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Abstract

Background: Virtual reality (VR) is a novel technology that can facilitate reminiscence in people with dementia.
However, few studies have explored the role of VR’s immersiveness in enhancing therapeutic outcomes.

Obijective: This study aimed to analyze the effects of an immersive VR reminiscence session compared to a non-immer-
sive session, focusing on engagement, behavioral and psychological symptoms (BPSD), and well-being, using behavioral
observation and physiological metrics.

Methods: A randomized crossover trial with a seven-day washout period was conducted. Engagement, BPSD and well-being
were assessed before, during and after each intervention using both observational scales and heart rate variability analysis.
Results: 20 participants (average age 80.55 years, 90% women) were recruited. Significant pre-post differences were
found in behavioral engagement (z=-2.67, p=0.008) and facial expression of apathy (z=—2.12, p=0.034) during the
immersive intervention. Additionally, lower apathy in terms of purposeful activity was observed during the immersive
intervention (z=-2.24, p=0.025). These results are particularly noteworthy given the sample size, which, although
small, highlights a clear trend of behavioral and apathy change.

Conclusions: The results suggest that VR’s immersiveness can enhance engagement in dementia intervention programs.
As VR technology becomes more accessible and safer, continued research is needed to explore its therapeutic potential.
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Introduction Non-pharmacological therapies are recommended as
first-line treatments for BPSD,%° as traditional medications
can lead to adverse effects, including increased fall risk and
mortality.lo’11 According to recent systematic reviews,
various non-pharmacological interventions, such as
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sensory stimulation, cognitive therapies, and behavioral
management techniques, have been shown to reduce
BPSD and improve cognitive function, daily living activ-
ities, and social interaction,'*'? ultimately enhancing inde-
pendence and increase QoL.%'*

Non-pharmacological interventions have also been
studied as beneficial to the well-being of people with
dementia,®'> primarily assessed through self-report scales
and observation, with some studies measuring physio-
logical metrics that translates into improvements in well-
being by analyzing heart rate variability (HRV) and the
autonomic nervous system (ANS).lG’17 These metrics,
though less commonly used, offer deeper insight into the
effects of such interventions on brain activity and emotional
states.'®

Reminiscence therapy (RT) was introduced to dementia
care in the late 1970s'*2° and utilizes materials such as
photographs, familiar items from the past and music to
evoke memories and encourage people to share and
cherish their past experiences, enhancing well-being.'**!
RT has been demonstrated to be beneficial for managing
BPSD,?** such as depression, anxiety and mood.*** It
leverages individuals’ stronger recall of early life events,
promoting engagement in therapy and self-identity.*!-*

Digital technologies have introduced innovative reminis-
cence tools, notably virtual reality (VR), which can enhance
memory recall and encourage reminiscence through immer-
sive experiences.?”*® VR is a term that refers to the set of hard-
ware and software components that replicate a simulated
environment, enabling users to interact with three-
dimensional computer-generated environments or 360°
video footage.”” VR comes in different forms, ranging from
fully immersive systems to non-immersive. Non-immersive
systems frequently use a computer monitor to interact with
the virtual environment.®® Systems that offer completely
immersive experiences include the user feeling physically
present within a virtual environment using a head-mounted
display (HMD) or a Cave, by reducing real-life stimuli.*°

According to recent studies, immersive VR is safe, well-
tolerated, and able to encourage engagement and give
dementia patients enjoyable experiences.?*>! Also, Rose
et al.’s study revealed that dementia participants frequently
reminisced and spontaneously reenacted stories from their
past when they watched 360° videos of places that appeared
familiar and important to each person’s life experience.?

