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Abstract
In Virtual Reality (VR), users can feel embodied through a virtual body that mimics their physical one in
terms of location, behavior, and movement. Several studies have explored users’ perception of self-avatar
movement retargeting. However, the boundaries of dynamic changes of user movements and the process
of adaption to new self-avatar behaviors remain unclear and require additional investigations. Exploring
this motion retargeting techniques is crucial to both enhance the availability of this technology and
improve its applications in rehabilitation therapies.
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1. Introduction

One of the primary advantages of Virtual Reality (VR) is its ability to enable users to explore
virtual environments and interact with digital objects from a first-person perspective, providing
an immersive experience that evokes both psychological and physical sensations of being present
in the virtual environment. Many systems provide users with a virtual body, called self-avatar,
that is placed, behaves, and moves like the physical body [1, 2], inducing the so-called Sense
of Embodiment (SoE). Several users may have restricted physical spaces or experience motor
disabilities that reduce their movement capabilities [3]. In response, various techniques have
been developed to alter users’ movement, aiming to enhance their overall experience within
the virtual environment [4, 3]. Nevertheless, it is crucial to investigate how users can adapt to
these new self-avatar movements without compromising both SoE and the accuracy of their
interactions.

In this context, the investigation of motion retargeting techniques becomes crucial to ensure
the widespread accessibility of VR technology. By refining and implementing motion retargeting
approaches, VR experiences can be tailored to the individual needs and capabilities of users,
making virtual reality more inclusive and immersive for all.

Having an embodied self-avatar makes VR a possible alternative to traditional rehabilitation
therapies (See Palacios-Navarro et al. for a review [5]).

Typical virtual reality rehabilitation therapies on upper and lower limbs rely on approaches
such as Constraint-induced movement therapy (CIMT) in which the induced motion is provided
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by an external robotic tool [6], and mirror-therapy exercises, in which affected limb movements
are simulated by mirroring the healthy limb ones[7].

Post-stroke patients can be also treated using a setup made of a screen showing a pre-recorded
movie of a moving hand, placed over the real patient’s arm (Kinesthetic Illusion Induced by
Visual Stimulation, or KiNVIS) [8]. With this approach, the seen body movements are different
from the physical ones, creating an illusory perception of kinesthesia and improving individual
motor function.

The possibility of retargeting self-avatar movements makes this technology to be a valid
option for rehabilitation therapy based on induced motion illusion. However, according to
the authors’ knowledge, this rehabilitation approach in Virtual Reality is still novel. The
effectiveness of this rehabilitation approach in virtual reality may depend on the ability of
the technology to accurately reproduce and alter user’s movements through a virtual body,
hiding the real physical body movements. In this scenario, it is important to understand how
much difference between virtual and physical body maximize the induced movements without
affecting SoE.

Additionally, introducing a gradual variation in the gap between the virtual and real body,
rather than maintaining a consistent level of alteration throughout the entire exercise, could
prove effective and potentially enhance rehabilitation outcomes.

2. Related works

In recent years, several works focused on the alteration of the movements of the self-avatar
and the user’s perception of the virtual body behavior. Soccini et al. [9, 10] defined the induced
finger movements effect as the involuntary physical hand motion induced by the sight of the
alien movement (alien motion) of the self-avatar fingers, spotted only when SoE is present.
Gonzales Franco [11] defined the self-avatar follower effect as the involuntary modification
of the physical movements in order to be similar to the virtual body ones. In particular, the
study shows how the introduction of an alteration in self-avatar movements makes users follow
their self-avatar itself, resulting in a drift. The results suggest that participants show a stronger
tendency to follow the avatar when the alteration of movements is introduced gradually, rather
than instantaneously. Furthermore, gradual introduction of movement modifications leads to a
higher Sense of Embodiment compared to instantaneous alterations.

Similarly, Burin et al. [12] develop an immersive virtual reality experiment in which user’s
were asked to repeat a specific movement (draw continuous straight vertical lines). The results
showed that when it is introduced a gap between the actual movements of the user and the
self-avatar movements, the motor performance is attracted towards the embodied virtual body
movements. The alteration of the self-avatar movements was used to support the learning of
specific hand positions and movements.

While these works primarily focus on understanding how the alteration of self-avatar move-
ments affects the SoE and real user movements, other studies investigated the user adaptation
to the modified behavior of the virtual body.

Soccini et al. [13] investigated users’ adaptation to frequent and abrupt changes in self-avatar
movements. The results suggest that users are able to adapt to the new self-avatar behavior
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Figure 1: Perspective of the user during the experimental exercise (Left) and the corresponding move-
ment retargeting scheme (Right) in et al [13]. The orange cubes show the target movements, the pink
hand represents the actual position of the user’s hand, and the green hand depicts the retargeted
position of the self-avatar hand.

without nullifying the Sense of Embodiment, even when the alterations occur frequently over
time.

