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Abstract

Background: Power wheelchairs can empower children with physical limitations to gain independence in their everyday lives;
however, traditional methods of power wheelchair training are often limited by poor accessibility and safety concerns. Immersive
virtual reality technology (IVRT) uses advanced display technology to place users in a fully immersive web-based environment
that can support real-time skills training, often requiring less resources and fewer safety concerns than real-world methods. IVRT
interventions have shown to be a feasible training option among adult power wheelchair users; however, there is still a need to
understand the technical and clinical feasibility of developing an IVRT power wheelchair training tool for the pediatric population.

Objective: This proposed study aims to use expert feedback and an iterative design process to develop an IVRT training
intervention for pediatric power wheelchair skill development.

Methods: This 3-phase feasibility study will be conducted within the assistive technology unit of a public pediatric hospital.
Separate participant groups will be recruited for each phase, consisting of approximately 10 to 15 clinicians (phase 1), 10 pediatric
power wheelchair users (phase 2), and 15 to 20 additional pediatric power wheelchair users (phase 3). Phase 1 will be conducted
to gather feedback on the baseline IVRT training intervention. Clinicians will test the intervention and assess its usability and
acceptability using qualitative and quantitative methods. Phase 1 participants will also be invited back for a subsequent session
to reassess a revised version of the training intervention that has been updated based on their previous feedback. Phase 2 and
phase 3 will also use mixed methods to gather feedback on the usability, acceptability, and user experience of the IVRT training
intervention from current pediatric power wheelchair users. In addition, phase 3 participants will perform a skills transfer assessment
to compare power mobility skill performance between the virtual reality and real-life environments. Data gathered in phase 2
will be used to further refine the IVRT intervention, whereas phase 3 data will be used to statistically evaluate the final version.

Results: This study was approved by the Izaak Walton Killam Health Centre research ethics board in August 2021. Phase 1
testing began in February 2022. The entire study is expected to be completed by 2023.

Conclusions: The results of this study will be used to create an IVRT training intervention for pediatric power wheelchair skill
development through an iterative and collaborative design process. Results may also assist in directing future studies in this area.
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Introduction

Background
The inability to mobilize independently can have significant
deleterious effects on the psychosocial development of children,
often affecting their ability to participate in age-relevant
activities [1,2]. For children with physical disabilities that limit
their ability to ambulate, assistive devices such as power
wheelchairs empower them to mobilize with independence and
create great opportunities for play, leading to enhanced
intrapersonal and interpersonal relationships [2-7]. Children
who use power wheelchairs describe feeling liberated and
gaining autonomy with powered mobility use, with some even
reporting the device as an integral part of their identity and an
extension of the self [6]. Despite the benefits of power
wheelchair use, methods of its training can be highly variable
and difficult to access [8]. Many children are unable to
participate in training opportunities owing to common barriers
such as limited access, safety concerns, and inadequate
availability of resources [5,6]. Furthermore, the rate of skill
acquisition is often not a linear process, and it can be difficult
for training interventions to account for individual differences
among clients, including skill level and age range [5-8]. Access
to power wheelchair training opportunities is essential to develop
the skills required for independent participation and overall
development [1,2]. As such, there exists a need for an approach
that offers effective training for novel power wheelchair users
within a safe and accessible environment.

Virtual Reality for Rehabilitation
Virtual reality (VR) is emerging as a promising modality for
therapeutic and rehabilitative interventions in health care [9,10].
VR interventions have been shown to help support the
rehabilitative process, by improving functional and cognitive
performance in diverse populations such as patients with
Parkinson disease [11], patients with chronic stroke [12], older
adults with cognitive impairment [13], and power wheelchair
users [14]. The growing interest in VR may be owing to the
unique opportunity that allows individuals to engage in
task-specific interventions by interacting in a real-time
simulation of a computer-controlled activity or environment
[9,10,15]. The use of a computer interface can also allow
clinicians to quickly adjust the intervention to suit the user’s
current ability (eg, modification of the difficulty level), thus
promoting user awareness and confidence [16,17].

Children who use a VR application to practice their power
wheelchair skills have shown increased overall improvement
when transferring their skills into real-world navigation
compared with their pretraining scores or a control group with
no training [16,18-20]. A study examining the efficacy of a
desktop VR system in teaching novel power wheelchair skills
found that the VR intervention improved children’s skills to a
greater extent than the control group who had no VR training;
however, statistical significance was not reached [20]. In this
case, individual performance scores varied greatly owing to
potential confounders (eg, sex differences and potential
motivation discrepancies), and it was suggested that future VR
interventions should consider individualizing their training

methods to meet the varying needs and interests of participants
[20].

Immersive VR Technology
Recent VR modalities such as immersive VR technology (IVRT)
may elicit increased performance improvements over time
compared with nonimmersive VR systems owing to an increase
in user engagement [21-24]. IVRT is a specific subset of VR
that uses display technology such as head-mounted display
(HMD) goggles or multiple screen projections to make the user
feel physically present in a 3D setting [25]. The use of screen
projections to create a fully immersive environment can be
resource-intensive, often requiring a large space and multiple
pieces of technological equipment to achieve a realistic setting.
In contrast, HMD technology requires less costly resources and
small physical space and can be easily transported to allow for
clinical or at-home use [26,27]. Therefore, IVRT interventions
using HMD tend to be the primary choice for recent skills-based
training applications [28].

One of the greatest benefits of IVRT is the sense of presence
that can be experienced by users during gameplay. The feeling
of truly being there in the VR environment is heightened within
an immersive VR system compared with a nonimmersive system
and has been linked to better performance [21-24]. In a 2017
study comparing wheelchair performance and visual technology
devices, the sense of presence and driving performance were
both increased among users who trained with the IVRT modality
compared with those who trained with a computer monitor [21].
Studies have also shown that users participating in an IVRT
simulator are able to naturally mimic the same
wheelchair-specific movement patterns (eg, trunk posture and
chair propulsion) as executed in the real world, thus
demonstrating the feeling of realism that can be experienced in
the immersive environment [29].

IVRT has shown promise as a feasible rehabilitation tool for
power wheelchair users; however, most studies have been
conducted only among the adult population [14]. A 2019 scoping
review found that most published studies using HMD-based
IVRT for power wheelchair simulation included only adult
participants, whereas a limited number of studies have extended
into the pediatric population [14,16,30]. Morère et al [30] used
a 3D wheelchair simulator to conduct a chronic training
intervention and identified a positive change in pediatric
participants’ outdoor driving abilities after completion of the
training period; however, this study included only 12 participants
in total. Another pediatric study revealed improvements in
real-world power wheelchair skills following training with HMD
compared with pretraining levels, but this study was also limited
in sample size [16].

IVRT has the potential to become a valuable training tool for
pediatric power wheelchair users, but there is a paucity of
literature on this topic, with weak descriptions of methodology
and limited sample populations [8,31]. Introducing IVRT
training for pediatric power wheelchair users may help to
enhance opportunities for safe and accessible skill development,
leading to increased independence and improved early-life
psychosocial development [2-7]. To develop an effective method
of power wheelchair training, there exists a need for
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collaborative studies in which expert-driven feedback can be
used to design a training intervention that meets the needs of
pediatric power wheelchair users.

Objectives and Research Questions

Overview
This proposed 3-phase feasibility study will collect feedback
from experienced clinicians and pediatric power wheelchair
users to collaboratively develop an HMD-based IVRT training
platform designed for pediatric power wheelchair skill
development. Participants will engage in the training
intervention and provide feedback on the usability and
acceptability of the intervention for novel skill development.
In this study, usability refers to the ease with which participants
can successfully engage in the IVRT training intervention [32].
Feedback related to usability will assist in identifying features
of the intervention that may help to achieve specific goals easily
and effectively with limited confusion during gameplay.
Acceptability is the perceived appropriateness of the intervention
to meet the needs of the target population (novel pediatric power
wheelchair users) [33]. Acceptability feedback will describe
features of the IVRT training intervention that may help to
enhance clinical uptake and accurately capture the training
requirements of the pediatric population. Clinicians will also
assist in developing a list of potential power wheelchair skills
to be targeted in the training intervention.

Feedback gathered during each of the 3 phases will be carefully
implemented in the technical design to continuously refine the
training platform and produce a final version that can be used
as a practical training tool for effective skill development in the
future [34]. The efficacy of the final IVRT training intervention
for power wheelchair skills training will be measured in future
studies. To the best of our knowledge, this is the first study as
of April 2022 that will gather iterative feedback from clinicians
and experienced power wheelchair users to develop an IVRT
training intervention intended for pediatric power wheelchair
skill development.

