Human-Computer . .
Interaction - International Journal of Human-Computer Interaction

ISSN: (Print) (Online) Journal homepage: www.tandfonline.com/journals/hihc20

Taylor & Francis
Taylor & Francis Group

A Multi-User Virtual Reality Social Connecting Space for
People Living with Dementia and Their Support Persons:
A Participatory Action Research Study

Aisling Flynn, Wei Qi Koh, Geardid Reilly, Attracta Brennan, Sam Redfern,
Marguerite Barry & Dympna Casey

To cite this article: Aisling Flynn, Wei Qi Koh, Gearéid Reilly, Attracta Brennan, Sam Redfern,
Marguerite Barry & Dympna Casey (2025) A Multi-User Virtual Reality Social Connecting
Space for People Living with Dementia and Their Support Persons: A Participatory Action
Research Study, International Journal of Human-Computer Interaction, 41:7, 4211-4229, DOI:
10.1080/10447318.2024.2348838

To link to this article: https://doi.org/10.1080/10447318.2024.2348838

A
© 2024 The Author(s). Published with h View supplementary material (&
license by Taylor & Francis Group, LLC.
ﬁ Published online: 29 May 2024. Submit your article to this journal &'
) . A
il Article views: 1629 h View related articles &
@ View Crossmark data &' @ Citing articles: 2 View citing articles (5

CrossMark

Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journallnformation?journalCode=hihc20


https://www.tandfonline.com/journals/hihc20?src=pdf
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/10447318.2024.2348838
https://doi.org/10.1080/10447318.2024.2348838
https://www.tandfonline.com/doi/suppl/10.1080/10447318.2024.2348838
https://www.tandfonline.com/doi/suppl/10.1080/10447318.2024.2348838
https://www.tandfonline.com/action/authorSubmission?journalCode=hihc20&show=instructions&src=pdf
https://www.tandfonline.com/action/authorSubmission?journalCode=hihc20&show=instructions&src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/10447318.2024.2348838?src=pdf
https://www.tandfonline.com/doi/mlt/10.1080/10447318.2024.2348838?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1080/10447318.2024.2348838&domain=pdf&date_stamp=29%20May%202024
http://crossmark.crossref.org/dialog/?doi=10.1080/10447318.2024.2348838&domain=pdf&date_stamp=29%20May%202024
https://www.tandfonline.com/doi/citedby/10.1080/10447318.2024.2348838?src=pdf
https://www.tandfonline.com/doi/citedby/10.1080/10447318.2024.2348838?src=pdf
https://www.tandfonline.com/action/journalInformation?journalCode=hihc20

INTERNATIONAL JOURNAL OF HUMAN-COMPUTER INTERACTION
2025, VOL. 41, NO. 7, 4211-4229
https://doi.org/10.1080/10447318.2024.2348838

Taylor & Francis
Taylor &Francis Group

8 OPEN ACCESS ‘ ) Checkforupdates‘

A Multi-User Virtual Reality Social Connecting Space for People Living with
Dementia and Their Support Persons: A Participatory Action Research Study

, Wei Qi Koh® @, Gearéid Reilly®
, and Dympna Casey®

Aisling Flynn®
Marguerite Barry®

, Attracta Brennan®

, Sam Redfern® @),

35chool of Nursing and Midwifery, University of Galway, Galway, Ireland; PDepartment of Rehabilitation and Sports Sciences, Bournemouth
University, Bournemouth, UK; School of Health and Rehabilitation Sciences, The University of Queensland, Brisbane, Australia; “School of
Computer Science, University of Galway, Galway, Ireland; ®School of Information and Communication Studies, ADAPT Centre, University

College Dublin, Dublin, Ireland

ABSTRACT

Digital technologies such as virtual reality (VR) are increasingly designed and implemented to sup-
port people living with dementia who are at risk of loneliness and/or social isolation. Multi-user
VR (MUVR), which involves simultaneous user engagement and a sense of being present together
in VR, may promote and maintain social connectedness between people living with dementia and
their support persons. This paper focuses on Phase 4 of a larger participatory action research
(PAR) project, which aimed to explore the usability, acceptability and feasibility of a MUVR applica-
tion and its potential to support the social connectedness of people living with dementia and
their support persons. The study involved five people living with dementia and their five support
persons, who trialed the application in their homes over two PAR cycles. The researcher gathered
feedback through individual semi-structured interviews and observational field notes. Reflexive
thematic analysis guided qualitative data analysis, and the findings suggested that MUVR is a
usable, acceptable, and feasible application for this population. The findings also indicated that
MUVR shows promise in promoting or maintaining social connectedness among people living
with dementia and their support persons. Nonetheless, further refinement is necessary to enhance
the usability, acceptability and feasibility of the MUVR application, and these areas of refinement
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are presented in this paper, through design recommendations for future work.

1. Introduction and background

It is estimated that 55 million people worldwide are affected
by dementia, with this figure expected to rise to 152 million
by 2050 (Patterson, 2018). Dementia is a progressive syn-
drome characterized by a deterioration in memory, thinking,
behaviors and the ability to perform activities of daily living
(World Health Organisation, 2012). One area often impacted
by dementia is social health (Droes et al, 2017). Social
health, as defined by Huber et al. (2011), involves a person’s
“capacity to fulfill their potential and obligations, the ability
to manage their life with some degree of independence des-
pite a medical condition, and the ability to participate in
social activities” (p. 236). Indeed, many researchers acknow-
ledge the important role social health has in enabling indi-
viduals to live well with dementia (de Vugt & Droes, 2017;
Droes et al., 2017; Vernooij-Dassen & Jeon, 2016; Vernooij-
Dassen et al., 2018). Social connectedness, a key component
of social health and wellbeing, refers to a short-term or
momentary experience of relatedness or belonging between

people (Van Bel et al., 2009). Van Bel et al. (2009) proposed
that social connectedness consists of several dimensions:
closeness, relationship saliency, knowing each other’s experi-
ences, contact quality and shared understanding.

Social connectedness may guard against cognitive decline
and dementia and is also considered an essential component
of healthy aging (Cooper et al.,, 2021; Di Marco et al., 2014;
Pandey et al., 2021; Rutledge, 2011; Waycott et al., 2019).
People living with dementia frequently experience difficulties
communicating, often resulting in their withdrawal from
previous social activities and networks, particularly as their
condition progresses (Rausch et al, 2017; Van Orden &
Heffner, 2022). This can lead to reduced self-efficacy and
confidence, all of which can negatively impact social health
and the ability of people living with dementia to stay socially
connected (Alzheimer’s Society UK, 2013; Birt et al., 2020;
Droes et al., 2006; Vernooij-Dassen & Jeon, 2016; Yu et al,
2016). The progression of dementia can also negatively
impact the social connections and relationships of people
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living with dementia resulting in fewer opportunities for
social connectedness with their support persons (Hoel et al.,
2022; Rausch et al,, 2017; Van Orden & Heffner, 2022).

As of yet, there is no cure for dementia. Therefore, sup-
porting people living with dementia to stay socially con-
nected is vital to ensure they can “live well” with the
condition (de Vugt & Droes, 2017; Quinn et al, 2022;
Vernooij-Dassen & Jeon, 2016). The importance of social
connectedness for people living with dementia was further
heightened because of the need for physical distancing dur-
ing the COVID-19 pandemic, leading to an increased drive
to identify ways of supporting social connections and,
thereby, the social health of people living with dementia (de
Vugt & Droes, 2017; Hanna et al.,, 2021; Quinn et al,, 2022;
Tuijt et al., 2021; Vernooij-Dassen & Jeon, 2016).

