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ABSTRACT

Purpose Ithasbecome common to use Virtual Reality (VR) for
mental health interventions; however, its use in care of the
elederly is limited, especially regarding mood and well-being.
In this review, we summarize the results of current VR-based
mental health interventions for this population.

Methods Peer-reviewed journal articles on immersive VR
mental health intervention in seniors, published until 2022,
were included.

Results There were 2697 results found in the database search,
of which 40 articles met the inclusion criteria and were includ-
ed in the final analysis. Most studies did not use an experimen-
tal design with randomized controlled trials and follow-up
sessions. Function-oriented and entertainment-oriented inter-
vention studies were categorized. VR-based geriatric mental
interventions have grown rapidly since 2018, especially the
number of interventions that promote wellbeing. The func-
tion-oriented interventions used active interactions with varied
devices. Entertainment-oriented interaction was primarily
passive, seldomly using hand controllers for moving activities.
Generally, VR interventions improved the mental health of old-
eradults.

Conclusion Geriatric rehabilitation can benefit from this in-
novative technology to maintain cognitive functions and to
improve the well-being of seniors. They have potential for use
in aging care and in retirement homes. Future VR interventions
may also involve promoting social interaction to combat lone-
liness among seniors.

ZUSAMMENFASSUNG

Ziel der Studie Virtual Reality (VR) Interventionen zur
Férderung der psychischen Gesundheit kénnen auch neue
Méglichkeiten im Bereich geriatrischer Rehabilitation bieten.
Bislang gibt es kaum VR in der Altenpflege, insbesondere nicht
zur Wohlbefindensférderung. In diesem Scoping Review fassen
wir die Ergebnisse aktueller VR-basierter Interventionen im
Bereich der psychischen Gesundheit von Senioren zusammen.
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Methode In die Untersuchung wurden peer-reviewed Fach-
artikel zuimmersiven VR-Interventionen im Bereich der psychi-
schen Gesundheit von Senioren aufgenommen, die bis zum
Jahr 2022 veroffentlicht wurden.

Ergebnisse In der Datenbanksuche wurden 2697 Ergebnisse
gefunden, von denen 40 Artikel die Einschlusskriterien erfiillten
und in die abschlieRende Analyse aufgenommen wurden. Die
meisten Studien verwendeten kein experimentelles Design mit
randomisierten kontrollierten Studien und Nachuntersuchun-
gen. Seit 2018 ist ein deutlicher Zuwachs von Wohlbefindens-
orientierten Gesundheitsinterventionen fiir Senioren zu ver-
zeichnen. Die Interventionen wurden in funktionsorientierte und
unterhaltungsorientierte Studien unterteilt. Die funktionsori-

entierten Interventionen beinhalteten aktive Interaktionen mit
verschiedenen Gerdten. Die unterhaltungsorientierten Interven-
tionen waren hingegen hauptsachlich passiv und beinhalteten
kaum bewegungsbezogene Aktivitdten mit Controllern. Im
Allgemeinen verbesserten VR-Interventionen die psychische
Gesundheit dlterer Erwachsener.

Schlussfolgerung Die geriatrische Rehabilitation kann von
innovativen VR-Technologien profitieren, um kognitive Funk-
tionen zu erhalten und das Wohlbefinden von Senioren zu ver-
bessern. Sie haben Potenzial fiir den Einsatz in der Altenpflege
und in Seniorenheimen. Zukiinftige VR-Interventionen sollten
auch die Férderung sozialer Interaktionen zur Reduktion von
Einsamkeitserleben bei Senioren zum Gegenstand machen.

Introduction

Over the past few decades, the proportion of the aging population
has increased rapidly. The demographic shift poses a challenge to
the health and social systems of many countries [1]. Itis the respon-
sibility of the social system to take care of and support the lives of
older people. The aging of society is resulting in an increasing de-
mand for geriatric rehabilitation. The aging process necessitates
support from the society for seniors. As age increases, age-related
physical and psychological changes might cause an increasing
range of disorders for the elderly, both physically [2] and psycho-
logically [3]. Consequently, seniors need treatment in order to
maintain or regain function, as well as to improve their quality of
life and well-being. In the mental health field, it is essential to de-
velop innovative and engaging interventions [4]. Therefore, re-
search regarding innovative technologies for mental health is grow-
ing rapidly, for example, virtual reality (VR) [5, 6].

