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ABSTRACT

Introduction: Virtual Reality (VR) technology is increasingly used by researchers and healthcare
professionals as therapeutic interventions to improve the quality of life of persons living with dementia
(PLwD). However, most VR interventions to date have mainly been explored in long-term or
community care settings, with fewer being explored at home. Setting is important given that the
majority of PLwD live at home and are cared for by their family care partners. One of the challenges
affecting PLwD and care partner relationships is barriers in communication, which can lead to social
isolation and poor quality of life for both parties. Thus, the goal of the proposed project is to explore
whether an immersive, multisensory VR intervention can facilitate communication between PLwD and
their care partners and, in turn, enhance personal relationships and improve well-being.

Methods and analysis: Thirty dyads comprised of individuals with mild-to-moderate dementia and
their family/friend care partners will participate in this at-home intervention. Their interactions will be
recorded as they watch a series of 360-degree videos together (e.g., concert, travel) either using a VR
headset (PLwD) with a paired tablet (care partner) or using only a tablet together. The two conditions
will allow us to compare immersive VR-technology to more common non-immersive Tablet-based
technology. The study will begin with at-home training and baseline data collection. The intervention
will then take place over a 4-week period, with the two conditions (VR vs. Tablet-only) experienced
two weeks each. A comprehensive set of measures will be employed to assess the quality and quantity
of dyadic interactions, such as verbal/non-verbal language (e.g., informativity, gestures), and self-
reported measures of well-being and quality of life.

Ethics and dissemination: Ethical approval for the study was granted by the University Health
Network (# 21-5701). Findings will be shared with all stakeholders through peer-reviewed publications
and presentations.

Strengths and Limitations of the Study:

- Strengths: The findings will inform both the utilization of VR technology for therapeutic
purposes and the future design of VR systems and content for PLwD, particularly for use in a
home setting.

- Evaluating a non-pharmacological, at-home intervention could specifically improve
interpersonal relationships between PLwD and care partners, which has not yet been fully
explored as a key outcome.

- Whereas previous VR studies have evaluated beneficial effects of VR interventions, very few
have considered whether immersive VR technologies result in better outcomes than traditional
display technologies (e.g., tablets).

- Weaknesses: Participating care partners will comprise of English-speaking individuals living in
the greater Toronto region and thus our findings may not be generalizable to the general
population.

- To reduce the potential for simulator sickness and disorientation, the selected videos will not
include any large-scale movements and consequently, the level of engagement may be less than
other interactive VR experiences.
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VRx@Home Protocol: A Virtual Reality At-Home Intervention for Persons Living with
Dementia and their Care Partners

INTRODUCTION

The number of individuals living with dementia is estimated at 50 million people globally and these
numbers are expected to rise substantially with the increasing aging population [1,2]. Recent years have
seen a significant rise in research exploring the use of head mounted Virtual Reality (VR) systems for
persons living with dementia (PLwD) [see 3, for a review]. Some of this work has focused on exposing
PLwD to immersive experiences in virtual environments (e.g., experiencing nature, travel, concerts and
sporting events) with the goal of eliciting reminiscence and positive affect and improving overall well-
being [3—10]. A unique aspect of this type of VRx-therapy is that it allows PLwD to be transported to
alternate realities and to have experiences that they may no longer be able to have because of the
functional limitations that accompany their symptoms. To date, the evidence suggests that these
exposure-based VRx-therapy interventions are feasible and have potential to improve PLwD’s mood,
well-being, and quality of life [4,8,11,12,12]. However, most of this evidence stems from studies that
have taken place in the context of long-term care or community care settings where a researcher or a
trained formal care provider administers the VRx-therapy. Relatively less is known about the utilization
of VRx-therapy for PLwD in an at-home setting and in the context in which the family/friend care
partner administers the intervention. This is an important context to explore as most PLwD live at
home and are cared for by their family members, and thus there is great potential for evaluating
whether VRx-therapy can be prescribed as a non-pharmacological solution to address the needs of this
population.

Over the past several years, members of our team have evaluated a prototype version of the VRx-
therapy in several studies including a multi-site pilot feasibility study across several long-term care
facilities and ambulatory out-patient clinics, involving 70 individuals with varying severities and types
of cognitive and physical impairments [4—6]. Participants experienced 360-degree nature videos while
wearing a head mounted VR system. In general, it was found that the intervention was feasible and
well-tolerated by participants, who also reported feeling more relaxed after their VRx-therapy exposure
sessions. One important, but somewhat unexpected, observation that emerged from this work was that
the VR interventions appeared to increase interpersonal engagement of the users. Specifically, residents
wanted to share their experiences with their formal care partners (e.g., nurses), visiting family
members, and other residents. Other emerging evidence has demonstrated that experiencing realistic
scenes and scenarios through VR is an effective strategy for reminiscence therapy in PLwD, leading to
increased engagement, improved mood, and greater feelings of well-being [7,8,10,13—15]. However,
VR interventions, while momentarily helpful, have also been described as potentially “isolating” in the
sense that, in most cases, PLwD are experiencing them on their own. Indeed, the most meaningful real-
world experiences are typically those that we share with others, especially our friends and families.
Hodge and colleagues [16] recommended that future VR designs focus on "making room for sharing"
and suggest that VR experiences may provide a "ticket to talk" (a tool to elicit conversation and
increase engagement), which could lead to enhanced PLwD-care partner relationships. To our
knowledge, the concept of VR as a “ticket to talk” in this population has not been empirically
evaluated, or carefully measured as an outcome of VRx-therapy based interventions. Therefore, in the
current study, we aim to use VR as a tool to facilitate communication between PLwD and family/friend
care partners at home. This will be achieved by having PLwD and care partners jointly experience the
content presented within the virtual environment, which will provide them with an opportunity to
converse about their experiences. Specifically, care partners will be given a tablet which will mirror the
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viewing perspective of the PLwD’s VR experience in real time. The shared VR intervention proposed
here is expected to be beneficial not only for PLwD but also for care partners— something neither
targeted nor measured in previous studies.

Barriers to communication is a key challenge that care partners face at home, and it negatively impacts
care partners’ relationships with PLwD. Communication barriers have been shown to lead to
loneliness, social isolation, and poor quality of life for both PLwD and care partners [17-20]. There is
some evidence that communication aids designed to elicit conversations (e.g., tools that present
pictures, videos, music), are effective at improving interactions between PLwD and care partners
[21,22]. Most of these interventions, however, have focused on other types of technology-based aids
such as applications for phones and tablets [21,23] and digital memory books containing generic or
personal photographs [24]. One aspect of VR that makes it unique from other display technologies such
as televisions, computers, and handheld mobile devices is the level of immersiveness that is achieved.
Immersion in VR is related to the extent to which our senses are presented with simulated inputs from
the virtual environment [25]. One of the key benefits of VR’s immersiveness is that individuals can
have new experiences that feel very real in a controlled and safe environment, such as in one’s own
home.

The proposed project explores whether an immersive, multisensory VR intervention focused on
“sharing experiences together” can facilitate communication between PLwD and their care partners
and, in turn, enhance interpersonal relationships and improve quality of life. Further, we will explore
whether the added level of immersiveness provided through multisensory VR is even more effective at
facilitating communication than non-immersive tablet-based technology, which is a more commonly
used tool in communication and reminiscence therapies. Although both tools are capable of providing a
“shared experience”, it is not yet known whether one is more effective than the other in facilitating
communication. VR is not only more immersive but also a novel technology that could be considered
more fun and engaging by participating families. There are, however, other benefits that are unique to
tablet technology such as being more familiar and easier to use. In addition, while using the tablet
together, PLwD and care partners can engage in joint attention and exchange more nonverbal behavior
(gaze, facial expression), which are integral aspects of everyday interaction that could further facilitate
verbal communication.

OBJECTIVES AND PREDICTIONS

The overarching goal of the current study is to design and evaluate a virtual reality at-home
intervention to facilitate communication between PLwD and their care partners, and in turn improve
their interpersonal relationships and quality of life. In particular, we are interested in examining
whether VRx-therapy could help elicit and maintain conversations, increase positive affect, and evoke
reminiscence through the sharing of memories. The project also aims to provide a direct comparison of
an immersive VR system with non-immersive tablet-based technology.

In addition to collecting self-report measures of communication and well-being, we will introduce a
picture book session to capture baseline measures of communication between PLwD and care partners.
Comparisons between the VR and Tablet-only conditions will be made relative to these baseline
measures. We predict that relative to baseline, both VR and Tablet-only conditions will facilitate
communication, as these technologies provide a greater multisensory experience. Specifically, they
include extra sensory input through audio, as well as have dynamic scenes that allow for multiple
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viewing perspectives (similar to real-world experiences). In terms of the VR and Tablet-only
comparison, one possible outcome is that the VR condition, which is more immersive, will be more
likely to evoke reminiscence, elicit positive affect, and increase presence, which in turn would lead to
enhanced verbal (e.g., longer conversations) and non-verbal (e.g., more laughs) communication than
the Tablet-only condition. Another possibility is that the Tablet-only condition will be more likely than
the VR condition to elicit conversations and reminiscence because the PLwD and care partner can
engage more in nonverbal communication (eye-contact, facial expressions). Finally, we anticipate that
an increase in communication and reminiscence will in turn have a positive impact on users’ well-being
and positive perceptions of the experiences with both technologies.

METHODS
Participant, family, and community involvement

We will employ a participatory design method by actively engaging PLwD, family care partners, and
community care partners in every stage of our study (from design to implementation to data
interpretation). We have also consulted with members of our multidisciplinary team who have expertise
in hearing, vision, communication, and technology. These stakeholders have assisted us with the
selection, design, and development of the VR content and assessment techniques. After creating the
content, we collected preliminary ratings of each video’s audio/visual quality, interest, and
discomfort/side effects. Recently, we also completed a pilot study with seven PLwD-care partner dyads
(5 completed the full study, 2 dropped out due to lack of interest or time) to explore the feasibility of
this at-home intervention and to collect feedback on the digital content, study materials and procedures.
We have updated the study materials and procedures based on the feedback we received from both
PLwD and care partners. One of these changes involved simplifying the study to include fewer
interviews and questionnaires, thus reducing the demand on care partners. Other changes were more
specific to increasing the types of content that were considered more engaging (for example, increasing
the number of videos with singing and dancing). The results of the pilot study are described in separate
publications [26].

Participants

Thirty individuals with mild to moderate dementia and thirty care partners (friend or family members
of the PLwD) will be recruited to participate in the study. As part of the recruitment plan, printed flyers
will be posted throughout the community surrounding the greater Toronto region (e.g., hospitals, local
university campuses, community centers, and libraries). Digital flyers will be disseminated via
websites, social media, and through our community partners. Efforts will be made to recruit equal
samples of male and female PLwD and care partners, allowing for further analyses exploring group
level differences and understanding how sex/gender may affect the intervention outcomes. In addition,
given that vision and hearing abilities play an important role in our intervention and are known to be
particularly prevalent in PLwD, we will specifically collect information on participants’ sensory
abilities. This will allow us to explore whether the observed outcomes are in any way influenced by
sensory abilities.

