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Abstract: In recent years, there has been a widespread integration of virtual reality (VR) technology
across various sectors including healthcare, education, and entertainment, marking a significant rise
in its societal importance. However, with the ongoing trend of population ageing, understanding
the elderly’s acceptance of such new technologies has become a focal point in both academic and
industrial discourse. Despite the attention it garners, there exists a gap in understanding the attitudes
of older adults towards VR adoption, along with evident needs and barriers within this demographic.
Hence, gaining an in-depth comprehension of the factors influencing the acceptance of VR technology
among older adults becomes imperative to enhance its utility and efficacy within this group. This
study employs renowned databases such as WoS and Scopus to scrutinize and analyze the utilization
of VR among the elderly population. Utilizing VOSviewer software (version 1.6.20), statistical
analysis is conducted on the pertinent literature to delve into research lacunae, obstacles, and
recommendations in this domain. The findings unveil a notable surge in literature studies concerning
VR usage among older adults, particularly evident since 2019. This study documents significant
journals, authors, citations, countries, and research domains contributing to this area. Furthermore, it
highlights pertinent issues and challenges surrounding the adoption of VR by older users, aiming to
identify prevailing constraints, research voids, and future technological trajectories. Simultaneously,
this study furnishes guidelines and suggestions tailored towards enhancing VR acceptance among
the elderly, thereby fostering a more inclusive technological milieu. Ultimately, this research aspires
to establish an encompassing technological ecosystem empowering older adults to harness VR
technology for enriched engagement, learning, and social interactions.

Keywords: virtual reality; user acceptance; older adults; social interaction; technology acceptance

1. Introduction

The world’s population is rapidly aging. In 2020, there were 1 billion people aged
60 years or older. By 2030, this number is projected to rise to 1.4 billion, meaning 1
in 6 people globally will be in this age group. By 2050, the population of those aged
60 and over is expected to double, reaching 2.1 billion. Additionally, the number of
individuals aged 80 years or older is anticipated to triple from 2020 to 2050, reaching
426 million [1]. Social isolation and loneliness, affecting about a quarter of older adults,
are significant risk factors for mental health conditions in later life [2]. Approximately 14%
of community-dwelling older adults over the age of 55 experience depressive symptoms,
and older adults over the age of 85 who are physically and socially inactive are at a
higher risk of experiencing depressive symptoms [3]. Research has indicated that the
engagement of the elderly in virtual social media platforms can enhance their feelings of
community support and connection, leading to a rise in life satisfaction [4]. Older adults
engage in online social networks, facilitating conversations with family, friends, and peers,
and exchanging personal and emotional life stories, which in turn diminishes feelings
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of loneliness and enhances their chances for social connections. Furthermore, various
web-based social media sites offer digital social engagements, including online games and
communal conversations, aiming to enhance the social engagement of older adults and
boost their overall well-being [5]. A study revealed that elderly individuals engaging in
virtual social interactions enhance their social support and emotional interaction, leading
to increased life contentment and joy [6]. Consequently, engaging socially online serves as
an effective tool to enhance seniors’ life contentment [7].

By analyzing, viewing, or similar research, we found that some studies indicate that
the application of virtual reality technology in the geriatric domain is still in its infancy, with
a limited number of existing studies and a lack of unified norms and standards [8,9]. The
article [10] suggests that the application of virtual reality technology in older users focuses
on the health domains of rehabilitation, fall prevention, physical activity participation,
and cognitive exercise. Although some studies have found positive impacts of virtual
reality interventions, there is a need to further understand the feasibility and acceptability
of virtual reality interventions in the elderly population [9]. The paper [11] identified
a number of design considerations through a review of the relevant literature, covering
design decisions from hardware to software to human-machine configuration [11]. Ref. [10]
suggests that future virtual reality programming for older adults should include the use of
larger text in the operator interface, lighter weight devices, increased physical interaction
during use, and age-appropriate requirements.

Articles [12,13] found that virtual reality had a positive impact on improving balance
and functional motor skills in healthy older adults, but these studies focused only on
older adults without disabilities, so the findings cannot be generalized to older adults
with disabilities [13]. Subjective willingness and experience were found to be important
factors influencing the effectiveness of virtual reality use, but previous studies have not
explicitly assessed these factors [12]. There may also be publication bias, as studies with
positive results are more likely to be published [12]. This limits the breadth of the analysis
as the number of included studies remains relatively small [12]. The study was published
differently from previous studies.

Virtual reality technology can improve people’s ability to process emotionally rich life
situations, but further randomized controlled trials are needed to clarify its effectiveness
relative to non-virtual reality interventions [14]. Future research should focus on random-
ized controlled studies to draw conclusions across different populations (with or without
cognitive impairment or in different life situations) [15].

Although virtual reality technology provides new entertainment and socialization
opportunities for older adults, there are issues of comfort, ease of use, cognitive load, and
physical and psychological demands [16]. However, these studies have not delved into
how natural virtual representations affect social well-being indicators (especially loneliness
and social connectedness), nor have they revealed the psychological processes underlying
them [17]. Studies in this area have focused on the short-term effects of virtual reality use
and lack in-depth research on long-term use [12,13,16]. The paper [17] mentions the need
for further research to fill this gap in the future, and while it points out the shortcomings of
the existing research, it does not offer specific solutions or recommendations to overcome
these limitations. In addition, the paper does not provide an in-depth critical assessment of
each study.

Since the 1990s, there has been a steady emergence of virtual reality technology.
Following several years of evolution, it has evolved into a vital instrument in medical,
educational, entertainment, and various other areas [18]. In recent years, virtual reality
(VR) has been shown to be an effective tool to help older adults with physical training,
such as improving balance and preventing falls through interactive simulations [19]. VR
can allow for older adults to safely avoid obstacles, and exercise, increasing engagement
and motivation. In addition, VR can also be used for cognitive training, helping to improve
memory and concentration [20]. In terms of socialization, VR can help older adults connect
with family and friends remotely, reduce loneliness through virtual activities such as social
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gatherings and virtual tours, rekindle their passion for life, and improve their overall
quality of life [21].

With ongoing advancements and enhancements in VR technology, its usage among
the elderly is steadily rising. The growing interest in how older users welcome and utilize
VR technology has emerged as a key research subject [22]. Despite the widespread use of
virtual reality among the elderly, it must be acknowledged that it has certain shortcomings.
Firstly, the aged population might encounter physical health constraints like weak vision,
hearing, and equilibrium, potentially influencing their utilization and interaction with VR
gadgets [19]. Secondly, older adults could struggle with comprehending novel technologies
and require additional instruction and assistance for proficient use of VR machinery [23].
Furthermore, older adults might be more wary of technology’s security and privacy [24],
thereby necessitating their consideration in the design of VR applications to enhance their
reception and contentment. Older adults’ unique anticipations and requirements for the
accuracy and engagement in virtual settings necessitates tailoring VR applications based
on their preferences and capabilities to boost their receptivity and interactivity [25].