Virtual Reality

VR can broadly be defined as a computer-enhanced simulation ex-
perience, which creates a virtual environment. There are three
types of VR: non-immersive, semi-immersive, and fully immersive.
Non-immersive VR-based products have become part of our daily
lives, such as digital maps (e.g. Google Maps) and video games
(e.g. Dota 2). Using a computer-generated interface, they provide
a virtual representation of the real world [7]. Semi-immersive VR
can provide a partial immersive environment with three-dimen-
sional (3D) graphics, but the view field is limited. By using a
high-resolution display, projector, or hard simulator allow the user
to focus on the more realistic visual effects [7]. The semi-immer-
sive VR is used for educational and training purposes, such as flight
simulators for flight training of airborne firefighters (e. g. [8]) or so-
cial ability training for children (e.g. [9]). Fully immersive VR pro-
vides visual and auditory stimulation in full 3D effect. Moreover,
tactile (e.g.[10]) and haptically stimuli (e. g. [11]) are possible with
the fully immersive VR technique [12]. The complete immersive
environment makes the user feels like they have stepped into the
computer-synthesized world [13] and creates a sense of presence,
the sensation of being there [14]. This artificial world is assessable
through the head-mounted displays (HMD, e. g. Oculus Rift) or a
Cave Automatic Virtual Environment (CAVE). The user can manip-
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ulate hand consoles or use the hand-tracking technique to interact
with the VR-environment (e. g. [15]). These properties provide the
possibility for more sophisticated simulations [7,12, 16].

VR-based mental health intervention in seniors

Immersive VR is increasingly being used in a variety of clinical set-
tings as well as in mental health settings due to the characteristics
described above [5, 6]. For example, a considerable amount of ev-
idence supports the effectiveness of virtual reality exposure ther-
apy of anxiety disorders and posttraumatic stress disorders [17],
addiction (e. g. [18]), the therapy of eating disorders (e.g. [19] ),
as well as social skills and cognitive training in children with
high-functioning autism (e. g. [20]). Immersive virtual reality is ex-
pected to become importantin the field of mental health in the fu-
ture [6,17].

In terms of its application to older adults, immersive virtual re-
ality has also been shown to have several benefits. A fully immer-
sive environment and the sensation of presence can provide a sen-
sitive treatment comparable to that available in the real world [21].
Moreover, VR offers a safer approach to therapy [22], and it can
prevent for example exposure to adverse conditions (e. g. high
noise or high temperature) in exposure therapy [23]. This feature
is especially important for individuals who are vulnerable, such as
the elderly. In addition, the interaction in the immersive virtual en-
vironment is natural and straightforward. Senior citizens can easi-
ly get started by putting on the headset or entering the CAVE en-
vironment. They can interact with the VR environment by using a
console or, if hand tracking technology is available, by using their
hands directly. This is more natural to use this method than, for ex-
ample, a keyboard. Furthermore, immersive VR requires just the
HDM (e. g., when using hand tracking technology), and it can be
used almost anywhere, regardless of the time, place, or object
[17,24]. As aresult of this adaptability, there may be considerable
opportunities to address the challenges faced by elderly individu-
als with mobility concerns, such as in the rehabilitation and assist-
ed living of physically disabled individuals in a nursing home.

Moreover, according to the Technology Acceptance Model
(TAM), user acceptance of technology is influenced by perceived
usefulness and ease of use [25]. Personal attributes and environ-
mental factors, such as self-efficacy and facilitation, play a more
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significant role in technology acceptance than perceived advantag-
es [26]. In geriatric populations, perceived usefulness, perceived
ease of use, and perceived enjoyment also positively impact the
acceptance of VR interventions [27-29]. Numerous studies have
indicated that immersive VR is well-received by the geriatric pop-
ulation [5, 29, 30]. For example, older adults' initial experiences
with head-mounted VR were followed by positive participant feed-
backindicating a positive shift in attitude towards the technology
[5]. Additionally, cybersickness is a possible side effect that needs
to be considered in VR interventions. Participants were more sus-
ceptible to cybersickness when exposed for 20 minutes compared
to T0 minutes [31], however, the detected symptoms were only
moderate and did not lead to dropouts. In a systematic review
about cybersickness in fully immersive VR [32], it was found that
most of the included 39 studies reported only minor instances of
cybersickness among older adult participants. This indicates that
cybersickness is not a significant barrier to the application of VR
and can be managed through careful design and regulation of the
time spent wearing the head-mounted display (HMD). Neverthe-
less, itis necessary to implement changes in order to provide a user
experience that is optimal for older individuals [30].

