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A growing body of research is examining the way that virtual reality (VR) technology might enrich the lives of
older adults. However, no studies have yet examined how this technology—combining head mounted displays,
motion tracking, avatars, and virtual environments—might contribute to older adult wellbeing by facilitating
greater social participation (social VR). To address this gap, we conducted three workshops in which 25 older
adults aged 70 to 81 explored the utility of social VR as a medium for communicating with other older adults.
Participants first created embodied avatars that were controlled through natural gestures, and subsequently
used these avatars in two high-fidelity social VR prototypes. Findings from the workshops provide insight
into older adults’ design motivations when creating embodied avatars for social VR; their acceptance of social
VR as a communication tool; and their views on how social VR might play a beneficial role in their lives.
Outcomes from the workshops also illustrate the critical importance our participants placed on behavioural
anthropomorphism—the embodied avatars’ ability to speak, move, and act in a human-like manner— alongside
translational factors, which encapsulate issues relating to the way physical movements are mapped to the
embodied avatar and the way in which errors in these mappings may invoke ageing stereotypes. Findings
demonstrate the critical role that these characteristics might play in the success of future social VR applications
targeting older users. We translate our findings into a set of design considerations for developing social VR
systems for older adults, and we reflect on how our participants’ experiences can inform future research on
social virtual reality.
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1 INTRODUCTION
Virtual Reality (VR) technology has been the subject of intense academic interest since the late
1960s, but it is only recently that VR has gained traction as a mass market consumer technology.
This resurgence has been accompanied by a renewed interest in the potential for VR to have a
positive impact on the lives of older adults. A growing body of research has examined how the
immersive properties of VR might be used to assist older adults in areas such as recovery after
a major illness [32, 67], exercise [48, 67], responding to the impacts of dementia [30, 49], and as
a tool for encouraging reminiscence [8]. However, to date, the potential for VR to be used as a
social communication platform (social VR) by older adults has yet to be explored. Social VR has the
potential to introduce new opportunities for social participation among older adults in virtual space,
going beyond the opportunities enabled by existing technologies such as video calls or online social
networks. Indeed, recent research has indicated that older adults are interested in the potential for
3D virtual environments to support social experiences [e.g. 65], but no research has yet explored
older adults’ preferences within the context of immersive social VR technologies.
In this paper we address this gap by conducting a study involving 25 older adults aged 70-81,

who participated in three workshops that allowed them to experience core aspects of social VR. In
the first workshop they designed embodied avatars – digital self-representations that are controlled
via natural body movements and gestures [53]. In the second and third workshops, these avatars
were used in two different social VR prototypes, where participants interacted with each other via
voice while controlling their avatars. We use the workshops to investigate older adults’ acceptance
of VR as a tool for social communication and the ways in which our participants saw social VR as
potentially beneficial for the lives of older adults. These workshops also allow us to examine, for
the first time, older adults’ views about the design and use of embodied avatars in a social virtual
world.

Participants were enthusiastic about the potential of social VR as a tool for enriching their own
lives and the lives of other older adults, particularly those who are socially isolated. Our findings
highlight the importance older adults place on avatar anthropomorphism – the embodied avatars’
ability to speak move and act in "ways that might be expected of humans" [53, p.47]. Our study also
sheds light on the importance placed by older adults on the way body movements are translated
onto embodied avatars in the virtual environment and the impact that tracking errors can play
on perpetuating negative ageing stereotypes. To emphasise the importance of this finding, we
contribute an extension to an existing framework and argue that these Translational factors should
be combined with User and Platform factors when assessing the quality of social interactions
experienced by older adults in social VR [65]. We conclude with guidelines to support the design of
future social VR applications that are more suited to the needs of older adults.

2 RELATEDWORK
2.1 Older Adults, ICTs and Social Participation
There has been a long standing focus within the HCI and CSCW communities on the role that
technology can play in responding to the needs of older adults. Research suggests that older people
are very accepting of digital technologies, provided that the technologies in question are highly
usable and have demonstrable value for enhancing people’s lives [e.g. 78]. It has also been recognised
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that technologies should be designed to accommodate the physical and cognitive changes that arise
as people grow older, such as by designing more intuitive user interfaces [25, 35, 52].

Other research has sought to address the broader challenge of supporting older adults in living
healthier lives and ageing ‘in place’ [36, 40, 56]. A key element of this research has been the
design and evaluation of technologies that seek to address social isolation and/or encourage social
participation [6], given that social disconnectedness is a risk factor that is known to impact older
adults’ health and wellbeing [20, 24]. Prior work has shown how communication technologies can
address social disconnectedness by, for example, mediating conversation between grandparents
and their grandchildren [26] or by enabling intergenerational play over distance [29, 73].
A related body of work has examined older adults’ use of social media. A number of issues are

particularly important to older users, including concerns about privacy and anonymity [13, 31, 47]
and a desire for interfaces that are easy-to-use [18, 41]. Although the use of online communication
platforms by older adults is increasing, research suggests that those over the age of 70 are often
reluctant to embrace online communication platforms because of the way in which these systems are
designed to promote lightweight interactions [31, 41]. In considering future goals for technologies
that address older adults’ reluctance to embrace social media, Hope and colleagues have shown that
older adults value "deeper, well thought out, carefully crafted social communications" and modalities
that "enable depth of thought, reflection, and personalization" [31, p.3911]. Other research has
similarly demonstrated the importance of these so called ‘heavyweight’ communications to older
adults [31, 41], emphasising the need to consider how technologies can allow older adults to remain
in touch with other people in ways that are more meaningful and acceptable to them [26, 41, 52].
To this end, Brewer and Piper [11] conducted in-depth interviews with 20 older adult bloggers

and developed a number of recommendations for designing for late-life development. Chief amongst
these was the need to support "multiple, changing identities in older adulthood" by designing online
systems that "support complex and multi-faceted identities of older adults" [11, p.9]. Their work is
reflective of a broader movement within HCI that emphasises the capabilities and heterogeneity of
older adults over deficits and pejorative ageing stereotypes [2, 3, 74].

