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VR for Vocational and Ecological Rehabilitation
of Patients With Cognitive

Impairment: A Survey
Emilie Hummel , Mélanie Cogné, Marie Lange , Anatole Lécuyer,

Florence Joly, and Valérie Gouranton

Abstract— Cognitive impairment arises from various
brain injuries or diseases, such as traumatic brain injury,
stroke, schizophrenia, or cancer-related cognitive impair-
ment. Cognitive impairment can be an obstacle for patients
to the return-to-work. Research suggests various inter-
ventions using technology for cognitive and vocational
rehabilitation. The present work offers an overview of
sixteen vocational or ecological VR-based clinical studies
among patients with cognitive impairment. The objective is
to analyze these studies from a VR perspective focusing on
the VR apparatus and tasks, adaptivity, transferability, and
immersion of the interventions. Our results highlight how
a higher level of immersion could bring the participants
to a deeper level of engagement and transferability, rarely
assessed in current literature, and a lack of adaptivity
in studies involving patients with cognitive impairments.
From these considerations, we discuss the challenges of
creating a standardized yet adaptive protocol and the per-
spectives of using immersive technologies to allow precise
monitoring, personalized rehabilitation and increased com-
mitment.

Index Terms— Virtual reality, cognitive rehabilitation,
vocational rehabilitation, survey.

I. INTRODUCTION

REHABILITATION of cognition and return-to-work sup-
port for cognitive impairment represent critical issues for
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patients suffering from brain disease or injury [1]. Cognitive
functioning may hinder an essential part of work abilities and
constitutes a very contemporary research subject [2]. Cognitive
domains are brain-based abilities [3] used for knowledge
acquisition, information manipulation, and reasoning [4]. Cog-
nitive domains notably include perception, attention, memory,
executive functions, praxia, gnosia, social cognition, aware-
ness, learning, information processing speed, communication
and visuospatial abilities.

Cognitive impairment represents a vital concern for patients
when confronted with brain disease or cancer. It induces
changes in brain functioning and has repercussions on per-
sonal, social, and quality of life [5]. Traumatic brain injury,
stroke, encephalitis, anoxia, Alzheimer’s disease, schizophre-
nia, cancer and cancer treatments are possible causes of cog-
nitive impairment. Attention and executive function deficits,
in particular, may heavily influence vocational activities [6].
For up to a third of concerned patients, continuing or returning
to work becomes challenging even after recovery [7]. Global
cognitive functioning is a significant predictor of return-to-
work among stroke patients [8]. Other studies confirm these
results among patients with schizophrenia [9] and traumatic
brain injury [10].

As a scientific tool, Virtual Reality (VR) uses computer
science and behavioral interfaces to simulate the behavior
of 3D virtual entities inside a virtual world with real-time
interactions. VR users are pseudo-naturally immersed in this
virtual world that changes time, place and the type of interac-
tions [11]. The concept of VR, as described by Sutherlands in
1965, implies that Virtual Environments (VE) should feel true
and respond realistically to the users’ actions [12]. Therefore,
VR offers an innovative solution to enhance vocational reha-
bilitation, with the possibility to experience and interact with
a controlled VE [13]. VR can simulate a realistic work activity
to teach or train the users with a therapeutic perspective. VR
is efficient for acquiring and retaining knowledge or training
procedures [14]. Achieving the compelling sensation of being
in a VE involves user interfaces. The interfaces depend on the
available material [15] to provide different levels of immer-
sion. Immersion is an objective measurement of the sensory
fidelity induced by the VR system. Immersive VR or immersive
interaction is the use of hardware and software to provide
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complete multisensory interactions, including for body and
head movement, leading to the sensation of being physically
in a VE [16]. VR interfaces have undergone a great deal of
evolution in recent decades, from monitor screens of various
sizes and resolutions to nowadays head-mounted displays
(HMD). VR apparatus can be divided into three categories,
based on the immersion they can provide: non-immersive
(e.g. desktop setup with keyboard, mouse, or joystick), semi-
immersive (e.g. large screens, gesture recognition) and fully
immersive (e.g. HMD or immersive room with human size
screens, gesture recognition) [2].

VR has been used for various purposes in the medical field,
such as motricity training [17], [18], pain distraction [19], [20]
or cognitive rehabilitation [2], [21]. Patients are projected in a
controlled VE for a passive or active experience and can suc-
cessfully improve motor skills, mental well-being or cognitive
domains. The use of semi or fully-immersive technology also
increases the positive response and engagement of the users
in video games [22], training [14] or clinical studies [23].

The ability to create a complex VE to simulate immersive
workplaces and vocational situations is helpful for people
aiming for training and return-to-work [24]. VR allows to adapt
the scenario and interaction to target cognitive domains [25].
For these reasons, cognitive and vocational rehabilitation using
VR has been investigated in the literature among patients
with cognitive impairment [2]. While cognitive rehabilitation
gathers many studies using VR, the return-to-work is a more
specific aspect of patient rehabilitation. The studies focusing
on vocational rehabilitation are even fewer. They use voca-
tional VE as an intervention for patient rehabilitation. We are
also interested in studies using ecological VE that are not
related to vocational activity but still aim for the return of
an active life for the patients.

This article provides thus an overview of vocational or
ecological rehabilitation studies using VR in the context of
cognitive rehabilitation. Our contribution is a comparison of
these studies from a VR perspective and the analysis of VR
use and implications in this context. In the remainder of this
paper, we first present an overview of related topics, such as
motor rehabilitation and vocational training. We then introduce
our method for this survey and the collected corpus of sixteen
studies on cognitive and vocational rehabilitation using VR.
Finally, we discuss the presented articles and highlight the
challenges and perspectives for future work in this domain.

