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Abstract

Background: Research has suggested that institutionalization can increase the behavioral and psychological symptoms of
dementia. To date, recent studies have reported a growing number of successful deployments of virtual reality for people with
dementia to alleviate behavioral and psychological symptoms of dementia and improve quality of life. However, virtual reality
has yet to be rigorously evaluated, since the findings are till in their infancy, with nonstatistically significant and inconclusive
results.

Objective: Unlike prior works, to overcome limitationsin the current literature, our virtual reality system was co-designed with
people with dementia and experts in dementia care and was evaluated with a larger population of patients with mild to severe
cases of dementia

Methods: Working with 44 patients with dementia and 51 medical experts, we co-designed a virtual reality system to enhance
the symptom management of in-patients with dementia residing in long-term care. We evaluated the system with 16 medical
experts and 20 people with dementia.

Results: This paper explains the screening process and analysis we used to identify which environments patients would like to
receive as an intervention. We also present the system'’s evaluation results by discussing their impact in depth. According to our
findings, virtual reality contributes significantly to the reduction of behavioral and psychological symptoms of dementia, especialy
for aggressive, agitated, anxious, apathetic, depressive, and fearful behaviors.

Conclusions: Ultimately, we hope that the results from this study will offer insight into how virtual reality technology can be
designed, deployed, and used in dementia care.

(JMIR Aging 2023;6:45799) doi: 10.2196/45799
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inanxiety, distress, and aggressive behaviors[8-12]. Meanwhile,

Introduction

Globally, there are estimated to be 55 million patients with
dementia[1]; therefore, the World Health Organization set out
a global action plan to improve these patients quality of life
[2,3]. Dementiarefersto aset of conditionsthat affect memory,
thinking, and orientation and i s often accompanied by behavioral
and psychological symptoms (BPSDs), which are characterized
by aggressive behaviorstoward oneself and others, restlessness,
irritability, depression, apathy, and lack of motivation [1,4-7].

The majority of interventions designed to prevent or reduce
BPSDsin patients with dementiaare based on pharmacol ogical
medications and physical barriers that are linked to adverse
effects; the worsening of the patient’s condition; and increases
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there is a growing body of evidence demonstrating positive
outcomes from nonpharmacologica interventions for people
with dementia that do not cause any of the aforementioned
adverse effects [13-16]. Among the most common practicesis
sensory stimulation (eg, aromatherapy, music, and massages),
aswell as exposureto interesting and alternative environments,
art, and reminiscence therapy. Therefore, in accordance with
the World Health Organization’s global action plan [3], best
practices should reflect the use of pharmacological interventions
and physical restraints only when nonpharmacological
interventions have failed to be effective in treating complex
Cases.

The use of computer technology and, in particular, virtua reality
(VR) has enabled the use of nonpharmacological interventions,

JMIR Aging 2023 | vol. 6 | e45799 | p. 1
(page number not for citation purposes)


http://dx.doi.org/10.2196/45799
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

asaresult of their ability to immerse the person with dementia
in interesting and alternative environments that offer feedback
based on multisensory stimulations[17,18]. According to recent
studies, VR can serve as a viable and acceptable method for
enhancing the engagement and enjoyment of patients with
dementia[18,19]. A number of recent studies have also explored
the effectiveness of VR in alleviating BPSDs and improving
the quality of life of patients with dementia, with inconclusive
results [11,20-23]. Specifically, some results have suggested a
reduction in agitated, apathetic, and depressive responses but
no improvements in cognitive function [20-22], while others
have demonstrated that when VR isadministered, it can preserve
cognitive function [21].

Building on the above findings, to examine if VR can play a
fundamental role in the reduction of BPSDs and the
enhancement of quality of life for patients with dementia, we
co-designed a VR system, reflecting on comments from 44
patients with dementia and 51 medical experts, to improve the
symptom management of patients with dementia residing in
long-term care services. We then eval uated the effectiveness of
the system with 20 patients with dementia.

Methods

Ethics Approval

Patients diaghosed with dementiawere recruited from anational
Alzheimer disease and dementia hospital, in which they were
residing and receiving care. Ethical approval was obtained from
the National Bioethics Committee (approval number: Eebk ep
2022 56). All participants signed a consent form before this
study. The patients’ capacity to consent to participate was
established with a capacity assessment, which was conducted
by a registered clinical psychologist who was not part of this
study.

Participants

A total of 60 patientswith dementiawere screened for inclusion.
A history of severe motion sickness, vertigo, or impaired vision
was set as an exclusion criterion. Patients confined to bed were
also excluded. Per these exclusion criteria, 47 participantswere
eligible for participation. A total of 27 patients with dementia
were deemed capable of consenting to participate in this study,
of whom 20 consented and 7 declined. Therefore, this study
included 20 patients with dementia.

Intotal, 20 in-patientswith mild to severe dementia(male: n=7;
female: n=13; age: mean 73.15, SD 16.17 years) participated
in this study. The diagnosis was confirmed by using the
Mini-Mental State Examination (MM SE) [24]. Our participants
had a mean MM SE score of 15.10 (SD 6.16), ranging from 3
to 24 (mild: n=6; MM SE score: mean 22.17, SD 1.52; moderate:
n=8; MMSE score: mean 15.25, SD 1.67; severe: n=6; MM SE
score: mean 7.83, SD 3.82). Participants had no prior experience
of using VR. All participants had normal or corrected vision
and no history of severe motion sickness.

A total of 16 health care professionals (HCPs; mae: n=2;
female: n=14; age: mean 27.5, SD 5.89 years) were recruited
to evaluate the system’s usability and to identify the design
challenges and opportunities. Their professions included
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caregiving or nursing (n=10), aswell as occupational and speech
therapy (n=6).
Instruments

To overcome the communication difficulties associated with
dementia, patients were escorted during the data collection
process by their caregivers. The data were aso collected by a
psychologist with experience in working with patients with
dementia.

Heart Rate

Previous research has suggested that heart rate providesavalid
and reliable measure of the psychophysiology of emotions[25].
Therefore, we measured the participants’ heart rate every second
to identify emotional anticipation. The heart rate was measured
through  optical heart rate  monitoring,  using
photopl ethysmography. This method useslight and the changes
in the amount of light absorbed by the skin to measure changes
in blood volume.

Eye-Tracking Data

The technology used in this study allowed for the analysis of
the behavior and gaze patterns of patients with dementia, thus
providing the opportunity to gain abetter understanding of what
they were experiencing. Specifically, we collected dataon which
objects they were looking at over time and how long they spent
looking at these objects.

