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Abstract

Mediated embodiment is the technologically generated illusion of replacing a person’s body with an avatar body.
Virtual reality is the most representative technology of mediated embodiment. However, other forms of embo-
diment are emerging and need to be examined. The inclusion of all mediated embodiment technologies under a
common paradigm would more readily facilitate their study. Here, a unified conceptual framework of mediated
embodiment is presented, which integrates robot embodiment as part of the phenomenon, and allows the in-
clusion under the same umbrella of embodiment technologies that might emerge in the future. The minimum
conditions necessary to induce the embodiment illusion, as well as the technical principles used to create this
illusion, are discussed. Furthermore, it is suggested that mediated embodiment technologies can be regarded as
tools that increase human capabilities in four directions: embodiment of a new self; expansion of traveling capa-
bilities; expansion of body capabilities; and the reach of immortality. The principal research conducted in the field
of mediated embodiment is explained in connection to these categories. The framework is expected to contribute
to creating awareness of the commonalities of mediated embodiment technologies among the different research
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communities that work with mediated embodiment.
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1 Introduction

Mediated embodiment technologies are capable of generating
the illusion that an avatar body temporarily substitutes for a
person’s body. Experiences of embodiment in avatars are gen-
erally associated with virtual reality. However, other technolo-
gies can also be used to produce similar illusions. In particular,
robot embodiment has recently emerged as another important
technology capable of creating this illusion (Alimardani, Nishio,
& Ishiguro, 2013; Aymerich-Franch et al.,, 2015, 2016, 2017a,
2017b; Aymerich-Franch, Kishore, & Slater, 2019; Cohen et al.,
2012, 2014; Kishore et al., 2014, 2016). While empirical evidence
is not yet available, other technologies, such as holograms or
drones, could potentially be used to achieve similar effects.

Technologically induced illusions of embodiment can entail
important cognitive, attitudinal, and behavioral effects for the
embodied user (Aymerich-Franch, Kizilcec, & Bailenson, 2014;
Groom, Bailenson, & Nass, 2009; Hershfield, et al., 2011; Peck,
Seinfeld, Aglioti, & Slater, 2013; Rosenberg et al., 2013; Won,
Bailenson, Lee, & Lanier, 2015; Yee & Bailenson, 2007) that need
to be examined and understood, especially in the most recent
and emerging manifestations of the phenomenon. Thus, a uni-
fied conceptual framework of mediated embodiment would
help to facilitate the study of this phenomenon as a whole.
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The first step is the development of a concept that encom-
passes all embodiment technologies. This defining concept
needs to be broad enough to embrace the illusion of embodi-
ment produced by any type of embodiment technology. At the
same time, it needs to be narrow enough to only include experi-
ences of embodiment that are technologically induced.

The concept of mediated embodiment is the most appropriate
for this purpose. The term has previously been used in a similar
manner to describe the degree to which the user’s body is cou-
pled to the interface (Biocca, 2002). Related terminology is also
regularly used to describe several processes in virtual reality: us-
ers embody avatars, and the feeling of experiencing the avatar’s
body as one’s own during a mediated embodiment experience
is called sense of embodiment (Kilteni, Groten, & Slater, 2012).
Notably, virtual embodiment describes the process of mediated
embodiment specifically using the technology of virtual reality,
that is, employing virtual reality technology to substitute a per-
son’s physical body with a virtual one (Spanlang et al., 2014).

Here, mediated embodiment extends the concept of virtual
embodiment, and is defined as the technologically-generated il-
lusion of substituting a person’s physical body with an avatar,
independent of the technology used to produce the illusion
(Aymerich-Franch, 2018). Mediated refers to the use of techni-
cal mediums (Davis, 2000). Embodiment, as it applies here, indi-
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cates the existence in the world through a body (Csordas, 1999).
However, embodiment is a rather complex concept, which has
been applied with many different meanings in many different
fields and contexts. It remains rather vague as to what exactly
it means to be embodied, or how humans and other physical
systems are embodied.

Metzinger (2006, 2014) proposes a differentiation between
first, second, and third-order embodiment. According to this
author, first-order embodiment systems are “reactive, adaptive
systems, achieving intelligent behavior without explicit compu-
tation” (Metzinger, 2014: 272). Second-order embodiment sys-
tems “increase their level of causal self-control by explicitly and
holistically representing themselves as embodied” (Metzinger,
2014: 274). Finally, third-order embodiment systems are those
that “not only explicitly model themselves as an embodied be-
ing, but also map some of the representational content generated
in this process onto the level of conscious experience” (Metz-
inger, 2014: 274).

