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Abstract

Virtual Reality (VR) technologies have increasingly been considered potentially valuable tools in dementia-related research
and could serve as non-pharmacological therapy to improve quality of life (QoL) and wellbeing for persons with dementia
(PwD). In this scoping review, we summarize peer-reviewed articles published up to Jan-21, 2021, on the use of VR to
promote wellbeing in PwD. Eighteen manuscripts (reporting on 19 studies) met the inclusion criteria, with a majority
published in the past 2 years. Two reviewers independently coded the articles regarding A) intended clinical outcomes and
effectiveness of the interventions, B) study sample (characteristics of the participants), C) intervention administration (by
whom, what setting), D) experimental methods (design/instruments), and E) technical properties of the VR-systems
(hardware/devices and software/content). Emotional outcomes were by far the most common objectives of the inter-
ventions, reported in seventeen (89.5%) of the included articles. Outcomes addressing social engagement and personhood
in PwD have not been thoroughly explored using VR. Based on the positive impact of VR, future opportunities lie in
identifying special features and customization of the hardware/software to afford the most benefit to different sub-groups
of the target population. Overall, this review found that VR represents a promising tool for promoting wellbeing in PwD,
with positive or neutral impact reported on emotional, social, and functional aspects of wellbeing.
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published reviews comment on the potential clinical ef-
fectiveness of VR for these types of dementia-focused
applications and highlight methodological gaps that

Introduction

Virtual Reality (VR) technologies have increasingly been
considered as potentially valuable tools in dementia-related
research and care, for use in cognitive and physical as-
sessments, and therapeutic interventions.! VR based in-
terventions have been used as health promotion tools to
improve mobility, prevent falls, and train cognitive abilities
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in those with dementia and those who are at-risk of de-
veloping dementia.> VR has also been proposed as a pro-
spective tool to identify early markers of cognitive decline®
and to enhance clinicians’ and carers’ understanding and
attitudes towards persons with dementia (PwD), by ex-
posing them to experiences that simulate what it is like to
live with dementia, thereby promoting empathy.*> Several
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remain in the evaluation of VR technology with this
population.®” More recently, it has been suggested that VR
could serve as a non-pharmacological therapy to improve
quality of life (QoL) and wellbeing for PwD.® In this
scoping review, we summarize current literature on the use
of VR as an intervention to promote wellbeing in PwD, and
discuss potential areas for future research.

VR is defined as computer-simulated versions of real
locations/objects or imagined 3D graphically rendered
environments that enable users to experience the sensation
of being present in a different physical place. The virtual
environment is updated in real time based on the real-world
movements and actions of the user.®® VR is often con-
sidered qualitatively different from other technologies in its
ability to provide a sensation of “presence,” the subjective
feeling of “being there,”* which is highly dependent on the
immersiveness of the system and the fidelity of the simu-
lated sensory inputs.* A system’s immersiveness is influ-
enced by, for example, display resolution, field of view,
movement degrees of freedom, number of senses stimulated
(hearing, vision, touch, and proprioception), the ability to
track and update user inputs, and the ability to isolate the user
from stimuli in the real world.” These properties of VR make
it an appealing potential tool to promote wellbeing in PwD by
providing them with a sense of autonomy, enhancing training
and educational tools, stimulating reminiscence, and pro-
viding an escape from constrained mobility and/or pain.

Background

Dementia and wellbeing

The World Health Organization defines health as “a state of
complete physical, mental, and social wellbeing and not
merely the absence of disease or infirmity.”'® Preserving
and enhancing wellbeing in PwD can promote health and
QoL. Although not perfectly delineated, wellbeing can be
considered along a spectrum of outcomes from physical to
cognitive, including functional [activities of daily living
(ADL) and instrumental activities of daily living (1IADL)] to
social (ability to communicate, interact and maintain rela-
tionships and a sense of personhood), to emotional [feelings
and mood, pain, and neuropsychiatric symptoms/behavioral
and psychological symptoms of dementia (BPSD)]. When
Canadians affected by dementia were asked to identify what
they believe are the most important research questions
related to living with dementia, emotional wellbeing was
ranked second only to stigma.''

Functional changes

Dementia is an umbrella term encompassing different sub-
types, such as Alzheimer’s disease (AD), Frontotemporal
dementia, Lewy-body dementia, vascular dementia, and

mixed dementia. While there is variation in subtypes and
associated symptoms, dementia generally negatively affects
the ability to perform functional tasks and live indepen-
dently, which in early stages of decline may consist of
difficulties with iADLs, operationalized as shopping,
managing finances, preparing meals, maintaining a home,
and managing medication and personal care. In more ad-
vanced stages, dementia may lead to difficulties conducting
tasks that are essential in order to live comfortably, known as
ADLs, such as, mobility, toileting, dressing, and language
skills. Unsurprisingly, difficulties in conducting iADLs and
ADLs are strongly associated with poorer QoL.'

VR has been used to assess and enhance the performance
of iADLs in PwD. For example, Allain et al.'* designed a
non-immersive VR task where participants were asked to
prepare a virtual cup of coffee using a virtual coffee machine
and found the tool sensitive for the detection of everyday
action impairments in persons with AD. Atkins et al.'*
designed the Virtual Reality Functional Capacity Assess-
ment Tool (VRFCAT) to assess an individual’s ability to
complete instrumental activities associated with a shopping
trip, including searching the pantry at home, making a
shopping list, taking the correct bus to the grocery store,
shopping in the store, paying for groceries, and returning
home. They found that the VRFCAT provides a sensitive
tool for evaluating iADL functioning in individuals with
subjective cognitive decline.

