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Abstract: Background: This work presents Com@Rehab, a patient-centred activity for individuals needing a physical
rehabilitation approach and with specific loss of functionality, designed for the context of severe post-covid19
complications. Within this scope, this paper focuses on the description of the activity in virtual reality (VR), its
components, the game design approach, and the results of an initial prototype testing in the laboratory aimed
at evaluating the experience of the Com@Rehab system. Methods: The VR activity was customised according
to patients’ clinical needs while replicating an activity of daily living. A prototype was tested by a group of
33 healthy individuals for a showering activity scenario. A questionnaire was developed within the scope of
this project to test the efficiency of the technology that supports the VR activity, as well as to evaluate health
literacy components. Results: Preliminary results showed that 94% of the participants recommended the expe-
rience, the performance of the various components of the system was successfully implemented, participants
quickly adhered to the VR technology, and the user interface (UI) assistant functionality needs to be improved.
Conclusion: The prototype test shows potential effectiveness in enhancing the rehabilitation experience and
favourable usability, offering a promising path for advancing rehabilitative care. Further research is needed for
validation in clinical settings. In addition, the Com@Rehab Communication Module improves human-human
and human-machine communication while contributing to health literacy.
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2022). In cases where the infection progresses, the
developed symptoms may require urgent medical in-
tervention and ICU admission in more severe cases.
Once in the ICU, critically ill patients may require
mechanical ventilation and be immobilised for long
periods. Motor dysfunction is a common and serious
complication of critical illness, which can be caused
by critical illness polyneuropathy (CIP), critical ill-
ness myopathy (CIM), or a combination of both (Her-
mans and den Berghe, 2015). CIP is characterised by
nerve damage that affects the muscles, particularly in
the limbs, while CIM is a type of muscle weakness
caused by inflammation and disruption of muscle fi-
bres. It has been reported that approximately 26% to
65% of patients who receive mechanical ventilation
may experience muscle weakness upon awakening in
the ICU, and ICU-acquired weakness (ICUAW) has
been diagnosed in up to 67% of patients who require
long-term mechanical ventilation (>10 days) (Mirza-
khani et al., 2013). Therefore, motor rehabilitation
is crucial not only during the ICU stay but also af-
ter hospitalisation to facilitate the recovery of motor
function, improve range of motion, restore coordina-
tion, and enable patients to regain their independence
and resume a normal lifestyle. Furthermore, restoring
motor function, specifically in the upper limbs, plays
a pivotal role in determining an individual’s prospects
of leading an independent life, given that a significant
portion of daily routine activities involves functional
movements of the upper extremities.

Technological advancements have led to promis-
ing tools that offer a substitute or complement to
conventional rehabilitation approaches (Viruega and
Gaviria, 2022). The concept of employing seri-
ous games to enhance healthcare outcomes has gar-
nered substantial interest and recognition within an
expanding community of researchers, developers, and
healthcare professionals (DamaSevicius et al., 2023).
Although the significance of technology has been
steadily increasing over the years due to its integral
role in transforming various aspects of society, rang-
ing from communication to healthcare, there are still
difficulties observed in patients’ interaction with tech-
nology. Moreover, concerning the rehabilitation pro-
cess, therapists need to develop simple, clear, moti-
vating and effective communication with the patient
to contribute positively to the recovery process.

Com@Rehab is a patient-centred activity based
on virtual reality (VR), designed for individuals need-
ing motor rehabilitation and with loss of function due
to critical illness hospitalisation, with the final aim
of bringing back independence in daily living activ-
ities. This system aims to create an effective, inter-
active, and humanised rehabilitation tool based on a

VR activity and involving a Communication Mod-
ule, therefore improving human-human and human-
machine communication, to promote health commu-
nication in serious game technology and contributing
to technological literacy.

This paper introduces Com@Rehab’s concept
and initial prototype of Com@Rehab, by provid-
ing a comprehensive overview of the VR activity,
its constituent elements, design, and target user pro-
file. Moreover, the paper highlights its adaptability
and potential application across various age groups,
pathologies, and rehabilitation settings. The paper
presents the results of the prototype testing in the lab-
oratory, which involved gathering feedback on the de-
veloped system from a group of healthy subjects who
experimented with the activities for the initial proto-

type.

2 VR APPLICATIONS IN
REHABILITATION

In academic literature, there is a prevailing notion re-
garding the potential of video games to captivate and
stimulate individuals, thus potentially augmenting the
retention and efficacy of their application in serious
settings (Baghaei et al., 2022). This captivating as-
pect of games is particularly relevant in rehabilitation,
where motivation plays a pivotal role, as it has been
consistently linked to improved therapeutic outcomes
(Vahlo and Hamari, 2019).

