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Abstract
Even though the average body weight has increased dramatically over the last four decades,
the thin ideal dominates Western society. Looking at pictures of thin and obese bodies have
previously been shown to affect food choices and body satisfaction. This study used a virtual
reality full-body illusion to induce ownership over an either anorexic or obese virtual body,
and measured body satisfaction and food choices before and after the manipulation. The
sample consisted of 54 females with a normal body size, without any eating disorders. Neither
the anorexic nor the obese body did significantly influence food choices. Participants in the
anorexic condition showed a marginally significant increase in body satisfaction after the
illusion, but no such effect was found for the obese condition. Participants were significantly
more satisfied with the anorexic than the obese body. Furthermore, similarity between the real
and virtual body did not affect illusion strength. These results indicate that the relationship
between body size, food choices and body satisfaction is possibly more complex than
previously thought.
Keywords: full-body illusion, embodiment, body size, food choices, body satisfaction,
anorexia, obesity
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Me, Myself and My Body – The Full-Body Illusion and the
Effects of an Extreme Virtual Body Size
Even though the average body weight has increased with 1.5 kg per decade since 1975
(NCD Risk Factor Collaboration, 2016), the 1980s and 1990s saw a dramatic decrease in the
ideal body size of fashion models (Sypeck, Gray, & Ahrens, 2004). Today, the thin ideal is
dominating the Western society (Polivy, Garner, & Garfinkel, 1986), and could be the cause
of eating disorder symptoms similar to those seen in anorexia nervosa (Hawkins, Richards,
Granley, & Stein, 2004). Moreover, body size is closely related to food choices. Not only are
food choices associated with body size (Maskarinec, Novotny, & Tasaki, 2000), but body size
could also be an important factor for the food choices that you make (Brunner & Siegrist,
2012; McFerran, Dahl, Fitzsimons, & Morales, 2010).
In 2016, 40% of women globally were considered overweight and 15% obese, where
overweight is defined as having a body mass index (BMI=kg/m2) of more than 25, and
obesity as having a BMI of more than 30 (World Health Organisation, 2006). This could be
due to a change towards the so-called “Western diet” (Kanoski & Davidson, 2011), which
mainly consists of processed foods (such as cookies, breakfast cereals and pizza) that are high
in refined sugars and refined vegetable oils (Cordain et al., 2005). These types of foods are
usually energy-dense, that is they have a high number of kilocalories (kcal) per unit weight
(Drewnowski, 1998). Higher kcal consumption than expenditure leads to weight gain (Hall et
al., 2011), and overweight and obesity are associated with several health risks, such as type 2
diabetes, hypertension, cancer (Kopelman, 2007) and increased mortality (Troiano, Frongillo,
Sobal, & Levitsky, 1996). Furthermore, overweight people are viewed as unhealthy (Ferraro
& Yu, 1995), unattractive (Robinson, Bacon, & O’Reilly, 1993), unlikeable (Yanover &
Thompson, 2010) and having a lack of willpower (Fardouly & Vartanian, 2012).
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Half of all women are dissatisfied with their weight and 64% of those within the
normal range believe that they should lose weight (Matthiasdottir, Jonsson, & Kristjansson,
2012). Women consider a BMI of 18-19 to be the ultimate (Coker & Abraham, 2014). In
comparison, a BMI of below 18.50 is considered to be underweight (World Health
Organisation, 2006) and a BMI below 16.99 is used to define moderate anorexia (American
Psychiatric Association, 2013). In Western society, the prevalence rate of anorexia nervosa
has been estimated to be somewhere between 0.1% and 5.7% for females (Makino, Tsuboi, &
Dennerstein, 2004). Exposure to mass media has been proposed as one cause for the disorder,
with one study showing an increase in disordered eating after the introduction of Western
television in a media-naïve population (Becker, Burwell, Herzog, Hamburg, & Gilman,
2002). Having an anorexic body weight can cause several life-threatening medical conditions,
as well as depressive symptoms. Nevertheless, anorexic models are considered to be both
healthy and attractive (Whisenhunt et al., 2012).
The relationship between body size and body satisfaction can also be extended to
include the observation of other people’s bodies and to the experienced ownership over a
different body type. The latter has been made possible by the development of virtual reality
(VR). Viewing media images of people with a thin-ideal body leads to decreased body
satisfaction (Grabe, Ward, & Hyde, 2008; Groesz, Levine, & Murnen, 2002; Ogden &
Mundray, 1996; for a meta-analytic review see Groesz, Levine, & Murnen, 2001), while
viewing pictures of overweight people leads to an increase in body satisfaction (Ogden &
Mundray, 1996). Conversely, Preston and Ehrsson showed that ownership over an ideal
virtual body leads to increased body satisfaction (Preston & Ehrsson, 2014), and that
ownership over an obese body leads to decreased body satisfaction (Preston & Ehrsson,
2016). Preston and Ehrsson (2014, 2016) used a full-body illusion (FBI) to evoke ownership
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over the virtual body. The FBI is built on the classical rubber-hand illusion (RHI) by
Botvinick and Cohen (1998), and encompasses the synchronous stroking of a virtual and a
real brush on a virtual (seen) body and the participant’s own body. Preston and Ehrsson
(2014, 2016) measured body satisfaction directly after ownership over the virtual body had
been established, and before the participants had seen their real body. To our knowledge, no
previous study has investigated if body satisfaction with the real body can be affected by
ownership over another body size, as measured after having had the opportunity to update
one’s body image with one’s real body.
Using the FBI in a manner similar to Preston and Ehrsson (2014), Piryankova et al.
(2014) showed that it is possible to experience ownership over even more extreme body
types, such as a virtually anorexic (comparable to a BMI of 16) and morbidly obese
(comparable to a BMI of 43) body, and that ownership is experienced equally strong for both
conditions. In their study, the participants were first allowed to explore the room and the
virtual body for a period of one minute, after which they were synchronously stroked for two
