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ABSTRACT

Virtual reality (VR) and augmented reality (AR) have been explored to be an effective alternative to
integrating mental health intervention proposals, particularly in eldercare. The objective is to map the
usability and applications of VR and AR technologies in interventions for the elderly population. The main
areas of interventions in AR and VR applied to the elderly are stimulation and cognitive rehabilitation,
physical rehabilitation, treatment of mental diseases, and promotion of quality of life. Despite the need
for further studies, VR and AR have strong adherence among the elderly and demonstrate promising
potential in interventions that seek to promote mental health and improve the quality of life.

INTRODUCTION

The growth of the elderly population has been increasingly noticeable due to the increase in life ex-
pectancy. The World Health Organization points out in its World Report on Aging and Health (WHO,
2015) that there was a significant increase in population aging, where one out of five people is aged
60 and over. It is necessary, then, to think about new forms of social functioning through actions and
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interventions that promote the health and autonomy of the elderly. Technological resources appear as
an effective alternative in optimizing care for the elderly since they can overcome barriers such as cost,
durability, and reach. These advantages have been enhanced due to the current global health conjec-
ture, where contact between health professionals and patients has been restricted or drastically reduced
(Ferreira-Brito et al., 2020).

Aging is a natural human course characterized by a decline in physical, sensory, and mental capacities
(Tuena et al., 2020). In addition to the deficits arising from the normal aging process, some dysfunc-
tions are commonly present among the elderly population, such as Alzheimer’s disease, mild cognitive
impairment (MCI) and Parkinson’s disease. Thus, it is a priority to take care of this population’s health
and promote actions that keep them healthy and active (WHO, 2015). In this sense, although the idea of
the elderly interacting voluntarily and masterfully with technological devices is unthinkable for some
(Wiederhold, 2020), many studies have been conducted, and new technologies are being developed to
address problems associated with the physical and mental abilities of the elderly, aiming to improve
their quality of life (Lee et al., 2019).

New technologies are consolidated as an effective alternative in integrating intervention proposals with
the elderly, especially in mental health. Virtual reality (VR) and augmented reality (AR) are technologies
characterized by having components of visual, tactile, and kinesthetic perception, very similar to the real
world (Malik et al., 2013; Optale et al., 2010). Prata et. al. (2018, p. 203) define VR as “a computer-
generated self-contained digital world, consequently, virtual reality in a game is another powerful resource
for the game designer to provides a richer and deeper player experience for the player because the entire
“world” that the game is taken place is under his/her control. According to Grabowski (2020, p.01), VR
technology is a form of illusion, a tool capable of replacing the real world with a virtual world fabricated
using an electronic device such as a computer. The author explains that VR is commonly characterized
by “Head-Mounted Display goggles equipped with one or two screens that display a computer-generated
image. The image is generally stereoscopic, which means that it depicts slightly different images for
each eye to simulate the impression of spatial vision”. Augmented Reality is defined by Azuma (1997)
as a variation of a virtual environment where there is no total immersion. While using an AR resource,
the user is able to see the real world in an integrated manner with the virtual environment and virtual
objects (or images) are just superimposed or composited with the real world. To be considered an AR
system, this technology must combine the real and virtual environments, it must be interactive in real
time and provide a 3D registration of virtual and real objects.

Both VR and AR have been widely explored for promoting, through their power of immersion and
stimulation, several positive experiences for different audiences, in other contexts, such as the improve-
ment of physical, psychological, and social factors; treatment of symptoms associated with stress and
trauma (Dibbets, 2019; Zimmer et al., 2019); cognitive assessment and rehabilitation (Tuenaet al., 2020);
contribution to the treatment of schizophrenia (Dyck et al., 2010; Macedo et al., 2015); and disaster
training with students (Caroca et al., 2016).

Current research indicates that the use of VR and AR to treat disorders such as depression and anxiety
among the elderly emerges among the new evidence-based practices, with promising results and strong
adherence among this population, going against the stereotype that the elderly are not adapt or are not
attracted to technologies (Bhar et al., 2020).

In recent years, a multiplicity of studies on AR and VR interventions and experience have been
produced (Mascret et al., 2020; Merriman et al., 2018); focused on increasing confidence and balance
to prevent falls (Bakker et al., 2020; Chen et al., 2020); dementia (Sari et al., 2020); well-being and
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quality of life applied to the elderly (Barsasella et al., 2021). Therefore, the use of technologies shows
promising potential in interventions that seek to promote mental health, rehabilitation, and this popula-
tion’s quality of life improvement.