Due to the enticing and interactive attributes of
games, coupled with the increased accessibility of af-
fordable gaming devices, prior research has exten-
sively investigated the multifaceted advantages asso-
ciated with therapy utilizing game-based approaches
(Shahmoradi et al., 2022) and virtual reality (Premku-
mar et al.,, 2021). The enticing and interactive at-
tributes of games have led to numerous healthcare ap-
plications employing serious games from academic
and industrial sources, encompassing diverse for-
mats that align with various therapeutic methodolo-
gies (Abd-alrazaq et al., 2022). Such formats include
exergames (Bassano et al., 2022), commercial games
(Vita-Barrull et al., 2022), digital-based interventions
(Bafios et al., 2022), biofeedback (Lew et al., 2022),
board games (Gauthier et al., 2019) and virtual reality
(Oliveira et al., 2021; Hassandra et al., 2021; Gamito
et al., 2015).

VR allows researchers to construct highly realistic
environments while maintaining precise control over
vital elements, such as visual and audio feedback and
virtual characters. A crucial advantage of VR in re-
habilitation lies in its potential to train patients using

777



HEALTHINF 2024 - 17th International Conference on Health Informatics

exercises that closely simulate the cognitive demands
of real-life activities of daily living. This enables
patients to engage in rehabilitation tasks that require
cognitive processes, like how they perform within au-
thentic real-life contexts (Hassandra et al., 2021).

Extensive evidence supports the efficacy of activ-
ities of daily living-focused therapy in enhancing pa-
tient performance in daily activities (Adams et al.,
2018). According to Adams et al. (2018) the ecolog-
ical validity of virtual world-based training for stroke
rehabilitation remains to be thoroughly established.
While the outcome measures employed in their study
indicate improved motor function, further investiga-
tion is required to ascertain whether these gains effec-
tively translate to enhanced performance in real-world
tasks (Adams et al., 2018). A more recent study con-
ducted by Oliveira et al. (2022) proposes that incor-
porating virtual reality-based exercises into everyday
life activities could serve as a valuable cognitive re-
habilitation approach, offering significant short-term
improvements in cognition after a stroke (Oliveira
et al., 2020). Moreover, for older adults, Liao et al.
(2020) concluded that VR-based physical and cog-
nitive training was superior in improving instrumen-
tal activities of daily living compared to conventional
training (Liao et al., 2020).

Considering the focus of Com@Rehab as motor
rehabilitation for the upper limb with VR, the litera-
ture indicates high activity and ongoing progress in
this area of research. Aminov et al. (2018) con-
clude that VR shows advantages over conventional
interventions, producing immediate and lasting im-
provements in motor function and cognitive abilities
post-stroke (Aminov et al., 2018). Its efficacy ap-
plies to acute and chronic recovery stages, utilizing
purpose-designed or commercially available systems.
Baluz et al. (2022) developed a serious game called
”Rehabilite Game” and evaluated its usability and
user experience with physiotherapists and patients
(Baluz et al., 2022). Additionally, the game was well-
received by users, being perceived as user-friendly,
attractive, and enjoyable. Notably, in the evaluation
with patients, “Rehabilite Game” ranked among the
top 10% of products with the most favourable out-
comes. The study’s findings revealed that the serious
game elicited considerable excitement, fostering high
levels of motivation (as indicated by the stimulation
scale). According to Koutsiana et al. (2020), incorpo-
rating serious games can be an adjunctive approach to
enhance motivation (Koutsiana et al., 2020).

These findings highlight the potential fruitful ar-
eas for future research in serious games and upper
limb rehabilitation. Specifically, a promising path ex-
ists to explore serious games focused on remote reha-
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Figure 1: Simplified step-by-step methodology.

bilitation, facilitating rehabilitation outside traditional
clinical settings. Additionally, game difficulty adap-
tation based on the user’s muscle strength and pos-
ture emerges as a key idea to explore, allowing for
personalised and tailored interventions to enhance re-
habilitation outcomes. These concepts resonate with
the core idea of the Com@Rehab project, which em-
phasises the importance of advancing serious games
in rehabilitation to promote effective and personalised
therapy approaches.