II. RELATED TOPICS

We investigate two related topics that can provide ref-
erences and inspiration for this article: rehabilitation and
vocational training. First, rehabilitation is a wide medical
domain that already uses VR for motor, cognitive or combined
motor and cognitive rehabilitation. We divided this topic
into two subparts: cognitive rehabilitation (see section II-A)
and motor rehabilitation (see section II-B). Our findings on
vocational training using VR is summarized in section II-C.
The remainder of this article focuses on the combination
between cognitive rehabilitation (or combined motor and cog-
nitive rehabilitation) with the second related topic: vocational

training. In addition, we consider the combination of cognitive
rehabilitation and ecological training. The use of VR regarding
these topics will be investigated in section IV.

A. Computerized Solutions for Cognitive Rehabilitation
Various computerized solutions to assess or improve cogni-

tive domains for patients with cognitive impairment have been
explored in the literature, e.g. for stroke [26] or for different
neurocognitive disorders [2], [27]. These solutions can involve
puzzle games or memory exercises that do not involve pseudo-
natural interactions and a VE in which the participant can feel
physically there. The authors of such solutions are mainly
from a medical background and because VR is not their
research domain, their computerized applications may wrongly
be labeled as VR. In the following paragraph, we focus on
cognitive rehabilitation, unrelated to vocational rehabilitation,
using VR interfaces and environments. We include in non-
immersive VR the computerized applications that feature a VE
and pseudo-natural interactions.

When using VR for cognitive rehabilitation, various cogni-
tive domains can be trained, e.g. memory for patients with
Alzheimer’s disease. Virtual interfaces are therefore different
if their aim is to improve overall cognitive functioning or
a subset of cognitive domains. Works focusing on memory,
attention and executive functions tend to use video games
with a list of tasks to achieve in an ecological context
and come with potential distractors. Typical simulations are
housework [28], [29], grocery shopping [30], [31], [32], [33],
[34], [35], or submarine photography [36]. Simulations of a
supermarket are commonly used, as they are efficient training
for executive functioning [31], [32], [33], [35]. Visuospatial or
communication functions require more specific training, with
shapes manipulation and communication training [37], [38]
that can be more difficult to challenge ecologically.

Cognitive rehabilitation using VR takes different shapes
that change regarding the trained cognitive domain. The main
approach is to give the patient a list of tasks to accomplish in
the VE. This environment can vary but researchers tend to use
ecological context to assist the rehabilitation.

B. Vocational Rehabilitation Using VR for Motor
Functions Deficit

Motor rehabilitation is a domain in which VR is actively
used, as VE are under full control and allow to monitor the
user precisely [39]. Additionally, cognitive-motor interference
allow to use motor tasks to target cognitive rehabilitation or
as a mean to create a more challenging exercise, or vice
versa [40]. VR allows the modulation of tasks, speed and effort
according to the user’s progress. Combined with a high sense
of presence and realism, all these elements may help patients
with their rehabilitation. VR applications for motor deficit
combine different technological assets like exoskeletons, HMD,
hand or motion tracking and haptic feedback to provide a
multi-modal rehabilitation [39].

Upper limb rehabilitation usually requires hand tracking to
give an insight of the finger or arms position. Some approaches
increase the precision of the tracking using complementary
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devices [39]. For lower limb rehabilitation, various devices can
be used to monitor the balance and posture of the user such
as motion tracking suits, infrared cameras or platforms. Motor
rehabilitation using VR offers promising results. It emphasizes
the importance of having an adequate environment for reha-
bilitation, which can be done using VR [41]. The approaches
for the VE are from realistic sports training (martial arts,
gymnastics, yoga, football) to games of skills, or rhythm [42].
These environments immerse the user in a more pleasant
context than the hospital rehabilitation room and have a
powerful didactic potential.

VR has a strong potential to assist motor rehabilitation: the
fine monitoring it provides is precious for therapists. Motor-
cognitive interference allows to include motor rehabilitation
to improve cognitive functioning. We classify them between
motor or cognitive rehabilitation according to their primary
study endpoint. The studies with cognitive domains as primary
endpoint will be addressed in section IV.

C. VR for Vocational Training and Education

During their formation, trainees or students lack access
to expensive professional tools and modern technologies that
prepare them for their work environment [43]. VR in education
offers an innovative approach to learning and collaborating
while aiming to simplify access to education and enhance
training methods [44]. VR can replicate expensive material
in a 3D VE and allow their manipulation without any risk,
improving the learning rate and enhancing education [43].
Moreover, such technology is appealing to young genera-
tions [24]. In both training and education, VE can ease the
transfer of knowledge between learners and teachers because
they provide credible interactions and feedback [45]. For
vocational training in particular, VR is of great use when it
comes to dangerous or precise tasks training. VR applications
can simulate specific situations in a controlled environment,
without any risk of hurting the trainee nor damaging the
equipment [46], [47].

Kaminska et al. present a survey of VR applications in edu-
cation or professional training [43]. They make a fundamental
difference between the VR applications used for learning theo-
retical knowledge, practicing a task or solving a problem using
the acquired knowledge. The complexity of the application and
devices depends on the task and the educational goals, from a
passive scene with a stereoscopic screen or HMD, to complex
controllers with haptic feedback to reproduce the sensation
of physical interaction. Vocational training tends to be on
the more complex half. VR for vocational education is more
common for medical training (including medicine, nursing,
neuroscience, psychology, dentistry, etc), but has also been
used for engineering, social sciences, mathematics, physics
and astronomy [48]. When evaluated on this point, engineering
as well as nursing students and trainees are better prepared
to use complex machines when trained using VR applications.
These results can also be achieved in more theoretical domains
such as mathematics or physics [43]. Kaminska et al. warn
about the need for a balance between pedagogy and the use of
innovative technology for training and teaching. If VE does not

replace a teacher-trainee interaction, it can enhance teaching
by providing new tools for the teachers.