The main objective of this review is to map and present, in a descriptive way, the available evidence
about the usability and applicability of VR and AR technologies in interventions aimed at mental health
and psychosocial rehabilitation of the elderly population.

VIRTUAL AND AUGMENTED REALITY AMONG OLDER ADULTS

In the last few years, there has been an increase in virtual reality and augmented reality investigation as
an intervention for the elderly population to develop physical and mental health. The results found in
this review confirm that technologies have been consolidated as an effective alternative, overcoming the
most evident barriers over time, such as the current world situation of physical distance and other con-
tact restrictions. Another contribution to its expansion concerns the constant evolution of technological
devices that always prevent the improvement and resolution of everyday problems.

In this sense, the present study reinforces the advantages resulting from the use of technologies,
namely for the domain of cognitive and psychosocial rehabilitation, quality of life, and mental health of
the elderly in studies divided into five categories that are classified as the areas of greatest expansion
in the articles found.

The main themes of the articles included in this review were categorized according to nature and
objectives proposed by interventions that used VR and or AR for the elderly population. In this way, the
studies were divided into five main categories:

1. Feasibility studies and acceptance of the experience in AR and VR
Prevention and contributionin the treatment of dementia, Alzheimer’s disease, dementia, Parkinson’s
disease, depression, and anxiety

3. Evaluation and rehabilitation of cognitive functions such as memory, attention, language, and
executive functions.

4. Training in spatial navigation skills, confidence, and balance improvement in the prevention of
falls, and performance of daily activities

5. Promoting social engagement, well-being, quality of life, and mental health

Feasibility Studies and Acceptance of the Experience in AR and VR

The feasibility of applying VR arouses great interest from researchers since it presents itself as a strategy
that can overcome barriers such as cost and sustainability and cognitive issues treatment (Abichou et al.,
2017). Acceptance is a fundamental criterion in technology usability and involves understanding aspects
such as effort, expectation and performance, social influence, and facilitating conditions as primary fac-
tors for predisposition to use (Tuena et al., 2020). In general, the authors found positive results about the
use and acceptance of VR by the elderly (Lin et al., 2018; Syed-Abdul et al., 2019; Tuena et al., 2020;
Yeh et al., 2020). Although technical and usage problems use suitable usability design methods, it is
possible to obtain viable virtual systems for clinical purposes aimed at the elderly (Tuena et al., 2020).
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However, some studies point to important characteristics that influence the acceptance of VR use by
the elderly. Data from the study by Roberts et al. (2019) indicate that VR acceptance varies according
to the perception of usability and usefulness. Marivan et al. (2016), in turn, found that the acceptance of
the elderly also varies according to the motivation and willingness they have to carry out the activities.
Syed-Abdul et al. (2019) highlight how the perception of utility, ease, and satisfaction has significant
effects on VR acceptance and use. Yeh et al. (2019) reinforce that as a leisure activity, the continuous
use of VR is associated with ease of use, utility, safety and flexibility, and fun. Therefore, the elderly can
have both positive and negative perceptions about the use of VR. Thus, the approaches must consider
the particularities of the users, prioritizing the interest of the elderly with the technologies to maximize
their use and the consequent improvement in the quality of life (Marivan et al., 2016). They should also
consider that some health problems, such as labyrinthitis and other vision related diseases, can interfere
with satisfaction when using VR, so it is essential to consider the barriers in this type of intervention
(Syed-Abdul et al., 2019).

The studies brought information that there is a positive response regarding the acceptance of VR use
for leisure purposes, with virtual activities being a new entertainment option for the elderly (Yeh et al.,
2019). In the research by Lin et al. (2018), the data revealed good acceptance by the elderly for leisure
activities of virtual reality that are fun, safe, and easy. They seek an innovative experience that makes
them feel physically and mentally healthy, which improves the quality of life, interpersonal relationships,
and the feeling of belonging. The articles also point to positive results regarding the feasibility of using
VR (Coelho et al., 2020; Park et al., 2020; Ferreira-Brito et al., 2020, Marivan et al., 2016). These data
were extracted from studies that aimed to analyze the improvement in cognitive aspects in patients with
mild cognitive impairment (Park et al., 2020; Ferreira-Brito et al., 2020) and patients with dementia
(Coelho et al., 2020).