3 MATERIALS AND METHODS

The prototype presented in this paper arises from
the need to adapt the Com@Rehab solution to post-
COVID patients, from the observation of patients’
difficulties in interacting with technology, and the ef-
forts of therapists to develop motivational commu-
nication with them. The Com@Rehab is an inno-
vative interactive rehabilitation technology system,
which combines VR and a biosensor glove to reha-
bilitate patients in a hospital/home setting (Quaresma
et al., 2018; Fonseca et al., 2019). As an innovat-
ing factor, a communicative support module for post-
COVID patients, Com@Rehab, has been integrated
into the existing solution. Com@Rehab thus encom-
passes an interactive rehabilitation methodology fo-
cused on humanised communication between rehabil-
itation professionals (therapists) and patients through
a VR game. In this methodology, the patient plays a
central role. The steps taken for the development of
Com@Rehab, from requirements’ identification and
prototype testing, are depicted in Figure 1.

3.1 Com@Rehab Description

This section describes the Com@Rehab prototype
that was developed following the steps described be-
fore. The defined requirements for the VR activity
were, firstly, to be intuitive and quick to learn, espe-
cially since the main target users are older adults, as
well as physicians or therapists who professionally,
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Figure 2: Com@Rehab bathroom with the virtual character.

may not be used to working with technology. Sec-
ondly, to perform a serious and interactive patient-
centred rehabilitation using different forms of com-
munication, always with a motivating purpose. A
therapist should also accompany the VR activity and
report the patient’s progress. A game scenario was de-
veloped to meet these requirements, where the inno-
vation lies in the contributions of Linguistics to struc-
ture the interactive component and increase commu-
nication effectiveness during the VR activity.

3.1.1 VR Activity

The activity is a single-player VR experience devel-
oped using Unity for the Oculus Quest 2 headset. The
selection of this headset and Oculus Quest controllers
was driven by its portability, affordability, and ease of
setup. In this activity, the player assumes control of
a virtual character navigating a VR bathroom to carry
out various self-care activities. The design and imple-
mentation of the bathroom aim to create a relaxed and
immersive environment and Figure 2). The game is
designed to be played in a stationary position, either
sitting or standing, without incorporating any player
locomotion. This intentional design choice aims to
minimise the risk of cybersickness. The activity is
presented in a video: https://youtu.be/x6WXhHrAjlk.

The activity was designed for persons with age
above 65 years, post-ICU hospitalisation with over-
all decreased strength, i.e., muscle weakness and re-
duced range of motion, with no signs of ataxia, sen-
sory deficits, or cognitive and/or perceptive impair-
ments. Based on the International Classification of
Functioning, Disability and Health (ICF) (Organiza-
tion., 2001), it was determined that target patients
have a “Moderate Problem”.

The ICF’s Activities and Participation domain
guided the selection of suitable rehabilitation activi-
ties for the platform. Self-care activities were chosen,
given their emphasis on taking care of oneself and

personal health, as they are crucial for maintaining
self-esteem and one’s image (Organization., 2001).
Com@Rehab focuses on the subchapter of washing
oneself, where the patient is led, step by step, to repro-
duce the appropriate movements for autonomously
washing a specific body area. The VR activity and
the game design were structured in varying difficulty
levels, and progression to the next level depended on
the preceding level’s successful completion.
For the therapist:

» Communication within the therapist’s menu is fa-
cilitated through both written and verbal means.
Before starting the activity, the therapist, player,
or caregiver is provided with the option to cus-
tomise various parameters, such as selecting the
desired level (1, 2, 3, or 4), determining the num-
ber of repetitions for each body part (ranging from
0to 2), and setting the tolerance level for the range
of motion. Upon completion of the activity, the
therapist gains access to the “Final Quantitative
Result,” comprising crucial information, includ-
ing the duration of each task and a graphical rep-
resentation depicting the patient’s progress over
time.

For the player:

 Atthe beginning of each session, the player is pre-
sented with two options: (i) proceed directly to
the shower by pressing a prompt button or (ii) ex-
plore the bathroom to familiarise themselves with
the virtual scenario.

The prototype comprises a calibration stage
(adaptation of the environment towards the player’s
physique, as arm length and height) and the first
difficulty level. This level includes washing the
belly and forearm, with voice instructions using
clear and easily understandable language for the pa-
tient (Figure 3). The tasks’ activities are available
in the videos: https://youtu.be/93eIX7spTOU and
https://youtu.be/NoPIR3UsvhQ.

Throughout the application, most interactions are
conducted via directional gaze tracking, allowing par-
ticipants to make choices by merely looking at their
preferred options. During the rehabilitation exercise
tasks, direct input from the participant’s upper limbs
is necessary to execute the exercises.

