, L., & Hannan-Leith, M. (2017). Male body 
practices. American Journal of Men’s Health, 11(2), 454–463. https://doi.org/ 
10.1177/1557988316669042 

Longo, M. R., Schüür, F., Kammers, M. P. M., Tsakiris, M., & Haggard, P. (2009). Self 
awareness and the body image. Acta Psychologica, 132(2), 166–172. https://doi.org/ 
10.1016/J.ACTPSY.2009.02.003 

Malighetti, C., Sansoni, M., Gaudio, S., Matamala-Gomez, M., Di Lernia, D., Serino, S., & 
Riva, G. (2022). From virtual reality to regenerative virtual therapy: Some insights 
from a systematic review exploring inner body perception in anorexia and bulimia 
nervosa. Journal of Clinical Medicine, 11(23), 7134. https://doi.org/10.3390/ 
jcm11237134 

Martynov, K., Garimella, K., & West, R. (2020). Human biases in body measurement 
estimation. EPJ data. Science, 9(1). https://doi.org/10.1140/EPJDS/S13688-020- 
00250-X 

Maselli, A., & Slater, M. (2013). The building blocks of the full body ownership illusion. 
Frontiers in Human Neuroscience, 7, 83. 

Millidge, B., Seth, A. K., & Buckley, C. L. Predictive coding: A theoretical and experimental 
review. (2021). https://arxiv.org/abs/2107.12979v4. 

Morrison, T. G., & Harriman, R. L. (2005). Additional evidence for the psychometric 
soundness of the drive for muscularity attitudes questionnaire (DMAQ). The Journal 
of Social Psychology, 145(5), 618–620. 

Mottelson, A., Muresan, A., Hornbæk, K., & Makransky, G. (2023). A systematic review 
and meta-analysis of the effectiveness of body ownership illusions in virtual reality. 
ACM Transactions on Computer-Human Interaction, 30(5), 1–42. 

Neumark-Sztainer, D., Paxton, S. J., Hannan, P. J., Haines, J., & Story, M. (2006). Does 
body satisfaction matter? Five-year longitudinal associations between body 
satisfaction and health behaviors in adolescent females and males. The Journal of 
Adolescent Health : Official Publication of the Society for Adolescent Medicine, 39(2), 
244–251. https://doi.org/10.1016/J.JADOHEALTH.2005.12.001 

Palomo, P., Borrego, A., Cebolla, A., Llorens, R., Demarzo, M., & Baños, R. M. (2018). 
Subjective, behavioral, and physiological responses to the rubber hand illusion do 
not vary with age in the adult phase. Consciousness and cognition, 58, 90–96. 

Pavone, E. F., Tieri, G., Rizza, G., Tidoni, E., Grisoni, L., & Aglioti, S. M. (2016). 
Embodying others in immersive virtual reality: electro-cortical signatures of 
monitoring the errors in the actions of an avatar seen from a first-person perspective. 
Journal of Neuroscience, 36(2), 268–279. 

Petkova, V. I., & Ehrsson, H. H. (2008). If I were you: Perceptual illusion of body 
swapping. PLoS One, 3(12), Article e3832. https://doi.org/10.1371/journal. 
pone.0003832 

Peuskens, H., Vanrie, J., Verfaillie, K., & Orban, G. A. (2005). Specificity of regions 
processing biological motion. The European Journal of Neuroscience, 21(10), 
2864–2875. https://doi.org/10.1111/J.1460-9568.2005.04106.X 

Piccinelli, M., Bisoffi, G., Bon, M. G., Cunico, L., & Tansella, M. (1993). Validity and test- 
retest reliability of the italian version of the 12-item general health questionnaire in 
general practice: A comparison between three scoring methods. Comprehensive 
Psychiatry, 34(3), 198–205. https://doi.org/10.1016/0010-440X(93)90048-9 

Pingitore, R., Spring, B., & Garfieldt, D. (1997). Gender differences in body satisfaction. 
Obesity Research, 5(5), 402–409. https://doi.org/10.1002/j.1550-8528.1997. 
tb00662.x 

Politi, P. L., Piccinelli, M., & Wilkinson, G. (1994). Reliability, validity and factor 
structure of the 12-item general health questionnaire among young males in Italy. 
Acta Psychiatrica Scandinavica, 90(6), 432–437. https://doi.org/10.1111/j.1600- 
0447.1994.tb01620.x 

Porras Garcia, B., Ferrer Garcia, M., Olszewska, A., Yilmaz, L., González Ibañez, C., 
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