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ABSTRACT

Background: Hemineglect, defined as a failure to attend to the contralesional side of space, is a prevalent
and disabling post-stroke deficit. Conventional hemineglect assessments lack sensitivity as they contain
mainly non-functional tasks performed in near-extrapersonal space, using static, two-dimensional methods.
This is of concern given that hemineglect is a strong predictor for functional deterioration, limited
post-stroke recovery, and difficulty in community reintegration. With the emerging field of virtual reality,
several virtual tools have been proposed and have reported better sensitivity in neglect-related deficits
detection than conventional methods. However, these and future virtual reality-based tools are yet to be
implemented in clinical practice.

Objectives: The present study aimed to explore the barriers/facilitators perceived by clinicians in the use
of virtual reality for hemineglect assessment; and to identify features of an optimal virtual assessment.
Methods: A qualitative descriptive process, in the form of focus groups, self-administered questionnaire
and individual interviews was used.

Results: Two focus groups (n=11 clinicians) were conducted and experts in the field (n=3) were indi-
vidually interviewed. Several barriers and facilitators, including personal, institutional, client suitability, and
equipment factors, were identified. Clinicians and experts in the field reported numerous features for the
virtual tool optimization.

Conclusion: Factors identified through this study lay the foundation for the development of a knowledge
translation initiative towards an implementation of a virtual assessment for hemineglect. Addressing the
identified barriers/facilitators during implementation and incorporating the optimal features in the design
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of the virtual assessment could assist and promote its eventual adoption in clinical settings.

> IMPLICATIONS FOR REHABILITATION

e A multimodal and active knowledge translation intervention built on the presently identified modifi-
able factors is suggested to be implemented to support the clinical integration of a virtual reality-

based assessment for post-stroke hemineglect.

e To amplify application and usefulness of a virtual-reality based tool in the assessment of post-stroke
hemineglect, optimal features identified in the present study should be incorporated in the design of

such technology.

Background

Stroke is the leading cause of adulthood disability as it frequently
results in residual motor, sensory, perceptual and/or cognitive
impairments [1]. Unilateral spatial neglect (USN) is a common
sequela of stroke characterized by the inability to orient, respond,
or report to the stimuli present on the contralesional side [2]. It is
known to seriously affect patient-related outcomes such as func-
tional independence, community reintegration, and quality of life
[3,4]. Given that the global annual incidence of stroke is nearly 15
million [5], and that up to 48% of those with a right hemisphere
stroke will experience USN and its devastating effects [6], the use
of sensitive USN detection and effective therapy is crucial.

Despite these alarming numbers, research has shown that clini-
cians do not consistently use the available standardized USN
assessments. For instance, surveys indicate that only 13-27% of
clinicians in acute and subacute care facilities respectively use a

standardized USN assessment tool, and that only the near-extrap-
ersonal space USN is evaluated [7,8]. Inefficient USN detection, or
lack thereof, is a significant issue, given that USN is associated
with greater risk for falls, functional deterioration, difficulty per-
forming activities of daily living, and instrumental activities of
daily living [2-4,6]; therefore, posing an important hazard when
discharging these individuals home and to community-living activ-
ities such as driving, going to back to work, caring for family, and
community ambulation.

Unfortunately, sensitive detection using the currently available
conventional methods is limited given that these tools do not
grasp all the facets of USN’s multimodal and heterogeneous pres-
entation. In fact, despite an extensive body of research on USN
standardized assessment tools, there is currently no gold-standard.
The commonly employed paper-and-pencil evaluations can result
in misdiagnosis of subjects with mild USN [6]. To exemplify, the
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large range of USN incidence that is commonly reported in the lit-
erature (i.e.,, 13-81% [9]) is suggested to be a result of the differ-
ent evaluation methods used and of the paper-and-pencil tools’
low sensitivity and ecological validity [9]. This lack of sensitivity is
demonstrated by studies that reported participants with recovered
USN based on conventional paper-and-pencil tests showing
residual deficits when more complex, challenging and/or func-
tional tasks are employed. For example, Berard et al. [10] reported
that patients who were classified as recovered, based on paper-
and-pencil USN tests, were found to have altered walking trajec-
tory adjustments in response to changes in visual motion stimuli
presentation in far space. Other studies found that paper-and-pen-
cil USN tests failed to predict functional performance in various
mobility tasks such as wheelchair navigation [11,12] and in an
obstacle avoidance task performed while walking [13]. Likewise,
patients who demonstrated absence of USN on conventional tests
exhibited clear perceptual deficits in a virtual reality (VR) three-
dimensional detection time task [14]. Such findings lead to specu-
late that the conventional paper-and-pencil tests are limited in
their ability to pick up milder USN cases, predict functional per-
formance in daily life, and are highly bounded by assessing USN
within the near-extrapersonal space only, using static, two-dimen-
sional methods. With the rapidly growing field and industry of vir-
tual reality (VR), these USN diagnostic techniques could be
enhanced and augmented to include three-dimensional images or
stereovision, far space targets, and functional everyday tasks.