Ferreira-Brito et al. (2020) also highlighted, in addition to feasibility, the instrument’s ecological
advantages, as well as its accessibility and low cost. Marivan et al. (2016), in turn, showed the viability of
VR for psychomotor rehabilitation by highlighting a positive response regarding the use of virtual reality
training by patients with post-fall syndrome. Thus, we can see that the assessments on the feasibility and
acceptance of VR among the elderly show that this technology has brought positive effects on cognitive
and motor improvement, and consequently, on the quality of life of the elderly.

Prevention and Contribution in the Treatment of Dementia, Alzheimer’s
Disease, Parkinson’s Disease, Depression, and Anxiety

Among the significant psychological disorders people face in their aging process are dementia, Alzheimer’s
disease, Parkinson’s disease, depression, and anxiety. Studies point out the potential of using VR and
AR tools to assess and treat these disorders (Ahmed et al., 2018). Dementia is considered a growing
problem in current societies. Although science has not yet indicated an immediate cure for its treatment,
it can still be delayed and even stopped under certain conditions. Alzheimer’s disease accounts for about
60% to 70% of all dementia cases (WHO, 2015) and is often preceded by mild cognitive impairment
(Manera et al., 2016), characterized by a multifaceted impairment of cognitive and executive functions,
in addition to difficulty interacting with the physical and social environment (Tarnanas et al., 2013).
Garcia-Betances et al. (2015) presented an overview, criteria, and strategy for developing VR tools
in cognitive rehabilitation training to assist medical teams, health professionals, and other caregivers
improve daily life activities to people with Alzheimer’s disease and MCI. Results showed that cognitive
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rehabilitation systems based on VR could achieve the training goals and support procedures to mitigate
behavioral and psychological symptoms of patients with Alzheimer’s Disease and MCI. Another re-
search, a case study, the potential of training with VR-based learning techniques to increase autonomy
in culinary activities for patients with Alzheimer’s Disease was evaluated. The results indicated that the
patient relearned some culinary activities using virtual reality techniques, transferred to real life, and the
improvement in task performance has remained stable over time (Foloppe et al., 2015).

One of the most advanced therapies in this field is cognitive rehabilitation using VR and AR. Stud-
ies reported that after rehabilitation with this type of tool, patients with dementia were more attentive
and focused, not only on training skills but also on tasks of daily living. In a rehabilitation intervention
using a serious game with VRs for 4 to 5 weeks, the performance of patients with mild dementia was
assessed before, during, and after the intervention based on neuropsychological tests. The results showed
a statistically significant improvement in four cognitive functions: functional memory, memory reten-
tion, executive functions, rigid thinking, and marginal changes in two other functions: attention and
problem-solving. Although the results seem promising, the researchers pointed out the need for further
studies with larger samples to corroborate the findings (Fasilis et al., 2018).

An alternative treatment for people with dementia, admittedly more fragile in terms of physical
constitution, as they remain sedentary, would be the use of exergaming. This tool combines physical
exercises with cognitive stimulation in a virtual environment. A study with the application of exergaming
for two weeks in older adults with dementia showed positive results in their health status, with a higher
adherence level than traditional aerobic exercises and reduced frailty in the physical, psychological and
social domains. However, this item has no statistically significant difference compared to conventional
aerobic training (Karssemeijer et al., 2018).

In a study with 30 participants with dementia undergoing attention activity and other cognitive tasks,
comparing the use of VR and paper, it was demonstrated that 70% of the participants were more satisfied
with the activities in VR. This number is still curiously higher among apathetic patients than the non-
apathetic participants, demonstrating the potential to use VR in cognitive training with these patients
(Manera et al., 2016). Another study compared the performance of older adults with mild dementia,
impaired memory, and healthy older people through neuropsychological tests in a fire evacuation simu-
lation VR tool, compared to neuropsychological tests in standard questionnaires. Results demonstrated
success in diagnosing pre-dementia with the VR tool, overcoming the predictive clinical validity of
traditional assessments (Tarnanas et al., 2013).

Depression and anxiety are mental disorders that affect people of all ages but have become increas-
ingly common among the elderly due to changes in the body, mind, and social life. An experimental
study evaluated the effect of an immersive sensorimotor rehabilitation program based on virtual reality
- including scenarios of urban and natural environments, of free fall, among others - on mental health in
the elderly, with pre and post-intervention assessment on the scales of depression, anxiety, and well-being.
The tool demonstrated a multidimensional approach, responding appropriately to reducing symptoms
associated with mental disorders and reducing all scales used (Brito et al., 2021). A systematic review
using exergames to reduce depressive symptoms in the elderly found positive results. Studies that re-
quired depressive symptoms as an inclusion criterion for participation reported a significant decrease
in depressive symptoms within the group after the exergame intervention. The main criticisms of the
studies pointed out in this review were: small samples, exclusion of older adults with disabilities, and
poorly standardized definition of exergame (Drazich et al., 2020).
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A study using the VR tool with an elderly Thai population was developed to simulate a garden envi-
ronment to treat depression, including walking in the virtual forest, arm movement, and brain function
stimulation. Most older adults presented a high degree of satisfaction concerning the experience. How-
ever, adjustments were suggested, such as improved image quality and higher interaction environments
(Suwanjatuporn & Chintakovid, 2019).