When designing virtual reality (VR) applications for older adults, design principles
are critical. Studies have shown that clear game flow and a pleasant first experience
can significantly improve older adults” acceptance of VR technology [26]. In addition,
adding social interaction elements, such as playing with friends or communicating in real
time, can enhance older adults’ sense of engagement and belonging, thereby improving
their acceptance of technology [27]. Content design should be tailored to the interests
and cultural background of older adults, taking into account game difficulty, style, and
background music to ensure that users have a pleasant experience [28]. At the same time,
hardware design should adapt to the physical limitations of older adults, enhance their
interactive experience, help narrow the digital divide, and promote technology use [29].

Generally, as VR technology continues to develop and become more popular, its
adoption by the elderly is steadily increasing. VR, as a new technological means, can
improve the social interaction experience of the elderly. Therefore, it is imperative to explore
the user acceptance of social interaction of virtual reality technology among the elderly.

2. Background

In recent years, we have witnessed the development of virtual reality technology [30].
Research has explored immersive VR in health [31] by using virtual reality headsets to
provide a fully immersive experience, placement stalking, and gesticulation-grounded con-
trollers [32,33], suggesting that it may improve age-related cognitive impairment diseases
or other physical health problems, such as stroke and dementia [34]. A large number of
VR-applied interventions for older adults are currently being developed [35,36], and recent
studies have shown a high quality of satisfactoriness regarding the safety of VR use in the
elderly [37].

Nevertheless, applying VR to the medical field will result in the research field focusing
only on the elderly with medical conditions, ignoring the potential benefits of VR for the el-
derly more generally. To provide possibilities in other areas, researchers have demonstrated
that VR can serve as an entertainment medium for older adults [24,38], social media [39-42],
or help for healthy ageing [20,43]. Nevertheless, till now, there is little research on VR
application design for the ageing population [21], with notable exceptions [44]. Finally,
while many researchers have developed VR solutions for the elderly, validation on solid,
all-inclusive procedures for designing VR for the elderly is lacking [45].

As social aging accelerates, the demand for social interaction and entertainment among
older adults is increasingly evident. Conventional social and entertainment methods are
insufficient for the elderly’s needs; hence, identifying innovative technological tools to
enhance their social interaction has gained significant importance. The advent of virtual
reality (VR) technology as an entertainment tool introduces novel social interactions for
seniors, garnering significant interest in its potential uses. Thus, a comprehensive analysis
exploring how VR entertainment technology is embraced and its factors impacting older
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adults holds significant value in fostering their social engagement and entertainment
enjoyment [46].

Virtual reality with social interaction can boost social engagement, cognitive skills,
engagement, and emotional well-being in the elderly. Studies indicate that virtual reality
can foster a 3D setting with a pronounced presence, contributing to resolving the social
deficit experienced by seniors in digital interactions [47]. Moreover, the application of
virtual reality technology may aid in enhancing cognitive training, potentially leading to
positive improvements in the cognitive capacities of older adults. Engaging via social VR
technologies is linked to the essence of real-life in-person communication, enhancing the
engagement and joy of the elderly. Consequently, the influence of social interactive VR on
the health of the aged is beneficial and is anticipated to emerge as a significant means to
enhance the life quality of the aged population [48]. Exploring and discovering social VR
environments for older adults is imperative.

A review of literature systematically helped us identify research works connected to
the elderly’s experiences while using virtual reality technologies.

3. Method
3.1. Manuscript Selection Criteria

According to the selection criteria, the most cited articles were selected to find the most
useful research resources. The selection criteria for manuscripts in the Scopus database are
as follows:

Article title search was performed by selecting virtual reality AND older adults.

For evaluation, the most cited manuscripts published between 2015 and 2024 were selected.
After the first screening, 240 articles were selected from the Scopus database.

After the second screening, 225 papers published between 2015 and 2024 were selected.
After the third screening, the 100 most cited articles were selected.

3.2. Research Trends

At first, a total of 240 articles connected to this topic were found in the Scopus database.
According to the analysis, these 100 articles were chosen because their citation range from
8 to 315, for a total of 3380 citations. Additionally, there were 6 articles receiving more
than 100 of them. The Scopus database article with the most citations was published in
Lancet Communication Mag, “Addition of a non-immersive virtual reality component to
treadmill training to reduce fall risk in older adults (V-TIME): a randomized controlled
trial”, with 315 citations. The top 100 manuscripts were taken into consideration and are shown
in Table Al (Appendix A). Table Al (Appendix A) lists the complete information of these
100 articles, including (i) author name and publication year; (ii) keywords; (iii) manuscript type;
(iv) country; (v) journal name; (vi) publisher; (vii) impact factor; and (viii) total citation.

The journals that had published the most articles are Frontiers in Virtual Reality, Games
for Health Journal, and Journal of Medical Internet Research (n = 4, 4%), with impact factors
(IFs) of 3.2, 2.2, and 5.8, respectively, followed by Frontiers in Aging Neuroscience, Journal of
Clinical Medicine, Journal of the American Medical Directors Association, Virtual Reality, Journal
of Transport and Health, Archives of Gerontology and Geriatrics, and Scientific Reports (n = 3,
3%), with impact factors (IFs) of 4.1, 3.0, 4.2, 4.4, 3.2, 3.5, and 3.8, respectively. In the USA,
the journal with the most published articles was Games for Health Journal (n = 4). Virtual
Reality (n = 3) was the journal that had published the most articles in England. Frontiers in
Virtual Reality (n = 4) was the journal that had published the most articles in Switzerland. In
Canada, the journal with the most published articles was Journal of Medical Internet Research
(n =4). Four articles related to research in Germany were published in 4 journals. In Ireland,
the journal with the most published articles was Archives of Gerontology and Geriatrics (n = 2).
Other countries published in different journals. MDPI was the most popular publisher
(n = 15), followed by Elsevier (n = 14).
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Figure 1 shows the total number of VR-related articles published on older adults in
the field of VR in the past decade, which is 225, and that number is trending upward,
suggesting that traction is being gained in the VR for seniors space.

