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ABSTRACT

In the era of digital transformation, the utilisation of Virtual Reality
(VR) applications in brain injury rehabilitation presents a novel
frontier with vast potential. However, concerns persist about how
traditional communication pathways between therapists and pa-
tients can be transformed into digital equivalents. Immersive virtual
reality submerses patients in a virtual world, with therapists taking
the role of external spectators. This has implications for the ther-
apeutic alliance (TA), which is based on interpersonal bonds and
effective communication between therapist and patient. This study
investigated the use of immersive VR in clinical settings for the
rehabilitation of acquired brain injury (ABI). The aim was to un-
derstand how to design a smart virtual therapeutic system that can
be adapted to various needs of patients and therapists during the
intervention. Through observation and semi-structured interviews,
patient-therapist interactions were analysed during VR-assisted
and traditional rehabilitation sessions, revealing challenges related
to effective collaboration. Findings indicated changes in interac-
tion and communication with the introduction of VR: informal
dialogue decreased, while shared laughter and therapist feedback
increased. Despite the visual disconnect imposed by VR headsets,
therapists continued to use guiding gestures and engaged with
patients. Interviews highlighted the importance therapists place
on rapport-building, and both relied on each other for expertise
and reassurance. This research offers valuable insights into the po-
tential to transit, transform and enhance traditional rehabilitation
practices with the use of virtual reality and suggests avenues for
human-centred design of VR applications tailored to ABI rehabili-
tation and TA, ultimately enhancing therapeutic outcomes in this
domain.
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1 INTRODUCTION

Acquired brain injury (ABI), including stroke and traumatic brain
injury (TBI), is one of the most common causes of disability and
death in adults around the world. Rehabilitation for ABI is important
for recovery and often includes activities that focus on regaining
skills for everyday activities, training motor and cognitive functions,
and are performed primarily by occupational therapists (OT) who
support relearning of everyday tasks.

The relationship and collaborative working alliance between a
patient and a therapist is key in determining the success of occu-
pational therapy [15, 32, 35], with therapists playing a vital role
in maintaining patient engagement during rehabilitation [38, 40].
This working relationship and connection between patient and
therapist is an important factor in the therapeutic experience of a
patient, with research stating that “It is not enough to give a patient
something to do with his hands. You must reach for the heart as
well as the hands. It’s the heart that really does the healing” [12, p.
249]

This patient-therapist working relationship, often referred to
as the therapeutic alliance (TA) or working alliance, is primarily
explored in psychotherapy [18]. The origins of TA can be traced
back to Freud’s theory of transference and counter-transference
[8], with TA now mostly understood through the lens of Bordin’s
theory [14]. Bordin states that the TA is determined by three fac-
tors; the patient and therapist’s agreement on tasks, agreement
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on goals, and the interpersonal bond between them. Originating
in psychotherapy, Bordin explains that this theory can be applied
to all change situations regardless of the treatment modality. A
favourable therapeutic alliance in motor rehabilitation has been
shown to improve therapy effectiveness, leading to sustained bene-
fits, including the ability of patients to maintain employment after
rehabilitation [19, 31], with [12] also highlighting its importance
for personal connection and collaboration.

Virtual reality (VR) is becoming increasingly popular in thera-
peutic settings due to increased affordability, as evidenced by the
increase in research in the area. A recent Cochrane review included
72 studies investigating the effectiveness of VR for people in stroke
rehabilitation [22], increasing from only 19 studies in 2011 [21] to 37
studies in 2015 [20]. More recently, in 2023, a review by [10] found
that VR rehabilitation for stroke was superior, with or without con-
ventional therapy over conventional therapy, for upper limb. Also,
a review from [5] found that the immersive nature of VR improves
patient engagement and motivation. In recent years, several VR
interventions have been designed for the rehabilitation of people
with an ABI with a focus on retraining of daily activities, helping
patients recover their upper limb function and gait and balance [6],
and also to improve their cognitive function [25]. With this increase
in use, it is highlighted that standardised operating procedures for
VR in physical rehabilitation are critical to its success [24].