HCI researchwith older adults embraces new and emerging technology as ameans of encouraging
social participation. Touch-screen interfaces, in particular, have been applied across a range of
domains, often in combination with bespoke user interfaces that employ a simplified design to
enable the sharing of digital artefacts [6, 7, 52, 75]. Exergames have also received some attention in
the literature [16, 21, 71]. Though research has focused predominantly on the impacts of exergames
on physical health, their use of natural body gestures to control embodied avatars in games has been
noted to have positive social effects [16, 71]. This suggests opportunities for social participation
that are quite different to previous modalities.
Social VR is an example of an emerging consumer technology that has potential as a commu-

nication medium. By incorporating immersive experiences and interaction via natural gestures,
social VR could provide older adults with new opportunities to engage in meaningful social in-
teractions by meeting other users in virtual space [7]. The use of embodied avatars in social VR
likewise presents opportunities to address Brewer and Piper’s call for communication platforms
that support self-expression and embrace complex, multifaceted older adult identities [11]. Avatars
can also address older adults’ concerns for privacy and anonymity by allowing them to choose how
they wish to be viewed by others [37]. However, despite authors acknowledging that social VR
"will vastly expand" social media opportunities [59, p.128], there has been no research evaluating
immersive social VR as a communication medium for older adults. Our work addresses this gap by
exploring the emergent needs and concerns of older adults in order to inform the design of future
social VR technologies with this population.
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2.2 Virtual Reality and Older Adults
In contrast to the lack of research examining social VR for older adults, there has been considerable
interest in the application of VR to specific challenges facing older people, for instance as a tool
to assist with rehabilitation [32, 48, 60, 67]. Key areas of evaluation relate to the use of VR and
exergames as tools to improve range of movement [48], and the application of VR to specific
conditions such as Parkinson’s disease [32]. There has also been interest in the application of VR
for individuals living with dementia [30, 43, 49]. For example, Hodge et al. [30], report on a series
of design workshops that explored the potential to create virtual reality environments for use by
people with dementia and their carers. Though their work was not geared towards designing social
VR experiences, they found that participants "saw virtual reality as an opportunity to be together
in meaningful ways with their loved ones" by enabling social interaction within the confines of
the virtual environment [30, p.8]. These studies illustrate that VR technology has the potential to
be acceptable to older adults, but they have not explored the ways in which VR systems might be
designed to support greater social participation.

In the wider literature on virtual environments, research has described how online games such as
World of Warcraft and open-ended worlds such as Second Life can allow people to socialise online
[12, 22, 50, 58]. Second Life in particular has been studied in terms of its potential to enhance the
lives of older adults by enabling healthcare delivery [19] and online education [61]. Other studies
suggest that older adults are interested in using Second Life because it allows them to keep in
touch with friends and family [58, 63, 64] and because it affords opportunities for building new
friendships [54] while offering close control over self-disclosure of physical appearance [66]. Older
adults also see potential for environments like Second Life to be used for collaborative activities
such as online shopping [65] and to address social isolation among those who are housebound
[19]. However, work in this space to date has only considered desktop-based systems and has not
explored older adults’ use of fully immersive VR systems that involve head-mounted displays and
other advanced technologies. Our work addresses this gap by exploring the extent to which older
adults are accepting of immersive social VR, and explores how they envision this medium being
used for social interaction with other adult users.

2.3 Older Adults and Avatars
The vast majority of online virtual environments employ the use of avatars as a way of representing
users within digital space. An avatar is “a digital representation of a human user that facilitates
interaction with other users, entities, or the environment” [53, p.34]. Creating an avatar is a common
first step in many virtual worlds [44] and avatar design plays a central role in the development of
users’ identities within these spaces [46]. While users often create avatars that reflect their own
appearance and identity [72], avatars also allow users to explore alternate and imagined identities
[9]. However, research has noted that users’ avatar design choices are shaped and constrained by
the limitations of the software afforded to them [45] and that users typically create avatars that are
targeted towards the context in which the avatar is anticipated to be used [44].
In terms of older adults, avatar-based research has predominantly focused on the evaluation

of static avatar designs or avatars used in the context of gaming [15, 17], as opposed to custom-
designed 3D avatars intended for use in social VR. For example, one exploratory study by Cheong
et al. [17] introduced a range of custom-designed static avatars which were simply printed on paper
and shown to 24 adults over the age of 55. More recently, researchers have sought to understand
how older adults’ avatar designs reflect aspects of their personality and stereotypical views of older
adults [14, 15]. Reed and Fitzpatrick [58] studied the avatars designed by older adults in Second
Life, finding that their participants were concerned about self-presentation and did not wish to
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appear ‘older’ than they really were. Carrasco et al. [15] conducted interviews with ten older adult
gamers between the ages of 65 to 95 years. Their findings indicated older adult gamers "designed
their player self-representations to project aspects of their lost (former) sel[ves] and to embrace
their present older selves" [p.441]. Despite the advantages of avatars in aiding communication [53]
and the clear implication that avatars can be used to support approaches to design that embrace
“multiple, changing identities in older adulthood” [11, p.9], no studies have attempted to understand
older adults’ design motivations and use of avatars in social VR situations. Our work addresses this
by studying what motivated older adults when they designed their avatars and their reactions to
the use of these avatars in two social VR environments.

3 METHODS
We conducted three exploratory workshops to gain insight into older adults’ perspectives on the
potential for social VR to be used as a communication tool. In the first workshop, older adults were
invited to design their own embodied avatars. In the second and third workshops, the older adults
used these avatars in two different social VR prototypes, each of which was designed to explore a
different aspect of the social VR experience.
The first prototype allowed participants to come face-to-face with their own embodied avatar

alongside those of their fellow participants. This avatar as third person approach, allowed us to
gather the participants’ insights into how their personal avatars reacted to their bodymovements, an
approach which is difficult to measure when embodying an avatar from a first person perspective
using a head-mounted display (HMD). Each participant was able to control their avatar using
natural gestures, i.e. hand and body movements. This was conceived as a means of familiarising
the participants with how embodied avatars can respond to gestural inputs as well as giving them
a chance to communicate with others ‘through’ their avatar.

The second prototype involved the use of HMDs, which gave participants the opportunity to use
a fully immersive custom-designed VR environment. This prototype also allowed the older adults
to experience a virtual world through the eyes of their embodied avatar, i.e. from a first-person
perspective, allowing the participants to focus more on the social interactions possible in social VR
and their fellow users, rather than the movement of their embodied avatar.

Methodologically, our study is grounded in a critical realist stance that seeks to understand the
“causal mechanisms” that underpin experiences of the world [51, p.109]. This stance is most evident
in our decision to use a participatory action research (PAR) methodology. Given the prevalence
of participatory design and other co-design based methods in HCI and CSCW, it is important to
emphasise that PAR is not an approach to co-design and thus our participants did not actively
participate in the creation of the social VR prototypes or the avatar design software. Rather, PAR is
a methodology that underpins and guides our entire research process. Key distinguishing features
of PAR are its adoption of iterative cycles of planning, action and reflection throughout the research,
and its focus on emancipation and empowerment of the participants taking part in the research
project [57]. To reflect these features, we designed our workshops to build on one another, and our
findings give special privilege to the views of the participants, adopting an approach to research in
which older adults are active agents who play a more central role in “establishing the HCI research
agenda” [74, p.3]. These qualities are described further in relevant sections below.