Eligibility Criteria
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Given the nature of the study, the participating dyads will be required to have access to high-speed
internet with a reliable WiFi connection. Additional inclusion/exclusion criteria are as follows:

PLwD inclusion criteria:
- report having mild to moderate dementia
- currently living at home

PLwD exclusion criteria:
- recent history of seizure, epilepsy, head trauma, or stroke
- pacemaker
- cervical conditions or injuries
- open face wounds
- alcohol-related dementia/ Korsakoff syndrome
- having a Public Guardian and Trustee as substitute decision maker

Care partner inclusion criteria:
- identify as one of the primary care partners for the PLwD
- able to speak and understands English

Care partner exclusion criteria:
- professional/formal care partners for the PLwD
- unable to provide informed consent

Materials and Apparatus

The study will have one main within-participant experimental manipulation, namely the presentation of
different visual media: VR vs. Tablet-only for intervention and standard picture book for baseline.

Picture Book

To capture baseline measures of communication between PLwD and care partners, participants will be
presented with a photo album containing high-quality prints representing themes from scenes that will
be viewed on the Tablet/VR.

Tablet

PLwD and care partners will view non-immersive 360-degree videos together using a commercially
available Samsung Tablet. PLwD will be able to move the position and perspective of the virtual
environment using the touch screen (dragging the view around with their finger). All 360-degree videos
(described below) will be uploaded to the Tablet and played using the VRx@Home study app,
specifically designed for this at-home intervention. The custom app has a simple interface and is
accessed by participants via a unique login. This login will enable us to control the selection of videos
accessible to participants for each particular week of the intervention, and anonymously track their
usage (i.e., by name of the videos selected and length of time watched; see the study website for a
demonstration of the app).

VR
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PLwD will view immersive VR experiences (360-degree videos) using an Oculus Quest 2 VR system
that has built-in, over-ear headphones. The PLwD will be watching dynamic videos from a static
position and although they will remain in one location within a scene, they will have the ability to look
360-degrees around and explore through head movements and thus change their perspective in the
scene. However, they will not be able to translate or teleport within the scene or move from a
stationary, seated position in the real world. This method significantly reduces the chance of feeling
motion sickness in VR.

The care partner will be seated nearby to ensure the safety of the PLwD and to jointly experience the
virtual content on a paired tablet mirroring the VR display. As such, the care partner will be able to see
the content of VR from the exact same perspective as the PLwD but will not be able to manipulate the
viewing perspective. In addition, the care partner will use the tablet to select the videos and stop the
session if there are any concerns for safety or any signs of distress from the PLwD.

Figure 1. Study Conditions and Materials

=

Picture Book Tablet
Note. Consent for photograph release was provided by the participants
Recording Tools

Video and audio recordings will be captured through a video-conferencing application. We will follow
recommended guidelines to set up a secured conference call (via Zoom) on a supplied laptop. If the
researchers find it difficult to hear the PLwD during the initial Zoom meeting, then a digital audio
recorder will also be provided. In this case, participants will be asked to place the digital recorder
closer to the PLwD as a backup device to capture the conversations. All recordings will use
anonymized participant IDs. PLwD and care partners will be given a journal and asked to record
personal reflections about the sessions to capture any feelings, observations, or opinions about the VR,
the Tablet, or the experience in general not otherwise collected by the study tools.
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Visual and Auditory Stimuli

We created an extensive library of scenarios (360-degree videos with sound) that are each
approximately 5 minutes long (84 videos). These scenarios are broadly categorized into four themes:
Entertainment (e.g., ballet, musical concerts), animals (e.g., dogs, giraffes), travel (e.g., Niagara Falls,
Paris), and sports (e.g., baseball, gymnastics). Participants will be presented with four of these 5-minute
scenarios during their initial weekly exposure sessions (20 minutes total viewing). The pairings of
scenarios to condition (VR or the Tablet-only) will be systematically structured. This will ensure that a
particular scenario is only presented once to each participant, and thus, will be novel. The particular
themes and order of videos will be pre-established in separate lists and participants will be randomly
assigned to one of these ordered lists. In addition, participants will have access to a library of at least 21
videos per theme to choose from for their every-other-day experiences (described below).

Study Phases and Procedures

The full study will be approximately 5 weeks long per participant dyad. The intervention phase will be
4-weeks long, with an additional week allocated for pre-screening participants and at-home visits. In
total, there will be 3 at-home visits where the researchers will drop off equipment and provide training
(week 0), switch devices (VR or Tablet-only condition) and provide additional training, if necessary
(week 2), and pick up the equipment (week 5). The rest of the intervention will be conducted fully
remotely through online video-conferencing software, online questionnaires, and journaling. See Figure
2 for a summary of the study procedures and timeline.

Figure 2. Study Procedures and Timeline
Pre-Intervention Intervention Study Completion

Week 0 Weeks 1 -4 Week 5

*VR or Tablet
2 weeks each
Session with Researcher

20 mins video & interview E.- Final Feedback Interview

1 hour per week 1 hour

Phone Interview
% Prescreening &

background questionnaire

1 hour % ionCn D
ession On Own
s 20 mins every other day
First At-Home Visit dhh Third At-Home Visit
; o 1 hour per week ; - ;
Equipment drop-off, training, Final equipment pickup
and picture book activity 30 mins
1.5 to 2 hours na:ﬂ Questionnaires
g-/ 30 mins bi-weekly
| éﬁ_—} Questionnaires
o- i
30 mins _—
a |
Sec.ond i Hc?me VISII. . Total time commitment = ~14 hours
Equipment switch & training
30 mins to 1 hour

4 All Zoom sessions are video-recorded.

Note. VR and Tablet-only conditions are experienced for two weeks each, in a counterbalanced order
across participants.
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Pre-Intervention

After eligibility is confirmed over a pre-screening telephone interview and informed consent is
provided, we will schedule the first equipment drop-off and training session conducted in person.
During this session, we will provide training on how to use the devices and video-record the study
sessions. We will also show participants how to access and complete the questionnaires/surveys
through the application on the supplied laptop. The PLwD and care partner will be asked to view the
picture book together and record their interactions via the video-conferencing software. The picture
book not only serves as our baseline control condition, but it also allows the participants to become
familiarized with the video conferencing tool that they will use during sessions with the researcher. In
addition, the researchers will test the quality of video and audio during this session and determine
whether the backup digital recorder is necessary.

Intervention

The next four weeks will be the intervention phase where participating dyads will either receive a VR
device (plus mirrored tablet) or only the Tablet device for two weeks (weeks 1 and 2), and then receive
the other device (VR device or Tablet-only) in the following two weeks (weeks 3 and 4). Across the
VR/Tablet conditions, participants will be asked to simply watch the videos and explore the content
through head movements (VR) and touch screen navigation (Tablet) as desired.

Beginning every week, we will audio and video record PLwD-care partner interactions (verbal and
non-verbal language) during the Tablet/VR experience. This weekly exposure session will include 20
minutes of viewing the pre-determined video sequence, followed by a feedback interview conducted by
the researcher regarding their experiences and preferences. Participants will then be asked to use the
system every other day by choosing from a selection of videos made available to them on the app (17
additional videos per theme in addition to the four videos they will watch with the researcher). They
will be asked to continue recording their interactions as they watch these videos on their own (3 times
per week x 20 minutes each). Finally, they will be asked to complete online questionnaires regarding
communication and measures of well-being after each phase of the intervention (VR vs. Tablet-only).

Study-Completion

On the final week of the study (Week 5), we will conduct a formal interview to evaluate the feasibility
and effectiveness of the intervention and collect the equipment.

Outcome Measures

Table 1 provides an overview of all outcome measures and the phase of the protocol during which they
will be administered.

Baseline Measures
We will first collect measures on demographics, general health, technology use, and cybersickness

susceptibility using questionnaires and semi-structured interviews. Apart from cybersickness (only
asked of PLwD), all these measures will be collected from both the PLwD and their care partner.
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Primary Measures: Verbal and Non-Verbal Communication

Our primary outcomes of interest are measures of verbal and non-verbal communication captured
through audio and video recordings as well as self-reported through questionnaires and journal entries.
These data will be collected throughout the intervention and evaluated using standardized scales,
thematic analyses, and coding schemes developed specifically for the study. The following
characteristics of verbal and non-verbal communication will be measured:

Verbal:

- Quality of conversation and dyadic interactions as assessed through questionnaires:
* Measure of Participation in Conversation for Dementia (MPC-D) [27]
= Measure of Support in Conversation for Dementia (MSC-D) [27]
* Custom communication questionnaire
- Language performance measures:
= Utterance length (total duration and mean length of utterance)
= Conversation initiation (count of how many times PLwD initiated conversation)
* Fluency (amount and type of disfluency)
* (Coherence/Informativity (topic maintenance, off-topic verbosity)
= Affect in language (sentiment analyses)
- Reminiscence/Storytelling (number and the length of episodic memories)

Non-verbal:

- Facial expressions (frequency of smiles/laughter, frowns/grimaces)
- Gestures (e.g., frequency and type of gestures)

Secondary Measures: Well-Being and Quality of Life

Measures of well-being and quality of life (e.g., relationship quality, mood, mental health), will be
assessed through standardized questionnaires (see Table 1). Both PLwD and care partners will
complete these measures pre- and post- each phase of the intervention (bi-weekly following each
Tablet-only and VR condition). In addition, interviews will be conducted to capture any feelings,
observations, or opinions about the VR/Tablet-only experiences, or the study materials/procedures not
otherwise captured by the study tools.