minutes. This approach allows for both sensorimotor and visuotactile integration, which
provides a way for the participants to incorporate the virtual body into their own body image
(Maselli & Slater, 2013). It has previously been shown that similarity in bodily appearance
(skin texture and clothing) is important for the strength of embodiment in the FBI (Maselli &
Slater, 2013). Likewise, in order to maximise the strength of the RHI, the rubber hand should
be positioned in peripersonal space (Preston, 2013), and be aligned with the real hand
(Pavani, Spence, & Driver, 2000). Similarity in skin tone can also strengthen the illusion (Lira
et al., 2017). Even though Piryankova and colleagues (2014) showed that the anorexic and
obese body could be incorporated into the body image to an equal extent, it is not known if
illusion strength is affected by similarity in body size between the virtual and real body.
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More important, no previous study has used the FBI to investigate how ownership
over an anorexic or obese body influences behaviour, such as food choices. The FBI allows us
to experimentally manipulate body size and facilitates the separation of body size from other
factors, such as the perceived heaviness/lightness of one’s body and/or previous experiences
related to having an anorexic or obese body. If we were to study clinically anorexic and obese
participants, it would be impossible to disentangle the effect that body size has on food
choices from other factors, since body size itself is a result of previous food choices. Thus, in
order to isolate body size from other factors, we can use the FBI in an immersed virtual
environment to evoke temporal ownership over a virtual anorexic or obese body in
participants with a normal body size.
Every day, people make food choices that affect their body shape and weight. Both
health benefits and physical appearance are reasons for dieting (Putterman & Linden, 2004),
with 80% of women believing that they should lose weight (Matthiasdottir et al., 2012).
Making healthy food choices are important to succeed with dieting. Foods that are high in
water (such as vegetables and fruits; Rolls, Drewnowski, & Ledikwe, 2005) are a suitable
choice, since these add weight to a meal but are still low in energy (as measured in kcal; Rolls
& Bell, 2000). Energy density in food does not affect the feeling of fullness, even when the
same amount of food is consumed (Bell, Castellanos, Pelkman, Thorwart & Rolls, 1998). The
consumption of less energy-dense food can therefore be effective for weight loss (BesRastrollo et al., 2008).
Food choices are influenced by a number of factors, such as emotions (Macht &
Simons, 2000), sleep (Markwald et al, 2013), health beliefs and dieting (Wardle et al., 2004).
Furthermore, observing an obese person (either in real life or on a picture) can decrease the
desire to eat (Barthomeuf, Droit-Volet, & Rousset, 2011; Barthomeuf, Rousset, & Droit-
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Volet, 2009) and lead to choosing smaller portion sizes (McFerran et al., 2010), possibly
because people are reminded of the relationship between food choices and body size
(Campbell & Mohr, 2011). A similar relationship also exists for observing a thin person
(Brunner & Siegrist, 2012; Krahé & Krause, 2010). It has been suggested that exposure to the
thin ideal activates a goal of having a healthy body weight, which results in less food
consumption (Brunner & Siegrist, 2012). However, it is not known how ownership over an
obese or anorexic body affects food choices. Since a decrease in body satisfaction can lead to
an increase in dieting behaviour (Cooley & Toray, 2001), ownership over an obese body
could possibly lead to a decrease in kcal intake. On the other hand, ownership over a thin
body has been shown to increase body satisfaction (Preston & Ehrsson, 2014) and it is
therefore possible that such a body will evoke an aim towards keeping the thin body size by
eating accordingly. A similar relationship could be true for ownership over an anorexic body,
since even anorexic models are considered attractive (Whisenhunt et al., 2012). Another
possible outcome is that the kcal intake is slightly increased, since an anorexic body is thinner
than the ideal body type (Coker & Abraham, 2014).
In this study, we used the FBI to induce the experience of ownership over an anorexic
or obese body in a manner similar to what Piryankova et al. (2014) did. We wanted to (1)
examine if the experience of having an anorexic or obese body, induced by the FBI, could
alter behaviour, in this case hypothetical food choice. Our second aim was to (2) investigate if
the difference between the participants’ BMI and the BMI of the virtual body affected the
strength of the FBI. Furthermore, we examined if (3) satisfaction with the real body changed
from pretest to posttest, and if (4) satisfaction with the virtual body differed between the
anorexic and obese condition.
We expected that participants would choose food with fewer kcal than normally
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(pretest) after experiencing an obese body (posttest), and that they would choose food with
more kcal or the same amount of kcal than normally after experiencing an anorexic body. We
hypothesised a negative correlation between BMI difference and illusion strength, such that
the illusion would be experienced more strongly when the BMI of the real and the virtual
body showed less of a difference, irrespective of condition. Furthermore, we hypothesised
that participants would experience more satisfaction with their real body after having
ownership over the obese body and more or the same degree of body satisfaction after
ownership over the anorexic body. Finally, we anticipated that the participants would show
more satisfaction with the anorexic than the obese body.
Method
Participants
The participants were recruited via Radboud University’s participation system, thus
our sample consisted mainly of students. Only females with a self-reported (previously
reported when creating a profile in the participation system) BMI in the normal range of 18.524.9 (World Health Organisation, 2018) were able to access the study online and were
informed that, in order to participate, they should not follow a vegetarian/vegan diet that
prohibited them from consuming milk and/or eggs. Following the same reasoning as
Piryankova and colleagues (2014), we chose to only include females, since there exists a
gender difference in estimating one’s own body size (Thompson & Thompson, 1986) and
since the results of our study could be of importance for future research on eating disorders, a