Currently, VR applications in physical rehabilitation, such as
motor control and balance training for the elderly, are the most ex-
tensively researched (e. g. [33]). Itis important to note, however,
that most of these studies used a non-immersive or semi-immer-
sive VR experience [23,34]. The number of immersive VR-based
psychological studies conducted on the geriatric population is still
limited, especially in terms of the improvement of well-being and
mood [6, 35]. A systematic review of the VR intervention on men-
tal health in seniors was published by Skurla et al. [6].This review
focused on the evidence and experimental methods used in these
studies, as well as on the mental disorders that they investigated.
Furthermore, they identified three categories of VR indications in
these studies: screening, testing, and training. In this present re-
view, we focus on VR-based interventions that are classified as train-
ing initiatives, due to the fact that they are relevant for geriatric re-
habilitation. Otherwise, Skurla et al. [6] covered all of the immer-
sion gradations, including non- immersive and semi-immersive, of
VR-interventions for seniors. For this scoping review, we will focus
on immersive VR interventions that use HMDs or CAVEs.

Review question

The review question is: Which types of intervention studies and ev-
idence exists regarding immersive VR-interventions supporting
mental health of the elderly?

This review provides an in-depth analysis, systematization, and
classification of immersive VR-intervention studies, and assess their
effectiveness for mental health. We are interested whether there
has been any advancement in VR interventions not only training
functions, but enhancing well-being and quality of life of seniors,
which could be utilized in geriatric rehabilitation. The systematized
information may also serve as a reference for future research in this
area.

Inclusion Criteria

This scoping review will concentrate on research that focuses on
older adults. The age of participants in the reported studies was on
average older than 60 years. The studies point out that they focus
on the older population or age-related effects. This scoping review
examines VR-interventions and its outcomes for elderly people with
the intention of improving their mental health, such as psychother-
apies, cognitive function training, or well-being and quality of life.
HMD or CAVE environment should be used in the VR intervention
to provide a fully immersive experience. To assess how different in-
terventions and how these factors affect different outcomes, we
obtained detailed findings regarding experimental design, content
of VR interventions, and forms of VR interaction from the studies.
This will enable us to observe the development of VR-based inter-
ventions that will be used in the future for the ageing care.

The focus is on VR-interventions or therapies to improve the
mental health of seniors worldwide in a variety of settings, such as
anursing home, or rehabilitation centre.

This scoping review will consider designs including randomized
controlled trials, non-randomized controlled trials, before and after
studies, and interrupted time-series studies. In addition, analytical
observational studies including prospective and retrospective co-
hort studies, case-control studies and analytical cross-sectional
studies will be considered forinclusion. Qualitative studies, reviews,
and text and opinion papers will not be considered (adapted from
|BL-Manual, [36]).

Methods

The proposed scoping review is conducted in accordance with the
JBI methodology for scoping reviews [36, 37].

Search strategy

We used a Boolean search following: (“virtual” OR “virtual reality”)
AND ( “older” OR “older adults” OR “geriatric” OR "elderly” OR
“senior”). The year of publications was not filtered to ensure all rel-
evant studies are included.

The databases to be searched include PubMed, Scopus, Psych-
Net, PsyJournals, PubPsych (a database synthesized from nine por-
tals: PSYNDEX, PASCAL, ISOC-Psicologia, MEDLINE, ERIC, NARCIS,
NORART, PsychOpen, PsychData), and Google Scholar published
up to 2022. Based on the language skills of the authors, studies
published in English, German, and Chinese are included. The refer-
ence list of all included sources of evidence were screened for ad-
ditional studies (adapted from |BL-Manual). When the full text of
possible targeted studies was not available, we contacted the au-
thors to request it.

Evidence selection

Once the search has been conducted, all identified citations were
uploaded into Zotero [38]. Duplicates were removed. After dedu-
plication, the authors screened and selected the titles of the re-
cords. The excluded studies were rechecked independently by
trained research assistants. We created a matrix and re-examined
records that had the potential to be targeted with more details from
the abstract or detailed information from the main text.
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The articles we selected need to have fulfilled the following con-
ditions: 1) Use of immersive virtual reality, environment, or game
application, 2) primary outcomes in the area of mental health (e. g.
cognitive training, psychological therapy, well-being, etc.), 3) focus
on older adults population, average age > 60 years, 4) peer-re-
viewed journal article and presenting experimental data. The ex-
clusion criteria were as follows: 1) review and meta-analyse, 2) full-
text not available, 3) article not available in English, German or Chi-
nese, 4) not focus on the geriatric population, 5) Use non- or
semi-immersive VR, 6) outcome does not focus on mental health,
7) VR indication as screening and testing, not for training and in-
tervention, 8) result or with less quantitative analysis.