For Parkinson’s Disease, the second most frequent neurodegenerative disease, related to age and
resulting in loss of neurons with negative effects on dopamine production and movement regulation,
some studies have revealed the successful use of VR-based treatments. However, in a systematic review,
it has not been demonstrated that the effectiveness of VR-based systems therapy has been superior to
conventional physiotherapy programs in patients with Parkinson’s disease on motor balance and psy-
chosocial variables, mainly cognition and quality of life (Morales-Goémez et al., 2018). Scope review
found promising results in cognitive and motor rehabilitation, pointing out that VR-assisted cognitive-
behavioral therapy can be adapted to suit the subtypes of anxiety disorders with the potential to improve
the effectiveness of psychotherapy for patients with illness Parkinson’s. However, it was pointed out that
none of the researched articles explicitly focused on the treatment of anxiety in Parkinson’s Disease, and
further studies are needed (Thangavelu et al., 2020).

Evaluation and Rehabilitation of Cognitive Functions such as
Memory, Attention, Language, and Executive Functions

The use of VR tools with the elderly has been widely used for four main purposes: assessing and di-
agnosing cognitive impairment, cognitive training or testing, training of caregivers, and approaches to
treat cognitive deficits (Skurla et al., 2019).

Schneider et al. (2020) point out that it has become possible to promote improvements and more ef-
fective treatments related to cognitive functions with advancing technology and medicine. Among the
various options available, technologies such as virtual reality and augmented reality have stood out for
offering good cost-benefit, effectiveness, and a good level of adherence. The authors presented in their
review a description and comparison of possible alternatives directed to the improvement and rehabilita-
tion of cognitive processes. They clarified that, as memory depends on the environment, VR becomes
a handy tool in the evaluation and even cognitive deficits rehabilitation and recovery.

It is known that cognitive training has positive effects on the cognitive level and can be developed
especially through virtual reality, given its characteristic of imitating a real situation (Park et al., 2020).
Furthermore, stimulation using virtual reality devices has characteristics similar to the primary mecha-
nism of the human brain, which facilitates cognitive modeling through designs designed to simulate the
internal and external environment (Gaggioli et al., 2017).

Chan et al. (2020) reveal that cognitive stimulation through virtual reality has great potential to be
used as an alternative to traditional models of cognitive stimulation and show good adherence by the
elderly. One of the advantages pointed out by this study concerns the possibility of intervention with VR
being self-managed. On the other hand, it is questioned about the engagement of the elderly in virtual
activities since they have reduced interpersonal contact compared to traditional interventions. Liao et al.
(2019) also compared the effects of physical and cognitive training using VR with traditional physical
and cognitive training techniques in older adults with mild cognitive impairment. Their results show an
advantage concerning VR training. Although both training sessions develop executive function and verbal
memory (immediate recall), only VR training improved performance in global cognition, verbal memory
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(delayed recall), and daily instrumental activities. In yet another comparison between interventions with
VR and traditional interventions, Park et al. (2019) bring in their studies significantly positive results
on an intervention in the elderly with mild cognitive impairment aimed at improving the visuospatial
work of memory. When applying the training using mixed reality for six weeks and comparing it with
a control group, it was observed that the group that received the mixed reality intervention obtained
significantly better performance than the group that received the conventional intervention. Finally, the
systematic review carried out by Skurla et al. (2019) shows that interventions with VR as a training tool
for cognitive impairment for the elderly provide greater ecological validity than traditional interventions.

Thapa et al. (2020) investigated the effects of an intervention using fully immersive virtual reality on
physical, brain, and cognitive functions in older adults with mild cognitive impairment. The 68 partici-
pants were randomly divided between the control group and the VR intervention group. The interven-
tion program consisted of 4 sets of games using an Oculus VR headset and two manual controls for the
assessment of physical and cognitive aspects, and participants performed 24 cognitive training sessions
using VR, lasting 100 minutes each, three times per week for eight weeks, in addition to receiving guid-
ance on the practice of eye stretching exercises and educational training. Participants performed only
educational training for general health care in the control group, which consisted of a weekly session
lasting 30-50 minutes for eight weeks. This study showed that interventions using VR technology are
highly effective, and cognitive training based on this technology has positive effects in improving some
physical, executive, and cognition aspects of patients with MCI.

