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Research has pointed to the potential of extended reality (XR), including virtual, mixed, and
augmented reality, for broadly impactful benefits, including learning, physical activity and
health, and psychosocial aspects such as increased empathy and reduced loneliness.
More research is needed to evaluate the outcomes of XR in new populations of users,
including older adults. The purpose of this systematic review is to summarize the extant
literature that centers on older adult use of XR in order to identify key themes, as well as
identified benefits and barriers to XR use. In total, 17 studies from 2015 to 2019 met the
inclusion criteria, namely that the study collected data from a sample of adults at least
60 years of age interacting with a 3D virtual environment. Through qualitative analysis of the
corpus, six thematic areas were identified: Socialization, Physical Rehabilitation, Driving
Simulation, Cognitive Training, Reminiscence, and Assessment. Furthermore, the unique
contexts and outcomes of XR use, preferences for XR use, and reported occurrences of
cybersickness in older adults are highlighted. Research after 2019 is also noted. This
review is intended to guide future research supporting deployment of XR with older adults,
emphasizing the psychosocial impacts of the technology.
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INTRODUCTION

Virtual reality (VR) may appear to be a new phenomenon, with a surge of interest in the wake of the
Kickstarter-funded release of two modern head-mounted displays (HMDs) Oculus DK1 and DK2
(Development Kit 1 and 2; McGill, 2016). However, academic attention to VR in the 1990s led to
many of the theories that shape our understanding of the technology, including Milgram and
Kishino’s virtuality-reality continuum (Milgram and Kishino, 1994). According to this continuum,
VR is a manifestation of virtuality in which system users can view and interact with digital objects
within a virtual environment (VE). Augmented virtuality (AV) occurs when real objects are
represented in a virtual world. Augmented Reality (AR) falls closer to the reality end of the
continuum, and consists of viewing virtual objects overlaid on a view of the real environment using
pass-through devices (such as through a camera or specialized lenses; e.g., when someone on a video
call turns on a “filter” and appears to have animated bunny ears added to their head). Mixed reality
(MR) falls in the middle range of the continuum, allowing people to interact with both real and
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virtual objects together (e.g., exploring a virtual environment but
using your actual smart phone while in it). In recent years, the
many possible ways through which one can interact virtual
systems has been summed up as extended reality (XR).

Prior to 2016, when Oculus released their first consumer VR
device (Oculus Rift CV1), HMDs were expensive, saw attention in
limited professional and academic settings, and had several
performance and usability concerns (Hutchison, 2007).
Because of the focus on developing usable and powerful
devices, little research focused on users who do not fall within
the innovation adopter categories of enthusiast or early adopters
(Rogers, 2003).

Prior work highlights the potential of XR for diverse outcomes
including increasing empathy (Bertrand et al., 2018; Barbot and
Kaufman, 2020), training new skills (Johnson-Glenberg et al.,
2014; Molka-Danielsen et al., 2018; Radianti et al., 2020),
reducing loneliness (Gunkel et al., 2018; Smith and Neff,
2018), and improving mental health (Geraets et al., 2020),
which are all of benefit to broad swaths of users. While
research has begun to turn toward underserved populations,
including older adults (Montana et al., 2020), more work is
needed. Now that research surrounding XR is opening to
include attention to the challenges of the “everyday user”
(such as Gugenheimer et al., 2019, 2017), there is a need to
uncover the gaps deserving of attention.

Reviews seeking to enumerate and close these gaps have
focused on general use of VR in sports (Neumann et al.,
2018), XR games for physical functioning among older adults
(Miller et al., 2014; Molina et al., 2014). Beyond the physical uses
of VR, recent reviews have focused on XR use in the support of
persons with dementia (Hayhurst, 2018) and community-
dwelling older adults (Dermody et al., 2020). Still other work
has focused on the need for user-centered design including a
framework of design recommendations for HMD-based VR
exergames (Li et al., 2020) and the outcomes of a workshop
on designing and using VR in sensitive settings (Waycott et al.,
2018). The purpose of this systematic review is to guide future
research on the use of XR by older adults, themselves, and in
contexts beyond physical functioning.

BACKGROUND

For older adults, there exist concerns outside of the usability and
transferability of previous findings in younger samples of XR
users which intersect with the study of the prosocial benefits of
the technology. In the United States of America, and indeed
worldwide, falling birthrates combined with innovations in
medical practices and technology are leading to the expansion
of the older adult population (Ageing and health, 2018). While
longer life is to be welcomed, it brings with it its own list of
challenges, including planning for the costs of healthcare and
combating isolation. One possible way to solve such problems is
to leverage technology such as XR.