Researchers in the human-computer interaction (HCI)
community are increasingly exploring the role of digital
technology in improving the social health of people living
with dementia (Barbosa et al., 2024; Heins et al., 2021; Hoel
et al., 2022; Hung et al.,, 2021; Pinto-Bruno et al,, 2017). A
recent HCI focus is on the development of technologies
designed specifically to reduce loneliness and social isolation
and support social connectedness. Such examples include
telepresence robots (Moyle et al, 2017) and touch-screen
tablets (Astell et al., 2010) to facilitate connections between
people living with dementia and support persons, as well as
virtual memory cafés to help maintain connections with
peers (Masoud et al., 2021). These digital technologies have
yielded positive outcomes for people living with dementia
and demonstrate the potential role of innovative technolo-
gies to support social connectedness.

Another emerging digital technology is virtual reality
(VR) (Flynn et al, 2022a). VR is considered “a computer-
generated digital environment that can be experienced and
interacted with as if that environment were real” (Jerald,
2015, p. 9). VR ranges from non-immersive, semi-immersive
to fully immersive systems (Henderson et al, 2007;
Martirosov et al., 2022). Fully immersive VR (the focus of
this current paper) presents an artificial world and fully
occludes the physical environment (Jerald, 2015; Martirosov
et al, 2022). This is typically presented through a head-
mounted display (HMD), accompanied by hand-held con-
trollers, which enable users to interact and manipulate the
virtual environment (VE) (Bryant et al., 2022; Martirosov
et al., 2022; Orr et al.,, 2021). A unique feature of VR is its
ability to facilitate people living with dementia to access vir-
tual environments (VEs) that may no longer be accessible to
them due to physical, cognitive, and/or environmental chal-
lenges (Hodge et al, 2018; Siriaraya & Ang, 2014).
Additionally, VR «can support single or multi-user
experiences.

Single-user VR has been considered a useful, cost-effect-
ive, flexible and convenient means of delivering person-cen-
tered care for people living with dementia or those with
mild cognitive impairment (MCI) (Kim et al, 2019).
Similarly, VR (non-immersive to fully immersive) was
described as an acceptable and usable technology that pro-
vides a positive user experience for people living with

dementia (Flynn et al., 2022a). However, despite the positive
associations of VR use in dementia contexts, the methodo-
logical quality of some VR research remains relatively low
(Flynn et al.,, 2022a; Kim et al.,, 2019). Furthermore, most of
the focus of VR use in dementia research has been on sin-
gle-user experiences to address areas such as cognitive train-
ing and assessment, reminiscence or physical activity rather
than multi-user experiences to support social outcomes
(Afifi et al., 2021, 2023; Appel et al, 2021; Flynn et al,
2022a).

Multi-user VR (MUVR) or social VR enables two or
more people to be simultaneously present in the same
multi-user virtual environment (MUVE), whereby multiple
users can engage and socialize with one another
(Zamanifard & Freeman, 2023). A key feature of MUVR is
avatar-mediated communication. Avatars are considered a
digital representation of users, enabling them to co-exist,
interact together in MUVR and experience an individual
and shared sense of presence (Biocca et al., 2003; Kyrlitsias
& Michael-Grigoriou, 2022; Nowak & Fox, 2018). This sense
of social presence is important in MUVR to support social
health (Baker et al, 2021) and may be a key component to
support social connectedness. There are only a few research
examples of MUVR focused on socially connecting older
adults with their peers, family and grandchildren (Baker
et al., 2021; Hung et al.,, 2023; Oppert et al., 2023; Sancho-
Esper et al, 2022; Wei et al, 2023; Xu et al., 2023) and
fewer still focusing specifically on people living with demen-
tia (Afifi et al., 2021, 2023). Studies involving older adults
(without dementia) have identified the value of MUVR in
enriching interactions, communication and personal rela-
tionships between users (Baker et al., 2021; Sancho-Esper
et al., 2022; Wei et al., 2023; Xu et al., 2023). Such studies
showed that relatable and meaningful content in MUVR
served as a conversation engager between users, presenting
something novel that could be discussed together (Baker
et al., 2021; Sancho-Esper et al., 2022; Wei et al., 2023; Xu
et al., 2023). Excluding these studies, there remains a paucity
of research investigating fully immersive MUVR use in ger-
ontology and dementia contexts (Afifi et al., 2021; Brimelow
et al.,, 2022; Munoz et al., 2022; Sun et al., 2020). To date
Afifi et al. (2021, 2023) represent one of few studies specific-
ally focused on the social aspects of fully immersive MUVR
use between people living with dementia with their family
members.

Afifi et al. (2021) explored the feasibility of a MUVR
application to connect older adults living with MCI and
dementia with their family members who live at a distance.
Their findings suggested that the MUVR application was
feasible and acceptable for older adults living with MCI or
dementia residing in a senior living community. Afifi et al.
(2023) provided further insights into their 2021 study, inves-
tigating the impact of the same MUVR application on the
social relationships between the same group. This paper
reported that older adults perceived that the MUVR
enriched their relationships with family members. However,
family members did not perceive a change in relationship
quality after they used the MUVR application with people



living with dementia, which may, as acknowledged by the
authors, be attributed to the already pre-existing high-quality
relationships reported at baseline. Afifi et al. (2021, 2023)
highlighted the promise of MUVR to enhance the social
health of people living with dementia, MCI and their family
members and emphasized the paucity of work in this area,
calling for future research.

To address this knowledge gap, this study used participa-
tory action research (PAR) to design, develop and explore
the use of a MUVR application to promote or maintain the
social connectedness of people living with dementia and
their support person. The design and development of the
MUVR application evolved over three previous PAR phases
reported in separate publications (Flynn et al., 2022a, 2022b,
2024). This paper presents Phase 4, which explores the
usability, acceptability and feasibility of the MUVR applica-
tion and its potential to promote and maintain the social
connectedness of people living with dementia and their sup-
port persons.

Within the context of this work, usability refers to the
ease with which people living with dementia can interact
and navigate within the MUVE as intended (Mahmoudi Asl
et al, 2022; World Health Organisation, 2012; Yun et al,
2020). Acceptability relates to how people living with demen-
tia and their support persons perceive the MUVR applica-
tion and its ability to meet their needs (Ayala & Elder,
2011). Finally, feasibility relates to how the MUVR applica-
tion can be successfully implemented and used in the home
environment by people living with dementia and their sup-
port persons (Karsh, 2004). The potential to support social
connectedness was considered in the context of exploring
individual and social presence, observing people living with
dementia and their support person’s engagement with the
MUVR application during use. This work was also guided
by the dimensions of social connectedness described in pre-
vious research (Van Bel et al., 2009; Visser et al., 2011).

2. Materials and methods
2.1. Study design

PAR was the chosen methodology to guide the larger PAR
study and this Phase 4. As outlined in the literature, the
active participation of people living with dementia and their
support persons can support the safe and ethical design of
VR applications (Flynn et al., 2022a; Munoz et al.,, 2022).
PAR provides one means of facilitating such active partici-
pation and has been successfully applied in various dementia
studies (Dupuis et al., 2021; Goeman et al., 2016; Smith &
Phillipson, 2021). A qualitative PAR design was therefore
used to guide this work. Some key intents of PAR include
participation, empowerment, reflexivity, mutual respect, col-
laborative action, learning and knowledge mobilization, and
practicality (ICPHR, 2013; Kelly, 2005 Kemmis &
McTaggart, 2014; MacDonald, 2012). PAR advocates a
research approach that values the bottom-up input of key
stakeholders, drawing on their personal experiences rather
than relying solely on pre-existing theories (Munoz et al,,
2022; Trott et al., 2020). Focusing on the lived experiences
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of people living with dementia and their support persons
ensures their design preferences are considered from the
outset of the research and throughout the design process
(Karaosmanoglu et al, 2021; Zheng et al., 2023). This
bottom-up approach is achieved through several cycles of
planning, acting and observing, and reflecting, where the
outcome of each PAR cycle builds on the previous cycle
(Hayes, 2012; Kelly, 2005, Kemmis & McTaggart, 2014;
MacDonald, 2012). The number of PAR cycles or phases is
not predetermined but co-constructed with co-researchers as
the research progresses (Baum et al, 2006; Kemmis &
McTaggart, 2014; Trott et al., 2020). At the outset of this
study a Public and Patient Involvement (PPI) advisory
group, consisting of two people living with dementia and
their support person were consulted in relation to the pro-
posed PAR phases, the ethics application and assisted with
recruitment efforts for the main PAR group. This PAR
group (consisting of people living with dementia and their
support persons) participated in each phase of the entire
PAR study which consisted of four phases (see
Appendix A).