In a literature review, Cherniack (2011) analyzed the published evidence in the medical field on the
VR applicability in identifying and rehabilitating cognitive disorders in older adults. The results showed
possibilities for using technologies, including neuropsychological assessment, diagnostic tests for deficits
in executive functions, Parkinson’s treatment and rehabilitation. In conclusion, comparative and more
in-depth studies are still needed with a more significant number of participants. However, VR applied
to the assessment and rehabilitation of the elderly is seen as an effective and versatile tool capable of
meeting the health needs of this population.

Anderson-Hanley et al. (2018) proposed to evaluate the effects of an intervention involving aerobic
and cognitive exercises in elderly residents in the community with or without risk of mild cognitive
impairment. The study lasted six months, with 111 older adults who were randomly divided into three
groups, and consisted of guiding an ergonomic bicycle connected to a screen that displayed the simula-
tion. In group 1 (Exer-tour), the participants took a virtual panoramic bike tour and physical exercises
interactively but with a low level of effort and cognitive load. Group 2 (Exer-score) consisted of perform-
ing interactive physical exercise, with goals and scores and with a relatively difficult cognitive effort
from a video game; and in group 3 (game-only), the participants played the same type of video game,
but the virtual bicycle needed to be guided through a joystick. This study showed that in the exer-tour
and exer-score groups, there was a significant improvement in one of the three measures of executive
function, in verbal memory. After three months of intervention, it was noticed that the exer-tour group
had a significant effect on aspects of memory and everyday cognitive function. The authors concluded
that the association between interactive physical and cognitive exercises brought significant cognitive
benefits to the participants over six months.

Gaggioli et al. (2017) presented a fully immersive virtual reality system for training and rehabilita-
tion with the elderly. The “positive bike” was designed to promote a real bike experience for dual-task
intervention training in older adults. The system of this training program consists of an exercise bike
arranged in an Automatic Virtual Cave Environment equipped with stereoscopic projectors. In the simu-
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lation, the user rides on the exercise bike through a park with animals and plants on the way and has the
task of performing dual-task activities (motor and attentional). The authors clarified that the “positive
bicycle” program is still in the testing process (pilot study) to determine clinical viability and usability.
In the next phase of the research, the program was carried out with a sample of frail older people to
evaluate the effectiveness of this population’s functional state and well-being.

Studies to evaluate the use of VR-based tools in the characterization of memory profiles are also being
developed. In the review by Plancher and Piolino (2017), it was possible to identify that the use of VR
to assess episodic memory in normal and pathological aging has grown in recent years. The data also
demonstrated that there is an improvement in episodic memory with active exploration of virtual envi-
ronments. Widmann et al. (2012) used a photorealistic virtual reality model of a city to assess episodic
verbal and spatial memory in healthy elderly and with mild Alzheimer’s, comparing it with standardized
neuropsychological tests of verbal and spatial ability. The results showed that, while healthy participants
had an equivalent performance in VR and traditional interventions, participants with Alzheimer’s had
their capacities impaired in both interventions, especially about free memory, becoming more evident
in the context of virtual reality than in standardized neuropsychological tests.

Monteiro-Junior et al. (2017) and Serino et al. (2017) also positively evaluated the VR intervention
for memory improvement purposes, indicating the potential feasibility of this VR-based training for the
spatial orientation of the elderly population. The study by Plechat4 et al. (2019) evaluated and compared
the user experience of immersive VR and non-immersive VR between two different age groups. The
authors also evaluated immersion level effect on episodic memory performance for diagnostic purposes
and tested the memory task validity performed in a virtual environment in both groups. Participants in
this study were divided into two groups. The activity consisted of performing The Virtual Supermarket
Shopping Task Performance, an exercise in a virtual environment that simulated a grocery store. As
a result, the authors cite the significant differences in the participants’ age-related performance when
performing the task on a desktop vs. performing the same task in VR. Older adults had more errors when
using VR, indicating that performing tasks with VR can be more difficult for this population than using
a personal computer. However, this study also identified motivation and a good acceptance in using this
technology by older adults.