However, the focus of technology-centric research must
expand to be able to offer broader offerings and accessibility
to diverse users. Much of the development and design of

innovative technology is conducted by younger adults, and it
is common that developers and designers focus on creating
technology that caters to people who are like them. This has
been reflected in the lack of focus on accessibility in game
consoles (until the Xbox Adaptive controller; Kujawski and
Johnson, 2018) and XR HMDs (until the WalkinVR Driver;
WalkinVR, 2020) and a reduced initial focus on narrow
application areas. This naïveté coupled with the relative
newness of XR has meant a focus on getting the technology to
work for the “average” consumer of these new technology, as well
as on making them more financially accessible (Lawton, 2006).
While technical functionality is important to get right, this has
meant the user experience and inclusive design needs have largely
been neglected in HMDs.

Still, these technologies are being used by older adults who find
useful applications for XR (for example, VR HMDs Baker et al.,
2019; Roberts et al., 2019). Therefore, it is important that
researchers work to enhance adoption of XR technology
among older adult populations. This paper describes a
systematic literature review that seeks to highlight extant
research as well as areas that are lacking to in order to guide
the continued advancement of scientific discovery in this area.
Specifically, this review explores the current ways XR
technologies are used with older adults, as well as how
interaction is different as individuals age, summarizing the
extant literature that centers on older adult use of XR in order
to identify key themes, including benefits and barriers to XR use.

DEFINITIONS AND PERSPECTIVES

This review focuses on the use of XR technology by older adults;
specifically of interest are the ways in which interaction is
different as we age and how interaction with XR technology
can impact psychosocial health and quality of life. However, these
concepts deserve better clarity. As such, we delineate below what
we mean by older adults, XR Technology – including a brief
review of the history of XR and the interaction challenges
inherent in the technology, and psychosocial health and
quality of life.

Defining Older Age
Aging adults are more diverse in abilities than their younger
counterparts, so choosing any specific chronological age cutoff to
define “older adult” is difficult. Aging studies often select those
aged 65 years and older as a minimum; however, this leaves a
large age range encompassing multiple decades and persons with
extremely heterogeneous functional abilities and experiences. In
the U.S., age eligibility criteria are often used to determine who is
legally “old.” For instance, the Age Discrimination in
Employment Act defines the protected class, older workers, as
persons at or over 40 years of age. For U.S. social security benefits,
ages 62, 67, and 70 entitle eligible people to partial, full, and
enhanced retirement benefits. As a result of such variability in
legal and functional status, aging adults are often categorized into
chronological age bands, such as the young-old (65–74 years),
middle-old (75–84 years) and old-old (85 + yrs.; see Czaja et al.,
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2019). However, for this review a cutoff age for study inclusion
was needed. Maximal human longevity is approximately
120 years (the record being 122 years for Jeanne Calment;
Robine et al., (2019), so choosing the half-way point, age 60,
was a reasonable cutoff that was also backed by the World Health
Organization (2018).

From the perspective of usability of XR technology, functional
capacity for vision, hearing, and balance are probably the most
critical factors for aging adults. Loss of ability to focus the lens of
the eye, a normative vision change that occurs in the mid-40s,
leaves most adults needing corrective lenses for focusing on near
objects, such as the screen area in an XR headset. Hence, aging
users need to be able to fit their glasses-wearing heads into a VR
headset comfortably or be able to fit a glasses-like AR device (e.g.,
Google Glass) over their own glasses. Hearing acuity declines
normatively from early childhood onward, particularly for low-
volume, high frequency (high pitch) sounds. By the old-old years,
many adults (most males) may be wearing hearing aids in one or
both ears, meaning that XR sound sources should be compatible
with hearing aids (e.g., built into the headset rather than piped in
through earbuds).

Finally, balance declines with age in terms of less effective
vestibular (inner ear) function and slowing in information
processing rate that results in slower reflexive responses to
maintain a safe posture. Older adults appear to compensate
for vestibular changes by weighting visual input more heavily
to maintain balance. Hence few can successfully stand on one foot
for more than a second with eyes closed compared to eyes open.
As a result, they may be at higher risk than younger adults for
cybersickness and risk of falling when walking around with an XR
headset that does not permit adequate view of the surrounding
environment. This issue suggests that they might perform better
with AR headsets, with their transparent displays, rather than VR
headsets that occlude vision of one’s surroundings if required to
stand and move around.

Defining XR Technology for This Systematic
Review
In this review, we define XR as the continuum of technologies that
allow immersive interaction or exploration of virtual, augmented,
or mixed reality environments. In this way, “XR interfaces” for
the purposes of this review include: CAVEs (rooms in which the
walls are screens, possibly along with the floor and ceiling),
HMDs, and three-dimensional (3D) displays (e.g., TVs with
3D glasses). When discussing specific kinds of XR, the more
specific terms (AR, VR, or MR) will be used, while the more
general “XR” will be used in all other cases.