Phase 1 explored people living with dementia and their
support persons’ experiences of using a VR technology
probe in their homes (Flynn et al., 2022b). The technology
probe familiarized users with single-user VR and its funda-
mental interactions and provided them with the knowledge
of VR to contribute to the succeeding PAR design phases
(Flynn et al., 2022b). Phase 2 delved into the lived experi-
ence of social connectedness, its barriers and facilitators and
the perceived usefulness of a MUVR application to support
social connectedness (Flynn et al.,, 2024). In Phase 3, online
workshops were completed to elicit design preferences to
inform the MUVR application development and determine
how it could promote or maintain social connectedness.
Following the data analysis in Phase 3, a list of design pref-
erences to inform the MUVR application to support social
connectedness was generated. These included activity prefer-
ences, communication preferences, multisensory content,
and avatar design preferences. The MUVR application was
then developed by a Games Developer using the Unity 3D
game engine (version 2020.3.18). In Phase 4 the aim was to
explore the usability, acceptability and feasibility of the
MUVR application and its potential to promote or maintain
social connectedness. The findings of this phase are the
focus of this paper and will be presented below.

2.2. The design, development and introduction of the
MUVR application

The commercially available Meta (formally Oculus) Quest 2
HMD and hand-held controllers were chosen for this
research due to their lighter weight and higher resolution
compared to other commercially available HMDs (Datta
et al,, 2022). Each user had the opportunity to select their
avatar, which could be observed from a first-person perspec-
tive (i.e., as one would in the real world, looking down at
their hands and feet) (see Appendix B). When viewing each
other in the MUVE, users could see entire bodies (Kyrlitsias
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& Michael-Grigoriou, 2022). Through their avatars, users
could verbally talk to, wave, and move toward one another
in real time in the MUVE.

To gradually introduce users to the MUVR application, a
three-step process was adopted (Flynn et al., 2022a, 2022b).
Firstly, people living with dementia and their support per-
sons were exposed to a single-user virtual environment
(derived from Phase 1) (Figure 1). The single-user virtual
environment was a means of familiarizing and introducing
users to the VE, giving them time to get acquainted with
the controllers (e.g., grasping and picking up items and
moving in the environment). Secondly, the users were intro-
duced to a MUVE with a forested area and a pathway
(Figure 2). Thirdly, the users were introduced to a town
square hosting five shared activities (derived from Phase 3),
including 360-degree travel videos, gardening, a cinema,
funfair games, and a dance hall (Figure 3). A description of
each activity is presented in Appendix C.

2.3. The role of the researcher and support persons

The lead researcher, AF (an Occupational Therapist),
applied her technical knowledge of the MUVR application
and observations captured during its use, to tailor the level
of assistance and support needed by people living with
dementia and their support persons while using the MUVR
application. Having worked with the same group over three
PAR phases and four action cycles, the lead researcher had
developed a good rapport with and an understanding of the
functioning of each person living with dementia, for
example, their previous VR use preferences and areas of dif-
ficulty. The lead researcher also used an iPad to view people
living with dementia and their support person’s interactions
in MUVR and provide safe and appropriate assistance.
People living with dementia and their support persons were
given the option to sit (ideally on a swivel chair) or stand (if
deemed safe and appropriate by the researcher) while using

- |
LOOk at Your .
-

-4

Ieflection

Figure 1. The single-user VR familiarization environment.

MUVR. A boundary area was set up in the physical space
(generally the living room or kitchen), which required a 2m
x 2m physical space per user. Additionally, the lead
researcher set up the HMD and controllers, connected them
to the internet and loaded the MUVR application before
each MUVR session.

During the MUVR experiences, person-centred and tail-
ored support took the form of verbal instructions and phys-
ical assistance based on the user’s individual abilities,
preferences and home environment. This included providing
step-by-step instructions, verbal cueing to orientate their fin-
gers to the controller buttons and adapting the environmen-
tal set-up for accessibility (e.g., repositioning their body in
the chair). The support persons also brought a nuanced
understanding of their family member living with dementia,
to encourage engagement and gauge their assistance during
MUVR use. As both people living with dementia and their
support persons explored the MUVR application together,
the support persons guided the person living with dementia
in the MUVE and/or instructed them on which controller
buttons to use. Support persons also engaged the person liv-
ing with dementia in conversation, harnessing their abilities,
life story, interests and familiarity with technology to
increase communication and engagement. Appendices D
and E present further details on the MUVR setup and safety
procedures.

2.4. Recruitment

Ethical approval for the PAR study and the different phases
were obtained from the University of Galway Research
Ethics Committee (reference number 2022.08.004). The
recruitment process for the larger PAR study as reported in
previous publications (Flynn et al., 2024), involved recruiting
a purposive sample of people living with dementia and their
nominated support persons through online means such as a
dementia research database and online memory cafés. All
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Figure 2. The MUVR forested area.

Figure 3. The MUVR social town square with shared activities.

people living with dementia and their support persons were
recruited during Phase 1 of this larger PAR study, with the
same group involved across the various phases and cycles.
Inclusion criteria for people living with dementia include
those with a self-reported diagnosis of dementia, were over
the age of 59years, resided at home and had a nominated
support person who also consented to participate in the
research. Supports persons had to be over 18years of age.
The Alzheimer Society of Ireland (2018) capacity assessment
guidelines was used by the lead researcher to establish cap-
acity and guide the consent process. Both written and verbal

consent was obtained from people living with dementia and
their support persons at the start of Phase 4 and process
consent was observed throughout.

2.5. Methods of data collection- Phase 4

The MUVR application was tested over two sessions (A and
B) and two PAR cycles. Both sessions were conducted in the
homes of people living with dementia and facilitated by the
lead researcher from November 2022 - March 2023. The
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2. Evaluating the MUVR
application (Session A)
Semi-structured interviews
and observational field
notes

Reflexive Thematic
Analysis

1. Developing the MUVR
application

3. Identifying changes from

( the preliminary findings

1. Iterating on the MUVR
application

Changes reviewed online
and verified by people
living with dementia and
their support persons

2. Evaluating the revised
VR application (Session B)
Semi-structured interviews

and observational field
notes

3. Identifying further
design recommdations
Final design guidelines

compiled A )
Reflexive Thematic
Analysis

<

Figure 4. The two PAR cycles pertaining to Phase 4.

data collection from session A, was used to refine the
MUVR application’s design, which was then re-tested in ses-
sion B. Figure 4 illustrates the two PAR corresponding
cycles, which evolved over sessions A and B. Additionally,
an overview of Phase 4 in the context of the entire PAR
project is provided in Appendix A.