Secondary Measures: Preference and Usability
We will use standardized measures, semi-structured interviews, and information provided in the journal

to assess participants’ opinions of the devices and experiences (e.g., device tolerance/comfort, content
preference, challenges and areas for improvement).
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*Questionnaire can be completed for PLwD by care partners as proxy if necessary.
'VIMSSQ: Visually Induced Motion Sickness Questionnaire [28,29]
MPC-D & MSC-D: Measure of Participation and Support in Conversation for Dementia [27]
3QoL-AD: Quality of Life — Alzheimer’s Disease scale
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Table 1: Summary of all Outcome Measures
Outcome Measure Instrument and Participant Time Point
Categories Measurement Tools | Group . Post-
Pre- Intervention .
Intervention (weekly) [ntervention
(bi-weekly)
Baseline
Demographic & Health | Demographic & PLwD* & X 3
Health Survey Care Partner E
Technology Use & Technology Survey | PLwD* & X g
Comfort Care Partner 4
Cybersickness VIMSSQ-short! PLwD* X 3
Susceptibility g
Primary 5
Dyadic interactions -MPC-D & MSC-D | PLwD & X X g
(e.g., conversation -Communication Care Partner d
quality, participation, Survey g
support, & engagement) 2
Verbal Communication | Qualitative & PLWD & X X é
(e.g., utterance length, Quantitative Care Partner 2
coherence, Analyses of Verbal E:
reminiscence) Behavior a
Non-verbal Qualitative & PLwD X X g
Communication Quantitative g:
(e.g., gestures, facial Analyses of Non- o
expressions) Verbal Behavior ;
Secondary R
Quality of Life QoL-AD PLwD* & X X =
Care Partner 5
Well-Being WHO-5 PLwD* & X X g
Care Partner %_
Caregiver Burden Short Zarit Burden Care Partner X X %
Interview 8
Usability/Preference System Usability PLwD* & X X 3
Scale Care Partner 3
Q
3
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Data Analyses

We will employ a mixed-methodology approach involving both qualitative and quantitative measures.
Qualitative Analyses

The video recording of the teleconference sessions will be transcribed by members of the research
team. Verbal communication will be transcribed verbatim and non-verbal communication will also be
tagged during transcription [30]. Next, two coders will analyze all the transcripts. Thematic analyses
will be conducted, which involve analyzing, examining, and recording patterns (or ‘themes’) within the
data [31]. They will use a combination of deductive and inductive methods to code the data [32]. After
the two coders analyze the transcripts separately, the data will be merged to identify and resolve
discrepancies between coders. The coding of both verbal and non-verbal behavior for this study will be
conducted through NVivo software.

Quantitative Analyses

First, we will examine the data collected from the baseline measures and report the descriptive
statistics. The analyses for all our continuous outcome measures, when possible, will account for by-
subject variability in the statistical model using advanced statistical techniques such as linear mixed
effect models, including the experimental condition as a fixed factor (VR, Tablet-only). Follow-up
planned comparisons will also be reported for any observed significant effects. In addition, all the
baseline measures (e.g., sex, gender, type of dementia) will be used as covariates to judge whether
these measures are associated with participants’ performance on the communication and well-being
outcomes.

Ethics and Dissemination

The study has received ethical approval through the University Health Network (# 21-5701). The
outcome of the study will be shared through peer-reviewed journal manuscripts, national and
international conference and public presentations, university and hospital-based newsletters, and media
outlets.

Discussion

With a significant rise in research revealing the potential usefulness and feasibility of VR for different
aspects of dementia-related interventions, it is expected that VR use may increase in home settings. The
planned intervention provides a new application for VR as a “ticket to talk”, intended to elicit and
enhance conversations and reminiscence, which in turn is expected to improve general well-being in
both PLwD and their care partners. By comparing performance across the different conditions (VR vs.
Tablet-only), and different VR content themes (e.g., travel vs. animals), we can also determine the
preferences of individuals within this population, which is essential for ensuring prolonged benefits of
this intervention. The results of this study will not only inform clinical applications of VR technology
but will also help in the future design and development of VR systems and content for PLwD.
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ABSTRACT

Introduction: Virtual Reality (VR) technology is increasingly used by researchers and healthcare
professionals as therapeutic interventions to improve the quality of life of persons living with dementia
(PLwD). However, most VR interventions to date have mainly been explored in long-term or
community care settings, with fewer being explored at home. Setting is important given that the
majority of PLwD live at home and are cared for by their family care partners. One of the challenges
affecting PLwD and care partner relationships is barriers in communication, which can lead to social
isolation and poor quality of life for both parties. Thus, the goal of the proposed project is to explore
whether an immersive, multisensory VR intervention can facilitate communication between PLwD and
their care partners and, in turn, enhance personal relationships and improve well-being.

Methods and analysis: Thirty dyads comprised of individuals living with dementia and their
family/friend care partners will participate in this at-home intervention. Their interactions will be
recorded as they watch a series of 360-degree videos together (e.g., concert, travel) either using a VR
headset (PLwD) with a paired tablet (care partner) or using only a tablet together. The two conditions
will allow us to compare immersive VR-technology to more common non-immersive Tablet-based
technology. The study will begin with at-home training and baseline data collection. The intervention
will then take place over a 4-week period, with the two conditions (VR vs. Tablet-only) experienced
two weeks each. A comprehensive set of measures will be employed to assess the quality and quantity
of dyadic interactions, such as verbal/non-verbal language (e.g., informativity, gestures), and self-
reported measures of well-being and quality of life.

Ethics and dissemination: Ethical approval for the study was granted by the University Health
Network (# 21-5701). Findings will be shared with all stakeholders through peer-reviewed publications
and presentations.

Strengths and Limitations of the Study:

- Strengths: The findings will inform both the utilization of VR technology for therapeutic
purposes and the future design of VR systems and content for PLwD, particularly for use in a
home setting.

- Evaluating a non-pharmacological, at-home intervention could specifically improve
interpersonal relationships between PLwD and care partners, which has not yet been fully
explored as a key outcome.

- Whereas previous VR studies have evaluated beneficial effects of VR interventions, very few
have considered whether immersive VR technologies result in better outcomes than traditional
display technologies (e.g., tablets).

- Weaknesses: Participating care partners will comprise of English-speaking individuals living in
the greater Toronto region and thus our findings may not be generalizable to the general
population.

- To reduce the potential for simulator sickness and disorientation, the selected videos will not
include any large-scale movements and consequently, the level of engagement may be less than
other interactive VR experiences.
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VRx@Home Protocol: A Virtual Reality At-Home Intervention for Persons Living with
Dementia and their Care Partners

INTRODUCTION

The number of individuals living with dementia is estimated at 50 million people globally and these
numbers are expected to rise substantially with the increasing aging population [1,2]. Recent years have
seen a significant rise in research exploring the use of head mounted Virtual Reality (VR) systems for
persons living with dementia (PLwD) [see 3, for a review]. Some of this work has focused on exposing
PLwD to immersive experiences in virtual environments (e.g., experiencing nature, travel, concerts and
sporting events) with the goal of eliciting reminiscence and positive affect and improving overall well-
being [3—10]. A unique aspect of this type of VRx-therapy (the use of VR as a therapeutic intervention)
is that it allows PLwD to be transported to alternate realities and to have experiences that they may no
longer be able to have because of the functional limitations that accompany their symptoms. To date,
the evidence suggests that these exposure-based VRx-therapy interventions are feasible and have
potential to decrease behavioral and psychological symptoms of dementia (e.g., aggression, agitation,
depression), and improve PLwD’s mood, well-being, and quality of life [4,6,8,11,12,12]. However,
most of this evidence stems from studies that have taken place in the context of long-term care or
community care settings where a researcher or a trained formal care provider administers the VRx-
therapy. Relatively less is known about the utilization of VRx-therapy for PLwD in an at-home setting
and in the context in which the family/friend care partner administers the intervention. This is an
important context to explore as most PLwD live at home and are cared for by their family members [In
Canada, 61% of PLwD live at home, 13], thus there is great potential for evaluating whether VRx-
therapy can be prescribed as a non-pharmacological solution to address the needs of this population.

Over the past several years, members of our team have evaluated a prototype version of the VRx-
therapy in several studies including a multi-site pilot feasibility study across several long-term care
facilities and ambulatory out-patient clinics, involving 70 individuals with varying severities and types
of cognitive and physical impairments [4—6]. Participants experienced 360-degree nature videos while
wearing a head mounted VR system. In general, it was found that the intervention was feasible and
well-tolerated by participants, who also reported feeling more relaxed after their VRx-therapy exposure
sessions. One important, but somewhat unexpected, observation that emerged from this work was that
the VR interventions appeared to increase interpersonal engagement of the users. Specifically, residents
wanted to share their experiences with their formal care partners (e.g., nurses), visiting family
members, and other residents. Other emerging evidence has demonstrated that experiencing realistic
scenes and scenarios through VR is an effective strategy for reminiscence therapy in PLwD, leading to
increased engagement, improved mood, and greater feelings of well-being [7,8,10,14-16]. However,
VR interventions, while momentarily helpful, have also been described as potentially “isolating” in the
sense that, in most cases, PLwD are experiencing them on their own. Indeed, the most meaningful real-
world experiences are typically those that we share with others, especially our friends and families.
Hodge and colleagues [17] recommended that future VR designs focus on "making room for sharing"
and suggest that VR experiences may provide a "ticket to talk" (a tool to elicit conversation and
increase engagement), which could lead to enhanced PLwD-care partner relationships. To our
knowledge, the concept of VR as a “ticket to talk” in this population has not been empirically
evaluated, or carefully measured as an outcome of VRx-therapy based interventions. Therefore, in the
current study, we aim to use VR as a tool to facilitate communication between PLwD and family/friend
care partners at home. This will be achieved by having PLwD and care partners jointly experience the
content presented within the virtual environment, which will provide them with an opportunity to
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converse about their experiences. Specifically, care partners will be given a tablet which will mirror the
viewing perspective of the PLwD’s VR experience in real time. The shared VR intervention proposed
here is expected to be beneficial not only for PLwD but also for care partners— something neither
targeted nor measured in previous studies.

Barriers to communication is a key challenge that care partners face at home, and it negatively impacts
care partners’ relationships with PLwD. Communication barriers have been shown to lead to
loneliness, social isolation, and poor quality of life for both PLwD and care partners [18-21]. There is
some evidence that communication aids designed to elicit conversations (e.g., tools that present
pictures, videos, music), are effective at improving interactions between PLwD and care partners
[22,23]. Most of these interventions, however, have focused on other types of technology-based aids
such as applications for phones and tablets [22,24] and digital memory books containing generic or
personal photographs [25]. One aspect of VR that makes it unique from other display technologies such
as televisions, computers, and handheld mobile devices is the level of immersiveness that is achieved.
Immersion in VR is related to the extent to which our senses are presented with simulated inputs from
the virtual environment [26]. When wearing a VR head mounted display, the user’s visual and auditory
inputs are exclusive to the VR environment and isolated from the real-world inputs, thereby resulting in
VR being more immersive than traditional tablet-based technology. The increased immersiveness in
VR has shown to lead to a greater sense of presence (a feeling of being there), including in PLwD [27].
Recent evidence also suggests that immersive VR leads to increased positive affect, and greater
reminiscence than traditional methods used for reminiscence therapies (e.g., picture book, listening to
music) [28]. Furthermore, one of the key benefits of VR’s immersiveness is that individuals can have
new experiences that feel very real in a controlled and safe environment, such as in one’s own home.

The proposed project explores whether an immersive, multisensory VR intervention focused on
“sharing experiences together” can facilitate communication between PLwD and their care partners
and, in turn, enhance interpersonal relationships and improve quality of life. Further, we will explore
whether the added level of immersiveness provided through multisensory VR is even more effective at
facilitating communication than non-immersive tablet-based technology, which is a more commonly
used tool in communication and reminiscence therapies. Although both tools are capable of providing a
“shared experience”, it is not yet known whether one is more effective than the other in facilitating
communication. VR is not only more immersive but also a novel technology that could be considered
more fun and engaging by participating families. There are, however, other benefits that are unique to
tablet technology such as being more familiar and easier to use. In addition, while using the tablet
together, PLwD and care partners can engage in joint attention and exchange more nonverbal behavior
(gaze, facial expression), which are integral aspects of everyday interaction that could further facilitate
verbal communication.