Emotional changes

PwD often experience changes in their emotional responses,
including a loss of control over their feelings and how they
express them.'” In a recent feasibility study, we measured
the effect of exposure to natural environments in VR on
changes in emotions'® and found that most participants had
positive feedback, feeling, for example, more relaxed and
adventurous, with 76% wanting to try VR again. Similarly,
in their pilot study, Moyle et al.'” described the effect of
exposing PwD to a Virtual Reality Forest on engagement,
apathy, and mood states and found that it was perceived by
residents, family members, and staff to have a positive effect
with residents experiencing more pleasure and a greater
level of alertness than those previously established for PwD
in an activity context.

Another aspect of emotional wellbeing refers to BPSD,
also known as neuropsychiatric symptoms, which represent
a heterogeneous group of non-cognitive symptoms and
behaviors that include agitation, aberrant motor behavior,
anxiety, elation, irritability, depression, apathy, disinhibi-
tion, delusions, hallucinations, and sleep or appetite
changes. BPSDs present in up to 90% of PwD at some stage
in the progression of the condition.'® Data suggest that
BPSD are more strongly associated with poorer QoL than
declines in cognition or functional limitations.'* BPSD have
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also been identified by caregivers as some of the most
challenging and distressing aspects of care, with physical
aggression being cited as a main contributor to long term
care (LTC) admission.”?' Given that current pharmaco-
logical approaches to managing BPSD are limited in their
efficacy and are associated with negative adverse side ef-
fects, some researchers and clinicians are eager to explore
the potential of VR with the hope that it may prove to be a
less expensive, non-invasive, and ethically acceptable
means of engaging and distracting PwD and managing their
BPSD.*? We recently conducted a randomized controlled
trial at an acute care hospital, evaluating the effects of VR on
BPSD including the need for sitters (people who provide
supervision of challenging patients), refusal of care, and use
of drugs.”*** We found that VR-therapy had a statistically
significant effect on reducing the cluster of “aggressive-
ness” as well as trended towards reducing length of stay.

Social changes

Social connectedness is influenced by one’s ability to
communicate and maintain meaningful relationships. Many
PwD experience significant declines in communication
abilities as their symptoms progress. Barriers in commu-
nication can impair relationships with caregivers, family,
and friends leading to increased social isolation and feelings
of loneliness, which are associated with more a rapid
cognitive decline, increased BPSD, and reduced QoL.**
Therefore, optimizing strategies for communication and
increasing exposure to new experiences and opportunities
for social interaction may limit the ensemble of associated
negative effects”® and improve wellbeing.

VR has the strong potential to create person-centered
experiences and to enhance social interactions. For exam-
ple, VR technologies have been suggested as an aid in
reminiscence therapy and to enhance communication in
PwD.?” VR has been shown to enhance the sense of con-
trol,'” maintain autonomy, and articulate values, prefer-
ences, and choices in PwD.?® Respect for these decisions
has been correlated with improved QoL and deemed an
ethical priority for PwD.?’ Moreover, VR has the ability to
transport the viewer into socially engaging settings'® in a
physically safe setting, absent of possible stigma from
others. In one study, participants were more talkative and
provided more details regarding their dementia in a VR-
simulated meeting than in the real-world scenario, sug-
gesting that VR may facilitate more verbal interactions and
improved social-emotional behavior.*

Overall, there is still much that is unknown and that can
be learned about how to use VR to promote the various
aspects of wellbeing in PwD. For example, how can it best
be administered (by whom and in what setting) so that it is
sustainable and scalable, what evaluation methodologies are
appropriate for assessing impact, and what technological

properties (hardware/devices and software/content) work
best with this population. As approaches to research and
outcome measures differ widely, there lacks a general
framework about how the following factors should be chosen
and applied.

Intervention administration

As research increasingly evaluates the outcomes of VR-
based applications for PwD, it is useful to compare across
studies and form basic guidelines or best practices about the
ways in which these applications can and should be ad-
ministered. Aspects such as (1) who administers the in-
tervention (e.g., care partner, healthcare provider,
researcher, or the individual themselves) and (2) in what
settings it is delivered (e.g., hospitals, long-term-care, or
personal residences) are critical factors that can affect the
design, sustainability, and scalability of VR-based appli-
cations. For VR-based interventions targeted towards im-
proving wellbeing, it is important to identify the optimal
VR-dose regimen, such as, how frequent (e.g., times per
week), for what duration (e.g., minutes per session), and
over how long a time period (e.g., weeks or months) it
should be administered. While it is clear that VR-based
protocols will likely depend on many factors such as in-
dividual differences (e.g., personal preferences and degree
of sensory/motor/cognitive impairments) and the nature of
the targeted outcomes (e.g., functional, social, and emo-
tional), these protocol-specific metrics are currently under-
reported.

Experimental methods

Alongside, the nature of the outcomes measured and
evaluated is the importance of how these outcomes are
obtained (e.g., study design and data collection methods).
Despite the enthusiasm, few VR trials in PwD targeting
wellbeing have used rigorous methods and/or validated
measures, and most of the observed positive outcomes are
based on anecdotal evidence and small-sample studies.
Understanding how protocols are designed and what met-
rics are used in existing research will allow us to compare
and perhaps consolidate findings more accurately across
studies. This will also help situate VR among the various
non-pharmacological interventions available for improving
wellbeing in PwD.

Virtual reality technical properties

The technical properties of VR systems include hardware
and software features. Hardware features include devices
used [e.g., head mounted displays (HMD), haptic devices,
and headphones] and the number of senses stimulated (e.g.,
visual, auditory, and touch), each of which influences the
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degree of immersiveness and can contribute to an enhanced
sense of “presence.” Software features include the nature of
virtual content including, for example, whether rendered
graphics or 360-degree video are used, and the degree of
interaction introduced [e.g., passive exposure to scene (e.g.,
a beach), instructive content or narratives (e.g., a museum
tour) or active task-based performance (e.g., completing a
shopping task)].