As outlined above, the MUVR application was evaluated
over two testing sessions (A and B). Both sessions were con-
ducted in the homes of people living with dementia and
accompanied by the lead researcher (AF), with a two to three-
month gap between sessions. Observational field notes and
individual interviews were the chosen methods of data collec-
tion employed to understand and evaluate the application’s
usability, acceptability and feasibility at an individual and
shared level and it’s potential to promote or maintain social
connectedness, consistent with previous work (O’Rourke
et al., 2023). Separate interview guides were used to interview
people living with dementia and their support persons, and
probes were included to expand on shorter answers where
appropriate (see Appendix F). The interview guides opened
with a general discussion surrounding the experiences of peo-
ple living with dementia and their support persons concerning
the use of the MUVR application, opportunities and chal-
lenges surrounding its use, and their perceptions of its use to
promote or maintain social connectedness. Observational field

notes were also collected to capture the subjective experiences
of people living with dementia and their support person and
provide additional context to their interviews, such as verbal
and non-verbal responses during MUVR use. The interview
guides and observational field note template were guided by
previous VR research conducted with an older adult popula-
tion (without dementia) and people living with dementia
(Mehrabi et al., 2022; Rose et al., 2019), the concepts of useful-
ness and ease of use from the Technology Acceptance Model
(TAM) proposed by Davis (1989), usability based on the
System Usability Scale (Brooke, 1996) and presence based on
the ITC Sense of Presence Inventory (Lessiter et al., 2001).

3. Data analysis

Interviews were audio-recorded, transcribed verbatim and
uploaded to NVivo 20 alongside observational field notes to
manage the data analysis process. Reflexive thematic analysis
(TA) (Braun & Clarke, 2019) was used to analyze the inter-
views and observational field notes. This data analysis
approach involved six stages: becoming familiar with the
data, coding the data, developing initial themes, developing
and reviewing themes, refining, defining and naming the
themes, and writing up the report (Braun & Clarke, 2019).
This approach facilitated an inductive analysis of the data,
ensured the lived experiences of end-users were reflected in
the findings, and identified the causal mechanisms associ-
ated with the application’s usability, acceptability, and feasi-
bility. Coding was completed by the first author, who also
carried out the interviews. Another author (WQK) also pro-
vided analytic insights into the initial themes and sub-
themes. Akin to other research, the wider research team
(WQK, DC, AB, SR, MB, GR) provided analytic insights
and refined the themes and subthemes. Additionally, people
living with dementia and their support persons provided
feedback on the design preferences arising from Session A
and the initial themes and subthemes following Session B
through member reflection. Their interpretations of the
findings and feedback on the themes and subthemes were
consistent with the lead researcher’s. Appendix G provides a
detailed outline of the phases and implementation of TA.
The findings from the analysis of both sessions (A and B)
are presented together to provide a thorough and compre-
hensive report of the identified themes and subthemes, as
described by Evans et al. (2021).

4. Trustworthiness

In establishing trustworthiness, the criteria of Lincoln and
Guba (1985), namely, credibility, dependability, confirmabil-
ity, and transferability, were followed as applied in previous
PAR studies (Blanchfield & O’Connor, 2022; Bray et al,
2021, 2022; Cusack et al., 2018; Lotfi et al., 2020). Multiple
data collection methods ensured the credibility and depend-
ability of the findings, accounting for multiple perspectives
(i.e., people living with dementia, support persons and the
researcher) and sources of evidence (field notes and semi-
structured interviews). Member reflections with people living
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with dementia and their support persons and peer-debrief-
ing meetings with WQK ensured the analysis accurately
reflected the experiences of people living with dementia and
their support persons and contributed to the credibility and
confirmability of the findings. Transferability was supported
by detailing the characteristics of people living with demen-
tia and their support persons and the inclusion of quota-
tions to support primary data. An audit trail of the reflexive
TA phases was also maintained using NVivo 20 data man-
agement software, ensuring transparency and confirmability
of the findings.

5. Reflexive statement

Reflexivity played a crucial role in the PAR process and in
establishing trustworthiness. Reflexive journaling assisted the
lead researcher to remain vigilant for any potential biases
that could influence the findings. AF and WQK were both
OTs with experience working with people living with
dementia, with particular experience in prescribing assistive
technology for this population. DC also had extensive
experience in dementia research, exploring technology-
driven psychosocial interventions. They all, therefore, had
unique perspectives on potential barriers and opportunities
of digital technology. AF had also been involved in the ear-
lier PAR Phases (1-3) and was heavily involved in designing
the MUVR application. AF was particularly aware that their
perception of how people living with dementia use technol-
ogy may be different from first-hand experiences. Reflexive
journaling also ensured that the positive aspects of the study
were as balanced as possible and that acknowledgement was
made of the areas of refinement needed for future work. AF
also discussed the findings with people living with dementia
and support persons. This provided an opportunity to
ensure they reflected on their experience of using the
MUVR application and verified the proposed causal mecha-
nisms surrounding some of the challenges associated with
MUVR use. This reflexive approach also contributed to the
overall trustworthiness of the work.

Three research team members (GR, AB, SR) have experi-
ence working in Human-Computer Interaction (HCI),
Computer Science and Games Development. They mainly
contributed to the technical aspects of MUVR design.
Therefore, AF observed the impact of technical additions
from the perspective of people living with dementia. This
ensured that design iterations were adequately addressed
and that the research looked beyond the experiential ele-
ments to uncover the underlying technical reasons for the
opportunities and challenges faced by people living with
dementia and their support persons when using the MUVR
application. Another member (MB) had expertise in HCI
and the ethical aspects of technology design.

6. Findings

Five people living with dementia and their five family sup-
port persons participated in both home testing sessions (A
and B). All people living with dementia and their support
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Table 1. Demographic characteristics of people living with dementia.

People living
with dementia
(n=5)
Age
59-69 years 2
70-79 years 2
80+ years 1
Gender
Male 4
Female 1
Current support person
Spouse/Partner 3
Daughter 2
Length of time experiencing memory difficulties
1-3years 2
4-6 years 2
74 years 1
Experience using technology
A lot of experience (e.g., using a tablet, games 2
console, laptop)
Some experience (e.g., using a mobile telephone) 2
No experience 1
Table 2. Demographic characteristics of the support persons.
Support
persons
(n=5)
Age
40-49 years 1
50-59years 3
60-69 years 1
Gender
Female 5
Person living with dementia relationship
Spouse/Partner 3
Father 1
Mother 1
Length of time supporting a person living with dementia
0-4 years 3
5-9years 2
Experience using technology
A lot of experience (e.g., using a tablet, games console, laptop) 5

persons were white and resided in Ireland. People living
with dementia were between 59 and 80+ years of age and
had been experiencing memory difficulties for 1-7+ years.
As noted in previously published PAR phases (Flynn et al.,
2024), people living with dementia in this study were con-
sidered to have mild to moderate dementia, determined by
the lead researcher’s clinical reasoning and guided by the
National Institute of Aging (Dixon & Lazar, 2020) and the
American Psychiatric Association (2013) classification of
dementia. All support persons were aged between 40 and
69years and were either spouses or daughters of the people
living with dementia. Further information regarding demo-
graphics and previous technology experience is provided in
Tables 1 and 2.

Four main themes were created, namely: a) usability
insights: getting tangled up and supporting usability, b) the
acceptability of the MUVR application, ¢) the feasibility of
using the MUVR application and d) supporting social con-
nectedness. Some themes were also comprised of subthemes,
as depicted in Table 3. Quotations from interviews and
observational field notes extracts are presented to illustrate
the findings, and codes are used to differentiate between the
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Table 3. Themes and their descriptions.

Themes

Description

Usability Insights: “Getting tangled up” and Supporting Usability

This theme describes the usability aspects of the technology as experienced by people

living with dementia and their support persons and how usability was supported
during MUVR use.

Acceptability of the MUVR application

This theme comprises two subthemes: Acceptable avatar representation, design and content

This subtheme describes the acceptability of the avatars used and the MUVE content
and design used to promote the social connectedness of people living with dementia
and their support persons.

Perceived usefulness of the MUVR application This subtheme describes the perceived
future usefulness of the MUVR application to promote social connectedness for people
living with dementia and their support persons.

The feasibility of using the MUVR application

This theme describes the technical feasibility and practical considerations involved in

using the MUVR application in the home environment (e.g., creating a safe social space
for people living with dementia and their support persons).

Supporting social connectedness

This theme describes the potential of the MUVR application to support the social

connectedness of people living with dementia and their support persons.

accounts of people living with dementia (PwD) and their
support persons (SP).