Objective

Overview

To determine the feasibility of using an IVRT training
intervention for pediatric power wheelchair skill development,
as determined by the following:

1. Expert opinion from clinicians experienced in working with
pediatric power wheelchair users

2. User feedback and skill performance metrics gathered from
current pediatric power wheelchair users

Research Question 1

What is the usability of the IVRT training intervention for novel
skill development, from the clinician’s and current power
wheelchair user’s perspectives?

Research Question 2

What is the acceptability of the IVRT training intervention for
pediatric power wheelchair users, from the clinician’s and
current power wheelchair user’s perspectives?

Research Question 3

What set of skills should be included in the IVRT training
intervention for appropriate power wheelchair skill development,
from the clinician’s perspective?

We hypothesized that iterative feedback gathered from clinicians
and current power wheelchair users will create an IVRT training
intervention that is appropriate for our target population and
can be successfully used for future power wheelchair skill
development.

Methods

Study Design
This is a 3-phase feasibility study that will assess the usability
and acceptability of an IVRT training intervention that has been
collaboratively designed to support power wheelchair skill
development. Mixed methods will be applied to provide
qualitative and quantitative data on the outcome measures.

Study Setting
This study will be conducted within the assistive technology
unit of a public pediatric hospital, the Izaak Walton Killam
Health Centre in Halifax, Nova Scotia, Canada. An experienced
researcher will facilitate all in-laboratory IVRT sessions and
collect training intervention data. All power wheelchair skills
performed in the IVRT training system and in the real world
during phase 3 will be independently assessed by a clinician
trained in power wheelchair skills assessment.

Participants and Recruitment
Eligible participants for this feasibility study will belong to one
of 2 population groups. The first population group will consist
of clinicians with at least three months of experience in working
with individuals who use power wheelchairs (by means of
training or offering care services) and who practice in a health
care profession such as physiotherapists, occupational therapists,
or child life specialists. The second population group will consist
of children (aged 4-18 years) who currently use power
wheelchairs. The lower age limit is selected to ensure that the
VR headset will properly fit all participants, whereas the upper
limit is representative of the pediatric population. A complete
list of inclusion and exclusion criteria is provided in Textbox
1.

For phase 1, our target sample size is approximately 10 to 15
participants, consistent with common sample sizes used in
technology feasibility studies with an iterative design process
[35-37]. The target sample size for phase 2 will be 10
participants, to gather user experience data and facilitate 1 round
of iterative development based on user feedback. For phase 3,
we aim to recruit 15 to 20 participants for the purpose of
statistically assessing the final version of the IVRT training
intervention through user feedback and skill transferability. The
target sample size for phase 3 is consistent with large studies
piloting non-VR power wheelchair training methodologies
[38,39] and is also greater than that used in previous pediatric
IVRT feasibility studies [16,30].
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Clinicians will be recruited for phase 1 via web-based
advertisements (email lists and web-based newsletters) and
word of mouth. Pediatric participants will be recruited for phase
2 and phase 3 via web-based newsletters, poster advertisements
displayed within the host hospital, and discussion with their
care provider. Researchers will distribute study information
forms to care providers, which will outline the study design,

purpose, and contact information. Care providers will be
encouraged to offer these forms to their patients if it is believed
that they may be interested in participating. Then, the individuals
will indicate their interest to a research team member via email
or verbally, and eligible individuals will be invited to participate
in the study.

Textbox 1. Inclusion and exclusion criteria for each participant group.

Inclusion criteria for clinicians (phase 1)

• Overall, ≥3 months of experience in working with power wheelchair users

• Practices in a health care setting

• Able to communicate fluently in English (verbal and writing)

• Able to operate a standard power wheelchair joystick

Exclusion criteria for clinicians (phase 1)

• History or suspicion of a photosensitive seizure disorder

• Unable to tolerate wearing head-mounted display goggles for prolonged periods of time

• Impairment in visual functioning that cannot be corrected with lenses or contacts (eg, 3D depth perception, cataracts, and oculomotor dysfunction)

Inclusion criteria for current power wheelchair users (phases 2 and 3)

• Aged 4-18 years

• Current power wheelchair user, with ≥1 year of experience in using power wheelchair as primary means of mobility

• Able to communicate verbally in English

• Able to operate a standard power wheelchair joystick

Exclusion criteria for current power wheelchair users (phases 2 and 3)

• History or suspicion of a photosensitive seizure disorder

• Unable to tolerate wearing head-mounted display goggles for prolonged periods of time

• Impairment in visual functioning that cannot be corrected with lenses or contacts (eg, 3D depth perception, cataracts, and oculomotor dysfunction)

• Participated in phase 2 of this study (phase 3 participants only)

Ethics Approval
This study has been approved by the Izaak Walton Killam
Health Centre research ethics board (Office of Research Ethics
1026934) in Halifax, Nova Scotia, Canada. Informed consent
will be obtained from all study participants before their
participation; participants aged <18 years will complete the
assent form, and participants aged ≥18 years will complete the
consent form.

Procedure

IVRT Equipment
The IVRT training application has been built using Unity3D, a
Unity Technologies game engine that allows developers to
create and manage web-based gaming environments. Participants
will engage in the IVRT training intervention using the HTC
Vive Pro, a commercially available VR technology from HTC
Corporation that places users in a fully immersive VR
environment using the HMD headset, tracking devices, and
controllers (Figure 1) [40]. The wheelchair joystick used for
this study has been built by an engineering team using a 3D

printer and specifications that closely match a real-world power
wheelchair joystick. An HTC Vive Pro tracking device is
attached to the top of the joystick to allow for accurate control
of the power wheelchair within the IVRT environment (Figure
1). Henceforth, this joystick will be referred to as the “tracker
joystick.” The user can also engage in hand-based activities (eg,
turning on the power wheelchair) in the IVRT environment by
moving a controller held in their nondominant hand.

In phase 1, participants will sit in a Rifton Equipment Activity
Chair [41] that replicates the seating and joystick setup of a
power wheelchair. The Activity Chair is a positioning chair that
provides adaptable seating for a range of patient populations
and has been slightly modified to accommodate an arm
attachment for easy operation of the tracker joystick (Figure 1).
In phase 2 and phase 3, participants will sit in their own power
wheelchair, and the tracker joystick will be attached to their
personal joystick controller stem. The tracker joystick is fitted
to easily screw onto any standard-size joystick controller stem,
allowing for users to participate in the IVRT intervention
without the need to transfer to a new chair. During the IVRT
simulation, users will progress through the intervention in a
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power wheelchair that replicates the natural movement of a real
power wheelchair. The in-game power wheelchair movement
patterns (eg, acceleration and deceleration speeds and turning

trajectories) have been designed in collaboration with an
occupational therapist to ensure that all movements are
simulated with accuracy.

Figure 1. An HTC Corporation tracker and IVRT joystick (A) attached to the Rifton Activity Chair (B) and in-use during gameplay of the training
intervention (C). IVRT: immersive virtual reality technology.

IVRT Intervention
The IVRT training intervention has been designed to help users
develop core power wheelchair skills in a motivating and
engaging manner. The baseline version of the training
intervention was created in collaboration with the research
committee (consisting of power wheelchair rehabilitation
experts, including a pediatric physiatrist and a pediatric
occupational therapist) and software development team. The
research committee identified power wheelchair tasks that were
commonly taught to novel power wheelchair users as beginner
to moderate–level skills (eg, moving forward, moving backward,
and turning 90°) [42]. Then, the software development team
integrated the skills into the IVRT system within an environment
that was approved by the research team to be acceptable for the
pediatric population (ie, containing age-appropriate graphics
and characters). The baseline training intervention is intended
to introduce participants to the potential of an IVRT system for
pediatric power wheelchair training and gather expert feedback
on how to improve the skills, environment, and overall user
experience.

The intervention places participants in a colorful cartoon
environment with robotic characters. Users begin the
intervention in the main lobby, where the instructor of the game
explains the instructions and wheelchair controls using audio
and visual cues. Then, the participants are brought to the outside
world to begin level 1, where they must use the tracker joystick
to control their power wheelchair and move through specific

areas in the game to complete each level. Users will be
challenged to participate in tasks that integrate various power
wheelchair skills, such as backing up in a narrow hallway,
driving over a ramp, and following a figure-eight path (Figure
2). In addition, players are also provided with various
opportunities to increase their scores during gameplay, including
driving on the correct path and collecting fruits to power up
their wheelchair. The inclusion of a reward system that allows
for positive reinforcement has been shown to enhance a child’s
attention and motivation when training within a VR environment
[43-45]. Therefore, it is anticipated that these additional
components will help to increase user engagement and improve
performance outcomes.