Importantly, in the third-order embodiment, physical sys-
tems consciously experience themselves as embodied, while
possessing affective or sensorimotor states (Metzinger, 2014).
This type of embodiment is found in conscious human beings
and also in experimentally induced full-body illusions (Metz-
inger, 2014). Mediated embodiment experiences with virtual
and robotic avatars are a type of experimentally/technologically
induced full-body illusion. Hence, they can be considered third-
order embodiment, according to this classification.

2 The role of avatars in mediated
embodiment

Avatars are a core element of mediated embodiment. When
people are embodied in avatars, they experience ownership
and agency over the body of that avatar (Kilteni, Groten, &
Slater, 2012), and self-location within its bodily boundaries
(Lenggenhager, Tadi, Metzinger, & Blanke, 2007; Slater, Perez-
Marcos, Ehrsson, & Sanchez-Vives, 2008, 2009; Slater, Spanlang,
Sanchez-Vives, & Blanke, 2010).

Other terms used in place of avatar include “incarnation” or
“appearance” (Harper, 2018). In virtual reality, this concept has
been largely adopted to describe users’ self-representation in the
mediated environment (Ahn, Fox, & Bailenson, 2012). Both its
roots and its acceptance in the virtual reality field make the con-
cept perfectly extendable to also describe users’ surrogate body
in other forms of mediated embodiment. If this wider definition
is adopted, then avatars can be classified in two main categories:
virtual and physical.

Virtual avatars represent users in virtual reality, videogames,
online virtual worlds, social media, and other forms of com-
puter-mediated communication. However, only in immersive
virtual reality do users embody the avatar, in the sense that the
space generally occupied by the real physical body is replaced by
the avatar’s virtual body (Spanlang et al., 2014). Generally, ava-
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tars in virtual reality resemble human bodies, but avatar bodies
that represent other entities, such as animals (Ahn, et al., 2016),
can also be used for this purpose. Virtual avatars could poten-
tially be used in other emerging technologies, such as in future
forms of hologram embodiment.

Physical avatars currently represent users in robotic embodi-
ment. A robot is a physical entity situated in the physical reality.
Thus, when users embody a robot, the avatar can be classified
as physical. At present, humanoid robots of closely human (Ali-
mardani et al., 2013; Becker-Asano et al., 2012) and non-human
appearance (Aymerich-Franch et al., 2015, 2016, 2017a, 2017b;
Becker-Asano et al., 2012; Cohen et al., 2012, 2014; Kishore et
al., 2014, 2016) are used as physical avatars. However, other
physical entities such as drones, other types of robots, or even
cyborgs might potentially become physical avatars in future
forms of mediated embodiment.

3 Minimum conditions necessary for
experiencing sense of embodiment
in mediated embodiment

Mediated embodiment is related to the process of technologically
embodying a user in an avatar, whereas a sense of embodiment in
a virtual or physical avatar body is a result of this process.

Kilteni, Groten, and Slater (2012) define sense of embodiment
in the specific context of mediated embodiment as “the ensem-
ble of sensations that result from being inside, having, and con-
trolling an avatar body” (p. 374-375).

According to Kilteni, Groten, and Slater (2012), sense of em-
bodiment results from: body-ownership, which is the feeling
that a body or a limb belongs to oneself (Gallagher, 2000; Tsaki-
ris, 2010); self-location, which is a determinate volume in space
where one feels to be located (Blanke & Metzinger, 2009); and
agency, which refers to the capacity to control one’s own actions
(Haggard, 2017) or, in the particular case of mediated embodi-
ment, the avatar’s actions (Kilteni, Groten, & Slater, 2012).

The reason why humans are able to experience sense of em-
bodiment in avatar bodies is a complex question. A crucial as-
pect to understand in relation to this process of re-embodiment
is the importance of overcoming the conception of any living
being - including humans - as closed, permanent units, at all
levels of their existence.