6.1. Usability insights: “getting tangled up” and
supporting usability

Overall, people living with dementia and their support per-
sons considered the MUVR application usable. This was
more apparent after session B, where they shared more posi-
tive sentiments than previously. This was attributed to revi-
sions to the MUVR application, which were implemented
between sessions A and B (summarized in Appendix H).
Opverall, most support persons indicated no difficulties inter-
acting and navigating the MUVE during either session A or
B. This was also mirrored by a few people living with
dementia.

“Just moving around [was easy] [.] If I want to get over there, I
can and then saying "no I want to go over there" I could go
straight away [using the controllers]” (PwD6, session A)

“No, I didn’t find them [controllers] difficult at all!” (PwD2,
session B)

“I thought it [interacting and navigating with the controllers]
was easy” (SP2, session B)

After session A, there were some negative comments from
people living with dementia and their support persons related
to the usability of the controllers. The controller was consid-
ered “confusing” to operate and difficult for people living with
dementia to use during interactive activities, especially activ-
ities which required actions such as picking up, throwing
items or moving one’s avatar in the MUVE; this was observed
to be frustrating for one person living with dementia.

“The circus activities appeared difficult for PwD3. They [PwD3]
were unable to move in the MUVE or operate the controllers to
engage in the basketball game (they had difficulty picking up
the ball or throwing it using the controllers) [.] They [PwD3]
became frustrated with the controllers asking, “What am I
supposed to be doing?”” (Field note, session A)

More significant usability issues were observed in those
people living with dementia who had less experience of
using technology and/or who had prolonged memory diffi-
culties across both sessions. A common observation among

people living with dementia was that usability difficulties
and unfamiliarity with the MUVR application hindered
opportunities for social connectedness (especially during ses-
sion A). Some people living with dementia and their support
persons alluded to being “tangled up” in the mechanics of
interacting, navigating, and acquainting themselves with the
content of the MUVE instead of focusing on the shared
experience. However, one couple reported they became
more familiar with the MUVE as the sessions progressed or
after their second use.

“Initially, maybe for the first half a minute, yeah [the controllers
were difficult]. But after that, everything seemed to be
streamlined” (PwD7, session A)

“We were caught up in the technology and how it worked today
[.] T think we’d be much more relaxed in the environment once
we’ve done it a couple of times” (SP7, session A)

Having the same familiar introductory environment
within the MUVR each time was also considered important
to support usability, as having the same environment was
perceived as reassuring for people living with dementia.

“What’s useful is that once you have an environment set up, it
will always be the same. So, it'd be familiar. So, for somebody
doing it several times, every week or something like that, there’ll
be something comforting about that. Nothing is going to
change” (SP6, session B)

Despite experiencing challenges with the controllers, peo-
ple living with dementia still reported that it was “good to
have them” (PwD5, session A). Another person with demen-
tia supported the use of one main button to point and click
on content in the MUVE, stating that this was “great!”
(PwD6, session A).

People living with dementia and their support persons
reported that usability had improved in Session B due to
revisions made to the MUVR application after Session A.
One person with dementia reported:

“Last time was maybe a bit more difficult” (PwD7, session B)

For Session B, people living with dementia and their sup-
port persons spent additional time deciding on the activities
in which they would engage. The majority opted for less
interactive activities, such as observing 360-degree travel vid-
eos, movie clips or listening to music.
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“I thought it was nicer just to look around (engage in the
passive, 360-degree travel content) kind of (instead of the more
interactive activities requiring controllers in the MUVE)” (SP3,
session B)

Engaging in less interactive activities reduced the require-
ment to use the controllers during session B, which was
viewed favorably by people living with dementia.

“I thought it was a nice medium (not having to use the
controllers for some activities)” (PwD7, session B)

People living with dementia also nominated their support
person to select some of the content in the MUVE, such as
multisensory content during activities. This decision was
due to their previous usability challenges experienced during
Session A, which involved more complex controller use.
Despite this, people living with dementia were still required
to use the controllers independently to select each desired
activity and navigate their avatars in the MUVE.

Although people with dementia needed less assistance dur-
ing Session B, some people living with dementia still indi-
cated that they found the researcher’s presence supportive in
helping them navigate the environment more efficiently.

“It was nice to have you [AF] there [.] When you are on your
own, you don’t get as much done. When it’s the two of us,
away you go!” (PwD2, session B)

Person-centred assistance was necessary to support the
aforementioned usability challenges and create a safe and
supportive environment. This assistance aligned with the
individual needs of each person with dementia and mani-
fested through verbal prompts and physical assistance from
the researcher and their support persons.

“PwD2 was concerned about keeping the controllers by his side
and tried to press the buttons. AF then needed to reassure him
that he could relax, not use the controllers and just look around
in the MUVE [.] He needed assistance orienting his fingers to
the controllers, and AF provided hand-over-hand guidance to
assist controller use and point and click in the MUVE.” (Field
note, session B)

“PwD3 was concerned with clicking songs and needed
reassurance from AF that their support person could play/pause
the video for them if they desired” (Field note, session B)

One support person supported the notion of person-cen-
tred assistance and described how they encouraged their
mother with dementia to use the controllers independently;
they only intervened when necessary during the MUVR
experience:

“It [using MUVR] is about encouraging the person to use the
controls themselves” (SP5, session B)

6.2. Acceptability of the MUVR application

6.2.1. Acceptable avatar representation, design and
content

Many people living with dementia and their support persons
found that the avatar options offered a good variety, catering
to various user preferences.
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“When he [PwD6] saw the avatars, he noted that there was
quite a lot [of avatar options] and also appeared surprised that
there were options for both glasses or no glasses.” (Field note,
session A)

“I think they [avatar options] were fine; they cross every level.”
(SP3, Session B)

“I think it [having fantasy avatar options] is fun. Because I've
gone through the other [male and female] options, and they just
all looked a bit boring. So, it was nice to be able to choose
something else.” (SP6, session B)

The ReadyPlayerMe (RPM) avatar appearance was con-
sidered acceptable, with many support persons commenting
that they were more youthful, friendly and approachable
than MakeHuman (MH) options. Support persons felt that
MH options were “old,” “stern,” “masculine,” and “not
approachable,” yet only a few people with dementia noted
this. Aside from the avatar appearance, people living with
dementia and their support persons alluded to the fact that
the movement and posture of both RPM and MH in the
MUVE were unfamiliar and unnatural as they appeared
“crouched down” and “hunched over.”

Support persons were observed to select an avatar that
would make it easier for the person living with dementia to
recognize and approach them in the MUVE, despite maybe
wanting to choose a different avatar.

“You went for the younger-looking, friendlier-looking avatar?” [AF].
“Only because I thought it would help Dad to recognise me. I
really wanted to go for the Ninja! [jokingly]” (SP3, session B)

While a few people living with dementia took time to
decide on their avatars, many were not concerned with how
they were represented across Sessions A and B and required
prompting and assistance from the researcher to select an
avatar.

“PwD3 (male) chose a female avatar and did not seem
interested in scrolling through avatar library options” (Field
note, session A)

“PwD2 was not concerned regarding avatar appearance when
selecting from the menu options” (Field note, session B)

“PwD7 was assisted by AF to select an avatar, he took time to
decide on one that he liked, and that looked like himself” (Field
note, session B)

The design of the MUVE and the content placed within the
MUVR application were also reported as relatable and accept-
able. Additionally, the less interactive travel and music-based
activities received the most positive reactions and engagement
among people living with dementia and their support persons
compared to the more interactive activities (such as can
knocking or basketball activities). Overall, the design, content
and activities in the MUVR application sparked meaningful
conversations about current and past experiences or familiar
places, which supported social connectedness.