Time
Patients with dementia could spend up to 15 minutes exposed
to VR. The time exposed to VR was measured in minutes and

seconds. This time was measured in order to determine the
patients interest in VR and to record the side effects.

Overt Aggression Scale-Modified for Neurorehabilitation

The Overt Aggression Scale-Modified for Neurorehabilitation
(OAS-MNR) [26] alows for the continuous direct observation
and assessment of antecedents, contexts, behaviors, and
interventions. It records the type and severity of aggression,
using thefollowing four categories. verbal aggression, physical
aggression against objects, physical aggression against salf, and
physical aggression against others. The scale was administered
to the patients with dementia before, during, and after the VR
session to evaluate their aggressive responses.

Observed Emotion Rating Scale

The Observed Emotion Rating Scale (OERS) [27] allows for
thedirect observation of thetime spent expressing thefollowing
five affect types: pleasure, anger, anxiety, sadness, and general
alertness. For patients with dementia, this time was measured
in minutes and seconds (1=never; 2=lessthan 16 s; 3=16-59 s,
4=1-5 min; 5=more than 5 min) before, during, and after the
VR session in order to assess the presence of BPSDs.

Visual Analog Scale

A visua analog scale (VAS) [28] was used to obtain data on
the emotional reactions toward each virtual environment. The
patients with dementia were asked to point to the emoji
(O=happy; 5=sad) that matched their emotional state before,
during, and after the VR session.
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Slater-Usoh-Steed Questionnaire

The Slater-Usoh-Steed Questionnaire [29] assesses the level of
presence and immersion through questions rated on a 7-point
Likert scale (eg, 1=being somewhere el se; 7=being in thevirtual
environment). The scale was administered after VR exposure
to both the patients with dementia and the HCPs in order to
assess the level of presence and immersion and to inform the
design of the VR system.

System Usability Scale

The System Usability Scale[30] evaluates a system’s usability
by using questions rated on a 5-point Likert scale (1=strongly
disagree; 5=strongly agree). The scale was administered to the
HCPs after the use of the VR system, to inform the design of
the system.

Study Design and Procedure

The study design emerged from a systematic review that
examined the feasibility of VR for people with neurological
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disorders and dementia, as well as discussions with expertsin
thefield [31]. Datawere collected within a 3-month period and
included data on interviews, quantitative subjective responses,
and physiological reactions. These data were obtained from
HCPs, older adults with mild cognitive impairment (MCl), and
patients with dementia (Figure 1). Specificaly, first, we
identified the VR system’s requirements and devel oped aninitial
prototype (further details can be found in the Affective
Experiencesin VR and Virtual Environment Selection Process
sections). Second, we eval uated the system’s usability and sense
of presencewith 16 HCPs. Each HCP used the system as a user
and as an administrator. Third, we refined the system based on
the HCPs' comments, and we conducted a pilot study with 20
older adultswith MCI to inform the design of the system. Based
on the feedback we received from the older adults with MClI,
we refined the system again and re-evaluated it with the 16
HCPs. Finally, we evaluated thefinal product with patientswith
dementia. All aspects of the design process are documented and
published [32].

JMIR Aging 2023 | vol. 6 | e45799 | p. 3
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING

Matsangidou et a

Figure 1. Study design and procedure. EYE: eye-tracking data; HCP: health care professional; HR: heart rate; MCI: mild cognitive impairment;
OAS-MNR: Overt Aggression Scale-Modified for Neurorehabilitation; OERS: Observed Emotion Rating Scale; VAS: visual analog scale; VE: virtual

environment.

Trials in the final evaluation started with the recording of
pre-exposure measures before the VR session. This included
recording the heart rate for 5 minutes, completing the VAS
guestionnaire, and recording responses to the OAS-MNR and
OERS. Participants were then provided with an A3-sized sheet
of paper presenting a “menu” with pictures of the available
virtual environments to choose from. Each participant could
choose up to 3 virtual environments to experience. Afterward,
VR was introduced to the participants. To prevent adverse
effects, such as dizziness associated with VR, a maximum
duration of 15 minutes was suggested. However, during the
exposure, some patients with dementia refused to remove the
headset, so 5 more minutes were offered to them. During the
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VR session, various during-exposure measures were taken. This
included recording the heart rate and eye-tracking-related
metrics, filling in the VAS questionnaire after experiencing
each virtual environment, and recording OAS-MNR and OERS
responses and observational notes. As part of the postexposure
measures, participants completed a semistructured interview
and filled in quantitative data (ie, VAS, Slater-Usoh-Steed
Questionnaire, and System Usability Scale questionnaires). The
heart rate was al so recorded for a5-minute period after exposure.
On average, each session lasted 40 minutes.
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Apparatus

The VR system for this study was developed by the authors,
using the Unity3D (Unity Technol ogies) [33] game engine, and
the 3D models were retrieved from the Unity Asset Store and
repurposed to run on a VIVE Pro Eye VR system (HTC
Corporation) [34]. The VR content was streamed on a laptop
screen, mirroring the real-time views of patientswith dementia.
The gazes of patients with dementia were tracked through the
head-mounted display’s eye tracker and visualized by using a
ray that was only visible on the laptop screen. The ray, which
was based on the direction of the gaze of the patient with
dementia and their position, could indicate where the patients
werelooking. By casting theray toward the virtual environment,
we were able to identify which object in the virtual world
patients with dementia were looking at, via collision detection
with the various points of interest in the environment. Finally,
a Samsung Galaxy Active 2 (Samsung Electronics) [35]
smartwatch wasworn by the participants and tracked their heart
rate. For this purpose, a smartwatch-based app was devel oped
by using Tizen Studio (Tizen Project), which communicated
(via Bluetooth) with a paired mobile device that recorded the
heart rate data every second viaamobile app that was devel oped
by using Eclipse (IBM Corporation).

Data Analysis

Ananalysisof presence and exposure time data was conducted,
using descriptive statistics. Further, an analysis of system
usability was performed based on ratings, which ranged from
0 to 100. The ratings were calculated by subtracting 1 from
participants responses to positive statements and subtracting 5
from participants responsesto negative statements. Theresulting
values were then added and multiplied by 2.5 to yield the final
rating. The heart rate data followed a normal distribution; thus,
a repeated measures ANOVA was performed. For the
eye-tracking data, descriptive statistics were run to identify the
virtual environments that were of interest to patients with
dementia and determine the amount of time patients with
dementia spent looking at different groups of objectswithinthe
virtual environments. Finally, frequencies were used to report
onthe OAS-MNR, and Friedman testswere performed to report
on the VA S and the observed emotions (pleasure, anger, anxiety,
sadness, and general alertness), which were compared before,
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during, and after VR exposure. Means and SDs were reported.
For statistical tests, an a of .05 was used to test significance.