With inconsistent findings, numerous studies have also
investigated the efficacy of VR for decreasing BPSD and
enhancing the QoL for dementia patients.>>>> In particular,
some VR reminiscence studies observed that this interven-
tion can be feasible,34 sa’fe,35 Well—accepted36 and promotes
positive levels of comfort, pleasure, satisfaction with the
experience,”’ and engagement to social interactions.®

Despite these promising benefits, in the context of
dementia care, VR reminiscence interventions are novel
and under researched.*® Moreover, most studies that

evaluate the effect of RT or RT using VR on people with
dementia evaluate using questionnaires and behavioral
measures, with few studies evaluating people’s physio-
logical metrics during the intervention.”*>° With all this
in mind, the aim of this study was to analyze the effect of
an immersive VR reminiscence session compared to a non-
immersive reminiscence session, in terms of engagement,
BPSD and well-being in people with dementia, using
behavioral observation and measurement of physiological
metrics during interventions.

Considering the objective of the present study, the fol-
lowing hypothesis was determined for this study:

H1: The application of a reminiscence intervention using
immersive VR (HMD) contributes to a greater engage-
ment, less BSPD and to a greater well-being in session
compared to a non-immersive reminiscence intervention
(monitor), using 360° videos from locations relevant to
the participants.

Methods

Recruitment

This study was a randomized crossover trial, with each par-
ticipant undergoing two interventions: an immersive VR
reminiscence session and a non-immersive reminiscence
session, separated by a seven-day washout period.*
Which intervention each participant performed first was
randomized.

Ethics approval was obtained from the E2S -
Polytechnic of Porto (CEOO31E). Institutions were con-
tacted via email to recruit participants, and consent was
secured from the participant or the participants’ families,
adhering to the Declaration of Helsinki.*' The consent
form outlined the study’s objectives, procedures, confiden-
tiality measures, and participants’ rights to withdraw at any
time without penalty.

Participants were recruited through non-probabilistic
convenience sampling from dementia care institutions
accessible to researchers. A sample of 22 participants was
recruited considering as inclusion criteria having diagnosis
of dementia. Considered exclusion criteria were: severe
visual deficits that prevented them from experiencing the
videos, severe communication deficits that do not allowed
them to express their life stories, as well as describe their
sensations during the intervention, score of 7 on the
Global Deterioration Scale (GDS)42 which represents an
advanced stage of the dementia process, having a diagnosis
of Lewy body type dementia due to the likelihood of visual
hallucinations, and having severe motor limitations that pre-
vented the active exploration of the videos. Within this
sample of participants, 11 began the intervention with an
immersive approach and 11 began with a non-immersive
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approach. However, 2 participants were excluded from the
study after it was started, as shown in Figure 1.

Measurements

The level of dementia progression was measured with the
Global Deterioration Scale (GDS).**** The Engagement
of a Person with Dementia Scale (EPWDS)** was used to
assess engagement during the session, the Person-
Environment Apathy Rating (PEAR)* was used to assess
apathy, a commonly BPSD, before, during and after the
session, the Observed Emotion Rating Scale (OERS)46
was used to assess BPSD during the session, such as pleas-
ure, anger, anxiety/fear, sadness and general alertness, the
Observable Well-Being in Living With Dementia Scale
(OWLS)*” was used to assess well-being during the
session. Furthermore, a questionnaire was developed to
characterize the participants regarding sex, birth date,
marital status and education years. After each session, to
evaluate the participant’s self-perception of the experience,
a Likert scale from 1 to 5 was also created with the follow-
ing questions: “Did you like the experience?”, “How was
the experience?”, “How motivated are you to do this activ-
ity again?”, “Interested in seeing other places?”, “How well
did you manage to watch the video?” and “How comfort-
able was the activity?”. To analyze the psychophysiological
metrics, electrocardiography (ECG)*® was used to assess
engagement and well-being during the session, through
the HRV and ANS activity.

The GDS** is a scale that identifies the stage of degen-
erative dementia and encompasses functional and cognitive
deficits. It is a seven-level rating scale in which level 1
reflects no cognitive decline, level 2 reflects very mild cog-
nitive decline, and levels 3 through 7 are defined, respect-
ively, as mild, moderate, moderately severe, severe, and
very severe cognitive impairment. Each level is associated
with clinical stages ranging from normal (level 1) to
late-onset dementia (level 7). This scale is completed with
the help of professionals from the institutions.

