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Abstract

Background: Physical activity interventions for people with dementia have shown promising effects in improving cognition
and physical function or slowing disease-related decline. Immersivevirtual reality (iVR), using head-mounted displays, facilitates
realistic experiences by blurring the boundaries between VR and the real world. The use of iVR for people with dementia offers
the potential to increase active time and improve dementiatherapy and care through exerciseinterventions. However, the feasibility
of using VR use in people with dementia, considering changesin motor, cognitive, psychological, and physiologica parameters,
remains insufficiently investigated.

Objective: Thisstudy aimsto investigate the feasibility of using iVR in people with dementia or mild cognitive impairment in
nursing homes. Specifically, we examined changes in motor performance (balance and mobility), cognitive performance (global
cognition and executive functions), emotional responses, and fear of falling using iVR.

Methods: Utilizing a pre-post design, this study recruited 35 participants with mild-to-moderate dementia, assessed by the
Mini-Mental State Examination (MMSE). Participants underwent a single session involving iVR exposure, with pre- and
postexposure assessments and a feedback form, to exclude negative effects on cognitive and motor functions, mood, anxiety
levels, and balance performance. The use of iVR involved 4 scenes, with atotal length of 8 minutes. These scenes depicted a
park with short and rather passive impressions presented as a 360° video in a head-mounted display. Before and after using the
iVR, cognitive parameters were assessed using the Trail-Making Test A (TMT-A), motor parameters were assessed using the
FICSIT-4 (Frailty and Injuries: Cooperative Studies of Intervention Techniques-4) and Timed-Up-and-Go (TUG) tests, and
psychologica parameters were assessed using the Dementia Mood Picture Test, State-Trait Anxiety Inventory, and Short Falls
Efficacy Scale-International (Short FES-1). The Emotion Rating Scale and the duration of use were recorded during use, and a
feedback questionnaire was completed afterward in addition to the posttests. Paired t tests and Wilcoxon tests were used to
examine pre-post differences.

Results: Of the 35initial participants, 33 completed the study, which corresponds to a dropout rate of 6%. All 33 participants,
who had a mean of 83.71 (SD 5.01) years, had dementia. They showed no statistically significant difference in cognitive and
motor performance before and after iVR use. Thus, no negative effects on cognitive and motor functions, mood, anxiety levels,
and bal ance performance were observed. The emotion rating scale also showed that 72% (n=24) felt joy and fun during iVR use,
100% (n=33) showed no emotions such as fear, sadness, or anger, and 93% (n=31) were attentive during iVR use.

Conclusions: The feasibility of using iVR for people with dementia can be rated positively. There were no changes in motor,
cognitive, or emotional parameters that would increase therisk of falls or other negative emotional reactions during or after iVR
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use. Further studies are needed to investigate prolonged use in a more stimulating computer-generated environment and possible
physical and cognitive tasks for people with dementiain nursing homes.

Trial Registration: German Clinical Trials Register DRK S00030616; https://drks.de/search/de/trial/DRK S00030616

(IMIR XR Spatial Comput 2024;1:e54724) doi: 10.2196/54724
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Introduction

The number of people with dementiais expected to increase to
over 152 million worldwide by 2050 [1], representing a high
societal burden in terms of costs and care [2]. Dementia
treatment is predominantly based on symptom reduction, with
drug therapy often being associated with negative side effects
[3], making treatment with nonpharmacological interventions
important [4]. In particular, physical activity interventions have
shown promising effects in improving cognition and physical
function or slowing disease-related decline among people with
dementia [5-9]. Additionally, quality of life and the ability to
perform activities of daily living can also be positively affected
by physical activity [7,10,11]. With the increasing use and
dissemination of digital health applications in the past, there
are new opportunitiesto complement or improve dementiacare
(ie, to respond to the individual needs of people with dementia)
[12]. Virtual reality (VR) isapossibility that has great potential
for treating cognitive impairment in the nursing home setting.