Objectives of the current review

The objectives of this scoping review are to describe the
current state of peer-reviewed research involving VR-based
applications aimed at promoting wellbeing for PwD. Spe-
cifically, we consider A) intended clinical outcomes of the
intervention and their reported effectiveness, B) study sample
(characteristics of the population), C) intervention adminis-
tration protocol (by whom, in what setting), D) experimental
methods (design and instruments), and E) technical properties
of the VR-system (hardware/devices and software/content).
Addressing these aims also helps to identify the gaps in
current knowledge and suggest targeted goals for future VR-
based studies aimed at promoting wellbeing in PwD.

Methods
Scoping review

This scoping review followed the protocol outlined by Clay
et al.® The methodological framework by Arksey and
O’Malley’' was used to guide a literature search of all
relevant research, regardless of study design, by iterative
and reflexive means.

Search strategies

A systematic search of the following databases was con-
ducted from their inception up to 21 Jan 2021: Ovid
MEDLINE, Ovid MEDLINE Epub Ahead of Print and In-
Process and Other Non-Indexed Citations, Ovid Embase,
Cochrane Database of Systematic Reviews (Ovid), Co-
chrane Central Register of Controlled Trials (Ovid), Psy-
cINFO (Ovid), CINAHL with Full Text (EBSCO), Health
Technology Assessment (OVID), and PubMed (supplemen-
tary for non-Medline records). We also searched ALOIS, the
Specialized Register for the Cochrane Dementia and Cogni-
tive Improvement Group (CDCIG). Key phrases were de-
termined in conjunction with an experienced research librarian
(Ani Orchanian-Cheff, AO) with the search terms optimized
for each database. Key terms are listed below and a copy of the
full search strategy is available from the authors on request.
Search items (also heading searches) included “Virtual Re-
alit*” OR “VR” OR “computer AND (simulation®* OR
generat® OR therap* OR treatment®)” and “Alzheimer*.”

Eligibility criteria

Only peer-reviewed empirical articles that could be sourced
in full-text and in English were included. No restrictions
were set regarding study type or the publication date.
Systems were considered VR if they, at a minimum, pro-
duced a 3D environment that could be manipulated by a
user. Table 1 outlines the inclusion and exclusion criteria
across the relevant study elements.

Selection process

Step 1: Initial database extraction: Search results were
uploaded into Endnote Online Systematic Review
Management Software for initial screening. Dupli-
cates were removed.

Step 2: Title/abstract screening: The remaining titles and
abstracts were screened by four team members (LA,
SA, TN, and KM), two independently reviewing each
to identify studies that met the eligibility criteria. All
disputes were resolved through discussion until an
agreement was reached between the two screening
members.

Step 3: Full text eligibility review: The full text of the
remaining studies was assessed for eligibility by three
members (SA, TN, and KM), two independently re-
viewing each study. A fourth author (LA) resolved
disputes. Reasons for exclusion were noted.

Step 4: Final screening during data extraction: Detailed
analyses of papers for data extraction included final
review of eligibility for inclusion.

Data extraction

A data extraction form for the included studies was de-
veloped in SurveyMonkey, based on Clay et al.,° but was
expanded to include additional categories relevant to an-
swering the research questions (e.g., more detail about the
types of hardware and software that made up the VR
systems). Three reviewers (SA, TN, and KM) extracted the
data independently. Any disagreement between the re-
viewers was resolved through discussion with a fourth
reviewer (ZP). The data extraction form used is available
from the authors upon request. Table 2 describes our coding
framework and extracted data points.

Data Analysis

Resolved nominal observations were analyzed by exam-
ining the frequency of responses among included citations.
Descriptive statistics were calculated for numeric responses
including, for example, the number of minutes spent per
session, frequency, and duration of the sessions, and the
number of enrolled PwD (mean, median, mode, standard
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Table I. Inclusion and exclusion criteria.

Study element Inclusion criteria

Exclusion criteria

Participants

Technological
features
Outcome

Use of a 3D virtual reality environment

secondary or tertiary study objective

Persons with dementia (any subtype included)

Any study design including quantitative or qualitative
outcomes of wellbeing (e.g., Qol, communication,
interaction, personhood, ADL, IADL, BPSD) as a primary,

Study excludes people with MCl unless they were also
considered “high risk” of developing into dementia

Virtual reality was not used, for example, 2D tablet/
conventional computer screen display

Interventions targeting ONLY cognitive or memory
improvement, physical rehabilitation, reviews/
technology appraisals

Table 2. Data extraction themes.

Objective Extracted data Details

A Publication information
B Outcomes of wellbeing

Authors, title of the article/journal, year of publication, countries where the study was conducted
Functional (ADL, iADL), social (personhood, communication/interaction/relationship), emotional

(BPSD, pain, and QoL). Reported effectiveness of intervention on outcomes

Criteria for diagnosis of dementia, dementia status (mild, moderate, or severe) and subtypes, and
Setting, administering person, frequency (sessions per week), duration (of each session), and length

Reported sample size, study design, data collection methods (observation, survey, interview, etc.),

validated instruments used, types of data collected (subjective/objective), caregiver/PwD

C Study sample
any comorbidities listed as inclusion or exclusion criteria
D Intervention
administration of the full intervention (days, weeks, months)
E Experimental methods
feedback, comparison therapy/arm
F VR technical properties

Device(s) used, manufacturer or brand, product name, degrees of freedom, senses stimulated,

content, virtual environment (passive vs active), feelings of presence, dementia-related

adjustments

deviation, and range). Open-ended responses were analyzed
by observing for recurring themes and items.

Results

A total of 6054 research citations were found across the
database search conducted on the 21 January 2021,
(Figure 1 for the PRISMA flow diagram). After a review
based on title and abstract, 53 research articles were selected
for a full paper review. Each article was independently
reviewed in full by two reviewers, who further excluded 35
citations. There were 18 citations agreed upon by consensus
to be included in the review and to undergo data extraction.
Below, we present the results based on the identified coded
categories: Publication, Study samples, Intervention, Out-
comes, and Methods (Supplementary Table 1: Complete
Results).