45 o U4
40 37
35 30
(9]
£ %
S 25
e
g 20 16
i
© 15
2
5 10 6 7 6
Z 5 2
0 |
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
Years
Figure 1. Scan frequency of publications in the field of VR for seniors from 2015 to 2024.
3.3. Analysis of Country
Figure 2 shows, among the top 100 most cited papers, the top 10 countries, regions,
institutions, journals, and research categories that published the most papers. The USA
(n = 35, 35%) published the most articles, followed by England (n = 28, 28%); third was
Switzerland (n = 26, 26%), followed by Canada, Germany, and Ireland with (1 =7, 7%),
(n = 6, 6%), and (n = 5, 5%), respectively; Australia, Hongkong, Italy, Lithuania, the
Netherlands, New Zealand, and Spain published (n = 1, 1%) each.
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Figure 2. National and regional distribution of the number of publications researching older persons
in the field of virtual reality.
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3.4. Analysis of Keywords

Figure 3 shows a total of 266 keywords were extracted from the article. The most
frequently occurring keyword is “Virtual Reality” (n = 91), followed by “Human” (n = 64)
and “Age” (n = 61). Keywords are mainly divided into 5 groups: Group 1 (green) mainly
involves virtual reality and older adults; Group 2 (red) mainly involves humans and age;
Group 3 (blue) mainly involves controlled studies; Group 4 (purple) mainly involves the
very elderly; Group 5 (yellow) mainly involves cognition. It can be seen that the research
on the elderly and virtual reality is mainly to improve the cognitive training of the elderly
and the treatment of other diseases through game therapy.
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Figure 3. Network visualization view of the occurrence of keywords in virtual reality-related
research articles.

3.5. Analysis of Countries and Regions

The network mapping in Figure 4 helps authors discover the strength of citation links
between two or more countries on similar documents. The distance between nodes is
shorter, indicating a stronger correlation between them, leading to the conclusion that all
countries can be divided into 5 groups: United States, South Korea and Taiwan (purple,
cluster 1); United Kingdom, China, and Hong Kong (yellow cluster 2); Switzerland, France,
and Japan (blue, cluster 3); Germany, Italy, and Greece (red, cluster 4); Australia and
Denmark (purple, cluster 5). At the same time, the size of each country node in the
visualization reflects the productivity of articles published in the process over the past
10 years. For example, the United States icon is the largest, which indicates that the number
and quality of articles related to research in this field of virtual reality and the elderly are
relatively high.
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Figure 4. Web visualization view of country and region occurrences in virtual reality-related re-
search articles.

We can draw the following conclusion from Table A1 (Appendix A): Firstly, there
is relatively more research on the elderly and VR technology in the United States and
European countries, indicating that VR technology is in a leading position in the field of
elderly care in these countries. Insufficient research in this field, especially in developing
countries, may be due to the low popularity of VR technology in other countries and
regions. In the future, we can explore the acceptance of VR technology among elderly
people from different countries and economic backgrounds. Secondly, in terms of keywords,
“virtual reality” and “elderly” appear frequently, but vocabulary related to cognition and
rehabilitation also appears frequently, indicating that current research mainly focuses on
cognitive and rehabilitation training. However, the keyword of social interaction hardly
appears, which is a research gap. In the future, further research and discussion can
be conducted on how virtual reality technology can help elderly people provide social
support, especially with the intensification of social isolation issues after the COVID-19
pandemic. In addition, there is little research on the long-term impact of virtual reality
technology on the elderly. In the future, long-term follow-up visits should be considered
to clarify sustainability and effectiveness. Finally, virtual reality technology is mainly
designed for young people and not specifically designed for the elderly. In the future, the
development of VR devices will need to consider the usage habits of the elderly, such as
more accessible interfaces.

4. Analysis and Outcome

Discovering and expanding on a topic first requires identifying and understanding
the latest research trends in the field and the most influential research efforts. This paper
aims to explore the importance of current research trends and locate the relevant literature
related to the acceptance of virtual reality by older adults. We filtered according to the
keyword of the title, and the main search keywords used were “Acceptance”, “virtual
reality”, as well as “VR” and “older adult”. Seven studies were screened during the period
and are summarized in Table 1. This work was motivated the following two research
questions: Question 1—“What factors influence the acceptance of VR among older adults?”
Question 2—"What are the theoretical frameworks in the study of VR acceptance among
older adults?” To fully understand these challenges, we explored the recent literature as a
primary source to answer these research questions.
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Table 1. References for composite conditions.

Domains of Category En\Xir:rl\lral'}ent Research Type of End-Users Age Range and
Rank Ref Title Authors Applicati of M Quantity of End Conclusion
pplication or VR Method Addressed
VR Users
Software
Music room, drawing Semi-structured Livi 15 older adul Participants exhibited
A ¢ ified ) backvard, kitch intervi ving older adults it ttitud d
cceptance of gamifie P d room, backyard, kitchen, interviews, . positive attitudes an
. . . ang and Cheng, Recreational HTC . autonomously or (>65): .
1 [26] virtual reality environments . restroom, beach. Cleaning TAM, s . . expressed enjoyment upon
b 2023 VR Vive s residing with their Male 8 o
y older adults tasks: kitchen and controlled O initial exposure to the VR
P . significant other Female 7
restroom tidying experiment games.
TAM, The results suggest that
. quantitative older adults who are
Acceptance of Virtual . VR exergames involve method with . . 51 older adults younger, retired, have
X Xu et al., Recreational . activities such as With family: 48; (>65): . .
2 [27] Reality Exergames Among Not mentioned X . structured - higher education levels,
: 2023 VR punching, slicing, and . . living alone: 3 Male 22 X .
Chinese Older Adults dancin questionnaires, Female 29 better financial status, and
& controlled good health tend to view VR
experiment exergames more positively.
Feasibility, Acceptability,
and Efficacy of Virtual 135 older adults rechr/{e%la? ezlg::eac‘i\flltls in
) Reality Training for Older Chau et al., R . Realistic scenes (animals, Qualitative Institutional (average age 62.7) 4 X
3 [49] Ad . Rehabilitation VR Not mentioned 11 . . the local community,
ults and People With 2021 buildings, landscapes) experiment and community Male 68 . . . :
o R including those with various
Disabilities: Single-Arm Female 67 Qisabiliti
Pre-Post Study sa s
Acceptance and Usability of TAM3
Immersive Virtual Reality in HTC Lestionnaire 58 older adults Immersive VR is acceptable
4 [28] Older Adults with Objective Arlati et al., 2021 Rehabilitation VR Vive Supermarket q ntrolled i Not mentioned (>60) and enjoyable for both
and Subjective Cognitive Pro controte groups of seniors.
Decline experiment
Acceptance of a Virtual 271 older adults The extent to which older
Reality Headset Designed Mascret et al., . . TAM . (65-84) adults receive virtual reality
5 (1] for Fall Prevention in Older 2020 Fall prevention Not mentioned Photo questionnaire Not mentioned Male 100 headsets to prevent falls has
Adults: Questionnaire Study Female 171 a significant impact.
Action research, : The impact of virtual reality
Acceptance of immersive uestionnaire, Community applications on the health of
P . Huygelier et al., Recreational : Natural scenery, q ’ dwellers residing 76 older adults PP TN .
6 [50] head-mounted virtual Oculus Rift . . controlled X ) .. older individuals is
- 2019 VR time-lapse videos . in assisted living (57-94) :
reality in older adults experiment, unaffected by negative
UTAUT attitudes or cyber sickness.
Older adults’ experiences Virtual reality received
with audiovisual virtual TAM; Residents of a positive reviews; however,
7 [29] reality: perceived usefulness Roberts et al., Recreational Samsung Gear VR “Jurassic World” and semi-structured, rotirement 41 older adults adjustments are required to
and other factors 2019 VR ung “Cirque du Soleil” controlled . u enhance user experience and
. community .. . y
experiment maximize potential benefits

influencing technology
acceptance

for this demographic.
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4.1. Analysis of Virtual Environment and Older Adults