VR is based on computer simulations that allow individualsto
enter an artificial environment. A distinction is made between
nonimmersive, semi-immersive, and immersive VR
technologies. Nonimmersive methods are based on desktop
systems, with stereoscopic displays and head tracking, while
semi-immersive methods are based on large single-screen or
tabletop displays[13]. Immersive VR (iVR) technol ogies refer
to the specification of the hardware (eg, thefield of view, screen
resolution, and refresh rate), aswell asthe degree of interaction
and how isolated the user is from the outside world [14]. Clay
et al [15] defineiVR as* systemsthat encompassthe user'sfield
of view and where virtual motion replicates actua head or body
motion.” For this purpose, head-mounted displays (HMDs) are
usually used to create an even better 3D perspective to
completely block out the real environment. Consequently, the
immersive method leads to the most authentic experiences[16]
and is therefore of particular interest.

VR has dready been used in studies to improve cognitive
function in both heathy individuals [17] and those with
cognitiveimpairment [18] and to promote well-being in people
with dementia[19]. The conclusion of a systematic review and
meta-analysis review on the effects of VR-based task-oriented
training on people with dementia or mild cognitive impairment
(MCI) is that VR interventions are promising
nonpharmacological approaches for improving cognitive and
motor function [20]. Despite promising intervention effects
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[21-23], thefeasihility of VR technologiesin dementiatherapy
and care has not yet been sufficiently investigated [18]. Only a
few studies with small sample sizes have examined the
feasibility of VR in people with dementia [24]. In particular,
direct changes in motor, cognitive, psychological, and
physiological parameters, which are particularly important for
the safety of people with dementia in everyday nursing home
life, have scarcely been investigated following the use of VR
technologies. In thiscontext, it isimportant to take a closer ook
at cybersickness, which could increase the risk of falling after
the use of VR technologies and is associated with injuries
requiring hospitalization [25] and a decrease in activity,
mobility, and quality of life [26]. Similarly, for an iVR
intervention to be sustainable in nursing homes, there should
be no deterioration in motor performance, confusion, and anxiety
after iVR use. The feasibility of iVR in terms of safe use in
people with dementia regarding influencing motor, cognitive,
or emotional factorsis currently inconclusive [27,28].

Therefore, the primary aim of this study is to investigate the
feasibility of using iVR in people with dementia or MCI in
nursing homes from a saf ety perspective. Thefocus of this study
is to investigate any adverse effects of iVR on motor and
cognitive function and general well-being. In particular, this
study examines motor performance (including balance and
mobility), cognitive performance (such as global cognition and
executive function), emotional responses, and fear of falling
before and after the single iVR use. This study can be seen as
apreliminary step in assessing the suitability of iVR for physical
training in people with dementiain nursing homes.

Methods

Ethical Considerations

Theresearch protocol followed the Declaration of Helsinki and
ethical approval was granted by the Ethics Committee of the
Otto-von-Guericke University Magdeburg (number 131/22)
and the Karlsruhe Ingtitute of Technology. The study was
registered in the German Clinica Trials Register
(DRKS00030616). The participants and their legal guardians
provided written informed consent after being briefed on the
study's details. Data were collected from December 2022 to
July 2023. Participants were not offered any
incentives/compensation for participation.
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Study Design and Sample

The study was designed as a pre-post study to examine possible
side effectsof iVR by comparing motor and cognitive functions
and emotional responses before and after iVR use (see Figure
1). All measurementswere carried out in asingle session lasting
approximately 45 minutes. In each of the 2 cities, Magdeburg
and Karlsruhe, 3 facilities were contacted to identify potential
participants with the help of nursing home staff. The following
inclusion criteriawere applied: age over 70 years, MCI or mild
to moderate dementia based on the Mini-Mental State
Examination (MMSE [29]), no untreated hearing or visua