One usability concern has been the phenomena known as
cybersickness, simulator sickness, or visually-induced motion
sickness (VIMS). This is a feeling of nausea or dizziness that
can occur when experiencing XR. For our purposes, we refer to
each of these as cybersickness, but all three terms were used in the
review. This is a vast simplification of this area of research (e.g.,
Davis et al., 2014; Stanney et al., 2020; Stone III, 2017), but when
considering the impact of the range of symptoms on immersive
XR users, there is little difference. Cybersickness is typically

measured by the Simulator Sickness Questionnaire (SSQ;
Stone, 2017).

Defining Psychosocial Well-Being
An aim of this study is to articulate the extent to which prior
studies demonstrate the ability of XR to enhance the experience of
everyday life among aging adults. Of relevance are several
important indicators of functioning and well-being.
Psychosocial well-being encompasses cognitive, emotional, and
social components of everyday life. This construct is closely
aligned and supports whole-person wellness which
incorporates intellectual, physical, spiritual, emotional,
occupational, and social components (Kang and Russ, 2009;
Montague et al., 2002). Quality of life refers to individuals’
subjective well-being overall as well as the ability to participate
in typical and desired daily activities, including physical, mental,
and social roles. For older adults, this may include a preference to
live independently for longer in a setting of their choosing (e.g.,
“aging in place”). Determination of quality of life can vary across
individuals, thus it is typically assessed via self-report (e.g., Diener
et al., 1985, 2009). Together, whole-person wellness and quality of
life underpin individuals’ ability to “successfully” or “optimally”
age (e.g., Martin et al., 2018).

Given that quality of life is evaluated with a whole-person lens
including physical and psychosocial health aspects, we focused on
studies with these emphases.

METHODS

Following the recommendations of PRISMA (Moher et al., 2009)
and Cochrane (Higgins et al., 2019), the methods were set out
prior to the initiation of the study. Keywords, inclusion criteria,
exclusion criteria, and databases were identified and agreed upon
by an interdisciplinary team of researchers prior to the start of the
review.Web of Science, PSYCInfo, and Pubmed were searched on
September 30, 2019. Searches were limited to articles on older
adult humans published in the English language. The databases
were searched using terms representing: age; psychosocial health;
and XR (see Supplementary Appendix SA for a full list). Using
these keywords, 2,018 citations were pulled from the databases
and filtered to 1,513 citations after duplicate removal (see
Figure 1).

Next, titles and abstracts were examined according to
inclusion and exclusion criteria. We included published data
that fulfilled the following inclusion criteria: 1) data were
collected for samples with a minimum age of 60 years or
older; 2) the psychosocial data were collected at the level of
the individual; 3) data about the use of the XR were collected,
rather than simply using the technology as a delivery mechanism;
and 4) papers were published after 2013 because, for HMDs, the
release of the Oculus Rift Development Kit 2 provided vast
improvements of frames-per-second, weight, and resolution
over previous HMDs.

Excluded were published data that: 1) took the form of an
abstract-only conference proceedings, magazine article, or other
non-peer-reviewed source (e.g., commentary, editorial report); or
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2) were presented as a review or meta-analysis. Given that this
research area is developing, theses and dissertations were
included to reduce the publication bias that may have
otherwise been present. All qualitative and quantitative studies
meeting these criteria were included.

Next, abstracts and titles were reviewed by a team to determine
whether papers fit the criteria defined above, resulting in 306
citations. The papers were downloaded and a second manual
screening, which used the search feature of Mendeley to identify
studies that did not meet inclusion criteria, reduced the corpus to
71 papers which used a virtual environment and included
psychosocial or physical health measures. Given the intent to
examine the use of 3D virtual environments, papers were not
included if they did not feature an HMD or 3D visualizations
(e.g., a 3D television was appropriate, but a projected image with
no active or passive stereo lenses was not). Thus, the 71 papers

were further reduced to 51. Through a thorough reading of each
paper, 35 were determined to not meet inclusion criteria and were
omitted from further review, while an additional paper 1) was
added through citation chaining, bringing the final corpus, which
is listed in Supplementary Appendix SB, to 17 papers.

OVERVIEW OF THE CORPUS AND FOCUS
AREAS

The final corpus consisted of 17 papers that were published from
2015 to 2019. These publications included 19 studies which
resulted from a dissertation including three studies
(i.e., Almajid, 2019). Therefore, studies form the unit of analysis.

As a result of the range of outcomes evaluated and the
relatively small number of studies, a meta-analysis was

FIGURE 1 | PRISMA 2020 flow diagram reflecting the systematic review article screening process.
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deemed unsuitable at this time. Instead, we describe the themes
and commonalities and use these insights to offer suggestions for
future research. First, the six identified focus areas of these studies
are delineated. In addition, we identified eight technology types:
four areas that had been studied in the XR literature at large and
four that emerged during the literature review. The counts of
occurrences of specific technologies in the corpus are also
delineated below.