3.1 Participants
Following the receipt of university ethics approval for the research, we recruited participants
by distributing posters advertising the project at various public forums targeting older adults,
and in public spaces such as libraries and community notice boards. Participants were required
to be 70 years of age and over, be able to speak English to a reasonable standard, and have an

Proc. ACM Hum.-Comput. Interact., Vol. 3, No. CSCW, Article 149. Publication date: November 2019.



149:6 Steven Baker et al.

interest in technology. We did not specify what it meant to ‘have an interest in technology’, thereby
enabling our participants to self-select based on their own interests and curiosity about the project.
Twenty-five older adults aged 70 and above were recruited.

3.1.1 Demographic Information. Demographic information on all 25 participants was collected
via a questionnaire, either prior to the commencement of the workshops (21/25) or between the
first and second workshops (4/25). We also collected technology preference information for 21 of
the 25 participants (four people did not fill out this questionnaire). All 25 participants were aged
between 70 and 81 (11 female, 14 male). The demographic questionnaire asked them to nominate a
pseudonym that would be used in reports or publications from the project. These pseudonyms are
used in this paper.

3.1.2 Technology Experience. When asked about their experience with established computing
technology, using a five point Likert scale (1 = no expertise, 5 = expert user), 16 participants rated
their level of expertise on a smartphone/tablet as 3 and above. Expertise on a desktop computer
was similar, with 17 participants rating their level of expertise as 3 or above. While this suggests
that the participants had a high degree of self-confidence using computing technology, there was
considerable heterogeneity within the group. For example, two respondents revealed they did not
have access to a computer at all, and between four and five responses to each of the smartphone,
tablet, and desktop questions indicated their expertise to be either 1 (no experience) or 2.

Research conducted by the Australian Communication and Media Authority (ACMA) examining
internet and device usage by older adults aged 65 and over has concluded this cohort is increasingly
"embracing the digital life" [4]. For example, tablet usage by older adults now exceeds that of the
adult population (18% as opposed to 16%), and 68% of older Australians use a desktop or tablet
computer to access the internet [4]. The report found these figures were similar to comparable
studies conducted in both the United States of America and the United Kingdom [4]. These findings
suggest that the level of digital literacy exhibited by our sample was broadly representative.
However, results from the questionnaire demonstrated a complete lack of familiarity with VR

and avatars in the participant group. Participants were asked to rate their level of experience with
VR technologies, virtual worlds and avatars using the same Likert scale approach. None of the
participants had used a VR device of any type, and none had ever spent time in either a 2D or 3D
virtual world. When asked about their experience of creating an avatar of any kind, no participants
indicated ever having created an avatar previously. This led us to categorise the participants as
‘curious novices’ in relation to VR. Many had a general affinity with technology that they could
build on, but none had direct experience of the technologies that would be used in the study.

3.2 Workshop 1: Avatar Design
Our first workshop invited older adults to create a humanoid avatar that they would later use
in a social VR environment. The process of avatar creation and customisation is a common first
step in many online virtual environments [44], particularly those involving social interaction [e.g.
12, 22, 23]. Affording our participants the opportunity to design their own avatars was consistent
with our methodological approach that aimed to give the older adults a voice in shaping the research
program. It also supported our participatory goals by giving them the freedom to explore avatar
designs that responded to their needs or curiosities, rather than design based on direction from
the researchers. The only instruction given at the beginning of the avatar design workshop was
that their avatars would serve as their individual self-representations in subsequent workshops
that would seek their insights about social VR. Scheduling a workshop that required a fairly high
degree of technical skill so early in the research program involved some risk. However, we felt
this was outweighed by the benefit of giving the participants the ability to explore avatar design
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Fig. 1. Image of the stock humanoid body used as
the base avatar in Workshop 1.

Fig. 2. Schematic layout of projected avatar prototype
used in Workshop 2.

for themselves rather than selecting from pre-designed avatar types, a technique that had been
employed in previous avatar focused work with older adults [17, 65].
Twenty-three of the 25 participants recruited for the project took part in the avatar design

workshop, comprising a single 90-minute avatar design session. Participants were provided with
individual computers that were pre-loaded with MakeHuman, an open source avatar creation
program that allows users to adjust avatar characteristics using graphical sliders1. One member
of the research team introduced the toolbars, tabs and sliders that applied to each ‘section’ of the
avatar (e.g. body shape, clothes, facial features, hair etc.). Additional members of the research team
observed the workshop and discussed the avatar designs with participants as it progressed. These
team members were available to assist when participants asked for help. Each participant began
with a humanoid avatar (see Figure 1) that they were free to customise from then on.

At the end of the workshop, the participants completed an online questionnaire that asked
specific questions about their design motivations and the characteristics of their avatars that were
most important to them. In this article we focus on participants’ statements about their design
motivations, comments made about their completed avatars, and reflections on the design process.
Findings related to the analysis of each avatar design and how the designs relate to the wider
literature examining the use of avatars by older adults are discussed in [14].

3.3 Workshop 2: Projected Avatar Prototype
The second workshop took place eight weeks after the avatar design workshop. This gap was
necessary to allow time for the development of the two social VR prototypes that would comprise
workshops 2 and 3 described below. During the planning and reflection that took place after
the avatar design workshop, it was clear that the participants were intrigued by the extent to
which their avatars would have a sense of realism when they were under their control in a virtual
environment. Based on this knowledge, we developed a prototype social virtual world that would
facilitate participants coming face-to-face with their embodied avatars by standing in front of a
large projection screen. This would allow them to gain a fuller appreciation of the way in which
embodied avatars react to body movement in a virtual environment, a task that is much more
difficult in VR environments that adopt a first-person perspective.
1http://makehumancommunity.org
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Fig. 3. Image taken showing some of the projected avatars in use during workshop 2.

Given the participants’ lack of knowledge about virtual reality, workshop 2 also provided a
opportunity to gradually introduce the participants to the idea of interacting in a simple virtual
environment without the added complication of a HMD. The prototype consisted of groups of
life-sized avatars, co-located in a projected virtual world and displayed simultaneously in two
adjacent rooms fitted with 180-degree projection screens in a semi-circular shape. Figure 2 shows
the setup used in each room, and Figure 3 shows an image of three participants using the prototype.
The system allowed participants to communicate with other embodied avatars in a high-fidelity
virtual world, and see how the embodied avatars moved using natural gestures. VoIP was used
to create an audio link between the rooms to facilitate communication. Two Microsoft Kinect 3D
cameras in each room were used to track participants’ movements and map them to their avatars.
The avatars from both rooms were then simultaneously projected onto the 180-degree semi-circular
screen in front of each group.