“It [the MUVR application] is a conversation engager. You can
look at a place and discuss it here and make it a reminiscence
piece” (SP5, session A)

“PwD5 commented that it was “like the Blaskets [islands]” and
drew the connection to this Irish landmark from the 360-degree
video content in MUVR” (Field note, session A)



4220 A. FLYNN ET AL.

“I think it is good [for social connectedness] [.] Anything that
kind of makes someone go, “Oh, look at that. Oh, look at this”.
That’s just a bonus in itself. And Dad [PwD3] had that a few
times today, he even said he would wear a tutu! [when watching
the Swan Lake video] [laughing]. I think it’s great!” (SP3,
session A)

One support person described how they worked together
with the person living with dementia to decide where to go
and what to do in the MUVE:

“We were communicating ... about where to go [.] we were able
to make decisions between ourselves as to where to go, maybe
or comment on the scenery” (SP7, session A)

While most considered the activities acceptable, the
youngest person living with dementia reported that he found
some of the activities underwhelming and childish and
expressed a desire for more interactive and exciting activities
after Session B. A support person also suggested having
more personalized activity elements in the MUVE, such as
integrating family-curated videos or images and updating
these to ensure the activities do not “lose some of their nov-
elty” over time.

6.2.2. Perceived usefulness of the MUVR application
People living with dementia and their support persons
unanimously expressed a positive attitude toward the
MUVR application and its future usefulness. They consid-
ered it a “very useful” technology for promoting or main-
taining social connectedness among themselves and the
wider dementia community. Additionally, they expressed a
willingness to adopt and use the MUVR application in the
future to promote or maintain social connectedness, further
alluding to its acceptability.

“I think it is something that we would definitely use” (SP3,
session B)

“Well, I wouldn’t turn it down! [laughing]” (PwD2, session B)

“I think this is something that would work really well here [in
their home]” (SP5, session B)

Some support persons reported that the MUVR applica-
tion’s usefulness and value lay in providing protected time
for a shared experience to support social connectedness.
One support person noted its ability to take “people out of
their everyday environment to something completely differ-
ent”. This view was further echoed by another support per-
son, who highlighted the distinction between the fully
immersive MUVR application and their existing activities:

“I suppose the everyday here [.] he goes for his coffees and
whatnot. But it’s very mundane. To do something like that, I
think it sparks something new. Just to even have those
reactions, I think, is really amazing, and with one another.[.] I
think it would be [useful for social connectedness] because we
are here from day to day, but the headset is something different
for him. It’s a more visual aspect, which is helping as well. So I
think it would be good! [.] I think it’s a good idea to do
something from here [home]” (SP3, session A)

“Youre taking time out together [when using the MUVR
application], you're doing something together, I'm not doing the
housework, and [PwD?7] is sitting, looking at a television, you’re
working together” [SP7, session B]

Additionally, some support persons and a person living
with dementia suggested further areas of usefulness for the
MUVR application, including reminiscence, relaxation for
support persons, or bridging geographical distances between
family members.

“I suppose [using MUVR in the future] with some people that
you’re not seeing them every day or something. I have a niece,
who might be interested in it.” (PwD6, session A)

“You have the potential for a family member to record when
they’re on holiday, and the two of you could experience that
holiday [.] It has huge potential, and I think it’s really worth
pursuing. It’s fantastic!”(SP5, session B)

6.3. The feasibility of using the MUVR application

This subtheme describes the technical feasibility and prac-
tical considerations of using the MUVR application in the
home environment. The hardware was considered practical
and feasible for use in the home. However, its feasibility
depended on an appropriate HMD to support MUVR expe-
riences, sufficient internet connectivity, adequate time spent
in the MUVE, and appropriate accommodations in the
physical space. Additionally, having the researcher present
to assist with setup contributed to the feasibility of using the
MUVR application in the home.

The internet connection strength in both urban and rural
residences was sufficient to support the MUVR application
for Sessions A and B. The Meta Quest 2 was considered
comfortable by most people living with dementia and their
support persons. In contrast, some stated it was “quite
heavy” or strenuous on the head after Session A. Although
many people living with dementia and their support persons
reported no adverse side effects after either session, one sup-
port person did report having a headache after Session A on
account of the weight of the HMD. This was rectified for
Session B by changing the head strap and face padding on
the HMD, with no negative implications reported after this
change.

“I liked the sponging around the eye area and over the nose
[related to the new face padding]. I found it very comfortable to
wear” (SP5, session B)

During Session A, physical movement on standard dining
chairs was considered demanding for some people with
dementia and their support persons.

“It was stressful trying to turn in that [dining] chair because
you couldn’t concentrate on what you were doing. If you had
the swivel chair there now and you were going around, I think
you'd be more relaxed, and it would make a whole lot of
difference” (SP2, session A)

“The only thing is the turning around [on the dining chair]. I
wasn’t even probably enjoying it as much as there was quite a
bit of turning to be done” (SP7, session A)

By adding a joystick controller function in Session B,
people living with dementia were observed to have increased
independence and agency to move and rotate their avatar in
the MUVE. It also reduced physical movement or strain,
particularly for those who did not use a swivel chair. This



made it feasible for people living with dementia and their
support persons to interact without occupying much space
in their home environment. It also enabled the researcher to
rotate the user’s avatar position if assistance was required.
Some support persons described the usefulness of the joy-
stick to rotate their avatar in the MUVE as follows:

“I didn’t have a swivel chair, so I kept having to turn around.
But I could just hit the [joystick] button” (SP3, session B)

“Is more practical to have a button [joystick] to turn you
around” (SP5, session B)

The duration of each session (i.e., 20-25 minutes) was
considered feasible for people living with dementia and their
support persons. While taking breaks was encouraged, only
two people living with dementia availed of a break during
Session B or finished their session earlier than their support
person (in which case they viewed the support persons’
interactions on the iPad with the researcher). Many people
living with dementia and their support persons reported
that the time “flew by,” and the sessions felt shorter than
they actually were due to their engagement with the MUVR
content and activities. One person with dementia com-
mented: “I felt it was only five minutes!” However, one sup-
port person reported that both she and her father living
with dementia used the MUVR application for a shorter
period during Session B. Still, they attributed this to their
level of tiredness on the day of the visit.

“We’re both a bit tired, so we didn’t last as long this time
[during session B as opposed to session A]” [SP3, session B]

6.4. Supporting social connectedness

Overall, the MUVR application was considered to have the
potential to promote or maintain the social connectedness
of people living with dementia and their support persons.
This was demonstrated through shared positive sentiments
and observations regarding their experience using the
MUVR application together. People living with dementia
described the experience as “fantastic,” “interesting,”
“mesmerising,” and “fascinating.” Throughout both sessions
(A & B), people living with dementia and their support per-
sons demonstrated shared understanding and knowledge of
each other’s experience. They were observed to be mutually
engaged in affectionate and reciprocal verbal and non-verbal
communication, which facilitated social connectedness. An
air of excitement and shared fun was observed as they
smiled, laughed, waved and danced together when engaged
in activities in the MUVE. Overall, as illustrated in the fol-
lowing quotations, the way in which people living with
dementia and their support persons used the MUVR appli-

cation appeared to promote or maintain social
connectedness.
“I do think... [mother’s] reaction to it, that [sense of social

connectedness] definitely happened” (SP5, session A)

“PwD3 waved as in real life and could see SP3 waving to him
also. SP3 moved their hands to dance in the MUVE and PwD3
moved their hands to dance back” (Field note, session A)
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“AF observed an instant shift in his [PwD7] body language. He
started singing, waving his hands and dancing with the SP. They
[PwD/SP7] were both singing with one another, smiling and
laughing for the duration of the song. In the cinema room, they
watched an ‘Only Fools and Horses’ video, and PwD7
exclaimed, “Delboy!”. They [PwD7 and SP7] laughed together
when watching the comedy video” (Field note, session B)

“They [PwD and SP6] were both talking through how to pick
up the balls and throw them, and were seen to be laughing
when they knocked all of the cans down” (Field note, session A)

“Oh, yeah, it [MUVR] can [support social connectedness],
definitely! [.] You could say, “Do you want to watch nature?,”
then, start watching it or the comedy if you can find something
that the two people in that room like together” (SP2, session B)

These positive sentiments were observed due to the
MUVR application facilitating a sense of social presence,
closeness and awareness of one another’s avatars in the
MUVE. Many people living with dementia and their support
persons reported a “sense of being in a virtual environment
and exploring it” at an individual and shared level across
both sessions.