Focus Areas
One of the questions we sought to answer was centered on the
currently documented uses for VR by older adults in the
literature. Of the sampled studies, six focus areas were
identified: physical rehabilitation; cognitive training;
reminiscence; assessment; driving simulation; and socialization
(see Figure 2). The distribution of these focus areas over the years
of this review (note: no relevant articles were identified for 2014)
includes physical rehabilitation consistently over the years, with
attention to driving simulation and socialization occurring more
recently, and a revived focus on reminiscence in the most recent
year of the review.

Physical Rehabilitation
Physical rehabilitation is the focus area of the most studies in the
corpus. In total, six of the studies (Lee et al., 2015; Bruun-
Pedersen et al., 2016; Kim et al., 2017; Lee et al., 2017;
Almajid, 2019; Howes et al., 2019) focused on the use of VR
for training balance and guided exercise or on evaluating the
safety of VR for use in older adult populations.

Cognitive Training
Cognitive health is a chief concern associated with aging, and
as such, researchers are interested in studying the use of
technologies such as VR for the maintenance of cognitive
abilities or remediation of any decline through targeted
training (Manera et al., 2016; Micarelli et al., 2019). One of
the studies in the corpus focused on using VR to conduct
attentional training (Manera et al., 2016), while the other was

interested in the use of low-cost phone-based HMDs in
training spatial memory and orientation (Micarelli et al.,
2019).

Reminiscence
The ability for VR to transport embodied individuals into the
environments has been identified in research (Kraus and
Kibsgaard, 2015), and for older adults, this presents an
opportunity to revisit places physically and mentally in
addition to the chance to experience novel locations. Three
studies in the corpus examined the use of VR for travel, either
to physical locations or location-specific memories. One study
(Benoit et al., 2015) explored whether VR is safe and desired by
older adults, as well as whether it is effective at evoking
autobiographical memories, by comparing participant
performance in producing memories for familiar places
presented in VR and as photographs compared to non-
familiar places and familiar non-places (a single-color screen).
A second study conducted by Brown and others (2019) explored
the usability of a VR HMD and the video preferences and
perceived use-cases for the technologies. The third study in
this focus area (Niki et al., 2019) explored the impacts of
location-based VR experiences in palliative care.

Assessment
VR, due to its use of simulated environments, offers a potentially
invaluable alternative to paper-based assessments of memory and
physical ability, as well as a new way to test specific aspects of the
aging experience while controlling for variables that are not easily
managed in other replications of real-world experience. While
many of the papers in this corpus used VR to evaluate the abilities
of their participants (for example, Ramkhalawansingh et al., 2018,
evaluated the integration of stimuli important to distinguishing
heading), four studies directly evaluated the use of VR in
conducting assessments related to memory (Craig et al., 2016),
balance (Chang et al., 2016), and the effect of visual perturbations
on a popular measure of range of motion (Almajid, 2019, studies
2 and 3).

FIGURE 2 | Distribution of the identified focus areas over the years included in the systematic review.
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Driving Simulation
Another focus area was the use of VR driving simulations. One
study examined the ability of older adults, compared to young
adults, to distinguish heading from visual, vestibular, or
integrated cues (Ramkhalawansingh et al., 2018). The other
study in this focus area was conducted by Bier et al. (2018)
that sought to train attention using VR was interested in the
transferability of skills to driving tasks.

Socialization
A recent direction for research regarding the use of VR by
older adults has focused on socialization and social health.
Specifically, this review identified two studies which
investigated the effect of VR on isolation (Lin et al., 2018)
and the needs of older adults from social VR applications
(Baker et al., 2019). Specifically, Lin et al. found that older
adults who used VR HMDs perceived themselves as possessing
better physical and social health and experienced lower
negative affect. Baker et al. (2019) revealed through
participatory action research that older adults believe social
VR has potential to improve social wellbeing, while also
cautioning against using it as a one-size-fits-all intervention.

Technology Types
Of interest to this review were the types of XR technology used in
each of the reported studies. The researchers identified four
potential technologies that were expected within the corpus:
VR HMDs with three degrees-of-freedom (3DoF), which allow
tracking where a user is looking; VR HMDs with six degrees-of-
freedom (6DoF), which allow tracking where a user is moving
around a room); projector-based VR; and AR systems.Within the
corpus, 11 studies utilized 6DoF VR HMDs, three used 3DoF VR
HMDs, four used projector-based VR, and none used AR
systems. It should be noted that three studies did use a pass-
through camera with their VR HMD intervention, which
technically qualifies as a use of AR; however, the focus of the

study was on the use of VR, rather than AR. Still, these three
studies are represented as examples of AR in tables and figures in
the present article.