VR is a computer-based, multisensory, stimulating, and inter-
active environment that occurs in real time; where the individual
is engaged in activities that appear similar to real-world objects
and/or events [15-17] and has a strong “sense of presence” [18].
In the last decade, different VR-based USN assessments have been
proposed (reviewed in Ref. [19]), and some were found to be
more sensitive in detecting the presence of deficits in cases where
conventional USN assessment was negative [11,12,14,20-24].
However, the application of these tools in clinical settings remains
limited. Despite their promising results over conventional meth-
ods, the acceptance and future use of these technologies in clin-
ical practice depends on barriers and facilitators perceived by the
end-users (i.e., clinicians). When facilitators are minimized and bar-
riers are not addressed, the acceptance of technology declines
and end-users renounce its clinical application [25]. In addition, as
per Graham et al. [26], the barriers and facilitators need to be
identified and subsequently included in the ensuing knowledge
translation (KT) intervention geared towards increasing the use of
evidence-based practice. For instance, a multifaceted KT interven-
tion, recently designed by Levac et al. [27], was shown to increase
clinicians’ self-efficacy, perceived behavioral control, and facilitat-
ing conditions in the use of VR for post-stroke rehabilitation: the
GestureTek Interactive Rehabilitation Exercise (IREX, GestureTek,
Toronto, ON, Canada) software platform providing interactive
games that address various upper extremity and full body move-
ment goals. Similarly, other studies examining clinical barriers/
facilitators outside of research context focused on VR for physical
impairments post-brain injury in adults [28] and children [29],
post-traumatic stress disorder among returning veterans [30], and
for burn-related pain control [31]. To the best of our knowledge,
however, no studies have evaluated support needs and modifiable
barriers that could influence the application and use of VR specif-
ically for post-stroke USN management. In relation to this, having
already conducted a systematic literature review and developed a
VR-based USN assessment and treatment toolkit [19], as well as
preliminary testing of a novel VR-based USN functional assessment
tool evidencing its superior detection sensitivity in comparison to
conventional methods [32], there is a need to refine our
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understanding of the barriers and facilitators to the use of VR for
USN management. Further, to promote its application and usage
adherence in clinical practice, we seek to tailor VR-based USN
assessment to clinicians’ needs, while also considering the opin-
ions of experts as to the tool’s optimal features.

Thus, the objectives of this study were to: (1) identify the facili-
tators and barriers that affect the use of VR for post-stroke USN
assessment by clinicians; and (2) identify the features of an opti-
mal VR-based USN assessment that could be implemented and
used by clinicians in the management of post-stroke USN.

Methods
Study design

A qualitative descriptive approach, in the form of a [AQ1] triangu-
lation research strategy, was employed in the present study (i.e.,
use of multiple methods or data sources to develop a comprehen-
sive understanding of a phenomena [33]). More precisely, a focus
group methodology and a self-administered paper-based ques-
tionnaire were used to explore clinicians’ perceptions of the bar-
riers and facilitators to the use of VR for post-stroke USN
assessment. In addition, clinicians were asked to identify what
would be the features of an optimal VR-based USN assessment
tool. This latter information was then complemented with individ-
ual interviews with experts in the field. A focus group approach
was selected with the clinicians given that it can promote the cre-
ation and sharing of ideas amongst participants, possibly leading
to insights beyond those obtained through individual interviews
[34,35]. Experts in the field were individually interviewed to
accommodate for their different geographical locations around
the world and their schedule constraints. The study was approved
by the Centre de Recherche Interdisciplinaire en Réadaptation
(CRIR, Quebec, Canada) Institutional Review Board and all partici-
pants provided their informed consent.