In stroke rehabilitation, patients perceive the quality of the client-
therapist partnership to be of primary importance [29]. Therefore,
with the current digital transformation in healthcare, including
the introduction of VR technologies, there are still questions about
how the use of VR affects this partnership. In a systematic review
by [30], studies investigating the association of verbal and non-
verbal communication using TA constructs were found to be scarce.
Hence, we gain novel insights by investigating this topic, as it is
important to understand how the introduction of VR alters reha-
bilitation practices in a clinical context and how we can ensure
that VR systems are designed taking into account the interaction
and alliance between the patient and the therapist. In this research,
we ask: "What are the key differences in interaction, collaboration,
and alliance between immersive VR therapy for ABI rehabilitation
and real-world ABI rehabilitation?" and "What attributes of the
therapeutic alliance are important to include in a VR system for
ABI rehabilitation to ensure effective interaction, collaboration, and
alliance?".

2 RELATED WORK

Although much of the theory centres around Bordin and has psy-
chotherapeutic origins, recent research has defined TA in occupa-
tional therapy as “a trusting connection and rapport established
between the therapist and the client through collaboration, commu-
nication, therapist empathy and mutual respect’ [15]. TA is shown
to be a multifaceted interplay of technical skill, communicative
competence, and the reflective capacity of the therapist to respond
and feed-back to the patient at the time of therapy. In a review from
[9] it was found that agreement on goals was the most reported
aspect of congruence, friendliness the most reported characteristic
of connectedness and clarity of information, active listening, and
non-verbal skills as the most represented factors of communication.
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Mutual understanding and active involvement were highlighted
as the most important characteristics of partnership and the roles
and responsibilities highlighted by the therapist’s ability to activate
patient resources and motivate and encourage them.

2.1 Patient-Therapist Bond

A focal area of Bordin’s theory [14], is the interpersonal bond be-
tween the patient and therapist. The formation of this bond, often
includes the building of rapport and gaining the trust of patients
during rehabilitation. This can be done by acting in a caring and pro-
fessional manner, while also treating the patients with empathy and
respect, building a healthy therapeutic environment. [23]. In a study
by [13] a key theme of the TA was personal connection, including
bonding and humour as key components. The patient-therapist
bond was found to thrive when the therapist shared personal in-
formation such as an adverse event, expressing their views and
emotions to the patient, and sharing information about their family
and what they did on the weekend. This exchange, or korero as
described by a participating patient, stood out as a way to gauge
their relationship and build rapport. In addition, they found that
shared humour was appreciated by several patients, as it seemed to
provide hope to those who needed it. These kinds of personal and
humorous interactions can break down perceived barriers between
the expert and the patient.

2.2 Communicative Success

Effective therapist-patient communication is vital for rehabilita-
tion success, encompassing verbal and non-verbal cues. Recent
studies on interactions in real world settings show that therapists
frequently use verbal communication to instruct patients [34], and
are considerate when giving feedback on performance [26]. Re-
search by [3] and [17] highlights the importance of communication
strategies in therapist training, which helps develop the Thera-
peutic Alliance (TA). In addition, it is vital for the therapists to
have casual conversations during therapy sessions, discussing the
patient’s personal life, worries and aspirations. Such informal inter-
actions position the therapist as an equal partner in power dynamic,
fostering rapport, cooperation.

In addition, in the TA, a key function of the therapist as a com-
municator is to provide feedback to patients during rehabilitation.
Therapists may use verbal, physical, or visual cues to aid in learning.
Studies show that verbal feedback, designed to motivate patients,
significantly improves their task performance and endurance. Fur-
ther, verbal encouragement has been shown to improve perfor-
mance in motor endurance tasks [11], [36], underscoring the need
for ongoing dialogue and reflective negotiation between the patient
and therapist. With the rapid progression of VR in rehabilitation, it
is crucial to grasp its application and how we can leverage evolving
technology to foster a positive TA. In addition, there is emerging
research on virtual therapists, with a recent review by [16] finding
that virtual therapists are currently only used to guide patients and
provide visual, haptic, and audio feedback. It also highlighted that
more research is needed in this area, with, at the time of the review,
only seven articles/studies investigating the topic.
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3 METHODS

This study took a human-centred approach and used qualitative
observations and interviews to gain insight into how interactions
between patients and therapists differ with or without VR use in
rehabilitation sessions. The study was carried out in a hospital in
Scotland, UK, observing routine occupational therapy rehabilitation
sessions. Ethical approval was sought from both the University of
Canterbury and the Tayside National Health Service (NHS). In the
non-VR sessions participants carried out tasks in a kitchen, whereas,
in the VR setting the patient wore a head-mounted display (HMD)
and did not see the real world, whilst the therapists could see the
patient and observe the virtual environment (VE) via an iPad. We
used naturalistic observation [7] (observing subjects in their natural
environment without intervention) and semi-structured interviews
[4], to understand how patients and OTs adapt their interaction
between settings.