The IVRT system offers a range of options to measure client
performance, which will otherwise be difficult to capture in
real-world training. In total, 4 different VR camera angles
(overhead, follow camera, first-person view, and free camera)
provide the operator with a variety of viewpoints to assess the
user’s driving skills (Figure 2). Chart selections can also be
accessed by the operator to evaluate in-game user behavior,
such as client focus (measurement of attentional focus) and
pathways (real-time charting of user’s driving patterns).
Furthermore, client skills and goals can be easily tracked using
the metrics options, which offer real-time speed, collision, and
completion time statistics. Taken together, the IVRT system
can provide an accurate and comprehensive assessment of
driving performance without disrupting the in-game user
experience.
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Figure 2. Screenshots of the training application showing stages of the figure-eight task from three different camera viewpoints: follow camera (A),
free camera (B), and first-person view (C).

Training Intervention—Phase 1
The aim of phase 1 is 2-fold: (1) to use clinician feedback to
develop a list of potential power mobility skills to be
implemented in future versions of the IVRT training intervention
and (2) to assess the usability and acceptability of the
intervention from the clinician’s perspective. Phase 1
participants, comprising health care clinicians, will be exposed
to a baseline version of the IVRT training intervention and
participate in a training session during which they will progress
through each of the levels, with instructions to carefully evaluate
various components of the intervention. Participants will also
be given the option to freely explore the game environment
following the completion of each level, if they wish to do so.

Participants will be asked to assess the ability of the intervention
to teach a range of core power wheelchair skills. Currently,
there are no standardized methods that have been established
among professionals to assess power mobility skills among
children [38]; however, 4 main measures are commonly used:
Assessment of Learning Powered Mobility Use [46], Powered
Mobility Program [47], Power Mobility Training Tool [48], and
Wheelchair Skills Checklist [49]. In the adult population, the
Wheelchair Skills Test for Powered Wheelchairs is well
validated for the evaluation of power wheelchair capacity [42].
Owing to the lack of an established measurement tool for the
pediatric population, the research team identified core skills
frequently listed in both the Wheelchair Skills Test for Powered
Wheelchairs and common pediatric assessment tools to create
a comprehensive skills list for clinician use. This list was
developed in consultation with a pediatric rehabilitation
specialist to ensure that all skills were appropriate for inclusion.

Immediately following the IVRT training intervention,
participants will be provided with a list of 28 individual power
mobility skills and asked to indicate their level of agreement
with the following statement: “Based on my experience working
with power wheelchair users, I believe the immersive virtual
reality technology (IVRT) application can be used to teach
children and adolescents to (insert skill here).” Consensus on
the application’s ability to assess each item will be defined as
≥75% of participants indicating that they agree (score=4 out of
5) or strongly agree (score=5 out of 5) for a given item, leading

to the inclusion of the skill in subsequent phases. If ≥75% of
participants indicate disagreement (score=2 out of 5) or strong
disagreement (score=1 out of 5) for a particular item, this will
be deemed as consensus that the intervention is not appropriate
for the development of that skill, and it will not be included in
future phases. If a neutral response (score=3 out of 5) is
indicated by ≥75% of participants, the skill will be refined for
future versions of the training intervention using participant
feedback. If an item is rated <4 out of 5, participants will be
asked to provide a specific recommendation for modification
of the IVRT intervention pertaining to that skill. If a participant
believes that a skill cannot be feasibly modified, they will
provide no response in the recommendation section.

Participants will also be provided with 3 separate questionnaires
to assess perceived usability, acceptability, and overall user
experience. Quantitative data will be collected from (1) the
Presence Questionnaire (PQ) [50], (2) an ad hoc usability and
acceptability questionnaire, and (3) an ad hoc user experience
questionnaire. Qualitative data will be collected from (1) an ad
hoc user experience questionnaire; (2) participants’ informal
in-game comments and reports, as recorded by the researcher;
and (3) a semistructured interview (round 2 only). A complete
list of the assessment measures included in each phase is
provided in Table 1.

The PQ and ad hoc usability and acceptability questionnaire
will be provided as paper-based materials. The PQ is a
well-validated assessment tool used to measure presence within
a VR environment. In this study, the PQ has been adapted to
include the 4 subscales most relevant to the IVRT training
intervention: realism, possibility to act, quality of interface, and
self-evaluation of performance [50]. Participants will be asked
to report their experience related to multiple components of
each subscale using a 7-point Likert scale rating. The ad hoc
usability and acceptability questionnaire has been adapted from
the Perceived Usefulness and Perceived Ease of Use scales [51]
and System Usability Scale [52]. This questionnaire will be
used to explore participants’ attitudes toward using the IVRT
intervention as a training tool for the pediatric population.
Participants will be asked to rank each statement on the
questionnaire from 1 to 5, ranging from “strongly agree” to
“strongly disagree.”
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Table 1. Assessments by phase and round.

Phase 3 (power
wheelchair users)

Phase 2 (power
wheelchair users)

Phase 1 (clinicians)Assessments

Round 1Round 1Round 2Round 1

✓aPower wheelchair skills inclusion checklist

✓✓✓✓Presence Questionnaire

✓✓✓✓Usability and acceptability questionnaire

✓✓✓✓User experience questionnaire

✓✓✓Semistructured user experience interview

✓✓Training methods questionnaire and interview (power
wheelchair user and caregiver)

✓Skill transferability assessment

a✓: the check mark specifies the assessment measures that will be used in each phase and round of the study.

The ad hoc user experience questionnaire will be hosted on the
secure web-based software platform, REDCap (Research
Electronic Data Capture; Vanderbilt University) [53]. The
web-based questionnaire format was chosen to allow participants
to respond to open-ended questions by typing rather than
writing; however, they will be provided the option to complete
a paper-based questionnaire if it is preferred. This questionnaire
will be used to assess participant demographics, user tolerance
(a component of usability), and overall user experience. To
capture user tolerance to the IVRT intervention, the presence
of VR-induced symptoms and effects (VRISE) will be assessed
during and after the intervention. VRISE includes symptoms
such as nausea, dizziness, disorientation, and fatigue and can
occur as a side effect of VR exposure [51]. VR systems using
HMD have been found to increase the prevalence of VRISE
compared with nonimmersive systems; however, our
intervention’s length falls below the theoretical limit of exposure
to VR for adults (55-70 minutes) [54,55]. Although our
intervention session is approximately 20 to 30 minutes in length,
it is anticipated that some participants may still experience
VRISE symptoms. User experience will be assessed in this
questionnaire using open-ended questions that have been
developed to better understand participants’ experiences within
the IVRT application, such as ease of use, appropriateness of
tasks and graphics, and suggestions for improvement.

Following the completion of the study session, participant
feedback data will be summarized, anonymized, and presented
to the research committee. The committee will use these data
to produce recommendations for a new iteration of the
application, which will be implemented by the software
development team.

Participants will be invited back to the laboratory to complete
a second session during which they will engage in the IVRT
training intervention that has been updated based on feedback
from the round-1 sessions. We aim to have at least 60% (ie, >7
out of 12 participants) of phase 1 participants return for second
round of testing, based on previous health care studies that have
received a similar percentage of participant retention for
multiround testing [56,57]. The second round of testing is
intended to check for accuracy and ensure that participants are
satisfied with the changes implemented based on feedback from

the first session. Participants will complete the updated IVRT
training intervention, followed by a semistructured interview
designed to gather in-depth details of the user experience. The
interview questions will be developed based on data from round
1 and will aim to capture feedback regarding the system’s new
updates (eg, opinions regarding any new skills or levels added
and updated graphics or audio) and address any potential areas
for further improvement. Finally, participants will also complete
the same PQ, ad hoc usability and acceptability questionnaire,
and ad hoc user experience questionnaire as in round 1.
Participant feedback will be presented to the research committee,
and if any items in the IVRT intervention are found to still
require significant changes, they will be updated as necessary
by the software development team.

Training Intervention—Phase 2
Phase 2 will assess the usability and acceptability of the IVRT
system from the pediatric power wheelchair user’s perspective.
Participants in phase 2 will be comprised of current pediatric
power wheelchair users, who will test and evaluate the updated
IVRT training system that has been adjusted based on feedback
gathered from clinicians in phase 1.