There were four research papers in the field of VR entertainment [26,27,29,50]; these
included two studies on rehabilitation VR [28,49]; a study explored the prevention of
falls [19]. All seven studies used VR headsets. While three studies did not mention
the device used [19,27,49], a total of two studies used the HTC Vive [26,28]. One study
explored the Oculus Rift [50], and another explored the Samsung Gear VR [29]. The test
environments were mostly natural and living scenarios; the participants’ living situations
covered a wide range of situations such as living with family, living alone, and living in a
nursing home; and the average age of the test participants was over 60 years old.

Positive attitudes towards VR use amongst the ageing population are evidenced in all
seven studies; six studies mention that education level has an impact on the acceptance of
VR among older adults [19,26,27,29,49,50]. Older adults with higher levels of education are
more inclined to embrace VR technology; people with higher levels of education usually
have a greater capacity for learning and openness to new technologies, which makes them
more likely to accept and use VR environments [29]. Four studies show that age affects
the acceptance of VR devices in older adults [26-28,50]. Older adults may be less receptive
to new technologies as they age because their expectations of how the technology will
perform and the effort required to use it may not be as positive or little as those of younger
adults; the younger the older the person, the greater the likelihood that he or she will
use VR [50]. Four studies show that older adults are more likely to accept VR devices if
they are easy to use [19,27,29,49]. Three studies have shown that if VR devices are helpful
for their lives, elderly people are willing to use them [19,27,29]. Two studies have found
that gender can affect older adults” acceptance of VR [26,28], and additionally that men
are more likely to accept VR than women [28]. Two studies found that although elderly
people with cognitive decline may encounter difficulties in learning new technologies,
their willingness to try new technologies is comparable to their peers with better cognitive
status. Therefore, cognitive ability is not the main obstacle for elderly people to accept
VR, but cognitive impairment may lead to risky behavior and interaction difficulties. The
attention of the elderly to cognitive ability is lower than that to technical experience, but the
potential impact of overall cognitive decline on the elderly’s attitude towards technology is
not as important as the impact of technical experience [50]. There was discussion about
the impact of health status on elderly people’s use of VR in two studies, one of which
showed that elderly people with good physical health are more inclined to view the use
of VR games positively. On the contrary, elderly people with poor health conditions may
have a lower acceptance of VR games, as they may face more physical limitations and
discomfort. Therefore, physical condition is one of the important factors affecting the
elderly’s acceptance of VR games. [27] Another study suggests that poor physical condition
may make them feel uncomfortable while using VR, such as experiencing symptoms like
dizziness. This indicates that the health status of elderly people directly affects their
experience and acceptance of VR games [26]. Two studies have found that more content
related to the preferences of older adults can be more attractive for them to use VR, for
example, virtual travel, learning new knowledge, reminiscing about beautiful times of the
past, etc. [29,49]. Research has found that diverse games and content should be provided
to meet the interests and needs of different elderly people. A study shows that social
interaction can not only alleviate loneliness, but also enhance cognitive function in the
elderly [49]. It is mentioned that the comfort level of wearing VR devices affects the
elderly’s use of VR. For example, the weight of VR devices and the comfort of the materials
used can affect the elderly’s choice to use VR [49]. There are also studies showing that
elderly people who use VR experience a sense of achievement [27] and happiness [19],
and they tend to prefer using VR. Two of the studies mentioned that when the elderly use
VR equipment, advance training would have better results [27,49]; one study showed that
correct instruction before the use of unaccustomed technology is supportive for elderly
people [50]. Receiving help in using VR equipment can foster its quicker adoption [26].
Two of the studies believe that acceptance of VR equipment by the elderly is affected by
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computer proficiency [26,50]. More so, proficient computer use experience can make it
easier for the elderly to accept VR. It is believed that the interface of the VR program affects
the acceptance of VR equipment by the elderly [26,27]. The color, contrast, and interaction
method of the interface affects the acceptance rate of VR by elderly people.

In recent research, seven studies have indicated the need for long-term observation
to obtain better experimental feedback [19,26-29,49,50]. Current virtual reality technology
is not limited to preventing falls but can also be expanded to other health fields related
to the elderly, such as cognitive training, exercise rehabilitation, etc. [19]. In the future,
the combination of virtual reality technology with other technologies, such as the Internet
of Things, big data, etc., can be explored to provide more personalized fall prevention
solutions [19], and more research is needed to explore its potential health benefits and practical
application effects [27]. Seven studies suggest that future research should focus on cognitive
training [19,26-29,49,50], in combination with other rehabilitation methods, [28,49] to evaluate
the combined application effect of virtual reality technology and other cognitive training
methods [28], promoting the healthy development of the elderly and improving their
quality of life. Although virtual reality technology is rapidly developing, its application in
the elderly is still relatively limited [27], and existing VR technology studies lack research
on social, entertainment, and other aspects of life for the elderly [26,28]. In the future,
virtual reality programs suitable for the elderly should be developed [49], and increasing
the immersion and interactivity of VR technology is expected to further improve [28]. One
suggestion is to design a universal virtual reality training system that adapts to a wider
range of people to meet the needs of different populations [27,49]. Currently, research on
the acceptance and usage habits of virtual reality technology in the elderly population is not
sufficient, especially for the elderly [19]. Firstly, there is a lack of standardized measurement
tools and evaluation methods [29,49]. Secondly, more research is needed in the future on
the psychological and behavioral responses of the elderly population to the use of virtual
reality technology, including overcoming physical and psychological barriers [26,50]. In
addition, research on how to effectively apply VR technology in the elderly population
still lacks considerations regarding comfort and safety [26], as well as efforts to reduce
the potential side effects that may occur when using VR technology [26] like dizziness,
etc. Finally, improving acceptance and the ability of elderly people to use VR technology
through education and training are also important directions [50].

In summary, our future research on the application of VR technology in the elderly
will focus on social interaction and cognitive training. By designing VR programs that
meet the physiological and psychological needs of the elderly, and improving standardized
measurement tools and evaluation methods, we aim to provide relevant training on VR
technology for the elderly to enhance their acceptance of VR.