disorder that affects more females than males (Croll, Neumarksztainer, Story, & Ireland,
2002). Furthermore, there is a difference in the way that high and low body dissatisfied males
and females rate the attractiveness of different body types (Cho & Lee, 2013).
In this study, 137 people stated interest in participating, by filling in an online (created
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in Qualtrics; version January-May, 2018) pre-screening questionnaire (Eating Attitudes Test;
Garner, Olmsted, Bohr, & Garfinkel, 1982) examining disordered eating behaviours (see
Measures). We excluded 10 females with a potential eating disorder (i.e., a score ≥ 20 on the
Eating Attitudes Test) and 5 females who indicated that they vomited after eating. As a result,
122 females were invited to participate and 59 showed up for participation. After weight and
height had been measured in the laboratory, 4 people were excluded because their BMI
exceeded 25 and 1 person because she had indicated that she had eaten closer than three hours
before the experiment.
Our final sample consisted of 54 females, with a mean age of 22.3 years (range = 1740, SD = 4.5). After subtracting 0.7 kg for clothing, the participants had an average weight of
61.2 kg (SD = 7.0) and an average height of 167.9 cm (SD = 7.4), resulting in a mean BMI of
21.7 (SD = 1.5). The participants had not eaten anything for on average 5.6 hours (SD = 3.7)
before the start of the experiment.
We aimed to include 70 females, which is slightly higher than what is required for
detecting a medium-sized interaction effect, with power of 1-ß = .80, since we took into
account the reduction of sample size when excluding participants not experiencing the
illusion. However, due to time limits, we were unable to reach the originally planned sample.
After removing 6 participants who did not experience ownership over the virtual body, we
had a final sample of 48 participants and a power to detect a medium-sized mixed-factors
interaction effect of 1-ß = .76.
The study took 30-45 min, and the participants were rewarded with either €10 or
course credit. The experiment was conducted in accordance with the declaration of Helsinki
and approved by the Radboud University Ethics Committee Faculty of Social Sciences.
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Technical Setup
The participants wore a head-mounted display (HMD; HTC ViveTM), with a display
resolution of 1080 * 1200 px per eye and a display refresh rate of 90 Hz. The HMD had a
100° nominal field of view and an interpupillary distance of 63 mm. The weight of the HMD
was 555 g. Two wireless hand controllers (included in the HTC Vive set) facilitated hand- and
arm tracking, with 6 degrees of freedom. The hand controllers also allowed the participants to
pick up a menu and make food choices from it. The VR set-up was created in Unity® (Version
2017.1.) and the hand- and arm movements were made possible using the plugin Final-IK by
Rootmotion.
Visual Stimuli
In order to manipulate experienced body size, an anorexic and an obese avatar were
created using the Morph3D MCS package for Unity (Version 2017.1). The avatars’ body- and
hand poses were made in Autodesk MotionBuilder® (Version 2017). The anorexic avatar had
a body size corresponding to a BMI of 16, and the obese avatar had a body size similar to that
of a BMI of 43, in accordance with the study by Piryankova et al. (2014). The body sizes
were created in accordance with the validated body-only picture database developed by
Moussally, Rochat, Posada and van der Linden (2016) and the avatars’ height and arm lengths
were scaled to match the participants’. The virtual brush that was seen stroking the avatars’
arms (see Procedure) was created in Autodesk® 3ds Max® (Version 2017).
The virtual room was modelled to correspond to the room in which the experiment
took place. The room included the armchair in which the avatar was seated, a footstool, a
small table to the left side of the armchair and a menu (see Measures – Food Choices)
standing on the table; all created using Autodesk 3ds Max (Version 2017). The texture for all
3D models and the graphics for the menu were made in Adobe Photoshop CS6.
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Measures
Eating Attitudes Test. The Eating Attitudes Test (EAT-26; Garner et al., 1982)
examines attitudes towards dieting, body weight and eating behaviours. It consists of 26
statements (e.g., “I am terrified about being overweight”), which are measured on a 6-point
Likert scale, ranging from “never” to “always”. A score of or above 20 indicates a potential
eating disorder. The EAT-26 is a reliable and valid instrument (Garner et al., 1982).
Body Image States Scale. The Body Image States Scale (BISS; Cash, Fleming,
Alindogan, Steadman, & Whitehead, 2002) evaluates current attitudes towards and
perceptions of one’s physical appearance. It consists of six items (e.g., “Right now I feel […]
extremely satisfied with my physical appearance”) measured on a 9-point Likert-type scale,
where higher scores indicate more body satisfaction. The BISS has shown to be both a
reliable and valid measure (Cash et al., 2002). Half of the statements were presented in a
negative to positive order and the other half in a positive to negative order. In addition, the
BISS statements were adjusted (by changing “my body” to “my virtual body”) to measure
attitudes towards the virtual body.
Embodiment questionnaire. An embodiment questionnaire was used to assess if the
participants experienced the virtual body as their own, i.e., a feeling of ownership and agency
over the virtual body and the sensation of being in the same location as the virtual body
(Keizer, van Elburg, Helms, & Dijkerman, 2016). We used the same embodiment
questionnaire as Keizer and colleagues (2016), which consists of 20 questions (e.g.,
“Sometimes I felt as if the virtual body was my body”) measured on a 10-point Likert scale,
ranging from “completely disagree” to “completely agree”. In an adaptation of questions used
by Piryankova et al. (2014), we added four questions that examined experienced body size:
“Sometimes I experienced my body as smaller/bigger than usual” and “Sometimes I felt
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lighter/heavier than usual”. A mean score of ≥ 5 was used to indicate if a participant had
experienced ownership over the virtual body. We based this on previous practice with the
RHI (van Stralen et al., 2014), since the FBI can be seen as an extension of the RHI (Maselli
& Slater, 2013) and since the embodiment questionnaire used in the RHI has previously been
adapted to examine full-body ownership (Preston & Ehrsson, 2014), with questions similar to
those used by Keizer et al. (2016).