The state of the art shows various contributions for rehabil-
itation and training using VR. However, to our knowledge,
no survey in the literature investigates the combination of
cognitive and vocational rehabilitation. The remainder of this
article introduces our findings on this topic.

III. METHOD

A. Study Selection
The corpus of this article was gathered using Google

Scholar, ACM-DL (Association for Computing Machinery-
Digital Library) and PubMed databases. The articles were
collected and read between October 2021 and August 2023 and
the keywords used were “(virtual (reality OR environment) OR
oculus OR quest OR vive) AND (vocational OR occupational)
AND (rehab OR training OR adaptation OR readaptation
OR readaptative) AND (cognitive OR cognition)”. In addi-
tion, we considered adding one by one to the keywords
either the targeted population or the cognitive domains.
The population was selected among pathologies inducing
neurodegenerative or acquired cognitive impairment and addi-
tional keywords were: “Alzheimer”, “acquired” or “traumatic
brain injury”, “cancer”, “leukemia”, “encephalitis”, “demen-
tia”, “schizophrenia”, “multiple sclerosis”, “stroke”,“head
trauma”, “brain lesion”,“mild cognitive impairment”, “MCI”,
“anoxia”, “hypoxia”, “post concussion”, “post concussive”.
The specified cognitive domains were the functions impact-
ing vocational rehabilitation and therefore targeted by our
approach for this article: “attention”, “memory”, “mnesic”,
“executive functions”, “executive”, “dysexecutive”, “dual
task”, “visuospatial”, “communication”. To explore further the
references of the preselected articles, we used ConnectedPaper
tool (https://www.connectedpapers.com/). The inclusion crite-
ria were the following:

1) VR intervention, i.e. an intervention that features VE and
pseudo-natural interactions;

2) Fully-immersive, semi-immersive or non-immersive VR
interface;

3) Presence of cognitive impairment;
4) Ecological or vocational virtual situation;
5) Cognitive rehabilitation as the primary study endpoint.
The exclusion criteria are the following:

1) Augmented reality or non-VR computer-assisted
intervention;

2) Study assessing cognitive domain instead of rehabilita-
tion intervention;

3) Motor rehabilitation as the primary study endpoint.
This selection process resulted in 452 screened articles

among the databases, from which 290 were excluded when
identified out of the scope of this article based on title
and abstract. The remaining 162 articles were then reduced,
according to our exclusion criteria, to 16 articles. The collected
articles are the works of Jacoby et al. [31], Man et al. [49],
Tsang et al. [50], Yip et al. [32], Canty et al. [33], Faria et al.
[34], [51], Sohn et al. [9], Gamito et al. [52], Aubin et al. [53],
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Mrakic-Sposta et al. [35], Liao et al. [54], Park et al. [29],
Giachero et al. [38] and Oliveira et al. [55], [56].

B. Data Analysis
In the collected studies, we extract the following informa-

tion: 1) VR apparatus and 2) tasks, 3) level of immersion,
4) targeted population, 5) results, 6) adaptivity to the user
and 7) transferability of acquired knowledge. Comparing
the apparatus would only be possible on a global level, due
to the lack of evaluation of the devices in studied articles. For
the VR tasks, we analyze the inner proceedings of the tasks,
the duration and frequency of sessions.

As defined in section I, the immersion contributes to the
sensation of being physically in a VE and not every type
of interaction needs a high level of immersion. The com-
ponents of immersion can be summarized as the field of
view (FOV), the field of regard (FOR), the display size, the
display resolution, the stereoscopy, the head-based rendering,
the realism of lighting, the frame rate and the refresh rate [57].
The level of presence, related to the immersion, is also a
common assessment in VR studies. Presence is a subjective
measurement of the user’s perception regarding VR leading to
the feeling of being physically in the VE. However, presence
was not assessed in the collected studies and therefore cannot
be one of our comparison criteria.

For our analysis, we focus on the FOR, the stereoscopy and
head-based rendering as these criteria can be deduced from
the protocol and setup description in the collected studies.
To increase the readability in Table I when comparing the level
of immersion applied to the participants, we give the studies
a set of symbols according to the featured devices. The
letter I if the user interacts with a VE, FOR if the VR device
allows a large FOR in the VE, wider than the participant FOV
(e.g. curved screens or HMD), S if it allows stereoscopy and
follows head movement and G if the user not only interacts
with a keyboard or a controller, but with gestures or their body.
The symbols are summarized in Table I.

In most studies, results are expressed through cognitive
domains scores, assessed with standard tests. A comparison
between the results can be done when similar cognitive
assessments are being used, otherwise, the degree of improve-
ment is considered. When comparing each study’s results, the
pathology and its severity are taken into consideration.

The adaptivity of a vocational or ecological simulation is
the extent to which the experience is personalized for each
individual, based on their abilities and progress. The adaptivity
of the studies is assessed by comparing the articles with the
same procedure for every participant and the articles that adapt
the content of their study based on participants’ actions. It is
assessed from an external perspective since most articles do
not focus on adaptivity and do not evaluate it.