In this regard, it is important to acknowledge the high mal-
leability of human minds and bodies to permanently redefine
their boundaries and to incorporate external apparatus as part of
their beings (Clark, 2007). This condition of permanent change
reaches as far as to the level of self-consciousness. According to
the self-model theory, “there is no such thing as a substantial
self (as a distinct ontological entity, which could in principle ex-
ist by itself), but only a dynamic, ongoing process creating very
specific representational and functional properties” (Metzinger,
2007).
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Mediated embodiment setups have been used to provide ava-
tar bodies that extend beyond traditional human appearances,
including animals (Ahn et al.,, 2016), bodies with extra limbs
(Schaefer, Heinze & Rotte, 2009; Won et al., 2015) and tails (Step-
toe et al., 2013), or highly robotic-looking avatars (Aymerich-
Franch et al., 2016, 2017a, 2017b; Aymerich-Franch, Kishore, &
Slater, 2019). The sense of embodiment reported by participants
in these experiences varies across studies and the limits of em-
bodiment for non-human looking entities remain unclear (Ay-
merich-Franch & Ganesh, 2016). The fact that avatar bodies with
a closer resemblance to human bodies seem to elicit stronger
sense of embodiment suggests that sense of embodiment might
be regulated by a top-down perceptual body image that modu-
lates the way in which multisensory information is processed
from the bottom-up (Maselli & Slater, 2013).

The role of body image in leading to sense of embodiment
is more specifically discussed by Haans and Ijsselsteijn (2012).
They suggest that the three orders of embodiment proposed by
Metzinger (2006, 2014) can be explained in terms of the mor-
phology of the body - the body schema - which is “a dynamic
distributed network of procedures aimed at guiding behavior”
(Haans & Ijsselsteijn, 2012: 213), and the body image, which is
a perceptual, cognitive, and/or emotional awareness of the body
together with the fact that the body is perceived as owned and as
something in itself (Gallagher, 1986). For Haans and Ijsselsteijn
(2012), first-order embodiment means having morphology only,
second-order embodiment entails having morphology and a
body schema, and third-order embodiment implies having mor-
phology, a body schema, and a body image (Haans & Ijsselsteijn,
2012). In a distinction between functional and phenomenologi-
cal extensions of the self, Haans and Ijsselsteijn (2012) suggest
that when the components of a mediated embodiment system
are effectively integrated in the body schema (second-order em-
bodiment), humans can interact with the mediated environment
as if the mediating technology was not there. However, feeling
embodied in an avatar cannot be explained by incorporation of
the avatar into the body schema alone, as it requires conscious-
ness of having a body image, or, in other words, third-order em-
bodiment (Haans & Ijsselsteijn, 2012).

There are numerous empirical works that contribute to ex-
plain how the illusion of embodiment can be artificially induced
in experimental contexts. Multisensory correlations are one of
the fundamental conditions in this regard. The well-acknowl-
edged rubber-hand illusion experiment (Botvinick & Cohen,
1998) showed how synchronous touch applied to a hidden real
hand and a physical rubber hand visible to the participant led to
sense of ownership over the rubber hand.

Similar principles can be applied to create full-body embodi-
ment illusions. For instance, Petkova and Ehrsson (2008) gave
participants a first-person perspective (1PP) from a mannequin
body and used visuo-tactile synchronization between the man-
nequin body and the participants’ real body to show that owner-
ship illusions also extend to the full-body.
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In the specific context of mediated embodiment, there is also
empirical evidence that sense of embodiment can be induced
in virtual and robotic limbs and bodies when visuo-tactile syn-
chronization is applied between the avatar and the participant’s
bodies (Aymerich-Franch et al., 2017a; Maselli & Slater, 2013;
Slater, Perez-Marcos, Ehrsson, & Sanchez-Vives, 2009).

Given the characteristics of mediated embodiment technolo-
gies, visuo-motor synchronization is generally used to induce
sense of embodiment in avatar bodies (rather than visuo-tactile
synchronization). To create visuo-motor synchronization in me-
diated embodiment systems, the movements of the human user
are mapped to the avatar body using real time motion capture
(Spanlang et al., 2014).

Other than multi-sensory correlations, a 1PP over the avatar
body, which translates also to a spatially coincident location be-
tween the real and the avatar body, has also been highlighted as
essential for eliciting a body ownership illusion (Maselli & Slater,
2013; Slater & Sanchez-Vives, 2014).

While in certain experimental conditions it has been suggest-
ed that 1PP alone (Carey, Crucianelli, Preston, & Fotopoulou,
2019; Maselli & Slater, 2013; Slater, Spanlang, Sanchez-Vives, &
Blanke, 2010), or multi-sensory correlation alone (Lenggenha-
ger, Tadi, Metzinger, & Blanke, 2007), might be sufficient to elic-
it the embodiment illusion, the combination of the two seems
crucial to induce sense of embodiment, especially as the resem-
blance of the avatar body becomes increasingly different to the
human body in appearance (Maselli & Slater, 2013).