3.1 Participants

Five patients and five therapists participated, in pairs. Therapist
criteria included being qualified occupational therapists or occu-
pational therapy technical instructors. Patients were 18 or older,
English speaking, able to consent, and in any recovery stage. Ex-
clusion criteria included specific medical conditions with a history
of seizures, cerebellar injury, or diplopia/psychology, or significant
communication difficulties. Three patient participants had previous
experience using VR, two had no experience. All therapists had
previous experience using VR in their practice. Four pairs had an
established therapeutic relationship.

3.2 Materials and Apparatus

Research was carried out in a hospital setting. The HMD used
by the participants was the Oculus Quest (Meta, 2019). Cameras
were strategically placed to achieve a multi-perspective view of the
recorded observations and audio was recorded using DJI wireless
lavalier microphones, model AST01 [1]. Video analysis was carried
out with Adobe Premiere Pro 2023 Version 23.3.0 [2]. Transcriptions
were produced using this software, faces blurred, and episodes of
interest extracted. All participants played the VR game "First Steps’
and in the kitchen setting all participants made tea and toast. Both
activities were at the OTs discretion in accordance with the patient’s
rehabilitation goals; in the VR session the therapist also used an
iPad to view the patient’s perspective in VR.

3.3 Procedure

Patient and therapist pairs were first observed in two settings, VR
and a non-VR. Immediately afterward, participants were individ-
ually interviewed to ask about their experience. Extensive notes
were taken throughout to supplement session recordings and the
overall time spent with participants ranged from 44-130 minutes,
including taking consent.

3.3.1 Observations. In the first stage of the study, the researcher
made two observations per patient-OT pair. The first rehabilita-
tion session observed was that of a patient and OT taking part in
a routine non-VR rehabilitation session where they performed a
meal preparation task. The time spent doing the non-VR activity
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ranged from six to 11 minutes. The second observation witnessed
the patient and the OT participating in routine VR rehabilitation.
The VR activity time ranged from 13 to 41 minutes. The researcher
did not interfere whilst the participants performed tasks and purely
observed the interaction behaviours between the pairs during the
rehabilitative tasks. Observations were tasks and activities that
would be performed routinely in a therapy session, the researcher
did not ask them to perform additional tasks.

3.3.2 Interviews. A semi-structured interview was conducted with
each participant after observation, each interview taking 20 to 40
minutes. After participants were observed in both settings, they
participated in a semi-structured interview to better understand
their experience. In interviews with both patient participants and
OT participants, they were asked how their experience of using VR
in rehabilitation was, how they found setting up, what difference
they felt between physical and virtual settings, and how the intro-
duction of VR may have affected their ability to communicate and
interact. This was around 20 minutes long.

3.4 Analysis

First, both audio and video recordings were analysed using Dis-
course Analysis, specifically, Conversation Analysis (CA) [28]. The
recorded video data of sessions was repeatedly watched, and a log
of pertinent moments was made for each recording thereafter. This
initial stage provided an early understanding of the entire data set
and allowed the extraction of episodes of interest and the identifica-
tion of analytic themes. The initial collections contained episodes,
sometimes called 'noticings’ [28], which struck the researcher as
relevant almost immediately, and were supplemented with inter-
view data. The audio recordings of the interviews were transcribed
and analysed using Interpretative Phenomenological Analysis (IPA)
[33] to identify themes. The general themes were identified across
both observations and interviews.

4 RESULTS

The result of the analysis is categorised under three main themes,
presented in Table L.