OBJECTIVES AND PREDICTIONS

The overarching goal of the current study is to design and evaluate a virtual reality at-home
intervention to facilitate communication between PLwD and their care partners, and in turn improve
their interpersonal relationships and quality of life. In particular, we are interested in examining
whether VRx-therapy could help elicit and maintain conversations, increase positive affect, and evoke
reminiscence through the sharing of memories. The project also aims to provide a direct comparison of
an immersive VR system with non-immersive tablet-based technology.
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In addition to collecting self-report measures of communication and well-being, we will introduce a
picture book session to capture baseline measures of communication between PLwD and care partners.
Comparisons between the VR and Tablet-only conditions will be made relative to these baseline
measures. We predict that relative to baseline, both VR and Tablet-only conditions will facilitate
communication, as these technologies provide a greater multisensory experience. Specifically, they
include extra sensory input through audio, as well as have dynamic scenes that allow for multiple
viewing perspectives (similar to real-world experiences). In terms of the VR and Tablet-only
comparison, one possible outcome is that the VR condition, which is more immersive, will be more
likely to evoke reminiscence, elicit positive affect, and increase presence, which in turn would lead to
enhanced verbal (e.g., longer conversations) and non-verbal (e.g., more laughs) communication than
the Tablet-only condition. Another possibility is that the Tablet-only condition will be more likely than
the VR condition to elicit conversations and reminiscence because the PLwD and care partner can
engage more in nonverbal communication (eye-contact, facial expressions). Finally, we anticipate that
an increase in communication and reminiscence will in turn have a positive impact on users’ well-being
and positive perceptions of the experiences with both technologies.

METHODS
Participant, family, and community involvement

We will employ a participatory design method by actively engaging PLwD, family care partners, and
community care partners in every stage of our study (from design to implementation to data
interpretation). We have also consulted with members of our multidisciplinary team who have expertise
in hearing, vision, communication, and technology. These members include scientists with expertise in
audiology, optometry, and speech language pathology. These stakeholders have assisted us with the
selection, design, and development of the VR content and assessment techniques. After creating the
content, we collected preliminary ratings of each video’s audio/visual quality, interest, and
discomfort/side effects. Recently, we also completed a pilot study with seven PLwD-care partner dyads
(5 completed the full study, 2 dropped out due to lack of interest or time) to explore the feasibility of
this at-home intervention and to collect feedback on the digital content, study materials and procedures.
We have updated the study materials and procedures based on the feedback we received from both
PLwD and care partners. One of these changes involved simplifying the study to include fewer
interviews and questionnaires, thus reducing the demand on care partners. Other changes were more
specific to increasing the types of content that were considered more engaging (for example, increasing
the number of videos with singing and dancing). The results of the pilot study are described in separate
publications [29].

Participants

Thirty individuals with dementia and thirty care partners (friend or family members of the PLwD) will
be recruited to participate in the study. As part of the recruitment plan, printed flyers will be posted
throughout the community surrounding the greater Toronto region (e.g., hospitals, local university
campuses, community centers, and libraries). Digital flyers will be disseminated via websites, social
media, and through our community partners. Efforts will be made to recruit equal samples of male and
female PLwD and care partners, allowing for further analyses exploring group level differences and
understanding how sex/gender may affect the intervention outcomes. In addition, given that vision and
hearing abilities play an important role in our intervention and are known to be particularly prevalent in
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PLwD, we will specifically collect information on participants’ sensory abilities. This will allow us to
explore whether the observed outcomes are in any way influenced by sensory abilities.

Eligibility Criteria

Given the nature of the study, the participating dyads will be required to have access to high-speed
internet with a reliable WiFi connection. Additional inclusion/exclusion criteria are as follows:

PLwD inclusion criteria:
- report having dementia
- currently living at home

PLwD exclusion criteria:
- recent history of seizure, epilepsy, head trauma, or stroke
- pacemaker
- cervical conditions or injuries
- open face wounds
- alcohol-related dementia/Korsakoff syndrome
- having a Public Guardian and Trustee as substitute decision maker
The above health-related exclusion criteria are specifically selected as a safety precautions for
wearing a VR headset.

Care partner inclusion criteria:
- identify as one of the primary care partners for the PLwD
- able to speak and understands English

Care partner exclusion criteria:
- professional/formal care partners for the PLwD
- unable to provide informed consent

Materials and Apparatus

The study will have one main within-participant experimental manipulation, namely every participant
will experience the presentation of different visual media: VR vs. Tablet-only for intervention and
standard picture book for baseline.

Picture Book

To capture baseline measures of communication between PLwD and care partners, participants will be
presented with a photo album containing high-quality prints representing themes from scenes that will
be viewed on the Tablet/VR.

Tablet

PLwD and care partners will view non-immersive 360-degree videos together using a commercially
available Samsung Tablet. PLwD will be able to move the position and perspective of the virtual

environment using the touch screen (dragging the view around with their finger). All 360-degree videos
(described below) will be uploaded to the Tablet and played using the VRx@Home study app,
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specifically designed for this at-home intervention. The custom app has a simple interface and is
accessed by participants via a unique login. This login will enable us to control the selection of videos
accessible to participants for each particular week of the intervention, and anonymously track their
usage (i.e., by name of the videos selected and length of time watched; see the study website for a
demonstration of the app).

VR

PLwD will view immersive VR experiences (360-degree videos) using an Oculus Quest 2 VR system
that has built-in, over-ear headphones. The PLwD will be watching dynamic videos from a static
position and although they will remain in one location within a scene, they will have the ability to look
360-degrees around and explore through head movements and thus change their perspective in the
scene. However, they will not be able to translate or teleport within the scene or move from a
stationary, seated position in the real world. This method significantly reduces the chance of feeling
motion sickness in VR.

The care partner will be seated nearby to ensure the safety of the PLwD and to jointly experience the
virtual content on a paired tablet mirroring the VR display. As such, the care partner will be able to see
the content of VR from the exact same perspective as the PLwD but will not be able to manipulate the
viewing perspective. In addition, the care partner will use the tablet to select the videos and stop the
session if there are any concerns for safety or any signs of distress from the PLwD. (see Figure 1)

Recording Tools

Video and audio recordings will be captured through a video-conferencing application. We will follow
recommended guidelines to set up a secured conference call (via Zoom) on a supplied laptop. If the
researchers find it difficult to hear the PLwD during the initial Zoom meeting, then a digital audio
recorder will also be provided. In this case, participants will be asked to place the digital recorder
closer to the PLwD as a backup device to capture the conversations. All recordings will use
anonymized participant IDs. PLwD and care partners will be given a journal and asked to record
personal reflections about the sessions to capture any feelings, observations, or opinions about the VR,
the Tablet, or the experience in general not otherwise collected by the study tools.
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Visual and Auditory Stimuli

We created an extensive library of scenarios (360-degree videos with sound) that are each
approximately 5 minutes long (84 videos). These scenarios are broadly categorized into four themes:
Entertainment (e.g., ballet, musical concerts), animals (e.g., dogs, giraffes), travel (e.g., Niagara Falls,
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Paris), and sports (e.g., baseball, gymnastics). Participants will be presented with four of these 5-minute

scenarios during their initial weekly exposure sessions (20 minutes total viewing). The 20-minute total
duration is the median length of time employed in most VR studies with PLwD [see 3, for a review].
This duration was chosen to allow engagement while preventing fatigue. The pairings of scenarios to
condition (VR or the Tablet-only) will be systematically structured. This will ensure that a particular
scenario is only presented once to each participant, and thus, will be novel. The particular themes and
order of videos will be pre-established in separate lists. To control for order effects, there will be four
lists, for Lists 1 and 3 VR will be experienced first, for Lists 2 and 4 Tablet-only will be experienced
first. Each of the four themes (entertainment, animals, travel, and sports) will be introduced in a
different order across lists. Participants will be sequentially randomized to one of these ordered lists as
they are recruited. For example, participant 1 will be in List 1, participant 2 in List 2, etc. In addition,
participants will have access to a library of at least 21 videos per theme to choose from for their every-
other-day experiences (described below).

Study Phases and Procedures

The full study will be approximately 5 weeks long per participant dyad. The intervention phase will be
4-weeks long, with an additional week allocated for pre-screening participants and at-home visits. In
total, there will be 3 at-home visits where the researchers will drop off equipment and provide training
(week 0), switch devices (VR or Tablet-only condition) and provide additional training, if necessary
(week 2), and pick up the equipment (week 5). The rest of the intervention will be conducted fully

remotely through online video-conferencing software, online questionnaires, and journaling. See Figure

2 for a summary of the study procedures and timeline.

Pre-Intervention

After eligibility is confirmed over a pre-screening telephone interview and informed consent is
provided, we will schedule the first equipment drop-off and training session conducted in person.
During this session, we will provide training on how to use the devices and video-record the study
sessions. We will also show participants how to access and complete the questionnaires/surveys
through the application on the supplied laptop. The PLwD and care partner will be asked to view the
picture book together and record their interactions via the video-conferencing software. The picture
book not only serves as our baseline control condition, but it also allows the participants to become
familiarized with the video conferencing tool that they will use during sessions with the researcher. In
addition, the researchers will test the quality of video and audio during this session and determine
whether the backup digital recorder is necessary.

Intervention
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The next four weeks will be the intervention phase where participating dyads will either receive a VR
device (plus mirrored tablet) or only the Tablet device for two weeks (weeks 1 and 2), and then receive
the other device (VR device or Tablet-only) in the following two weeks (weeks 3 and 4). Across the
VR/Tablet conditions, participants will be asked to simply watch the videos and explore the content
through head movements (VR) and touch screen navigation (Tablet) as desired.

Beginning every week, we will audio and video record PLwD-care partner interactions (verbal and
non-verbal language) during the Tablet/VR experience. This weekly exposure session will include 20
minutes of viewing the pre-determined video sequence, followed by a feedback interview conducted by
the researcher regarding their experiences and preferences. Participants will then be asked to use the
system every other day by choosing from a selection of videos made available to them on the app (17
additional videos per theme in addition to the four videos they will watch with the researcher). They
will be asked to continue recording their interactions as they watch these videos on their own (3 times
per week x 20 minutes each). Finally, they will be asked to complete online questionnaires regarding
communication and measures of well-being after each phase of the intervention (VR vs. Tablet-only).

Study-Completion

On the final week of the study (Week 5), we will conduct a formal interview virtually to evaluate the
feasibility and effectiveness of the intervention and then make a final home visit collect the equipment.

Outcome Measures

Table 1 provides an overview of all outcome measures and the phase of the protocol during which they
will be administered.