During the IVRT trial, participants will be placed in the IVRT
setup and provided with 5 to 10 minutes to freely explore and
acclimate to the VR setting. Once the participants indicate that
they are ready to begin, they will start the training intervention.
The skills selected in phase 1 for inclusion will be integrated
into the intervention, and participants will be encouraged to
complete each skill as they progress through the levels.
Following completion of the intervention, participants will be
given the option to exit the system or continue exploring after
a mandatory 10-minute break. After the break, participants may
freely explore the VR environment for up to an additional 15
minutes at their own discretion. The mandatory 10-minute break
has been included in the session to reduce consistent VR
exposure and limit the potential of VRISE among children [58].

Immediately following the IVRT intervention, participants will
complete the same 3 questionnaires as in phase 1, but with
age-appropriate adaptations (eg, changes to wording or question
structure). Age-appropriate adaptations will be approved by a
child life specialist to ensure suitability for the pediatric

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e39140 | p. 7https://www.researchprotocols.org/2022/10/e39140
(page number not for citation purposes)

Drisdelle et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


population. All questionnaires will be asked aloud by the
researcher, and the pediatric participant’s verbal responses will
be recorded. As in phase 1, the questionnaires will explore the
perceived usability and acceptability of the IVRT system for
power wheelchair skill development, IVRT tolerability, and
general user experience.

Participants will also engage in a semistructured user experience
interview, in which questions will be asked aloud and responses
will be audio-recorded for qualitative analysis. The
semistructured interview intends to gather in-depth details on
the perceived usability, acceptability, and experience in the
IVRT environment (eg, most favorite and least favorite parts
of the game and why and areas for improvement). The
participant’s caregiver (parent or proxy) will also be encouraged
to provide any additional details that the pediatric participant
may not remember (eg, dates and early-life experiences).

Pediatric participants and their caregiver will also participate
in a training methods questionnaire and interview during the
session. The training methods questionnaire will use Likert
scale questions (asked aloud by the researcher) to explore both
the child’s and caregiver’s perceptions of previous power
wheelchair training methods. Then, a semistructured interview
will be conducted to further explore their experience with power
wheelchair training (eg, most exciting or challenging parts of
training and confidence in skills after training). This information
will provide great understanding of past training techniques and
experiences from 2 different perspectives. In all cases where
pediatric participants cannot remember specific details, caregiver
input will be sought to ensure completeness of the data set.

After all participants have completed their session, data will be
collected, summarized, and presented in the same manner as in
phase 1. The research committee will use this feedback to
identify and implement changes to the application for the final
phase.

Training Intervention—Phase 3
Phase 3 of this study will also assess the usability and
acceptability of the IVRT system from the perspective of current
pediatric power wheelchair users. In addition, participants will
complete a real-world trial and an IVRT trial to compare power
mobility skill transfer between the VR and real-life
environments. Both trials will occur over 1 study session, and
the order of trials will be counterbalanced among participants.

All phase 3 participants will test the IVRT training system that
has been updated based on phase 1 and phase 2 feedback. To
compare and assess participant’s skill transferability, an
experienced clinician will review in-game and real-world
performance. It is anticipated that the IVRT intervention will
be designed to closely resemble a real-life setting; therefore,
the skills transferability assessment will measure the similarity
of participant’s skills performance across both the VR and
real-life environments.

A computerized recording of the IVRT intervention will be
independently assessed by the clinician following the completion
of the session to compare in-application versus real-world
performance metrics. During the real-world trial, participants
will be asked to complete each skill that has been included in

the IVRT intervention. Skills will be performed in an
environment within the hospital grounds and assessed by an
experienced clinician. In-game and real-life performance will
be assessed for capacity level (skill performed: “yes” or “no”
and skill proficiency rating from 0-3) and time to complete each
skill.

Participants will also be asked to complete the same
questionnaires and semistructured user experience interview as
in phase 2 to explore their experience in the IVRT environment
and the perceived usability and acceptability of the intervention.
Caregivers will again be encouraged to assist in the user
experience interview to provide further details as needed and
to complete the same ad hoc training methods questionnaire
and interview as in phase 2. Exploratory analyses are planned
to be conducted with phase 3 data to further evaluate the final
version of the IVRT intervention.

Risk to Participants
Previous studies have shown that IVRT can be administered to
children and adults without inducing significant safety risks to
participants [54,55,58]. The research team will actively monitor
for the presence of VRISE or any signs of discomfort during
exposure and provide medical follow-up as necessary. The risk
of physical injury to pediatric participants is low and will be
mitigated by including only experienced power wheelchair users
and conducting the real-world skills assessment in a large open
space within hospital grounds.

Primary Outcomes

Acceptability
Acceptability of the skills targeted in the IVRT training
intervention will be defined and assessed by clinicians using a
core power wheelchair skills list. A structured web-based survey
will be presented to clinicians following the completion of the
IVRT training intervention, outlining 28 potential skills for
inclusion. Participants will be asked to indicate their rating for
each of the listed skills using a 5-point Likert scale ranging from
“strongly agree” to “strongly disagree” for inclusion.
Respondents will also have the option to provide skill
modification recommendations in an open text field.

Acceptability of the IVRT training intervention will be assessed
in each of the phases using 3 separate questionnaires: the PQ,
an ad hoc usability and acceptability questionnaire, and an ad
hoc user experience questionnaire. The questionnaires will
consist of questions from the same topic for each phase;
however, the wording of the questions will be adjusted to suit
individual participant groups. Quantitative data will be collected
using the questionnaires to investigate the perceived
effectiveness of the intervention, suitability for the pediatric
population, and sense of presence. Qualitative data will further
explore users’attitudes and experiences with IVRT. Open-ended
question prompts in the first round of phase 1 (eg, perceived
safety, appropriateness of graphics, and areas for improvement)
will further evaluate the suitability of the intervention for our
target population, whereas semistructured interview responses
will capture in-depth qualitative data to check for accuracy and
validity related to the updated IVRT intervention.
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Usability
Usability of the IVRT training intervention will be determined
through the ad hoc usability and acceptability questionnaire, ad
hoc user experience questionnaire, and skills transfer assessment
(phase 3 only). Phase 3 participants will complete the same
skills in their real-world power wheelchair as those in the IVRT
intervention and will be assessed by an experienced clinician
to compare wheelchair skill performance. In doing so, skill
transferability between the VR and real-world environments
can be analyzed to identify similarities or discrepancies in user
performance across environments. It is anticipated that this
study will not be powered to detect any clinically significant
discrepancies in skill transferability; however, data will be used
to explore IVRT versus real-world skill transfer.

Participants will complete the ad hoc usability and acceptability
questionnaire and user experience questionnaire to explore their
attitudes toward the system’s effectiveness and complexity.
Quantitative data will define perceived ease of use, user
confidence, and level of satisfaction, whereas qualitative data
will help to identify potential barriers or facilitators in using the
intervention, such as presence of in-game confusion, uncertainty
of tasks, and particular areas of frustration or excitement.
Tolerability of the IVRT intervention will be assessed during
gameplay and through a VRISE section on the user experience
questionnaire to determine any symptoms experienced during
or after the intervention. Informal notes taken by the researcher
will also record comments or questions asked by the user during
the intervention to further measure usability.

Secondary Outcomes
Pediatric participants and their caregivers will be asked to
describe their previous experience with power wheelchair
training methods and perceived abilities of the power wheelchair
user. A semistructured interview and Likert scale questions will
inquire about the location, length, and satisfaction of previous
wheelchair training methods; confidence in abilities; and support
received or challenges faced with training. Responses will be
used to further understand the experiences with power
wheelchair training from both the pediatric user and caregiver
perspectives and integrate this information into future iterations
of the IVRT system.

Statistical Analysis Plan
The data analysis plan for phase 1 focuses on descriptive and
thematic analyses to compare the usability and acceptability of
the IVRT intervention across participants and to create a list of
potential power wheelchair skills for inclusion in subsequent
phases. Phase 2 analysis will focus on descriptive and thematic
analyses to understand user experience via system usability,
acceptability, and previous training data. Phase 3 will use a
descriptive and thematic analysis approach similar to phase 2
to examine system usability, acceptability, user experience, and
descriptive and interferential statistics to assess performance
outcomes and compare skill transferability from the real world
to the IVRT intervention.

This study will define consensus based on clinical suggestions
from Nair et al [59]. Phase 1 consensus for the inclusion of
items in the power mobility skills list will be reached if a

minimum of 75% (9/12) of participants agree (score=4 out of
5) or strongly agree (score=5 out of 5) on a given skill. Skills
that do not achieve consensus will not be included in the IVRT
intervention for future phases. The inclusion of skills in the
phase 2 version of the IVRT intervention will be based on the
perceived usefulness and necessity of the skill (as determined
by phase 1 participants) and technical feasibility of integrating
the skill into the IVRT environment (as determined by the
software developers). Descriptive statistics will also be
calculated for each skill item and presented to the panel
members as feedback in phase 1.