4.2. Case Analysis Acceptance of Gamified Virtual Reality Environments by Older Adults

Through research on case applications of VR equipment for elderly people, we have
drawn some important conclusions: First, we found that elderly people showed positive
attitudes and had pleasant experiences when using VR devices [27]. The virtual reality en-
vironment can also provide opportunities for social interaction for elderly people, promote
their communication and interaction with others, help relieve loneliness and depression,
and improve their quality of life [47]. Second, VR equipment can provide opportunities
for physical activities and cognitive exercises, helping the elderly keep their minds sharp
and their bodies healthy. By participating in virtual reality games and activities, they can
perform mental training and physical exercise, enhance concentration and memory, and
help prevent falls and cognitive function decline, as well as other accidental injuries [27].
In addition, VR equipment can also provide the elderly with more entertainment options,
such as virtual travel, virtual games, etc., allowing for them to enjoy a colorful, entertaining
life. This can not only alleviate loneliness in the elderly, but also stimulate their curiosity
and add more fun to their lives [51]. Their high-rate acceptance of VR technology provides
a positive reference for the future promotion of VR equipment among the elderly people.
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Although the elderly find advantages in virtual reality devices, it is crucial to recognize
the associated inherent challenges. At first, the costs associated with educating the elderly
on utilizing VR devices surpass those of the youth. Elderly users might struggle to grasp
a gadget’s functionality, including its usage and regulation systems, coupled with a lack
of acquaintance with virtual reality’s principles, potentially hindering their educational
progress and adaptation to emerging technologies. Subsequent studies indicate that older
adults often suffer from unease, vertigo included, while operating VR devices [25,52]. Such
discomfort could influence the degree of comfort and overall experience, potentially posing
both mental and physical hazards to older VR device users. Considering the overall trend
of diminishing cognitive and motor abilities in the elderly, they might confront an elevated
risk with VR devices, potentially leading to a higher likelihood of falling [35]. Consequently,
when advancing and implementing virtual reality (VR) devices for the elderly, a thorough
awareness of health risks and appropriate preventative and safety strategies are vital for
their protection.

Viewed from a wide angle, even though VR technology benefits the elderly, it is
essential to identify health hazards related to VR, particularly in cognitive and motor
skills. We propose these ideas regarding the design of VR equipment. To start with,
elderly VR devices must be designed in a more straightforward and user-friendly manner,
making the devices” procedural options comprehensible and straightforward to minimize
educational expenses and operational challenges [53], ultimately enhancing their adoption
and readiness to engage with VR equipment [50]. Furthermore, in the promotion of
VR devices, it is crucial to account for the features alongside the capabilities of an older
demographic and create solutions that more fittingly satisfy these requirements. Ultimately,
the significance of prolonged research and subsequent observations lies in understanding
the perspective and alterations linked to older adults following prolonged VR device
usage [26]. This approach will enhance comprehension of how older individuals embrace
technology and serve as a vital source for future design strategies.

4.3. Question 1: What Factors Influence the Acceptance of VR among Older Adults?

Older adults face several barriers when using VR technology. Technical difficulties,
such as intricate processes and the operation of devices, may reduce their receptiveness
to technology [54]. Challenges like impaired attention, short-term memory, and motor
coordination, which are cognitive impairments [55], demand that VR systems be built
considering these limitations, thereby requiring systematic training and guidance [24,55].
Prolonged VR usage is further hindered by physical issues like reduced vision, hearing
capacity, muscular strength, and balance, leading to experiences like dizziness and discom-
fort during prolonged headset usage [56]. For boosting the use of VR among the elderly,
streamlining operations, offering training, and crafting devices that better suit their distinct
requirements and constraints are crucial [56].

4.4. Question 2: What Are the Theoretical Frameworks in the Study of VR Acceptance among
Older Adults?

There are many theoretical frameworks for acceptance, including Technology Accep-
tance Model (TAM), Technology Acceptance Model 2 (TAM?2), Technology Acceptance
Model 3 (TAM3), Unified Theory of Acceptance and Use of Technology (UTAUT), Unified
Theory of Acceptance and Use of Technology 2 (UTAUT 2), Unified Theory of Acceptance
and Use of Technology: A synthesis of extensions (UTAUT: A synthesis of extensions),
etc., which are widely used. Table 2 shows most of the relevant research on VR acceptance
among the elderly adopts the TAM and UTAUT technology acceptance models.
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Table 2. Core constructs of each technology acceptance model.
Model Proposer and Time Basic Variables
TAM Fred D. Davis EV, PU, PEU, ATU, BIU, AS
(1989, 1993) [57]
SN, ILJR, OQ, RD,
TAM2 Venkatesh and Davis (2000) E,V, PU, PEU, IU, UB
[58]
UTAUT Venkatesh and Davis (2003) PEX, EE, B, UB['SS(;I]’ FC, G A EVU
SN, I, JR, OQ, RD, CS, PEC
CA, CP, PEN, OU, E, V
TAM3 Venkatesh and Bala (2008) PU, PEU, IU, UB
[60]
PE, EE, SI, FC, HM, PV, H
UTAUT2 Venkatesh Thong and Xu G, A E, B UB
(2012)
[61]
UTAUT: A Blut, Chong, Tsiga and PE, EE, SI, PV, HM, FC, H
synthesis of Venkatesh Compatibility, EPI, costs, BI, UB
extensions (2022) [62]

EV; externa variables; PU: perceived usefulness; PEU: perceived ease of use; ATU: attitude toward using; BIU:
behavioral intention to use; AS: actual system use; SN: subjective norm; I: image; JR: job relevance; OQ: output
quality; RD: result demonstrability; E: experience; V: voluntariness; IU: intention to use; UB: usage behavior;
PEX: performance expectancy; EE: effort expectancy; BI: behavioral intention; SI: social influence; FC: facilitating
conditions; G: gender; A: age; EVU: experience voluntariness of use; CS: computer self-efficacy; PEC: perceptions
of external control; CA: computer anxiety; CP: computer playfulness; PEN: perceived enjoyment; OU: objective
usability; HM: hedonic motivation; PV: price value; H: habit; EPI: education personal innovativeness.

4.5. Highly Cited Manuscripts on Virtual Reality

Table 3 shows the 10 most cited research articles on older adults in virtual reality
over the past 5 years. The research area with the highest number of articles was medicine
with six articles, followed by computer science with two articles; Huygelier et al. was the
most cited article, followed by Liao et al. One study confirmed the benefits of VR devices
in improving the physical health of older adults; three studies confirmed the benefits of
VR devices in improving the physical health of older adults; one study confirmed the
benefits of VR devices in improving learner engagement. These studies also face a number
of challenges, such as small sample sizes and the possibility of expanding the studies to
long-term assessments.

Although virtual reality technology can not only improve mild cognitive impairment
and enhance physical health index in the elderly but also increase social participation to
improve mental health, it can provide feasible intervention measures for language memory
and daily life in the elderly. However, there are still shortcomings in the research on the use
of VR technology by the elderly, such as a lack of studies on elderly people from different
environments and backgrounds, and a scarcity of long-term observational studies.
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Table 3. Highly cited manuscripts from the last 5 years on older adults in the field of virtual reality.