Baseline Measures

We will first collect measures on demographics, general health, technology use, and cybersickness
susceptibility using questionnaires and semi-structured interviews. Apart from cybersickness (only
asked of PLwD), all these measures will be collected from both the PLwD and their care partner.

Primary Measures: Verbal and Non-Verbal Communication

Our primary outcomes of interest are measures of verbal and non-verbal communication captured
through audio and video recordings as well as self-reported through questionnaires and journal entries.
These data will be collected throughout the intervention and evaluated using standardized scales,
thematic analyses, and coding schemes developed specifically for the study. The following
characteristics of verbal and non-verbal communication will be measured:

Verbal:

- Quality of conversation and dyadic interactions as assessed through questionnaires:
= Measure of Participation in Conversation for Dementia (MPC-D) [30]
= Measure of Support in Conversation for Dementia (MSC-D) [30]
= Custom communication questionnaire
- Language performance measures:
= Utterance length (total duration and mean length of utterance)
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= Conversation initiation (count of how many times PLwD initiated conversation)
*  Fluency (amount and type of disfluency)
= Coherence/Informativity (topic maintenance, off-topic verbosity)
= Affect in language (sentiment analyses)
- Reminiscence/Storytelling (number and the length of episodic memories)

Non-verbal:

- Facial expressions (frequency of smiles/laughter, frowns/grimaces)
- Gestures (e.g., frequency and type of gestures)

Secondary Measures: Well-Being and Quality of Life

Measures of well-being and quality of life (e.g., relationship quality, mood, mental health), will be
assessed through standardized questionnaires (see Table 1). Both PLwD and care partners will
complete these measures pre- and post- each phase of the intervention (bi-weekly following each
Tablet-only and VR condition). In addition, interviews will be conducted to capture any feelings,
observations, or opinions about the VR/Tablet-only experiences, or the study materials/procedures not
otherwise captured by the study tools.

Secondary Measures. Preference and Usability
We will use standardized measures, semi-structured interviews, and information provided in the journal

to assess participants’ opinions of the devices and experiences (e.g., device tolerance/comfort, content
preference, challenges and areas for improvement).
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*Questionnaire can be completed for PLwD by care partners as proxy if necessary.
'VIMSSQ: Visually Induced Motion Sickness Questionnaire [31,32]
MPC-D & MSC-D: Measure of Participation and Support in Conversation for Dementia [30]
3QoL-AD: Quality of Life — Alzheimer’s Disease scale
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Table 1: Summary of all Outcome Measures
Outcome Measure Instrument and Participant Time Point
Categories Measurement Tools | Group . Post-
Pre- Intervention .
Intervention (weekly) [ntervention
(bi-weekly)
Baseline
Demographic & Health | Demographic & PLwD* & X 3
Health Survey Care Partner E
Technology Use & Technology Survey | PLwD* & X g
Comfort Care Partner 4
Cybersickness VIMSSQ-short! PLwD* X 3
Susceptibility g
Primary 5
Dyadic interactions -MPC-D & MSC-D | PLwD & X X g
(e.g., conversation -Communication Care Partner d
quality, participation, Survey g
support, & engagement) 2
Verbal Communication | Qualitative & PLWD & X X é
(e.g., utterance length, Quantitative Care Partner 2
coherence, Analyses of Verbal E:
reminiscence) Behavior a
Non-verbal Qualitative & PLwD X X g
Communication Quantitative g:
(e.g., gestures, facial Analyses of Non- o
expressions) Verbal Behavior ;
Secondary R
Quality of Life QoL-AD PLwD* & X X =
Care Partner 5
Well-Being WHO-5 PLwD* & X X g
Care Partner %_
Caregiver Burden Short Zarit Burden Care Partner X X %
Interview 8
Usability/Preference System Usability PLwD* & X 3
Scale Care Partner 3
Q
3
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Data Monitoring

The data from the study as captured through video recordings, questionnaires, and journal entries will
all be verified and backed up by a research coordinator. In addition to regular reminders, participants
will receive further reminders through emails and/or phone calls for completing any outstanding
questionnaires and on-own sessions. Research assistants completing interviews will flag any major
concerns raised by families during interviews and will inform the principal investigators immediately
so these concerns can be addressed. All transcribers, translators, and coders will be trained by the
research coordinator or principal investigator.

Data Analyses
We will employ a mixed-methodology approach involving both qualitative and quantitative measures.
Qualitative Analyses

The video recording of the teleconference sessions will be transcribed by members of the research
team. Verbal communication will be transcribed verbatim and non-verbal communication will also be
tagged during transcription [33]. Translation services will be utilized for any sessions during which
participants are not communicating in English. The video recordings will specifically be coded for any
evidence of non-verbal behavior that is indicative of communication and engagement (e.g., laughter,
humming, dancing, etc.). Next, two coders will analyze all the transcripts. Thematic analyses will be
conducted, which involve analyzing, examining, and recording patterns (or ‘themes’) within the data
[34]. They will use a combination of deductive and inductive methods to code the data [35]. In terms of
the deductive methods, we will specifically code for instances of episodic memory (as a measure of
reminiscence) and instances of initiating a conversation (as a measure of communication). After the
two coders analyze the transcripts separately, the data will be merged to identify any discrepancies. The
coders will discuss any discrepancies, and ask a third coder to resolve any discrepancies that they
cannot resolve themselves. The coding of both verbal and non-verbal behavior for this study will be
conducted through NVivo software.

Quantitative Analyses

First, we will examine the data collected from the baseline measures and report the descriptive
statistics. The analyses for all our continuous outcome measures, when possible, will account for by-
subject variability in the statistical model using advanced statistical techniques such as linear mixed
effect models, including the experimental condition as a fixed factor (VR, Tablet-only). Follow-up
planned comparisons will also be reported for any observed significant effects. In addition, all the
baseline measures (e.g., sex, gender, type of dementia) will be used as covariates to judge whether
these measures are associated with participants’ performance on the communication and well-being
outcomes.

Ethics and Dissemination
The study has received ethical approval through the University Health Network (# 21-5701). The
outcome of the study will be shared through peer-reviewed journal manuscripts, national and

international conference and public presentations, university and hospital-based newsletters, and media
outlets.
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Discussion

With a significant rise in research revealing the potential usefulness and feasibility of VR for different
aspects of dementia-related interventions, it is expected that VR use may increase in home settings. The
planned intervention provides a new application for VR as a “ticket to talk”, intended to elicit and
enhance conversations and reminiscence, which in turn is expected to improve general well-being in
both PLwD and their care partners. By comparing performance across the different conditions (VR vs.
Tablet-only), and different VR content themes (e.g., travel vs. animals), we can also determine the
preferences of individuals within this population, which is essential for ensuring prolonged benefits of
this intervention. The results of this study will not only inform clinical applications of VR technology
but will also help in the future design and development of VR systems and content for PLwD.
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Figures
Figure 1. Study Conditions and Materials

Note. Consent for photograph release was provided by the participants

Figure 2. Study Procedures and Timeline

Note. VR and Tablet-only conditions are experienced for two weeks each, in a counterbalanced order
across participants.
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ABSTRACT

Introduction: Virtual Reality (VR) technology is increasingly used by researchers and healthcare
professionals as therapeutic interventions to improve the quality of life of persons living with dementia
(PLwD). However, most VR interventions to date have mainly been explored in long-term or
community care settings, with fewer being explored at home. Setting is important given that the
majority of PLwD live at home and are cared for by their family care partners. One of the challenges
affecting PLwD and care partner relationships is barriers in communication, which can lead to social
isolation and poor quality of life for both parties. Thus, the goal of the proposed project is to explore
whether an immersive, multisensory VR intervention can facilitate communication between PLwD and
their care partners and, in turn, enhance personal relationships and improve well-being.

Methods and analysis: Thirty dyads comprised of PLwD and their family/friend care partners will
participate in this at-home intervention. Their interactions will be recorded as they experience a series
of 360-degree videos together (e.g., concert, travel) either using a VR headset (PLwD) with a paired
tablet (care partner) or using only a tablet together. The two conditions will allow us to compare
immersive VR-technology to more common non-immersive tablet-based technology. The study will
begin with at-home training and baseline data collection. The intervention will then take place over a 4-
week period, with the two conditions (VR vs. Tablet-only) experienced two weeks each. A
comprehensive set of measures will be employed to assess the quality and quantity of dyadic
interactions, such as verbal/non-verbal language (e.g., informativity, gestures), and self-reported
measures of well-being and quality of life.

Ethics and dissemination: Ethical approval for the study was granted by the University Health
Network (# 21-5701). Findings will be shared with all stakeholders through peer-reviewed publications
and presentations.

Clinical registration: This study has been registered on clinicaltrials.gov (NCT06568211).
Strengths and Limitations of the Study:

- VRx@Home is an immersive virtual reality intervention for persons living with dementia that
takes place in a personal home setting.

- The study aims to facilitate communication between persons living with dementia and their
family care partners, thus evaluating the effectiveness of the intervention on both parties.

- The study will allow for a direct comparison of immersive VR technology with traditional
tablet-based technology.

- The selected videos will not include any large-scale movements to help reduce simulator
sickness, consequently the level of engagement may be less than other interactive experiences.

- Participants will be from the greater Toronto region and thus findings may not be generalizable
to the broader population.
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VRx@Home Protocol: A Virtual Reality At-Home Intervention for Persons Living with
Dementia and their Care Partners

INTRODUCTION

The number of individuals living with dementia is estimated at 50 million people globally and these
numbers are expected to rise substantially with the increasing aging population [1,2]. Recent years have
seen a significant increase in research exploring the use of head mounted Virtual Reality (VR) systems
for persons living with dementia (PLwD) [see 3 for a review]. Some of this work has focused on
exposing PLwD to immersive experiences in virtual environments (e.g., experiencing nature, travel,
concerts and sporting events) with the goal of eliciting reminiscence and positive affect and improving
overall well-being [3—10]. A unique aspect of this type of VRx-therapy (the use of VR as a therapeutic
intervention) is that it allows PLwD to be transported to alternate realities and to have experiences that
they may no longer be able to have because of the functional limitations that accompany their
symptoms. To date, the evidence suggests that these exposure-based VRx-therapy interventions are
feasible and have potential to decrease behavioral and psychological symptoms of dementia (e.g.,
agitation, depression), and improve PLwD’s mood, well-being, and quality of life [4,6,8,11,12].
However, most of this evidence stems from studies that have taken place in the context of long-term
care or community care settings where a researcher or a trained formal care provider administers the
VRx-therapy. Relatively less is known about the utilization of VRx-therapy for PLwD in an at-home
setting and in a context in which the family/friend care partner administers the intervention. This is an
important context to explore as most PLwD live at home and are cared for by their family members [in
Canada, 61% of PLwD live at home, 13], thus there is great potential for evaluating whether VRx-
therapy can be prescribed as a non-pharmacological solution to address the needs of this population.