In summary, the minimum conditions that need to be satis-
fied in order to achieve the illusion of mediated embodiment
appear to be the following:

o A physical or digital entity that acts as the avatar body

o First-person perspective from the avatar and occluded vi-
sion from the real, physical surroundings that result into a
spatially coincident location between the avatar body and
the physical body of the user (Maselli & Slater, 2013; Slater &
Sanchez-Vives, 2016; Spanlang et al., 2014)

o Multisensory correlation between the user and the avatar
bodies, which is generally translated to visuo-motor synchro-
nization between the user body movements and the avatar
movements in mediated embodiment setups (Spanlang et al.,
2014)

The implementation of these conditions at the technical level
in the principal existing mediated embodiment systems is de-
scribed below (in section 4: Technical Commonalities of Medi-
ated Embodiment Technologies).

4 Technical Commonalities of Mediated
Embodiment Technologies

At present, virtual reality and robots are the principal technolo-

gies used to create experiences of mediated embodiment. Virtu-
al reality environments are digitally created 3D spaces in which
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users interact through an avatar. Users’ movements are tracked,
and their surroundings rendered in accordance with these
movements (Fox, Arena, & Bailenson, 2009). Robots, or more
specifically, physical robots, can be broadly defined as autono-
mous or semi-autonomous machines which are able to sense the
environment around them and perform complex tasks within it.

Robots that resemble a human body in terms of shape (limbs,

head, trunk) are termed “humanoid robots”. Teleoperation is the

operation of a machine by a person at a distance, in which a

human utilizes a master, a manipulator or joystick to give move-

ment commands to the slave (the robot), which performs the
task accordingly (Hokayem & Spong, 2006). The operator (the
person controlling the machine or device) has either direct visu-
al contact with the machine or receives visual feedback through

a camera mounted on the device. Robot teleoperation could po-

tentially lead to mediated embodiment if the minimum condi-

tions necessary to achieve this illusion are satisfied.

The illusion of mediated embodiment is achieved following a
series of technical principles which are common to all embodi-
ment systems. These technicalities are oriented to provide sen-
sory feedback and control of the avatar movements, and satisfy
(at least) the minimum necessary conditions for the illusion of
mediated embodiment to occur. Concerning sensory feedback,
the technical commonalities are the following:

o Visual feedback: As stated earlier, 1PP is a fundamental re-
quirement to induce the illusion of embodiment (Gonzélez-
Franco, et al., 2010; Maselli & Slater, 2013; Slater et al., 2010).
A head-mounted display (HMD) is used to provide visual
feedback from the avatar’s “eyes” and occlude the partici-
pants view of the real world. In virtual reality, HMDs dis-
play the virtual environment whereas in robot embodiment
the HMD displays real time video feedback from the robot’s
eyes. Users are able to see the limbs and part of the body of
their avatars if they look down, at the location corresponding
to their real limbs. In addition, full-body identification can
be achieved by reflecting the avatar’s appearance in physi-
cal and virtual mirrors or other surfaces (Aymerich-Franch
et al,, 2016; Aymerich-Franch, Kizilcec, & Bailenson, 2014;
Gonzalez-Franco, Pérez-Marcos, Spanlang, & Slater, 2010).

o Feedback from other senses: While feedback from other
senses is not a minimum condition to induce the embodi-
ment illusion in the currently existing mediated embodiment
technologies, it can be implemented to enhance the experi-
ence (Spanlang et al., 2014). Auditory feedback is implement-
ed with the use of headsets or speakers. Haptic feedback, cur-
rently utilised less commonly, can be implemented with the
aid of different types of haptic devices that facilitate grasping
and moving objects, experiencing the feel of a texture, or re-
ceiving force feedback (Fox et al., 2009; Stone, 2001). Olfac-
tion and gustation are generally not implemented.

The shared technical principles related to providing control of

the avatar’s movements (related to the minimum condition of
visuomotor synchronization) can be synthetized as follows:
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o Head-tracking: In virtual reality embodiment, the move-
ments of the user’s head are followed in real-time enabling
the system to update the virtual viewpoint based on the data
of the tracked head (Spanlang et al., 2014). In robot embodi-
ment, head movements are synchronized to the robot’s head
movements and users receive video-feedback from cameras
mounted on the robot’s head in real-time (Aymerich-Franch
etal., 2015, 2016, 2017a, 2017b; Kishore et al., 2014, 2016).