In addition to these expected forms of XR technology, two
studies used 3DTVs, and one-each used Wii and Xbox Kinect
systems to deliver their interventions through said 3DTVs. Three
studies also used TV screens as comparison technologies. The
studies and their respective technology distributions are
highlighted in Table 1. In the table, Almajid (2019) uses the
same technology throughout studies 1–3 (shortened to S1-3),
while each of two phases in Baker et al. (2019) use different
technology (6DoF HMDs and projector-based VR).

RESULTS

XR and Older Adults: Contexts, Outcomes,
Preferences, and Cybersickness
Contexts and Outcomes of Use
Most of the current research on the use of XR by older adults has
been lab-based. All 2) of the studies which centered on Driving
Simulation, all 4) of the studies of use in Assessment, one of the
Socialization studies, two of the Reminiscence studies, and two of
the Physical Rehabilitation studies took place in a lab. In other
words, each focus area saw attention in laboratory-based research
studies. Less common were field-based studies. Six studies were
conducted in care facilities or older adult communities. Two
studies (one each from physical rehabilitation and socialization
focus areas) were conducted in home environments.

For the most part, lab-based studies were more focused on
using VR to present stimuli for other purposes, rather than testing
the use of VR, itself. For example, VR is used to test the spatial
memory of older and younger adults after either wakeful rest or a
distractor task by Craig et al. (2016), to test balance in response to
unexpected starts and stops by Chang et al. (2016), and as a
means to provide visual cues that either matched or were

TABLE 1 | The technologies used in the corpus. * is used to indicate the coupling of AR technology with a VR HMD.

Study Technology

6DoF 3DoF Proj AR 3DTV Wii Kinect TV

Almajid (2019, S1-3) X — — * — — — —

Baker et al. (2019) X — X — — — — —

Benoit et al. (2015) — — X — — — — —

Bier et al. (2018) X — — — — — — —

Brown (2019) — X — — — — — —

Bruun-Pedersen et al. (2016) X — — — — — — X
Chang et al. (2016) X — — — — — — —

Craig et al. (2016) — — X — — — — —

Howes et al. (2019) X — — — — — — X
Kim et al. (2017) X — — — — — — —

Lee et al. (2015) — — — — X — X —

Lee et al. (2017) — — — — X X — —

Lin et al. (2018) — X — — — — — X
Manera et al. (2016) — — X — — — — —

Micarelli et al. (2019) — X — — — — — —

Niki et al. (2019) X — — — — — — —

Ramkhalawansingh et al. (2018) X — — — — — — —
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dissonant with physical movement in a study by
Ramkhalawansingh et al. (2018). Other studies used VR in
laboratory research to evaluate the safety of immersive VR
(Almajid, 2019, S1; Benoit et al., 2015; Kim et al., 2017). Only
two lab studies (Baker et al., 2019; Brown, 2019) examined older
adults’ opinions of VR, while all but one of the studies which took
place in communities or involved at-home use of VR frequently
evaluated opinions of VR and its use. The remaining study did
not directly evaluate opinions, but Howes et al. (2019) did report
the percentage of participants who completed the exercise
regimen in each condition, which is indicative of their
motivation to continue the program using that particular
technology.

Additionally, Bruun-Pedersen et al. (2016) found higher
exercise motivation associated with the use of an HMD. Other
impacts of use included effective outcomes of exercise. Two
studies evaluated the safety of VR use in older adult
populations in anticipation of using HMD systems with
patients with Parkinson’s disease (Kim et al., 2017) and in
physical rehabilitation settings (Almajid, 2019). Exercise
training using VR technology was shown to be effective (Lee
et al., 2016; Lee et al., 2017) and to be associated with
improvements in gait speed and stress (Kim et al., 2017).

Preferences for Use
If older adults are to use XR, the technology should be designed to
reflect their unique spectrum of needs (Baker et al., 2019). The
literature was mixed with regards to older adult preferences for
HMD VR compared to other intervention delivery methods (e.g.,
televisions and group exercise), which suggests that the
commonly applied stereotype – that older adults are unwilling
or hesitant to use new technology – is inappropriate. In total,
eight studies reported results that provide insight into the range of
opinions on XR technology.

One study reported results that suggested participants
preferred the other intervention technology over XR, while
four studies reported positive preference for the XR
technology, and two reported a mix of qualitative opinions
from participants. Four of these studies fell in the focus area
of Physical Rehabilitation. One found that older adults preferred
using a TV screen compared to a VR HMD for guided exercise
(Howes et al., 2019), while the remaining three found that older
adults preferred using VR to Group exercise (Lee et al., 2016),
falls-prevention training (Lee et al., 2017), and TV-based guided
exercise (Bruun-Pedersen et al., 2016).

One study each from the focus areas of Cognitive Training and
Socialization supported a preference for XR interventions. The
Cognitive Training study (Manera et al., 2016) reported that more
participants continued playing on the projector-based VR set up
rather than with the paper-based condition. The Socialization
study (Lin et al., 2018) found that their participants were more
likely to recommend VR to others and use it themselves after
experiencing the HMD-based intervention, and that these
differences were bigger than for the TV control group.