Transferability is the ability of the participants to transfer
what they learned during the study, in the VE, to a real-life
situation. VR has a noteworthy transferability for cognitive
domains [58]. Transferability is important in vocational reha-
bilitation since it shows the efficiency of the procedure.
It can be assessed by observing the participants in a real-life
environment and evaluating their ability to use the techniques

acquired during therapy for a challenging situation. Transfer-
ability of the studies is compared using the available results
on employment or follow-up evaluations, when provided.

IV. RESULTS

The following sections describe the collected corpus with
a VR spectrum along five sections: (i) the general approach
regarding the experiment, (ii) the VR apparatus and task used
in studies, (iii) the level of immersion, (iv) the adaptivity of the
protocol and (v) the transferability of the contribution. These
characteristics are summarized in Table I.

A. General Approach
The most common approach in the collected studies is to

reproduce a vocational environment for the user to explore
and perform a set of tasks. The designed work tasks are often
inspired by the user’s work domain and cognitively challeng-
ing [9], [49], [50], [54]. The other studies recreate ecological
situations, without a specific professional angle, to train the
user cognition in an everyday situation [29], [31], [32], [33],
[34], [35], [38], [51], [52], [53], [55], [56]. Similarly to the
vocational simulation studies, these studies offer to perform
various cognitively challenging tasks, linked to the targeted
ecological situation. Among the collected studies, executive
functioning is trained by twelve of them, memory (including
prospective and retrospective memory) by eleven of them,
attention by ten of them and communication and visuospatial
abilities by six of them. Concerning the variation of sessions’
frequency and number, it varies between 6 and 36 sessions,
of a duration between 20 and 120 minutes. The sessions are
set between 4 and 24 weeks, with the exception of 1 session
in one study [33], 2 sessions in a week in one study [53]. The
average total number of sessions is 14.3 sessions.

B. VR Apparatus and Tasks
The apparatus used in the collected studies varies from a

basic computer setup, large curved screens, motion tracking
devices and HMD. The interface used to interact with the VE
is a computer keyboard, a computer mouse, a joystick, the
user’s own hands or controllers. Examples of the used setup are
displayed in Fig. 1. The majority of the collected studies use a
basic computer setup, with a computer mouse, a keyboard [9],
[33], [52], [53], [55], [56] or a joystick [32], [34], [49],
[50], [51]. The screen size, when specified, is between 16”
and 50”. Motion tracking can be combined with a large
screen, on which the participants see their body as a virtual
reflection [31], or with a HMD with controllers [54] or without
controllers [29]. Finally, one study uses a cycle-ergometer with
a controller [35].

Among studies that feature vocational simulations, three
simulate a store (clothing store, supermarket, or conve-
nience store) with the participant acting as an employee [9],
[50], [54]. The difficulties of the targeted jobs can be decom-
posed between social, technical and problem-solving skills:
Tsang et al. confront the participants to three different diffi-
culty levels through 10 sessions of 30 minutes each. Every
session takes place in a clothes store and targets a different
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TABLE I
COLLECTED ARTICLES. POPULATION (POP.); RANDOMIZED CONTROLLED TRIAL (RCT); ACQUIRED BRAIN INJURY (ABI); ALZHEIMER (ALZH.);

SCHIZOPHRENIA (SCHZ.); MILD COGNITIVE IMPAIRMENT EXECUTIVE FUNCTIONS (EF); ATTENTION (ATT.); MEMORY (MEM.); PROSPECTIVE

MEMORY (PM); RETROSPECTIVE MEMORY (RM); VISUOSPATIAL CAPACITY (VC); INFRARED (IR); HEAD-MOUNTED DISPLAY (HMD);
VIRTUAL REALITY (VR); ARTIFICIAL INTELLIGENCE (AI); MULTI-ERRANDS TESTS - SHORT VERSION (MET-SV);

IMMERSION DEVICES: I (INTERACTIONS WITH THE VE), FOR (DEVICE WITH A BIG FOR),
S (STEREOSCOPY); G (GESTURES) AS DESCRIBED IN III-B
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TABLE I
(Continued.) COLLECTED ARTICLES. POPULATION (POP.); RANDOMIZED CONTROLLED TRIAL (RCT); ACQUIRED BRAIN INJURY (ABI);

ALZHEIMER (ALZH.); SCHIZOPHRENIA (SCHZ.); MILD COGNITIVE IMPAIRMENT EXECUTIVE FUNCTIONS (EF); ATTENTION (ATT.);
MEMORY (MEM.); PROSPECTIVE MEMORY (PM); RETROSPECTIVE MEMORY (RM); VISUOSPATIAL CAPACITY (VC); INFRARED (IR);

HEAD-MOUNTED DISPLAY (HMD); VIRTUAL REALITY (VR); ARTIFICIAL INTELLIGENCE (AI); MULTI-ERRANDS TESTS - SHORT

VERSION (MET-SV); IMMERSION DEVICES: I (INTERACTIONS WITH THE VE), FOR (DEVICE WITH A BIG FOR),
S (STEREOSCOPY); G (GESTURES) AS DESCRIBED IN III-B

Fig. 1. Examples of VR apparatus: (a) HMD setup for cashier task [54],
(b) HMD and hand tracking setup for the simulation of homelife [29]. The
subjects have provided written informed consent allowing the publication
of these images.

aspect of the job difficulty, like orientation, clothes sort-
ing, problem-solving and customer handling [50]. Similarly,
Sohn et al. make the participants repeat two scenarios for
8 weeks, one session per week and scenarios of 15 to
20 minutes. The two scenarios are in a convenience store or a
supermarket, and train the participants in technical, social and
problem-solving skills [9].