Colour bubbles are strategically positioned on the
relevant joints to provide visual guidance for the
player’s task execution. Upon the gesture’s successful
and precise completion, the bubbles transform from
yellow to green (Figure 3).
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Figure 3: Guided Joint Colour Transformation.
3.1.2 Communication Module

Com@Rehab’s communication module was designed
according to the principles underpinning health liter-
acy, namely “an individual’s knowledge, skills, moti-
vation and ability to identify, understand, evaluate and
use health information when making decisions in the
contexts of health care, disease prevention and health
promotion to maintain or improve quality of life over
the life course” (Sgrensen et al., 2012). Health lit-
eracy is currently a key concept in patient education,
disease management, and health promotion. Thus, the
communication module developed within the scope
of this project and of the VR game aimed to foster
the patients’ abilities to obtain, assimilate and trans-
mit information, to suitably execute and progress in
their rehabilitation exercises. While contributing to
increasing their personal involvement and motivation
in what concerns their rehabilitation process, such
an approach also promotes the patients’ adherence to
technology as a therapeutic medium.

Each stakeholder involved in the communication
module plays a critical role in the effectiveness of
the proposed solution from a therapeutic standpoint.
Given his/her degree of involvement, the patient is si-
multaneously the receiver (via written and voice in-
structions, as well as visual elements) and the sender
of the information (reacting to the decision-making
stages that allow him/her to progress in the game or
providing feedback about his/her motivation status).
The therapist, on the other hand, plays two roles as
far as the game communication is concerned. As a
sender, inside the VR game, his/her voice is recorded
to guide the patient on how to suitably perform the
rehabilitation movements and also to provide encour-
agement. Outside the game, the therapist is a receiver
of information transmitted by the patient, both orally
and via his/her body. In addition, the therapist super-
vises and assesses the correction of the various move-
ments, thereby taking on an active role inside and out-
side the game. This methodology, focused on human-
ising communication, an approach centred on the in-
teractions between the various stakeholders, supports
the development of positive relationships between pa-
tients, therapists and caregivers (Gordon et al., 2019)
and is, therefore, a relevant empowering tool towards

780

self-care and at the service of health, technological
and digital literacy.

The communication framework was developed by
a multidisciplinary team composed of linguists and
rehabilitation experts. Firstly, the team identified the
components of verbal and non-verbal communication
which should integrate Com@Rehab’s communica-
tion module. The next step involved work on lin-
guistic description, namely regarding language use,
as well as the role of verbal and non-verbal language
within the scope of the proposed game. Sentence con-
struction rules were also applied to develop clear and
precise instructions, following plain language princi-
ples (Action and (PLAIN), 2011).

Afterwards, the different types of communica-
tion underpinning the game development stage were
outlined and subdivided into two: game-patient
communication and patient-therapist-game interac-
tion. On the one hand, the game-patient communi-
cation includes verbal communication, with voice-
based and written instructions/messages containing
domain-specific terms and expressions adapted to pa-
tient/caregiver understanding. Non-verbal elements
have also been included and play a key role: for ex-
ample within the scope of VR, an animation of a 2D
User Interface (Ul) assistant performing the intended
activities is used, and hence mimics them, in case the
player needs help to perform the activity; there are
also sound effects, such as clapping, to congratulate
the patient for the successful completion of a given
task; the game contains visual indications of temper-
ature and dirt when, for instance, a body part is being
washed, which provides information on how long the
patient might still take to complete that task; finally,
emojis have also been incorporated to allow the pa-
tient to describe his/her emotions at different stages of
the game. He et al. have recently argued in favour of
the use of emojis in healthcare communication, high-
lighting some of its advantages, namely the “universal
appeal” of such a visual medium, as well as the ability
to make information accessible to more and more peo-
ple within the healthcare ecosystem (He et al., 2023).

The patient-therapist-game interaction exists in
two forms: firstly, by showing motivational patient-
oriented communication, which can be conveyed
through written or visual means; for instance, the pa-
tient can interact with the game by selecting the body
part he/she would like to wash which, in this case, will
retrieve from the database a set of tasks pre-defined by
the therapist according to that patient’s stage in the re-
habilitation process, while the second form comprises
therapist voice instructions for each rehabilitation ex-
ercise.

The final result consisted of introducing three lev-
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els of patient communication, which integrated the
communication module and are complementary in
their objectives: (1) to increase the patient’s general
knowledge (functional literacy); (2) to develop the pa-
tient’s understanding (communicative literacy); and
(3) to boost patient motivation through his/her active
involvement (motivational literacy).