Twenty-one participants attended the second workshop (four were either on vacation or caring
for grandchildren). They were divided into groups of seven to make use of the prototype, with
three individuals in the first room and four in the second. A facilitator was present in one of
the rooms and was also embodied as an avatar to introduce participants to the features of the
virtual environment and encourage social interaction. Sessions began with participants standing
in front of the screen and looking at their avatars. During this time, the facilitator asked each
participant—embodied as their avatar on the screen—to introduce themselves to the rest of the
group and highlight their avatar via a ‘signature’ movement, e.g. a hand wave or dance move.
This enabled each participant to understand and explore how their avatar would respond to their
own body movements. Once all the avatars had been introduced, the group undertook a series of
movements and unscripted conversations, allowing participants to provide spontaneous feedback
on the technical capabilities of VR and the experience of being embodied as an avatar. After using
the prototype for approximately 30 minutes, the participants took part in focus groups to capture
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Fig. 4. Schematic of immersive avatar prototype used in workshop 3.

their reactions to the experience. A list of focus group questions that were used to initiate discussion
after workshop two is included in the supplementary material that accompanies this paper.

3.4 Workshop 3: Immersive Avatar Prototype
The third and final workshop took place four weeks after the second workshop. In reflecting on the
results from the second workshop, it was clear that participants had an improved understanding
of how an embodied avatar would appear and move in a virtual world and an appreciation of the
translation of embodied avatars into a virtual environment.We therefore felt confident aboutmoving
to a fully immersive social VR environment for the final workshop. This gave the participants the
chance to explore a prototype social VR environment that used HMD technology to enable a fully
immersive first-person perspective, as is common in commercial technologies such as the Oculus
Rift and HTC Vive.
Figure 4 provides a schematic representation of the immersive prototype setup used in the

workshop. Participants were seated in individual rooms equipped with HMDs that were connected
to a computer running the virtual environment inside the Unity game engine. Each room also had a
Microsoft Kinect 3D camera to track body movements, which were then mapped to the participants’
avatars within the VR environment. Both HTC Vive and Oculus HMD were used in the prototype.

The virtual environment depicted in the prototype consisted of an island where the participants’
avatars were seated around a reflective pond that allowed them to look down and see themselves
(see Figure 5). Audio headsets enabled conversation between the participants via a 3D positional
audio Unity plugin.
Twenty-two participants attended workshop three (one participant had withdrawn from the

project and two were unavailable), and up to four participants took part in each session. A facilitator
was also present in the social VR prototype to answer questions and introduce discussion topics.
Each participant spent approximately 20 minutes using the prototype, during which time they
looked through the eyes of their embodied avatars using the HMD, took part in group discussions
about the features of the virtual environment and their colleagues’ avatars, and experimented with
various avatar gestures. Immediately following their time using the prototype, the participants
took part in focus groups to discuss their reflections on the experience.
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Fig. 5. Screenshot of immersive avatar prototype used in workshop 3.

3.5 Data Collection and Analysis
Our study employed multiple sources of data and methods of data collection. These included
questionnaires, researcher notes, and focus groups. All data collected were transcribed (when
necessary) and imported into QSR International’s NVivo qualitative analysis software for coding
and analysis. We conducted thematic analysis using Braun and Clarke’s six-stage analytic approach
[10]. Independent parallel coding was adopted for the study [69]. Three members of the research
team coded a selection of raw transcribed data. All codes were then discussed in a review meeting to
ensure a level of consistency between the codes [38]. In addition, a copy of the document detailing
each stage of the Braun and Clarke process (completed by the first author) was sent to the entire
research team so that all could interrogate any stage of the thematic analysi
In order to build in a level of co-enquirer review, a particularly important process given the

participatory goals of the project, an early draft of this paper was sent to the participants as a
stakeholder check [69]. Participants were encouraged to comment on how the reported findings
related to their personal experiences. Seven participants responded to the draft. Some respondents
offered whimsical observations, such as Klaus, who commented that he was "very much relieved
that I wasn’t the only grizzling old bugger amongst the lot of us". None reported any concerns
about the way the findings portrayed their experiences of the prototypes. The participants explicitly
commented that our central themes matched with their experiences, providing evidence that our
themes reflected their views on the workshops. Bernard succinctly summarised the responses
when he commented that "The reported findings and examples seem to fit my experiences and
memories", while Samuel commented that "In my view your paper gives a good representation of
the VR research intention, process and findings". An added advantage of the stakeholder check
process was that it provided an opportunity to directly disseminate results back to the participants
who were involved in the study.

4 FINDINGS
We present our findings across three subsections. First we discuss older adults’ reactions to the
workshops at a general level to illustrate the degree to which they felt involved in the participatory
research program. We then explore our participants’ perspectives on social VR alongside the
potential value of the technology for older adults, before discussing issues related to avatar design
and fidelity that impacted their experience. These subsections highlight a range of factors that will
need to be addressed if social VR is to be a valuable communication medium for older users.
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Table 1. Self-reported Avatar Motivations and Participant Comments

Self-reported Avatar Motivations # of Responses Example comments
‘Realism’ and personal likeness 9 "A realistic figure" (Carl)

"A somewhat idealised version of how I would like to be now" (Herbert)
"Like Myself" (Holly)
"A version of myself in my 20s" (Samuel)
"Realism" (Ern)

Relations 3 "My grandson closely resembles my avatar" (Thomas)
"One of my granddaughters" (Mandy)
"My avatar is Asian, [as is] my niece" (Tina)

Alter-egos 3 "A companion for travelling, both in reality and VR" (Bernard)
"Someone very strong and threatening" (Herb)

Playful/Testing the software 5 "As it was the first avatar I created, I was more interested in process" (Nik)
"Getting familiarity with the software" (Klaus)
"Just having fun playing with the software" (Amy)

4.1 Participant Reactions to the Workshops
4.1.1 Avatar Design Process and Motivations. At the conclusion of the first workshop, participants
were asked to complete an online questionnaire containing seven short response questions that
sought to understand their motivations while going through the avatar design process, their
reflections on the workshop experience, and any thoughts on the limitations presented by the
design software being used (refer to supplementary material to view the questions asked in the
questionnaire). When participants were asked "Do you have any comments regarding your avatar,
or the workshop, that you would like to share?", many participants gave positive feedback about
the process and their ability to make individual choices. Herbert compared the avatar creation
process to his hobby of sculpting wood, suggesting he felt in control of the process and was able
to shape his avatar in personally satisfying ways. Violet commented that the workshop had been
"a most enjoyable initiation into avatars", while Harry appreciated that "the workshop went at a
pace that everyone could keep up with". Finally, Bernard believed the workshop "was enjoyable
and fulfilling because while we were pointed in various directions, there was no attempt to make
us do [a] particular thing. The choices were ours". These findings suggest that our participatory
approach was valued as it allowed the participants to make their own choices within the context of
the research program. Furthermore, responses indicate that participants felt comfortable using a
system that was potentially challenging, despite its novelty and considerable latitude for enabling
avatar customisation.
In the online questionnaire conducted at the conclusion of the avatar design workshop, the