Figure 1. Example of menu. The kcal range from low (mixed fruit) to high (sundae).
Food choices. In order to measure food choices, we developed two digital menus (see
Figure 1), one for the assessment of food choices at baseline and one for the assessment of
food choices after experienced ownership over the virtual body. Each menu consisted of three
pages, with starters, main courses, and desserts shown on the first, second, and third page,
respectively. In total, each menu consisted of 18 dishes (six on each page), which were
represented by a picture and a description. The pictures came from the validated food image
database created by Blechert, Meule, Busch and Ohla (2014). The two menus were matched
in total kcal content (i.e. 6348 kcal for menu 1 and 6351 kcal for menu 2) and the dishes had a
kcal content ranging from low (i.e. 32 kcal for starters, 282 kcal for main courses, 54 kcal for

EFFECTS OF AN EXTREME VIRTUAL BODY SIZE

13

desserts) to high (i.e. 431 kcal for starters, 1098 kcal for main courses and 702 kcal for
desserts). Furthermore, at least half of the dishes were lacto-ovo vegetarian and marked with a
“V”.
Procedure
Potential participants could find information about the general setup of the experiment
online and were informed that the study was about “making food choices in virtual reality”. If
interested, they filled in an online pre-screening questionnaire, investigating eating disordered
behaviour. We informed the participants with a score reaching the cut-off that they might
have an eating disorder and that they should contact their general practitioner if this worried
them. The eligible participants were contacted, invited to the lab and requested to wear black
or blue jeans and black or white socks on the day of participation. Furthermore, they were
instructed not to eat anything closer than three hours before the experiment was to take place.
When showing up for the experiment, the participants were sequentially assigned to
either the anorexic or the obese condition. The two menus used in the experiment were
counterbalanced across pretest/posttest and across virtual body size, in order to rule out any
order effects.
On the day of testing, the participants were once again informed about the general
setup of the experiment. After signing informed consent, we measured the participants weight
and height and calculated their BMI, as a control for their previous self-reported BMI. If the
BMI was above 25 or below 18.5 they were sent home, receiving €5. If eligible to participate,
they were asked to change into a white t-shirt, while the experimenter left the room.
Afterwards, the participants were shown an on-screen menu (see Figure 1), embedded in the
Qualtrics (Version January-May, 2018) platform (used for distributing all questionnaires in
this study). They were requested to indicate what they would like to eat for dinner, choosing
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one starter, one main course and one dessert, by clicking on the food picture. In addition, they
answered the six items from the BISS (Cash et al., 2002), which were mixed with 13 items
examining life satisfaction, in order to hide the purpose of the study.
Then, the participants were asked to remove all jewellery on their hands and arms.
They sat down in an armchair and put their legs and feet on a footstool. The experimenter
made two markings on their right posterior forearm (4 and 13 cm from the wrist), matching
the markings visible on the virtual body’s arm. After being provided with the HMD and the
hand controllers (visible in VR), the participants were asked to hold out their arms to the side,
which enabled the program to match the height and arm length of the virtual body with the
participants’. Following this, they were able to see their virtual body (either anorexic or
obese).