Liao et al. do not detail the tasks used for rehabilitation.
Their study combines vocational simulations of supermarket
employee or kitchen chef video games from Owlchemy Labs’s
“Job Simulator” software, with virtual rehabilitation activities
like Tai Chi or football [54]. It involves 36 sessions of 1 hour
with five different activities: taking public transportation,

cooking as a kitchen chef, working in a convenience store,
and training in Tai Chi or football.

This choice of vocational context is justified in the studies
by store employee being a common job for the targeted
population in these three studies. For one study, a virtual
office was used [49]. With another approach, Man et al.
provide an immersive office module, with tasks related to
office work (identification of office items and utilities in
the office, handling files and printers, sending and receiving
emails, managing inventory, etc) [49]. Participants must make
decisions according to a scenario through 12 sessions.

In all of the studies aiming for ecological simulations,
the main approach is to simulate a virtual supermarket, with
the participants as customers. The supermarket simulation
can challenge the participants with time or resource man-
agement [31] or with memory or attention tasks [32], [52].
Jacoby et al.’s contribution is a virtual supermarket in which
the participants must face planning, problem-solving and mul-
titasking tasks during 10 sessions of 45 minutes [31]. The task
could be shopping with a given budget or managing the time
spent on the shopping. On the other hand, Yip et al. use a task
of grocery shopping in a convenience store with 12 training
sessions of 30-45 minutes of VR [32]. The virtual tasks consist
of remembering the shopping list or noticing specific details
in the environment. Canty et al. immerse the user in a virtual
supermarket, with a list of items to purchase [33]. Multiple
events are provided to challenge the prospective memory
during one session of 14 minutes. The event could be to send a
text message with a mobile phone at given times or to press a
key on a specific trigger. Aubin et al. give their participants the
task of filling the grocery cart based on a given list of items,
and the payment at the checkout counter [53]. The simulation
also includes social skills, with avatars of other customers and
suggestions of dialogues to select or to read out loud.

The virtual supermarket can be placed in a virtual city,
to provide more various and ecological interactions: the virtual
city can feature streets and public transportation [52], various
buildings to visit [34], [51] and sometimes a virtual home
for everyday home activities [55], [56]. Faria et al. simulate
a small city, featuring a supermarket, a post office, a bank,
a pharmacy and an art gallery [34], [51]. The participants
must navigate between those places to purchase items or to
find specific objects. Participants are immersed in the virtual
city for 12 sessions of 20 minutes, for 4 to 6 weeks in the
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first study [34] and for 12 sessions with no other indications
in the second study [51]. Similarly, Gamito et al.’s virtual
supermarket comes after an orientation task where the user
needs to find their way to the supermarket, with the recognition
of outdoor advertisements along the path [52]. The tasks in the
supermarket consist of buying items, finding a virtual agent in
a specific outfit color and digit retention. The participants of
their study do between 2 and 3 sessions of 60 minutes, for
between 4 and 6 weeks. Mrakic-Sposta et al. study’s tasks
consist of navigating a virtual park and supermarket, finding
objects or events and buying items during 18 sessions or
45 minutes [35], during 6 weeks. The tasks feature distractors
and similar items to differentiate before buying in order to
challenge the participants. The two studies from Oliveira et al.
feature tasks inside a virtual home, e.g. taking care of the
morning hygiene, getting dressed up, cooking, remembering
TV news, and outside, in a virtual city, e.g. grocery shopping,
going to the pharmacy or an art gallery. In those two studies,
the participants took part in 12 sessions of 45min, during
6 weeks [55], or in 7 sessions on average, of 30min each [56].

The last study of this corpus provides different ecological
situations for the participants to describe or converse [38]. The
situations take place in a train station, a hotel, a restaurant,
a supermarket, an amusement park, a cinema or during travel.
Three participants must describe the scene or give some
information and can discuss the situation with the therapist
or together, during 48 sessions of 2 hours in 24 weeks.

C. Level of Immersion
The identified components of immersion vary greatly

depending on the device. The FOV and FOR are reduced
with basic computer screens [33], [34], [49], [51], [52], [53],
[55], [56] but are improved with the use of wide [32], [35]
or 180◦ curved screens [9], [38]. The FOV and FOR are
maximized when the user can see the VE all around them,
with modern HMD [29], [54]. Stereoscopy and head-tracking
are also enabled by the use of HMD, while no other study
seems to include head-tracking devices. The addition of other
senses or ways of interaction to the visual component improves
the level of immersion [57] and users that need to use their
whole body to interact with the VE are therefore more involved
in the VR. The use of motion tracking increases the level of
immersion [31], [35], [51], especially when combined with
HMD [29], [54].

D. Adaptivity
Patients with cognitive impairment also have various pre-

served abilities and face different challenges that rehabilitation
programs need to take into account. Each patient integrates
the rehabilitation results at their own pace, and therapy is
always personalized depending on the patient. In VE, such
adaptivity is hard to achieve because the scenario and series of
actions must be decided beforehand. In the presented studies,
adaptivity is partially achieved with different difficulty levels
based on the user’s progress [29], [31]. When the task is
easily performed (based on performance speed or success
rate), the difficulty goes up, otherwise the participants might

Fig. 2. Example of VR applications: (a) Virtual clothes store as an
employee [50], (b) Virtual convenience store as a customer [9] and
(c) Virtual supermarket as a cashier [54].

get more time or additional indications to finish the task.
Two studies adapt the difficulty based on the participants’
cognitive skills: related to the success of individual tasks [51],
or based on pre-intervention tests [55]. Only one study focuses
its contribution on adaptivity, with an artificial intelligence-
powered algorithm that computes the difficulty of the next
task from the correctness, time to finish, amount of assistance
needed and accuracy of the previous task [49].