The EPWDS* is a scale that assesses and measures the
degree of engagement of participants during interventions.
It consists of five categories of engagement: affective,
visual, verbal, behavioral and social engagement. Each cat-
egory is divided into two items, one of which is perceived
as positive involvement and the other as negative involvement.
The total score varies from ten to fifty points, and the higher
the total score, the greater the positive engagement demon-
strated by the person. Each item is scored according to a five-
point Likert scale (from 1 to 5). In terms of internal consist-
ency, the Cronbach’s alpha is 0.94.**

The PEAR™ is a scale used to assess participants’ apathy
before, during and after sessions. Apathy is measured by
looking at six indicators: facial expressions, eye contact,
physical engagement, purposeful activity, verbal tone and

verbal expression, on a scale of 1 to 4, with higher scores
indicating a greater level of apathy. This scale can also be
an aid to assess engagement based on apathy levels. In
terms of internal consistency, the Cronbach’s alpha is
0.85 for the PEAR-Apathy subscale version.*’

The OERS™ is an observational scale to assess two positive
emotions (pleasure and general alertness) and three negative
emotions (anger, anxiety or fear, and sadness). During a
10-min period, the researcher chooses one of six possible
defined time intervals (e.g., 1 =never; 2=<16s; 3=16—
59s; 4=1-5min; 5=>5min; and 7=not in sight) that a
target subject demonstrates each of the five emotions. Higher
scores indicate longer duration of expression of that emotion.

The OWLS" is an instrument used to code observed
expressions of well-being in people with dementia when par-
ticipating in activities. The person is observed for 30 s. All
items are scored dichotomously as “1” if present and “0” if
not present. It consists of eight categories of well-being: atten-
tion, initiative/responsiveness, relaxation, happiness, pleasure,
expressions of identity, mastery and relationships. For each
category, a scale of 1-10 is used to evaluate the relative fre-
quency during the 30-s intervals. The higher the score, the
higher the levels of well-being. In terms of internal consist-
ency, the inter-rater reliability’s Cohen’s Kappa is 0.82 and
the intra-rater reliability’s Cohen’s Kappa is 0.98.4’

Heart rate variability (HRV) data were recorded using
electrocardiography (ECG),*® assessing emotional activa-
tion through time-domain parameters like: Mean HR,
since its variability is closely related to emotional activa-
tion48’49; SDNN, which is the standard deviation of all
R-R intervals, to analyze the cyclic components responsible
for HRV; RMSSD, described as the root mean square of
successive differences, to analyze parasympathetic
nervous system (PNS); pNN50, which is the percentage
of successive normal sinus RR intervals more than 50 ms,
to also analyze PNS.**? In terms of Frequency Domain
(FFT Welch Method) on Low frequencies (LF) (0.04 Hz,
0.15 Hz), to analyze the mix of sympathetic and parasympa-
thetic activity and the baroreflex activity, and High frequen-
cies (HF) (0.15 Hz, 0.4 Hz), to analyze the PNS, were used:
Peak Frequencies and Absolute Powers.**>> Moreover, the
Total Power, which is the sum of the energy in the LF and
HF bands, and LF/HF Ratio, which is the ratio between
sympathetic nervous system (SNS) and PNS, were also ana-
lyzed.>* On Non-linear indices were used: SD1, which is
the standard deviation — Poincaré plot Crosswise, to
analyze quick and high frequent changes in HR variability;
SD2, which is the standard deviation — Poincaré plot
Lengthwise, to analyze long-term changes in HRV.**~2

Intervention

Prior to data collection, the evaluation protocol and methods
were established by the research team. Authorization for the
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Assessed for eligibility

(n22)
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i’ (n=0)
¥
Randomized
(n=22)

A 4

A 4

Allocated to immersive intervention initially (n=11)
11 Received allocated intervention
0 Did not receive allocated intervention

Allocated to non-immersive intervention initially
(n=11)
11 Received allocated intervention
0 Did not receive allocated intervention

7 days washout phase

/

\

Allocated to immersive intervention secondly (n=11)
9 Received allocated intervention