Participants

Purposive sampling was used to identify key informants with
insights into the subject of interest [36] and to ensure a broad
representation of topics. Given that Occupational Therapists are
involved in the assessment and treatment of signs and symptoms
of post-stroke USN [7,8], participants were selected from the pool
of Occupational Therapists working with stroke patients in two
rehabilitation centers providing in- and out-patient rehabilitation
services in the Greater Montreal area (Quebec, Canada).
Occupational Therapists were eligible if they were registered with
the provincial licensing body, had at least 3 months of experience
working with a stroke clientele in a rehabilitation setting, currently
treated a minimum of two adults with stroke per month, and
were fluent in English and/or in French. Therapists could partici-
pate in the study regardless of their gender, age, and experience
with the use of VR. Experts in the field were also recruited based
on purposive sampling and were eligible if they held a graduate
degree (i.e, MSc or PhD) and conducted research and/or educa-
tional activities pertaining to at least one of the following sub-
jects: VR, stroke rehabilitation, post-stroke USN.

Sample size consideration

In the qualitative research literature, the number of focus groups
and sample size within focus groups vary significantly [37]. Several
guidelines, however, recommend to include a minimum of four
and a maximum of 12 participants per group to optimize
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individual participation and generate rich discussions [38-40]. It
was also reported that conducting two focus groups with fewer
participants instead of one focus group with more participants
would limit the bias that might be seen in a single group or site
and allow to examine more themes across groups [41]. It was thus
decided to recruit 4-12 clinicians per focus group and to conduct
a minimum of two focus groups until saturation of ideas was
reached (i.e., until no new themes emerged). Transcripts and self-
administered questionnaire responses from the first focus group
were thus reviewed to reflect on that session before conducting
the second focus group, thereby enabling initially identified con-
cepts to be examined in the second session and promote data
saturation. Data saturation was further ensured by using a second
coder for thematic analysis and the usage of diverse methods
(focus groups, individual interviews, and self-administered ques-
tionnaires) [42]. In addition, all discussion points were noted on
the screen viewed by participants and focus groups were ended
with the moderator providing a summary of the discussed points.
Participants were asked then if the summary is reflective of what
was discussed and if they can think of other elements. The focus
group was terminated when no new ideas emerged following the
summary/closing remarks statement.

Data collection

Focus groups

According to guidelines on the organization of focus groups [38],
a plan was developed to assist with the running of the groups. To
begin, a 15-min presentation on general information about post-
stroke USN and VR was provided. Following this, four open-ended
discussion questions were conversed among the participants for
45-60 min. Those questions were pre-determined, reviewed, and
agreed upon by the authors of the manuscript: “(1) How do you
feel about using virtual reality in your practice to evaluate and/or
treat post-stroke USN?; (2) What do you like best about the idea
of using virtual reality to evaluate and/or treat post-stroke USN?;
(3) What are your concerns with using a virtual reality tool for
post-stroke USN assessment and treatment?; (4) According to you,
what would an optimal virtual reality assessment tool for post-
stroke USN look like/include/be comprised of?”. Finally, partici-
pants completed a self-administered questionnaire that took
5-10min. All questionnaires were completed privately, anonym-
ously, without peer/investigator influence. The entire process
lasted 1-1.5h. A moderator (T.0.) and one assistant (external to
the study and whose role was to note discussion points on slides
visible to the group participants) were present at all times. The
groups were conducted in French and/or in English as per partic-
ipants’ preference. Participants received no monetary reward for
their participation; however, a catered lunch was offered during
the initial informative presentation.

Questionnaire

The self-administered paper-based questionnaire (7-point Likert
scale, ranging from “strongly disagree” to “strongly agree”) on
institutional and personal barriers was developed with guidance
from the Unified Theory of Acceptance and Use of Technology
(UTAUT) Model [43]. The UTAUT model proposes that four out of
seven constructs are significant, direct determinations of behav-
ioral intention to use the system and include: (1) Performance
Expectancy: the degree to which the individuals believe that the
use of the technologies will results in performance gains; (2) Effort
Expectancy: the ease of use of the technologies; (3) Social Factors/
Influence: the extent to which the individuals believe that

important others believe that they should use the technologies;
and (4) Facilitating Conditions: the perceived extent to which the
organizational and technical infrastructure exists to support use of
the system. On the other hand, the remaining three constructs of
(5) Self-efficacy; (6) Attitudes towards Technology; and (7) Anxiety
towards Technology Use were shown to neither be direct determi-
nants nor have a significant role in affecting behavioral intention
to use the system. As a result, we chose to exclude these last
three constructs from our questionnaire.

The reliability and validity of questionnaires using UTAUT
model have been previously explored [44,45]. The questionnaire
in this study was reviewed for face validity by all authors of the
manuscript, initially developed in English and then translated from
English to French. Translation was verified for its accuracy by four
individuals (two authors of this article (T.O. and A.L) and two indi-
viduals which were not part of the study development or partici-
pation). The questionnaire also included a section (Part 1) on the
information about clinicians’ demographic factors and professional
characteristics including age, gender, time spent on continuing
education, degree, work schedule, experience with stroke clien-
tele, specialty certification, teaching activities, and work
environment.