Years and countries of publication

The majority (11, 57.9%) of studies were published in the
past 2 years (Figure 2) and primarily in middle-to high-
income countries where English is the primary spoken
language (13, 68.4%).

Outcomes related to aspects of wellbeing

Of the objectives targeting wellbeing, emotional outcomes
were by far the most common, reported in seventeen
(89.5%) of the included studies, specifically fourteen
(73.7%) studies targeted QoL (either through validated
measures that included evaluations of feelings or specific
metrics capturing mood states) and ten (52.6%) targeting
BPSD. Quality of life factors (such as emotional state) were
most frequently evaluated using the Observed Emotion
Rating Scale (OERS) as was the case in four (21.1%)
studies. The Music in Dementia Assessment Scales (Mi-
DAS), EUROHIS-QoL-8, Alzheimer’s Disease Related
QoL-French, QUALID, QoL-AD, and EuroQoL 5 Di-
mension Questionnaire were all used in six (31.6%) of the
included papers, the remaining five (26.3%) studies used
generic questions that asked about participants’ emotions.
Of the studies that measured BPSD, all used validated tools
including the Neuropsychiatric Inventory (NPI) and the
Person Environment Apathy Rating Scale (PEARS) in two
(10.5%) studies each. The Beck Depression Inventory, the
Cornell Scale for Depression in Dementia, the Bedford
Alzheimer Nursing Scale-Severity, the Cohen-Mansfield
Agitation Inventory, the Montgomery Asberg Depression
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Identification of studies via databases

-

S
Records identified through database
§ searching Jan 21. 2021 (n = 6054)
MEDLINE ALL 1804; EMBASE
1896; PsycINFO 1065; CDSR 4;
[ Central 603; HTA 0; ALOIS 2;
i CINAHL 680
~/
R
Records screened
{n = 3506)
Reports assessed for eligibility
{n=53)
N
S
3 Studies included in review
it (n =18 (19 studies*) )
2
-

Records removed before
screening:
Duplicate records removed
(n = 2548)

Records excluded
(n = 3453)

Reports excluded (can be for
multiple reasons):
Publication type (n = 15)
Language (n=3)
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Technology (n = 8)
Intervention/ Qutcome (n=7)

Figure 1. Prisma flow diagram.
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Figure 2. Frequency of publications by year*. *Years are
presented based on dates in which papers were published and
are not equally distanced.

Scale, the Overt Aggression Scale-Modified for Neuro-
rehabilitation, the Stress Symptom Rating Questionnaire,
and the Behavioral Observation Scale for Intramural Psy-
chogeriatrics Subscale were each used once. Social

outcomes were the second most common category in seven
(36.8%) of the studies, with six (31.6%) dedicated to
communication/interactions and relationships broadly, and
one (5.3%) focusing on personhood. Finally, functional
outcomes were mentioned in four (21.1%) studies; iADLs
were assessed in four (21.1%) studies, while ADLS were
captured in one (5.3%) study. Nearly all (17, 89.5%) of the
studies targeted more than one outcome of interest, and it is
worth noting that several outcomes were commonly eval-
uated together, such as BPSD and social factors (4 studies),
and BPSD and usability (6 studies). Usability, which was
not a direct objective of this review, as it does not directly
relate to wellbeing, was still coded for as it appeared to be a
common secondary objective accompanying many of the other
outcomes, such as social interaction, personhood, ADLs, and
iADLs. Figure 3 shows the frequency of outcomes related
to aspects of wellbeing across the included studies.
Supplementary Table 2: Reported Impact of VR on
Outcomes of Wellbeing summarizes the outcomes of in-
terest in each study as they relate to promoting wellbeing
(conceptualized under the framework of emotional, social,
or functional aspects) and their reported effectiveness
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(having either a positive, neutral, or negative impact on the
outcome). Emotional outcomes were the most frequent
objective, with 17 outcomes positively impacted (e.g., in-
crease in enjoyment and decrease in anxiety), five with
neutral impact, and two with negative impact (e.g., increase
in anxiety). Social outcomes were always reported as being
positively impacted by VR (e.g., increasing autonomy and
instigation of conversation), and impact on functional
wellbeing was reported as positive in two (10.5%) studies
and neutral in three (15.7%) studies.

Study samples (characteristics of the participants)

Ten (52.6%) of the studies did not report on the severity of
dementia in the participants. Of the remaining studies, seven
(36.8%) were conducted with participants who had mild
dementia, eight (42.1%) with those who had moderate
dementia, three (15.7%) with those who had severe de-
mentia, and one (5.5%) study reported “other.”

Of the ten (55%) studies that reported the dementia sub-
type(s) of the participants, nine (47.4%) were conducted on
people with AD. Vascular and frontotemporal dementia
subtypes were included in four (21.5%) studies each. Other
unspecified or unknown subtypes were included in three
(15.7%) studies, followed by two (10.5%) on mixed de-
mentia and 1 (5.3%) on Lewy-body.

A diagnosis of dementia in the study participants was
identified through consultation of clinical/medical files (7,
36.8%) or through administration of the following tests
(some of which are screening tools but were used as di-
agnostic measures in the studies): the Mini-Mental State
Examination (MMSE) (5, 26.3%), Montreal Cognitive
Assessment (MoCA) (2, 10.5%), and CDR (2, 10.5%), and
four (21.5%) studies used other methods such as the Global
Deterioration Scale (GDS) rating. Three (15.8%) studies did
not report on how participants were screened or diagnosed.

Eligibility criteria for participants in the studies varied; in
some cases, the same comorbidities (e.g., mobility im-
pairments) were inclusion criteria for some studies, and
exclusion for others. Comorbidities were listed as inclusion
criteria in five (26.3%) studies and as exclusion criteria in
ten (52.6%) studies, their details are provided in Table 3.