2 Did not receive allocated intervention
1 Dropped out due to medical reasons
1 Dropped out due to withdrawal

Allocated to non-immersive intervention secondly
(n=11)
11 Received allocated intervention
0 Did not receive allocated intervention

A

y

Analyzed
(n=20)

Figure |I. CONSORT flow diagram.

assessment scales was obtained from the respective authors,
and translated versions were utilized for outcome evaluation.
Researchers received training on the protocol, followed by a
pilot evaluation phase involving relatives and older adults to
test its effectiveness. Adjustments were made based on pilot
feedback before initiating sessions with participants.

In the pre-intervention session, participants and their
caregivers identified a significant location from a pre-filmed
list, and the characterization questionnaire was completed.
Researchers confirmed this information with caregivers to
ensure accuracy. To maintain confidentiality, each partici-
pant was assigned an alphanumeric code. During this
period, institutional professionals completed the GDS for
each participant.

Regarding the intervention, each participant was
exposed to two sessions, separated by a seven-day
washout period. One session involved viewing a significant
location video using the Oculus Quest 2 HMD, after a dem-
onstration of the device. Participants first viewed a neutral
video (library) for 2—-3 min to familiarize themselves with

the HMD, followed by the significant location video for
5—6 min. In the other session, the same intervention struc-
ture was used, using a computer monitor and a mouse to
explore it. There was randomization of participants regard-
ing which session they would perform first, carried out by a
researcher not involved in data collection and intervention.
Sessions lasted 20-30 min and took place in the partici-
pant’s preferred setting between May and July 2024.
During exposure to the two experimental conditions, the
participant’s peripheral physiological activity was recorded
using the BITalino Core BT/BLE amplifier (acquisition fre-
quency 1000 Hz). More specifically, the heart rate (HR) and
HRYV were collected through ECG with 3 electrodes placed
on the trunk (positive electrode on the right clavicle; negative
electrode on the left iliac crest; ground electrode on the clav-
icle left). The procedure consists of a non-invasive, painless
collection with no known side effects. To apply the electro-
des, it was necessary to clean the area of the skin where the
electrodes were applied with alcohol and abrasive gel, to
remove any residue that could interfere with collection.
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The electrodes were subsequently fixed using tape (adhesive
tape suitable for application to the skin). Precautions were
only necessary when cleaning and preparing the skin of par-
ticipants with skin problems and/or open wounds in the posi-
tions where the electrodes were to be placed. After placing
the electrodes, the participant was asked to remain relaxed
and silent for 5 min so that their physiological signals
could return to a normal state. After 5 min, physiological
signals were recorded at rest for 2 min. Physiological
signals were also recorded throughout the period of habitu-
ation and exposure to the significant location video.

Various assessment instruments were applied before,
during, and after the sessions to evaluate engagement,
BPSD, and well-being. During the sessions, in both inter-
ventions, the researchers asked several questions, following
a previously defined guide, to allow greater discussion and
communication with the participant. With the aim of dis-
cussing the observed behaviors with the entire research
team and the researchers present could focus on the para-
meters of the protocol and the personal stories that the par-
ticipants were describing, the session was filmed, in
accordance with the consent of the participant and care-
givers. The camera was placed in front of the participant
to capture their entire body and all their movements and
reactions. Filming captured participants from entry to exit.
After each session, the participant’s self-perception of the
experience scale was applied. Data collection was carried
out by two properly trained researchers who followed the
same data collection protocol.

Statistical analysis

Statistical analysis was performed using the IBM Statistical
Package for the Social Science (SPSS) version 29 software.
First, descriptive statistics were used to present the character-
istics of the participants and the instruments results.
According to the nature of the variables, categorical vari-
ables were presented as number (n) and percentages (%)
and continuous variables were presented with the mean
(M), standard deviation (SD), minimum and maximum
values.