The rest of the corpus does not incorporate adaptivity
in their study. Their protocol gets more difficult after each
session, at the same pace for every participant.

E. Transferability

VR training applications with strong similarity between the
training and the real life situation can show high transferability
for the users [59]. Among the corpus, four works assess the
transferability [31], [32], [50], [53]. It can be assessed with
the participants’ feeling of self-efficacy for each task [32],
[50], or by comparing results in a VE with results in the real
environment [31], [53].



4174 IEEE TRANSACTIONS ON NEURAL SYSTEMS AND REHABILITATION ENGINEERING, VOL. 31, 2023

On one hand, among the studies using self-efficacy
questionnaires, the results show significant improvement of
self-efficacy after the intervention [32], [50]. On the other
hand, two studies confront their VR intervention with a task in
the real world. Jacoby et al. assess the transferability with Mul-
tiple Errands Test-Simplified Version (MET-SV) assessment,
comparing their grocery shopping task in a virtual supermarket
with the same task in a real supermarket [31]. Aubin et al.
compare the task performance in a virtual supermarket with
performance in a real supermarket [53]. Aubin et al.’s exper-
iment assesses the ecological aspect of the simulations and
while the transferability itself is not assessed, the transfer
of motor and perceptual skills has been demonstrated in
other fields with the use of ecological VE [60]. Their results
show significant improvement of the score after the interven-
tion [31] and better results for the real environment condition,
suggesting a relationship between ecological situation and
transferability [53].

V. DISCUSSION AND PERSPECTIVES

VR for vocational and cognitive rehabilitation is a domain
that still needs further investigation, even though VR is com-
monly used in other medical specialties. Research in this area
is not recent, with the first selected article being published
in 2012, and appears to be continuing, with the latest articles
published in 2022. Modern technology improvements provide
better equipment that allows a better experience for novice
users and is suitable for rehabilitation context.

Studies aiming for vocational rehabilitation can be patient-
oriented, with patient education or counseling interventions,
or can target work environments and supervisors. Research
on return-to-work benefits from both aspects [61], but clinical
studies usually focus on one aspect at a time. All of the studies
gathered in this corpus are patient-oriented: their approach is
to evaluate the use of virtual VR in a rehabilitation context,
independently from the work environment.

Research in this domain has many leads to investigate, and
this survey aims to analyze the current state of the art from a
VR perspective.

A. VR Interactions and Immersion
The VR apparatuses described in the considered studies

come with a wide variation. We differentiate fully-immersive,
semi-immersive and non-immersive VR. For non-immersive
devices, the borders of the screens are in the FOV of the partic-
ipants, reminding the subjects of the real environment around
them. Semi-immersive and fully-immersive setups allow a
bigger or total FOR of VE around the participant. Participants
are more inclined to feel present in the VE when they can
move their head around without breaking the line of sight.
Ecological tasks in cognitive rehabilitation context have navi-
gation and visual search components, which need a large FOR
and are enhanced by stereoscopy and head tracking. The used
device has a strong impact on immersion for the participant.
However, it can be necessary for the therapist to converse
with the participants [38], bringing them back to the real
world. Allowing collaboration in the VE, between therapist and

patients, or between patients, would benefit the rehabilitation
without breaking the immersion. Three of the collected studies
use immersive interaction systems and devices. The immersion
of the majority of studies is therefore limited by a part of the
apparatus. With the exception of one study that uses a cycle-
ergometer to mimic the ride of a bicycle [35], interaction with
the VE in the corpus is done by either motion tracking or
mechanical inputs. VR controllers and additional devices allow
motion tracking while computer mice, keyboards and joysticks
are less realistic of the interaction and therefore less immersing
and engaging for the users [14], [22]. Moreover, since the
state of the art on VR displays on presence and learning in
a training scenario presented in Buttussi et al.’s article [14],
HMD technology has improved. The device they considered
the most innovative at the time is now representative of the
literature. We can presume that the contribution of modern
technology on the level of immersion, with the improvement
of screens and resolution, is stronger than with older HMD. The
contribution of immersion on cognitive rehabilitation is yet to
be proved, with the evaluation of the feeling of presence for
clinical studies, but the use of VR shows promising results
concerning the improvement of cognitive functions, compared
to traditional rehabilitation [2]. Immersion has, however, a sig-
nificant impact on engagement and motivation, and current
rehabilitation studies could strongly benefit from the use of
innovative technology.

Additionally, all of the tasks using immersive devices in
the corpus require a certain degree of manipulation, and the
immersion is increased by the immersive device compared
to traditional setups. Studies using a computer keyboard,
a computer mouse or a joystick to interact with the VE allow
a different set of actions that reminds the subject of the device
they are using, thus limiting the immersion. The use of gesture
and motion to interact with the VE, on the other end, immerses
the user in VR. Tracking devices are commonly combined
with HMD to achieve a more natural interaction [62], and
multiple VR headsets have now built-in hand-tracking devices.
The user can use gesture recognition instead of controllers.
The use of multiple devices depending on the nature of the
task is never put in practice, but is considered in vocational
rehabilitation literature. For example, a HMD and controllers
have been used for room-size manipulation and a tablet for
money counting [1]. Vocational rehabilitation involves a wide
variety of cognitive tasks and choosing the adapted apparatus
should be discussed and based on the selected tasks more than
the available technology.