Individual interviews

The individual interviews with experts in the field were conducted
following the focus group analysis. Interviews were conducted via
Skype® or telephone and the audio of the conversation was
recorded. Participants were given an overview of post-stroke USN
and VR, as well as preliminary results of the focus group analysis.
They were then asked to discuss what would an optimal VR-based
post-stroke USN assessment tool include. The interviews lasted
20-60 min and were all conducted in English.

Data analysis

Descriptive statistics were used to summarize demographic data
of the focus group participants and experts in the field. For the
questionnaire, data was summarized by frequency counts in
each question/category. The focus groups were videotaped and
the audio data were transcribed. The verbatim transcription was
then imported into the NVivo software (QSR International,
Australia) for data management. The French statements from
both groups were translated into English following the verbatim
transcription using a back-translation method. Triangulation
methods were used for analysis of the data [46]. More specific-
ally, the first author (T.0.) read the entire transcript to gain a
general sense of the content’s meaning. The transcript’'s content
was then analyzed by generating initial codes for all meaningful
ideas emerging from the data, using a directed content-based
analysis technique [47]. Following this and a second coder (M.B.
- a clinician with research experience who was not a study par-
ticipant nor assisted with the focus groups in any way) coded
the entire transcript using the coding grid. Codes that emerged
from the data during the second coding procedure that could
not be categorized using the existing grid were further discussed
among both raters to explore their meaning and/or relationship
to other codes, and a consensus was reached. A final round of
analysis was then performed by the first author (T.0.) to ensure
that all relevant statements were coded and that agreement
between raters was at 100%. The recorded interviews with
experts in the field were analyzed separately from the focus
groups. The interviews were transcribed verbatim and emergent
themes, optimal features of a VR-based USN assessment, were
selected from the discussion by the first author (T.O.).



Results
Descriptive variables

The two focus groups included 11 (n=11) occupational therapists:
four (n=4) in the group held in French (Group 1 at clinical site 1)
and seven (n=7) in the group held in English/French (Group 2 at
clinical site 2). Table 1 presents the clinician’s personal and profes-
sional characteristics. Participants were aged 31.3+4.5years old,
with a Bachelor or Professional Master's degree obtained anytime
from 1995 to 2013. Most of the participants were full time clini-
cians with 1 to more than 10 years of experience with stroke
patients. Eight participants spend 2h or less per month on self-
educational activities (e.g., reading articles, conferences, searching
evidence-based engines, etc.) and only two had previous experi-
ence with VR.

Seven (n=7) experts in the field were originally contacted for
interview. Two (n=2) declined to participate and no response
was obtained from two (n=2) other candidates; therefore, three
(h=3) individuals were included in the study and interviewed
(Table 2). All experts in the field had previous exposure (active
research, presentations, and conferences) to USN, and two of the
three had previous active research experience with VR.

Barriers and facilitators

Self-administered questionnaire

All clinician participants completed the self-administered ques-
tionnaire without any missing data. Table 3 shows the overall
perception of therapists about VR for the use of post-stroke USN
assessment according to UTAUT constructs. The questionnaire

Table 1. Personal and professional characteristics of focus groups’ participants.
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responses demonstrate that: (1) clinicians agreed that their work
goals and patients’ outcomes can be augmented through the
use of VR for post-stroke USN assessment (Performance
Expectancy); (2) clinicians slightly agreed that VR for post-stroke
USN could be easy to use or not complicated to use (Effort
Expectancy); (3) clinicians tended to be neutral with their percep-
tion that the intention to use the VR assessment for post-stroke
USN is positively influenced by the opinions and perceptions of
other therapists in their workplace (Social Influence); (4) clinicians
disagreed that they have the available resources and knowledge
necessary to use such a tool; and almost all reported the need
for a resource person to assist in its use (Facilitating Conditions);
and finally (5) clinicians showed a strong trend in behavioral
intentions to use VR for post-stroke USN assessment (Behavioral
Intention to Use the System).

Overall, the following facilitators emerged from the answered
questionnaire: personal (performance and effort expectancy, posi-
tive attitude, no fear/anxiety towards VR, and intention of use),
institutional organization (support, resource person, and built-in
help facility). On the other hand, the questionnaire unfolded the
following barriers: personal (lack of knowledge) and institutional
organization (necessary resources).