Data extraction

Following the selection process, author 1 extracted data from the
full text of the articles included in the review. Microsoft Excel [39]
was used for the initial data extraction and a matrix was developed
for categorizing the evidence collected. This data extraction will
included specific information about the participants, the year of
publication, the concept, the context, the study methods, the
VR-Intervention, and the key findings relevant to the review ques-

tion. Whenever we were unable to locate certain information in the
full text, we contacted the research team directly. At the end, au-
thor 2 rechecked all the data. If there were disagreements between
the reviewers at any stage of the selection process, they were re-
solved through discussion. The results of the search and the study
inclusion process will be presented in a Preferred Reporting ltems
for Systematic Reviews and Meta-analyses extension (PRISMA) flow
diagram which was adapted from Moher et al. [40].

Results

Search results

» Fig. 1 shows the complete selection process in a PRISMA flow-
chart. A total of 2697 records were collected from the seven data-
bases during the phase of literature research until 2022. There were
759 duplicate records that were removed. As a result of examining
the headlines and information in the abstracts, 1834 records have
been excluded due to misfit to the inclusion criteria. Excluded were
studies which did not contain VR interventions, or VR was focused
on physical training, young populations, caregivers for the elderly,

Identification of studies via databases and registers

(—
Records identified from
databases:
- PubMed (n=2838)
) Scopus (n=1373)
E APA/PsycNet (n=9) Records removed before
= PsyJournal (n=1) screening ™.
,‘E PubPsych (n=156) > Duplicate records removed
§ Google scholar* (n=320) (n=759)
In Total: n=2697
I
—
Records screened | » Records excluded
(n=1938) (n=1834)
Reports sought for retrieval Reports not retrieved
= (n=104) (n=4)
=
7}
o
3 v
Reports assessed for eligibility
(n=100) Reports excluded:
Not peer reviewed Journal
(n=25)
Unsuit age group (n=6)
Not immersive-VR (n=9)
Focus on physical health
— (n=14)
— y only qualitative outcomes
- (n=5)
= Studies included in review No result reported (n=1)
= (n=40)
[}
=
—

* Google Scholar Records were first screened on the website. Studies with relevant titles have been manually
saved in a list and downloaded. In this case, 320 is the number of records in the list that have been saved.

> Fig. 1 The PRISMA flow chart of the article selection adapted from Moher et al. [40].
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or screening and assessment. Overall, 104 articles were determined
to be potentially eligible. The full-text of four of those reports was
not available despite full-text requests sent to the authors. Conse-
quently, 100 full-text reports were reviewed to ensure that they
were in accordance with our objectives "VR-based interventions fo-
cusing on mental health outcomes for the elderly”. Additionally,
60 articles were removed because they were not published in
peer-reviewed journal articles (25), the population studied was not
suitable (6), immersive VR training or intervention was not provid-
ed (9), mental health outcomes were not reported (14), outcomes
were not statistically analysed (5), and no results were reported
(1). Inthe end, 40 articles were selected for review.

Inclusion of sources of evidence

All 40 selected studies were peer-reviewed and published between
2010 and 2022. Throughout these studies, fully immersive VR tech-
nology was used with a major focus group of seniors recruited
from clinical settings, nursing homes, or source portals of uni-
versities or organizations. The study locations include North
America, South America, Asia, Australia, and Europe (details are
provided in » Online-Table 1,2). Different types of studies are in-
cluded, such as randomized controlled trials, quasi-experiments,
and case studies. Inclusion is limited to studies that provide quan-
titative measurements and outcomes.

The articles were classified based on whether they focused on
entertainment (e. g. relaxation, for fun) or function training (e. g.
cognitive training). We extracted and summarized the 40 included
reports based on the above required information (see data extrac-
tion and analysis). In > Online-Tables 1 (entertainment-oriented)
and 2 (function-oriented) with detailed descriptions of the content
and procedures of each study, as well as outcomes. In total, 12 stud-
ies reported applications for seniors that were entertainment-ori-
ented, while 28 papers reported applications that were func-
tion-oriented.