Over the past several years, members of our team have evaluated a prototype version of VRx-therapy
in several studies including a multi-site pilot feasibility study across several long-term care facilities
and ambulatory out-patient clinics, involving 70 individuals with varying severities and types of
cognitive and physical impairments [4—6]. Participants experienced 360-degree nature videos while
wearing a head mounted VR system. In general, it was found that the intervention was feasible and
well-tolerated by participants, who also reported feeling more relaxed after their VRx-therapy exposure
sessions. One important, but somewhat unexpected, observation that emerged from this work was that
the VR interventions appeared to increase interpersonal engagement of the users. Specifically, residents
wanted to share their experiences with their formal care partners (e.g., nurses), visiting family
members, and other residents. Other emerging evidence has demonstrated that experiencing realistic
scenes and scenarios through VR is an effective strategy for reminiscence therapy in PLwD, leading to
increased engagement, improved mood, and greater feelings of well-being [7,8,10,14—16]. However,
VR interventions, while momentarily helpful, have also been described as potentially “isolating” in the
sense that, in most cases, PLwD are experiencing them on their own. Indeed, the most meaningful real-
world experiences are typically those that we share with others, especially our friends and families.
Hodge and colleagues [17] recommended that future VR designs focus on "making room for sharing"
and suggest that VR experiences may provide a "ticket to talk" (a tool to elicit conversation and
increase engagement), which could lead to enhanced PLwD-care partner relationships. To our
knowledge, the concept of VR as a “ticket to talk” in this population has not been empirically
evaluated, or carefully measured as an outcome of VRx-therapy based interventions. Therefore, in the
current study, we aim to use VR as a tool to facilitate communication between PLwD and family/friend
care partners at home. This will be achieved by having PLwD and care partners jointly experience the
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content presented within the virtual environment, which will provide them with an opportunity to
converse about their experiences. Specifically, care partners will be given a tablet which will mirror the
viewing perspective of the PLwD’s VR experience in real time. The shared VR intervention proposed
here is expected to be beneficial not only for PLwD but also for care partners, something neither
targeted nor measured in previous studies.

Barriers to communication is a key challenge that care partners face at home, and it negatively impacts
care partners’ relationships with PLwD. Communication barriers have been shown to lead to
loneliness, social isolation, and poor quality of life for both PLwD and care partners [18-21]. There is
some evidence that communication aids designed to elicit conversations (e.g., tools that present
pictures, videos, music), are effective at improving interactions between PLwD and care partners
[22,23]. Most of these interventions, however, have focused on other types of technology-based aids
such as applications for phones and tablets [22,24] and digital memory books containing generic or
personal photographs [25]. One aspect of VR that makes it unique from other display technologies such
as televisions, computers, and handheld mobile devices is the level of immersiveness that is achieved.
Immersion in VR is related to the extent to which our senses are presented with simulated inputs from
the virtual environment [26]. When wearing a VR head mounted display, the user’s visual and auditory
inputs are exclusive to the VR environment and isolated from the real-world inputs, thereby resulting in
VR being more immersive than traditional tablet-based technology. The increased immersiveness in
VR has shown to lead to a greater sense of presence (a feeling of being there), including in PLwD [27].
Recent evidence also suggests that immersive VR leads to increased positive affect, and greater
reminiscence than traditional methods used for reminiscence therapies (e.g., picture book, listening to
music) [28]. Furthermore, one of the key benefits of VR’s immersiveness is that individuals can have
new experiences that feel very real in a controlled and safe environment, such as in one’s own home.

The proposed project explores whether an immersive, multisensory VR intervention focused on
“sharing experiences together” can facilitate communication between PLwD and their care partners
and, in turn, enhance interpersonal relationships and improve quality of life. Further, we will explore
whether the added level of immersiveness provided through multisensory VR is even more effective at
facilitating communication than non-immersive tablet-based technology, which is a more commonly
used tool in communication and reminiscence therapies. Although both tools are capable of providing a
“shared experience”, it is not yet known whether one is more effective than the other in facilitating
communication. VR is not only more immersive but also a novel technology that could be considered
more fun and engaging by participating families. There are, however, other benefits that are unique to
tablet technology such as being more familiar and easier to use. In addition, while using the tablet
together, PLwD and care partners can engage in joint attention and exchange more nonverbal behavior
(gaze, facial expression), which are integral aspects of everyday interaction that could further facilitate
verbal communication.

OBJECTIVES AND PREDICTIONS

The overarching goal of the current study is to design and evaluate a virtual reality at-home
intervention to facilitate communication between PLwD and their care partners, and in turn improve
their interpersonal relationships and quality of life. In particular, we are interested in examining
whether VRx-therapy could help elicit and maintain conversations, increase positive affect, and evoke
reminiscence through the sharing of memories. The project also aims to provide a direct comparison of
an immersive VR system with non-immersive tablet-based technology.
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In addition to collecting self-report measures of communication and well-being, we will introduce a
picture book session to capture baseline measures of communication between PLwD and care partners.
Comparisons between the VR and Tablet-only conditions will be made relative to these baseline
measures. We predict that relative to baseline, both VR and Tablet-only conditions will facilitate
communication, as these technologies provide a greater multisensory experience. Specifically, they
include extra sensory input through audio, as well as have dynamic scenes that allow for multiple
viewing perspectives (similar to real-world experiences). In terms of the VR and Tablet-only
comparison, one possible outcome is that the VR condition, which is more immersive, will be more
likely to evoke reminiscence, elicit positive affect, and increase presence, which in turn could lead to
enhanced verbal (e.g., longer conversations) and non-verbal (e.g., more laughs) communication than
the Tablet-only condition. Another possibility is that the Tablet-only condition will be more likely than
the VR condition to elicit conversations and reminiscence because the PLwD and care partner can
engage more in nonverbal communication (eye-contact, facial expressions). Finally, we anticipate that
an increase in communication and reminiscence will in turn have a positive effect on users’ well-being
and positive perceptions of the experiences with both technologies.

METHODS
Patient and Public Involvement

We will employ a participatory design method by actively engaging PLwD, family care partners, and
community care partners in every stage of our study (from design to implementation to data
interpretation). We have also consulted with members of our multidisciplinary team who have expertise
in hearing, vision, communication, and technology. These members include scientists with expertise in
audiology, optometry, and speech language pathology. These stakeholders have assisted us with the
selection, design, and development of the VR content and assessment techniques. After creating the
content, we collected preliminary ratings of each video’s audio/visual quality, interest, and
discomfort/side effects. Recently, we also completed a pilot study with seven PLwD-care partner dyads
(5 completed the full study, 2 dropped out due to lack of interest or time) to explore the feasibility of
this at-home intervention and to collect feedback on the digital content, study materials and procedures.
We have updated the study materials and procedures based on the feedback we received from both
PLwD and care partners. One of these changes involved simplifying the study to include fewer
interviews and questionnaires, thus reducing the demand on care partners. Other changes were more
specific to increasing the types of content that were considered more engaging (for example, increasing
the number of videos with singing and dancing). The results of the pilot study are described in separate
publications [29].

Participants

Thirty individuals living with dementia and thirty care partners (friend or family members of the
PLwD) will be recruited to participate in the study. Because the goal of this study is to evaluate the
intervention in a home setting, we initially aimed to recruit persons at the stages of dementia who were
more likely to still be living at home with family care partners (i.e., mild to moderate, but not severe).
However, given the interest in our study from persons living with severe dementia in an at-home
setting, we have decided to expand our criteria to include all stages (mild, moderate, severe). We are
encouraged by our previous research in long-term care settings [4,6] where even individuals with

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig sousbhy re gzoz ‘2 aung uo /wod fwg usdolway/:dny wolj pspeojumod 20z 18qwadaq 02 Uo ZyrS80-720z-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open Page 6 of 19

6

severe dementia can benefit from this intervention. Further, even within groups of individuals with
mild, moderate, or severe stages of dementia, inter-individual variability and group heterogeneity is
often high, and staging/diagnoses inconsistent; therefore, we want to be inclusive. Finally, as will be
described below, the design intentionally controls for these potential inter-diagnostic group or inter-
individual differences as best as possible. For example, we will use a within-subject design (with each
person serving as their own control) and will include a set of baseline measures pre-intervention to
compare pre versus post intervention differences within each individual.

As part of the recruitment plan, printed flyers will be posted throughout the community surrounding the
greater Toronto region (e.g., hospitals, local university campuses, community centers, and libraries).
Digital flyers will be disseminated via websites, social media, and through our community partners.
Efforts will be made to recruit equal samples of male and female PLwD and care partners, allowing for
further analyses exploring group level differences and understanding how sex/gender may affect the
intervention outcomes. In addition, given that vision and hearing abilities play an important role in our
intervention and are known to be particularly prevalent in PLwD, we will specifically collect
information on participants’ sensory abilities. This will allow us to explore whether the observed
outcomes are in any way influenced by sensory abilities.

Eligibility Criteria

Given the nature of the study, the participating dyads will be required to have access to high-speed
internet with a reliable WiFi connection. Additional inclusion/exclusion criteria are as follows:

PLwD inclusion criteria:
- report having dementia
- currently living at home

PLwD exclusion criteria:
- recent history of seizure, epilepsy, head trauma, or stroke
- pacemaker
- cervical conditions or injuries
- open face wounds
- alcohol-related dementia/Korsakoff syndrome
- having a Public Guardian and Trustee as substitute decision maker

The above health-related exclusion criteria are specifically selected as safety precautions for
wearing a VR headset.

Care partner inclusion criteria:
- identify as one of the primary care partners for the PLwD
- able to speak and understand English

Care partner exclusion criteria:
- professional/formal care partners for the PLwD

- unable to provide informed consent

Materials and Apparatus

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig sousbhy re gzoz ‘2 aung uo /wod fwg usdolway/:dny wolj pspeojumod 20z 18qwadaq 02 Uo ZyrS80-720z-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

Page 7 of 19 BMJ Open

oNOYTULT D WN =

The study will have one main within-participant experimental manipulation, namely every participant
will experience the presentation of different visual media: VR vs. Tablet-only for intervention and
standard picture book for baseline.

Picture Book

To capture baseline measures of communication between PLwD and care partners, participants will be
presented with a photo album containing high-quality prints representing themes from scenes that will
be viewed on the Tablet/VR.

Tablet

PLwD and care partners will view non-immersive 360-degree videos together using a commercially
available Samsung Tablet. PLwD will be able to move the position and perspective of the virtual
environment using the touch screen (dragging the view around with their finger). All 360-degree videos
(described below) will be uploaded to the tablet and played using the VRx@Home study app,
specifically designed for this at-home intervention. The custom app has a simple interface and is
accessed by participants via a unique login. This login will enable us to control the selection of videos
accessible to participants for each particular week of the intervention, and anonymously track their
usage (i.e., by name of the videos selected and length of time watched; see the study website for a
demonstration of the app).