Figure 2. First-person perspective views of the anorexic virtual body (left), the obese virtual
body (middle), and the virtual brush stroking the virtual arm (right).
The avatar (see Figure 2) was seen from a first-person perspective, seated in an
armchair, with the legs and feet resting on a footstool. The avatar’s position matched the
position of the participants and allowed them to clearly see their virtual abdomen and legs.
The avatar wore a white t-shirt, jeans and socks. The colour of the jeans could be adjusted to
be either black or blue and the socks to be either black or white, in order to match the
participants’ clothes as closely as possible. During one minute, the participants had the
opportunity to look around in the room and move their arms, but were asked to keep their legs
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and feet still all the time and not to touch their virtual body.
Next, the participants were instructed to put their arms on the armrests and to look at
their right arm. For a period of 120 seconds, the participants saw a virtual makeup brush
(approximately 2 cm wide) stroking their virtual arm (see Figure 2), and felt the synchronous
stroking of a real brush on their real arm. The experimenter stroked the area between the
markings (9 cm) using a stroking speed of 3 cm/s (de Jong, Keizer, Engel, & Dijkerman,
2017), in order to evoke and/or strengthen the FBI. Finally, the participants were instructed to
pick up the virtual menu, using their left hand controller, and to hold it in front of them (when
the menu had been picked up, the hand controllers were no longer visible). They were
verbally instructed to choose what they would like to eat for a starter, a main course and a
dessert. The index finger on their right virtual hand was programmed to point towards the
menu, and the participants marked their food choices by “touching” the food pictures on the
menu. They were able to browse between the three parts of the menu by means of a “next”
and a “back” button. Thus, food choices were once again measured, but now directly in VR
and after ownership over the anorexic or obese body had been induced.
Following the VR task, the HMD was removed and the participants got up from the
armchair and went to sit in front of the computer again, giving them the opportunity to
reclaim ownership over their real body. They filled in the embodiment questionnaire (Keizer
et al., 2016), the BISS (approximately 3 min after the HMD had been removed) and the
virtual BISS (Cash et al., 2002), and some final questions regarding age and dieting practices.
At the end of the experiment, the participants were debriefed, thanked for their effort and
compensated.
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Results
Assumption of Equally Strong Ownership
Before conducting the main analyses, we tested the assumption that the participants in
the anorexic and obese condition had experienced the same degree of ownership over the
virtual body. We examined this with a between subjects t-test. One outlier (z = 3.11), with a
high embodiment score (9.4) was identified and removed. Levene’s test for equality of
variances showed that the assumption of homogeneity of variances was violated, p = .040. We
therefore proceeded with Welch’s unequal variances t-test. The anorexic group consisted of
27 females and the obese group of 26 females. The analysis showed that participants in the
anorexic (M = 6.5, SD = 0.8) and the obese condition (M = 6.1, SD = 1.2) had experienced the
same amount of ownership over the virtual body, t(44.77) = 1.27, p = .211, d = 0.35, 95% CI
[-0.21, 0.91].
Virtual Body Size and Food Choices
The first purpose of this study was to examine if the experience of having an anorexic
or obese body, induced by the FBI, could alter behaviour, in this case hypothetical food
choice. In order to investigate this, we used a two-way mixed-factors analysis of variance
(ANOVA), with experienced body size (anorexic or obese) as the between-subjects factor and
time (pretest or posttest) as the within-subjects factor. The dependent variable was the total
amount of kcal chosen (summed over starter, main course and dessert). We excluded 6
participants who did not experience ownership over the virtual body, as measured by the
embodiment questionnaire (see Measures). The assumption of normality was violated for the
anorexic/posttest combination, as assessed by the Shapiro-Wilk test (p = .021). We therefore
used a square root transformation on the dependent variable, after which the data were
normally distributed for all combinations of groups (p > .05), as measured again by the
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Shapiro-Wilk test. Since 8 of the included participants had been able to guess the purpose of
the study, we chose to compute a corresponding ANOVA with these participants excluded.
According to the Shapiro-Wilk test, the assumption of normality was again violated for the
anorexic/posttest combination (p = .007). After transforming the dependent variable using the
natural logarithm, the Shapiro-Wilk test showed that the data were normally distributed across
all combinations of groups (p > .05).
Our analysis showed no significant interaction between experienced body size and the
time of measurement on the amount of kcal chosen, F(1, 46) = 0.96, p = .331, partial η2 =
.021 (see Figure 3). In order to answer our research question about how the anorexic and
obese body affects food choices, we examined the simple main effects for time. There was no
significant effect of time on the amount of kcal chosen, neither for the anorexic condition,
F(1, 25) = 0.004, p = .952, partial η2 < .001, nor for the obese condition, F(1, 21) = 2.16, p =
.157, partial η2 < .093. There was no significant main effect of time on the amount of kcal
chosen, F(1, 46) = 0.80, p = .377, partial η2 = .017, nor a significant main effect of body size,
F(1, 46) = 2.17, p = .147, partial η2 = .045. Descriptive statistics are displayed in Table 1.

Figure 3. The effect of virtual body size on the amount of kcal chosen.
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After excluding the participants who were able to guess the purpose of the study, there
was still no significant interaction effect, F(1, 38) = 0.04, p = .846, partial η2 = .001. The
simple main effect of time on the amount of kcal chosen for the anorexic, F(1, 23) = 0.03, p =
.859, partial η2 = .001, and the obese condition, F(1, 15) = 0.29, p = .596, partial η2 = .019,
was not significant. There was again no significant main effect of time, F(1, 38) = 0.20, p =
.655, partial η2 = .005 nor any main effect of body size, F(1, 38) = 3.72, p = .061, partial η2 =
.089.
Table 1
Descriptive Statistics of Amount of Kcal Chosen
Anorexic
Time