» Body-tracking: Users’ movements can be tracked and syn-
chronized to the avatar’s movements for the control of limb
and body gestures and to make the avatar move in the space.
In virtual reality, a user’s body movement is generally tracked
and synchronized to the movement of the avatar body, with
spaces rendered according to these movements (Fox et al.,
2009; Spanlang et al., 2014). For physical avatars, control of
the movement of the robot body can be achieved with a mo-
tion capture suit (Aymerich-Franch, Kishore, & Slater, 2019),
a joystick (Aymerich-Franch et al, 2015, 2016), a brain-
computer interface (Alimardani et al., 2013; Gergondet et
al., 2011), fMRI (Cohen et al., 2012, 2014; Shinkareva et al.,
2008), or eye-tracking technologies (Kishore et al., 2014). The
ability to control the movement of the avatar body enables
the user to discern the boundaries of the embodied body
from the surrounding space.

Figure 1 summarizes the minimum conditions necessary for ex-
periencing sense of embodiment and its relation to the technical
commonalities of mediated embodiment technologies.

Any technology, in addition to virtual reality and robots (e.g.
drones, holograms), that follows these principles and meets the
minimum conditions for the mediated embodiment illusion to
occur could potentially be used for mediated embodiment. For
instance, a mediated embodiment system could be created from
a drone provided that the users had a 1PP from the “body” of
the drone, their movements were synchronized to those of the
drone (e.g. moving the left arm, moves the drone to the left),
and the drone presented physical features that were coherent
with the body model. Smolyanskiy and Gonzalez-Franco (2017)
designed an advanced drone teleoperation system using a fully
immersive setup that provided stereoscopic 1PP through a vir-
tual reality HMD, which could be regarded as a precedent in
this regard. Similarly, for a hologram, the illusion of mediated
embodiment could potentially take place, provided that a HMD
was used which enabled the user controlling the hologram to
view its perspective in its surroundings. The users should be able
to see the body of their hologram when they look down. Em-
pirical validation, however, is required to prove these assump-
tions.

It is worth emphasizing that a technology should only be
classified as a mediated embodiment technology if it satisfies
these minimum criteria. For instance, an avatar in a videogame
displayed on a laptop screen would not fall under mediated em-
bodiment, because the avatar and the human body do not have
a spatially coincident location.
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Mediated Embodiment

Technologically
generated illusion of
substituting a person’s
body with an avatar
body

Created by technical principles £
common to all embodiment 4
technologies L

* Feedback from other senses

" e Visual Feedback: 1PP from the avatar body
iy
. * Head & body tracking: visuomotor synchronization

Avatar es:

* Virtual (e.g. avatars in virtual reality)
* Physical (e.g. humanoid robot)

leads to

Sense of embodiment

Figure 1. The Mediated Embodiment framework

5 Maediated embodiment as a tool
to extend human capabilities

Since ancient times, human beings have tried to extend their
capabilities with the aid of external tools and objects (Berti &
Frassinetti, 2000; Maravita & Iriki, 2004). Humans integrate
these tools as part of their body. There is evidence that when the
cerebral representation of body space is extended to include ob-
jects or tools used by the person, space previously mapped as far
can be remapped as near (Berti & Frassinetti, 2000). Mediated
embodiment technologies can be regarded as an evolution of
more primitive means of extending our capacities, such as using
a hammer. Hence, it can be seen as a way to extend the human
senses (Biocca, 1992), body, and mind (Biocca & Delaney, 1995).

Based on the principal experimental works conducted to date
with mediated embodiment technologies, it is possible to identi-
fy four directions towards which mediated embodiment systems
enhance these capabilities: embodiment of a new self; expanded
travelling capabilities; expanded body capabilities; and immor-
tality. Social scientists need to examine experiences of mediated
embodiment in relation to each of these capabilities with the
dual purpose of promoting positive uses of mediated embodient
and anticipating potential negative outcomes.

5.1 Embodiment of a new self

The desire to become someone different using an avatar can be
connected to its liberating effects. Mediated embodiment allows
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users to express their “true mind, the authentic self, unfettered
by concerns of self-presentation, or even physical sanction”
(Spears & Lea, 1994, p.430). These experiences give users the
opportunity to create new identities and explore what it means
to be someone different (Turkle, 1999). Mediated embodiment
also gives users the possibility to disassociate the avatar’s actions
from their real identity, which can reduce feelings of vulnerabil-
ity regarding self-disclosure, inhibition, or evaluation anxiety,
and therefore facilitate social interaction (Suler, 2004; Spears &
Lea, 1994).