VR

PLwD will view immersive VR experiences (360-degree videos) using an Oculus Quest 2 VR system
that has built-in headphones. The PLwD will be watching dynamic videos from a static position and
although they will remain in one location within a scene, they will have the ability to look 360-degrees
around and explore through head movements and thus change their perspective in the scene. However,
they will not be able to translate or teleport within the scene or move from a stationary, seated position
in the real world. This method significantly reduces the chance of feeling motion sickness in VR.

The care partner will be seated nearby to ensure the safety of the PLwD and to jointly experience the
virtual content on a paired tablet mirroring the VR display. As such, the care partner will be able to see
the content of VR from the exact same perspective as the PLwD but will not be able to manipulate the
viewing perspective. In addition, the care partner will use the tablet to select the videos and stop the
session if there are any concerns for safety or any signs of distress from the PLwD.

Recording Tools

Video and audio recordings will be captured through a video-conferencing application. We will follow
recommended guidelines to set up a secured conference call (via Zoom) on a supplied laptop. If the
researchers find it difficult to hear the PLwD during the initial Zoom meeting, then a digital audio
recorder will also be provided. In this case, participants will be asked to place the digital recorder
closer to the PLwD as a backup device to capture the conversations. All recordings will use
anonymized participant IDs. PLwD and care partners will be given a journal and asked to record
personal reflections about the sessions to capture any feelings, observations, or opinions about the VR,
the Tablet, or the experience in general not otherwise collected by the study tools.
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Visual and Auditory Stimuli

We created an extensive library of scenarios (360-degree videos with sound) that are each
approximately 5 minutes long (84 videos). These scenarios are broadly categorized into four themes:
Entertainment (e.g., ballet, musical concerts), animals (e.g., dogs, giraffes), travel (e.g., Niagara Falls,
Paris), and sports (e.g., baseball, gymnastics). Participants will be presented with four of these 5-minute
scenarios during their initial weekly exposure sessions (20 minutes total viewing). The 20-minute total
duration is the median length of time employed in most VR studies with PLwD [see 3, for a review].
This duration was chosen to allow engagement while preventing fatigue. The pairings of scenarios to
condition (VR or Tablet-only) will be systematically structured. This will ensure that a particular
scenario is only presented once to each participant, and thus, will be novel. The particular themes and
order of videos will be pre-established in separate lists. To control for order effects, there will be four
lists, for Lists 1 and 3 VR will be experienced first, for Lists 2 and 4 Tablet-only will be experienced
first. Each of the four themes (entertainment, animals, travel, and sports) will be introduced in a
different order across lists. Participants will be sequentially randomized to one of these ordered lists as
they are recruited. For example, participant 1 will be in List 1, participant 2 in List 2, etc. In addition,
participants will have access to a library of at least 21 videos per theme to choose from for their every-
other-day experiences (described below).

Study Phases and Procedures

The full study will be approximately 5 weeks long per participant dyad. The intervention phase will be
4-weeks long, with an additional week allocated for pre-screening participants and at-home visits. In
total, there will be 3 at-home visits where the researchers will drop off equipment and provide training
(week 0), switch devices (VR or Tablet-only condition) and provide additional training, if necessary
(week 2), and pick up the equipment (week 5). The rest of the intervention will be conducted fully
remotely through online video-conferencing software, online questionnaires, and journaling. See Figure
2 for a summary of the study procedures and timeline.

Pre-Intervention

After eligibility is confirmed over a pre-screening telephone interview and informed consent is
provided, we will schedule the first equipment drop-off and training session conducted in person.
During this session, we will provide training on how to use the devices and video-record the study
sessions. We will also show participants how to access and complete the questionnaires/surveys
through the application on the supplied laptop. The PLwD and care partner will be asked to view the
picture book together and record their interactions via the video-conferencing software. The picture
book not only serves as our baseline control condition, but it also allows the participants to become
familiarized with the video conferencing tool that they will use during sessions with the researcher. In
addition, the researchers will test the quality of video and audio during this session and determine
whether the backup digital recorder is necessary.

Intervention
The next four weeks will be the intervention phase where participating dyads will either receive a VR

device (plus mirrored tablet) or only the Tablet device for two weeks (weeks 1 and 2), and then receive
the other device (VR device or Tablet-only) in the following two weeks (weeks 3 and 4). Across the
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VR/Tablet conditions, participants will be asked to simply watch the videos and explore the content
through head movements (VR) and touch screen navigation (Tablet) as desired.

Beginning every week, we will audio and video record PLwD-care partner interactions (verbal and
non-verbal language) during the Tablet/VR experience. This weekly exposure session will include 20
minutes of viewing the pre-determined video sequence, followed by a feedback interview conducted by
the researcher regarding their experiences and preferences. Participants will then be asked to use the
system every other day by choosing from a selection of videos made available to them on the app (17
additional videos per theme in addition to the four videos they will watch with the researcher). They
will be asked to continue recording their interactions as they watch these videos on their own (3 times
per week x 20 minutes each). Finally, they will be asked to complete online questionnaires regarding
communication and measures of well-being after each phase of the intervention (VR vs. Tablet-only).

Study-Completion

On the final week of the study (Week 5), we will conduct a formal interview virtually to evaluate the
feasibility and effectiveness of the intervention and then make a final home visit to collect the
equipment.

Outcome Measures

Table 1 provides an overview of all outcome measures and the phase of the protocol during which they
will be administered.

Baseline Measures

We will first collect measures on demographics, general health, technology use, and cybersickness
susceptibility using questionnaires and semi-structured interviews. Apart from cybersickness (only
asked of PLwD), all these measures will be collected from both the PLwD and their care partner.

Primary Measures: Verbal and Non-Verbal Communication

Our primary outcomes of interest are measures of verbal and non-verbal communication captured
through audio and video recordings as well as self-reported through questionnaires and journal entries.
These data will be collected throughout the intervention and evaluated using standardized scales,
thematic analyses, and coding schemes developed specifically for the study. The following
characteristics of verbal and non-verbal communication will be measured:

Verbal:

- Quality of conversation and dyadic interactions:
o Observational
= Measure of Participation in Conversation for Dementia (MPC-D) [30]
= Measure of Support in Conversation for Dementia (MSC-D) [30]
o Self-report
= Custom communication questionnaire
- Language performance measures:
= Utterance length (total duration and mean length of utterance)
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= Conversation initiation (count of how many times PLwD initiated conversation)
*  Fluency (amount and type of disfluency)
= Coherence/Informativity (topic maintenance, off-topic verbosity)
= Affect in language (sentiment analyses)
- Reminiscence/Storytelling (number and length of episodic memories)

Non-verbal:

- Facial expressions (frequency of smiles/laughter, frowns/grimaces)
- Gestures (e.g., frequency and type of gestures)

Secondary Measures: Well-Being and Quality of Life

Measures of well-being and quality of life (e.g., relationship quality, mood, mental health), will be
assessed through standardized questionnaires (see Table 1). Both PLwD and care partners will
complete these measures pre- and post- each phase of the intervention (bi-weekly following each
Tablet-only and VR condition). Care partners will also complete a caregiver burden questionnaire pre-
and post- each intervention phase. In addition, interviews will be conducted to capture any feelings,
observations, or opinions about the VR/Tablet-only experiences, or the study materials/procedures not
otherwise captured by the study tools.

Secondary Measures: Preference and Usability
We will use standardized measures, semi-structured interviews, and information provided in the journal

to assess participants’ opinions of the devices and experiences (e.g., device tolerance/comfort, content
preference, challenges and areas for improvement).
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Table 1: Summary of all Outcome Measures
Outcome Measure Instrument and | Participant Time Point
Categories Measurement Group . Post-
Pre- Intervention .
Tools . Intervention
Intervention (weekly) .
(bi-weekly)

Baseline
Demographic & Health Demographic & PLwD* & X 3

Health Survey Care Partner E
Technology Use & Technology PLwWD* & X g
Comfort Survey Care Partner 4
Cybersickness VIMSSQ-short! | PLwD* X S
Susceptibility g
Primary 5
Conversation Quality MPC-D & PLwD & X X g
(Observational) MSC-D? Care Partner a
Conversation Quality Communication | PLwD & X X E
(Self-report) Survey Care Partner g
Verbal Communication Qualitative & PLwWD & X X g_
(e.g., utterance length, Quantitative Care Partner g
coherence, reminiscence) | Analyses of g

Verbal Behavior %
Non-verbal Qualitative & PLwD X X 3
Communication Quantitative g
(e.g., gestures, facial Analyses of Non- ;
expressions) Verbal Behavior E
Secondary :
Quality of Life QoL-AD? PLwD* & X X 3

Care Partner §3
Well-Being WHO-5 PLWD* & X X
Care Partner 5

Caregiver Burden Short Zarit Care Partner X X 3

Burden Interview 3
Usability/Preference System Usability | PLwD* & X g

Scale Care Partner 9

*Questionnaire can be completed for PLwD by care partners as proxy if necessary.
I'VIMSSQ: Visually Induced Motion Sickness Questionnaire [31,32]
MPC-D & MSC-D: Measure of Participation and Support in Conversation for Dementia [30]
3QoL-AD: Quality of Life — Alzheimer’s Disease scale
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Data Monitoring

The data from the study as captured through video recordings, questionnaires, and journal entries will
all be verified and backed up by a research coordinator. In addition to regular reminders, participants
will receive further reminders through emails and/or phone calls for completing any outstanding
questionnaires and on-own sessions. Research assistants completing interviews will flag any major
concerns raised by families during interviews and will inform the principal investigators immediately
so these concerns can be addressed. All transcribers, translators, and coders will be trained by the
research coordinator or principal investigator.

Data Analyses
We will employ a mixed-methodology approach involving both qualitative and quantitative measures.
Qualitative Analyses

The video recording of the teleconference sessions will be transcribed by members of the research
team. Verbal communication will be transcribed verbatim and non-verbal communication will also be
tagged during transcription [33]. Translation services will be utilized for any sessions during which
participants are not communicating in English. The video recordings will specifically be coded for any
evidence of non-verbal behavior that is indicative of communication and engagement (e.g., laughter,
humming, dancing, etc.). Next, two coders will analyze all the transcripts. Thematic analyses will be
conducted, which involve analyzing, examining, and recording patterns (or ‘themes’) within the data
[34]. They will use a combination of deductive and inductive methods to code the data [35]. In terms of
the deductive methods, we will specifically code for instances of episodic memory (as a measure of
reminiscence) and instances of initiating a conversation (as a measure of communication). After the
two coders analyze the transcripts separately, the data will be merged to identify any discrepancies. The
coders will discuss any discrepancies and ask a third coder to resolve any discrepancies that they
cannot resolve themselves. The coding of both verbal and non-verbal behavior for this study will be
conducted through NVivo software.