All questionnaire responses to closed questions and Likert-type
rating scales will be analyzed using RStudio. In phase 3,
real-world and IVRT skill performance data will use
“completed” or “not completed” scores and ratings of capacity
from 0 to 3 to assess participants’ performance outcomes for
each specific skill. Then, a composite score will be created and
included in the descriptive analysis to compare the performance
metrics across participants and environments. In phase 3,
inferential statistical testing will also be conducted to evaluate
skill transferability; it is anticipated that Wilcoxon signed-rank
test will be used to compare real-world and in-application
performance data among participants.

Open-ended questionnaire and semistructured interview
responses will be thematically analyzed using NVivo (version
12; QSR International) [60]. Questions have been developed in
consultation with a pediatric rehabilitation specialist to ensure
clarity and appropriateness for each population group. The
semistructured interview questions in each phase will be
developed to reflect topics of interest (eg, highly variable
responses or recurring topics) that arise from the initial feedback
round and subsequent rounds. Results will be formatted in a
document file and presented to the research panel after the
completion of each round.

Results

Institutional review board approval was received in August
2021, and recruitment for phase 1 of this study began in
February 2022. As of September 2022, a total of 12 participants
enrolled in round 1 and 5 (42%) participants returned for round
2. Phase 1 is expected to be completed in October 2022.

Preliminary data analysis was conducted on phase 1–round 1
data in June 2022. Qualitative data explored the clinician’s user
experience and revealed a positive perception of the IVRT
system as a feasible tool for the pediatric population; however,
adjustments in the system’s graphics and audio were suggested
to reduce overstimulation, complex language, and nausea.
Quantitative data further supported the clinical usability of the
system and determined potential skills for inclusion into future
versions. It is expected that full analysis for phase 1 data will
begin in October 2022.

Phase 2 and phase 3 are anticipated to begin in fall of 2022 and
winter of 2023, respectively, and it is expected that the entire
study will be completed by summer 2023. Results are planned
to be published in a peer-reviewed journal in early 2024 and
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used to develop a future research trial that will test the efficacy
of the IVRT training intervention.

Discussion

Overview
Providing pediatric power wheelchair users with adequate skills
training is fundamental when looking to improve their
independence and well-being [1,2]. Unfortunately, many
children are often restricted from accessing traditional training
opportunities owing to physical and environmental barriers
[5,6]. Without the knowledge of basic power mobility skills,
children with physical disabilities are often unable to participate
in activities that help to foster long-term social and cognitive
development [1,2]. Therefore, it is essential to create an avenue
through which children can develop power mobility skills in a
manner that is accessible, easy to use, and safe.

VR is an innovative technique that can create expansive power
wheelchair training opportunities within a setting that is often
safer and less resource-intensive than a traditional training
environment. HMD-based IVRT offers significant training
benefits owing to the system’s fully immersive components and
low resource requirements [26-28]. Although IVRT is beginning
to emerge as a potential approach to power mobility training
for children, current studies are still in their infancy [8,31]. This
study will use the knowledge of multiple expert groups to
collaboratively assess and design an IVRT training system that
can be used for power wheelchair skill development in the
future.

The IVRT application developed through this project will be
deliberately designed for engaging pediatric populations;
however, by assessing core power wheelchair skills relevant to
novel users of all ages, future versions of the IVRT training
system may be tailored for a variety of populations. In the future,
we also hope to integrate machine learning engines into IVRT
technology. These engines will apply real-time data output to
generate specific tasks and graphics that can be tailored to match
the individual needs of each user.

The short-term goal of this study is to develop an IVRT training
intervention that has high usability and acceptability ratings
among clinicians and pediatric power wheelchair users. The
long-term goal is to provide novel power wheelchair users with
a high-quality clinical training intervention that can be easily
accessed to safely develop their power wheelchair skills. We
also anticipate that the findings from this study will contribute
to enhancing the current knowledge on IVRT for clinical
practices, as IVRT is currently an underused technology that
has the potential to improve patient outcomes by increasing
user motivation [15,16], reducing resource requirements [26,27],
and enhancing opportunities for task individualization [42-44].

Strengths and Limitations
A main strength of this study lies within the involvement of
multiple participant groups to collectively critique and develop
the IVRT training intervention. Although it is more time
intensive to include both pediatric power wheelchair users and
clinician participant groups, collecting data from people across
various professions, ages, and life experiences will ensure that

diverse opinions can be integrated into the development process.
In addition, the use of consensus testing in this study will ensure
that the final skills chosen for inclusion in the training
intervention are relevant to our pediatric population and
approved by experienced clinicians. The use of a mixed methods
technique also strengthens our study by providing a detailed
understanding of the perspectives, barriers to, and facilitators
of IVRT skills training, as recognized by each participant group.
Mixed methods can be a particularly useful tool when working
in disability and rehabilitation research, as it uses multiple
techniques to capture information for both population-based
and individual analysis that may be otherwise missed when
using only one structured method [61,62]. Given the novelty of
our IVRT training intervention, it is particularly important to
understand user experience from various angles to develop a
final product that has been assessed by multiple expert groups.

A primary weakness of this study is the potential homogeneity
of participants’ attitudes toward the use of technology for
rehabilitative purposes. It is possible that individuals who
decline to participate in the study may have differing opinions
on the usefulness or acceptability of IVRT compared with
participants who agree to participate. We aim to mitigate this
potential bias by intentionally recruiting participants with a
range of demographics (eg, age and profession) to gather diverse
perspectives. The limited sample size in this study will also
affect the generalizability of the findings and underpower any
inferential statistical analysis performed. Therefore, statistical
analyses will be interpreted with caution and used to inform
future development of the IVRT intervention rather than to
define any conclusive results. Similarly, our pediatric sample
is limited by the exclusion of participants who are nonverbal.
To obtain comprehensive user feedback in this study, all
participants must be able to communicate verbally; however,
we hope to include both participants who are verbal and those
who are nonverbal in future IVRT studies to gather training
data that can be generalized to both population groups. Finally,
the visually immersive quality of the IVRT intervention may
create feelings of fatigue or motion sickness among users,
possibly affecting in-game user performance or postgame
assessment measures. The IVRT application is equipped with
antinausea settings that can be added to the user’s visual field
to help reduce VRISE. Aspects of VRISE will also be measured
after exposure to identify any distress that may be further
alleviated and minimized in future versions.

Conclusions
This proposed feasibility study aims to develop and assess an
HMD-based IVRT training intervention intended to benefit
children with mobility limitations by creating a safe and
accessible means of power wheelchair skill development.
Exploring the acceptability and usability of the intervention is
the first step in creating a final version that may be further tested
in future studies and eventually implemented as part of clinical
practices in rehabilitation health care. Given the limited number
of pediatric studies using HMD-based IVRT for power
wheelchair training currently published [16,30], findings from
this study may also be used to inform the methodology, study
procedures, and assessment protocol of future large-scale IVRT
trials.

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e39140 | p. 10https://www.researchprotocols.org/2022/10/e39140
(page number not for citation purposes)

Drisdelle et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
This research project received financial support from the Izaak Walton Killam Health Centre’s Innovation Services department
and an independent virtual reality technology company, MARS VR Lab Inc [63]. The funders had no role in the design of the
study; collection, analysis, and interpretation of data; writing of the manuscript; or decision to submit the manuscript for publication.
The authors would like to thank Mandy Rice for her ongoing contribution to study recruitment and the immersive virtual reality
technology training intervention design.

Data Availability
Data sharing is not applicable to this paper, as no complete data sets were generated at this stage of the study. However, upon
completion of this study, the data generated and analyzed will be available from the corresponding author (SD) upon reasonable
request. Results are also expected to be published in a peer-reviewed journal.

Authors' Contributions
All authors contributed to the study design and refinement of the study protocol and procedures. LP and SD prepared and submitted
relevant materials for ethics approval. SD is implementing the protocol with input from JS and ST. SD wrote the manuscript with
support from LP. All authors read and approved the final manuscript.