Results

Virtual Environment Selection Process

Thevirtua environmentsthat were used in the developed system
were selected by using a multistep process. First, a 2-hour
workshop was conducted with 34 specialists in dementia care
and 11 patients with dementia. During the workshop, attendees
were asked to brainstorm the types of VR content that patients
with dementiawould liketo receive asinterventions. Attendees
suggested the following categories: (1) Travel, (2) Nature, (3)
Arts Experience, (4) Hobbies and Sports, (5) Social, (6) Home,
(7) Pets, and (8) Familiar Patient-Content.

After the conclusion of the workshop, we systematically
searched the Unity Asset Store, using the human-computer
interaction Bargas-Avila and Hornbagk methodology [32], for
all the relevant assets and environments. Overall, we identified
150 potentially relevant assets and environments. Exclusion
criteria were then applied, which narrowed down the available
content to 55 virtual environments. We excluded (1)
nonpreassembled virtual environments (eg, we excluded
packagesthat only included individual modelsor did notinclude
already designed virtual environments) to provide the patients
with dementia with the sense of being in the environment; (2)
intimidating or scary content (eg, we excluded animals or people
that were close to the user); and (3) virtual environments with
atotal of >1,000,000 triangles to avoid simulator sickness and
long loading times.

Two focus groups with 17 specialists (group 1) and 13 patients
with dementia (group 2) were then conducted to rate the
availablevirtual environments. Through this process, 14 virtual
environments were selected for final inclusion, as can be seen
in Figure 2, which presents the identification and selection
process. All of the virtual environments were enhanced with
sounds (eg, sounds of nature and traditional music), videos (eg,
traditional dancing, cooking shows, and movies), animals (eg,
birds, cats, cows, and deer), people, and other elements.
Snapshots of some of the virtual environments that were
included in this study are displayed in Figure 3.
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Figure2. Identification and selection processfor the VEsincluded in thevirtual reality system. HCP: health care professional; VE: virtua environment.
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Figure 3. Snapshots of 5 of the 14 virtual environments that were offered to the patients with dementia.

System Usability and Presence

High ratings for presence (maximum score of 7) were reported
by both patients with dementia (mean 6.4, SD 0.92) and HCPs
(mean 4.82, SD 1.49). HCPs reported high ratings for system
usability, with an average score of 71.63.

Exposure Time

Our findings suggested that 17 of 20 patients with dementia
completed the 15-minute VR session, and almost all (n=15)
requested a longer exposure time; some of the participants
refused to remove the headset, and up to 5 more minutes were
offered to them (exposure time: mean 16.08, SD 1.63 minutes).
Only 3 out of 20 patients with dementia requested to limit the
exposure time due to the headset’s properties (eg, the headset
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was too heavy for them and blocked their normal breathing;
exposure time: mean 4.79, SD 2.52 minutes). The overall
average exposuretimewas 14.38 (SD 4.47) minutes. No adverse
effects, such as motion sickness or dizziness, were reported by
the patients with dementia during or after VR use.

Heart Rate

The heart rate measurements of patients with dementia before,
during, and after VR exposure were compared. The repeated
measures ANOVA indicated that heart rates were significantly
different among the three measurement time points (F,, ;,=5.86;
P=.007). A post hoc pairwise comparison with Tukey correction
showed asignificant decreasein heart rate from before to during
VR exposure (Z=2.76; P=.03) and a significant decrease from
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before to after VR exposure (Z=2.65; P=.04). No significant findings indicate the ability of VR to reduce the heart rates of
difference was found between heart rate during VR exposure  patients with dementia (Figure 4).
and heart rate after VR exposure (Z=0.88; P=.66). These

Figure 4. Heart rate before, during, and after VR exposure. VR: virtual reality.

The 14 virtual environments were grouped into different with dementiawere exposed. The categoriesthat resulted inthe
categories based on their context (eg, nature scenes, travel highest decrease in heart rate measures were religious-related
destinations, etc). Figure 5 showsthe change in heart ratefrom  content (mean —1.81, SD 2.1 beats per minute) and travel (mean
the start of VR exposure to the end of VR exposure for the -1.22, SD 5.25 beats per minute).

virtual environment categories to which at least two patients
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Figure5. Box and whisker plot showing the change in heart rate from before virtual reality exposure to after virtual reality exposure for each thematic

category of VEs. VE: virtual environment.

Eye Tracking

Aspreviously mentioned, patientswith dementiawere provided
with an A3-sized sheet of paper presenting a “menu” with
pictures of the available virtual environments to choose from.
Each patient with dementia could choose up to 3 virtua
environments (n=60). Descriptive statistics indicated that
patients with dementia viewed a total of 52 different
environments. Most patients with dementia requested to be
exposed to environments relevant to nature (30/52, 58%). This
was followed by familiar places, such as home environments
(10/52, 19%), environments related to traveling (6/52, 12%),
and religious places (4/52, 8%). It is worth noting that during
their exposure to religious places, the patients with dementia
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reacted asif the virtual place wasareal holy place (eg, patients
with dementia crossed themselves while entering the temple
environment). Thesereactionsindicate high levelsof immersion
and presence. Patients with dementia showed limited interest
in sport-related virtual environments (2/52, 4%).

Table 1 presents the amount of time patients with dementia
spent looking at different groups of objects within the virtual
environments, based on thetotal timethey were exposedto VR.
Almost 33% of the time was spent looking at background
elements, such as the atmosphere (eg, the sky, clouds, etc) and
the ground (eg, grass and floor). Various naturalistic el ements
were also widely looked at (eg, 13.93% of the time was spent
looking at trees, plants, etc; around 6% of the time was spent
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looking at water, hills, etc). Patients with dementia were also
attracted to moving and active objects within the virtual
environments, spending 9.22% of thetimelooking at them. For
example, these included cars racing, boats sailing, and content

Matsangidou et a

playing on atelevision. Further, relative to their sparsity within
the virtual environments, the time patients with dementia spent
looking at animals was also noteworthy.

Table. The percentage of time people looked at different categories of objects within the virtual environments.

Object category Viewing time, %2
Atmosphere 16.65
Ground 16.14
Flora 13.93
Motion/active objects 9.22
Water 6.52
Nature 5.97
Wall 5.65
Religious place 5.07
Building 4.56
Furniture 4.2
Animal 3.87
Item 31
Human 16
Art 1.47
Decoration 0.8
Other 125

8Amount of time spent looking at an object over the total time of virtual reality exposure.