“I felt like I was in a different place” (PwD?7, session A)
“I felt that I was there” (SP5, session A)

“SP2 reported that she felt she was in the garden activity” (Field
note, session A)

This sense of social presence and awareness of one
another was supported by simple avatar-mediated communi-
cation in the MUVE. This made it possible for both users to
see the other’s avatar, move toward one another, verbally
communicate naturally through voice detection and recogni-
tion, and participate in shared activities.

“It was quite like being at home talking in the living room or
something [.] quite natural” (PwD?7, session A)

“I suppose some of it [contribution of social presence] was the
visual in the VR, but also just that we were able to talk to each
other in the same room” (SP6, session A)

“Anytime we were in somewhere, I could look around and see
her, and then TI'd click and go straight over to her” (PwD6,
session A)

However, this sense of presence was observed to be lim-
ited during certain stages of both sessions when the support
person’s avatar was outside the person living with demen-
tia’s field of vision. In such instances, some people living
with dementia did not navigate toward or seek their support
person’s avatar within the MUVE and required prompting
to do so.

“AF needed to physically re-position and prompt PwD2 to turn
to see SP2’s avatar” (Field note, session A)

“It was evident that PwD5 required regular prompting to engage
with the SP5 avatar, and PwD5 asked who the woman in front
of her was, although she could read SP5’s nametag aloud” (Field
note, session B)

Another support person reported that they felt that as the
MUVR was refined and used more often this would result in
more social engagement and support social connectedness:
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“It [interacting with one another in MUVR] probably could be
better, but that will probably come in time [.] But it was overall
a lovely experience. And I think you know, with a few tweaks
here and there, it will be perfect.” (SP3, session A).

7. Discussion

Previous studies have highlighted the potential of shared VR
experiences to facilitate shared experiences between older
adults and people with dementia (Afifi et al., 2021, 2023;
Brimelow et al., 2022; Chaze et al., 2022; Flynn et al., 2022a;
Hodge et al.,, 2022). Still, research on VR in dementia care,
particularly regarding the application of MUVR, remains an
under-researched area (Afifi et al., 2021, 2023). The findings
from this paper suggest that the MUVR application is
usable, acceptable, feasible and has the potential to promote
or maintain the social connectedness of people living with
dementia and their support persons.

Overall, people living with dementia and their support
persons considered the MUVR application usable, particu-
larly after the adaptations and revisions made between ses-
sions A and B. During Session B, people living with
dementia opted to engage in activities that were more suited
to their needs. For example, some engaged in passive activ-
ities with less controller use, or they enabled their support
persons to select content for them, which needed less reli-
ance on the controllers. Meanwhile, other people living with
dementia used the new joystick function to navigate their
avatars. One person living with dementia expressed a desire
to engage in more interactive and challenging activities with
additional levels of complexity. Despite the positive percep-
tions of the revised MUVR in Session B, it was clear that
future refinements are still necessary to support usability,
particularly making the controllers easier to use. Indeed,
there is inconsistency in VR and dementia research concern-
ing the usability of the controllers for people living with
dementia, with some studies reporting that people living
with dementia have difficulty interacting with the control-
lers, while other studies suggest less difficulty (Munoz et al.,
2022b, Karaosmanoglu et al., 2021).

Notably, in Phase 1 of this PAR project, the same group
of people living with dementia were observed to have fewer
challenges using the same controller buttons than in Phase 4
(Flynn et al., 2022b). There are several potential explanations
for this. First, using the MUVR application required add-
itional cognitive and sensory demands, increased activity
options, avatar selection, more communication demands and
additional interactive content compared to the single-user
application previously used in Phase 1. Second, people living
with dementia may have experienced decreased functioning
due to their dementia, in the period between Phases 1 and
4. Future work might assess the impact of having fewer
activity options and avatar choices and using controller-free
options or haptic gloves. These latter hands-free interaction
methods are reportedly more intuitive and less challenging
for older adults and people living with dementia (Astell
et al., 2018; Mehrabi et al., 2022).

Notwithstanding, the MUVR application’s usability was
largely contingent on people living with dementia having
dedicated person-centred support and facilitation during
use, congruent with broader VR literature focused on older
adults with varying physical and cognitive difficulties
(Abeele et al., 2021; Hung et al., 2023) and another MUVR
study with people living with MCI or dementia (Afifi et al,
2021). The familiarity of the support persons and the
researchers with the person living with dementia was essen-
tial during MUVR use to support usability. The support per-
sons drew on their understanding of the person living with
dementia to provide reassurance, gauge the required assist-
ance level and promote engagement in shared activities.
This finding is consistent with the broader dementia
research (Hodge et al.,, 2018; Lee & Coughlin, 2015; Neves
et al., 2018; Strandenzes et al., 2019; Wang et al., 2011). Had
the MUVR application been facilitated or used with a stran-
ger, it may have resulted in less engagement, as observed in
a study by Shah et al. (2022a) when older adults used
MUVR with strangers.

Positive engagement and responses to meaningful activ-
ities and content indicated the acceptability of the MUVR
application. Previous dementia research has also reported
positive exchanges between people living with dementia,
their peers and support persons when engaged in technol-
ogy-mediated activities (Astell et al., 2010; Bradley et al,
2023). Although not explicitly focusing on MUVR, the value
of familiar VR activities to increase interaction, engagement
and reminiscence is extensively acknowledged in other
research with older adults and people living with dementia
(Chan et al., 2023; Goodall et al., 2021; Hodge et al., 2018;
Kim et al, 2021; Matsangidou et al, 2023; Shah et al,
2022b). While most people living with dementia in this
study were mainly satisfied with the MUVR activities, the
youngest person living with dementia expressed a desire for
more exciting activity options. This difference in preference
may be due to their younger age, less time experiencing
memory difficulties, or their limited difficulty to use the
controllers compared to others. This finding underscores the
importance of further diversifying and personalizing activ-
ities in future iterations of the MUVR application to sustain
engagement (Abeele et al, 2021; Karaosmanoglu et al,
2021).

Although people living with dementia and their support
persons informed the design of avatars during the previous
PAR Phase, they expressed limited avatar acceptance in
Phase 4 mainly due to their negative perception of the ava-
tar movement and appearance. It must be noted that sup-
port persons mainly reported these negative avatar
perceptions, while few people living with dementia were
concerned with choosing their avatars or their appearance in
MUVR. Although this limited avatar acceptance did not
have a pronounced impact on the MUVR application’s over-
all acceptability, it warrants discussion. Despite informing
the avatar designs, some avatar movements and appearances
were still considered unappealing. Drawing on previous
research, several factors could explain these negative avatar
perceptions, including the limited available software



packages and research to support avatar design for older
adults or people living with dementia (Kalantari et al,
2023), not achieving the correct level of avatar realism
(Baker et al., 2021; Carrasco et al., 2017), co-designing the
avatars with people living with dementia and their support
persons remotely rather than face to face in person, or the
inability to change the avatar movement or appearance
entirely between sessions A and B on account of resource
constraints. Future research should focus on developing
more advanced software packages and resources to support
more sensitive and realistic avatar designs for use with older
adults and people living with dementia.