participants were also asked about their design motivations. Twenty participants responded to the
survey. Participants’ design motivations fell into four categories that are listed in Table 1 along with
comments they made about each of these categories. The most commonly stated motivation was to
create ‘realistic’ avatars. These avatars represented attempts to visually mimic the participants’
conceptions of the way they looked in real life. Someweremotivated to create avatars that resembled
relatives—most commonly grandchildren—or some sort of alter-ego. Finally, five participants were
motivated by a more playful approach. When describing the motivations behind these playful
avatar designs, participants in this group tended not to relate the avatars directly to themselves, but
rather used the design session as an opportunity to test the possibilities afforded by the software. A
more detailed account of the avatars designed by the participants and a full analysis of what these
designs suggest about how older adults wish to be represented in avatar form is reported in [14].
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4.1.2 General Reflections on the Social VR Experience. Workshops 2 and 3 represented partici-
pants’ first exposure to immersive social VR technologies. At the conclusion of the sessions, many
participants expressed a sense of amazement about the sheer technical accomplishment of being
able to control their avatars through natural gestures. This was perhaps best illustrated by Len,
who began by saying "If I told my father about [the experience] he’d think I came from Mars, and
yet we’re starting to say this is real... it’s intriguing in our age group where you can actually say,
there’s something on the screen that is responding to my actions". Klaus was fascinated by the
technical aspects of the system, commenting that "...it’s quite amazing the amount of data that the
camera must pick up to... accurately [track] the movements of the avatar". Kim commented on how
enjoyable she found the experience: "...this is... it’s just intriguing the whole thing... it’s just great
fun and very enjoyable".

Reactions to the immersive avatar prototype (workshop 3) centred around the nature of the first
person view through the HMD and the fact that it ‘transported’ the participant to another world.
For Samuel, this experience helped to crystallise the potential of social VR for older adults: "As you
get older, you’re less mobile and you can see... you can bring people together in [social VR]... you’d
[feel] ‘I’m not going to get on the bus... but let’s get together in [social VR]’." Herb’s comments
revealed him grappling with the implications of the immersive experience: "You almost feel like it
was reality for a while, that you immersed yourself in what you were doing and you became, not
necessarily a person... but [the other avatars] were the people you were talking to". These responses
affirmed that the group was indeed curious and excited about technology, and more specifically,
provided evidence that the workshops provoked curiosity about the potential of social VR as a tool
that might benefit older adults. This aspect of the study is explored in more detail below.

4.1.3 Comments About Usability. Despite using the prototype for around 20 minutes in each
workshop session, no participants reported any dizziness or symptoms of simulator sickness
[32, 33]. However, there were several comments related to issues encountered while using the
HMD. Some participants were unsure as to whether they should leave their glasses on or off when
using the headset. Sally, who removed her glasses, regretted the decision, commenting later that
everything appeared "soft", suggesting she was unable to satisfactorily find a HMD position that
would allow her to bring the virtual world clearly in focus. This highlights a core problem related
to assisting users in VR as although there was a researcher present during the session to assist the
participants, they have no way of seeing focal issues directly and must simply show the participant
ways to adjust the focus of the HMD and trust they will find a suitable setting. Only Amy reported
discomfort from wearing the HMD for an extended period, commenting that "I found the headset
was mildly distracting. It’s a bit uncomfortable". Despite several participants having issues related to
hearing loss, sound quality in the prototype was rated as being good, although several participants
commented that they were not aware of the direction of the speaker’s voice, despite the prototype
employing spatial audio software.

4.2 Insights into the Role Social VR Can Play in Older Adults Lives
One of the goals of our study was to engage the participants in a conversation about how, based on
their experience, social VR might contribute positively to the lives of older adults. Bernard felt the
consistency of an avatar’s appearance and the ability to model a consistent virtual environment
could help those with dementia to remember names and places as "they would always look the
same". Cleo – who lived in an aged care facility – disagreed with this assessment, stating that some
of the people she lived with "have their own reality" and were happy. She felt that the social VR
environment could be distressing for these people. Samuel, on the other hand, believed that avatars
could provide a means for health care professionals to gain a better understanding of what it was
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like to be an older person and this experience might lead to them "treat[ing] their patients a lot
differently". Samuel’s comments demonstrate that he recognised the potential of social VR as a tool
for perspective taking [55], but with a specific focus on the way it might be used to allow others to
better understand the lived experiences of older adults.
The immersive avatar prototype used in workshop 2 inspired additional comments about how

social VR might respond to the needs of older adults. Several participants wondered how an avatar
might allow for alternative methods of self-representation. Herb suggested that avatars offered the
potential to improve feelings of self-worth, noting that "if you had an [avatar] of somebody that
you looked up to and thought was wonderful and you talked [through] them... you might be able
to do lots of things because your self-esteem would go up". Samuel suggested that "there might be
times when you’d much rather send your idealised (avatar) self out... Particularly if you become
disabled". He related this to the story of an older colleague who stopped visiting work friends
because she had a "droopy face" after she suffered a stroke. Researchers have noted that some older
adults can become socially isolated due to self-consciousness about the impacts of ageing or a
specific age-related disability [20]. Herb and Samuel’s comments suggest a potential role for social
VR and avatars in providing alternative avenues for older adults to maintain social connections
while also exercising control over their appearance.

4.3 Embodied Avatars as Social Agents
While participants generally reported enjoying the experience of creating their avatars and em-
bodying them in the social VR workshops, our analysis revealed a number of concerns. One such
concern brought forth by the workshops related to the visual appearance and expressive qualities
of the avatars within the social VR prototypes. Another concern related to the ability for older
adults to accurately control their avatar in the prototypes, alongside the impact that body tracking
errors can have in undermining the participants’ control over the ageing body and the way in
which this lack of control might conjure negative stereotypes about ageing. These findings revealed
our participants keen interest in creating embodied avatars that they perceived to be realistic, and
which portrayed their behaviour in an authentic and meaningful fashion that demonstrates they
are in control of their avatars and, by extension, their own bodies.

4.3.1 Searching for Realism. Even though participants were yet to ‘use’ their avatars, comments
made during workshop 1 and in the post-workshop survey highlighted an immediate desire for the
participants’ avatars to be more expressive.
At the conclusion of the avatar design workshop, participants were asked whether there was

any aspect of their avatar that they would most like to change. One participant, Tina, replied that
her avatar was "too android in appearance". Bernard similarly described his avatar as not looking
"happy" and referred to it as having "a sour look". Ern described his avatar as having an "unsmiling
mouth and eyes", which he hoped might be able to be "achieved with animation". Ern’s comment in
particular suggests that some of this dissatisfaction might simply have been a result of not having
the ability to animate the avatar during the design session. However, data from later workshops
demonstrated this was a consistent theme running through the study.