It should be noted that the only study suggesting participants
did not enjoy the XR intervention (Howes et al., 2019) admits that
their system scored lower than acceptable on the usability scale,

which may have impacted the preferences of their participants.
While they did not have any adverse events, participants reported
concerns such as disorientation and discomfort due to the (or
their) lack of awareness of the external physical environment
while wearing an HMD. One other study (Bruun-Pedersen et al.,
2016) reported that just over half of their participants preferred
the HMD to the TV, but the researchers suggested that the HMD
was not yet ideal because of usability and accessibility concerns.

Two studies reported a mix of opinions in their sample (Baker
et al., 2019; Brown, 2019). Among these are positive opinions and
interest in the use of social VR for simultaneously combating
isolation and overcoming self-consciousness with one’s own
appearance. On the critical side of the spectrum, participants
in both studies raised concerns with the ways in which people
who are emotionally or mentally vulnerable (such as those with
Alzheimer’s disease or dementia) may be affected by the VEs. In
one study (Baker et al., 2019), some participants negatively
responded to tracking inaccuracies, feeling as though they
were the cause of erratic avatar movements or shakiness.

Cybersickness and Study Attrition
While irregularities of the virtual environment were reported by
Baker et al. (2019) to intensify negative and/or stigmatizing
thoughts, visual perturbations have the additional potential to
cause cybersickness. In this review, we were interested in the
proportion of studies that have reported cybersickness in their
participants. The full distribution of reports by focus area is
shown in Figure 3, and specific details are sampled in the text.

Of note, just under half of the studies did not report any
cybersickness in their sample, and one study reported a reduction
in scores on the SSQ (Stone, 2017). Cybersickness, specifically,
was only reported in three studies which either reported scores on
the SSQ that were indicative of cybersickness or participant
complaints of symptoms.

The remaining five studies reported attrition or exclusions for
other reasons or for reasons that were not reported. Specifically,
Baker et al. (2019) reported one withdrawal from the study prior
to the HMD study, which may have been a sign of apprehension
for using the immersive technology; however, a reason for the
participant’s dropping out is not formally given. None of their
participants who used the HMD reported symptoms of
cybersickness, but they did have usability and weight
complaints. Benoit et al. (2015) excluded five participants from
the data analysis because they did not meet inclusion criteria, but
no participants withdrew from the study or reported
cybersickness symptoms. Bruun-Pedersen et al. (2016)
reported one withdrawal after an accidental issue with the
study materials, wherein a misplaced sensor produced rapid
and incongruent acceleration of the environment while the
participant was wearing the HMD but was not yet interacting
with the scene. In the remaining two studies (Lee et al., 2015;
Manera et al., 2016), participants either refused to continue in the
study or no longer met the inclusion criteria (e.g., scores on a
cognitive evaluation outside of the required range or taking
actions that interfered with the control of the study).

Interestingly, cybersickness (or similar terminology for it) was
only reported in the Physical Rehabilitation and Reminiscence
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studies, as shown in Figure 3, and none of the Assessment or
Driving Simulation studies reported adverse events of any kind.
One study which is classified in the Driving Simulation focus area
noted that their lack of cybersickness findings may have been due
to the brief duration of the VE exposure. Lastly, Micarelli et al.
(2019) found that over the course of 1 month of 3DoF VR HMD
use, SSQ (Stone, 2017) scores were reduced.

Another potential explanation, at macro scale, is the
technology being used in each study. A further examination of
the five studies which reported cybersickness reveals this may be
the case, as 80% of the studies used immersive VR headsets (three
6DoF and one 3DoF). However, as is shown in Figure 4, not every
study which used 3DoF 6DoF HMDs reported cybersickness. In
fact, more studies reported no adverse events whatsoever. Because

FIGURE 3 | Studies in the corpus reported a mix of results on cybersickness and adverse events. Counts by focus area are given here. Improvement category
indicates a reduction of Simulator Sickness Questionnaire scores.

FIGURE 4 | Proportion of reported exclusions and adverse events (such as cybersickness) within the studies in the corpus by identified focus area.
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technology use categories are not exclusive, there is a double
report of single studies within the 6DoF, Projector, and AR
categories. The 6DoF total count includes three duplicates
overlapping with AR (these all have no reported adverse
events) and one duplicate overlapping with Projector
(reporting exclusions for other reasons).

Methodological Reflections
Not every study in the corpus used the SSQ, a standard measure
for cybersickness (Stone, 2017), to evaluate their participant’s
experience with the VE. Additionally, not every study reported
why they excluded participants or followed up to understand
what prompted attrition, and a range of qualitative and
quantitative data were collected. To better guide future
research, it is worthwhile to reflect on the methods of the
studies in this corpus. The full list of quantitative metrics
used, as well as a rough categorization of these metrics, is
provided in Supplementary Appendices SC, SD.