The UI was designed concerning the user’s char-
acteristics and the narratives of the procedure and
comprised two different screens. The main screen
that shows the principal information is positioned on
the level of a seated person, and the secondary screen
shows auxiliary information below, usually the task’s
status. The system’s communication modalities with
the patient are audio and visual (usually text) to ask
questions and give instructions and feedback for the
exercises.

The first challenge in the user interface and inter-
action was the clarity of the message, meaning the
readability. A sans-serif font was used, and size and
leading were considered to improve the readability in
older adults (Beier and Oderkerk, 2021). The com-
munication modalities from the user to the system are
eye gaze to select the answers and act on some objects
and movements using the controllers.

In the questions to the user, the options appear be-
side the main screen. The selection is made with the
eye gaze; the selection status is communicated to the
user with a colour that fills the selected button. Other
actions, such as opening the shower faucet, have vi-
sual feedback. In both cases, this visual feedback is
associated with time so that the user knows that he can
interact with that object, and if he fixes the eye gaze,
he can select it.

To support the exercise executions, the interaction
principles of feedback and mapping were used (Nor-
man, 2013). Mapping indicates the points where the
movement should pass, and feedback during the exer-
cise shows the number of concluded repetitions.

The virtual environment in terms of space and
colours was also designed with the impacts of age-
ing in sensory modalities, especially auditory, visual,
and movement control (Fisk et al., 2018).

As mentioned before, the virtual assistant was cre-
ated to assist in exemplifying the exercises. It is po-
sitioned on the right, at the same visual level as the
screens (Figure 4). The system is prepared to count
the times the patient looked at the animated character.
This count could indicate how many times the patient
needed assistance (https://youtu.be/p2ayJN2vwAA).

1 =78 r

Figure 4: VR activity scenario with the animated character.

3.2 Prototype Testing

The main goal of prototype testing was to evaluate
the experience of the Com @Rehab system and the us-
ability of one of its activities. The study sought to col-
lect valuable user feedback on challenges encountered
during VR interaction and suggestions for enhancing
the overall experience. A usability test was conducted
with a group of 33 individuals who did not have any
associated pathologies, to assess the technological as-
pects of the activity. All participants signed an in-
formed consent including the objectives and descrip-
tion of the study, as well as the statement of GDPR
compliance.

3.2.1 VR Game Activity

The VR activity involved two different tasks, namely
washing the belly and washing the forearm. These
tasks constituted the first level of the VR activity, each
with a maximum duration of 10 minutes. User in-
teraction was simplified by selecting activity options
through gaze direction. To facilitate task completion,
yellow balls were strategically placed in the regions
to be washed, guiding the necessary path. However,
for washing the belly, an initial calibration step was
required to determine the desired location for wash-
ing. All activities were repeated three times to sup-
port the rehabilitation process. If users faced difficul-
ties performing the movements, a 2D animated char-
acter demonstrating the required actions was available
on the right-hand side of the VR environment. User
choices and the number of times they sought help
from the character were recorded in the database for
further analysis. Upon completing both activities, the
VR session was concluded.

3.2.2 Instruments to Evaluate Communication
in the VR Activity

To test the communication interaction in the VR ac-
tivity, we developed a questionnaire in European Por-
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tuguese, based on previous work by (Ishikawa et al.,
2008; Ousseine et al., 2018; Bandura, 2005). We par-
tially adopted Nutbeam’s (2000) theoretical model of
health literacy, namely concerning two of the three
literacy levels he proposes: functional literacy (trans-
mission of factual information) and interactive liter-
acy (Nutbeam, 2000), also known as communicative
literacy (Ishikawa et al., 2008) (opportunities to de-
velop skills in a supportive environment). These ad-
vanced competencies allow us not only to extract in-
formation and meaning from different communica-
tion sources but also to apply new information to var-
ious situations and circumstances. The third level
put forward by (Nutbeam, 2000), critical literacy (i.e.
advanced competencies that enable someone to criti-
cally analyse information and use it to perform several
actions), has not been taken into account, since it was
not considered pertinent in this context.

Within the scope of this project, we believed it
would be relevant to explore a component of inter-
active/communicative literacy which Nutbeam calls
motivational literacy and defines as the “improved ca-
pacity to act independently on knowledge, improved
motivation, and self-confidence (Nutbeam, 2000).
Motivational literacy in healthcare implies literacy not
only in what concerns basic healthcare knowledge but
also in understanding the psychological aspects un-
derlying motivation and behaviour change.

As awhole, these three literacy components (func-
tional, communicative and motivational) constitute
the backbone of the questionnaire developed for the
project. They play a crucial role in determining
whether the individuals are involved in health promo-
tion behaviours or less healthy habits or attitudes.