Themes Sub-themes
Communication | Verbal Instruction and Feedback
and Supportive | Gestural Guidance

Action Active Involvement
Cooperative Dependence and Safety
Partnership Technological Readiness

and Reliance Rapport and Empathy
Formality of Conversation
Distance and Disconnect

Humorous Moments with Shared Laughter

Connectedness

4.1 Communication and Supportive Action

4.1.1  Verbal Instructions and Feedback. The therapist participants
were found to need to use more verbal instruction and feedback in
the VR therapeutic sessions compared to their regular therapeutic
session. With one therapist saying "Verbally I had to communicate



UMAP Adjunct *24, July 01-04, 2024, Cagliari, Italy

a lot more." (T5). Furthermore, another therapist compared the
rehabilitation settings by commenting "In the kitchen they can see
you and you can gesture whereas in the VR, when you’ve got the
VR HMD on, it’s a lot of verbal [communication] ” (T3). It was also
observed that both the patient and the therapist relied heavily on
verbal communication during the VR sessions, as the patient could
not see the therapist. In contrast, while there was significant verbal
interaction in the kitchen setting, it mainly consisted of casual
discussions about everyday life, unlike the directive nature of the
communication in the VR sessions.

An interesting point was raised regarding technology limitations
and its use with brain injured patients, with one participant noting
delays in therapists being able to see what the patient sees in real
time, he said "There is obviously a little bit of a delay in when you’re
speaking to them and what you can see on the casting versus what
they can see” (T4). They added a point on the effects of a brain
injury and how that could impact verbal communication, where
there is a heavy reliance on it in VR sessions, "If it was somebody
that maybe had decreased processing, there would be more of a delay.
And I think it’s just being able to give them that time like you would
with any other task” (T4). In the Kitchen tasks, therapists can use
a multitude of different communication techniques, from verbal,
facial expressions, and gestural, and it was found that by the patient
wearing a HMD for VR, communication reduces to only verbal.
However, therapists continued to provide gestural guidance even
when the patient could not see them (see Figure 1).

Figure 1: Therapist gesturing to the patient for instruction.
Left image shows the therapist demonstrating to the patient
what to do, right image shows the therapist pointing some-
thing out to the patient.

4.1.2  Active Involvement. In one instance, a patient with weakness
on the left side prompted the therapist to take control of the left
controller during VR activities, resulting in a collaborative play with
the therapist describing it as "he was shooting my hand, but also he
was moving the fingers and watching the fingers move when he was
dancing.” (T5). A patient also clarified that having the therapist in
the VE with them would be beneficial, declaring ‘T think it would
be good if the OT had had one as well and we could both do it together,
and then ... You don’t feel so alone in the little VR thing.” (P3)
When asked about potential interruptions caused by technologi-
cal issues and their impact on the therapeutic relationship, a patient
emphasised "I think you’d still be developing a relationship because
it takes a fair bit of time just getting it started and sorted... and you’ve
got that voice there just reassuring you." (P5). Similarly, a therapist
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said "I think it’s kind of working together and almost both being a
little bit blind to the environment." (T1)

4.1.3  Rapport and Empathy. In their cooperative partnership and
reliance on each other, it was important that the pair established
rapport, with an empathetic approach often taken by the therapist.
Therapists expressed differing opinions about the role of VR in
building relationships with new or existing patients with whom
they have established rapport. It was said that 'I think at this stage
that would be a bit more challenging if you were someone who didn’t
know the patient so well" (T1), though opposing, it was also stated
that “... if we’re struggling to get that kind of therapeutic connection
with them... bringing them in here and doing something a bit different
I think would help potentially break down some of those barriers”
(T4). Therapists shared thoughts such as “...integrating a more
relaxed approach and allowing [them] to do something they enjoy
does encourage good rapport with the patients” (T2) and "I wanted
her to have fun with it. I wanted her to be happy that if I wanted to
bring that [VR HMD] back out with her, then she would be excited to
use it again” (T5)

4.2 Connectedness

Connectedness is a component of the overall bond between the
therapist and the patient, with an emphasis on the quality of their
communication. Connectivity differed between different environ-
ments. In the non-VR setting, patients and therapists chatted infor-
mally about daily life and family, whereas this was not present in
the VR setting. In addition, therapists often sat farther away from
the patients when VR was introduced compared to the kitchen
setting. However, positively, they exhibited increased episodes of
laughter and sharing humorous remarks with each other.