Subsequently, to be able to analyze the differences
between the two interventions, immersive and non-
immersive, through the results of the different scales, the
paired samples t-test was applied, whenever the normality
of the variables was assumed. When this assumption was
not assumed, the respective non-parametric test, the
Wilcoxon signed-rank test, was applied.

The statistical assumptions for carrying out the tests were
validated through the normality analysis of the Shapiro-Wilk
test variables, with the normal distribution of variables being
assumed whenever the p-value was greater than the signifi-
cance level. A significant level of 0.05 was considered
when carrying out all statistical tests.

Regarding ECG data, data preprocessing and measure
extraction was conducted using the pyHRV Python
Toolbox pipeline. Processing of ECG included signal filter-
ing (3 Hz—45 Hz), R-peak detection (Hamilton-Tompkins
algorithm) and lastly feature extraction.”*> Outliers were
removed using the 3 interquartile range criteria®® and the stat-
istical significance threshold was set at 0.05. Descriptive and
inferential statistics were computed using SPSS. For inferen-
tial statistics, parametric tests were used whenever data distri-
bution was deemed approximately normal using threshold
criteria for skewness and kurtosis — less than 12.0l and [9.0l,
respectively.”’® Additionally, two-way repeated-measures
ANOVAs were implemented for comparing the three
conditions in the two types of interventions. For these
models, sphericity was tested using Mauchly’s test.
The Huynh-Feldt correction was employed whenever this
assumption was not met and the epsilon was higher than
0.57;560therwise, the Greenhouse-Geisser correction was
used.

Results

Sample characteristics

According to Table 1, the study included 20 participants,
aged between 68 and 93 (M =80.55 +6.69), the majority
were female (n=18, 90%) and 11 participants were
widows (55%). Regarding education, the average number
of years spent studying by participants was 4.75 years
(SD % 2.07). The most common level of deterioration, clas-
sified by the GDS, was moderate cognitive decline (n= 10,
50%), with a mean scale score of 4.15 (SD+0.81). For
more detailed information, consult Table 1.

Comparison of engagement in the different
interventions

In terms of engagement in the session, the results indicated
that there was no significant difference between the
immersive intervention and non-immersive intervention,
t (19)=1.058, p=0.303. Analyzing the mean EPWDS
scores, although there were no significant differences, con-
sidering the maximum EPWDS score, the mean obtained in
the two interventions indicates that the engagement in both
sessions was positive (see Supplemental Table 1).
According to Table 2, the results indicated that the behav-
ioral engagement in session was significantly higher on
immersive intervention (M =4.33, SD=0.52) compared
to non-immersive intervention (M =4.05, SD =0.58), z=
—2.67, p=0.008. Regarding all the remaining engagement
indicators on the EPWDS scale, it was possible to conclude
that there was no significant difference between the immer-
sive and non-immersive intervention.



1522

Journal of Alzheimer’s Disease 107(4)

Table |. Sample characteristics, through sociodemographic
variables and dementia stage, through the GDS scores.

Table 2. Comparison of the immersive and non-immersive
intervention according to the EPWDS categories scores.

Sample
n=20
n (%)
Age (years)
Mean + Standard deviation 80.55 +6.69
Min-Max 68-93
Sex
Feminine 18 (90)
Masculine 2 (10)
Education (years)
Mean + Standard deviation 4.75+2.07
Min-Max 0-9
Marital status
Married 6 (30)
Widow/er Il (55)
Single 2 (10)
Divorced I (5)
GDS
Mild cognitive decline 4 (20)
Moderate cognitive decline 10 (50)
Moderately severe cognitive decline 5 (25)
Severe cognitive decline I (5)
GDS score (1-7)
Mean + Standard deviation 4.15+0.8lI

Comparison of behavioral and psychological
symptoms in the different interventions