Figure 1. Design of the study.
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impairment, and self-sufficiency in standing and walking
unaided or with a rollator. Exclusion criteria included
hypertension, severe cardiovascular disease, and significant
motor impairment. To check the inclusion criteria, a
guestionnaire on the sociodemographic data was completed
together with the participants' legal guardians before the start
of the study. Initially, 35 participants were included in the study,
23 (66%) in Magdeburg and 12 (34%) in Karlsruhe. Prior to
the baseline assessments, the participants and their lega
guardianswereinformed about the aims of the study, and written
informed consent was obtained from the participants legal
guardians.
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To test the feasibility of iVR in people with dementia and its
impact on motor performance, cognitive performance, and
emotional response, the participants underwent several tests
before and after the iVR application (Figure 1). The tests
assessed the participants mood using the Dementia Mood
Picture Test [30], state and trait anxiety using the State-Trait
Anxiety Inventory [31], fear of falling using the Short Falls
Efficacy Scale-International (Short FESI) [32], attention using
the Trail-Making Test A (TMT-A) [33], balance performance
using the FICSIT-4 (Frailty and Injuries; Cooperative Studies
of Intervention Techniques-4) scale [34], and mobility using
the Timed-Up-and-Go test (TUG) [35]. During the iVR use,
the Emotion Rating Scale and another questionnaire adapted
from Appel et a [27] (Multimedia Appendix 1) were applied.
Additionally, after removing the HMD, participants completed
a feedback questionnaire about their experience and general
interest in VR.

In the Dementia Mood Picture Test, the participants are
presented with 6 emoticons expressing different moods (negative
mood, positive mood, cheerfulness, concern, sadness, and
anger). Participants are asked to choose the emoticon that best
describes their current mood. Cheerful is considered the best,

https://xr.jmir.org/2024/1/e54724

followed by a positive mood. In the State-Trait Anxiety
Inventory, participants are asked to rate their general and current
emotional state. A score is calculated based on the answers
given, with higher scores being associated with higher levels
of anxiety (state and trait max. 80 points[31]). The Short FES-|
asks participants about their fear of falling in various situations.
The score is also calculated based on the answers given, and
again, with higher scores associated with agreater fear of falling
(maximum 28 points [32]). To complete the TMT-A, the
participants enter numbers 1 to 25 (jumbled together on apaper)
in ascending order. The time taken and the number of errors
made are recorded, with a shorter time and fewer errors
associated with better attention. The FICSI T-4 tests 4 successive
levels of static balance (bilateral stance, semitandem stance,
tandem stance, and unilateral stance), each performed with eyes
open and closed. Points are awarded according to the duration
of each level (maximum 10 seconds). These points are summed
up to give atotal score (maximum 28 points), with higher scores
associated with better static balance performance [34]. For the
TUG test, participants are asked to stand up from achair, walk
3 meters, turn 180°, walk back to the chair, and sit down again.
Thetimetaken to complete thistask is measured, with ashorter
time associated with alower risk of falling [35].

JMIR XR Spatial Comput 2024 | vol. 1| 54724 | p. 3
(page number not for citation purposes)


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

JMIR XR AND SPATIAL COMPUTING (JIMXR)

The Emotion Rating Scale was scored by atest instructor during
iVR use by observing participants' facial expressions. The
emotional expressions (happiness, anger, fear, sadness, and
general attention) and their duration (never, lessthan 16 seconds,
16 to 59 seconds, 1 to 5 minutes, and over 5 minutes) were
documented.

The feedback questionnaire (Multimedia Appendix 1), which
was administered after the iVR use, consisted of 17 questions
(eg, “Did you like the VR?"), which were scored from one to
five points, with more points indicating a higher level of
agreement. The answers to negative questions (eg, “Did you
feel nauseous while watching the VR?') were inverted. The
questions were divided into 3 dimensions. “Response to VR”
(questions 2, 6, 7, 10, 11, 15, 16), “ Feedback to VR” (questions
1,3,4,5,8,9), and “Comfort” (questions 12, 13, 14, and 17).
The points were later summed up to dimension scores and a
total score (maximum 85 points).

Prinz et al

Virtual Reality Setup

During the iVR use, the participants sat on a chair between 2
SteamV R Base Stations (version 2.0; HTC Corp), which tracked
the position of the HMD (Figure 2). The Pimax Vision 5k super
(Pimax Inc) (170° horizontal FOV, 2560 x 1440 pixels per eye,
90 Hz refresh rate) was wired to a computer via cable and
presented the virtual environments, which consisted of different
scenes provided as 360° videos recorded in the
Geschwister-Scholl-Park in Magdeburg, using the GoPro Hero
8 (GoPro Inc) (Figure 2). These videos were projected onto the
inner surface of avirtual sphere (radius of 50 m) modeled with
Blender (version 3.2; Blender Foundation). The virtual
environments were then constructed using Unity (Unity
Technologies). Self-written C# scripts were used to enable
dynamic scene control withiniVR, by allowing seamless scene
transitions and pauses with simple button presses on a standard
keyboard used by thetest instructors. SteamVR (version 1.25.1;
Valve Corp) was used to transfer the scenes from Unity to the
HMD.