4.2.1 Formality of Conversation. Communication is key to TA, and
one patient observed that to get better, they must communicate
well with their therapist, they said ‘T communicate quite well with
them. I'm here for a reason and that’s to get better... And part of that is
speaking to the OT” (P1). However, a contrast was found in the way
the conversation was structured in each setting. The kitchen setting
facilitated informal conversation between the two, but once VR
was introduced, informal conversation diminished and talk about
progress increased. Generally, in the non-VR setting, less verbal
instruction was given; however, therapists gave instruction and
guided the patient in the VR setting. When VR was introduced, the
focus shifted to focusing on the stimuli in the VR environment, and
the therapist focused on the iPad ready to give instruction.

This contrast was also noticed by the participants, one patient
stating "Obviously I think in the other setting [kitchen] you would
get more [chat] because the OT and I joked and blethered ...and it
Jjust puts you at your ease a bit more” (P5). One therapist shared
that they needed to give more instruction during VR use, which
hindered their ability for informal chat "..we could have that more
natural chat. Whereas in the VR ...I am kind of dictating a little bit
and being very much the therapist and very much the patient" (T3),
adding "..in the kitchen I would kind of take a bit more of a step back
and kind of let her get on with it while having a conversation, just a
sort of informal chat about things.” (T3).
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This contrast was clear from the observations, and the therapists
felt that the use of VR in rehabilitation created a more relaxed
environment for their dialogue, stating "..it allows you to speak
about stuff, more stuff that they enjoy. It’s less intense sometimes than
when you’re sat down with a patient moving their arm or getting them
to write things.” (T2). Observations also highlighted the insufficient
time allocated for discussions about goals and objectives at the
beginning and end of VR sessions, with therapists saying "you might
need to before or after VR session, have that information gathering. ...
I'wouldn’t feel comfortable and I don’t think you maybe should, in the
middle of dancing with a robot, ask if she’s had any sensation issues
or anything..." (T3). One patient said "I wouldn’t imagine going into
a room all the time. “Hi. Sit down, do that.” and then out" (P5),

4.2.2  Distance and Disconnect. Disconnect was also observed be-
tween the patient and therapist. This was mainly due to the level
of immersion the patient had in the VE, stating "You’re in your
own world. You’re not with the therapist. The therapist is not in your
field of vision. So, you know, essentially, you could be anywhere" (P1)
and "I wasn’t aware of them being there, I just knew that he was
there.” (P5). In addition, therapists often sat or stood a distance from
the patient in VR sessions; however, in non-VR the therapists were
often seen standing closer to the patient and supporting them when
necessary. In addition, the therapist in the VR sessions used an iPad
to see what the patient sees in the VE. In observations, it was clear
that this was a distraction, with therapists often staring at the iPad
for long periods and rarely looking up to see the patient.

Some patients were looking for a connection with the therapist,
often seeking their reaction to something they did, a patient said
"Because you can’t actually see the other person, obviously, it’s a
bit harder. You can’t see how they react to things" (P2). Both often
expressed frustration with the inability to be in sync and understand
what is happening with the other person. One patient expressed this
frustration saying "She [OT] is just sitting there going “it’s OK, just
press the button” and I'm like “arggh” (P3), displaying a disconnect
between the therapist giving instruction but unable to show the
patient what they mean, or supporting them properly since they
only see the patients’ viewpoint through the iPad.

4.2.3  Humorous Moments with Shared Laughter. During observa-
tions, it was clear that using VR in rehabilitation instigated more
moments of laughter between the pair than in the non-VR setting,
with one patient stating "It was two totally different functions. You
know, one’s a practical function and one’s a bit of fun” (P1). The
researcher also noticed that the patient would often outperform in
VR and hoped for a response from the therapist if it was deemed
funny. These moments would arise when, for example, the patient
would use an item beyond its normal function in the real world,
with one patient sharing "I wouldn’t be so worried about scolding
or dropping or, you know, breaking it, whereas it’s because I would
still know it’s a game but that might have helped me to bring that
hand in” (P5), also highlighting that this ability could benefit their
rehabilitation.