Conflicts of Interest
The Izaak Walton Killam (IWK) Health Centre has a collaboration agreement with MARS VR Lab Inc [63], which includes
provisions for the potential payment of royalties in the event of successful commercialization of virtual reality products tested as
a part of the study. These royalties are payable to the IWK Health Centre. There are no plans to share profits directly with the
study participants. Any royalties will be received by the IWK Health Centre, not by individual researchers, and will be directed
back to the hospital’s research and operations consistent with its mission and mandate, including innovation, research, and
education within the pediatric rehabilitation program. None of the researchers have previous or current direct relationships with
MARS VR Lab Inc beyond that outlined in the collaboration agreement. The study design was developed without input from
MARS VR Lab Inc. The conduct, analysis of results, and reporting will be performed independently by the research team, without
input from MARS VR Lab Inc.

References

1. Early Childhood Development and Disability: A Discussion Paper. Geneva: World Health Organization; 2012.
2. Hardy P. Powered wheelchair mobility: an occupational performance evaluation perspective. Aust Occ Ther J 2004

Mar;51(1):34-42. [doi: 10.1111/j.1440-1630.2004.00413.x]
3. Livingstone R, Field D. Systematic review of power mobility outcomes for infants, children and adolescents with mobility

limitations. Clin Rehabil 2014 Oct 24;28(10):954-964. [doi: 10.1177/0269215514531262] [Medline: 24764156]
4. Feldner HA, Logan SW, Galloway JC. Why the time is right for a radical paradigm shift in early powered mobility: the

role of powered mobility technology devices, policy and stakeholders. Disabil Rehabil Assist Technol 2016 Feb;11(2):89-102.
[doi: 10.3109/17483107.2015.1079651] [Medline: 26340446]

5. Kenyon LK, Mortenson WB, Miller WC. 'Power in Mobility': parent and therapist perspectives of the experiences of children
learning to use powered mobility. Dev Med Child Neurol 2018 Oct;60(10):1012-1017 [FREE Full text] [doi:
10.1111/dmcn.13906] [Medline: 29777530]

6. Pituch E, Rushton PW, Ngo M, Heales J, Poulin Arguin A. Powerful or powerless? Children's, parents', and occupational
therapists' perceptions of powered mobility. Phys Occup Ther Pediatr 2019;39(3):276-291. [doi:
10.1080/01942638.2018.1496964] [Medline: 30204532]

7. Rousseau-Harrison K, Rochette A. Impacts of wheelchair acquisition on children from a person-occupation-environment
interactional perspective. Disabil Rehabil Assist Technol 2013 Jan;8(1):1-10. [doi: 10.3109/17483107.2012.670867]
[Medline: 22455384]

8. Kenyon LK, Hostnik L, McElroy R, Peterson C, Farris JP. Power mobility training methods for children: a systematic
review. Pediatr Phys Ther 2018 Jan;30(1):2-8. [doi: 10.1097/PEP.0000000000000458] [Medline: 29252826]

9. Klinger E, Weiss PL, Joseph PA. Virtual reality for learning and rehabilitation. In: Rethinking Physical and Rehabilitation
Medicine. Paris: Springer; 2010:203-221.

10. Ravi DK, Kumar N, Singhi P. Effectiveness of virtual reality rehabilitation for children and adolescents with cerebral palsy:
an updated evidence-based systematic review. Physiotherapy 2017 Sep;103(3):245-258. [doi: 10.1016/j.physio.2016.08.004]
[Medline: 28109566]

11. Lei C, Sunzi K, Dai F, Liu X, Wang Y, Zhang B, et al. Effects of virtual reality rehabilitation training on gait and balance
in patients with Parkinson's disease: a systematic review. PLoS One 2019;14(11):e0224819 [FREE Full text] [doi:
10.1371/journal.pone.0224819] [Medline: 31697777]

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e39140 | p. 11https://www.researchprotocols.org/2022/10/e39140
(page number not for citation purposes)

Drisdelle et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1440-1630.2004.00413.x
http://dx.doi.org/10.1177/0269215514531262
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24764156&dopt=Abstract
http://dx.doi.org/10.3109/17483107.2015.1079651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26340446&dopt=Abstract
https://doi.org/10.1111/dmcn.13906
http://dx.doi.org/10.1111/dmcn.13906
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29777530&dopt=Abstract
http://dx.doi.org/10.1080/01942638.2018.1496964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30204532&dopt=Abstract
http://dx.doi.org/10.3109/17483107.2012.670867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22455384&dopt=Abstract
http://dx.doi.org/10.1097/PEP.0000000000000458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29252826&dopt=Abstract
http://dx.doi.org/10.1016/j.physio.2016.08.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28109566&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0224819
http://dx.doi.org/10.1371/journal.pone.0224819
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31697777&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


12. Lee HS, Park YJ, Park SW. The effects of virtual reality training on function in chronic stroke patients: a systematic review
and meta-analysis. Biomed Res Int 2019;2019:7595639 [FREE Full text] [doi: 10.1155/2019/7595639] [Medline: 31317037]

13. Zhu S, Sui Y, Shen Y, Zhu Y, Ali N, Guo C, et al. Effects of virtual reality intervention on cognition and motor function
in older adults with mild cognitive impairment or dementia: a systematic review and meta-analysis. Front Aging Neurosci
2021;13:586999 [FREE Full text] [doi: 10.3389/fnagi.2021.586999] [Medline: 34025384]

14. Arlati S, Colombo V, Ferrigno G, Sacchetti R, Sacco M. Virtual reality-based wheelchair simulators: a scoping review.
Assist Technol 2020 Nov 01;32(6):294-305. [doi: 10.1080/10400435.2018.1553079] [Medline: 30615571]

15. Lohse KR, Hilderman CG, Cheung KL, Tatla S, Van der Loos HF. Virtual reality therapy for adults post-stroke: a systematic
review and meta-analysis exploring virtual environments and commercial games in therapy. PLoS One 2014;9(3):e93318
[FREE Full text] [doi: 10.1371/journal.pone.0093318] [Medline: 24681826]

16. Inman DP, Loge K, Cram A, Peterson M. Learning to drive a wheelchair in virtual reality. J Spec Educ Technol 2011 Sep
01;26(3):21-34. [doi: 10.1177/016264341102600303]

17. Vailland G, Devigne L, Pasteau F, Nouviale F, Fraudet B, Leblong E, et al. VR based power wheelchair simulator: usability
evaluation through a clinically validated task with regular users. In: Proceedings of the IEEE Virtual Reality and 3D User
Interfaces (VR). 2021 Presented at: IEEE Virtual Reality and 3D User Interfaces (VR); Mar 27 -Apr 01, 2021; Lisboa,
Portugal. [doi: 10.1109/vr50410.2021.00065]

18. Adelola IA, Cox SL, Rahman A. Virtual environments for powered wheelchair learner drivers: case studies. Technol Disabil
2009 Nov 13;21(3):97-106. [doi: 10.3233/tad-2009-0276]

19. Hasdai A, Jessel AS, Weiss PL. Use of a computer simulator for training children with disabilities in the operation of a
powered wheelchair. Am J Occup Ther 1998 Mar;52(3):215-220. [doi: 10.5014/ajot.52.3.215] [Medline: 9521997]

20. Linden MA, Whyatt C, Craig C, Kerr C. Efficacy of a powered wheelchair simulator for school aged children: a randomized
controlled trial. Rehabil Psychol 2013 Nov;58(4):405-411. [doi: 10.1037/a0034088] [Medline: 24295530]

21. Alshaer A, Regenbrecht H, O'Hare D. Immersion factors affecting perception and behaviour in a virtual reality power
wheelchair simulator. Appl Ergon 2017 Jan;58:1-12. [doi: 10.1016/j.apergo.2016.05.003] [Medline: 27633192]

22. Borrego A, Latorre J, Alcañiz M, Llorens R. Embodiment and presence in virtual reality after stroke. A comparative study
with healthy subjects. Front Neurol 2019;10:1061 [FREE Full text] [doi: 10.3389/fneur.2019.01061] [Medline: 31649608]

23. Grassini S, Laumann K, Rasmussen Skogstad M. The use of virtual reality alone does not promote training performance
(but sense of presence does). Front Psychol 2020;11:1743 [FREE Full text] [doi: 10.3389/fpsyg.2020.01743] [Medline:
32765384]

24. Nash EB, Edwards GW, Thompson JA, Barfield W. A review of presence and performance in virtual environments. Int J
Human Comput Interact 2000 May;12(1):1-41. [doi: 10.1207/S15327590IJHC1201_1]

25. Tieri G, Morone G, Paolucci S, Iosa M. Virtual reality in cognitive and motor rehabilitation: facts, fiction and fallacies.
Expert Rev Med Devices 2018 Feb;15(2):107-117. [doi: 10.1080/17434440.2018.1425613] [Medline: 29313388]