M

SD

Obese
n

M

SD

Total
n

M

SD

n

22

998

380

48

(31.0)

(6.1)

948

402

(30.1)

(6.6)

977

374

(6.8)

(0.4)

965

422

(6.8)

(0.5)

Analysis 1
Pretest
Posttest
Total

908

367

(29.5)

(6.1)

928

445

(29.6)

(7.2)

918

404

(29.6)

(6.6)

26

1104

375

(32.8)

(5.7)

971

354

(30.6)

(5.9)

1037

367

(31.7)

(5.8)

26
26

22

48

22

Analysis 2
Pretest
Posttest
Total

900

375

(6.7)

(0.4)

910

458

(6.7)

(0.5)

905

414

(6.7)

(0.5)

24
24
24

1093

353

(6.9)

(0.3)

1048

358

(6.9)

(0.4)

1070

351

(6.9)

(0.4)

16
16

40
40

16

Note. Analysis 1 includes all participants, while Analysis 2 excludes participants who were able to guess the
purpose of the study. Transformed values are shown in parenthesis.

Body Similarity and Illusion Strength
Our second aim was to investigate if the difference between the participants’ BMI and
the BMI of the virtual body affected the strength of the FBI. In order to answer this question,
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we calculated the absolute difference between the participants’ BMI and the BMI of the
assigned virtual body (16 for the anorexic condition, 43 for the obese condition). Thereafter,
we conducted a correlation analysis between the absolute difference in BMI and the strength
of the experienced illusion (i.e. embodiment score), separate for the anorexic and the obese
condition, and the sizes of the two correlations were compared to each other. All participants
were included in this analysis, regardless of experienced ownership over the virtual body.
When examining z-scores, one outlier (z = 3.11) with a very high score (9.4) on the
embodiment scale was identified and removed.
The correlation between the absolute difference in BMI (anorexic condition: M = 5.6,
SD = 1.5; obese condition: M = 21.4, SD = 1.6) for the real and virtual body and the strength
of the experienced illusion (anorexic condition: M = 6.5, SD = 0.8; obese condition: M = 6.1,
SD = 1.2) was not significant, neither for the anorexic condition, r(25) = -.24, p = .231, nor
for the obese condition, r(24) = .28, p = .169 (see Figure 4 and 5). When comparing the sizes
of the two correlations, we found a trend towards significance, z = -1.82, p = .069.

Figure 4. Illusion strength correlated with absolute difference in BMI between the anorexic
virtual body and the real body.
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Figure 5. Illusion strength correlated with absolute difference in BMI between the obese
virtual body and the real body.
Virtual Body Size and Real Body Satisfaction
To answer our third research question, we examined if satisfaction with the real body
changed after experiencing ownership over the anorexic or obese body. For this analysis, we
used a two-way mixed-factors ANOVA, with experienced body size (anorexic or obese) as
the between-subjects factor and time (pretest or posttest) as the within-subjects factor. The
dependent variable was body satisfaction.
There was a trend towards significance for the interaction between experienced body
size and the time of measurement on body satisfaction, F(1, 46) = 3.03, p = .089 partial η2 =
.062 (see Figure 6). Directly related to our research questions, we examined the simple main
effects of time on body satisfaction. We found a marginally significant effect of time (after
adjusting the p values for multiple comparisons, using Bonferroni correction) in that women
were more satisfied with their real body, after experiencing themselves as anorexic, F(1, 25) =
4.85, p = .074 partial η2 = .163. There was no significant effect of time on body satisfaction
for the obese condition, F(1, 21) = 0.38, p = .546 partial η2 = .018. There was no significant
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main effect of time, F(1, 46) = 0.44, p = .509, partial η2 = .010, and no significant main effect
of body size, F(1, 46) = 0.16, p = .687, partial η2 = .004. Descriptive statistics are displayed in
Table 2.
Table 2
Descriptive Statistics of Body Satisfaction
Anorexic

Obese

Total

Time

M

SD

n

M

SD

n

M

SD

n

Pretest

5.6

1.0

26

6.0

0.9

22

5.8

1.0

48

Posttest

5.9

1.2

26

5.8

1.3

22

5.9

1.2

48

Total

5.8

1.1

26

5.9

1.1

22

Note. Higher score indicates more body satisfaction.

Figure 6. The effect of virtual body size on body satisfaction.
Satisfaction with the Virtual Body
Finally, the fourth aim of this study was to examine if satisfaction with the virtual
body differed between the anorexic and obese condition. Posttest satisfaction with the virtual
body was examined with a between subjects t-test. For this analysis, we excluded the 6
participants who did not experience ownership over the virtual body. Because the assumption
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of homogeneity of variances was violated, as measured by Levene's test for equality of
variances (p = .011), we proceeded with the Welch's unequal variances t-test.
For the analysis of virtual body satisfaction, the anorexic group consisted of 26
females and the obese group of 22 females. The participants were significantly more satisfied
with the anorexic body (M = 4.7, SD = 2.8) than the obese body (M = 2.8, SD = 1.1), t(41.68)
= 4.21, p < .001, d = 1.17, 95% CI [0.98, 2.78] (see Figure 7).