Just as in the avatar design workshops, the ‘realism’ of the participants’ avatars and their ability
to reflect a ‘real personality’ were major themes relating to the projected avatar prototype used
in workshop 2. Only Herb, who designed an alter-ego avatar character, expressed contentment
with his avatar, stating "I’ve always been such a timid little person. To have [an avatar] who is
bold and strong, I can really live something totally different. My other person could come out
a bit further". For the majority who created avatars designed to more closely reflect their own
appearance, the prototype experience was soured by the feeling that their avatars lacked "vitality".
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This often related to the embodied avatars’ lack of facial expression. Carl commented that "because
[his avatar] doesn’t have any facial expressions it’s very hard to work a personality out". Len also
drew attention to the lack of facial expression: "Well there were a fair few limitations, the fact that
there were no facial expressions." A common complaint from several participants was that the lack
of ‘personality’ rendered the avatars as mere "puppet(s)" (Gordon) or "marionette(s)" (Tina). This
tendency for thinking of avatars as puppets or robots has been observed in similar studies of older
adults’ reactions to avatars in social contexts [65]. In fact, when asked for the one feature they
would change if they had a magic wand, almost all the participants called for options to give their
avatars more expressiveness and realism. The following exchange is reflective of these comments:

Violet: Without facial expression, it makes a big difference, because that’s usually
what is communicating.
Samuel: Yeah, I thought that exactly...Emotion is very much tied up in personality...[the
avatars] all seemed like zombie[s] [they] lacked vitality, literally!
Facilitator: How do you think we could give them more vitality?
Herb: Facial expressions.

As occurred in workshop 2, many comments from the participants during the immersive avatar
prototype (workshop 3) highlighted the importance of ‘realism’ in promoting genuine social
interactions. While comments from some participants indicate they felt fully immersed within the
prototype that employed HMDs (see section 4.1.2), the perceived lack of realism in the avatars
prevented others from having this experience. Amy’s comments were illustrative of this. After
removing her HMD, she commented that the experience was "Very artificial. Unbelievable... there
were no clues in the movements of the avatars to say ‘look over there because that’s who’s talking’...
It was like talking to a group of dolls. Mechanical dolls". Holly’s comments echoed these concerns:
"to get any real benefit out of [social VR], you’d have to believe that [the avatar represented] that
person. They would have to show some sort of emotion... there wasn’t the interaction". Others
were more forgiving of the technical limitations of the prototype, but still emphasised the need for
improved expressiveness in the avatars. Bernard commented that "[as] technology improves, those
things are going to change. The big thing is, how are you going to get to... see facial expressions
[when] you want to talk to someone?". These findings reinforce prior work that has highlighted
older adults’ keen interest in online social interactions that give them a rich sense of communicating
with another person [11, 31]. The perceived social value of the VR prototypes was greatly eroded
in cases where avatars were considered to be mechanical, sallow, or un-lifelike.

4.3.2 Reacting to Social VR Tracking Errors. The Kinect 3D cameras that tracked body movements
in the prototypes at times exhibited tracking errors and jitters that caused the participants’ avatar
bodies to twitch, contort, and shake. Interestingly, participants frequently made sense of these
involuntary movements in terms of what they might mean about the ‘personality’ of their avatars.
For some, like Mandy, the randomness of the tracking errors gave the avatar a playful characteristic
and allowed it to move in ways that she no longer could:

My avatar could do all sorts of things... without being told, she just did the splits and
jumps...[the avatar] was very independent, she did what she wanted to do... it was cute.

For Harry and Holly, however, the tracking errors led to a stiffness and jerkiness that they found
disconcerting. Harry commented that the avatars weren’t performing an "accurate representation
of my movement".
Participants’ reactions to these tracking errors were even more pronounced during their use

of the immersive avatar prototype (workshop 3). Some participants commented on the impact
that tracking errors and jitters had on their sense of control over their virtual bodies. Thomas
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expressed frustration about not being able to accurately control his hand movements as they
were key non-verbal communication tools. Carl responded by saying he felt he "had developed
Parkinson’s disease and my hands were shaking, but involuntarily". Frustration at the inability to
control fine hand movements was a common theme in the data and led to more comments about
the robotic nature of the avatars. As Bernard described, "[it’s] robotic Dr Who sort of stuff isn’t it...
I mean you could do [any movement] with your fingers and it didn’t show up [on your avatar]."

These findings raise issues about the current state of body tracking technology in VR, and about
older adults’ specific anxieties with respect to the ageing body. With regard to body tracking
technology, while tracking errors of differing severity impact on the usability of all commercially
available VR systems, our findings highlight how damaging tracking errors can be in social VR
systems where users are looking to convey social meaning via non-verbal cues. Our findings
illustrate the particular sensitivity our participants had to involuntary movements caused by
tracking errors. Older adults are particularly sensitive to social stereotypes that render the ageing
body as being an object of disgust that makes them "liable to sanctions, both physical and symbolic"
[70, p.128]. Thus, in social VR, tracking errors are not simply seen as technological ‘glitches’ by
older users, but may mark them as objects to be avoided or ostracised.

5 DISCUSSION
The aim of this work was to investigate older adults’ preferences regarding immersive social VR
technologies. We seek to use these findings to inform the future development of social VR as a
communication tool. By exposing a group of older adults to the process of avatar creation, alongside
an experience of interacting with others via two social VR prototypes, our study provides several
key insights that can support the design of social VR as a communication medium for use by this
population. The first insight is the significance of behavioural anthropomorphism in social VR
and its importance in addressing older adults’ desire for expressive, human-like communication.
The second insight is the importance of translational factors – how VR technology translates the
movements of the ageing body into the virtual environment – as a key factor for supporting the
quality of social interaction experienced by older adults in social VR. In the discussion below we
develop these insights further before considering how social VR designs can support older adult
communication. We then consider how older adults’ views can inform future research priorities
within this space.

5.1 Behavioural Anthropomorphism as the Key Aspect of Older Adults’ Embodied
Avatars in Social VR

One of the themes that permeated most strongly throughout the study was the importance that
participants placed on the need for their embodied avatars to be able to move and act in more
‘human’ ways when interacting in a social VR environment. Just as the wooden toy Pinocchio in
Carlo Collodi’s children’s novel dreamed of becoming a ‘real boy’, the participants sought to inject
more personality and reality into their avatars. Many felt that the avatars used in the prototypes
lacked these important characteristics, rendering their avatars more like ‘marionettes’, ‘puppets’, or
‘mechanical dolls’ than self-representations. The participants expressed these views via the use of
terms such as: ‘realism’, ‘vitality’, ‘personality’, and by emphasising the need for facial expressions.
Translating terms such as these into specific design considerations can be difficult as it is not always
clear what a comment like ‘realism’ means in relation to an embodied avatar [53].
In their recent review of the terminology used to describe avatar characteristics, Nowak and

Fox recommend researchers discuss avatars within the context of three "overlapping aspects that
influence users’ perceptions of the social potential of avatars" [53, p.36]. These aspects are: agency
(is the avatar perceived as human?), anthropomorphism (does the avatar have human form or
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behaviour?), and realism (does the avatar have accurate form or behaviour). They distinguish
anthropomorphism and reality by noting that an avatar of a tree may be highly "accurate and
lifelike" and thus realistic; however, "other users may be less likely to attribute social potential to
it–and [be] less likely to...communicate with it–because it is not anthropomorphic" [53, p.37].