26. John NW, Pop SR, Day TW, Ritsos PD, Headleand CJ. The implementation and validation of a virtual environment for
training powered wheelchair manoeuvres. IEEE Trans Vis Comput Graph 2018 May;24(5):1867-1878. [doi:
10.1109/TVCG.2017.2700273] [Medline: 28475060]

27. Cruz-Neira C, Sandin D, DeFanti T. Surround-screen projection-based virtual reality: the design and implementation of
the CAVE. In: Proceedings of the 20th annual conference on Computer graphics and interactive techniques. 1993 Presented
at: SIGGRAPH93: 20th Annual Conference and Exhibition on Computer Graphics and Interactive Techniques; Aug 2 - 6,
1993; Anaheim CA. [doi: 10.1145/166117.166134]

28. Xie B, Liu H, Alghofaili R, Zhang Y, Jiang Y, Lobo FD, et al. A review on virtual reality skill training applications. Front
Virtual Real 2021 Apr 30;2. [doi: 10.3389/frvir.2021.645153]

29. Yang Y, Koontz AM, Hsiao Y, Pan C, Chang J. Assessment of wheelchair propulsion performance in an immersive virtual
reality simulator. Int J Environ Res Public Health 2021 Jul 29;18(15):8016 [FREE Full text] [doi: 10.3390/ijerph18158016]
[Medline: 34360309]

30. Morère Y, Bourhis G, Cosnuau K, Guilmois G, Rumilly E, Blangy E. ViEW: a wheelchair simulator for driving analysis.
Assist Technol 2020 May 03;32(3):125-135. [doi: 10.1080/10400435.2018.1503204] [Medline: 30085901]

31. Bray N, Kolehmainen N, McAnuff J, Tanner L, Tuersley L, Beyer F, et al. Powered mobility interventions for very young
children with mobility limitations to aid participation and positive development: the EMPoWER evidence synthesis. Health
Technol Assess 2020 Oct;24(50):1-194 [FREE Full text] [doi: 10.3310/hta24500] [Medline: 33078704]

32. Heynsbergh N, Heckel L, Botti M, Livingston PM. Feasibility, useability and acceptability of technology-based interventions
for informal cancer carers: a systematic review. BMC Cancer 2018 Mar 02;18(1):244 [FREE Full text] [doi:
10.1186/s12885-018-4160-9] [Medline: 29499663]

33. Ayala GX, Elder JP. Qualitative methods to ensure acceptability of behavioral and social interventions to the target population.
J Public Health Dent 2011;71 Suppl 1:S69-S79 [FREE Full text] [doi: 10.1111/j.1752-7325.2011.00241.x] [Medline:
21656958]

34. Niederberger M, Spranger J. Delphi technique in health sciences: a map. Front Public Health 2020;8:457 [FREE Full text]
[doi: 10.3389/fpubh.2020.00457] [Medline: 33072683]

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e39140 | p. 12https://www.researchprotocols.org/2022/10/e39140
(page number not for citation purposes)

Drisdelle et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://doi.org/10.1155/2019/7595639
http://dx.doi.org/10.1155/2019/7595639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31317037&dopt=Abstract
https://doi.org/10.3389/fnagi.2021.586999
http://dx.doi.org/10.3389/fnagi.2021.586999
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34025384&dopt=Abstract
http://dx.doi.org/10.1080/10400435.2018.1553079
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30615571&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0093318
http://dx.doi.org/10.1371/journal.pone.0093318
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24681826&dopt=Abstract
http://dx.doi.org/10.1177/016264341102600303
http://dx.doi.org/10.1109/vr50410.2021.00065
http://dx.doi.org/10.3233/tad-2009-0276
http://dx.doi.org/10.5014/ajot.52.3.215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9521997&dopt=Abstract
http://dx.doi.org/10.1037/a0034088
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24295530&dopt=Abstract
http://dx.doi.org/10.1016/j.apergo.2016.05.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27633192&dopt=Abstract
https://doi.org/10.3389/fneur.2019.01061
http://dx.doi.org/10.3389/fneur.2019.01061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31649608&dopt=Abstract
https://doi.org/10.3389/fpsyg.2020.01743
http://dx.doi.org/10.3389/fpsyg.2020.01743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32765384&dopt=Abstract
http://dx.doi.org/10.1207/S15327590IJHC1201_1
http://dx.doi.org/10.1080/17434440.2018.1425613
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29313388&dopt=Abstract
http://dx.doi.org/10.1109/TVCG.2017.2700273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28475060&dopt=Abstract
http://dx.doi.org/10.1145/166117.166134
http://dx.doi.org/10.3389/frvir.2021.645153
https://www.mdpi.com/resolver?pii=ijerph18158016
http://dx.doi.org/10.3390/ijerph18158016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34360309&dopt=Abstract
http://dx.doi.org/10.1080/10400435.2018.1503204
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30085901&dopt=Abstract
https://doi.org/10.3310/hta24500
http://dx.doi.org/10.3310/hta24500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33078704&dopt=Abstract
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-018-4160-9
http://dx.doi.org/10.1186/s12885-018-4160-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29499663&dopt=Abstract
https://europepmc.org/abstract/MED/21656958
http://dx.doi.org/10.1111/j.1752-7325.2011.00241.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21656958&dopt=Abstract
https://doi.org/10.3389/fpubh.2020.00457
http://dx.doi.org/10.3389/fpubh.2020.00457
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33072683&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


35. Richardson J, Letts L, Sinclair S, Chan D, Miller J, Donnelly C, et al. Using a web-based app to deliver rehabilitation
strategies to persons with chronic conditions: development and usability study. JMIR Rehabil Assist Technol 2021 Mar
18;8(1):e19519 [FREE Full text] [doi: 10.2196/19519] [Medline: 33734090]

36. Olney CM, Vos-Draper T, Egginton J, Ferguson J, Goldish G, Eddy B, et al. Development of a comprehensive mobile
assessment of pressure (CMAP) system for pressure injury prevention for veterans with spinal cord injury. J Spinal Cord
Med 2019 Nov;42(6):685-694 [FREE Full text] [doi: 10.1080/10790268.2019.1570437] [Medline: 30702395]

37. Nazneen N, Rozga A, Smith CJ, Oberleitner R, Abowd GD, Arriaga RI. A novel system for supporting autism diagnosis
using home videos: iterative development and evaluation of system design. JMIR Mhealth Uhealth 2015 Jun 17;3(2):e68
[FREE Full text] [doi: 10.2196/mhealth.4393] [Medline: 26085230]

38. Field DA, Livingstone RW. Power mobility skill progression for children and adolescents: a systematic review of measures
and their clinical application. Dev Med Child Neurol 2018 Oct;60(10):997-1011 [FREE Full text] [doi: 10.1111/dmcn.13709]
[Medline: 29542110]

39. Kirby RL, Swuste J, Dupuis DJ, MacLeod DA, Monroe R. The wheelchair skills test: a pilot study of a new outcome
measure. Arch Phys Med Rehabil 2002 Jan;83(1):10-18. [doi: 10.1053/apmr.2002.26823] [Medline: 11782826]

40. VIVE Pro Full Kit | The professional-grade VR headset. Vive. URL: https://www.vive.com/ca/product/vive-pro-full-kit/
[accessed 2021-12-08]

41. Activity Chair. Rifton Equipment. URL: https://www.rifton.com/products/special-needs-chairs/rifton-activity-chairs
[accessed 2021-12-09]

42. Smith EM, Low K, Miller WC. Interrater and intrarater reliability of the wheelchair skills test version 4.2 for power
wheelchair users. Disabil Rehabil 2018 Mar;40(6):678-683. [doi: 10.1080/09638288.2016.1271464] [Medline: 28110553]

43. Levac D, Rivard L, Missiuna C. Defining the active ingredients of interactive computer play interventions for children with
neuromotor impairments: a scoping review. Res Dev Disabil 2012;33(1):214-223. [doi: 10.1016/j.ridd.2011.09.007]
[Medline: 22093667]

44. Levac D, Sveistrup H. Motor learning and virtual reality. In: Virtual Reality for Physical and Motor Rehabilitation. New
York: Springer; 2014.