Intervention administration

In terms of the setting where the studies were conducted,
research labs and LTC were the most common (4, 21.1%),
followed by personal residences and hospitals, which were
each mentioned in two (10.5%) studies, and a retirement
home reported in one (5.3%) study. Three (15.8%) studies
were conducted in adult day programs for PwD, and one
study was conducted in an “other” location (community
center) (Figure 4). Nearly two thirds (12, 63.2%) of included
studies were administered by a researcher, seven (36.8%) by

a healthcare provider, four (21.1%) by a personal caregiver
(family/friend), and two (10.5%) by the PwD. Two (10.5%)
studies did not report the setting in which the intervention
was assessed, and one (5.3%) did not report the person
responsible for administering the intervention (Figure 5).

In terms of the dose-regimen reported in the included
studies (Table 4), across the 13 (68.4%) studies that reported
on the VR intervention duration, the mean was 27 min. Across
eleven (57.9%) studies that reported on the frequency of
administering the VR intervention, the mean was 2.82 sessions
per week. Ten (52.6%) studies reported on the longitudinal
duration of the study, with a mean of 7.6 weeks. Less than half
(8, 42.1%) of the studies reported on all three metrics.

Experimental methods

Eight (42.1%) studies had sample sizes of ten or fewer
participants, three (15.7%) studies had between 11-20
participants, four (21.1%) studies had between 21-30
participants, two (10.5%) studies had between 31-40 par-
ticipants, and two (10.5%) studies had over 100 partici-
pants. Nine (47.4%) of the studies had multiple participant
groups, for example, in addition to those participants with
dementia, Moyle et al.'” included ten family members and
nine care staff, and Rose et al.*® included 16 caregivers.

of Studies

Nur
!

Outcomes

Figure 3. Outcomes related to aspects of wellbeing.

Not Repor

Number of Studies

ch Lab | LTC Other

Figure 4. Frequency of settings used for VR interventions.
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Table 3. Inclusion and Exclusion criteria related to comorbidities for participants.

Ref
ID  Authors Inclusion criteria Exclusion criteria
2 Ametal. @)  N/A N/A
2 Almetal (b) N/A N/A
33 Burdea et al. Traumatic brain injury; stroke; absence of Severe cognitive delay
visual and upper body impairments
3 Coelho et al. N/A Severe visual deficits; unable to verbally communicate; GDS of |-
3; Lewy body dementia; late-stage dementia; schizophrenia;
schizoaffective disorder; delusional disorder; non-specified
psychotic disorders; bipolar disorder; major depressive
disorder
35 Eisapour etal.  N/A Moderate to severe cognitive impairment; prone to motion
sickness; hearing impairment; conditions preventing exercise;
prior epilepsy/seizure; use of pacemaker
36 Flynn et al. No evidence of motion sickness; no history N/A
of epilepsy; no history of vertigo
3 Foloppe etal.  N/A N/A
30 Mendez et al. N/A Aphasia; complicating medical condition; complicating
psychiatric condition
*®  Rohrbach etal N/A N/A
" Appel et al. N/A Open facial wounds; cervical conditions prohibiting VR.
2 Ferreira et al. Independent use of upper limbs; intact N/A
hearing; initial to intermediate stage of
dementia
39 Dove et al. Age-related impairments N/A
40 Brimelow et al N/A Contagious conditions; ill health; receiving palliative care; bed-
bound and unable sit upright
4 Masoumzadeh N/A N/A
et al.
7" Moyle et al. N/A N/A
+ Padala et al. N/A Use of mobility device; conditions preventing exercise
s Rose et al. N/A History of epilepsy; clinical discretion; visual impairments;
44 Goodall et al. N/A Other severe psychiatric disturbance; severe medical condition;
physical disability
* Santen et al. N/A Severe (terminal) condition preventing participation based on
clinical discretion
B Table 5 summarizes the sample size for each study and the
i number of PwD participants. Numbers ranged from 1-84
¢ with a mean of 16 (SD 20.9), median of 9, and mode 10.
5 10 Case series were used in seven (36.8%) of the studies;
;5 . cross-sectional designs were used in six (31.6%) studies;
s : randomized controlled trials were used in five (26.3%)
26 studies; and crossover was used in three (15.8%) studies. A
Z, ! case study design was used in 1 (5.3%) study. Observations
) 2 and surveys were each used in fifteen (78.9%) studies, and
: : . interviews were used in eleven (57.9%) studies. Data were
0 m:ﬂ_w e - e mia collected through physiological measures in four (21.1%)
Provider ‘ studies, while two (10.5%) studies used data from electronic

health records. One (5.3%) study reported using focus
Figure 5. Person responsible for administering VR interventions.  groups (Figure 6). Fifteen (78.9%) studies used multiple
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Table 4. Dose regimen: frequency, duration, and length.

Dose # of studies that reported Mean SD Median Mode Range
Frequency of sessions (per week) I 2.82 1.66 2 | 1-5
Duration per session (minutes) 13 27.23 18.20 20 15 4-60
Length (weeks) 10 7.60 7.97 35 2 2-24
Table 5. Number of participants with dementia by study.