Included studies: Publications years

In the research area of entertainment-oriented VR, all studies were
published since 2019 and their number is growing. In the func-
tion-oriented area, there is a sharp increase from five in 2020 to
fourteenin 2021.

Included studies: Methods and study designs

VR applications that were designed for senior citizens were primar-
ily targeted at those aged 65 to 80. A total of 18 studies reported
the mean age within this range. There were only four out of 28 pa-
pers that examined the age group below 65 (mean age) years, and
four papers that examined the age group over 80 (mean age).

One out of twelve studies for entertainment used a special sam-
ple group consisting of individuals suffering from dementia or mild
cognitive impairment [49]. In these entertainment-oriented stud-
ies, the majority of participants were from nursing homes (83 %),
and the remaining participants came from university recruitment
portals (17 %). There were no studies that recruited seniors from a
clinical setting in order to conduct entertainment-oriented re-
search.

There were 19 out of 28 studies in the function-oriented cate-
gory that focused on therapies or training for the elderly with de-

pression, cognitive decline, or pain. In the function-oriented study,
participants were recruited from clinical settings (32 %), nursing
homes (25 %), or announcements on university portals (43 %).
Only ten studies used a randomized controlled trial design.
Among entertainment-oriented studies, the rate of experimental
design is 17 %, while in function-oriented studies, the rate is 29 %.
There were only eleven follow-up sessions scheduled for 40 stud-
ies. In 30 out of 40 studies, a comparison between two groups was
conducted. The proportion of studies with a comparison group in
the entertainment-oriented category is 58 % compared to the total
number of studies in this category, while 82 % in the function-ori-
ented category. A total of 20 studies compared a control group with
an experimental group. In other studies, comparisons have been made
between younger and older individuals, or between seniors with mild
cognitive impairment and those with dementia (> Online-Table 1, 2).

Included studies: VR intervention content and
measurement

Nearly all of the studies used a HMD for immersive experiences,
with the exception of Sultana et al. [49] that used a special projec-
tor to create immersion in a room. In the entertainment category,
all twelve projects shared the same goal of relaxation and enjoy-
ment for older people. They used majorly rating scales for well-be-
ing, mood, and quality of life. There were 15 of 28 programs that
focused on cognitive training in the function-oriented studies.
There were two programs designed specifically for the purpose of
memory training (e. g. [54]). Eleven other studies focused on dif-
ferent treatment goals, such as fear of falling (e. g. [56]), depres-
sion (e. g. [58]), vestibular rehabilitation exercises (e. g. [59]), or
pain management (e. g. [67]). A total of five out of twelve (42 %)
entertainment-oriented studies contained only one VR session,
while there is only one study on function-oriented VR interventions
[61] (> Online-Table 1,2).

In eight entertainment-oriented VR studies, the interaction
form was passive, which means that seniors did not need addition-
al control over other technical devices to complete the VR session.
In contrast, 21 of 28 function-oriented studies utilized the active
interaction method. In general, 14 of the 21 studies chose hand
consoles as their primary interaction device. Moreover, other ac-
tive VR applications interacted with motion trackers (e. g. [72]),
pedals and wheels (driving games [70]), or control pads [69, 81].

Included VR studies: Mental health outcomes

All twelve entertainment-oriented VR studies had significant pos-
itive effects on the mental health of seniors. According to seven of
these studies, VR sessions had a positive impact on mood, well-be-
ing, or quality of life. Four of these results were examined in fol-
low-up sessions. Of the 28 function-oriented studies, 24 showed
at least one positive effect for the achievement of the treatment
goal. Among those articles with positive outcomes, six were exam-
ined by a follow-up session. Moreover, seven studies involving func-
tion-oriented interventions assessed whether mood, well-being,
or quality of life had changed. However, only two of them showed
significant improvements. There was no long-term follow-up on
any of them.
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Discussion

General result

This scoping review investigated recent studies that applied fully
immersive VR technology to mental health in older adults. Follow-
ing an extensive literature search in the databases, as well as sub-
sequent selection and filtering, we reviewed 40 relevant full arti-
cles. According to the purpose of the interventions, we classified
the evidence into two categories: function-oriented and entertain-
ment-oriented VR interventions. Twelve of the 40 studies are en-
tertainment-oriented, while 28 are function-oriented.