In addition, the virtual objects themselves frequently prompted
laughter, such as the patient controlling a remote control ship into
other virtual objects, dancing with a virtual character, and generally
using objects in an unexpected way. P2 spoke to this, highlighting
that the objects teleported in and the throwable objects were there
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different to the non-VR in a fun way, they said "Things can literally
Jjust teleport in, it encourages you to scan quite a bit because it’s
like you never know what was going to change when you look away"
contrasting this with real life, saying "Whereas in real life, obviously
you have a fairly good idea of if things can possibly change.” (P2).
They added “There are less things to throw around in the physical
space. There weren’t paper aeroplanes that appear on the tabletop”
(P2).

5 DISCUSSION

In this research, we asked, what are the key differences in interaction
and collaboration between immersive VR therapy for ABI rehabilita-
tion and real-world ABI rehabilitation? and What attributes of the
therapeutic alliance are important to include in a VR system for ABI
rehabilitation to ensure effective interaction and collaboration?. The
findings have highlighted the contrasts between the patient and
the therapist interaction when VR is used in rehabilitation versus a
non-VR rehabilitation setting. These differences have been themed
and have pinpointed areas of interest between the shared bonds
between pairs, their communication style (including the use of hu-
mour), their connection, and the delivery of feedback and guidance
to patients.

The first set of findings drew on themes of bond, with therapists
quoted saying "we’re in this together" and labelling the patient-
therapist relationship a "partnership” when recalling their experi-
ence of using VR. Often referring to this partnership when moments
of technological error occur, possibly strengthening the bond rather
than breaking it as might be assumed. Furthermore, one session
exhibited combined play when using VR, where the therapist used
one controller, resulting in them unintentionally playing together in
VR. This point was emphasized by another participant who would
have liked the therapist to be in the VE with them. This idea of bond
as part of the TA aligns with the literature of [9], which lists con-
nectedness and partnership as key attributes of the TA. They also
found in their review that active involvement from the therapist
was important.

Regarding patient-therapist communication, the findings showed
a clear difference in how the pair communicated in each setting.
The non-VR setting gave space for informal conversation between
them, often asking about one another’s family and home life. This
aligns with the research of [13] who found that the patient-therapist
bond can thrive when the therapist shares personal information. In
addition, the findings of [39] reinforce this and convey that an equal
conversation partner is positive for rapport building and coopera-
tion. When VR was introduced, informal conversation decreased,
replaced by instruction and performance feedback. Therapists often
focused on an iPad to view patients’ perspectives, shifting dialogue
toward guiding them in an unfamiliar environment.

Part of successful communication in rehabilitation also includes
humour and laughter [13]. This was observed in the VR session
but less frequently in the non-VR setting. Positively, the techni-
cal difficulties experienced, the VE presented to the patient, and
the tasks and objects in the environment all contributed to this
shared laughter between the patient and the therapist. In particu-
lar, patients had fun interacting with objects that were out of the
ordinary and functioned in an unrealistic way, such as throwing
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something and it suddenly reappearing again beside them. Humour
can be used to break through perceived barriers in the therapeutic
relationship and, as highlighted by [13] it is a key contributor to
therapeutic bond. Similarly, introducing VR led to a disconnect;
while in the kitchen, patients could easily gauge the reactions of
the therapists, this was lost with an HMD. Despite this, patients
still sought the reaction of the therapist, occasionally becoming
frustrated when unable to convey actions or observations in the
virtual environment.

Finally, in the traditional kitchen setting, verbal instructions
were rarely necessary for patients engaged in routine activities,
leading to predominantly casual conversations. Occasionally, thera-
pists would check if patients needed assistance. In contrast, during
VR sessions, the therapists provided significantly more verbal guid-
ance and continual encouragement. Therapists recognised the need
for increased verbal interaction, often because they could not use
gestures or offer physical assistance as they might in a kitchen,
for example, helping lift something. This dependence on verbal in-
structions can pose challenges for patients with brain injuries who
suffer from aphasia, affecting their speech comprehension. Despite
patients being unable to see the real world, therapists persistently
employed non-verbal cues, such as pointing or showing how to
perform a task.

5.1 Design Recommendations

The findings have shown that when VR is introduced into the reha-
bilitation setting, it alters the patient-therapist interaction, having
an impact on elements of the therapeutic alliance. It is therefore
advised that any future design facilitates this interaction and al-
lows for collaboration, reducing the *barrier’ between the pair. This
’barrier’ of the patient wearing a head-mounted display currently
eliminates any eye contact, precludes the patient from seeing any
gestural guidance from the therapist, and can cause disruption and
confusion when it does not work as expected.