Focus groups

Thematic analysis of the clinicians’ comments on facilitators and
barriers to the use of VR for post-stroke USN assessment revealed
several natural groupings under barriers (n=5) and facilitators
(n=7). The key themes voiced by the group were abstracted and
are described below, as are salient comments ascribed to the vari-
ous themes.

Variable

Group 1 (n=4; Pla—4a)

Group 2 (n=7 P1b-7b)

Age at evaluation (mean +SD)

Gender ratio (M:F)

Degree and year of graduation (range)
Work schedule

Experience with stroke rehabilitation (years)
Number of patients per day (range)

Evaluation versus treatment time per day (h, range)
Continuing education in stroke rehabilitation (h/month)

Clinicians with University teaching experience (n)
Clinicians having experience with VR (n)

BSc or MSc (Applied)/2008-2012

29.1+3.8 334+5.2
0:4 0:7
BSc or MSc (Applied)/1995-2013
Full time® (n=6)
Part time® (n=1)

Full time® (n=4)

4-10 1to >10
2-5(n=4) 6-10 (n=4)
2-5 (n=3)
1-2: 4-6 0.75-3:3-7
<2 (n=4) <2 (n=4)
2-5(n=3)

1 4

0 2¢

Standard deviation (SD); Male (M); Female (F); Bachelor in Science (BSc); Masters in Science (MSc); number (n); Virtual reality (VR); Participant (P).

?Full time = >35 h/week.
PPart time = <35 h/week.
Presentations, conferences, and research.

Table 2. Characteristics of experts in the field.

Variable Participant 1

Participant 2 Participant 3

Gender M
Degree of graduation and year PhD (2004)

Expertise areas Brain Injury; Movement Control;
Neuropsychology; Neuroscience;

Rehabilitation/Therapy; Stroke; Virtual

Reality
University teaching experience Yes
VR experience Yes®
USN experience Yes?®

USN; Stroke Rehabilitation; Knowledge
Translation; Traumatic Brain Injury;

F M
MSc Thesis (2012) MD (1986) - Specialist in Physical
Medicine, Rehabilitation &
Neuropsychiatry
Stroke rehabilitation; Neurorehabilitation;
Motion Analysis; Motor Cognition and

Cognition Learning; Perception; Neurodegenerative
Disorders
Yes Yes
Yes® Yes®
Yes® Yes®

Male (M); Female (F); Masters in Science (MSc); Doctor of Philosophy (PhD), Doctor of Medicine (MD); Virtual reality (VR); Unilateral spatial neglect (USN) Ppresenta-

tions, conferences, *active research area.
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Table 3. Response frequencies by unified theory of acceptance and use of technology model constructs.

Strongly Quite Slightly Neither agree Slightly Quite Strongly
disagree disagree disagree nor disagree agree agree agree
Performance expectancy
| will find virtual reality (VR) for post-stroke unilateral spatial neg- 1 3 3
lect (USN) assessment useful in my job
Using VR for post-stroke USN assessment will enable me to accom- 2 3
plish tasks more quickly
Using VR for post-stroke USN assessment will increase my 1 3 - 2
productivity
Effort expectancy
My interaction with VR for post-stroke USN assessment would be 1 3 1
clear and understandable
It would be easy for me to become skillful at using VR for post- 4 . 2
stroke USN assessment
Social influence
People who influence my behavior at work think that | should use 1 1
VR for post-stroke USN assessment
People who are important to me think that | should use VR for 1
post-stroke USN assessment
The senior management of this institution would be helpful in the 1 1 2
use of VR for post-stroke USN assessment
In general, | feel that the organization will support me in the use 1 1 - 4
of VR for post-stroke USN assessment
Facilitating conditions
| have resources necessary to use VR for post-stroke USN 1 3 2 1
assessment
| have the necessary knowledge to use VR for post-stroke USN 2 1 2
assessment
| would like a specific person (or group) would be available for 1
assistance with VR for post-stroke USN assessment difficulties
I think | could complete a job or a task using VR for post-stroke 2 2 1
USN assessment if there was no one around to tell me what to
do as | go
I think | could complete a job or a task using VR for post-stroke 1 4
USN assessment if | could call someone for help if | get stuck
| think | could complete a job or a task using VR for post-stroke 1 1 1 1 2 1
USN assessment if | had a lot of time to complete the job for
which the software was provided
| think | could complete a job or a task using VR for post-stroke 2 1 1 1
USN assessment if | had just the build-in help facility for
assistance

Behavioral intention to use the system

If made available to me, | intend to use VR for post-stroke USN
assessment in the next 12 months

If made available to me, | predict | would use VR for post-stroke
USN assessment in the next 12 months

If made available to me, | plan to use VR for post-stroke USN
assessment in the next 12 months

4
2 3
2 3

The highlighted boxes indicate to the response category chosen by most of the focus group participants; Virtual reality (VR); Unilateral spatial neglect (USN).