According to Table 3, the results indicated that apathy on
facial expressions during the session was significantly
higher on immersive intervention (M =2.30, SD=0.80)
compared to non-immersive intervention (M =2.00, SD=
0.65), z=-2.12, p=0.034. It also indicated that apathy
on purposeful activity during the session was significantly
higher on non-immersive intervention (M =1.75, SD=
0.72) compared to immersive intervention (M =1.50,
SD=0.51), z=-2.24, p=0.025. Regarding all the remain-
ing apathy indicators on the PEAR scale, it was possible to
conclude that there was no significant difference between
the immersive and non-immersive intervention. In terms
of pleasure (z=-0.25, p=0.803), anger (z=0.00, p=
1.000), anxiety or fear (z=-1.00, p=0.317), sadness
(z=-0.38, p=0.705) and general alertness (z=0.00,
p=1.000) in the session, the results indicated that there
was no significant difference between the immersive and
non-immersive intervention (see Supplemental Table 2).

Comparison of well-being in the different
interventions
The results indicated that there was no significant difference

between the immersive and non-immersive intervention in
terms of well-being in the session. Analyzing the mean

Mean + Standard deviation

Immersive Non-immersive

intervention intervention P
Affective engagement  4.20+0.71 4.23+0.67 0.816°
Visual engagement 470+038 4.63+0.39 0.499*
Verbal engagement 455+039 4.58+0.44 0.813*
Behavioral engagement 4.33+0.52 4.05+0.58 0.008"
Social engagement 423+047 4.13+0.53 0.356°

?value obtained using the Wilcoxon signed-rank test.

OWLS scores, although there was no significant difference,
a tendency towards a higher level of happiness and pleasure
in immersive intervention compared to non-immersive
intervention may emerge. It can also be observed that in
both interventions all participants presented themselves
attentive, responsive and relaxed during the intervention
(see Supplemental Table 3).

Comparison of physiological metrics in the different
interventions

Relatively to the time domain results (see Supplemental
Material), for the repeated-measures ANOVA for mean
HR, the sphericity assumption was not met (p <0.001) and
the epsilon was 0.618 for the condition effect and 0.589
for the condition * intervention interaction. Thus, the
Huynh-Feldt correction was employed for this model. The
results indicated a significant main effect for condition,
F (1.235,19.765)=4.333, p=0.043, partial n2=0.213.
Post-hoc pairwise comparisons with a Bonferroni correction
indicated that mean HR in the baseline rest condition
M =67.55, SD =2.58) was significantly lower (p =0.020)
than in the exposure condition (M =69.79, SD=2.31).
However, there was no significant main effect for interven-
tion, F (1,16)=0.026, p=0.875, partial n2=0.002, and
non-significant intervention*condition interaction, F (1.178,
18.852)=0.279, p=0.641, partial n2=0.017.

The repeated-measures ANOVA results for SDNN
indicated no significant main effect for intervention,
F (1,16)=0.069, p=0.796, partial n2=0.004, condition,
F (2,32)=2.501, p=0.098, partial n2 =0.135 and interven-
tion*condition interaction, F (2,32)=0.256, p=0.776,
partial n2=0.016.

For the repeated-measures ANOVA for RMSSD, the
threshold criteria for skewness and kurtosis assumption
was not met (skewness>2), despite being very close
values. The results indicated no significant main effect
for intervention, F (1,16)=0.007, p=0.935, partial
N2 =0.000, condition, F (2,32) =1.729, p=0.194, partial
n2=0.098 and intervention*condition interaction,
F (2,32)=0.458, p=0.637, partial n2=0.028.
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Table 3. Comparison of the immersive and non-immersive intervention according to the PEAR scores.

Mean + Standard deviation

Immersive intervention Non-immersive intervention p
Before Facial expressions 2.85+0.88 2.85+0.88 1.000%
Eye contact 1.45 +0.69 1.40 +0.69 0.763*
Physical engagement 2.80+0.95 2.85+0.88 0.796°
Purposeful activity 245+ 1.15 240+ 1.14 0.785%
Verbal tone 2.85+0.75 2.90+0.85 0.763"
Verbal expression 2.40+0.75 2.15+0.88 0.059*
During Facial expressions 2.30+0.80 2.00+0.65 0.034°
Eye contact 1.35+0.49 1.20+0.41 0.180°
Physical engagement 1.80 +0.83 2.00+0.86 0.248*
Purposeful activity 1.50+0.51 1.75+0.72 0.025%
Verbal tone 2.25+0.55 220+0.52 0.655*
Verbal expression 1.65+0.59 1.50+0.51 0.257¢
After Facial expressions 2.40+0.75 2.55+0.61 0.405?
Eye contact 1.25+0.44 120+ 041 0.655%
Physical engagement 2.35+0.88 2.35+0.88 1.000*
Purposeful activity 1.95+0.63 1.85+0.67 0.595°
Verbal tone 2.30+0.66 2.40 +0.50 0.516*
Verbal expression 1.80 +0.70 1.90 +0.64 0.480*