Ref ID Authors Date of publication Study sample size Number of participants with dementia
32 Alm et al. (a) 2009 35 22

32 Alm et al. (b) 2009 Not reported” Not reported®

3 Burdea et al. 2015 10 7

34 Coelho et al. 2020 9 9

3 Eisapour et al. 2020 6 6

3 Flynn et al. 2003 6 6

37 Foloppe et al. 2015 I [

30 Mendez et al. 2015 5 5

38 Rohrbach et al. 2019 10 10

z Appel et al. 2020 10 10

2 Ferreira et al. 2020 12 12

39 Dove et al. 2019 23 16

40 Brimelow et al. 2020 13 9

4 Masoumzadeh et al. 2020 I 5

17 Moyle et al. 2018 29 10

2 Padala et al. 2017 30 30

s Rose et al. 2019 24 8

4 Goodall et al. 2019 55 55

¥ Santen et al. 2020 12 84

*The study specifies 40 individuals being consulted, however, does not indicate whether these were some/all study participants, and/or how many were

PwD.

data collection methods such as surveys and interviews.
Observations were the most frequent data collection method
(sometimes accompanied by the use of other measures such
as electronic health records, focus groups, or physiological
measurements). All studies collected subjective data
(outcomes/reactions as determined by the researcher or
participant), while fourteen (73.7%) studies reported col-
lecting objective data (not influenced by personal feelings or
opinions of any stakeholder), for example, physiological
data like heart rate.>

More than half (10, 52.6%) of the studies did not report
on a comparison group or arm, one (5.3%) study included a
comparison group, and eight (42.1%) studies evaluated the VR
intervention against a comparator, such as conducting similar
activities without the technology or comparing healthy par-
ticipants to those with mild cognitive impairment and/or AD.

Virtual reality technical properties

Devices used in the included studies were organized into the
following five categories: audio, visual, input devices,

computer systems, and integrated systems (Figure 7).
Headphones were used in four (21.1%) of the studies, while
a simulated auditory environment was used in one (5.3%)
study. Head mounted displays (HMDs) were the most
frequently used (8, 42.1%) visual device in the included
studies. Of the eight studies that used HMDs, two actively
made use of the controllers included with HMDs to capture
motion of the upper body. Television screens were the
second most used visual device (4, 21.1%), followed by
projectors (2, 10.5%). Augmented Reality/Mixed Reality
glasses were used in one (5.3%) study.

A wide range of input devices were used, with the most
prominent being computer mice (3, 15.8%), followed by bikes
(2, 10.5%). Joysticks, keyboards, car simulators, and standalone
controllers which did not come with an HMD were used in one
(5.3%) study each. Computers, gaming consoles, smartphones,
and tablets were used in four (21.1%) studies each.

All nineteen (100%) studies engaged viewers through
visual stimuli, and the majority (17, 89.5%) also provided
auditory stimuli of which 12 studies did not explicitly describe
the devices used to present the audio; two (10.5%) included
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tactile interfaces and one (5.3%) olfactory. Four (21.1%)
studies used proprioception, with all motions actively pro-
duced by the user (i.e., person’s own volitional head/body
movements). Five (26.3%) studies implemented best practice
adjustments, particularly relevant for PwD users, such as not
including sudden scene changes or readjusting the straps if the
PwD was in discomfort*® and reducing the complexity of tasks
to avoid unnecessary confusion.*

Computer graphics were the most common form of
content, reported in nine (47.4%) studies, followed by
360-films which were used in four (21.1%) of the studies.
Three (15.8%) studies used traditional 2D videos, and
three (15.8%) did not report the content design of their
VR interventions. While the majority (12, 63.2%) of
studies had interventions that engaged users in “active”

6 15
2 1
| I I
8
4
0

ey Interview

Observation cw
Method

of Studies

umber

N

4
. u 1
|

Focus Group EHR/EPR Physiological

Figure 6. Data collection methods.

virtual scenarios, (e.g., complete a task, activity, or
game), six (31.6%) used passive-engagement, and one
(5.3%) did not report the kind of experience. Seven (36.8%)
studies included interventions with three-degrees of freedom
(rotational head movement) versus eight studies (42.1%) that
used six-degree of freedom (head rotation and translation). A
minority of studies (3, 15.8%) evaluated “presence” as a
distinct feature of the VR system.

Discussion

This scoping review provides a comprehensive overview of
peer-reviewed research on VR interventions for PwD, with
a focus on promoting wellbeing. We present details on the
intended outcomes of the intervention and their reported
effectiveness, intervention administration protocol, and
means of evaluation and the VR-system’s technical prop-
erties. In the next section, we provide more details from
some of the included studies, identifying gaps, and sug-
gesting targeted goals for future studies.

Year of publications

Most of the studies were published in the past 2 years, which
can be indicative of VR systems starting to mature in the
market. This could be due to increased affordability,
availability of user-friendly devices with more widely
available content, availability of mobile commercial
headsets which were first released in 2014, and increased
cohort familiarity with these technologies.
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Figure 7. Types of devices used.
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Outcomes of wellbeing

Of the studies that explicitly reported the effectiveness of
VR on emotional outcomes, the results were mostly
positive; however, ascertaining the effectiveness of VR
therapy on emotional wellbeing is still challenging. The
instruments used in most of the studies for evaluation
were disparate, and the few used in multiple studies (e.g.,
OERS), are not validated, particularly with the target
population of PwD. For example, Rose et al.** state in
their limitations that they were “unable to rate observa-
tions of affect specifically in relation to eyes due to HMD-
VR headset covering the participants’ eyes.” (44 p123).
Since facial expressions and particularly eyes-gaze are
frequently used to observe reactions in PwD,*® and VR
HMDs covers these features limiting an observer’s ability
to gauge a user’s reactions, it would be of benefit to the
field to develop standard observational tools to report on
the engagement with VR with this specific population. It
is worth noting that many HMDs are moving towards
integrated eye tracking,*’ which could also help mitigate
this, as well as present new opportunities for features in
intervention design.

Our review also found no research studies on the use of
VR to address (identify and alleviate) pain in PwD. Pain can
cause secondary symptoms such as sleep disturbances,
depression, and decreased mobility, and also frequently
manifests as agitation and increased confusion, all of which
contribute to decreased QoL.’® As there is growing evi-
dence supporting VR’s effectiveness in managing acute
procedural pain and distress in many other patient pop-
ulations,”’ and since VR systems appear to be tolerated and
accepted by PwD, we recommend future studies explore its
impact on pain-related outcomes.