Publications year

By the end of March 2020, Carroll et al. [82] reported that only six
studies had utilized fully immersive VR technology in both the phys-
ical and psychological domains among older adults. As a result of
the increasing number of studies presently available, it is apparent
that research into immersive VR for the health of older people is
becoming increasingly popular. Additionally, the findings confirm
the limitation of the review presented by Skurla et al. [6] that VR
intervention research is a rapidly developing field and may require
updating as more studies are published. Moreover, Skurla et al. [6]
found that there was limited research on VR techniques for older
adults to improve well-being and mood until 2019. As shown in our
present review, the number of studies on immersive VR interven-
tions for the elderly that are specifically targeted at improving their
mood, well-being, and quality of life increased sharply after 2020.
Thus, the research gap on VR for improving well-being in older
adults has been filled. Further, VR-interventions for seniors are be-
coming increasingly important in recent years to enhance their
mental capabilities as well as their level of well-being.

Evidence of VR interventions

There was evidence that VR interventions enhanced at least one
study targetin 36 out of 40 selected papers, both in functional and
entertainment areas. This suggests that the use of fully immersive
technology in geriatric rehabilitation and ageing care could be a vi-
able and effective method of intervention in the future.

Only four out of the function-oriented VR studies reported on
mood and well-being after training. Among these, only two showed
asignificant impact of function-oriented VR training on mood and
well-being. There may have been a lack of attention paid by VR de-
signers to the enjoyment of the task in function-oriented training.
Combining joy of the task with functional training effects may, how-
ever, be beneficial, it may reduce potential aversion to intense train-
ing on the part of the participant [83]. Thus, in developing fun-
ction-oriented VR training programs, VR designers should also con-
sider the task enjoyment and the senior-centred design in addition
to the training effects.

Moreover, the stability of the results of VR interventions needs
to be demonstrated, particularly in entertainment-oriented stud-
ies that aim to improve well-being and quality of life. As well-being
may be strongly influenced by the environment [84], it may be that
the positive impact of VR on well-being disappears once the inter-
vention is completed. Long-term follow-ups have been done only
in a few studies. Until now, there is insufficient evidence on posi-
tive long term-effects.
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Furthermore, it's important to note that only a limited number
of studies in this review employed an experimental design, many
of the studies reviewed did not meet the quality criteria expected
for rigorous research. Therefore, it is imperative that future re-
search on VR interventions in geriatric rehabilitation places a
stronger emphasis on conducting randomized controlled trials
(RCTs). This approach would not only enhance the validity of the
evidence but also provide a more robust foundation for assessing
the true impact and effectiveness of VR interventions in improving
the well-being and cognitive abilities of older adults.

Function-oriented and entertainment-oriented VR
studies

Two critical aspects of geriatric mental health rehabilitation are the
maintenance of mental and cognitive function and the improve-
ment of well-being and quality of life. Thus, we classified VR stud-
ies as function-oriented and entertainment-oriented. In this sec-
tion, we provide a scoping view by summarizing and discussing the
current state of affairs in these two categories.

As aresult of our scoping review, referred to as function-orient-
ed research, VR efforts are aimed at improving a function or reduc-
ing animpairment. In these studies, the primary objective is to eval-
uate whether abilities can be enhanced in result of a VR interven-
tion or training. The primary objective of this study is to identify
the training effect. An example of a function-oriented VR interven-
tion task is memory training [54]. In an exemplary VR supermarket
scenario, the elderly participants are provided with a shopping list
containing six objects. Following this, the virtual cashier engages
them in a conversation to interference them by asking short ques-
tions such as "How is the weather today?" After this interaction, the
elderly participants are tasked to remember the objects from the
list and to locate them within the virtual supermarket environment.
Our results indicate that the assessment of mood and well-being
of older people is rarely and merely a by-product of this func-
tion-oriented study (e. g. [70]). Compared to studies focused on
entertainment-oriented VR, studies focused on function-oriented
VR appeared earlier and are currently more numerous in geriatric
research. Conversely, entertainment-oriented VR interventions do
not have a clearly defined goal for functional improvement, but
rather prioritize relaxation and enhancing positive emotions among
seniors. An example of such an intervention task is a virtual travel
experience. For example, seniors were immersed [41] in a virtual
environment for a VR tour of Hong Kong. The seniors reported their
levels of positive and negative emotions before and after the virtu-
al tour. Important for rehabilitation is that until now, entertain-
ment-oriented VR interventions have not taken into account func-
tional improvements, such as social participation.