Rank Ref DOI URL Conclusion Laéittit?zra‘rs Totai{g:le(ltlon Research Area Limitation Participants
Immersive virtual reality (HMD-VR)
offers new opportunities for assessing 76 older people,
10.1038/541598-019- and treating health problems in older Insufficient attention given to the impact aged 57 to 94, who
1 [50] ' 41200-6 adults with a high degree of safety 131 Multidisciplinary of cognitive decline on older adults’ were previously
and acceptability and promotes tech attitudes. unfamiliar with
positive changes in user attitudes virtual reality.
through real-world experiences.
1. Unidentified variables affecting
For functionally impaired older participant tolerance and engagement.
adults, virtual reality experiences are 2. Lack of understanding regarding 66
. ? . .. . older adults,
safe and feasible, improve mood, tailored VR therapy in diverse settings mean age 805, with
5 [63] 10.3389/ increase social engagement, have 109 Medicine and populations. var ing o } ’1 tive
: fmed.2019.00329 flexible applicability and 3. The need to explore and assess the ang /ogr hgnsical
customization, and are enjoyed and potential positive impact of developing . " Py
115 . . . impairments.
willingly recommended by more dynamic, social, nostalgic,
most participants. interactive, multi-sensory, and
personalized VR content.
The use of virtual reality (VR) The absence of a control group led to
combined with physical and unclear outcome mechanisms. The
10.3389/ cognitive training can significantly exercise lacked complexity, failing 34 community-
3 [64] fnac 2'01 9.00162 improve executive function and 112 Neuroscience dual-task induction. Diverse training dwelling older
st ’ dual-task gait performance in elderly methods may vary in intensity, needing adults with MCL
patients with mild further study. Multiple statistical tests
cognitive impairment. used with small samples.
Virtual reality training not only 1. Ensuring enduring intervention impact
significantly improves overall requires ongoing follow-up evaluation.
cognitive function, verbal memory, 2. Solely assessing emotional dynamics in
4 [65] 10.23736/51973- and daily living skills in older adults 97 Medicine prefrontal regions may overlook changes 42 people aged 65
- 9087.19.05899-4 with mild cognitive impairment, but in other brain regions. and above

also enhances neurological efficiency
and provides a viable intervention for
rehabilitation training.

3. Varied treatment effects may arise from
different method combinations,
warranting further investigation.
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Table 3. Cont.
Rank Ref DOI URL Conclusion Las‘t 5 Years Total Citation Research Area Limitation Participants
Citation Rank
1. Post-intervention follow-up and
Virtual reality intervention differgnces in Se'ssions /supervision 68 patients.m’fith mild
sienificantly improves cognitive and between intervention and control groups cognitive
5 [66]  10.3390/jcm9051283 f - Y IMprOves cogr o 84 5 Medicine were not conducted. impairment (MCI).
p ysma'al unctioning in patients wit 2. Gender differences’ effect on VR Ages ranged from 55
mild cognitive impairment. intervention’s effectiveness needs further to 85 years.
exploration in future studies.
In education, augmented reality (AR) Easeisc;flléieac: ; )r(;eel;ﬁz} ﬁ:]ltc}??s gileyssmal
ar:id vu:[tual r?a'hty (VB) hla ve the Ie " (1) Provide a comfortable experience
6 [67] 10.3390/app9173556 anvzn E;glenot ggfireli.sﬁn Ifg teféim: 75 8 orm;u et when using AR and VR technology; Not mentioned.
ng }%e eh . Skt rete d © saience (2) promote social interaction or social
through immersive an connection; (3) also induce a positive and
interactive learning. enjoyable experience.
Interactive virtual reality systems in
nursing homes are superior to simple
virtual reality systems and can
provide rich interactive experiences More extensive mixed-method studies are
through social, cognitive, and required to ensure the generalizability of 5 RACF residents
7 [44] 10.1016/ physical engagement. A qualitative 73 9 Computer findings, extend study duration for aged between 74 and
j-ipm.2019.102105 research design using a variety of science long-term evaluation, and tackle 88 Flderl
methods can provide insights into its implementation challenges of VR ¥
usability and potential benefits, in RACE.
providing an important reference for
future research and virtual reality
system design.
Yirtual reglity technology is prov.ing Research teams face challenges in data
1t§ pott.e ntlla lt%n the 0¥?er poput%atlon interpretation, theme selection, and 41 seniors, including
10.1080/ ca tZr?nlgcg ?hl;ign fe?‘sels’gzr??r?eleocl{lssz) ¢ naming consistency. Researchers’ those in nursing
8 [29] ) 76 7 Medicine backgrounds, expertise, and interests homes, assisted

07317115.2018.1442380

older adults, providing a convenient
device-use experience, replacing
traditional activities, and facilitating
social interactions.

influence theme selection and naming,
requiring discussion and agreement
among team members.

living, and
independent living.
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Rank Ref DOI URL Conclusion Las‘t 5 Years Total Citation Research Area Limitation Participants
Citation Rank

Intervention strategies that combine

virtual reality (VR) and exercise can
enhance the overall health of older

adults, increase exercise participation, Many studies had small sample sizes,

10.3390/ adapt to home environments, - often no more than 30 participants, which .
? [68] jem9061986 improve rehabilitation, improve 77 6 Medicine may affect the external validity of Not mentioned.
mental health, and provide the findings.
individualized programs, and
scientific evidence exists to support
their effectiveness.
The variety of virtual reality exercise
Virtual reality sports games games may lead to different results and

moderately improve cognitive and influence effect comparisons. Some

memory function in older adults, studies did not measure both cognitive
have a significant effect on depressive function and depressive symptoms, >60 older people; no
10 [69] 10.1016/ symptoms, outperform research 63 10 Medicine
jjamda.2021.03.009 , ", .
equipment with commercial systems,

and enhance physical activity and
social interactions, thereby improving
mental health.

which may lead to bias. The diversity in
older age groups may affect the
consistency of studies. Lack of details on
the intensity of the intervention and mode
of participation may affect the assessment
of effects.

sample size
mentioned.
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5. Challenges
5.1. Technical Barriers

Among the challenges in implementing VR technology for older adults, technical
barriers are an important issue [54]. Research shows that some elderly people may face
complex operations of virtual reality devices, such as special controllers or headsets, which
may lead to a decrease in their acceptance of technology [70]. In addition, some studies
have also found that older people may be confused by complex operations in virtual envi-
ronments, thus affecting their acceptance of virtual reality technology [45]. Therefore, when
promoting virtual reality technology, attention should be paid to the technical obstacles
that the elderly may encounter during use and take corresponding measures to simplify
the operating process and improve acceptability of VR technologies among the ageing
population [56].