Affective Experiencesin VR

A range of data sources was analyzed to identify the affects
experienced by patients with dementiain VR. As can be seen
from thefollowing results, VR usage was associated with many
positive emotions.

The OAS-MNR

Overdl, 6 of 20 in-patients presented aggressive behaviors
(verbal aggression: n=3; physical aggression toward self: n=3).
There was a reduction in the frequency and severity of overt
aggression before the VR exposure compared to those during
and after the VR exposure. The aggregate aggression score was
calculated by multiplying frequency by the mean weighted
severity. An aggregate aggression score of 9 was calculated
before VR exposure, which decreased to O during and after VR
exposure.

The OERS

The Friedman test indicated that ratings of pleasure before,
during, and after VR exposure significantly differed
(x%,=25.200; P<.001). Wilcoxon signed-rank tests revealed a
significant increase in pleasure from before to during VR
exposure (Z=—3.755; P<.001), from beforeto after VR exposure
(Z=-3.140; P=.002), and from during to after VR exposure
(Z=—2.683; P=.007). These findings suggest that patients with
dementia feel pleasure and have positive emotions when they
are immersed in VR. These findings also suggest a reduction
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in positive emotions once patients return to reality, but in
comparison to the pre-exposure reports, pleasure was still
significantly high.

Ratings of anger before, during, and after VR exposure
significantly differed  (x%=31.902; P<.001). Wilcoxon
signed-rank tests revealed a significant decrease in anger from
before to during VR exposure (Z=-3.873; P<.001) and from
beforeto after VR exposure (Z=—3.637; P<.001). Therewasno
significant difference between anger during VR exposure and
anger after VR exposure (P=.40).

The Friedman test indicated that ratings of anxiety and fear
before, during, and after VR exposure significantly differed
(x%=25.750; P<.001). Wilcoxon signed-rank tests revealed a
significant decrease in anxiety and fear from before to during
VR exposure (Z=—3.579; P<.001) and from before to after VR
exposure (Z=-3.453; P=.001). No significant differences were
reported between anxiety and fear during VR exposure and
those after exposure (P=.76).

Similarly, the ratings of sadness before, during, and after VR
exposure were significantly different (x22=18.746; P<.001).
Wilcoxon signed-rank tests revealed a significant decrease in
sadness from beforeto during VR exposure (Z=—3.367; P=.001)
and a significant increase in sadness from during to after VR
exposure (Z=-3.015; P=.003). There was no significant
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difference between sadness before VR exposure and sadness
after VR exposure (P=.07).

Finally, ratings of general alertness before, during, and after
VR exposure significantly differed (x%,=36.701; P<.001).
Wilcoxon signed-rank tests revealed a significant increase in
generd alertnessfrom beforeto during VR exposure (Z=—3.931,
P<.001), from beforeto after VR exposure (Z=—3.834; P<.001),
and from during to after VR exposure (Z=—3.517; P<.001).
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These findings suggest that patientswith dementiareacted with
alertness (ie, participated in the VR interactions, maintained
eye contact with and followed objects like animals and persons
inthevirtual environment, looked around the room, turned their
body to have a better view, and talked about and described the
virtual environment) and had positive emotionswhen they were
immersed in VR. These findings also suggest that alertness
persisted after the VR exposure (Table 2).
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Table. Observed ratings of emotions before, during, and after virtual reality (VR) exposure from the Observed Emotion Rating Scale.

Affect and VR exposure time point Rating, mean (SD) Rating, median Phase P value
Pleasure <.001
Before VR exposure 1.80 (0.95) 2.00 Before VR expo-  <.001
sureto during VR
exposure
During VR exposure 3.55 (0.94) 3.00 Before VR expo-  .002
sureto after VR ex-
posure
After VR exposure 2.80(0.41) 3.00 During VR expo-  .007
sureto after VR ex-
posure
Anger <.001
Before VR exposure 2.35(1.04) 2.00 Before VR expo-  <.001
sureto during VR
exposure
During VR exposure 2.19(0.51) 2.00 Before VR expo-  <.001
sureto after VR ex-
posure
After VR exposure 1.28 (0.33) 125 During VR expo- .40
sureto after VR ex-
posure
Anxiety and fear <.001
Before VR exposure 2.65 (2.00) 123 Before VR expo-  <.001
sureto during VR
exposure
During VR exposure 1.25(1.00) 0.44 Before VR expo-  .001
sureto after VR ex-
posure
After VR exposure 1.20 (1.00) 0.52 During VR expo- .76
sureto after VR ex-
posure
Sadness <.001
Before VR exposure 2.40 (1.09) 2.00 Before VR expo-  .001
sure to during VR
exposure
During VR exposure 1.23(0.38) 1.00 Before VR expo- .07
sureto after VR ex-
posure
After VR exposure 1.77 (0.41) 171 During VR expo-  .003
sureto after VR ex-
posure
Alertness <.001
Before VR exposure 1.35(0.49) 1.00 Before VR expo-  <.001
sure to during VR
exposure
During VR exposure 4.03 (0.74) 4.00 Before VR expo-  <.001
sureto after VR ex-
posure
After VR exposure 3.04 (0.90) 3.00 During VR expo-  <.001
sureto after VR ex-
posure
https://aging.jmir.org/2023/1/e45799 JMIR Aging 2023 | vol. 6 | e45799 | p. 12

(page number not for citation purposes)

RenderX


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Matsangidou et &

The VAS increase in positive emotions) from before to during VR

The Friedman test indicated that the negative emotions before, ~&<POSUre (Z=-3.735; P<.001) and from before to after VR
during, and after VR exposure were significantly different ©XPOSure(Z=—3.836; P<.001). However, therewasno significant

(x%,=31.66; P<.001). Wilcoxon signed-rank tests revesled a difference between the emotional state of the person during the

X 2= ' _ ' o VR exposure and that after the VR exposure (P=.64; Table 3,
significant decrease in negative emotions (and a significant Figure 6).

Table. Emotions before, during, and after virtual reality (VR) exposure (measured using a visual analog scale).

Rating, mean (SD) Rating, median Phase P vaue
Emotional state <.001

Before VR exposure  3.00 (1.45) 2.50 Before VR exposureto  <.001
during VR exposure

During VR exposure  1.07 (1.19) 0.83 Before VR exposureto  <.001
after VR exposure

After VR exposure 1.01(1.22) 0.83 During VR exposureto .64
after VR exposure
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Figure 6. Emotions before, during, and after VR exposure (measured using avisual analog scale). VR: virtual reality.