Barriers - client suitability
Four different themes emerged around client suitability as a bar-
rier: old age, infection control, functional level, and deficits that
may impact participation in VR:
P1a: The older clients, they are afraid of computers, they have a lot of
anxiety: “I never used that, | would not use that” (quoting a client). This
[anxiety] could affect their results. We won't of course use it [VR] only in

evaluation. But, it is one of the preoccupations that older persons can
express.

P4b: For patients with MRSA [Methicillin-resistant Staphylococcus aureus],
can we use it [VR]?

Barriers — equipment
Several topics emerged around the barriers related to equipment:
availability, cost, lack of generalization, side effects, and space/
training requirements:

P3b: There is also an aspect of generalization. Are the results of it [VR]
are transferrable to real-life functioning?

P2a: Maybe | am afraid to have aftereffects following its [VR] use. | have
apprehensions towards this. | don’t want my patient to be nauseous or
to vomit after the therapy session. It is this kind of things on a practical
level that makes me say that | don't really want to use that [VR].

P4b: [I have preoccupations towards] the time to get to know it [VR],
for us - the clinicians.

Barriers — personal

Personal barriers included anxiety, lack of VR experience and
resources, lack of knowledge about VR and/or USN, unwillingness
to use VR or other standardized measure, and time:

Pla: | have hard time to understand how it [VR] can be used as an
assessment, given that we already have a very functional and ecological
environment to evaluate our patients, we have the grocery store. So |
don't think that | would tend to use it [VR] for evaluation.

P2a: It is certainly what we will do with this information knowing that
he [patient] has no difficulties in daily activities, if we do not see it in
daily activities. Therefore, at this moment, | do not know what | will do



with this information [coming from VR assessment]. We have short
hospital stays, so when the patient is independent in self-care activities,
we send him [patient] home.

P2a: | understand that it [VR] could be more sensible than the line
bisection test, but it cannot measure USN in the personal space. When
a patient is shaving on one side, it is not with VR that | will assess or
treat that. Even on extrapersonal level, | do not know at which point VR
is really for extrapersonal space. It could be more fun since we have
less tools, but it remains that it [USN of extrapersonal space] is very
specific {...} so there are not that many patients per year. If | have one
patient per year with this [USN of extrapersonal space], even that — |
find is a lot.

Facilitators - client suitability

The point that VR might be suitable for the younger individuals
with stroke given their drive for technology and previous expos-
ure to technology came out on several occasions:

P5b: It [VR] would be good for our young clients. They are already
attracted to technology.

Facilitators — equipment

Facilitators related to equipment such as precision, sensitivity, vari-
ability, accessibility, generalizability, training, versatility, and built-
in help were reported:

P5b: It [VR] can give us more tools, and tools that would allow us to
evaluate things outside of the near space, without necessarily going in
the real environment.

P3b: To have access to higher level activities because it [VR] is very
multimodal. It [VR] is more visual, the client moves, there is more
stimuli so it makes it more interesting. It [VR] could allow to detect
more problems than we would see with our conventional evaluation
tools.

Facilitator — institutional organization

Institutional organization facilitators such as resource person/
assistance were discussed for overall management including
assessment and treatment using VR:

P7b: | will use it [VR] as long as there is a resource or assistant person.

In fact, if there is a resource/assistant person, he [assistant] can write a
journal reflecting the activities of the person - what they did in
treatment, how he [patient] performed. In this way, us as therapists, we
can see the feedback and the evolution of the patient.

Facilitator — personal

Several facilitators on the personal level emerged and included:
knowledge of important of USN assessment using sensitive meth-
ods, willingness or interest towards VR use for USN (intention of
use), positive attitudes towards VR, time, performance, and effort
expectancy:

P1b: For my part, for USN evaluation, we [clinicians] are in lack of
assessment for USN since a long time. | remember we had students that
came in early 2000's presenting that the BIT [Behavioral Inattention
Test] was the best that we have at the moment. We use it very rarely,
given that we see that the patient has USN; however, patients tend to
do well on those tests [BIT subtests], and it [BIT] doesn’t necessarily
measure the change.