5.2. Cognitive Impairment

As we age, older adults commonly encounter the challenge of cognitive impair-
ment [71]. Research indicates that attention, short-term memory, and reaction time among
the elderly tend to decline [72,73]. First, some older adults may face limitations in cognitive
function, such as reduced attention to details and motor coordination [74]. This means
that when implementing virtual reality technology, the cognitive level of the elderly needs
to be taken into consideration to ensure that the virtual environment is designed not to
cause distress or confusion to them [75]. Second, the elderly have limited rates of accep-
tance and adaptability to virtual reality technology [56], and they need systematic training
and guidance based on their characteristics to improve their cognition and ability to use
technology [10,35].

5.3. Physical Conditions

Older adults may face challenges in physical adaptation when using virtual reality
technologies. Due to aging, first, older adults may experience a decline in physical functions
and perceptual abilities [76], such as diminished vision, hearing, and muscle strength, as
well as a gradual decrease in self-care abilities [70]. Second, the use of virtual reality devices
may require head or full-body movements, and older adults may have limited motor
abilities, especially those with motor impairments [77] or balance challenges [78,79]. In
addition, older adults may experience dizziness and vertigo in virtual environments, which
may affect their acceptance rate of virtual reality technology [80]. Finally, wearing headgear
for long periods of time may put pressure on the head and neck, while gazing at the virtual
reality environment for long periods of time may cause eye strain. Therefore, there is a need
to investigate how to design comfortable virtual reality devices to alleviate the physical
discomfort that older adults may face during use, thereby improving their experiences and
acceptance rate [10].

5.4. Social Interaction

Although virtual reality technology has played a positive role in the medical field,
including cognitive training and rehabilitation training, there is relatively little research
on social interaction [81]. Social interaction is very important for people’s psychological
and physical health [82], and it can effectively improve the loneliness caused by social
isolation in the elderly. Virtual reality technology provides a safe social environment for
the elderly, and new design experiences can help reduce anxiety and discomfort. Many
studies have not delved into how VR technology enhances social interaction among the
elderly; therefore, future research needs to further discuss the role of VR in enhancing
social interaction among the elderly and its potential benefits. Researchers need to consider
designing VR social programs that are suitable for the elderly and have a positive impact
on their social interactions.

In summary, older adults may face a number of technical barriers to the use of virtual
reality technology, including operational difficulties, device compatibility, health risk con-
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cerns, and a lack of digital technology knowledge. Cognitive barriers include memory loss
that accompanies ageing and reduced attention span. There are also physical challenges
such as vision loss as well as motion sickness. There is a lack of in-depth research on social
interaction. Therefore, to address these challenges, the actual needs and characteristics of
older adults need to be considered in an integrated manner in order to promote the healthy
development of virtual reality technology for older people.

6. Suggestions and Recommendations

There has been a notable rise in the incorporation of virtual reality (VR) technologies
across diverse fields such as healthcare, education, and entertainment in recent times. Yet,
the embrace and utilization of virtual reality by the elderly, a group with distinct desires and
obstacles, remain largely unexamined. It is essential to grasp the driving elements behind
user acceptance to improve the practicality and efficiency of VR technologies tailored for
this demographic.

Even though several studies have been identified regarding the uptake of VR by
elderly users, certain facets warrant additional investigation: First, we found that there is
still a lack of program personalization, and VR manufacturers do not pay attention to the
interests of the ageing population enough, which affects the ease of use of VR for the elderly.
In addition, due to the decline in physical function and perceptual ability of the elderly,
the design of hardware needs to consider the material, weight of the device, volume level,
and wearing comfort issues. In addition, professional help and usage guidelines have a
positive impact on the acceptance of VR by the elderly.

In summary, future use of VR by the elderly should focus on enhancing social inter-
action and cognitive training. Social interaction and cognitive training are crucial to the
health and quality of life of older adults. By utilizing VR technology, older adults can
participate in a variety of social activities, including interactions with family and friends,
thereby reducing social isolation and loneliness. In addition, VR can also be used for cogni-
tive training, stimulating the brains of the elderly through various visual and interactive
experiences to improve their cognitive abilities and life management skills. Therefore,
future VR applications can focus more on how to help the elderly maintain a healthy, active
and happy life through social interaction and cognitive training.

Finally, since there is a lack of social interaction in VR entertainment applications, older
adults may be more socially oriented towards real interpersonal interactions and emotional
exchanges, and the lack of social technologies in the VR entertainment experience may
not be able to fully satisfy this need. Therefore, how to add more elements of real human
interaction in VR social technology has become a problem that needs to be solved.

7. Conclusions

From the characteristics of the design and data on user experience derived from the
chosen studies, certain key factors requiring attention in the development and trials of
VR applications for the elderly can be pinpointed. Initially, enhancing the elderly’s use
of VR technology can enhance their comprehension of VR and alter their perspectives
on it. Additionally, enhancing VR technology can heighten its use among senior users.
(1) Virtual reality technology’s design should account for potential cognitive and perceptual
deficits in older adults. In the development of VR applications, the interface needs to be
easy to understand and use to improve its usability. (2) In the realm of VR technology,
the integration of virtual commands and efficient gesture recognition becomes crucial to
meet the diverse tastes and requirements of the elderly and to guarantee the curation
of appropriate VR materials. (3) Various online VR apps designed for older individuals
require customization to suit their tastes and needs, aiming to attract more interest and
enhance their interaction. (4) Wearing VR tools should be of equal importance. It is essential
for apparatus to be crafted to be lightweight and comfortable to avert any discomfort due
to extended use.
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Essentially, it is feasible to increase the recognition of virtual reality technology among
elderly users by providing social support. Providing support and education for the elderly
can alleviate the difficulties they encounter when using VR technology. Future research
should focus more on interdisciplinary integration, such as the integration of VR technology
and psychology, which can promote the mental health of the elderly. With the cooperation
of engineering, more lightweight and easy-to-use VR devices can be designed to enhance
the elderly’s confidence and openness to these technological resources.
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Table A1. 100 most cited manuscripts in Virtual Reality Among Older Adults.
. Author Name and Manuscript Name of . Impact Total
Rank  Ref Title Publication Year Keywords Types Country Journal Publisher Factor  Citation
Addition of a non-immersive
virtual reality component to accidental falls; aged;
treadmill training to reduce Mirelman et al., aged, 80 and over; aging; . Elsevier
! (401 fall risk in older adults 2016 confounding factors Article England Lancet Science 8.4 315
(V-TIME): a randomised epidemiology;
controlled trial
Acceptance of immersive Huveelier et al aged; aged, 80 and over; Nature
2 [50] head-mounted virtual reality Y8 7 attitude; female; humans; Article England Scientific Reports - 3.8 159
. 2019 . Portfolio
in older adults male; middle aged;
dementia;
Older Adults With Cognitive head-mounted-display;
and/or Physical Impairments Appel et al interventional study; Frontiers
3 [63] Can Benefit From Immersive PP v long-term care; nature; Article Switzerland  Frontiers in Medicine . 3.1 143
. . . 2020 . Mediasa
Virtual Reality Experiences: non-pharmacological
A Feasibility Study therapy; simulation;
social isolation
Effects of virtual
reahty—l.)a.sed phyg ical and cognitive training;
cognitive training on combined physical:
executive function and Liao et al., physicay . . Frontiers in Aging Frontiers
4 [64] . . dual-task gait; executive Article Switzerland . . 4.1 132
dual-task gait performance in 2019 . - Neuroscience Mediasa
. . function; MCI; virtual
older adults with mild .
e . ) reality
cognitive impairment: A
randomized control trial
U.S e V1rt.ua1 reallty-ba§gd activities of daily living;
training to improve cognitive . e e
S aged; cognition; cognitive European Journal of N
function, instrumental Liao et al dvsfunction: Phusical and Edizioni
5 [65] activities of daily living and v st : Article Italy ystea ar Minerva 3.3 125
. . 2020 near-infrared Rehabilitation .
neural efficiency in older . .. Medica
spectroscopy; virtual Medicine