Some state-of-the-art diagnostic methods are being developed to characterize cognitive impairment
(Valladares-Rodriguez et al., 2019). Skurla et al. (2019) presented, through a systematic review, that vir-
tual reality tools are helpful not only to detect the presence of MCI and Alzheimer’s but also to perform
the differential diagnosis between the two. Park et al. (2020) investigated the effectiveness of applying
VR training programs based on the culture in patients with mild and amnestic cognitive impairment.
The results showed that a 12-week program has no significant effect on patients’ cognitive appearance.
Still, for diagnostic purposes, Zygouris et al. (2017) evaluated the accuracy of a cognitive VR training
application as a screening tool for the diagnosis and remote detection of MCI, indicating that the ap-
plication is helpful in the detection of MCI.

In a systematic review, Cibeira et al. (2020) explored VR applicability as a therapeutic tool for diag-
nosing and preventing cognitive impairment in older adults. Most of the studies selected were related
to cognitive impairment treatment, five articles aimed at diagnosing cognitive deficits, and only two
articles were directed to study the use of VR as a preventive tool to the decline in cognitive functions.
The results suggest that the use of technologies effectively improves the cognitive functions of older
adults with some level of impairment and can be used in tasks of daily living. However, just a few studies
focused on preventing cognitive decline, and more research is needed in this field.
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Training in Spatial Navigation Skills, Confidence and Balance Improvement
in the Prevention of Falls, and Performance of Daily Activities

With the aging process, it is natural to experience a decline in motor and balance functions in the central
and peripheral nervous systems, consequently causing impairments in cognitive functions and areduction
in both sensitivity and the capacity for discrimination and interpretation by sensory receptors (Arlati et
al., 2019; Laurence & Michel, 2017). According to Mirelman et al. (2013), recent studies have shown
a strong correlation between motor and cognitive deficits with falls among the elderly population. The
use of technologies such as VR can be an attractive and more effective alternative in the context of in-
tervention because it can promote a more stimulating and prosperous environment than more traditional
rehabilitation options.

Dermody et al. (2020) proposed evaluating the effectiveness of virtual reality applications using
VR headsets available in the market to improve mental, physical, or psychosocial health among elderly
residents in the community or institutionalized. Seven studies were analyzed, and the results indicate that
the use of VR resources promoted significant improvements in the participants’ health related to reduced
risk of falls, and cognitive functioning in Alzheimer’s disease, for instance. Those results indicate that
technologies associated with health interventions have great potential.

Laurence and Michel (2017) carried out a literature review to analyze the causes for the occurrence
of dizziness and imbalance and about the possible factors related to the high rates of falls among the
elderly population, in addition to reviewing the methods for prevention, rehabilitation, and recovering
the quality of life of these individuals. Among the possible forms of intervention, the authors clarify that
both classical activities such as the use of cognitive stimulation or physical exercise and aerobic train-
ing, as well as the use of recent technologies such as virtual reality, video games, or computer training,
can reduce the cognitive decline and improve balance and levels of attention and memory, in addition
to helping to prevent falls and age-related deficits.

Mirelman et al. (2013) evaluated the effects of treadmill training combined with the use of VR
simulating an obstacle course on the risk of falls, and improved mobility and cognitive function in a
group of older adults without cognitive impairment, with mild cognitive impairment and diagnosed with
Parkinson’s disease without cognitive impairment. The intervention group task consisted of walking on
a treadmill while a camera captured movements with sensors, and a simulation of paths with obstacles
was projected onto a screen. The results and considerations are partial, and the authors conclude that
the proposed intervention can maximize motor learning and induce the subject to perform a behavior
change. Because it has a standardized protocol, it is a therapy that can be reproduced. This interven-
tion project is favorable to developing and improving new care models that combine mobility training,
cognitive stimulation, and technology to prevent and control falls and improve the quality of life of the
elderly population with or without chronic diseases.

Monteiro-Junior et al. (2017) investigated the effect of physical exercises using VR with exergames
(PhysEx) on depressive symptoms, physical performance, fear of suffering falls, and the cognitive
functions of institutionalized elderly. Participants were allocated between the VR experimental group
and the active control group. The results demonstrated significant improvements in mobility and short-
term memory among subjects in the VR experimental group, suggesting that the inclusion of physical
exercises may contribute to the prevention and reduction of cognitive decline and functional loss in
institutionalized elderly.
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Davis and Ohman (2016) sought to compare the participants’ performance in two wayfinding tasks
in a virtual reality environment called Virtual Senior Living. In the tasks, the participants needed to find
their way to a location through a VR simulation of a residence for elderly. For the first task, the subjects
needed to find their way to a dining room (without signs), and in the second task, the path with multiple
signs was directed to a specific door that led to the external environment. The control group included
older people without cognitive impairment, and the intervention group included older adults with mild
cognitive impairment or an early-stage Alzheimer’s diagnosis. This intervention demonstrated that the
use of signs in the environment makes it more favorable to orientation and has great potential in helping
older adults with Alzheimer’s find their way more effectively.