45. Chen Y, Fanchiang HD, Howard A. Effectiveness of virtual reality in children with cerebral palsy: a systematic review and
meta-analysis of randomized controlled trials. Phys Ther 2018 Jan 01;98(1):63-77 [FREE Full text] [doi: 10.1093/ptj/pzx107]
[Medline: 29088476]

46. Nilsson L, Durkin J. Assessment of learning powered mobility use--applying grounded theory to occupational performance.
J Rehabil Res Dev 2014;51(6):963-974 [FREE Full text] [doi: 10.1682/JRRD.2013.11.0237] [Medline: 25357100]

47. Furumasu J, Guerette P, Tefft D. The development of a powered wheelchair mobility program for young children. Technol
Disabil 1996 Jul 01;5(1):41-48. [doi: 10.3233/tad-1996-5106]

48. Kenyon LK, Farris JP, Cain B, King E, VandenBerg A. Development and content validation of the power mobility training
tool. Disabil Rehabil Assist Technol 2018 Jan;13(1):10-24. [doi: 10.1080/17483107.2016.1278468] [Medline: 28125299]

49. Butler C, Okamoto GA, McKay TM. Motorized wheelchair driving by disabled children. Arch Phys Med Rehabil 1984
Feb;65(2):95-97. [Medline: 6230066]

50. Witmer BG, Jerome CJ, Singer MJ. The factor structure of the presence questionnaire. Presence Teleoperators Virtual
Environ 2005 Jun;14(3):298-312. [doi: 10.1162/105474605323384654]

51. Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of information technology. MIS Q 1989
Sep;13(3):319-340. [doi: 10.2307/249008]

52. Brooke J. SUS - A quick and dirty usability scale. In: Usability Evaluation In Industry. Boca Raton, Florida, United States:
CRC Press; 1996.

53. Harris PA, Taylor R, Thielke R, Payne J, Gonzalez N, Conde JG. Research electronic data capture (REDCap)--a
metadata-driven methodology and workflow process for providing translational research informatics support. J Biomed
Inform 2009 Apr;42(2):377-381 [FREE Full text] [doi: 10.1016/j.jbi.2008.08.010] [Medline: 18929686]

54. Sharples S, Cobb S, Moody A, Wilson JR. Virtual reality induced symptoms and effects (VRISE): comparison of head
mounted display (HMD), desktop and projection display systems. Displays 2008 Mar;29(2):58-69. [doi:
10.1016/j.displa.2007.09.005]

55. Kourtesis P, Collina S, Doumas LA, MacPherson SE. Validation of the virtual reality neuroscience questionnaire: maximum
duration of immersive virtual reality sessions without the presence of pertinent adverse symptomatology. Front Hum
Neurosci 2019;13:417 [FREE Full text] [doi: 10.3389/fnhum.2019.00417] [Medline: 31849627]

56. van Houwelingen CT, Moerman AH, Ettema RG, Kort HS, Ten Cate O. Competencies required for nursing telehealth
activities: a Delphi-study. Nurse Educ Today 2016 Apr;39:50-62 [FREE Full text] [doi: 10.1016/j.nedt.2015.12.025]
[Medline: 27006033]

57. Bovopoulos N, Jorm AF, Bond KS, LaMontagne AD, Reavley NJ, Kelly CM, et al. Providing mental health first aid in the
workplace: a Delphi consensus study. BMC Psychol 2016 Aug 02;4(1):41 [FREE Full text] [doi: 10.1186/s40359-016-0148-x]
[Medline: 27485609]

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e39140 | p. 13https://www.researchprotocols.org/2022/10/e39140
(page number not for citation purposes)

Drisdelle et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://rehab.jmir.org/2021/1/e19519/
http://dx.doi.org/10.2196/19519
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33734090&dopt=Abstract
https://europepmc.org/abstract/MED/30702395
http://dx.doi.org/10.1080/10790268.2019.1570437
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30702395&dopt=Abstract
https://mhealth.jmir.org/2015/2/e68/
http://dx.doi.org/10.2196/mhealth.4393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26085230&dopt=Abstract
https://doi.org/10.1111/dmcn.13709
http://dx.doi.org/10.1111/dmcn.13709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29542110&dopt=Abstract
http://dx.doi.org/10.1053/apmr.2002.26823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11782826&dopt=Abstract
https://www.vive.com/ca/product/vive-pro-full-kit/
https://www.rifton.com/products/special-needs-chairs/rifton-activity-chairs
http://dx.doi.org/10.1080/09638288.2016.1271464
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28110553&dopt=Abstract
http://dx.doi.org/10.1016/j.ridd.2011.09.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22093667&dopt=Abstract
https://europepmc.org/abstract/MED/29088476
http://dx.doi.org/10.1093/ptj/pzx107
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29088476&dopt=Abstract
https://www.rehab.research.va.gov/jour/2014/516/pdf/JRRD-2013-11-0237.pdf
http://dx.doi.org/10.1682/JRRD.2013.11.0237
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25357100&dopt=Abstract
http://dx.doi.org/10.3233/tad-1996-5106
http://dx.doi.org/10.1080/17483107.2016.1278468
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28125299&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6230066&dopt=Abstract
http://dx.doi.org/10.1162/105474605323384654
http://dx.doi.org/10.2307/249008
https://linkinghub.elsevier.com/retrieve/pii/S1532-0464(08)00122-6
http://dx.doi.org/10.1016/j.jbi.2008.08.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18929686&dopt=Abstract
http://dx.doi.org/10.1016/j.displa.2007.09.005
https://doi.org/10.3389/fnhum.2019.00417
http://dx.doi.org/10.3389/fnhum.2019.00417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31849627&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0260-6917(16)00014-9
http://dx.doi.org/10.1016/j.nedt.2015.12.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27006033&dopt=Abstract
https://bmcpsychology.biomedcentral.com/articles/10.1186/s40359-016-0148-x
http://dx.doi.org/10.1186/s40359-016-0148-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27485609&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


58. Tychsen L, Foeller P. Effects of immersive virtual reality headset viewing on young children: visuomotor function, postural
stability, and motion sickness. Am J Ophthalmol 2020 Jan;209:151-159. [doi: 10.1016/j.ajo.2019.07.020] [Medline:
31377280]

59. Nair R, Aggarwal R, Khanna D. Methods of formal consensus in classification/diagnostic criteria and guideline development.
Semin Arthritis Rheum 2011 Oct;41(2):95-105 [FREE Full text] [doi: 10.1016/j.semarthrit.2010.12.001] [Medline: 21420149]

60. NVivo qualitative data analysis software. QSR International. URL: https://www.qsrinternational.com/ [accessed 2021-12-10]
61. Kroll T, Neri MT, Miller K. Using mixed methods in disability and rehabilitation research. Rehabil Nurs 2005;30(3):106-13;

discussion 113. [doi: 10.1002/j.2048-7940.2005.tb00372.x] [Medline: 15912675]
62. Tariq S, Woodman J. Using mixed methods in health research. JRSM Short Rep 2013 Jun;4(6):2042533313479197 [FREE

Full text] [doi: 10.1177/2042533313479197] [Medline: 23885291]
63. Medical and Rehabilitation Systems. MARS VR Lab Inc. URL: https://www.marsvrlab.com/ [accessed 2021-12-17]

Abbreviations
HMD: head-mounted display
IVRT: immersive virtual reality technology
IWK: Izaak Walton Killam
PQ: Presence Questionnaire
REDCap: Research Electronic Data Capture
VR: virtual reality
VRISE: virtual reality–induced symptoms and effects

Edited by T Leung; submitted 29.04.22; peer-reviewed by AA Seid, T Risling; comments to author 09.08.22; revised version received
15.08.22; accepted 18.08.22; published 06.10.22

Please cite as:
Drisdelle S, Power L, Thieu S, Sheriko J
Developing an Immersive Virtual Reality Training System for Novel Pediatric Power Wheelchair Users: Protocol for a Feasibility
Study
JMIR Res Protoc 2022;11(10):e39140
URL: https://www.researchprotocols.org/2022/10/e39140
doi: 10.2196/39140
PMID: 36201405

©Sara Drisdelle, Liam Power, Scott Thieu, Jordan Sheriko. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 06.10.2022. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2022 | vol. 11 | iss. 10 | e39140 | p. 14https://www.researchprotocols.org/2022/10/e39140
(page number not for citation purposes)

Drisdelle et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.ajo.2019.07.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31377280&dopt=Abstract
https://europepmc.org/abstract/MED/21420149
http://dx.doi.org/10.1016/j.semarthrit.2010.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21420149&dopt=Abstract
https://www.qsrinternational.com/
http://dx.doi.org/10.1002/j.2048-7940.2005.tb00372.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15912675&dopt=Abstract
https://journals.sagepub.com/doi/10.1177/2042533313479197?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
https://journals.sagepub.com/doi/10.1177/2042533313479197?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.1177/2042533313479197
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23885291&dopt=Abstract
https://www.marsvrlab.com/
https://www.researchprotocols.org/2022/10/e39140
http://dx.doi.org/10.2196/39140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=36201405&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