B. Cognitive Tasks
Regarding the VR tasks represented in the corpus, the

majority of the collected articles simulate a store, either a
clothes store or a supermarket, with the participant as a
client for ten of them or a worker for two of them. Grocery
shopping is challenging in terms of executive functioning,
while keeping an ecological context. Furthermore, orientation
tasks of finding the way in a realistic VE enhance the virtual
experience towards ecological validity. It extends the VE to a
wider space than what traditional rehabilitation can otherwise
provide and helps the participant to believe in the simulation.
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Ecological validity is an important criterion when dealing with
vocational rehabilitation. The remaining articles of the corpus
find a task that suits the targeted population, with grandparents
taking care of their grandchildren during a simulation of
homelife with a child [29] or with specific tasks from a
selection of common jobs among the population [54]. The
variety of VR tasks in the sixteen collected studies shows that
cognitive rehabilitation takes various shapes. Researchers are
confronted with the difficulty of finding a vocational context
that suits their population. Ecological tasks like grocery shop-
ping or navigating a subway are common tasks with which
every participant is familiar. Yet it is not representative of the
population’s work habits. Vocational tasks are important for
vocational rehabilitation, but must consider that all participants
come from a different background. VR allows more freedom
in the task design, and rehabilitation tasks can be closer to a
familiar situation. Patients with cognitive impairment can be
confronted with a realistic work simulation or a more relax-
ing environment, while keeping an immersive and ecological
experience.

Executive dysfunctions are involved in multitasking and
have therefore a strong impact on return to work [3], leading
to executive functions being a focus of nine studies. Attention
and memory (prospective and retrospective) are also com-
monly trained. Finally, some studies train communication and
visuospatial capacities. This gives us an insight of the impor-
tant cognitive aspects involved in vocational rehabilitation
and why supermarket simulations are popular for cognitive
rehabilitation. Such ecological tasks that involve the use of
various skills are recommended for rehabilitation [63]. The
use of VR for attention deficit rehabilitation benefits from the
distractions that can be applied to the participants in the VE,
which can hardly be reproduced in traditional rehabilitation.
VR also provides more possibilities for rehabilitation, with
recent studies adding more complexity and diversity to the
tasks in the VE [55], [56].

C. Adaptivity and Transferability
In the context of rehabilitation, VR allows monitoring the

patient’s actions to adapt the VE to their needs. Adaptivity
in VR relies on scores and metrics, in order to automatically
process the results. The scoring systems used in the collected
articles are based on performance only, with records of the
number of successes, errors, accuracy or time needed to
finish a task. The use of artificial intelligence algorithms to
adapt the simulation allows a more complex adaptation. These
strategies of adaptation contribute to rehabilitation, by taking
into account the variability of cognitive functioning among
the users. When working with cognitive rehabilitation, patients
can have a vast variety of cognitive abilities and difficulties,
related to their cognitive impairment. In the literature, there
is no proposition for now of adaptive models based on
cognitive abilities [64]. Clinical studies aiming for cognitive
rehabilitation could benefit from having better adaptivity. The
drawback of having adaptive strategies is the difficulty of
comparing the experimental conditions with every participant
experiencing a different protocol. Comparing results requires
more argumentation in order to demonstrate generalisability.

Transferability is a major concern of rehabilitation as it
is related to the impact of rehabilitation on participants’ life
after therapy. Transferability has only been assessed in five
studies out of sixteen. Among these articles, the transferability
was often deduced from a subjective questionnaire. However,
both objective and subjective outcomes show a significant
improvement after the procedure. One study does not assess
transferability but emphasizes the role of VR in the transfer
of the intervention benefits to daily life [35]. VR has shown
to be a strong tool for ecological validity and transferabil-
ity, compared with traditional rehabilitation strategies [65].
Assessing the transferability is therefore important to confirm
both the effectiveness and unity of the intervention and the VR
contribution, especially for training tasks [59].

D. Perspectives
The assets brought by VR to vocational and cognitive

rehabilitation is a topic of interest in the literature and several
studies have been published in this domain. However, these
studies show room for improvement regarding 1) immersion,
2) transferability, 3) adaptivity and 4) research approach.

Increased immersion has shown evidence of enhancing
memory improvement [14] and patients with cognitive impair-
ment with memory issues in particular could benefit from a
higher immersion level. VR device is one of the factors influ-
encing immersion and the other factors, e.g. presence could
not be assessed. Studies are developed for day-to-day life
adaptation and presence is important to enhance this ecological
aspect, yet presence is never assessed in the studies considered
in this paper. Research on cognitive rehabilitation using VR
could benefit from presence assessment such as Witmer &
Singer [66], Slater-Usoh-Steed [67] or Igroup presence [68]
questionnaires. The evaluation and improvement of presence
for the participants also improve the usability of VR attention
tasks [69]. Regarding the use of immersive devices, literature
shows that a high level of immersion enhances manipulation
tasks [57]. However, when working with a naive population,
participants can have difficulties getting familiar with the
device and how to interact with it. They require more time to
learn how to manipulate the device and can add a bias to the
study if they fail to use it. Modern and innovative technology
in particular can have a negative influence on a study because
it is designed to strongly change the way the user interacts with
the VE, for an immersive purpose [70]. The small number of
studies using highly immersive interfaces can be explained as a
trade-off for a more familiar device, keeping the participants in
their comfort zone and dismissing the potential of immersive
VR. In order to assess the effect of immersive VR on this topic,
studies involving non-specialist participants and immersive
technology should be cautious during the first sessions of the
intervention. Designers of VR experiments should provide a
dedicated time for the participants to get familiar with the
apparatus, and an even longer time for patients with cognitive
impairment. Their acceptability or reluctance regarding the
interface can have an impact on the study, as highlighted
in [53], and should be assessed before the conception of a
VR solution. However, innovative and immersive technology,
such as HMD or CAVE-like interface, is more and more
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known among the population, and VR interfaces have higher
and higher performance. We can expect wireless HMD, lower
latency and more powerful computing force to improve overall
the patients’ experience in clinical studies. Future research
should take into consideration this evolution of innovative
technology when designing studies. Future research should
aim for a more usable and high-performance apparatus for
rehabilitation studies, maximizing the comfort of the partici-
pants.