Discussion

Principal Findingsand Implications for Design

The importance of supporting the health-related quality of life
of patients with dementia, including mental health and
well-being, is undoubted. Current research suggests that VR
can be a reliable, feasible, and acceptable solution that can
promote engagement and provide an enjoyable experience for
patients with dementia [18,19]. This paper describes how 24
patients with dementia, 20 patients with MCI, and 51 medical
experts co-designed a VR system for reducing BPSDs among
patients with dementia residing in long-term care. This paper
also presents the evaluation of the system, which was carried
out with 20 patients with dementiaand 16 medical experts. Our

https://aging.jmir.org/2023/1/e45799

XSL-FO

RenderX

findings suggest that VR encompasses several therapeutic
benefits for patients with dementia. Particularly, it was shown
that VR can be very effective for the reduction of BPSDs and,
especialy, the reduction of aggressive, agitated, anxious,
apathetic, depressive, and fearful behaviors.

The results validated that VR could result in a significant
improvement in BPSDs, which are highly associated with poor
well-being for patients with dementiaresiding in long-term care
[36-38]. Aswe have shown in the Results section, the recording
and analysis of physiological data alow for a better
understanding of the emotional states of patientswith dementia
during VR exposure. Earlier research has shown that stress can
affect heart rate [39]; therefore, particularly promising results
from our study werethe heart rate data collected before, during,
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and after VR session. The analysis revealed a significant
decrease in heart rate from before to during (P=.03) and after
(P=.04) VR exposure, validating that VR can significantly
reduce stresslevelsfor patientswith dementia. Therefore, these
findings are especially important, since they triangulate the
validation of the effectiveness of VR for patientswith dementia.

To reduce BPSDs, exposure to outworld and low-stimulus
experiences have been suggested in the general literature
[40-42]. We support this suggestion and recommend that VR
environments incorporate out-of-reach experiences that are
enhanced by animals, artistic content, natural environments,
and travel destinations.

In particular, we found that animals, such as cows, donkeys,
birds, and cats, among others, can benefit patientswith dementia,
and this is in line with previous research suggesting that
watching animal content can reduce cardiovascular responses,
stress, and anxiety and can generally benefit the health of
patients with dementia [43-45].

We also included music and dancing festival s as part of our VR
content. We found that such content, within VR, can replicate
thefindings of the existing literature, asit can create meaningful
experiences, reduce stress and anxiety [46,47], and increase
communication between caregivers and patients with dementia
[48]. Similarly, consistent with previous studies, we found that
patients with dementia reminisced when they were exposed to
environments with which they were familiar [49]. Thisis an
important finding, since reminiscence therapy isrecommended
as a person-centered approach for treating dementia[50]. Even
though the system was not fully personalized, we managed to
use familiar bodies (eg, traditiona dancing festivals and
older-style homes) that closely matched the memories of patients
with dementia. Therefore, to successfully design aVR system
for patients with dementia, the use of elementsthat patients are
familiar with isessential, since such elementstrigger memories
of their past.

Per our findings, we aso advise adding naturalistic
environments. Based on previous research, nature viewing can
enhance emotional well-being and aid recovery from stress
[51,52]. Indeed, nature-related environments were the most
commonly chosen virtual environments among our patients
with dementia, and based on our findings, nature was able to

Matsangidou et a

enhance emotional well-being and aid recovery from stress.
53,54

Conclusions, Limitations, and Future Directions

This paper describes a study that examines the design and
development of a VR system for patients with dementia. In
contrast to prior works, to overcome limitations in the current
literature, the system was co-designed with atotal of 24 patients
with dementia, 20 patientswith MCI, and 51 expertsin dementia
care and was evaluated with a larger population (compared to
other relevant studies) of patients with mild to severe cases of
dementia. Based on our findings, VR can enhance the
health-related quality of life of patients with dementia, as it
encompasses a wide range of therapeutic benefits. VR was
shown to be especialy effective in reducing heart rate and
aggressive, agitated, anxious, depressive, and fearful behaviors
associated with BPSDs.

A mgjor limitation of this study isthat we evaluated the system
only inasingletrial. Inthefuture, it will be necessary to conduct
alongitudinal study to determine whether the positive results
are sustainable and determine the clear benefits of the permanent
deployment of VR in health care. Another limitation of this
study is that the focus was exclusively on evaluating the VR
solution in health facilities, and hel p was provided to the patients
when administering the VR system. In recent years, low-cost,
immersive VR consumer systems have been developed and
released. Therefore, we suggest that future studies evaluate the
use of an affordable, home-based VR solution for patients with
dementia. Additionally, while this study provides the basis for
conducting the first trial to evaluate the effect of VR therapy
on BPSDs validated by physiological responses (eg, heart rate
and eye tracking) in care hospitals, alimitation of this study is
that it did not correlate the heart rate data with the gaze data.
We, therefore, suggest that future studies correlate heart rate
with what patients with dementia are looking at within the
virtual environment and use thisinformation for the creation of
more personalized experiences. Further research is aso
warranted on the analysis of the gaze behaviors of patientswith
dementia for diagnostic purposes and for understanding their
affective states during VR exposure. Ultimately, we hope that
the results from this study will offer insight into how VR
technology can be designed, deployed, and used in dementia
care.

Acknowledgments

We thank the “Archangelos Michagl” Dementia and Alzheimer psychiatric hospital for providing the support to conduct this
research. We al so thank all of the patients with dementiawho participated in this study and their families. This project has received
funding from the European Union’s Horizon 2020 Research and Innovation Programme (under grant agreement number 739578)
and the Government of the Republic of Cyprus through the Directorate-General for European Programmes, Coordination and

Development.

Conflictsof Interest
None declared.

References

1.  World Hedlth Organization. Dementia. 2021. URL: www.who.int/news-room/fact-sheets/detail/dementia [accessed

2022-09-14]

https://aging.jmir.org/2023/1/e45799

JMIR Aging 2023 | vol. 6 | e45799 | p. 15
(page number not for citation purposes)


https://www.who.int/news-room/fact-sheets/detail/dementia
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Matsangidou et &

2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Verbeek H, Zwakhalen SMG, van Rossum E, Ambergen T, Kempen GIIM, Hamers JPH. Dementia care redesigned: effects
of small-scaleliving facilities on residents, their family caregivers, and staff. JAm Med Dir Assoc. Nov 2010;11(9):662-670.
[doi: 10.1016/j.jamda.2010.08.001] [Medline; 21030001]

World Health Organization. Global Action Plan on the Public Health Response to Dementia2017-2025. Geneva, Switzerland.
World Health Organization; 2017.