Figure 2. Virtua reality setup. Chair between 2 SteamV R Base Stations 2.0 with Pimax Vision 5k super (top). Participant with head-mounted display

(HMD) and virtual park environment (bottom).

Procedure

After the pretest, the iIVR use began, consisting of 4 scenes,
each showing the same specific section of a park presented as
a 360° video for 2 minutes. First, the HMD was demonstrated
to the participants and placed on their heads. Once they were
comfortable, the first scene began, showing the park without
any additional elements (see Figure 3). During the first scene,
the participants were asked to look around and describe the
environment. The second scene showed acyclist riding through
the same section of the park, signaling their presence by ringing

https://xr.jmir.org/2024/1/e54724
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a bell. In the third scene, the participants saw leaves falling to
the ground, controlled by the instructor pressing the space bar
on the computer keyboard. The final scene was identical to the
first, but the participants were asked to stand up and walk afew
stepsif they wished and if the instructors and nursing staff felt
it was feasible. While standing, the participants were always
secured by at least 2 instructors. The scenes were presented
directly, one after the other, without abreak. After thelast scene,
the HMD was removed from the participants heads, and the
feedback questionnaire was administered. The posttest wasthen
completed to detect deviations from the baseline measurement.
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Figure 3. Immersive virtua reality (iVR) park environment (top, mid) with cyclist (bottom).

Statistical Analysis

Statistical data analysis was performed using SPSS (version
28.0; IBM Corp). The pre- and posttests (State-Trait Anxiety
Inventory, Short FES-I, TMT-A, FICSIT-4, and TUG) were
compared using paired t tests. If the prerequisites for at test
were unmet, the Wilcoxon test was used instead. The
significance level was set at 0=.05. To avoid the cumulation of
alpha errors, the significance level was adjusted using the
Bonferroni-Holm correction. Cohen classification was used to
interpret the effect sizes (d=0.2/r= 0.1, small; d=0.5/r=0.3,
moderate; d=0.8/r= 0.5, large). The Dementia Mood Picture
Test, MM SE, Emotion Rating Scale, and feedback questionnaire
were analyzed descriptively.
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Results

Sample characteristics

Two participants dropped out during the study, corresponding
to adropout rate of 6%. Thefirst participant signaled disinterest
a the beginning of the measurement day and dropped out
immediately, while the other participant was bothered by the
HMD and wanted to takeit off. Thus, 33 (94%) of the 35 people
with dementia (mean age 83.71, SD 5.01 years) were analyzed
in the study. Table 1 shows the sample characteristics.

Care was taken to ensure that participants with dementia had
no untreated visual or hearing impairments. The HMD could
also be used with visual and/or hearing aids.
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Table 1. Sample characteristics.

Prinzetd

Characteristics Sample (N=33)
Age (years), mean (SD) 83.71 (5.01)
MM SE? score, mean (SD) 21.2(4.2)
Sex, n (%)

Male 7(21.2)

Female 26 (78.8)
Experience with VRP n (%) 6(182)
Degree of dementian (%)

No dementia 1(3)

Mild dementia 21 (63.6)

Moderate dementia 11 (33.3)

3MMSE: Mini-Mental State Examination.
byR: virtual reality.

Outcome Parameters

Feasibility

Observations of the participants during the iVR use revealed
that 72% (n=24) felt pleasure and fun, as measured by the
Emotion Rating Scale. Additionally, all 33 (100%) participants
showed no fear, sadness, or anger during the iVR use, and 31
(93%) out of 33 patients were attentive and able to respond to

everything in the environment and thus interact with the iVR
(Figure 4).