Furthermore, the results indicated the content of function-ori-
ented VR is usually more practice-oriented than that of entertain-
ment-oriented VR. Function-oriented VR interventions are always
designed with a clear purpose. There is a more specific target pop-
ulation for them. The recruitment may focus only on one gender
or on seniors suffering from specific diseases, such as dementia,
and may also occur within a clinical setting. In contrast, entertain-
ment-oriented VR interventions are always aimed at seniors in gen-
eral. VR sessions geared towards entertainment are less intense,
with approximately half containing only one session. Eight of twelve
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entertainment-oriented VR studies used a passive interaction
model in terms of VR content and interaction. In this sector, VR ap-
plications do not require the older user to interact with the VR
scene or use an interaction device. Even when interacting with the
VR environment was required, the remaining four studies used very
simple task content with no training objectives and fewer challeng-
es, for example, gardening games [52]. Only hand consoles were
used for interaction. It was more common for function-oriented
VR research to involve active interaction with the VR environment.
Among the 28 function-oriented VR studies, 21 chose this format.
When used, interactive devices can be of a variety of types. Aside
from the consoles, there are also motion trackers, steering wheels,
pedals, and infrared lasers. It can be concluded that most of the en-
tertainment-oriented VR studies rely on passive interaction with
lower technical requirements, while most of the function-oriented
VR studies use active interaction with a variety of interactive de-
vices. Indeed, the precise selection of VR intervention tasks and in-
teraction forms, whether they are function-oriented or geared to-
wards entertainment, plays a pivotal role in the successful applica-
tion of VR design in geriatric rehabilitation. Striking the right
balance ininteraction form and complexity is an important factor.
On one hand, it is essential to recognize that human cognitive ca-
pacity is limited, and seniors often have reduced cognitive func-
tion. Therefore, VR designs should be mindful of the cognitive load
placed on seniors. Complex interactions or an overload of informa-
tion can overwhelm users, especially seniors with reduced cogni-
tive function. Designers should strive to minimize unnecessary
complexity to ensure that seniors can process information and
complete tasks effectively. On the other hand, selecting suitable
interaction forms and complexity levels can enhance the perceived
ease of use for seniors. This is significant because an interface that
is perceived as easy to use can substantially improve the accept-
ance of VR interventions among seniors. In essence, striking the
right balance in interaction design is a key factor in making VR in-
terventions more accessible, effective, and well-received by older
adults in geriatric rehabilitation.

VR intervention design in geriatric rehabilitation

Two reviewed studies have compared the impact of VR cognitive
training between younger and older adults. VR is a feasible and
powerful tool for engaging the physical and cognitive abilities of
older adults [73], with seniors reporting a similar level of enjoy-
ment compared to younger adults. The average cognitive function
of seniors was lower than that of younger people [61]. VR cogni-
tive training had a greater impact on the older group than the
younger one, coming along with significant activation of the pari-
etal lobe. These studies comparing age groups suggest that sen-
iors may have stronger requirements for and improvement after
cognitive training. There was also a comparative study to explore
the differences in technology acceptance between older and
younger adults [85]. The results showed that both groups report-
ed similar perceived usefulness and perceived ease of use, and that
these play significant roles in technology acceptance. These find-
ings highlight that the success of such studies is not solely depend-
ent on the age of the participants, but on their specific require-
ments. Whether it's for functional training or entertainment, un-
derstanding and meeting the unique needs of seniors is crucial for
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designing effective VR interventions in geriatric rehabilitation. For
example, VR training for seniors with dementia should take their
cognitive level into account and avoid complex interactions. Sen-
iors living in nursing homes may benefit more from meaningful ac-
tivities and group events that enhance social engagement against
inactivity and loneliness [86, 87]. Careful consideration should be
given to the social context and cultural background of the partici-
pants. Many of the studies included in our review had a global
scope, and while most did not explicitly emphasize cultural back-
grounds, language use, or daily habits, some incorporated cultur-
ally specific content into their designs. For example, Chan et al. [41]
created a VR tour of Hong Kong tailored to seniors in that region,
providing entertainment that resonated with their cultural experi-
ences. Another study introduced traditional Chinese Tai Chi as a
form of cognitive training, aligning with the cultural background
of the participants [57].