Alzheimer Society of Canada. Conversations about: dementia and responsive behaviours. 2019. URL : alzheimer.ca/sites/
default/files’”documents/conversations_dementia-and-responsive-behaviours.pdf [accessed 2022-09-14]

Pelletier IC, Landreville P. Discomfort and agitation in older adults with dementia. BMC Geriatr. Nov 22, 2007;7:27. [doi:
10.1186/1471-2318-7-27] [Medline: 18034903]

SavwvaGM, Zaccai J, Matthews FE, Davidson JE, McKeith |, Brayne C, et a. Prevalence, correl ates and course of behavioural
and psychological symptoms of dementiain the population. Br J Psychiatry. Mar 2009;194(3):212-219. [doi:
10.1192/bjp.bp.108.049619] [Medline: 19252147]

World Health Organization. International Classification of Diseases 11th Revision. URL : icd.who.int/ [accessed 2022-09-16]
Banerjee S, PsychRights. The use of antipsychotic medication for people with dementia: time for action. 2009. URL :
psychrights.org/research/digest/nl ps/banerjeereportongeriatricneurol epticuse.pdf [accessed 2023-07-21]

Banerjee S, Hellier J, Romeo R, Dewey M, Knapp M, Ballard C, et al. Study of the use of anti-depressants for depression
in dementia: the HTA-SADD trial —a multicentre randomised double-blind, placebo-controlled trial of the clinical
effectiveness of sertraline and mirtazapine. Health Technol Assess. Feb 2013;17(7):1-166. [doi: 10.3310/hta17070] [Medline:
23438937]

Appel L, KisonasE, Appel E, Klein J, Bartlett D, Rosenberg J, et al. Introducing virtua reality therapy for inpatients with
dementia admitted to an acute care hospital: learnings from a pilot to pave the way to a randomized controlled trial. Pilot
Feasibility Stud. Oct 31, 2020;6(1):166. [doi: 10.1186/s40814-020-00708-9] [Medline: 33292729]

Appel L, Kisonas E, Appdl E, Klein J, Bartlett D, Rosenberg J, et al. Administering virtual reality therapy to manage
behavioral and psychological symptomsin patientswith dementiaadmitted to an acute care hospital: results of apilot study.
JMIR Form Res. Feb 3, 2021;5(2):e22406. [doi: 10.2196/22406] [Medline: 33533720]

White N, Leurent B, Lord K, Scott S, JonesL, Sampson EL . The management of behavioural and psychological symptoms
of dementiain the acute general medical hospital: alongitudina cohort study. Int J Geriatr Psychiatry. Mar
2017;32(3):297-305. [doi: 10.1002/gps.4463] [Medline: 27019375]

Gomez-Romero M, Jiménez-PalomaresM, Rodriguez-MansillaJ, Flores-Nieto A, Garrido-ArdilaEM, Gonzélez L 6pez-Arza
MV. Benefits of music therapy on behaviour disordersin subjects diagnosed with dementia: a systematic review. Neurologia.
May 2017;32(4):253-263. [doi: 10.1016/j.nrl.2014.11.001] [Medline: 25553932]

Kishita N, Backhouse T, Mioshi E. Nonpharmacological interventions to improve depression, anxiety, and quality of life
(QoL) in people with dementia: an overview of systematic reviews. J Geriatr Psychiatry Neurol. Jan 2020;33(1):28-41.
[doi: 10.1177/0891988719856690] [Medline: 31203712]

Livingston G, Kelly L, Lewis-Holmes E, Baio G, Morris S, Patel N, et al. Non-pharmacol ogical interventions for agitation
in dementia: systematic review of randomised controlled trials. Br J Psychiatry. Dec 2014;205(6):436-442. [doi:
10.1192/bjp.bp.113.141119] [Medline: 25452601]

Zhang Y, Cai J, AnL, Hui F, Ren T, MaH, et al. Does music therapy enhance behavioral and cognitive function in elderly
dementia patients? A systematic review and meta-analysis. Ageing Res Rev. May 2017;35:1-11. [doi:
10.1016/j.arr.2016.12.003] [Medline: 28025173]

D’CunhaNM, Nguyen D, Naumovski N, McKune AJ, Kellett J, Georgousopoulou EN, et al. A mini-review of virtual
reality-based interventionsto promote well-being for peopl e living with dementiaand mild cognitiveimpairment. Gerontol ogy.
May 20, 2019;65(4):430-440. [doi: 10.1159/000500040] [Medline: 31108489]

Rose V, Stewart 1, Jenkins K, Ang CS, Matsangidou M. A scoping review exploring the feasibility of virtual reality
technology use with individuals living with dementia. Presented at: ICAT-EGV E 2018; November 7-9, 2018;131-139;
Limassol, Cyprus. [doi: 10.2312/egve.20181325]

Appel L, Ali S, Narag T, Mozeson K, Pasat Z, Orchanian-Cheff A, et a. Virtual reality to promote wellbeing in persons
with dementia: a scoping review. J Rehabil Assist Technol Eng. Dec 21, 2021;8:20556683211053952. [doi:
10.1177/20556683211053952] [Medline: 35024166]

Huang LC, Yang Y H. Thelong-term effects of immersive virtual reality reminiscencein peoplewith dementia: longitudinal
observational study. IMIR Serious Games. Jul 25, 2022;10(3):e36720. [doi: 10.2196/36720] [Medline: 35877169]
Saredakis D, Keage HAD, Corlis M, Loetscher T. Virtual reality intervention to improve apathy in residential aged care:
protocol for a multisite non-randomised controlled trial. BMJ Open. Feb 1, 2021;11(2):e046030. [doi:
10.1136/bmjopen-2020-046030] [Medline: 33526504]

Saredakis D, Keage HA, Corlis M, Loetscher T. Using virtua reality to improve apathy in residential aged care: mixed
methods study. JMed Internet Res. Jun 26, 2020;22(6):€17632. [doi: 10.2196/17632] [Medline: 32469314]