The questionnaire was applied and divided into
three groups of questions to evaluate different aspects
of the VR experience. The first group focused on
functional literacy, gauging elements’ clarity, such
as the adequacy of time for reading instructions and
ease of using gaze for option selection. The second
group delved into communicative literacy, assessing
comprehension of words, voice instructions, and non-
verbal communication effects. The third group cen-
tred around motivational literacy, exploring partici-
pants’ motivation levels concerning various aspects of
the VR activity. Each group comprised 6-8 questions,
and participants rated their responses on a Likert scale
ranging from 1 (totally disagree) to 5 (totally agree).
Once the questionnaire was finished, the test was con-
cluded, with a total duration of approximately 30 min-
utes.

We used Cronbach’s Alpha coefficient as a statis-
tical measure to evaluate the internal consistency of
the questionnaire, based on the answers from the par-
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Figure 5: Flowchart of the experimental setup.

ticipants in the prototype testing.

Data Collection and Privacy: To ensure participant
privacy, each individual was assigned a unique code
for the questionnaires, interviews, and game metrics.
The data collected were associated with the respec-
tive participant’s code and stored in a database ac-
cessible only to the investigators responsible for the
Com@Rehab project. Upon study completion, all
identifiable information would be securely destroyed.

3.3 Experimental Protocol

The experimental protocol followed a series of steps
demonstrated in Figure 5.

At the beginning of the experience, participants
were asked to complete a sociodemographic question-
naire to enquire about age, genre, nationality, and ex-
perience with video games and VR, among others.

Following that, and before starting the experi-
ment, the VR glasses were placed on the participant,
who was in a seated position, and the handling of the
controllers was explained After completing the game
activity, the participant removed the VR glasses, and
a questionnaire about the game experience and its us-
ability was conducted. In this type of activity, consid-
ering that the participant only had to perform move-
ments of the upper limbs and head, the risk of cyber-
sickness was very low. However, in case it occurs or
if the participant felt any discomfort, he/she had the
possibility to abandon the experience at any time.

4 RESULTS

The prototype testing stage aimed to assess the VR
technology integrated with a communication module
in motor rehabilitation. As referred to earlier, we col-
lected sociodemographic data from participants, in-
cluding age, education level, and previous experience
with VR technology. Additionally, we evaluated par-
ticipants’ functional, communicational, and motiva-
tional literacy understanding upon completion of the
activity. In this results section, we present a detailed
analysis of these outcomes to shed light on the future
improvements of the project.

4.1 Sociodemographic Questionnaire

The sociodemographic questionnaire was completed
by 33 participants, with an average age of 36 years
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Participants' age group (n=33)
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Figure 6: Graph showing the distribution of the 33 partici-
pants according to their age, with the 20-29 age group con-

stituting the largest proportion (48%).
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Figure 7: Graph showing the distribution of the 33 partici-
pants according to their education level.

(standard deviation (SD) = 15.9) and an age range of
21 to 71 years. A pie chart that depicts the partici-
pant’s distribution by age is shown in Figure 6. The
participants’ education level is represented in Figure
7, where it can be seen that the majority of partic-
ipants (approximately 76%) had completed at least
some college education, while 24% had a high school
diploma or equivalent, and 33% had a PhD.

Regarding previous experience with VR technol-
ogy, as can be seen in Figure 8, 76% of participants re-
ported having used VR devices before, of which 27%
used them occasionally or regularly.

We also conducted statistical analyses on their
prior experience with VR based on age (Figure 9) and
educational level (Figure 10). The results revealed a
significant difference in the level of VR experience
across different age groups, with older patients re-
porting less prior experience with VR than younger
patients. However, there was no significant correla-
tion between educational level and prior experience
with VR. These findings can inform the development

Participants' experience with VR (n=33)

0
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times/month)  times/week)  every day)

Figure 8: Graph showing the results for the question “Ex-
perience with VR” by age group.
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Figure 9: Graph showing the results for the question “Ex-
perience with VR” by age group.
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Figure 10: Graph showing the results for the question “Ex-
perience with VR” by education level.

of future VR-based rehabilitation programs that con-
sider the varying levels of prior experience with VR
among different patient populations, focusing on the
needs of older patients who may require additional
support in using VR technology.

These findings suggest that our sample is rela-
tively diverse in terms of age, education level, and
familiarity with VR technology, which will be impor-
tant to consider in our subsequent analyses.
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Figure 11: Graph showing the initial and final state of the

participants according to their emotions: anxious, demoti-
vated, tired, excited, happy, and motivated, respectively.