In sum, the design of VR interventions for geriatric rehabilita-
tion should take into account both the individual requirements and
the socio-cultural context of the seniors participating in the pro-
gram. This personalized and culturally sensitive approach can en-
hance the effectiveness and acceptance of VR interventions among
older adults.

Limitations

Despite our literature search lasting until 2022, the number of stud-
ies in the field of immersive VR for geriatric mental health contin-
ues to grow. It is therefore possible that some articles published
recently in 2023 have not been considered. The list of articles will
need to be updated regularly as suggested by Skurla et al.[6]. More-
over, in order to enhance the focus on our core research question,
other interesting topics have been given less attention. A VR-inter-
vention may have different effects on older people depending on
their age (e. g., the youngest, the middle-aged, the oldest). Addi-
tionally, it is important to examine the influence of experimental
design aspects, such as the type of control group or cluster rand-
omization.

Conclusions and recommendations

Conclusions

During the last few years, research on immersive VR for the mental
health of older people has surged rapidly, with an increased num-
ber of function-oriented and newly emerging entertainment-ori-
ented fields aimed at enhancing well-being. Most VR interventions
showed a positive effect on mental health among older adults.
Using immersive virtual reality (VR) technology can be an innova-
tive and promising method for maintaining mental and cognitive
functions, as well as for promoting well-being, activity and quality
of life in geriatric rehabilitation and in retirement homes. It is com-
mon for function-oriented VR interventions to target specific pop-
ulations of seniors and make use of active interaction as well as a
variety of interactive devices. Conversely, entertainment-oriented
VR interventions are aimed at the general senior population and
use less active interaction, i. e. older persons are less likely to inter-
act with VR environments. Moreover, the VR intervention design
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in geriatric rehabilitation should consider the clinical requirements
of the target population, not only focusing one the age.

Implications of the findings for research

Recent research studies on VR mental health interventions for sen-
iors provide a first attempt to combine seniors with VR technolo-
gy, demonstrating the significance of this topic. In order to gain a
better understanding of how VR can be used for rehabilitation pur-
poses, more studies focusing on social interaction and participa-
tion outcomes are needed. Follow-up measurements are needed
in determining whether there are long-term effects or whether the
effects are limited to the VR sessions themselves in the elderly. Also,
interventions should integrate both function-orientation and well-
being/entertainment. In the case of functionally oriented VR train-
ing, research should also focus on how the exercises affect the
well-being of older people, namely how much enjoyment they re-
ceive during the functional training. As a result, training may also
be more effective. Further, the study or meta-analysis of the effec-
tive intensity and duration of VR-intervention may provide useful
advice for future studies, more specifically according to different
categories (function- and entertainment-oriented). Finally, VR de-
sign concepts that focus on the experience of older users should
be explored and adopted in special populations and their social
context, for example, the seniors in nursing home.

Implications of the findings for practice

The findings of this scoping review underscore the value of VR as a
tool in geriatric rehabilitation. It is evident that VR interventions in
this field are still relatively novel, with only a limited number of stud-
ies conducted, including one in Germany. While the reviewed VR in-
terventions provide valuable insights into the design of such pro-
grams, it is essential to emphasize the importance of conducting a
thorough needs task analysis before embarking on VR interventions
in aging care. Careful consideration should be given to the design of
interactions and language use, ensuring they are adapted to the spe-
cific needs of older adults. Additionally, the successful implementa-
tion of VR interventions in geriatric rehabilitation necessitates an un-
derstanding of how these interventions can be effectively integrat-
ed into the cultural and social contexts of the target population. In
conclusion, VR holds great promise as a tool for improving the
well-being and cognitive abilities of older adults in geriatric rehabil-
itation. However, to maximize its benefits, a thoughtful and contex-
tually relevant approach to VR intervention design is crucial. For ex-
ample, in requirement for the senior in nursing home, VR mental
health interventions for older adults may combine entertainment
and function aspects and emphasize social interaction. A potential
of VR intervention could be offered in a nursing home as a group
event in which seniors participate in activities they cannot perform
anymore (e. g. gardening, making pizzas, setting up a holiday home).
In this way, cognitive functions can be practiced in an enjoyable man-
ner, the well-being can be improved as well, experiences can be ex-
changed, and social interaction can be enhanced within a group. It
is also possible that this will reduce the work-load of nursing home
staff. With these novel concepts, more options will be available for
geriatric rehabilitation, thereby preventing seniors from being left
behind by advances in technology.
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