Walden A, Feliciano L. A virtua reality intervention to reduce dementia-rel ated agitation using single-case design. Clin
Gerontol. 2022;45(4):1044-1054. [doi: 10.1080/07317115.2021.1954121] [Medline: 34346857]

https://aging.jmir.org/2023/1/e45799 JMIR Aging 2023 | vol. 6 | e45799 | p. 16

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jamda.2010.08.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21030001&dopt=Abstract
https://alzheimer.ca/sites/default/files/documents/conversations_dementia-and-responsive-behaviours.pdf
https://alzheimer.ca/sites/default/files/documents/conversations_dementia-and-responsive-behaviours.pdf
http://dx.doi.org/10.1186/1471-2318-7-27
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18034903&dopt=Abstract
http://dx.doi.org/10.1192/bjp.bp.108.049619
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19252147&dopt=Abstract
https://icd.who.int/
http://psychrights.org/research/digest/nlps/banerjeereportongeriatricneurolepticuse.pdf
http://dx.doi.org/10.3310/hta17070
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23438937&dopt=Abstract
http://dx.doi.org/10.1186/s40814-020-00708-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33292729&dopt=Abstract
http://dx.doi.org/10.2196/22406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33533720&dopt=Abstract
http://dx.doi.org/10.1002/gps.4463
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27019375&dopt=Abstract
http://dx.doi.org/10.1016/j.nrl.2014.11.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25553932&dopt=Abstract
http://dx.doi.org/10.1177/0891988719856690
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31203712&dopt=Abstract
http://dx.doi.org/10.1192/bjp.bp.113.141119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25452601&dopt=Abstract
http://dx.doi.org/10.1016/j.arr.2016.12.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28025173&dopt=Abstract
http://dx.doi.org/10.1159/000500040
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31108489&dopt=Abstract
http://dx.doi.org/10.2312/egve.20181325
http://dx.doi.org/10.1177/20556683211053952
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35024166&dopt=Abstract
http://dx.doi.org/10.2196/36720
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35877169&dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2020-046030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33526504&dopt=Abstract
http://dx.doi.org/10.2196/17632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32469314&dopt=Abstract
http://dx.doi.org/10.1080/07317115.2021.1954121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34346857&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Matsangidou et &

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

Anthony JC, LeResche L, Niaz U, von Korff MR, Folstein MF. Limits of the ‘Mini-Mental State’ as a screening test for
dementiaand delirium among hospital patients. Psychol Med. May 1982;12(2):397-408. [doi: 10.1017/50033291700046730]
[Medline: 7100362]

Anttonen J, Surakka V. Emotions and heart rate while sitting on a chair. Presented at: CHI05: CHI 2005 Conference on
Human Factorsin Computing Systems; April 2-7, 2005;491-499; Portland, OR. [doi: 10.1145/1054972.1055040]
Alderman N, Knight C, Morgan C. Use of amodified version of the Overt Aggression Scale in the measurement and
assessment of aggressive behavioursfollowing braininjury. Brain Inj. Jul 1997;11(7):503-523. [doi: 10.1080/bij.11.7.503.523]
[Medline: 9210987]

Van Haitsma K, Klapper J. Observed Emotion Rating Scale. JMent Health Aging (Lond). 1999;5(1):69-81.

Crichton N. Information point: Visual Analogue Scale (VAS). J Clin Nurs. 2001;10(5):697-706.

Usoh M, Catena E, Arman S, Slater M. Using presence questionnairesin reality. Presence: Teleoperators Virtual Environ.
Oct 2000;9(5):497-503. [doi: 10.1162/105474600566989]

Brooke J. SUS: A quick and dirty usability scale. In: Jordan PW, Thomas B, Weerdmeester BA, McClelland IL, editors.
Usabhility Evaluation in Industry. London, United Kingdom. Taylor & Francis; 1996;189-194.

Schiza E, Matsangidou M, Neokleous K, Pattichis CS. Virtual reality applications for neurological disease: areview. Front
Robot Al. Oct 16, 2019;6:100. [doi: 10.3389/frobt.2019.00100] [Medline: 33501115]

Matsangidou M, Frangoudes F, Solomou T, Papayianni E, Pattichis C. Free of walls: Participatory design of an out-world
experienceviavirtual reality for dementiain-patients. Presented at: UMAP’22: 30th ACM Conference on User Modeling,
Adaptation and Personalization; July 4-7, 2022;326-334; Barcelona, Spain. [doi: 10.1145/3511047.3537651]

Unity Technologies. Unity rea -time development platform | 3D, 2D, VR & AR engine. URL: www.unity3d.com [accessed
2023-07-14]

Vive European Union. Discover virtual reality beyond imagination. URL : www.vive.com/eu/product/vive-pro-eye [accessed
2023-07-14]

Samsung. Samsung Galaxy Watch5 - The official Samsung Galaxy site. URL : www.samsung.com/global/galaxy/
galaxy-watch5 [accessed 2023-07-14]

Selbak G, Engedal K, Bergh S. The prevalence and course of neuropsychiatric symptomsin nursing home patients with
dementia: asystematic review. JAm Med Dir Assoc. Mar 2013;14(3):161-169. [doi: 10.1016/].jamda.2012.09.027] [Medline:
23168112

Zuidema S, Koopmans R, Verhey F. Prevalence and predictors of neuropsychiatric symptomsin cognitively impaired
nursing home patients. J Geriatr Psychiatry Neurol. Mar 2007;20(1):41-49. [doi: 10.1177/0891988706292762] [Medline:
17341770]

Balard C, O’ Brien J, James|, Mynt P, LanaM, Potkins D, et al. Quality of lifefor people with dementialiving in residential
and nursing home care: the impact of performance on activities of daily living, behavioral and psychological symptoms,
language skills, and psychotropic drugs. Int Psychogeriatr. Mar 2001;13(1):93-106. [doi: 10.1017/s1041610201007499]
[Medline: 11352339]

Friedman BH, Thayer JF. Autonomic balance revisited: panic anxiety and heart rate variability. J Psychosom Res. Jan
1998;44(1):133-151. [doi: 10.1016/s0022-3999(97)00202-x] [Medline: 9483470]

Canatsey K, Roper IM. Removal from stimuli for crisis intervention: using least restrictive methods to improve the quality
of patient care. Issues Ment Health Nurs. 1997;18(1):35-44. [doi: 10.3109/01612849709006538] [Medline: 9052099]
Chou KR, Lu RB, Mao WC. Factors relevant to patient assaultive behavior and assault in acute inpatient psychiatric units
in Taiwan. Arch Psychiatr Nurs. Aug 2002;16(4):187-195. [doi: 10.1053/apnu.2002.34394] [Medline: 12143078]

Waller S, Masterson A. Designing dementia-friendly hospital environments. Future Hosp J. Feb 2015;2(1):63-68. [doi:
10.7861/futurehosp.2-1-63] [Medline: 31098081]

Richeson NE. Effects of animal-assisted therapy on agitated behaviors and social interactions of older adultswith dementia.
Am J Alzheimers Dis Other Demen. 2003;18(6):353-358. [doi: 10.1177/153331750301800610] [Medline: 14682084]
Filan SL, Llewellyn-Jones RH. Animal-assisted therapy for dementia: areview of the literature. Int Psychogeriatr. Dec
2006;18(4):597-611. [doi: 10.1017/S1041610206003322] [Medline: 16640796]