4.2 Participant State

The graph represented in Figure 11 displays the num-
ber of selected emojis representing various emotions
before and after the rehabilitation activities. The x-
axis represents different emotions, ranging from neg-
ative (anxiety, demotivation, tiredness) to positive
(excitement, happiness, and motivation). The y-axis
represents the number of times each emotion was se-
lected. The aggregate scores show that two-thirds of
the participants (66.7%) initially selected emojis con-
nected with positive emotions, whereas the remaining
third (33.3%) self-perceived their initial emotions as
negative. The graph also shows a noticeable shift in
the distribution of emotions after the rehabilitation ac-
tivity, with an increase in positive emotions (from 22
to 28 participants overall) and a more significant de-
crease (of about 55%) in negative ones (from 11 to
5 overall). This suggests that the rehabilitation pro-
cess had a positive impact on the patients’ emotional
well-being.

4.3 Functional Literacy

The functional literacy part of the questionnaire was
composed of 8 questions related to the game function-
alities, more specifically, if the types of communica-
tion used were adequate and helpful. Through Figure
12, it is possible to conclude that there were two ques-
tions whose response was not as positive as expected,
namely regarding the choice of options through the
gaze (question 5) and the use of the animated char-
acter or UI assistant as an animation to mimic the in-
tended movements and therefore clarify and help ac-
complish the tasks (question 8), both questions related
to the technological aspect of the activity. Consider-
ing the divergence among respondents regarding the
use of the animated character, it is imperative to en-
hance its purpose and provide a clearer understanding
of its intended function, thereby addressing an exist-
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Figure 12: Graph showing the results for each question re-
garding functional literacy.

ing gap in the game. Respondents generally provided
positive feedback to the remaining questions, indicat-
ing that the literacy techniques were proficiently im-
plemented in the functional aspect of the game.

4.4 Communicative Literacy

The communicative aspect of the questionnaire in-
cluded seven questions related to the user’s un-
derstanding of voice instructions, written messages,
emojis, Ul assistant, and visual and sound effects used
in the game, whose response statistics are shown in
Figure 13. Question 5, which addressed the presence
of the UI assistant, received the least amount of to
tally agree” responses and the most amount of totally
disagree” responses, indicating the need for further
investigation. Additionally, question 6, which asked
about the use of coloured balls as visual effects to rep-
resent the path required to complete a task, received
some contradictory responses as well. However, the
remaining questions were successful, with partici-
pants providing positive feedback regarding their un-
derstanding of the various communication methods
used in the game. Comparing the communicative as-
pect questionnaire with the other two literacy ques-
tionnaires (i.e., functional literacy questionnaire and
motivational literacy questionnaire), it was found that
the former had the most successful responses.

4.5 Motivational Literacy

The motivational literacy questionnaire, which con-
sisted of 6 questions regarding the motivation of par-
ticipants when playing the game and their responses
to verbal and non-verbal communication, received the
least amount of totally agree” responses out of the
three literacy questionnaires. As represented in Fig-
ure 14, the most positive response was the ’neither
agree nor disagree” option, indicating a lack of strong



Com@Rehab: An Interactive and Personalised Rehabilitation Activity Based on Virtual Reality

Communicative Literacy (n=33)
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Figure 13: Graph showing the results for each question re-
garding communicative literacy.
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Figure 14: Graph showing the results for each question re-
garding motivational literacy.

agreement. However, it should be noted that the us-
ability tests were completed by healthy participants
who did not require the motor rehabilitation process,
and therefore, the less positive responses to questions
5 and 6 should not be interpreted as negative feed-
back.

4.6 Internal Consistency

The Cronbach’s Alpha analysis conducted in this
study provided a valuable measure of the reliability
of the questionnaire that we applied for the evalua-
tion of three components of literacy. From the an-
swers of the 33 subjects, the coefficients and con-
fidence intervals (95%) obtained were: 0.98 [0.961,
0.996], 0.91 [0.775, 0.981] and 0.90 0.739, 0.984], for
the functional, communicative, and motivational liter-
acy questionnaires, respectively. These results sug-
gest high internal consistency for the three compo-
nents of our questionnaire.

S DISCUSSION

Overall, our results suggest that integrating VR tech-
nology and a communication module holds promise
for improving patient-centred rehabilitation in indi-
viduals with motor impairments.