Clinicians and caregivers alike are highlighting the
importance of continued social stimulation and interaction,
specifically the opportunity for shared experiences and
communication with PwDs as a means of maintaining
personhood and navigating relationships.”> While only a
few of the studies in this review had outcomes related to
social wellbeing as a primary objective, their results were
promising. For example, Mendez et al.>° found that par-
ticipants were more talkative and gave more elaborate
answers with details when questioned by their virtual av-
atars when compared to a real in-person interviewer. Alm
et al.** found that the Computer Interactive Reminiscence
and Conversation Aid (CIRCA) system™ unexpectedly
restored a great deal of equality to the interaction between
users and their caregivers, allowing the PwD to exercise
control more easily over the direction of the conversation.

Overall, this review found that VR is a promising tool for
promoting wellbeing in PwD. Its effectiveness on emo-
tional, social, and functional aspects of wellbeing were all
reported as having a positive (or neutral) impact despite

some occurrences of side effects which must be taken into
consideration when administering VR.

Study samples

There was no standardized method or tool used to screen for
or diagnose dementia in participants across the included
studies, but it is encouraging to see that most (13, 72.2%)
studies recruited participants based on validated measures.
Participants with AD were the most commonly sampled
population, contributing to half of the studies, followed by
vascular dementia (in four studies), which may be due to
the fact that they are the most prevalent subtypes.”* Since
different subtypes of dementia are associated with unique
symptoms, different disease progression, and require dif-
ferent treatments/therapies, it is important to better under-
stand how VR design and effectiveness may best address the
needs of each subtype.

Most of the studies that reported dementia severity in-
cluded participants with mild to moderate dementia. These
individuals are generally better able to follow instructions,
communicate, and engage in activities. Moreover, there is
added difficulty in recruiting participants at advanced dis-
ease stage, as usually the substitute decision maker (SDM)
is required to provide consent.”>~° The few studies that did
include this population®**'-** reported a positive impact,
and others recommended this as future research. Some
studies actively excluded those with moderate to severe
cognitive impairment, “late-stage dementia,” as well as
particular subtypes of dementia, like Lewy body (due to
higher probability of developing hallucinations), which
identify additional areas for future research.

Many of the studies included comorbidities among their
participant exclusion criteria, some of which concern the
physical contact of the device to one’s head, such as open
facial wounds (where the HMD may touch and irritate) or
cervical conditions (where the HMD may be considered too
heavy). Other exclusion factors such as being bed-bound,
unable to sit up, having lack of active movement in either
arms, or being in palliative care®>** may not be prohibitive
to VR use, but could make it more difficult and/or influence
the chances that it will be effective. Some of the listed
comorbidities included in our review are very common
among those living with dementia (e.g., aphasia,’’ the in-
ability to verbally communicate,”’ or having a hearing
impairment™®), such that screening for inclusion based on
the absence of these factors may actually limit the gener-
alizability of the findings to this population. It is not un-
common to start interventional studies with the groups of
participants who are most accessible, for whom the therapy
is easiest to implement, and for whom the effectiveness is
likely to be greatest. However, even studies that sampled
the frailest individuals found the VR devices acceptable
and feasible.”>*' Brimelow™’ reported that even those
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participants with severe cognitive impairment (half of their
sample) enjoyed the experience, “further highlighting the
versatility of VR” (41 p169). Finally, some characteristics,
like being prone to motion sickness or having a history of
seizure, are general warnings listed on device manufacturers
documentation (e.g., HMDs); however, these comorbidities
were not found in practice to cause major problems in the
few studies for which they are reported,®***> especially
when precautions were taken.®” Moreover, when symptoms
of simulator sickness were observed, as were evaluated by
Masoumzadeh et al.,*' they did not differ from less-invasive
systems (such as TV screens), and Flynn®® found that any
observed negative side effects were comparable to the
experiences of persons without cognitive impairments. This
may suggest an opportunity for cautious future exploration,
given that it could increase the breadth of the potential
population who could benefit from VR-therapy.

Intervention administration

Research labs were the most frequent settings for con-
ducting evaluations, and researchers were by far the most
common administrators of VR-interventions; furthermore,
caregivers were only involved in the administration of
therapy in four studies and PwD self-administered in one
study. While this may be partially because the selected
literature consisted of only peer-reviewed research studies,
it does present opportunities to design interventions with
greater feasibility and external validity, and ones that en-
hance care-partner shared experiences. Future studies need
to consider the practical implications of actually im-
plementing these interventions within the real-life settings,
with a focus on implementing these therapies in the com-
munity (where the majority of PwD live/reside®"). There is a
unique opportunity to engage caregivers in the provision of
the therapies in a way that could create mechanisms for
novel shared experiences, thereby enhancing communica-
tion and engagement. For example, Rose et al.** streamed
the VR content to an external flat screen, which allowed
caregivers to see what the PwD was seeing in the HMD
encouraging them to provide relevant prompts and reas-
surance during the exposure. Similarly, Flynn® observed
that the “involvement of carers provided an invaluable
source of social support that served to reduce anxiety and
enhance motivation of PWD during the VR exercises” (36
p605).

Finally, a major point of interest for researchers and
clinicians working with non-pharmacological interventions
for dementia is to identify effective protocols regarding the
dose regimen, that is, the length, frequency, and duration of
the VR therapy. The studies included in this review rep-
resent a diverse set of interventions with different targeted
outcomes, but collectively suggest a range of dose intervals
that are tolerated and effective. The shortest exposure

duration was 4-5 min per video, resulting in positive effects
with increased interaction and facial expressions following
VR.*® Keeping in mind that most therapies focused on
improving wellbeing can and should be tailored to the
individual, this is just a first step in formalizing the use of
VR as a clinically accepted intervention.