WellsDL. The effect of videotapes of animals on cardiovascular responsesto stress. Stress Health. Aug 2005;21(3):209-213.
[doi: 10.1002/smi.1057]

Thomas GEC, Crutch SJ, Camic PM, Created Out of Mind team. Measuring physiological responsesto the artsin people
with adementia. Int J Psychophysiol. Jan 2018;123:64-73. [doi: 10.1016/}.ijpsycho0.2017.11.008] [Medline: 29158118]
Young R, Camic PM, Tischler V. The impact of community-based arts and health interventions on cognition in people
with dementia: a systematic literature review. Aging Ment Health. 2016;20(4):337-351. [doi:
10.1080/13607863.2015.1011080] [Medline: 25683767]

Windle G, Algar-Skaife K, Caulfield M, Pickering-Jones L, Killick J, Zeilig H, et a. Enhancing communication between
dementia care staff and their residents: an arts-inspired intervention. Aging Ment Health. Aug 2020;24(8):1306-1315. [doi:
10.1080/13607863.2019.1590310] [Medline: 30884963]

https://aging.jmir.org/2023/1/e45799 JMIR Aging 2023 | vol. 6 | e45799 | p. 17

(page number not for citation purposes)


http://dx.doi.org/10.1017/s0033291700046730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7100362&dopt=Abstract
http://dx.doi.org/10.1145/1054972.1055040
http://dx.doi.org/10.1080/bij.11.7.503.523
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9210987&dopt=Abstract
http://dx.doi.org/10.1162/105474600566989
http://dx.doi.org/10.3389/frobt.2019.00100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33501115&dopt=Abstract
http://dx.doi.org/10.1145/3511047.3537651
http://www.unity3d.com
http://www.vive.com/eu/product/vive-pro-eye
https://www.samsung.com/global/galaxy/galaxy-watch5
https://www.samsung.com/global/galaxy/galaxy-watch5
http://dx.doi.org/10.1016/j.jamda.2012.09.027
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23168112&dopt=Abstract
http://dx.doi.org/10.1177/0891988706292762
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17341770&dopt=Abstract
http://dx.doi.org/10.1017/s1041610201007499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11352339&dopt=Abstract
http://dx.doi.org/10.1016/s0022-3999(97)00202-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9483470&dopt=Abstract
http://dx.doi.org/10.3109/01612849709006538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9052099&dopt=Abstract
http://dx.doi.org/10.1053/apnu.2002.34394
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12143078&dopt=Abstract
http://dx.doi.org/10.7861/futurehosp.2-1-63
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31098081&dopt=Abstract
http://dx.doi.org/10.1177/153331750301800610
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14682084&dopt=Abstract
http://dx.doi.org/10.1017/S1041610206003322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16640796&dopt=Abstract
http://dx.doi.org/10.1002/smi.1057
http://dx.doi.org/10.1016/j.ijpsycho.2017.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29158118&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2015.1011080
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25683767&dopt=Abstract
http://dx.doi.org/10.1080/13607863.2019.1590310
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30884963&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR AGING Matsangidou et &

49,

50.

51.

52.

53.

Siriaraya P, Ang CS. Recreating living experiences from past memories through virtual worlds for people with dementia.
Presented at: CHI ’14: CHI Conference on Human Factorsin Computing Systems, April 26 to May 1, 2014;3977-3986;
Toronto, ON. [doi: 10.1145/2556288.2557035]

Saredakis D, Keage HA, Corlis M, Ghezzi ES, Loffler H, Loetscher T. The effect of reminiscence therapy using virtua
reality on apathy in residential aged care: multisite nonrandomized controlled trial. JMed Internet Res. Sep 20,
2021;23(9):€29210. [doi: 10.2196/29210] [Medline: 34542418]

Chalfont G. Design for Nature in Dementia Care. London, United Kingdom. Jessica Kingsley Publishers; 2007.
HendriksIH, van Vliet D, Gerritsen DL, Drées RM. Nature and dementia: development of a person-centered approach. Int
Psychogeriatr. Sep 2016;28(9):1455-1470. [doi: 10.1017/S1041610216000612] [Medline: 27140909]

Asghar I, Cang S, Yu H. An empirical study on assistive technology supported travel and tourism for the people with
dementia. Disabil Rehabil Assist Technol. Nov 2020;15(8):933-944. [doi: 10.1080/17483107.2019.1629119] [Medline:
31561721]

Bauer IL. Caregivers of travelers with dementia - a neglected travel population. J Travel Med. Oct 14, 2019;26(7):taz061.
[doi: 10.1093/jtm/taz061] [Medline: 31423537]

Abbreviations

BPSD: behavioral and psychological symptom

HCP: health care professional

MCI: mild cognitive impairment

MMSE: Mini-Mental State Examination

OAS-MNR: Overt Aggression Scale-Modified for Neurorehabilitation
OERS: Observed Emotion Rating Scale

VAS: visual analog scale

VR: virtua reality

Edited by N Ruggiano; submitted 17.01.23; peer-reviewed by M Orrell, N Martin; revised version received 19.05.23; accepted 05.06.23;
published 31.08.23

Please cite as:

Matsangidou M, Solomou T, Frangoudes F, Papayianni E, Pattichis CS

Offering Outworld Experiences to In-Patients With Dementia Through Virtual Reality: Mixed Methods Sudy
JMIR Aging 2023;6:e45799

URL: https://aging.jmir.org/2023/1/e45799

doi: 10.2196/45799

PMID: 37656031

© Maria Matsangidou, Theodoros Solomou, Fotos Frangoudes, Ersi Papayianni, Constantinos S Pattichis. Originally published
in IMIR Aging (https://aging.jmir.org), 31.8.2023. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR Aging, is properly cited. The complete
bibliographic information, a link to the origina publication on https.//aging.jmir.org, as well as this copyright and license
information must be included.

https://aging.jmir.org/2023/1/e45799 JMIR Aging 2023 | vol. 6 | e45799 | p. 18

RenderX

(page number not for citation purposes)


http://dx.doi.org/10.1145/2556288.2557035
http://dx.doi.org/10.2196/29210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34542418&dopt=Abstract
http://dx.doi.org/10.1017/S1041610216000612
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27140909&dopt=Abstract
http://dx.doi.org/10.1080/17483107.2019.1629119
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31561721&dopt=Abstract
http://dx.doi.org/10.1093/jtm/taz061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31423537&dopt=Abstract
https://aging.jmir.org/2023/1/e45799
http://dx.doi.org/10.2196/45799
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=37656031&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