[jaz et al. (2019) conducted a study to develop and analyze the viability of an immersive VR pro-
gram to assess memory and spatial navigation capacity in the elderly. Participants were divided into an
intervention group using the VR-CogAssesse platform and a control group using a standard screening
platform on a personal computer to perform arecall test. The results demonstrated a higher score of recall
of reference points, a lower index of navigation errors, and a significantly more significant increase in
engagement and levels of presence in the intervention group. The authors concluded that immersive VR
is effective, feasible, and compatible for spatial navigation memory assessment.

Lin et al. (2020) evaluated the effects of a combination of 3D virtual reality and horticultural therapy
on the mental and physical health of institutionalized elderly. Participants were divided into experimental
and control groups, and the intervention lasted for nine consecutive weeks. The results demonstrated
that implementing the intervention with institutionalized older adults using 3D virtual reality resources
was successful. Therefore, a 9-week program may be sufficient to promote significant improvements in
health status, perception of importance, the meaning of life, socialization, improved mood, life quality,
and depression levels.

Promoting Social Engagement, Well-Being, Quality of Life, and Mental Health

Emotional experience and its regulation have been associated with protective factors for physical and
mental well-being throughout life, even affecting human immune functioning (Diamond & Fagundes,
2012). The use of virtual environments to increase positive experiences through mood inducers, such as
exercises to generate positive autobiographical memories, mindfulness, and breathing rhythms, showed
significant results in joy and relaxation and a decrease in sadness and anxiety of the elderly (Bafios et
al., 2012).

Ronquillo et al. (2020) evaluated an AR application to create an intelligent recommendation system
for user’s emotional state detection. The system shows multimedia content that connects emotionally
with the user, selecting videos, images and sounds to improve the well-being of the elderly in their daily
activities. The image sequence had a good impact on users, and the results showed good acceptability.
The participants also provided important feedback for the development of future apps such as the need
for clear instructions on app’s use and the importance of having a facilitator to make the experience
more pleasant and provide greater service so the users can adapt to the AR lens.

The emotional impacts of watching a 360° video in immersive conditions using VR headsets versus
a non-immersive video using smartphones were also evaluated in a comparative study between elderly
and young people. The results suggest that the smartphone intervention had a significant impact on
the emotional well-being of elderly participants, while the immersive VR intervention generated some
divergences regarding acceptability. In both studies, participants contributed important information for
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improving these tools, indicating that it is essential to involve and consider the needs of the elderly in
the development of VR technologies (Liu et al., 2020).

The importance of involving the elderly and caregivers in the co-design process of new technologies
was the focus of the study by Guerrero et al. (2019), which, through a co-participatory design, involved
the elderly and caregivers in the development of an intelligent assistive system, which uses augmented
reality based on projection with user interface technology to assess the functionality of the technology
for daily medication management activity. The study presented a formal structure to understand the level
of independence in daily activities and how assistive technology can adapt the support to an individual
and be an essential support for carrying out daily activities.

Another determining factor for promoting and maintaining the well-being and mental health of the
elderly population is social interaction. Studies indicate that virtual worlds can be an essential resource
to provide social engagement, entertainment, and valuable information for the elderly population. Virtual
worlds are known as computer-simulated environments in which multiple users can enter simultaneously
to interact with the environment and other users. The research carried out by Siriaraya et al. (2014) was
based on semi-structured interviews and previous research on healthy aging to explore the role of virtual
worlds in personal engagement and characteristics of older adults who participated in virtual worlds
simulations. This study had the participation of 15 older people who were already regular users of two
virtual environments through the use of computers. The results showed that virtual worlds provide
mental stimulation and engagement in productive activities, facilitate social involvement, and empower
the elderly to manage their disabilities.