Experimental methods

Given that research of VR in dementia is still nascent and
that recruiting those with dementia is challenging, it is not
surprising that half of the included studies had sample sizes
of ten or less participants. Future studies should strive to
include larger sample sizes in order to allow for more
generalizable statements about the impact of VR-therapy on
this population.

It is encouraging to see that several (5, 26.3%) of the
included studies were designed using a randomized con-
trolled trial. A within-subject cross-over design is also worth
exploring as this method is well equipped to compare the
outcomes of VR to a comparator intervention and to the
participant’s own baseline. For example, Eisapour® in-
vestigated whether playing games and interacting with
virtual objects in VR could be a comparable alternative to
(human) therapist-led exercises for PwD, using a cross-over
methodology. Specifically, each participant began with
1 week of therapist-led physical exercise and were then
evenly and randomly assigned to one of two virtual envi-
ronments for the second week and then switched to the other
virtual environment in the third week. Ferreira®® conducted
a within-subject experimental design to allow all partici-
pants to interact with all technologies, such as an HMD,
tablet, mouse, augmented reality (AR), leap motion (LM),
and a combination of HMD with LM, in order to determine
which had the greatest ease of use.

Despite the difficulty in eliciting feedback from indi-
viduals who are not able to communicate in traditional
ways, we recommend that future studies should be bolstered
by methodologies that explicitly seek participants’ opinions
on VR. We advise that researchers also strive to gather
feedback from a proxy who knows (is very familiar with)
the PwD, such as a personal caregiver; for example, Bri-
melow*’ relied on care staff known to the resident, to be
included in the procedure.

Virtual reality technical properties

The term “VR” had been applied to an array of techno-
logical devices across the included studies. All interventions
provided visual stimuli (which was required as an inclusion
criterion), half of which displayed VR content on an HMD.
For example, Appel et al.> provided participants with 360-
degree films of natural scenery (e.g., peaceful beach) dis-
played using a HMD. Other interventions used projection
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systems; for example, Flynn et al.>® invited participants into
an auditorium fitted with a large 140-degree curved screen,
which provides a semi-immersive view of virtual envi-
ronments with surround sound. Most (61%) of the included
studies provided VR content that was created using com-
puter graphics. Foloppe.®” for example, designed a virtual
kitchen environment that included common kitchen digital
objects (i.e., foods, utensils, and appliances) and asked the
participant to complete 10 cooking tasks (e.g., setting the
table). The fact that most of the content was created using
computer graphics aligns with the finding that the majority
of interventions (61%) engaged users in “active” virtual
scenarios, such as task completion. Interactive tasks with
cause and effect (e.g., performing an iADL like setting the
table) are more easily achieved in virtual environments that
are designed using computer graphics, rather than, for
example, using 360-film. However, there are examples of
photography/video adapted for use as interactive tools/
activities, etc., see Alm et al.’> Some senses may offer
new ways of stimulating PwD. Smell, for example, has
been strongly tied to memory recall and is a biomarker for
AD/cognitive decline [76], but was only part of one in-
tervention, Goodall et al.’s** SENSE-GARDEN, the results
of which have not yet been published.

Finally, providing the sensation of “presence” is an
important factor that often differentiates VR from other
technologies and is expected to be a unique benefit in the
provision of therapy for general wellness,*®; however, this
subjective experience was explicitly asked of participants in
only two (11.11%) studies’®* using standardized ques-
tionnaires. Future studies could better define how presence
is experienced by PwD and whether it enhances wellbeing.
While many VR applications follow a “one size fits all”
approach, there has been an effort to develop VR plat-
forms in which healthcare professionals can easily cus-
tomize cognitive activities (software) and deploy these on
a variety of Hardware (AR, tablet, PC, and interactive
table) based on the needs and user experience for
PwD.%®*"®® Future opportunities lie in identifying special
features and customization of the hardware/software to
afford the most benefit to different sub-groups of the target
population.

Summary

This scoping review identified 18 papers evaluating 19
studies on aspects of VR that could impact the wellbeing for
PwD. Through mapping out the technical properties of the
VR systems, identifying meaningful outcomes representing
wellbeing, and how, by whom, and in what settings the
systems were evaluated/implemented, we were able to
identify gaps in the literature that could be pursued in future
studies. As research in the field grows, further propelled by
the adoption of digital interventions during the COVID 19

pandemic,’® we foresee larger trials will be conducted.
While much is left to be explored, this review has identified
several considerations that can help research in the area of
VR therapy produce meaningful findings; for example,
employing well-suited study designs, having standardized
validated observational tools geared to capture changes
specifically in PwD, and involving/consulting with PwD
and their caregivers throughout the entire design and
evaluation process. Researchers should recruit participants
representative of the actual PwD population, carefully
considering/defining the exclusion criterion, and sampling
across the dementia spectrum, including severe dementia
and common comorbidities. More research should be
conducted in people’s residences, treating personal care-
givers as equal members in care and therapy-provision. We
see value in further exploring the impact of VR on pain in
PwD, as well as communication between those with de-
mentia and their caregivers, family, and friends. As sensory
technologies continue to improve, there would be great benefit
in evaluating the impact of unconventional/uncommon
virtual sensory experiences such as “virtual smell” for
PwD, for example, as a part of VR-reminiscence therapy.
Finally, future studies should aim to better understand
how certain technical features (movement degrees of
freedom and interactivity) affect therapeutic effectiveness,
and if demographics or abilities are better suited for some
VR-systems/approaches over others. Although the in-
cluded studies covered a spectrum of outcomes related to
emotional, social, and functional wellbeing, and used
many different methods of evaluation, at face value results
are encouraging with mostly positive (and few neutral)
impacts of VR on these outcomes. Studies focused on
enhancing the lives of PwD are crucial in moving patients
and their families forward post-diagnosis, sustaining an
identity, and continuing to live a life with meaning and
value®’; VR appears to be a suitable complement to other
interventions.
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