When users embody an avatar, their self-representation ex-
periences important transformations. These transformations
can be as moderate as changing eye and hair color and as dras-
tic as changing gender (Slater et al., 2010), age (Hershfield et
al,, 2011), or skin color (Peck et al., 2013). They can even be as
extreme as changing “species” to become an animal (Ahn et al.,
2016), or a robot (Alimardani et al., 2013; Aymerich-Franch et
al. 2015, 2016, 2017a, 2017b; Becker-Asano et al., 2012; Cohen
et al., 2012, 2014; Kishore et al., 2014, 2016).

The body plays an important role in shaping how the mind
thinks (Clark, 2007; Gallagher, 2005). Thus, being in an avatar’s
shoes, particularly when it presents substantially different visual
characteristics from the real self, may cause important altera-
tions in human behavior. In particular, studies in virtual reality
have found that users’ behavior is affected by the characteristics
of the avatar that they represent (Yee & Bailenson, 2007). This
phenomenon, named Proteus Effect, describes how the appear-
ance of the embodied avatar is able to modify the behavior of
the user and it is believed to occur because individuals associ-
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ate certain traits of an avatar with specific behavioral stereotypes
and expectations (Yee & Bailenson, 2007). Therefore, when users
believe that others will expect certain behaviors from them be-
cause of their avatars’ appearance, they engage in those antici-
pated behaviors (Yee & Bailenson, 2007).

These findings suggest that mediated embodiment could
be successfully used as a method for self-improvement. Use of
mediated embodiment environments is considered a safe, con-
trolled, and cost-effective method for treating mental health is-
sues, such as phobias and anxiety-related disorders (Riva, 2005),
substance-related disorders, or eating disorders (Freeman et al,,
2017). For instance (Aymerich-Franch, Kizilcec, & Bailenson,
2014) found that modifying the appearance of the avatar so that
it looks dissimilar to a user’s real appearance can contribute to
reducing public speaking anxiety. Falconer et al. (2014, 2016)
showed how avatar embodiment can be used to increase self-
compassion and to reduce depression and self-criticism. Also,
Osimo, Pizarro, Spanlang, and Slater (2015) and Slater et al.
(2019) found that mediated embodiment experiences could be
successfully used for self-counselling.

Other findings connected to the benefits of mediated embod-
iment suggest that these experiences could also be implemented
to reduce racial bias (Groom, Bailenson, & Nass, 2009; Peck et
al,, 2013), and promote social behavior (Rosenberg, Baughman,
& Bailenson, 2013) or pro-environmental behavior (Ahn et al.,
2016; Bailey et al., 2015). On the other hand, mediated embodi-
ment may also engender negative effects, such as inducing ag-
gressive behavior (Calvert & Tan, 1994), that also need to be
examined.

5.2 Expansion of travelling capabilities

A particularity of physical avatars is that they can be control-
led remotely. Thus, users and physical avatars can be situated in
different physical spaces — even in different countries (Cohen et
al., 2012, 2014; Kishore et al., 2014). In the future, users embod-
ied in physical avatars could be transported to the most remote
places on Earth, into space, or even to other planets. As for vir-
tual avatars, users embodied in these entities have the chance
to explore digitally created fantasy worlds that are non-existent
in reality. In fact, the expansion of human travelling capabilities
is nothing new. Communication technologies such as cinema
or television, as well as literature, have performed this function
for centuries (Green, Brock, & Kaufman, 2004). The core and
constituting difference of mediated embodiment compared to
these precedents is that, in mediated embodiment, users are
able, through their avatars, to interact with and in the remote or
virtual environments, and their actions have consequences on
that environment.

The sense of Presence is a thoroughly researched area in rela-
tion to the extended capability of travelling, especially in virtual
reality. Presence is defined in virtual reality studies as the sense
of being ‘there] in the virtual environment (Lombard & Ditton,
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1997). When users feel present in the location of the avatar, they
behave and respond emotionally very similarly to how they do
in reality (Bailenson et al., 2001; Bailenson et al., 2003; Garau et
al., 2005; Sanchez-Vives & Slater, 2005).

A series of applied uses of mediated embodiment can be
identified in connection to the extended capability of trans-
portation. For instance, feeling present in the avatar’s environ-
ment (and separated from the real environment) can be used as
a pain distraction method during an operation or for someone
suffering from illness (Malloy & Milling, 2010; Wiederhold &
Wiederhold, 2007). Likewise, it could also be used for mood
management and stress relief, a function largely attributed to
communication technologies (Bryant & Zillmann, 1984; Kno-
bloch, 2003; Zillmann, 1988).