Shaunfield et al. (2014) carried out the project with long-term care residents. They evaluated the
impact of face-to-face visits and trips to virtual fields concerning depression, social support, and physi-
cal and mental health. The results showed a significant mental health increase of the residents after the
intervention, with a decrease in the indicators of depression and an improvement in physical health and
social support. These results coincide with the systematic review carried out by Van Houwelingen-Snippe
et al. (2021). They sought to understand how implementing interventions using virtual representations
of nature to provide greater well-being in older people occurs, concluding that there is preliminary evi-
dence on the effectiveness of virtual (natural) environments to improve well-being among the elderly.

Social support was investigated through a study that used an interactive VR environment to conduct
an online support group for elderly widows, compared to a grief education website. The results showed
that both interventions showed good acceptability and viability and resulted in significant improve-
ments in grief, anxiety, loneliness, perceived stress, and overall quality of sleep at all times of the study.
However, only widows in the VR support group showed a significant improvement in depression level
over time (Knowles et al., 2017).

Comorbidities that arise throughout the aging process, such as mild cognitive impairment or de-
mentia, are also associated with depression and negative emotional states that affect the mental health
and well-being of the elderly. The literature review carried out by D’Cunha et al. (2019) indicated that
virtual, mixed, and augmented reality interventions are becoming more accessible and are an exciting
and emerging method to promote life quality, social interaction, and psychological well-being.

Advances in technology, particularly virtual reality, are also being studied in the elderly population
suffering from chronic pain or pain to provide analgesia for involvement, distraction and improving these
people’s quality of life and depressive symptoms. The immersive VR intervention performed by Benham
et al. (2019) did not indicate differences in the quality of life or depressive symptoms among the elderly.
However, the results showed a significant decrease in pain perception and good acceptability for the use
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of this intervention. The authors suggest that the immersive VR intervention showed good applicability
and effectiveness in reducing pain intensity for elderly residents in the community. These findings cor-
roborate the systematic review carried out by Mathias et al. (2019), who identified the use of VR in the
clinical environment for the elderly population in several domains of mental health, such as cognition,
conditions along the spectrum of mood, anxiety, and anxiety disorder, for example. The authors point
out that the use of this technology is promising but is necessary for future studies to address the key is-
sues surrounding the use of VR in clinical settings, such as usability, data privacy, and confidentiality.

CONCLUSION

This review mapped the studies found in the literature regarding the usability and applicability of VR and
AR technologies in interventions aimed at mental health and psychosocial rehabilitation of the elderly
population. It was found that in the last ten years, there has been a growing increase in the number of
annual publications on this theme, primarily experimental studies, showing the emerging and innova-
tive character of new technologies. A significant majority of research on the use of VR and AR by the
elderly focus on their cognitive and motor improvement, and are aimed at individuals diagnosed with
Alzheimer’s or Parkinson’s. VR was considered an adequate tool for treating disabilities such as spatial
memory and other cognitive functions and is characterized as an innovative, interesting, and economical
approach to promote social engagement and mental health in elderly populations.

Despite the exponential interest, it is emphasized that it is still a field of study under construction.
The studies show excellent acceptability of VR and AR technologies, in addition to positive effects in
the most varied domains aimed at promotion, prevention, and intervention for the elderly population.
However, they also make evident the importance of considering the specific needs of this population
concerning familiarity and the impact of the immersive experience. One solution would be to include this
audience in developing interventions through a co-participative design to improve usability, promoting
greater accessibility and technological literacy.

It was also observed the lack of standardization of the studies regarding the terminologies used
referring to the new technologies and little conceptual framework referring to the elderly population.
One of these aspects is the fact that while virtual reality reaches more people and promotes a safe im-
mersion experience, on the other hand, it does not require fundamental physical contact in relationships
and may not be accessible to those whose physical, psychological, or social barriers hinder the use of
technological devices.

While ethical issues are important when talking about the use of new tools and represent an area in
ascending exploration such as RA and RV in mental health interventions with the elderly population,
just a few studies address this subject. Davis and Ohman (2016) report that even though some studies
with these technologies are conducted with a potentially vulnerable population, it is still a low-risk in-
tervention. Skurla et al. (2019), on the other hand, explains that ethical issues related to the use of these
technologies with older people in a severely vulnerable position still need to be addressed and warns of
the need to ensure privacy and data confidentiality in the widespread VR use in clinical environments.

Although all studies show the importance of using VR and or AR technologies for the elderly popula-
tion, many did not present clear information about the methodologies and interventions used and refer-
ences regarding interventions follow-up. Thus, future studies should address the development, impact,
and effects of interventions in a more integrative way and provide long-term follow-up and with larger
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samples to maximize the benefits and accessibility of new technologies for mental health and psycho-
social rehabilitation for the elderly.
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