It is envisioned that to reduce this barrier and make a more
accessible system, the therapist should be translated into the virtual
environment, allowing them to show gestures through a virtual
avatar and to have any level of involvement necessary in the VE. A
previous systematic review from [16] emphasises that the use of
virtual therapists for motor rehabilitation is in its infancy. This could
be done by developing a VR system that allows for multiplayer co-
location, meaning that the patient and therapist can both wear VR
headsets, be in the same room but also be co-located in the virtual
environment. This would allow them to interact in a way that
supports the therapeutic alliance. It would also be beneficial to use
technology such as Quest 3, which supports pass-through, allowing
the therapist to safely see the patient in the real world whilst seeing
what the patient sees in the fully immersive environment. Previous
research from [37] has shown that using pass-through systems,
such as Multi-channel Dynamic Immersion (MDI), supports a better
transition between VR and real-world tasks, meaning that therapists
could more easily work across both the real world and the virtual
environment.

We think it would be beneficial to have a VR system designed
that allows the therapist to interact with the same objects in the VE
as the patient while still seeing them for safety. It is imagined that
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by seeing the patient’s VE and the real world, the therapist will be
less likely to distance themselves from the patient and interact with
them, supporting a bond and their therapeutic alliance. This will
also create an opportunity for co-playing. The systems should also
account for the beneficial conversation between the patient and
the therapist, especially at the beginning and end of the sessions to
discuss tasks, aims, and progress.

Lastly, the findings showed that it is important for the patient to
see virtual reality in rehabilitation as something different from the
norm and fun, enticing them to continue using it and reducing any
fear of technology. With this in mind, it is advised that the virtual
environment design should be visually exciting, but within limits
for brain-injured patients, and have activities that can be altered
in use depending on the therapy tasks and goals. Specific elements
mentioned in this research include re-spawning objects, activities
encouraging visual scanning and items or activities that would not
be seen or done in the real world, and importantly something to
encourage shared laughter.

5.2 Limitations and Future Research

With regard to methods, it can be challenging to interview brain-
injured patients due to the effects of their injuries [27]. Future
research should factor this in and use alternative methods to in-
terview directly after observations, such as email interviewing or
retrospective methods. Furthermore, due to ethical restrictions,
we were unable to see patient notes and, therefore, were unaware
of the brain injury suffered by the patient. We were also unable
to control for the experience of VR participants and whether the
patient-therapist relationship was already established or new. Fu-
ture research should explore the use of VR and its effects on TA for
a longer period of time and with several sessions. Research should
also continue to seek the input of the patient and therapist on the
design with co-design methods.

6 CONCLUSION

This research explored VR’s role in the digital transformation of
rehabilitation for acquired brain injuries, focusing on its impact on
the therapeutic alliance. It investigated how traditional therapist-
patient communication can be translated into digital equivalents
and how VR systems can adapt to the needs of patients and thera-
pists.

It was found that when VR is used in a therapeutic setting, the
therapists take on the role of an external spectator, since the patient
wearing the headset is fully immersed. Although communication,
both verbal and non-verbal, was found to be crucial, challenges
were noted in conveying non-verbal cues within VR setups. Fur-
thermore, the cooperative partnership between the patient and the
therapist, essential for rapport, was influenced by technical capabil-
ities, resulting in moments of humour but also affecting the overall
experience. Nevertheless, VR fostered shared laughter, enhancing
connectedness despite the absence of informal conversation and
physical closeness that is common in non-VR sessions.

Considering communication, partnership, and connectedness is
vital in designing effective VR systems for effective rehabilitation.
This research helps us better understand target users based on
their characteristics, needs, preferences, and behaviours, using user
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modelling to predict how different users will use the VR system
and to help design a better solution. Furthermore, the findings
contribute to the development of a more equitable, human-centred
digital future by understanding its impact on the healthcare sector.
This research highlights the importance of providing quality digital
interactions and ensuring that health technologies are designed and
adapted to the needs of industry, therapists, and patients, paving the
way for future integration of virtual reality in areas of rehabilitation
such as telerehabilitation and the use of virtual therapists.
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