Especially, for the out-patients, there are patients that | follow until the
driving assessment stage, and | do not have tools that inform me of
their improvements or lack of thereof of the USN. So for the tasks that
are paper and pencil, it [their performance] is not bad, but we see them
[patients] from time to time neglecting obstacles in their space,
bumping into left-sided obstacles. So, it would be very interesting to
have sensible tools.
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P6b: | like that it [VR for USN assessment] can be repeated in time, for
example in in-patient, then in out-patient, to see the evolution/
progression, rather than just evidencing it [USN of extrapersonal space]
by walking for example. We are currently very limited in conventional
extrapersonal-space USN assessment.

Optimal features of VR-based USN assessment

Optimal features of a VR-based post-stroke USN assessment were
identified. Clinicians reported that they would be open to use an
immersive, three-dimensional tool that has a simple/intuitive start
up system, with individual files saving options and that can print
out reports of performance/progress. They conveyed that per-
formed tasks should be client-centered and functional, including
activities centered around leisure, instrumental and self-care activ-
ities of daily life, near and far-extrapersonal USN assessment, and
having an option of different tasks to perform as per the patient’s
preference. Clinicians would like to complete the VR USN assess-
ment in 30-60min and they expressed an interest in receiving
training on the device and running of the system.

Experts reported the following additional features: presence of
attentional distractors, ability to adjust the attentional load of the
task, eye tracking during tasks, gaze and movement coordination
tasks (e.g., transfer from near- to far-extrapersonal space through
navigation), goal-directed space navigation (e.g., following the
principles of the zoo map subtest of the Behavioral Assessment of
Dysexecutive Syndrome [48]) and locomotor tasks within limited
space (e.g., using treadmill or stationary robotics that can change
directions), a VR version of conventional tests (e.g., VR-based line
bisection and cancelation tasks in near and far space), targets
placed in space using polar coordinates, and symmetrically
designed environments. The common features to those reported
by clinicians included functional tasks in 3D immersive environ-
ments with an adjustable level of difficulty, near and far space
tasks, simple start up and analysis of results, and clear guidelines
and training. The latter two factors were expressed not only as
optimal features of a tool by experts in the field, but also as facili-
tators (equipment/personal) for its implementation and adherence
to its use.

Discussion

To the best of our knowledge, this study is the first to highlight
the barriers and facilitators to the clinical use of a VR-based
assessment tool for post-stroke USN. The key barriers that were
identified, including personal, institutional, equipment, and client
suitability, will help optimize the design and implementation of
future VR-based USN tools in clinical practice. A multimodal and
active KT intervention can now be designed [27] according to the
identified support needs and modifiable barriers. For instance,
addressing factors of lack of knowledge about VR use and import-
ance of USN-sensitive assessments as well as lack of resources in
the clinical setting could influence VR adoption and its sustainable
use for USN management. The personal barrier of lack of know-
ledge about USN and the importance of USN-sensitive assessment
(e.g., please refer to comment of P2a under that category) is
highly concerning, demonstrating that a clinician, working full-
time on a stroke rehabilitation ward, does not see the need for a
sensitive post-stroke USN assessment of peripersonal space (near-
and far-extrapersonal space) that in fact is known to be greatly
prevalent among those with right hemisphere stroke and often
left undetected using conventional methods or observation. Based
on this study, we propose the following interventions and ele-
ments geared towards increasing the knowledge-base of scholarly
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practitioners about post-stroke USN, its assessment, and the VR
technology: the addition of a specialized course in visual-percep-
tion and related-technologies in the current OT educational cur-
riculum, multifaceted KT interventions for clinicians including
hands-on workshop experiences, e-learning modules, case studies,
experts’ panel discussions, a designated expert clinician (champion
or mentor) or resource person in each targeted setting, training
and ongoing support in the use of chosen technologies, and
evaluation of change in practice following the KT interventions.

The finding that most of the participating clinicians were open
to the use of VR and had a positive attitude towards its use for
post-stroke USN indicates that there is a potential in continuing
to pursue the knowledge to action model cycle with the aim of
improving current practices as described by Graham et al. [26].
Specifically, present results could be employed to plan for a future
implementation of a VR-based USN assessment tool in a clinical
setting, monitor its use and evaluate what changes it brings to
the clinical post-stroke USN management. To tackle most of the
representative population (individuals with post-stroke UNS), we
propose that the implementation of a VR-based USN assessment
tool should initially occur in rehabilitation centers providing stroke
rehabilitation services, and be integrated with other occupational
therapy evaluation procedures. This would complement existing
findings and provide data on concurrent validity and sensitivity
with respect to the conventional methods employed in that set-
ting. Thereafter, a broader implementation could be foreseen to
private, community, and acute-care settings.