The feedback form according to Appel et al [27] showed that
the participants rated the iVR as positive on average. The total
score was 73.21 (SD 7.1) out of a possible 85 points. Thisis

Figure4. Results of the Emotion Rating Scale.

also reflected in the individual dimension of the questionnaire,
as outlined in the Methods section. The participants responded
very positively to the iVR use. On average, the participants
rated thisdimension 31.2 out of 35 points. The participantsalso
gave positive feedback on the iVR. by rating this dimension
with 24.9 out of 30 points. The final dimension, comfort, was
rated positively with 17 out of 20 points (see Figure 5). The
guestions of the dimensions can be found in Multimedia
Appendix 1. Additionally, the actual time spent in iVR was
recorded showing an average of 389 seconds (6.5 seconds
minimum; the maximum was 480 seconds or 8 minutes). The
first 3 scenes (Figure 1) were completed without issue; some
participants did not want to try scene 4 (standing up).
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Figure5. Results of the protocol response after immersive virtua readlity (iVR) use.
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Response to the IVR

Motor and Cognitive Performance and Mental State

The results show no significant changesin cognitive and motor
performance and mental state after iVR (Table 2) (TMT-A:
trs=1.244, correct P>.99; state anxiety: t;,=1.653, correct P=.65;
trait anxiety: t;,=1.754, correct P=.53; FICSIT-4: t,4=-2.531,
correct P=.16; TUG: t,g=-0.036, correct P>.99; short FES-I:
z=-1.461, correct P=.68). However, aimost al parameters
showed dlight but not statistically significant improvement after
iVR use. On the TMT-A, people with dementiaimproved by a

https://xr.jmir.org/2024/1/e54724

RenderX

Feedback on iVR

Comfort

mean of 9.5 seconds. State anxiety and trait anxiety improved
by 2.65 and 3.39 points, respectively. The FICSIT-4 showed
an increase of 1.44 points from pre- to posttest. The results of
the TUG and the short FES-I did not change.

The Dementia Mood Picture Test also reflects a dlight
improvement: 27 (82%) out of 33 participants were in a good
mood before iVR, and 6 (18%) were cheerful. After iVR, the
distribution of the 2 moods was balanced so that 16 (49%) out

of 33 participants were in agood mood and 17 (51%) werein
a cheerful mood.
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Table 2. Results of the pre- and posttest.
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Outcomes Pretest, mean (SD)

(95% Cl)

posttest, mean (SD)
(95% CI)

P value (Bonferroni-Holm)  Effect size (d)

Parametric tests (t test)

TMT-AZ (n=27) 118.43 (70.10) (90.67-146.20) 108.91 (80.60) (77.01-140.8) .225 (>.999) 0.24

State anxiety (points) (n=33) 33.94 (8.36) 31.29 (10.25) 108 (.648) 0.28
(29.42-36.46) (26.31-34.28)

Trait anxiety 33.45 (8.69) 30.06 (10.51) .089 (.534) 0.30

(points) (28.87-36.07) (25.14-33.21)

(n=33)

FICSIT-4P (points): n=30 1563 (5) 17.07 (5.10) .026 (.156) 0.43
(13.76-17.51) (15.16-18.98)

TUGE (n=29) 15.53 (5.60) 15.56 (5.50) 976 (>.999) 0.007
(13.41-17.65) (13.47-17.65)

Nonparametric tests (Wilcoxon test)
Short FES-19 (points) (n=33)  7.50%(7.00-11.25) 7.00% (7.00-10.00) 114 (.684) 0.25°

3TMT-A: Trail-Making Test A.

bFICSIT-4: Frailty and Injuries: Cooperative Studies of Intervention Techniques-4.

®TUG: Timed-Up-and-Go.
4FESI: Falls Efficacy Scale-International.
€ Median and 25th/75th percentile, Correlation coefficient r.

Discussion

Principal Findings and Comparison to Prior Work

This study demonstrates the feasibility of using iVR in people
with dementia without significant changes or effects on
emotional, cognitive, or physical outcomes. Thus, no negative
side effects were observed following iVR use. Out of 35
participants, only 2 dropped out during the study, and only 1 of
these was due to the participant feeling disturbed by the HMD.
Thus, the dropout ratefor iVR use waslow, which iscomparable
to Appel et a [27], who observed iVR use in people with
cognitive and/or physical impairmentsand Thapaet al [22] who
analyzed iVR use in people with MCI. Liao et a [23] reported
a higher dropout rate (8 out of 42) in people with MCI due to
low motivation during the iVR use, but this was a 12-week
intervention. Other studies using VR in people with dementia
did not report dropout rates, so no further comparisons are
available [36,37].