Thus, while the participants used terms such as ‘realism’, ‘vitality’, and ‘personality’, we might
better understand these as descriptions relating to anthropomorphism and specifically behavioural
anthropomorphism, which describes "avatars speaking, moving, or acting in ways that may be
expected of humans" [53, p.36]. Prior literature has established that older adults prefer technological
systems that support complex identities and deeper, more personalised, social communications
[11, 31]. Our study highlights how these concerns and wishes play out in the specific context of
social VR as a desire for behavioural anthropomorphism. Our findings, allied to the insights from
prior literature, are enough to suggest that behavioural anthropomorphism is one of the foremost
concerns of older adults with respect to social VR.

5.2 Translating the Movement of the Ageing Body in Virtual Environments
While behavioural anthropomorphism speaks to the need for embodied avatars to move and act in
‘human’ ways in order to support communication between older adults, our study also highlights
the importance placed by older adults on having VR systems translate the movement of the ageing
body in ways that avoid perpetuating negative ageing stereotypes. After participating in workshop
2, Samuel discussed a colleague who withdrew from contact with former workmates because of
the physical impacts of a stroke. Samuel wondered if embodied avatars might allow older adults
impacted by physical disabilities to reengage with social supports. Prior research has established
that older adults with age-related disabilities can become socially isolated due to these factors
[20]. This supports the view that embodied avatars might play a positive role in aiding older
adult communication in social VR by providing mechanisms that allow older adults to adapt their
embodied movements to counteract the impacts of age-related disabilities. However, our findings
also highlight that poor translation of bodily movements by body tracking hardware can severely
impact on older adults’ experiences in social VR by implying movements that correspond to negative
social stereotypes, and which may associate “negative bodily qualities of oldness” with personal
failure [34, p.14]. A prime example from our study was Carl’s concern that the jitter experienced
by his avatar suggested that he had Parkinson’s disease.
In one of the few prior studies examining the social interaction experiences of older adults in

virtual environments, Siriaraya and Ang have proposed that there are two factors that “affect the
quality of the social interaction experienced by older people in 3D virtual worlds” [65, p.104]. These
are factors that are related to the characteristics of the users (User factors) and factors that are
related to the design of the virtual environment (Platform factors) [65]. Our findings suggest that
consideration of a third set of factors — what we might term Translational, or how the technology
converts bodily movements from the real world into the virtual environment — is required in order
to ensure that social VR hardware and software can accommodate the self-presentational concerns
of older adults. For example, some older adults may desire ‘smoothing’ of avatar movements to
reduce the signs of physical tremor, particularly if these adults internalise and feel subject to
ageist stereotypes. Others may wish for their movements to be accurately recreated within the
VR environment, either because their disabled identity is important to them or because they are
able-bodied and want to be represented as such. This level of translational control will empower
older adults themselves to choose the nature of their embodied avatar’s movements, and thus how
they wish to be represented within a social VR environment.

As a result of this study, we believe that behavioural anthropomorphism and addressing factors
relating to the translation of the movements of the ageing body are key challenges facing those

Proc. ACM Hum.-Comput. Interact., Vol. 3, No. CSCW, Article 149. Publication date: November 2019.



Interrogating Social Virtual Reality as a Communication Medium for Older Adults 149:17

designing embodied avatars and social VR systems that support communication between older
adult users. As the field of social VR research is still evolving, a key contribution of our study is
to propose a set of design considerations that seek to begin addressing these challenges when
designing social VR systems aimed at older adults. This will also help to situate social VR within
the broader context of designing to support older adult communication, as discussed below.

5.3 Designing to Support Older Adult Communication in Social VR
The need for embodied avatars to support behavioural anthropomorphism, though indicative
of a new form of computer mediated communication, nonetheless resonates with the broader
literature examining older adults communication preferences. In particular, our findings emphasise
the importance of "heavyweight" communication to older adults and their need to communicate
in ways that leave them feeling "that real contact has been made with someone" [41, 1707]. Our
findings suggest that improved behavioural anthropomorphism is the gateway to heavyweight
communication when using embodied avatars in social VR. Three key areas of design appear to be
crucial.

5.3.1 Capturing or Inferring Facial Expressions. Our participants were unanimous in seeking
improvements in capturing facial expression in order to help them to feel a sense of genuine
connection with their own, and others’, embodied avatars. While social VR systems may evolve
in the future in ways that mean a HMD is not necessary, at present, the need to wear a HMD
obscures much of the face. This presents an engineering challenge when trying to read or infer facial
movement. Those designing to support behavioural anthropomorphism in social VR must therefore
consider ways to translate facial movement onto embodied avatars while the user is wearing a
HMD. Current approaches to this challenge vary from embedding sensors inside the HMD that
measure surface tension of the face [39], to embedding photo-reflective sensors [68]. Until these
challenges are met in commercially available systems, those designing social VR experiences for
older adults should at least attempt to maximise embodied avatar facial expressiveness by:

• Employing lip syncing technology that uses audio signals to infer avatar mouth movements. For
example, plugins, such as Oculus Lipsync, allow designers to use a set of phonetic mouth
shapes (called ‘visemes’) to simulate natural mouth motion based on the incoming audio
signal2.

• Adopting software that can infer or simulate eye movement. Recent research suggests that
avatars with simulated eye movements can result in "high quality of communication" in
co-located social virtual reality, even when compared to real eye movements captured with
eye-tracking software [62, p.531].

These design goals begin to incorporate a level of facial expression into embodied avatars, moving
us closer to the level of behavioural anthropomorphism that is desired by older adults.

5.3.2 Accommodating Nonverbal Communication. While the prototypes employed in this study
did track body movements, the participants, particularly in the immersive prototype (workshop 3),
called for a finer level of tracking – particularly tracking of hand gestures. Psychological research
has demonstrated the pivotal role that nonverbal cues such as hand gestures play in helping people
judge rapport in new social circumstances [27].