Quantitative Analyses

First, we will examine the data collected from the baseline measures and report the descriptive
statistics. The analyses for all our continuous outcome measures, when possible, will account for by-
subject variability in the statistical model using advanced statistical techniques such as linear mixed
effect models, including the experimental condition as a fixed factor (VR, Tablet-only). Follow-up
planned comparisons will also be reported for any observed significant effects. In addition, all the
baseline measures (e.g., sex, gender, type of dementia) will be used as covariates to judge whether
these measures are associated with participants’ performance on the communication and well-being
outcomes.

Ethics and Dissemination
The study has received ethical approval through the University Health Network (# 21-5701). The
outcome of the study will be shared through peer-reviewed journal manuscripts, national and

international conferences and public presentations, university and hospital-based newsletters, and
media outlets.
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Discussion

With a significant rise in research revealing the potential usefulness and feasibility of VR for different
aspects of dementia-related interventions, it is expected that VR use may increase in home settings. The
planned intervention provides a new application for VR as a “ticket to talk”, intended to elicit and
enhance conversations and reminiscence, which in turn is expected to improve general well-being in
both PLwD and their care partners. By comparing performance across the different conditions (VR vs.
Tablet-only), and different VR content themes (e.g., travel vs. animals), we can also determine the
preferences of individuals within this population, which is essential for ensuring prolonged benefits of
this intervention. The results of this study will not only inform clinical applications of VR technology
but will also help in the future design and development of VR systems and content for PLwD.
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Figures

Figure 1. Study Conditions and Materials
Note. Consent for photograph release was provided by the participants.

Figure 2. Study Procedures and Timeline

Note. VR and Tablet-only conditions are experienced for two weeks each, in a counterbalanced order
across participants.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 19

14

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig sousbhy re gzoz ‘2 aung uo /wod fwg usdolway/:dny wolj pspeojumod 20z 18qwadaq 02 Uo ZyrS80-720z-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

Page 15 of 19

oNOYTULT D WN =

41 10

50 12

54 13

BMJ Open

15

References

Government of Canada. Dementia. 2019. https://www.canada.ca/en/public-
health/services/diseases/dementia.html

World Health Organization. WHO global plan on dementia. 2019. https://www.alz.co.uk/dementia-
plans/global-plan

Appel L, Ali S, Narag T, et al. Virtual reality to promote wellbeing in persons with dementia: A
scoping review. J Rehabil Assist Technol Eng. 2021;8:205566832110539. doi:
10.1177/20556683211053952

Appel L, Appel E, Bogler O, et al. Older adults with cognitive and/or physical impairments can
benefit from immersive virtual reality experiences: A feasibility study. Front Med. 2020;6:329. doi:
10.3389/FMED.2019.00329/BIBTEX

Appel L, Appel E, Kisonas E, ef al. Virtual reality for veteran relaxation: Can VR therapy help
veterans living with Dementia who exhibit responsive behaviors? Front Virtual Real. 2022;0:170.
doi: 10.3389/FRVIR.2021.724020

Appel L, Appel E, Kisonas E, ef al. Evaluating the impact of virtual reality on the behavioral and
psychological symptoms of dementia and quality of life of inpatients with dementia in acute care:
randomized controlled trial (VRCT). J Med Internet Res. 2024;26:e51758. doi: 10.2196/51758

Brimelow RE, Dawe B, Dissanayaka N. Preliminary research: Virtual reality in residential aged
care to reduce apathy and improve mood. Cyberpsychology Behav Soc Netw. 2020;23:165-70. doi:
10.1089/cyber.2019.0286

Coelho, Marques, Moreira, ef al. Promoting reminiscences with virtual reality: Feasibility study
with people with dementia. Proceedings. 2019;21:11. doi: 10.3390/proceedings2019021011

Gamito P, Oliveira J, Alves C, et al. Virtual reality-based cognitive stimulation to improve
cognitive functioning in community elderly: A controlled study. Cyberpsychology Behav Soc Netw.
2020;23:150-6. doi: 10.1089/cyber.2019.0271

Huang LC, Yang YH. The Long-term Effects of Immersive Virtual Reality Reminiscence in People
With Dementia: Longitudinal Observational Study. JMIR Serious Games 2022103e36720
Httpsgamesjmirorg20223e36720. 2022;10:¢36720. doi: 10.2196/36720

Kim JH, Park S, Lim H. Developing a virtual reality for people with dementia in nursing homes
based on their psychological needs: a feasibility study. BMC Geriatr. 2021;21:1-10. doi:
10.1186/S12877-021-02125-W/TABLES/3

Manera V, Chapoulie E, Bourgeois J, et al. A feasibility study with image-based rendered virtual
reality in patients with mild cognitive impairment and dementia. PLoS ONE. 2016;11:1-14. doi:
10.1371/journal.pone.0151487

Canadian Institute for Health Information. Dementia in home and community care. 2016.

https://www.cihi.ca/en/dementia-in-canada/dementia-across-the-health-system/dementia-in-home-
and-community-care

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig sousbhy re gzoz ‘2 aung uo /wod fwg usdolway/:dny wolj pspeojumod 20z 18qwadaq 02 Uo ZyrS80-720z-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

14

15

16

17

18

19

20

21

22

23

24

25

26

27

BMJ Open Page 16 of 19

16

Baker S, Waycott J, Robertson E, et al. Evaluating the use of interactive virtual reality technology
with older adults living in residential aged care. Inf Process Manag. 2020;57:102105. doi:
10.1016/5.ipm.2019.102105

Hinderaker M, Sylcott B, Williams K, et al. Aging Affects the Ability to Process the Optic Flow
Stimulations: A Functional Near-Infrared Spectrometry Study. J Mot Behav. 2020;52:466—73. doi:
10.1080/00222895.2019.1645639

Saredakis D, Keage HA, Corlis M, et al. Using virtual reality to improve apathy in residential aged
care: Mixed methods study. J Med Internet Res. 2020;22:¢17632. doi: 10.2196/17632

Hodge J, Balaam M, Hastings S, et al. Exploring the design of tailored virtual reality experiences
for people with dementia. Conference on Human Factors in Computing Systems - Proceedings.
2018:1-13.

Savundranayagam MY, Hummert ML, Montgomery RJV. Investigating the effects of

communication problems on caregiver burden. J Gerontol - Ser B Psychol Sci Soc Sci. 2005;60:48—

55. doi: 10.1093/geronb/60.1.548

Savundranayagam MY, Kamalraj P. Person-centered communication among formal caregivers of
persons with dementia. Elsevier Inc. 2020.

Smith ER, Broughton M, Baker R, ef a/. Memory and communication support in dementia:
Research-based strategies for caregivers. Int Psychogeriatr. 2011;23:256—63. doi:
10.1017/S1041610210001845

Vasileiou K, Barnett J, Barreto M, et al. Experiences of loneliness associated with being an
informal caregiver: A qualitative investigation. Front Psychol. 2017;8:1-11. doi:
10.3389/fpsyg.2017.00585

Astell AJ, Smith SK, Potter S, ef al. Computer interactive reminiscence and conversation aid
groups—delivering cognitive stimulation with technology. Alzheimers Dement Transl Res Clin
Interv. 2018;4:481-7. doi: 10.1016/j.trci.2018.08.003

May AA, Dada S, Murray J. Review of AAC interventions in persons with dementia. Int J Lang
Commun Disord. 2019;54:857—-74. doi: 10.1111/1460-6984.12491

Hamel AV, Sims TL, Klassen D, ef al. A Mixed-Methods feasibility study of a mobile aid to
stimulate reminiscence in individuals with memory loss. Physiol Behav. 2017;176:139-48. doi:
10.1016/j.physbeh.2017.03.040

Egan M, Bérubé D, Racine G, et al. Methods to enhance verbal communication between
individuals with Alzheimer’s disease and their formal and informal caregivers: A systematic
review. Int J Alzheimers Dis. 2010;2010. doi: 10.4061/2010/906818

Biocca F, Delaney B. Immersive virtual reality technology. Hillsdale, NJ, US: Lawrence Erlbaum
Associates, Inc 1995.

Strong J. Immersive virtual reality and persons with dementia: A literature review. J Gerontol Soc
Work. 2020;63:209-26. doi: 10.1080/01634372.2020.1733726

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig sousbhy re gzoz ‘2 aung uo /wod fwg usdolway/:dny wolj pspeojumod 20z 18qwadaq 02 Uo ZyrS80-720z-uadolwag/9eTT 0T Se paysiignd isiiy :uado (NG


http://bmjopen.bmj.com/

Page 17 of 19

oNOYTULT D WN =

28

29

30

31

32

33

34

35

BMJ Open

17

Abd El Fatah K, Abdelwahab Khedr M, Alshammari M, ef al. Effect of Immersive Virtual Reality
Reminiscence versus Traditional Reminiscence Therapy on Cognitive Function and Psychological
Well-being among Older Adults in Assisted Living Facilities: A randomized controlled trial.
Geriatr Nur (Lond). 2024;55:191-203. doi: 10.1016/j.gerinurse.2023.11.010

Appel L, Saryazdi R, Lewis S, ef al. VRx@Home pilot: Can virtual reality therapy impact quality
of life for people with dementia living at home? Proceedings of the Institute of Electrical and
Electronics Engineering (IEEE) on Systems, Man, and Cybernetics. 2023.

Mok Z, Steel G, Russell C, ef al. Measuring the interactions of people with dementia and their
conversation partners: a preliminary adaption of the Kagan measures of support and participation in
conversation. Aging Ment Health. 2021;25:13-21. doi: 10.1080/13607863.2019.1671314

Golding JF, Rafiq A, Keshavarz B. Predicting individual susceptibility to visually induced motion
sickness by questionnaire. Front Virtual Real. 2021;0:3. doi: 10.3389/FRVIR.2021.576871

Keshavarz B, Saryazdi R, Campos JL, ef al. Introducing the VIMSSQ: Measuring susceptibility to
visually induced motion sickness: https://doi.org/101177/1071181319631216.2019;63:2267-71.
doi: 10.1177/1071181319631216

Halcomb EJ, Davidson PM. Is verbatim transcription of interview data always necessary? App!
Nurs Res. 2006;19:38-42. doi: 10.1016/j.apnr.2005.06.001

Daly JM, Kellehear A, Gliksman M. The Public Health Researcher A Methodological Approach.
Melbourne Oxford University Press. - References 1997.

Roberts K, Dowell A, Nie JB. Attempting rigour and replicability in thematic analysis of
qualitative research data; A case study of codebook development. BMC Med Res Methodol.
2019;19:1-8. doi: 10.1186/S12874-019-0707-Y/TABLES/3

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| 8p anbiydeiBoiqig 8ausby 1e Gzoz ‘2 sunr uo jwod fwg uadolwa//:dny woly papeojumoq 20z 18quadad 0z Uo ZyyS80-rz0z-uadolwag/9eTT 0T Se paysiignd sy :uadQ CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Picture Book Tablet VR

Figure 1. Study Conditions and Materials

Note. Consent for photograph release was provided by the participants
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