The results of the self-administered questionnaire in our study
are consistent with previously published reports on behavioral
intention to use technologies in healthcare settings. For instance,
our results, showing an agreement among clinicians that a VR-
based USN assessment can enhance their performance and ensur-
ing patients’ outcomes (i.e, performance expectancy) are in
accordance with a larger cross-sectional exploratory study by Liu
et al. [45]. Using the UTAUT-based questionnaire, they found that
performance expectancy was the most significant factor in deter-
mining Occupational and Physical therapists’ acceptance and use
of technology in rehabilitation [45]. Similarly to the responses of
clinicians’ in the present study, effort expectancy [45,49-51] and
social influence [45] were not found to be salient factors influenc-
ing behavioral intention to use technologies in studies using the
UTAUT-based questionnaires with different health professionals
including medical doctors, health educators, nurses, as well as
Occupational and Physical Therapists. Promisingly, participants in
the present study, similar to those in Liu et al. study, expressed
their intention to use the newly available technology, confirming
previously found clinicians’ positive attitudes towards VR.

The findings of the present study offer multiple practical impli-
cations. First, the identified factors that influence clinicians’
acceptance and adoption of VR for post-stroke USN assessment
can inform future research on priorities for the planning of train-
ing programs and of the resources needed for the effective acqui-
sition and implementation of such technology. The interviewees
in the present study were critical regarding barriers related to VR
equipment in terms of possible side effects and generalizability,
time and training demands, and costs of implementation; as well
as client suitability barriers such as age, functional status, and
infection control. It demonstrates that despite increasing evidence
for the effectiveness of VR in post-stroke USN assessment and
treatment, health care professionals are still grappling with those
core issues and they are imperative to be addressed in future KT
resources to support VR clinical integration outside of a research
context. Similarly, the collaborative results from focus group and
experts in the field on the optimal features of a VR-based USN

assessment can serve to adapt current tools or to guide the devel-
opment of a new tool that better suits different clients’ functional
capabilities and deficits (e.g., aphasic, wheelchair-bound), as well
as end-users/clinicians needs (e.g., easy application/start up, print
out reports, progress reports, resource/assistance, time constraint,
three-dimentional immersive environment, tasks options, etc.). We
suggest future presented tools to incorporate these findings
which in turn could promote its adherence and satisfaction with
its use in clinical settings among practicing rehabilitation
professionals.

The current study also has its limitations. First, clinicians’ per-
ceptions were determined at one point in time by using a cross-
sectional exploratory study design. Although we consider that it is
appropriate given the exploratory nature of this project, future
longitudinal designs that would study these perceptions in time
would be beneficial. Moreover, a true collaborative approach by
including clinicians and experts in the field in the same focus
groups would have been advantageous, but this was not possible
given the different geographical locations and schedule conflicts.
Nevertheless, individual interviews have also proven to be effect-
ive methods in gathering information and mixing qualitative
methods (focus groups, interviews, surveys) as used in the present
study is suggested to provide broader understanding of the phe-
nomenon of interest that may be otherwise overlooked if a single
method is used [52]. Finally, another limitation is that the evi-
dence behind VR assessment for post-stroke USN is still limited
and exploratory at the moment [19]. This implies that it may be
challenging to implement practice changes in the future. Yet, the
results of the present study offer preliminary steps by including
the end-users/clinicians early in the process of the knowledge to
action model [26], possibly facilitating forthcoming implementa-
tion of this type of system in clinical practice.

Conclusion

The present study explored the facilitators and barriers to the clin-
ical use of VR for post-stroke USN assessment and identified fea-
tures for an optimal VR-based USN assessment tool through
mixed qualitative methods including focus group, self-adminis-
tered questionnaires, and individual interviews. Findings show
that clinicians are open to the idea of using VR for post-stoke USN
assessment. Facilitators such as knowledge of the importance of
USN assessment, equipment usability, client suitability, and institu-
tional organization support can be emphasized during an imple-
mentation phase. However, therapists also identified several
personal, institutional, equipment usability, and client suitability
barriers that should be addressed in designing a future knowledge
translation intervention prior to and during an implementation
phase. The reported features of an optimal VR-based USN assess-
ment tool by a collaborative effort of end-users and experts in the
field offer invaluable concepts for the modification of already-
existing tools or the development of new tools. Considering those
features should lead to a more effective clinical implementation of
a tool while promoting its use and adherence among rehabilita-
tion professionals.
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