In genera, it might have been expected that people with
dementia would have challenges participating in the iVR [38].
On the one hand, thereis alack of haptic feedback, and on the
other, there is acoustic information from the real world (eg,
instructors speaking and birds singing in the iVR at the same
time). The feasibility of using iVR can be positively rated by
the average time participants used the iVR, which was 6.5
minutes (out of a maximum of 8 minutes). Additionally, the
reasons for discontinuing iVR use, which were more dueto the
low-stimulus environment rather than excessive demands or
overstimulation, also indicate good feasibility. Thefirst 3 scenes
of iVR use could be followed by all participants without any
issues.

https://xr.jmir.org/2024/1/e54724

Most of the participants (n=31, 93%) were attentive during the
iVR experience, which has not been reported previously. Asfar
aswe know, Mendez et a [36] only found that the participants
talkativeness increased while wearing an outdated HMD that
did not alow full immersion. Pleasant feelings such as joy or
fun were observed in the majority of participants, particularly
in 5 (15%) participants over alonger period (>5 min). Thisis
a positive observation, and it echoes the study by Appel et al
[27], where VR exposure was generally considered to be
enjoyable. In addition to the positive emotional reactions, the
guestion arises as to whether confusion, which occurs
disproportionately often in people with dementia[39], isrelated
to the use of VR. Confusion or challenging behavior may be
associated with extreme or extremely negative emotions [40],
which we sought to observe during the iVR use. In our study,
no participant showed anxiety, sadness, or anger during iVR
use. Thus, our findings agree with those of Appel et al [27] and
Mendez et al [36] regarding negative emotions.

The emotional observationsare particularly important for future
long-term use in an iVR intervention, as a sustainable
intervention in nursing homes should only be implemented if
additional benefitsin the real world are observed. The joy and
attention experienced, combined with the absence of fear, anger,
and sadness, suggest a positive impact on the quality of life.
Regarding challenging behavior among people with dementia
in nursing homes and home care [41], future studies could also
investigate whether positive outcomes can be achieved through
iVR use.

Since people with dementia are known to face challenges in
correctly identifying and associating negative emations [42],
the questions about the iVR use were particularly relevant and
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helpful in correctly classifying the observations. Our results
show that participants generally rated the iVR use as positive,
as assessed by the feedback questionnaire based on Appel et al
[27]. The responses to the questions are summarized under the
3 dimensions of response, feedback, and comfort.

The genera response to the iVR use was assessed by
guestionnaire items such as, “This helped you to relax and free
yourself from unwanted feelings or thoughts,” “You felt like
you were panicking when you saw this,” or “Did you get dizzy
whilewatching VR?.” All questions about dizziness or nausesa,
as well as confusion or disorientation, were answered in the
negative, so no negative effects are to be expected. Similar
results were also reported by Appel et al [27], who found that
92% of respondents did not experience nauseawhile using VR
and that other side effects such as dizziness, disorientation, or
confusion were not detected. The general response to the use
of iVR can therefore be considered positive, which was aso
shown in the feedback subdimension. Questionnaireitemswere
asked regarding thisrealm, such as, “ The virtual world appeared
to be very real to you,” “This was fascinating to observe,” or
“You want to spend more time viewing this environment.”

Questions about the comfort of the HMD included whether
participants were able to get used to the HMD, whether they
found the HMD heavy, and whether they were able to move
their headswell. High scores were found for these items, so the
comfort of the HMD can be rated as very good. This was aso
reported by Appel et a [27], where 88% of the participants
negated the question, “Did the VR HMD feel too heavy?’ In
general, however, this assessment must be qualified in the sense
that the participants in our study only used the HMD for a
relatively short period of time and did not perform any guided
movements with it.

There were no statistically significant changes in motor and
cognitive performance or mental state after the single use of
iVR. Side effectsfrom iVR use can therefore be ruled out. This
is a particularly positive finding for people with dementia, as
it could be expected that negative effects such as dizziness or
nausea may occur after just a few minutes of using iVR [38].
The nonsignificant improvements in almost all tests and
guestionnaires after iVR use suggest a learning effect due to
the short time interval between measurements. Assumptions
that theimprovements are al so due to an improvement in mood,
as has been found in people with depression [43], are speculative
and need to be investigated in further studies. To assess the
changes, it isimportant that physical and cognitive performance
does not decline significantly after the use of iVR, asthiswould
lead to an increased risk of falls and thus more intensive care.