adults with mild cognitive
impairment

reality
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The effect of a virtual .
. . . dementia;
reality-based intervention 1 hal )
program on cognition in Thapa et al., ¢ ectr(?encep aosrany, . . Journal of Clinical
6 [66] older adults with mild 2020 . m1.1d cogrutllve Article Switzerland Medicine MDPI 3.0 111
e . . ) impairment; virtual
cognitive impairment: A roalit
randomized control trial y
Potential of augmented augmented reality;
reality and virtual reality Leeetal., evaluation framework; . . . .
7 [67] technologies to promote 2019 older adults; virtual Review Switzerland Applied Sciences MDPI ) 9
wellbeing in older adults reality; wellbeing
Older Adults” Experiences
with Audiovisual Virtual activity; leisure;
Reality: Perceived Usefulness Roberts et al., retirement community; . . . Elsevier
8 [29] and Other Factors 2019 technology; usefulness; Article England Clinical Gerontologist Science 2.6 9%
Influencing Technology virtual reality
Acceptance
Evaluating the use of Information
9 [44] interactive ertual reality Baker et al., aged c.are; older. adults; Article England Processing and Els.ev1er 74 95
technology with older adults 2020 virtual reality Science
NV . . Management
living in residential aged care
Virtual reality exercise as a
coping strategy for health cognition; fall prevention; .
10 [68] and wellness promotion in Gaoetal, motor ability; obesity; Editorial Switzerland Journal Of Clznzcal MDPI 3.0 94
. 2020 . Medicine
older adults during the psychological outcomes
COVID-19 pandemic
Do virtual reality games
H‘E)lflzlvcee Irnnzzlsltll?érsrlfelgtssairrlld Neri et al accidental falls; elderly; Clinical
1 (831 community-dwelling older 2017 physical therapy; Review UsA Rehabilitation SAGE 26 93

adults? Systematic review
and meta-analysis

prevention; video games
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The role of virtual reality in 80 and over; aged; aged;
improving hee.llth outhmes Dermody et al., healtl} care; independent . Journal of Medical
12 [9] for community-dwelling 2020 living; outcome Review Canada Internet Research JMIR 5.8 92
older adults: Systematic assessment; systematic
review review; virtual reality
Virtual Reality Exergames for
Improving Older Adults’ active ageing; active
Cognition and Depression: A Yen and Chiu video game; dementia; Journal of the Elsevier
13 [69] . : ) ’ : 4 g Review USA American Medical . 4.2 92
Systematic Review and 2021 depression; mental health; . .. Science
. . .. Directors Association
Meta-Analysis of physical activity
Randomized Control Trials
Use of immersive virtual . aging; episodic memory; Routledge
reality to assess episodic Corriveau neuropsychological Neuropsychological Journals
14 [84] A Lecavalier et al., Lo Article England ey o ! 1.7 68
memory: A validation study 2020 assessment; validation Rehabilitation Taylor &
in older adults study; virtual reality Francis
Balance training using virtual
reality Lmproves balance.and Phuetal,, exercise; falls; fractures; . New Clinical Interventions .
15 [85] physical performance in . . Article . . Dove Medical 3.5 66
older adults at high risk of 2019 posture; virtual reality Zealand in Aging
falls
The benefits of emotion .
.. . . adults; emotion
regulation interventions in regulation; systematic
16 [14] imp:;l\rft;;leiﬁcacl)lfti]vfe(ﬁkfgig in Montza&aoet al, review; treatment; virtual Review Switzerland J ourrlz\ile;j;(if:enzcal MDPI 3.0 66
adults and older adults: A rea.hty; welljbemg
. . intervention
systematic review
cognitive function;
The effectiveness of a virtual cognitive impairment;
reality-based tai chi exercise Hsieh et al dementia; exergame; Dementia and
17 [86] on cognitive and physical 2019 v nonpharmacological Article Switzerland Geriatric Cognitive Karger 2.2 62
function in older adults with therapy; physical Disorders
cognitive impairment

function; tai chi; virtual
reality
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Interrogating social virtual Baker. Kellv. et al avatars; communication; Proc:xéz&gz;f the
18 [81] reality as a communication ’ 4 M older adults; virtual Article USA ACM - 61
. 2019 . Human-Computer
medium for older adults reality .
Interaction
htrl:lr:i;[?r‘:g \e/g::ril (ie;?;rr}: ifr?r Benham et al aging; older adults; pain; OTJR-Occupation
19 [87] .g . v quality of life; virtual Article USA Participation and SAGE - 60
Community-Dwelling Older 2019 .
reality Health
Adults
Vestibular rehabilitation in aging: cognitive decline:
older adults with and BINg; o5 7 .
without mild cognitive Micarelli et al fast Fourier transform; Archives of Elsevier
20 [88] . . . v vestibular hypofunction; Article Ireland Gerontology and 3.5 60
impairment: Effects of virtual 2019 . e o Ireland
. . vestibular rehabilitation; Geriatrics
reality using a head-mounted . .
. virtual reality
display
Comparison of the effects of
virtual reality-based balance balance; exercise training;
1 [89] exercises and conventional Yesilyaprak et al., older adults; physical Article England Physiotherapy Theory Taylor.& 16 53
exercises on balance and fall 2016 therapy: virtaal realit and Practice Francis
risk in older adults living in Py y
nursing homes in Turkey
Exergaming Executive
Functions: An Immersive executive functions; Cyberpsychology
22 [90] Virtual Reality-Based K-T. Huang, exergame; older adults; Article USA Behavior and Social Ma‘r y Amn 4.2 53
o - 2020 . . ! Liebert
Cognitive Training for Adults presence; virtual reality Networking
Aged 50 and Older
Effects of Virtual Reality
Intervention on Cognition . .
. X cognition; dementia;
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