Along with a high level of immersion, VR can achieve
a strong feeling of engagement in the therapy. As stated in
section IV-E, immersion also facilitates the transferability of
knowledge acquired during therapy. However, transferability
is rarely assessed in current studies. When assessed, trans-
ferability is computed from a subjective questionnaire on
self-efficacy, or with the MET-SV questionnaire [31]. These
measures raise the question of the purpose of the assess-
ment. The transferability is a measure that makes sense when
assessed after a period of time. Assessing the transferability
at the end of the intervention does not provide a good insight
into the benefits of the intervention over a long period of
time. However, this assessment is important to have a better
understanding of cognitive and vocational rehabilitation. The
lack of assessment for transferability and the lack of follow-
up are issues that should be fixed in future research. The
VR interventions for vocational or cognitive rehabilitation are
various in the literature, with a tendency for supermarket or
store simulations. Such tasks are challenging for executive
functions, attention and memory and put the subject in an
ecological context. In traditional rehabilitation, ecological sit-
uations are costly, time-consuming to implement, and difficult
to control. Computerized solutions are a versatile solution to
all of these drawbacks. However, it also has some limitations:
ecological simulations do not always fit the vocational rehabil-
itation objectives and stay close to cognitive training exercises.
Among computerized solutions, VR allows to immerse the
patients in a fitting ecological situation, with full control over
the environment. Assessment of transferability is important
to evaluate the impact of immersing the participants in an
ecological situation similar to the source of difficulties in real
life. Moreover, in the collected studies, the used devices are
often non-immersive devices. VR technologies are yet always
innovating and provide experiences of better quality. The use
of immersive technology could have an impact on transfer-
ability, by making the subjects face their difficulties, with full
control of the simulation and with high fidelity. Assessing the
impact of immersion on the transferability of cognitive and
vocational rehabilitation would provide important information
for therapists.

In the context of rehabilitation, VR allows the possibility
to measure the patients’ actions without intrusive devices.
Moreover, the patient environment is in partial control during
rehabilitation and even full control for full-immersive VR.
However, current studies’ adaptive strategies focus on perfor-
mance scores such as success and error rate, time to finish
a task or accuracy. Other metrics could be included to adapt
the VE: gaze direction and head movements can give insights
into the attention functions of the participant. Assessment of

stress, through physiological measures (e.g. skin conductance,
heart rate, breathing rate), or duration of inactivity could give
insights into the user’s difficulties.

Finally, while VR is more and more popular as an innovative
tool for neurorehabilitation [71], the search for articles for
this survey does not provide many recent results, with only
four studies published in the past three years. Research in this
subject requires expert skills in different areas of research, or a
collaboration between two domains: medicine and computer
science. This need for such expertise can be a reason for the
lack of papers on this topic. For the majority of the collected
studies, the authors have a medical background. Only six
articles have at least one author from a computer science
background [34], [35], [51], [53], [55], [56]. Multidisciplinary
studies can be expensive in time and resources, if not out
of reach. However, compared to a one-sided perspective, the
collaboration of experts from different backgrounds has a
major impact on the research work. Therapists bring their
expertise on the medical context, identifying patients’ needs,
and can highlight the need for a simple interface for patients
with cognitive impairment compared to healthy users. On the
other hand, VR experts have all the necessary knowledge of
innovative technologies and how they can be used. Research in
VR explores different aspects of interaction, including multi-
sensory interaction. The use of various modalities is important
for both immersion and transferability, as real interactions have
multiple components that contribute to the naturalness of the
action. VR experts are also aware of the effect of embodiment
on the participants. The sense of embodiment in VR refers
to the sensations of being inside, having and controlling a
virtual body [72]. The sense of embodiment can contribute
to the immersion and the feeling of presence but is also
beneficial for rehabilitation [73], [74] and engagement [75] in
VR interventions. The combination of VR with vocational and
cognitive rehabilitation is the union of two distinct domains
and future research would benefit from the expertise of both
fields.

VI. CONCLUSION

This article outlines cognitive rehabilitation studies using
vocational or ecological VR for patients with cognitive impair-
ment. From a VR perspective, it highlights the fundamental
components of VR-based vocational rehabilitation. Following
a strict selection process, sixteen studies were collected and
analyzed. Their comparison criteria were their VR systems and
their adaptivity, transferability, and immersion levels.

Our analysis shows that current systems tend to use non-
immersive interfaces and have yet to demonstrate the potential
of immersive VR. Adaptivity is a solid lead to improve
vocational rehabilitation and requires strengthening in future
research. While transferability has been rarely assessed, a vir-
tual ecological environment and a high level of immersion
could bring the participants to a deeper level of engage-
ment than conventional therapy. Research in VR could also
consider other aspects of virtual interactions in the context
of rehabilitation, such as with multi-sensory feedback or
virtual embodiment using avatars. Therefore, the use of VR in
vocational and cognitive rehabilitation represents a promising
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multidisciplinary research topic that should heavily benefit
from contributions coming from both medical and technolog-
ical communities in the future.
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