Figure 7. Satisfaction with the anorexic and obese body.
Discussion
Does ownership over an extreme body size affect food choices and body satisfaction?
In order to answer this question, we used a virtual reality full-body illusion to provide the
experience of ownership over an anorexic or obese body. The results showed no support for
the hypothesis that experienced body size affects food choices. Similarity between the real
and virtual body did not have a significant effect on illusion strength. There was a nonsignificant trend indicating that only participants in the anorexic condition showed an increase
in body satisfaction from pretest to posttest. In line with our hypothesis, the participants
showed significantly more satisfaction with the anorexic than the obese virtual body.
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In accordance with the results of Piryankova et al. (2014), the participants experienced
an equal degree of ownership over the anorexic and the obese body. Therefore, we drew the
conclusion that the manipulation was successful and that the effects of experiencing an
anorexic or obese body were independent of illusion strength.
Virtual Body Size and Food Choices
Body size seems to affect food choices in a complex manner. It has previously been
shown that passively seeing an overweight (but not obese) person leads to choosing more kcal
(Campbell & Mohr, 2011; Shimizu, Johnson, & Wansink, 2014), whereas seeing an obese
person leads to choosing smaller portion sizes (McFerran et al., 2010) and to a reduced desire
to eat (Barthomeuf et al., 2009, 2011). Could it also be possible that ownership over an obese
body affects food choices in a different manner than passively viewing such a body?
Interestingly, in our study, ownership over an anorexic or obese body did not
significantly affect the amount of kcal chosen, as compared to baseline. Since visual
information (i.e., observing the virtual body) is one factor that makes up the FBI, our results
could be viewed as opposing previous studies that have shown that seeing larger (McFerran et
al, 2010) or smaller (Brunner & Siegrist, 2012; Krahé & Krause, 2010) bodies affect food
choices. On the other hand, our results are in line with a previous study by Campbell and
Mohr (2011), which showed that even though participants chose significantly less candies
after seeing an obese body compared to an overweight body, there was no difference in the
amount of candies chosen after seeing an obese and a normal (as compared to the baseline
measure in our study) body. However, experienced ownership also requires identification
with the entire body, spatiotemporal self-location and a first person-perspective (Blanke &
Metzinger, 2009). Factors such as these could account for the non-significant finding shown
in this study.
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Even though our results did not yield any evidence for the hypothesis that experienced
body size affects food choices, the change in kcal from pretest to posttest was in line with our
hypothesis, with participants choosing less kcal after experiencing themselves as obese and
slightly more kcal after experiencing themselves as anorexic. The lack of significant effects
could also be explained by differences in methodology. Barthomeuf et al. (2009, 2011)
measured desire to eat and McFerran et al. (2010) measured the portion sizes chosen. In this
study, we measured food choices as the amount of kcal chosen from a menu, with dishes
ranging from low to high in kcal. In general, “healthy” foods were low in kcal, whereas
“unhealthy” foods were high in kcal (for foods considered to be healthy versus unhealthy, see
Carels, Konrad, & Harper, 2007). People are in general good at identifying foods as healthy
or unhealthy, but when such a distinction is made, there is a tendency to overestimate the
number of kcal for unhealthy food and underestimate the number of kcal for healthy food
(Carels et al., 2007). Thus, we cannot know for sure if participants knew which foods were
lower versus higher in kcal. Indicating the number of kcal for each dish could have solved this
issue, but we chose not to do so because of the accompanying risk of participants being able
to guess the purpose of the study. However, future research could ask the participants at the
end of the experiment to estimate the kcal content for each dish.
Body Similarity and Illusion Strength
Previous studies have successfully induced embodiment over anorexic (Piryankova et
al., 2014) and obese bodies (Normand, Giannopoulos, Spanlang, & Slater, 2011; Piryankova
et al. 2014; Preston & Ehrsson, 2016), by means of the FBI. Ownership has been shown to be
equally strong for the anorexic and the obese body (Piryankova et al., 2014), which our results
confirmed. In this study, we investigated if illusion strength can be affected by body
similarity. Our results showed that body similarity was not significantly correlated with
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illusion strength, neither for the anorexic, nor for the obese group. Furthermore, the two
correlation coefficients showed different directions. Thus, it is possible that the trend towards
significance that was found, when the sizes of the two correlation coefficients were compared
to each other, was nothing more than a spurious finding, evoked by the different correlation
directions. We have to conclude that we did not observe any reliable evidence for the
hypothesis that body similarity would affect illusion strength.
Virtual Body Size and Real Body Satisfaction
In line with our hypothesis, we found a trend towards increased real body satisfaction
after ownership over a virtual anorexic body, as measured after the participants had removed
their HMD. We previously expected such an increase to be driven by a preference for their
real body, when compared to an extremely skinny virtual body. Accordingly, we would
predict an even larger increase in satisfaction with the real body after the obese condition,
since the participants were significantly less satisfied with the obese than the anorexic body.
This was not the case. On the contrary, our results showed a non-significant decrease in body
satisfaction after the obese condition. Taken together, this made us wonder if the effects of the
FBI, or experienced virtual body (dis)satisfaction, lingered on after the participants had
removed the HMD.
Previous research has shown that it takes between 5 and 116 s (median time is 27 s)
for ownership to emerge over a rubber hand (Slater, Perez-Marcos, Ehrsson, & SanchezVives, 2009) and anecdotal reports have indicated that ownership over a virtual body can be
experienced almost instantaneously (Kalckert & Ehrsson, 2017). It is reasonable to believe