Despite the aforementioned usability and acceptability
challenges, people living with dementia and their support
persons still indicated that the MUVR application was
acceptable and expressed their desire to use it again. This
was attributed to the immersive and multisensory nature of
the MUVE, as well as the provision of protected time for
people living with dementia and their support persons to
engage in connected and shared activities. This latter finding
was also reported by Afifi et al. (2021). Similarly, research
with adult users aged 18-65years acknowledged that MUVR
applications may immerse users in a safe and realistic space
and offer opportunities for social connection (Maloney &
Freeman, 2020). However, despite the ability of the MUVR
to offer this immersive experience for social connectedness,
older adults with or without dementia may be reluctant to
adopt such digital technology due to their fears of it being a
replacement for human interaction (Anderson et al., 2022;
Finnegan & Campbell, 2023; Lion et al, 2023; Waycott
et al., 2022). The authors do not suggest that a MUVR
application should replace human engagement, rather, it
should present a supplementary leisure, recreation and com-
munication activity designed to facilitate shared experiences
and social connectedness. This is in keeping with the focus
of other VR and dementia research studies (Hodge &
Morrissey, 2020; Moyle et al., 2022).

There is a dearth of VR research completed in the homes
of people living with dementia and their support persons,
with much of the previous work taking place in more con-
trolled day centers, university or lab-based settings (Afifi
et al., 2021; Kalantari et al.,, 2023; Xu et al., 2023). In the
current study, each person living with dementia and their
support person were open and enthusiastic to use the
MUVR application and participate in both sessions A and B.
This may be influenced by the fact that they were using it in
their familiar home environment. This aligns with the study
of Pardini et al. (2023) involving older adults with cognitive
impairment. They noted the importance of using VR in a
familiar environment such as their private room within the
long-term residential setting when introducing and engaging
people to use VR. Moreover, the findings reported in this
paper suggest that engaging with a MUVR application in
the home environment is feasible, provided there is a com-
fortable HMD, adequate internet connectivity and a facilita-
tor to assist with setting up and monitoring the MUVR
application during use.
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People living with dementia and their support person
participating in this phase experienced no serious side effects
during or after MUVR use, consistent with previous PAR
Phases and another MUVR study with older adults (Shah
et al.,, 2022b). However, one support person retrospectively
reported experiencing a “tension headache” in the afternoon
following their MUVR session, which they attributed to the
HMD and the limited face padding afforded by the Meta
Quest Comfort Strap. This has also been reported in other
VR studies with older adults (Drazich et al., 2023; Niki
et al., 2020; Saredakis et al., 2021). Similar to these studies,
the symptoms reported in this paper were short-term and
did not result in significant discomfort or serious risk.
Adapting the HMD head straps and face padding for
Session B was important to increase comfort and accords
with calls for accessible and adaptable HMDs to suit a
diverse range of users (Figueroa Jacinto & Kappler, 2022).

Koo and Vizer (2019) and Stara et al. (2021) acknowledge
that the next generation of technology should transcend the
focus on physiological and safety needs and concentrate on
supporting higher-level needs such as social connectedness
and self-actualization. In the case of this paper, the findings
demonstrate the potential of the MUVR application to pro-
mote or maintain social connectedness. Visser et al. (2011)
mapped the design of their social awareness system to Van
Bel et al. (2009) dimensions of social connectedness. They
reported a positive impact on the social connectedness of
older adults and their family members. Similarly, in this
study the design of the MUVR was based on the work of
Van Bel et al. (2009) which also yielded positive results.
People living with dementia and their support persons,
embodied as avatars, experienced a perceived sense of close-
ness or social presence and awareness of one another’s ava-
tars in the MUVE. Furthermore, the activities and content
in the MUVE scaffolded conversation and interaction with
one another and allowed both the people living with demen-
tia and their support persons to get to know each other by
sharing current and past interests. For example, the findings
denoted the positive shared engagement between people liv-
ing with dementia and their support persons, particularly
during the music activities. The benefits of music to support
and sustain social relationships are also acknowledged in
other dementia research (Creech, 2019; Elliott & Gardner,
2018). These meaningful activities may have elicited shared
understanding, reciprocity and generated knowledge of their
respective lived experiences, two dimensions of social
connectedness.

However, despite the positive findings reported in this
paper the usability and acceptability challenges identified
need to be addressed so that the ability of the MUVR appli-
cation to promote and maintain social connectedness can be
enriched. While this paper explored the potential of MUVR
to promote or maintain social connectedness within the
same geographical area, future work should explore the
feasibility of using the MUVR application to support social
connectedness with extended family members, friends and/
or peers who may live in diverse geographical locations.
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In summary, people living with dementia and their sup-
port persons identified key challenges and areas for future
refinement, which need to be addressed to increase the
future acceptability, usability and feasibility of the MUVR
application. These included additional interaction methods,
further refinement of avatar movement, and greater personal-
ization of the content in the MUVR application (further
details of which are summarized in Appendix I). Despite these
challenges, it was evident that people living with dementia
and their support persons positively engaged with the MUVR
application and socially connected and interacted with each
other. Moreover, most people living with dementia and their
support persons indicated that this technology has the poten-
tial to promote their social connectedness.

8. Limitations and strengths

While Phase 1 of the larger PAR project included nine
people living with dementia and their nine support per-
sons, only five people living with dementia and their five
support persons participated in Phase 4. This was due to
dementia-related functional decline over time or pre-
existing personal commitments which could not be
altered. While small sample sizes are common in PAR
studies (Blair & Minkler, 2009), a larger sample may have
reduced the impact of attrition as well as providing add-
itional insights. This work also aimed to recruit a diverse
group of people living with dementia and their support
persons, however, the COVID-19 pandemic and physical
distancing restrictions presented recruitment difficulties
and resulted in an over-representation of males living
with dementia (n=4), female support persons (n=5) and
a lack of representation from those in minority ethnic
communities. Future work should strive to recruit a more
diverse and inclusive sample.

However, a key strength of this paper included the use of
PPI to steer the project in an end-user driven manner, and
the use of the PAR approach in the design of the MUVR
application; an approach which focused on social connected-
ness from the outset. Prioritizing the experiential knowledge
of people living with dementia and their support persons is
often limited in technology usability and acceptability stud-
ies (Holthe et al., 2018). In the case of this paper, PAR
facilitated experiential, hands-on time for people living with
dementia and their support persons to use the MUVR appli-
cation in their own homes. This provided a familiar envir-
onment with which to try this relatively novel technology
and served to reduce some of the anxiety surrounding
its use.

The methods of data collection which were adopted also
constituted a strength of this work. Completing separate
interviews with people living with dementia and their sup-
port persons enabled everyone to have their individual voi-
ces heard. Additionally, interviews and observational field
notes facilitated triangulation and led to rich experiential
insights into MUVR use for this population. Finally, engag-
ing over two PAR cycles in Phase 4, provided people living
with dementia and their support persons with the

opportunity to review the findings and verify the proposed
design preferences that emerged from session A. Their input
following Session A subsequently set the agenda for Session
B. People living with dementia and their support persons
were, therefore, active agents of change within this PAR
study beyond just the design process. Finally, the person-
centred and holistic design approach adopted during PAR
Phases 1-4 as recommended by Koh et al. (2022), Lion et al.
(2023), and Waycott et al. (2022), generated frank and open
discussions with the participating people living with demen-
tia and their support persons.

9. Conclusion

Research examining the application of MUVR with people
living with dementia and their support persons is relatively
unexplored. This research facilitated experiential, hands-on
time for people living with dementia and their support per-
sons to develop and then refine the MUVR application over
two PAR cycles. The findings in this study showed that des-
pite some limitations and challenges, a bespoke MUVR
application designed with and for people living with demen-
tia and their support persons was usable, acceptable and
feasible and has the potential to promote or maintain their
social connectedness. The findings and tangible design pref-
erences generated from this work can be used to assist
health and HCI researchers in designing future MUVR
applications and inform future social connectedness and VR
research.
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