The need to understand the importance of hand gestures represents a design consideration that
has not been a factor in evaluations of other social communication technologies for older adults.
It is an example of what Hope and colleagues refer to as the need for designers to consider the
"rapidly changing communications landscape, where the technologies of today will be replaced
2https://developer.oculus.com/documentation/audiosdk/latest/concepts/audio-ovrlipsync-viseme-reference/
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by new interaction paradigms of tomorrow" [31, p. 3910-3911]. Our findings foreshadow a new
social communication landscape in which nonverbal gestures play an ever increasing role. As such,
we suggest that those designing social VR experiences for older adults consider using VR hand
controllers which, though adding another level of complexity with respect to interaction, allow
older adults to use precise hand gestures to help convey meaning and build rapport in social virtual
worlds. An added advantage of this recommendation is that it allows older adults to hold and
manipulate virtual artefacts. Given the noted desire amongst older adults to share material artefacts
[31], the use of hand controllers also opens up a new design space where scanned artefacts and
interactive games can further promote heavyweight communication by allowing them to bring
meaningful ‘real world’ objects into social VR to further enrich the social experience.

5.3.3 Designing for the Ageing Body. A final design consideration relates to the need to consider
how older adults will interpret bodily movement in social VR. Our findings illustrate the distinct
ways older adults interpreted the tracking errors that were a byproduct of the Kinect sensors. These
ranged from Mandy’s positive reaction to her avatar’s propensity to "do the splits and jumps"
through to Carl’s concern that his avatar had Parkinson’s disease.
While the majority of the participants’ responses undoubtedly called for more accurate body

tracking, the range of reactions to the tracking in the prototypes suggests to us that social VR
affords a unique opportunity to consider how tracking might be used to allow older adults choice
in how closely their embodied avatars mimic their movements. Thus, we believe that future social
VR experiences should be designed in such a way that body tracking can be adaptive and that
Translational factors – in addition to User and Platform factors [65] – are central to the development
of social VR experiences aimed at older adults. This will allow systems to prevent the types of
tracking errors that might conjure negative stereotypes related to the ageing body (such as Carl’s),
while affording a level of control that could allow those suffering from physical disabilities (such as
those related to Parkinson’s disease or stroke) to present themselves as they wish in social VR.

5.4 Older Adults’ Views Informing Future Research Priorities
In their critical analysis of 30 years of ageing research in the HCI community, Vines et al. call on
researchers to "engagewith how older people themselvesmight actively direct, shape, and contribute
to HCI research" [74, p.21]. We believe our engagement with the participants demonstrates a
practical method that can move HCI research toward this goal. By asking the participants directly
about their thoughts on the potential of the technology after engaging with the prototypes, they
provided views that demonstrate how participatory engagement of this type can be used to help
inform future research in a range of areas involving the use of social VR.

5.4.1 VR, Ethics and Dementia Care. Bernard and Cleo expressed a range of views about the
benefits and challenges of using social VR with people who have dementia. The potential to use VR
to support people living with dementia has been a topic of great interest in the area of gerontology
[43, 49], and is emerging as a topic of interest in HCI [30]. As such, it is valuable to hear older
adults’ views on how VR might best be applied. We find Cleo’s comments in particular very
revealing. As an insider, living in a residential aged care facility with many people who are living
with dementia, her feeling that VR might negatively impact on people who are already living in
"their own reality", highlights an important ethical consideration for researchers working with this
vulnerable population. Based on this learning, we believe that while our participants enjoyed their
social VR experience, we should not view it as universally appropriate. We need more research to
understand, in a more nuanced way, how and when social VR is appropriate, especially when VR is
used in sensitive settings such as aged care [59, 76].

Proc. ACM Hum.-Comput. Interact., Vol. 3, No. CSCW, Article 149. Publication date: November 2019.



Interrogating Social Virtual Reality as a Communication Medium for Older Adults 149:19

5.4.2 Using VR to Improve Self-Perception and Wellbeing . Herb’s views about the potential impact
of embodied avatars on self-worth resonates with research that has demonstrated the profound
impact that embodying an avatar can have on self-perception [55]. Samuel’s comments about the
contribution embodied avatars could make in encouraging older adults to reengage with social
support provide evidence of the important role that social VR could play in improving wellbeing.
Research is increasingly demonstrating the positive role that embodied avatars can play in reducing
anxiety [5] and establishing trust [37]. Our participants’ comments provide first-hand accounts
from older adults demonstrating their belief that such interventions could prove valuable for them
and their peers.

5.4.3 Using VR to Better Understand the Ageing Experience. Finally, Samuel’s comment that health
professionals could benefit from embodying an older adult avatar also suggests a new focus for
researchers seeking to understand the impact of VR on empathy [1, 28]. Given that healthcare
professionals’ attitudes toward older adults have been shown to improve with increased knowledge
of age-related issues [42], Samuel’s insight provides an avenue by which VR training might improve
how healthcare professionals respond to older adults.

5.5 Limitations
While our study has generated a rich set of data by which we can better understand older adults’
use of embodied avatars in social VR, there are a number of limitations of the present study that
can be addressed by future research. One such limitation concerned the design of the virtual worlds
used in the prototypes. While the participants knew they would be embodying their avatars in
prototypes before the avatar design workshop, they did not know the characteristics of the virtual
worlds as they were yet to be developed. Based on these limitations, we are conducting extended
participatory design work with the participants aimed at developing a social VR application that
facilitates the types of social experiences they value. A second limitation relates to our conscious
decision to use Kinect 3D cameras to track body movements in both prototypes. This approach was
taken in order to improve the usability of the prototypes by allowing the participants to control their
embodied avatars’ movements via natural body gestures, rather than more complex combinations
of technologies such as hand controllers and room-scale tracking. However, this decision to make
the system easy-to-use came at the expense of acquiring more detailed insights about the usability
of VR technologies by older adults. Such insights are likely to be valuable given the prevalence of
hand controllers in commercial VR systems, and the known impacts that age-related illnesses, such
as rheumatoid arthritis, can have on some older adults’ use of hand-held devices [77]. To address
this limitation, future work should study the usability issues raised by more complex tracking and
control technologies.

6 CONCLUSION
In this paper, we present the findings of a study that sought to understand how social VR might
be used as a communication tool that could contribute to the wellbeing of older adults. Twenty-
five older adults aged over 70 took part in the study. We adopted a participatory action research
approach and conducted three workshops that sought to give our participants the opportunity to
design their own personalised embodied avatars and then use these in two social VR prototypes.
Our findings highlight older adults’ design motivations when creating embodied avatars for social
VR; their views on social VR as a communication tool; and their thoughts about how social VR
can play a beneficial role in the lives of older adults. Findings emphasise the critical importance
placed by the participants on behavioural anthropomorphism, which encompasses their avatars’
ability to speak, move, and act in a human-like manner in social VR. Our findings also highlight
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the critical importance our participants placed on have a VR system translate their movements
in such a way as to avoid perpetuating ageing stereotypes. Based on this finding, we propose a
set of design considerations for those exploring social VR as a communication medium for older
adults. By examining the older adults’ reactions and thoughts after interacting in the two social VR
prototypes, we have also demonstrated how their views can inform a future HCI research agenda
examining the use of social VR by older adults.
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