As mentioned above, the researchers were particularly
interested in the number of reported adverse events, including
cybersickness. Surprisingly, only two of the studies in the corpus
used the SSQ (in full or shortened) to assess the level of
cybersickness in their participants. One study used an 11-
point Numerical Rating Scale (NRS) to assess dizziness and
headache after VR exposure, and another used a 22-item
cybersickness questionnaire which had been used in previous
research but had not been validated. Four additional studies that
did not measure it, objectively, reported participant subjective
complaints of discomfort related to the weight of the HMD or
dizziness during the activity, itself.

Another interest of the present review aligned with
participants’ opinions of XR and the impact of XR on
psychosocial health. In terms of the psychosocial health
impacts, the majority 11) of the studies in the corpus
included some measure that related to this dimension of
experience. In terms of participant opinions of the XR
technology, researchers used Likert-response questions
asking about likelihood for use in the future and to
recommend to another person as well as participant
satisfaction with the system. Others asked participants
which of the two interventions they more enjoyed or they
would prefer to use for future exercise activity. Relatively few
(three) used validated measures – specifically the System
Usability Scale (SUS), and the Slater-Usoh-Steed
Presence scale.

In terms of methodological paradigms, most studies 14)
collected quantitative data. These included physical measures
(such as task performance, physiological measures, and
Kinesthetic performance), psychometric measures (such as the
Apathy Inventory, GDS, and cognitive recall/recognition
performance), and psychosocial measures (including both
validated batteries, e.g., the PANAS and the Immersive
Tendencies Questionnaire, and researcher-generated response
scales). Five studies collected qualitative responses, including
three that also collected quantitative data. Qualitative data
included unstructured designs, such as opportunities to offer
feedback or recorded off-hand comments, as well as more-

rigorous qualitative studies – one using participatory action
through guided workshops, one using semi-structured
interviews and focus groups centered on an intervention, and
one using semi-structured exit interviews to capture participant
opinions of the interventions.

Studies in the corpus were largely interested in answering
questions about safety and efficacy of XR experiences either for
the older adult population in general, or as a tool for delivering an
intervention (such as cognitive or physical training) to the older
adult user of the technology. Other research questions related to
the validity of driving simulator-based tests and to the perceptual
and cognitive differences associated with aging. Only three (Lee
et al., 2015; Baker et al., 2019; Brown, 2019; Howes et al., 2019)
studies directly addressed the question of what older adults need
from XR experiences, and only three addressed the impact of
quality of life (Lin et al., 2018; Micarelli et al., 2019; Niki et al.,
2019) in response to XR interventions.

Research Since 2019
While this systematic analysis was conducted in 2019 and
yielded useful insights regarding older adults and XR in the
form of the six focus areas, XR research using older adults has
continued (e.g., Syed-Abdul et al., 2019; Appel et al., 2020;
Mostajeran et al., 2020). A survey of these articles suggests that
the six focus areas described in this article still encompass this
newer research, though more systematic investigation is
warranted.

More notable are several newer systematic review articles that
focus on this topic. Systematic reviews as a form of academic
publication are increasing in frequency (Hoffmann et al., 2021),
and thus these publications are to be expected. At least seven
systematic reviews of XR’s role in improving mental health and
physical rehabilitation for older adults were published: Campo-
Prieto et al., 2021 with 11 studies; Corregidor-Sánchez et al., 2021
with 16 studies; Dermody et al., 2020 with 7 studies; Montana
et al., 2020 with 11 studies; Nishchyk et al., 2021 with 12 studies;
Skurla et al., 2021 with 55 studies; Zhu et al., 2021 with 11 studies.
These reviews reinforce the two focus areas of physical
rehabilitation and cognitive training. An additional systematic
review with 15 studies focused on older adult and VR used for life
enrichment (Thach et al., 2020). This review reinforces the two
focus areas of reminiscence and socialization.

DISCUSSION

This paper presents research from the beginning of an important
area of inquiry, with the hope that the insights will be useful to
researchers and developers advancing XR technology. We have
identified six focus areas of XR research in the extant literature:
Assessment, Cognitive Training, Reminiscence, Driving
Simulation, Physical Rehabilitation, and Socialization. Since we
were interested in the use of XR by older adults specifically,
information about use of XR by their caregivers was excluded
from this analysis, although research does include this area –
especially for training and informal caregiver support (Hayhurst,
2018).
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One limitation of this study is the age-range defined in the
inclusionary criteria. Many otherwise-relevant studies were
excluded from our analysis because the youngest participants
were in their 50s (Roberts et al., 2019), while we required at least
one sample (to allow for age-comparison studies) to be aged 60 or
older. A multi-disciplinary approach including researchers from
gerontology is needed to define a clear range of age and abilities
for studies with samples of “older adults” to allow better
generalization within this population.