5.3 Expansion and restitution of body capabilities

A physical avatar of a robot can possess capabilities far beyond
the typical human body. A robot body can be considerably
stronger, have the ability to fly or to spend extended periods un-
derwater, resist extremely high or low temperatures and adverse
climate conditions as well as toxic, radioactive, and non-oxygen
environments, and may have extra and/or longer limbs. The na-
ture of a digital avatar is non-corporeal and therefore free of all
constraints linked to corporality such as gravity or perishability.

It is worth noting that even if the resemblance of the avatar
to a human body may improve the sense of embodiment (Tsaki-
ris & Haggard, 2005; Maselli & Slater, 2013), users are able to
experience sense of embodiment in avatars that do not reflect
their real appearance (Ahn et al., 2016; Aymerich-Franch, 2012;
Steptoe, Steed, & Slater, 2013; Won et al., 2015). Thus, users can
embody avatars that present substantially different body struc-
tures from humans and integrate body-parts that do not cor-
respond to their real body structure, such as extra limbs (Won
etal., 2015) or tails (Steptoe, Steed, & Slater, 2013). Research has
also found that people embodied in avatars are able to rapidly
learn to use a novel body with substantially different body sche-
mas to successfully complete a task (Won et al., 2015).

Avatars, especially of a physical nature, might play an im-
portant assistive role in hazardous situations, such as rescue
activities, nuclear disasters, or natural catastrophes. In addi-
tion, people with mobility impairments and amputees could use
avatar bodies for sensorimotor performance, or could control a
secondary body to carry out daily routines (e.g. to go shopping
or help them to dress). Assistive technologies such as advanced
prosthetics or wearable exoskeletons provide precedents in this
regard (Cowan et al., 2012).

Mediated embodiment technologies could also be imple-
mented for neurorehabilitation purposes (Perez-Marcos et al.,
2012). For instance, techniques such as virtual mirror visual
feedback could be useful for motor rehabilitation in people re-
covering from strokes (Perez-Marcos, 2018).
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5.4 Immortality

Physical avatars (principally represented by robots) are made of
long-lasting materials such as metal and plastic, and digital ava-
tars are non-corporeal entities which cannot expire. The abiding
nature of avatars, in comparison to the perishable flesh-and-bones
human body, has led some to envisage avatars as containers of the
human mind that can support a perpetual existence (2045Initia-
tive, 2015). This perspective assumes that immortality could be
achieved if human consciousness could be transferred to avatar
bodies (2045Initiative, 2015). This idea implies re-conceptualiz-
ing the notion of the “self” and raises a series of challenging ques-
tions: What is the self, exactly? What are the minimal necessary
requirements to experience it? And does a mind exists as an in-
dependent entity from the body? Similar questions have occupied
philosophers and scientists for centuries (Descartes, 1644/1984;
James, 1890; Kant, 1781/1999) and still remain unresolved.

In this regard, advanced mediated embodiment systems
could be used as methodological tools to study the relationship
between body and mind as well as the nature of the self (Ehrsson,
2007; Lenggenhager et al., 2007). Some studies have used medi-
ated embodiment as a method to explore self-consciousness (Ay-
merich-Franch et al., 2016; Ehrsson, 2007; Guterstam & Ehrsson,
2012; Lenggenhager et al., 2007; Maselli & Slater, 2013; Petkova
& Ehrsson, 2008; Slater et al., 2009; van der Hoort, Guterstam, &
Ehrsson, 2011). Other studies have highlighted the usefulness of
mediated embodiment experiences to explore (virtual) mortality
and near-death experiences (e.g. Barberia et al., 2018).

Given that users experience the properties of the avatars’
bodies as if they were their own (de Vignemont, 2011; Kilteni,
Groten, & Slater, 2012), mediated embodiment could also be
used as a methodological tool to empirically explore philosophi-
cal stances that argue that consciousness and cognition is de-
pendent on the body and the environment (Aymerich-Franch,
2018). One of the most representative theorists in this regard is
the phenomenologist philosopher Merleau-Ponty (1945/2002),
who defended the body and perception as the primary sources
to understand the world. Also, the Embodied Cognition ap-
proach sustains that cognition is highly dependent on the char-
acteristics of the physical body and its interactions with the
world (Shapiro, 2010; Thelen, Schoner, Scheier, & Smith, 2001).
According to this view, the particular form of embodiment de-
termines the way the environment appears to the agent as well
as the way in which the organism can interact with it (Lakoft &
Johnson, 1999; Varela, Thompson, & Rosch, 1991).