The results of the prototype testing activity were
vital in determining whether users could understand
voice commands, written messages, emojis, Ul assis-
tants, and visual and sound effects when using re-
habilitative technology. Overall, the user feedback
depicted several positive aspects: participants gener-
ally adhered to the equipment and overall technology,
with no identifiable side effects (VR-related nausea)
or doubts, while also successfully interacting with the
game itself and the created scenario. In what con-
cerns the motivational literacy component, there was
a clear trend towards more positive emotional states
from the participants at the end of the activity. Fur-
thermore, 94% of the participants recommend the ex-
perience. However, the data also provided some cru-
cial insights concerning potential improvements in fu-
ture iterations: clearer and more audible voice in-
structions, with no (or less) background noise, should
be integrated. Participants partially questioned the
pertinence of such voice-based input as a motiva-
tional component. In addition to improving the UI as-
sistant’s functionality, participants specifically men-
tioned the need to make game option selection easier
for the end user. Contradictory answers were also pro-
vided when colourful balls were used as visual effects
to symbolise the necessary task path.

Results indicated a decrease in tiredness and mo-
tivation, which seems contradictory to the positive re-
sults related to experience and usability. The decrease
in tiredness might result from our iterative design pro-
cess, which optimized interactions to minimize user
fatigue. As for motivation, it could have diminished
as participants were aware that the prototype testing
phase had concluded, reducing the novelty and ex-
citement associated with evaluation. It’s important to
note that these findings are based on participant re-
sponses, and while we can speculate on the reasons,
we don’t have exact insights into individual choices.
Future tests should include methods to evaluate the
user choices in the experimental design to obtain a
clearer explanation for the results.

This study was primarily qualitative, aiming to
validate the technology in a laboratory environment
using healthy individuals. Future research will test
the VR activity with a group of patients. To further
validate the patient experience, various patient groups
with distinct pathologies and functionality levels will
be included. Quantitative measures will be integrated
into the prototype tests; such metrics will be derived
from comprehensive in-game data collection, includ-
ing but not limited to parameters such as elapsed time,
initial exercise choice, exercise duration, error fre-
quency, and repetition of completed exercises.

These results underline the importance of improv-
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Figure 15: Simplified step-by-step methodology ahead.

ing and optimising the technology’s communication
components to improve user experience and compre-
hension. In the health sector, communication gaps
between patients and healthcare providers can ham-
per patient-centred care and shared decision-making.
Health literacy aims to foster clear and assertive com-
munication, thereby ensuring that the various options
in healthcare provision are understandable, pertinent,
and applicable. Technology is indeed becoming in-
creasingly crucial in healthcare communication, but
clarity, understandability and empathy cannot be un-
derstated in this regard.

To maximise the communication components of
patient rehabilitation technology, it is essential to
go deeper into the issues found, address the partici-
pants’ concerns, and explore creative solutions. Find-
ing new ways to improve healthcare communication
through innovative solutions and new dialogue inter-
faces, such as the ones provided by VR, is a current
and quite promising challenge. Com@Rehab intends
to transform therapeutic intervention by promoting
more humanised communication, in an environment
in which the interaction, though conducted through
VR, aims to be as close as possible to human-related
settings that are familiar to the patients. Ultimately,
by contributing to the enhancement of patient moti-
vation and subsequent therapeutic adherence, this ap-
proach helps to support more effective and improved
results in patient rehabilitation. One of the strengths
of the project lies in the interdisciplinarity and com-
plementarity of the theoretical and methodological
approaches underlying the different scientific areas
involved.

After conducting an in-depth analysis of the labo-
ratory and usability test results, we will proceed with
optimising the initial level of activity. Once this is
accomplished, the project will advance to subsequent
phases, focusing on the development of the remaining
levels and conducting validation with the target pop-
ulation (Figure 15).

786

6 CONCLUSIONS

In conclusion, this study introduces Com@Rehab, an
innovative patient-centred activity tailored for indi-
viduals requiring targeted physical rehabilitation in-
terventions. The paper outlines one VR-based ac-
tivity, encompassing its essential components, game
design, and the outcomes of a prototype test. The
results of the prototype test showcased the poten-
tial effectiveness of the Com@Rehab system and
its favourable usability in enhancing the rehabilita-
tion experience. By emphasizing patient-centricity
and leveraging the capabilities of virtual reality,
Com@Rehab presents a promising path for advanc-
ing rehabilitation practices and addressing the di-
verse needs of individuals with functional limitations.
Since these are preliminary results, further research
and evaluation are crucial to refine and validate the
system’s efficacy in clinical settings, ultimately con-
tributing to advancing patient-centred rehabilitative
care.
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