However, it is worth repeating that the group, “older adults,”
should not be reduced to a single voice. As noted by participants
in one study, older adults cannot speak to others’ experiences.
This is a common mistake to be made, as members of minority
groups and sensitive populations are often asked to play the role
of “spokesperson” for the entire community as “token
individuals.” To better avoid excluding voices or reducing
their variability, we suggest a few converging paths: First,
better measurement tools are needed to understand what
components of individuals in the older adult population group
are interesting to research; similar to the Big Five for
understanding general trends in personality, a tool is needed
to allowmore fine-grained assessment of the aging process from a
psychosocial and biological perspective. This is seemingly echoed
in the finding that proficiency with navigating the VR platform in
Brown (2019)’s study was reflective of individual experience with
digital technology, rather than age. Second, more qualitative
studies of adequate rigor are needed on the subject. Using
these two approaches could lead to increased diversity in XR
study sample populations both in 1) age and ability and 2)
technology experience and proficiency.

Some of the studies presented methodological limitations,
such as small quantitative or psychometric samples. One in
particular noted that one of the two centers at which they
conducted the study was not staffed by technologically-savvy
individuals, stating that one center being evaluated had a
Nintendo WiiTM that had never been used because the staff
“didn’t understand it” (Howes et al., 2019). The same study
split their sample in two, with five participants using only a
TV screen to complete guided exercise and the other four using
both a TV screen and a 3DoF HMD. It is not clear if use of the
HMD and TV was counterbalanced to account for order effects,
nor is the split of participants in each condition between the two
centers addressed in the paper.

Since the studies in the corpus do not center on specific
outcomes, we have taken care to understand what has been
studied and identify avenues for further research. Specifically,
more work is needed to understand the specific usability and
accessibility needs of the technology. A handful of studies
commented on the need for better external awareness and
reduced HMD weight, but relatively few user evaluative
studies have been performed with this population of users. In
need of evaluation are both the hardware considerations, such as
the form factor of controllers and robust tracking, and software
considerations like movement-smoothing and selection-
interaction parameters.

Another concern raised by older adult participants was that
of safety, both physical and emotional. Participants of these

studies were hesitant to recommend the use of HMDs and
immersive XR to those who may be emotionally or cognitively
vulnerable, such as persons with dementia. Additionally, the
usability concern for external awareness highlights the need
for better support of safe use of XR HMDs. As noted by Yang
et al. (2018), the physical play space may be used by other
people or include movable objects that will pose safety
challenges to the unaware HMD user.

One concern that was not directly raised in the samples of the
reviewed studies is that of privacy. Whenever a person interacts
with the Internet, they are exchanging data such as browsing and
location history. In VR, and especially Social VR (Blackwell et al.,
2019), privacy should be a concern – both understanding the
transparency requirements of users and designing these systems
and experiences with privacy in mind.

Overall, XR seems to have strong potential value as a
technology for older adults. It has demonstrated efficacy in
many areas including those explicitly tested with older adult
users (Lee et al., 2017; Niki et al., 2019). In addition, older
adults, themselves have largely preferred using VR over other
methods, as discussed above. Lastly, there is no current
indication that age alone affects cybersickness propensity, as
only seven of the 17 studies in this corpus reported any
indications of cybersickness.

Still, work is needed to verify these claims. In addition to
creating more usable and accessible XR, attention to the
prevalence of cybersickness is needed, and validated measures
should be used to assess this. Relatively little work has focused on
the psychosocial impacts of XR. While longitudinal studies have
commented on the impacts on social health and quality of life,
there have not been, to the authors’ knowledge, any that have
addressed the topic of prolonged use of XR on psychosocial
outcomes.

This review has presented information on the extant literature
that centers on the use of XR by older adults. In total, 19 studies in
a 5-years period met inclusion criteria and focused on six areas:
Socialization; Physical Rehabilitation; Driving Simulation;
Cognitive Training; Reminiscence; and Assessment. The
contexts and outcomes of use, preferences for use, and
reported occurrences of cybersickness, dropouts, and data
exclusions are delineated, and conclusions are drawn from the
data. We hope that this review will guide future research to
address areas that are important to deployment of XR among
older adult populations, while also examining the psychosocial
impacts of the technology.

Recommendations for Older Adults and XR
Based on the reviewed research, there are multiple beneficial
opportunities for older adults to use XR for physical health
such as rehabilitation, mental health and cognitive therapy,
and overall life improvement. While reviews on specific
technologies were mixed, it was clear that older adults were
willing to engage with XR technologies if they found them both
helpful and usable. Potential XR experiences can be optimized
by choosing software based on third-party reviews and by
using more recent XR hardware that will minimize
cybersickness.
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