Lilija et al. [14] proposed a technique in VR in which the position and pose of the user’s
hand is corrected to be closer to the target movement. The alteration introduces a mismatch
between the actual hand of the user and its VR representation. Despite the results suggesting
that the correction of the self-avatar movements improved the short-term retention of the
trained movements and the motor learning, the optimal amount of alteration of the self-avatar
movements and the duration of the exercise has not been clarified. This approach could hold
significant potential in the field of rehabilitation, as it offers opportunities for targeted motor
training and skill acquisition. By fine-tuning self-avatar movements, it may be possible to
improve motor function and coordination in individuals undergoing rehabilitation programs.

In all the works presented, the alteration of the self-avatar movements does not cancel the
Sense of Embodiment. Despite that, it is not clear how users can adapt to the new self-avatar
movements such as more complex virtual interactions.

3. Project description

In a Virtual Reality system, a self-avatar is considered by the users as their own body, and it
is important to further investigate the limits of the SoE and its components, such as Sense of
Ownership and Sense of Agency. Furthermore, understanding human perception and physical
reactions to dynamically retargeted self-avatar movements, which differ from those of the
physical body, is crucial.

So far, we already investigated user’s perception to the frequent changes of movement
remapping and their ability to adapt to the altered self-avatar behavior [13]. In this study,
participants were asked to flex/extend their left arm towards two targets while the self-avatar
movements dynamically changed (Figure 1). The goal was to understand how users adapt to
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these frequent changes. The analysis of the results confirms that Sense of Embodiment persists
despite the introduction of movement alterations. Furthermore, results suggest that the subjects
get better results of adaptation when the self-avatar behavior changes frequently.

Our initial findings indicate that users can quickly adapt to new self-avatar retargeted move-
ments. However, in order to consider this technique as a viable option for future movement and
interaction alternatives, it is important to further investigate how motion alteration and users
adaptation to these new behaviors are linked. In order to achieve this goal, it is important to
first answer the following questions:

Q1: Do users adapt better to gradual self-avatar motion retargeting compared to abrupt
alteration without affecting embodiment?

Q2: How does the gradual or abrupt motion retargeting influence the adaptation and the
interaction in the virtual environment? How does it affect movements and interaction
accuracy?

Q3: Is it possible to enhance the movement and interaction area without compromising both
Sense of Embodiment and accuracy? Can users adapt to a new virtual space temporarily
or permanently?

To address these questions, we will explore them based on the experimental design proposed
by Soccini et al. [13], and will include different retargeting patterns and interactions with
objects. Specifically, the movement tasks used in the previous study will be replaced with
interaction-based tasks, such as whac-a-mole or grab interaction.

These future directions hold potential for application in VR rehabilitation scenarios, where
self-avatars serve as guides for users. The gap between virtual body movements and physical
movements determines the potential for induced movements [15]. Furthermore, the application
of KiNVIS in Virtual Reality is still novel, and further exploration of self-avatar motion retar-
geting could contribute to the advancement of this rehabilitation approach. Firstly, in current
rehabilitation therapies based on the induced motion illusion, the degree of alteration between
virtual and physical body is stable and does not change throughout the sessions [8]. However,
the variation of the self-avatar behavior during the rehabilitation process may be more effective.
Secondly, there are still no clear criteria to determine the optimal level of self-avatar movement
alteration that can maximize the exercise outcome and rehabilitation effects. Additionally, it’s
important to understand how the self-avatar behavior should vary in order to increase the
induction of motion without affecting the Sense of Embodiment.

4. Conclusion

Thanks to the rapid growth and improvement of digital technologies, virtual reality systems and
applications are used in several different areas, including medical and therapeutic fields. While
in the last few years several studies regarding Virtual Reality interaction and VR rehabilitation
therapies have been carried out, there is still much work to do in order to make these systems
widely available and more effective. Latest developments in VR offer the opportunity to provide
users with virtual bodies, and understanding how self-representation and user’s kinetic reaction
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to altered self-avatar movements work becomes essential to give a solid contribution in the
evolution of Virtual Reality technology.

While my Ph.D. project primarily focuses on post-stroke rehabilitation, the study of self-
avatar motion remapping is important to facilitate interaction in VR to a broader range of people.
In particular, the dynamic retargeting of the self-avatar movements could be analyzed in various
aspects such as interaction with the virtual environment or locomotion. For example, gradually
exaggerating the user’s movements could enable interaction and movement within a larger
virtual space than the physical space available, without affecting the SoE and the interaction
efficacy.
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