that ownership over one’s real body should be regained in the same amount of time or faster.
This is in line with the results of Normand et al. (2011), which suggested that the illusion of
having a larger belly ended after the experimental trial. Thus, the participants in our study
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should have had time to regain ownership over their real body, when body satisfaction was
measured.
An alternative explanation of our results could be that (dis)satisfaction with the virtual
body lingers on and affects the real body, even after the illusion has been broken. The
allocentric lock hypothesis (Riva, 2012; Riva, Gaudio, & Dakanalis, 2013) suggests that the
experience of the body could be locked to an old memory that the person is unable to update.
This could explain why formerly overweight people are still concerned about their weight and
dissatisfied with their bodies (Annis, Cash, & Hrabosky, 2004; Cash, Counts, & Huffine,
1990) and why sufferers of eating disorders, such as anorexia, are dissatisfied with their
bodies (Cash & Deagle, 1997) and overestimate their body size (Keizer et al., 2016; Smeets,
1997). In line with this, it has been suggested that people who experience dramatic weight
changes have difficulties with solving the identity conflict between the weight that they
actually have and the weight they consider represents who they are (Carr & Jaffe, 2012).
Although the allocentric lock hypothesis has been commonly applied to a larger time frame, it
has also been suggested that this hypothesis can be used to explain changes in body memory
after experienced ownership over a skinny belly, using an FBI (Serino, Pedroli, et al., 2016).
Furthermore, one case study (Serino, Scarpina, et al., 2016) showed that after an extremely
obese patient had experienced herself with a normal body weight, she felt less anxious about
her condition and more motivated to engage in healthy behaviour. Taken together, people
might be inclined to rate their own body in accordance with the satisfaction experienced over
the virtual body, because of a failure to update their body memory. However, even though this
provides a possible explanation, it has one major problem: it fails to explain why participants
would be more satisfied with their real body after experiencing themselves as anorexic, when
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the mean scores indicated that they were less satisfied with their virtual anorexic body (4.7)
than their real pretest body (5.6).
Satisfaction with the Virtual Body
In accordance with our hypothesis, participants were significantly more satisfied with
the anorexic than the obese body. Compared to the obese body (BMI of 43), the anorexic
body (BMI of 16) was closer to the BMI of 18 to 19 that women consider to be ideal (Coker
& Abraham, 2014). During the experiment, several women made comments about how thin
the anorexic body was and said that the thinness of the wrists “looked scary”. Still, the mean
values for body satisfaction indicated that the participants were “neither satisfied, nor
dissatisfied” with the anorexic body, as opposed to “moderately dissatisfied” with the obese
body. However, both low (BMI < 23) and high (BMI > 28) body weights are associated with
increased mortality (Troiano et al., 1996). Our results indicate that there is a discrepancy
between what is considered to be attractive and what is healthy.
Limitations
This study also has several limitations. Firstly, because we did not reach our planned
sample size, it is possible that we did not have enough statistical power to detect all
significant differences and reliably answer our research questions.
Secondly, we did not include asynchronous stroking as a control condition, which is
commonly done in the FBI (e.g., Keizer et al., 2016; Normand et al., 2011; Piryankova et al.,
2014). Even though, theoretically, asynchronous stroking should not give rise to the illusion
(Slater et al., 2009), it has been shown that asynchronous stroking can significantly influence
experienced body size (Keizer et al., 2016). This could be due to sensorimotor information
partly overriding visuotactile information (Piryankova et al., 2014), thus making this
insufficient as a control condition. On these grounds, we chose not to include it as a control
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condition. However, this makes it difficult to disentangle the effects of ownership from the
effects of passively viewing the virtual body.
Thirdly, several participants, especially in the obese condition, were able to guess that
we were interested in investigating how experienced body size affects food choices. However,
we analysed the data with these participants excluded and it did not change the outcome of
our results. Finally, we only included females with a normal BMI and we can therefore not
generalise our results to males or underweight and overweight people.
Future Directions
To the best of our knowledge, this study was the first to investigate if ownership over
an anorexic or obese body affects food choices, and if ownership over an anorexic body
affects body satisfaction. Future research should investigate this matter further, using a larger
sample size and possibly using a different means of measurement, for example asking
participants to rate their desire to eat or measure actual eating behaviour. If future studies
would also fail to find evidence for the hypothesis that ownership over an extreme body size
affects food choices, the difference between ownership and passively viewing pictures should
be further investigated, and it should be questioned why only the latter affects food
consumption (Brunner & Siegrist, 2012) and the desire to eat (Barthomeuf et al., 2011). Thus,
in order to further separate the effects of ownership and vision, future studies should include a
control condition in which participants passively view pictures of obese and anorexic bodies.
Additionally, in order to further investigate how virtual body size affects body
satisfaction, body satisfaction could be measured both at baseline, simultaneously as
experiencing ownership over the virtual body and after ownership over the own body has
been regained. The results of such an experimental setup would indicate if participants
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compare their real body to the virtual body or if body satisfaction with the virtual body lingers
on and affects the satisfaction with the real body.
Finally, in order to disentangle the characteristics of anorexia and obesity, it is
important to further study individual factors such as body size, which could potentially
maintain these disorders – disorders that affect women all around the world.
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