State anxiety and trait anxiety also improved and may also be
related to positive emotions. The more positive emotions were
reflected in achangein the DementiaMood Picture Test, which
showed better mood scores after iVR use, along with cheerful
feelings, which may be related to a more positive mood. While
the results for mobility and fear of falling remained the same,
there were changes in balance after iVR use. This has not been
previously reported and cannot be explained presently. The
mean differencesin the FICSIT-4 test meet the threshold of the
minimal clinically important difference[44], but theresultsare
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not statistically significant and can therefore only beinterpreted
as trends. This may indicate a possible effect of longer-term
interventions, which needs to be verified in future studies. In
addition to the findings on balance, mobility, and fear of falling,
we observed that some participants did not want to try to stand
up with the HMD iVR system. This suggests that some
participants may have felt unsafewhile using iV R, which needs
to be considered for future iVR interventions, especially those
involving increased physical activation.

Strengthsand Limitations

The strength of this study is the use of iVR for people with
dementiaunder real conditionsin nursing homes. To date, there
have been few studies of this nature, and we were able to show
that the use of iVR in nursing homes is feasible and is not
expected to have a negative impact on people with dementia.

Aswith any study, there are several limitations. Thefirst isthe
rather low-stimulation VR environment, where there was no
direct activation in the form of physical activity. The rationale
was to investigate the general feasibility and gain experiences
with iVR for people with dementia to assess and possibly
minimize the risks of such VR uses. This was particularly
necessary for this target group to gain a first impression and
can therefore be seen as a preliminary step in assessing the
suitability of iVR for physical activity in people with dementia
in nursing homes. We aimed to avoid situations that could lead
to cognitive disorientation, emotional reactions, or physical
responses such as dizziness. The second limitation is the
relatively small sample size, which, athough considered
appropriate for the study design and objectives, does not allow
for generalization. Additionally, the sample had a rather mild
degree of dementia, which limits the generalizability to the
whole population of people with dementia. Thethird limitation
isthesingleuse of iVR in apredominantly seated position. The
single use of iVR and the predominantly seated position
influenced the interaction and incentive to be physically active,
at the same time legitimizing and strengthening the use of iVR
to promote physical activity. Therefore, the duration of the
intervention, the sample included, and a critical review of the
cost-benefit ratio need to be included in future studies.

Future Directions

Future studies should build on these findings by including more
stimulating environmentsthat encourage more physical activity.
Such environments could potentially increase engagement and
movement to exercise, overcoming the limitations of thisstudy’s
low-stimulation VR environment. To this end, the feasibility
of computer-generated virtual environments for people with
dementia should be examined, as they provide a higher degree
of individualization and interaction compared to 360° videos.
Additionally, longer-term iVR interventions with multiple
sessions should beinvestigated to assess|asting effects on motor
and cognitive performance. Future research should also
investigate the potential of iVR to positively impact the quality
of life of people with dementia by examining its effects on
mood, emotional well-being, and general engagement. Finally,
the economic feasibility of implementing iVR interventions
needs to be considered. Future studies should include
cost-benefit analyses to determine the overal value and
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feasibility of iVR asaregular intervention in care settings. By
addressing these areas, future research can further elucidate the
potential of iVR to improve the well-being of people with
dementia and contribute to the development of effective and
scalable interventions.

Conclusion
The changes observed in our study dueto the use of iVR do not
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conclude that iVR use can be applied in nursing homes for
peoplewith dementiaor MCI and that no debilitating emotional,
cognitive, or physical changes are to be expected afterward.
However, care must betaken during iVR useto ensure that there
areno eventsthat increasetherisk of falling. In this study, which
involved asingleuse of iVR in apredominantly seated position
and arelatively low stimulus iVR environment, there were no
complications. Further studies are needed to investigate

indicate that the use of iVR increasestherisk of falling or causes
adverse effects such as dizziness or nausea. Therefore, we can

prolonged use with amore stimulating environment and possible
physical and cognitive tasks in people with dementia.
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