6 Conclusion

Mediated embodiment technologies are experiencing a tangible
process of democratization. The commercialization of low-cost
virtual reality visualization devices exemplifies this process. Sys-
tems for robot embodiment might also follow a similar path to
reach the market, considering that low cost robots are already

COPYRIGHT 2020, FACULTAS, VIENNA

available to consumers (e.g. Pepper). The use of drones or holo-
grams for embodiment might potentially evolve as other tech-
nologies of mediated embodiment, provided that these technol-
ogies apply the minimum conditions necessary to produce the
illusion of embodiment.

Experiences of embodiment in these technologies might en-
gender important behavioral, cognitive, and attitudinal effects for
users, similar to those identified for avatar embodiment in virtual
reality (Aymerich-Franch, Kizilcec, & Bailenson, 2014; Groom,
Bailenson, & Nass, 2009; Hershfield, et al., 2011; Peck, Seinfeld,
Aglioti, & Slater, 2013; Rosenberg et al., 2013; Won, Bailenson,
Lee, & Lanier, 2015; Yee & Bailenson, 2007). These consequences
are still unknown and need to be carefully examined.

Throughout this article, I have crafted the foundations of a
unified framework of mediated embodiment that facilitates the
analysis of the emerging mediated embodiment technologies. The
framework should also contribute to creating mutual awareness
of the commonalities between the work of scholars in different
disciplines examining mediated embodiment related topics. Speci-
fically it can highlight links between researchers working in ro-
botic embodiment and robot teleoperation from a Robotics per-
spective, and those working with virtual reality in the Communi-
cation, Media Psychology, or Neuroscience fields. The common
framework is expected to facilitate knowledge transfer and col-
laboration among these and other research communities involved
in the research and development of embodiment technologies.

At the core of this framework, I placed the concept of medi-
ated embodiment, which defines the technologically generated
illusion of substituting a person’s body with an avatar body,
independent of the technology used to produce the illusion. I
suggested that the minimum conditions necessary to create the
mediated embodiment illusion are: a digital or physical avatar to
act as a substitute body; 1PP from the avatar and occluded vision
from the real surroundings; and visuomotor synchronization of
the user’ movements to the avatar. Furthermore, I identified a
series of technical commonalities across mediated embodiment
technologies that are used to create the illusion of embodiment.
These commonalities will need to be periodically revised as me-
diated embodiment technologies evolve.

In the second part of the article, I framed mediated embodi-
ment technologies as an advanced tool to increase human capa-
bilities and identified four directions towards which this tech-
nology evolves: the embodiment of a new self; the expansion
of traveling capabilities; the expansion of body capabilities; and
the reach of immortality. Finally, in addition to understanding
the effects of this phenomenon, I emphasized that the scientific
community has an important responsibility in promoting posi-
tive uses of mediated embodiment technologies (Riva, Banos,
Botella, Wiederhold, & Gaggioli, 2012). I further suggested a
series of positive implementations for these technologies within
the frame of the four extended human capabilities highlighted.

Finally, mediated embodiment raises important ethical and
legal questions that need to be addressed (Aymerich-Franch,
Kishore, & Slater, 2019; Aymerich-Franch & Fosch-Villaronga,
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2019, 2020; Metzinger, 2013). For instance, shall we consider
avatars as part of the self from a legal perspective? (Aymerich-
Franch & Fosch-Villaronga, 2019). Shall we follow the same
moral principles that we use in interacting with a flesh and bone
human body, to interact with an avatar? There is evidence to in-
dicate that during mediated embodiment users cognitively and
emotionally experience the surroundings of their avatar as if
they were their real immediate surroundings (Bailenson et al.,
2001, 2003; Garau, Slater, Pertaub, & Razzaque, 2005; Lee, 2004;
Sanchez-Vives & Slater, 2005), and respond to threats to the ava-
tar as if their real body was actually in danger (Gonzélez-Franco
et al., 2010; Slater et al., 2010). Thus, in a way, it can be assumed
that users integrate the avatar’s body as part of themselves and
that the sense of self expands to this new body. All things con-
sidered, the need to maintain interpersonal distance when we
interact with an avatar, and the desire to develop legislation
to safeguard its integrity, do not seem unjustified (Aymerich-
Franch & Fosch-Villaronga, 2019). Future research in mediated
embodiment will also need to address these matters.
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