?value obtained using the Wilcoxon signed-rank test.

The repeated-measures ANOVA results for pNN50 indi-
cated no significant main effect for intervention, F (1,19)=
1.466, p=0.241, partial n2=0.072, condition, F (2,38)=
0.006, p=0.994, partial n2 =0.000 and intervention*condition
interaction, F (2,38) =0.611, p=0.548, partial n2=0.031.

Considering the frequency domain results (see
Supplemental Material), the repeated-measures ANOVA
results for Peak Frequencies on LF band indicated no sig-
nificant main effect for intervention, F (1,19)=0.112,
p=0.741, partial n2 =0.006, condition, F (2,38)=0.857,
p=0.433, partial n12=0.043 and intervention*condition
interaction, F (2,38)=0.076, p=0.927, partial n2 =0.004.
In terms of Peak Frequencies on HF band, the repeated-
measures ANOVA results indicated no significant main
effect for intervention, F (1,19)=0.297, p=0.592, partial
n2=0.015, condition, F (2,38)=0.480, p=0.623, partial
n2=0.025 and intervention*condition interaction,
F (2,38)=0.182, p=0.834, partial n2=0.010.

For the repeated-measures ANOVA for Absolute
Powers on LF band, the threshold criteria for skewness
and kurtosis assumption was not met (skewness >2 and kur-
tosis >9). The sphericity assumption was not met for the
condition * intervention interaction (p<0.001, epsilon=
0.576). Thus, the Huynh-Feldt correction was employed
for this model. The results indicated no significant main
effect for intervention, F (1,14)=0.029, p=0.866, partial
n2=0.002, condition, F (2,28)=0.465, p=0.633, partial
n2=0.032 and intervention*condition interaction, F
(1.153,16.140)=0.231, p=0.672, partial n2=0.016. For
the repeated-measures ANOVA for Absolute Powers on
HF band, the threshold criteria for skewness and kurtosis

assumption was not met (skewness>?2 and kurtosis>?9).
The sphericity assumption was not met for the condition
effect (p<0.001, epsilon =0.594) and for the condition *
intervention interaction (p <0.001, epsilon =0.547). Thus,
the Huynh-Feldt correction was employed for the condition
effect and the Greenhouse-Geisser correction was
employed for the condition * intervention interaction. The
results indicated no significant main effect for intervention,
F (1,14)=1.386, p=0.259, partial n2 =0.090, condition,
F (1.187,16.619)=2.493, p=0.130, partial n2=0.151
and intervention*condition interaction, F (1.094,15.321) =
0.449, p=0.530, partial n2 =0.031.

For the repeated-measures ANOVA for Total Power, the
threshold criteria for skewness and kurtosis assumption was
not met (skewness > 2 and kurtosis > 9). The sphericity assump-
tion was not met for the condition effect (p =0.014, epsilon =
0.732). Thus, the Huynh-Feldt correction was employed for
the condition effect. The results indicated no significant main
effect for intervention, F (1,15)=0.460, p=0.508, partial
n2=0.030, condition, F (1.463,21.948)=0.295, p=0.679,
partial n2=0.019 and intervention*condition interaction,
F (2,30)=0.471, p=0.629, partial n2 =0.030.

For the repeated-measures ANOVA for LF/HF Ratio, the
threshold criteria for skewness and kurtosis assumption was
not met (skewness>?2). The results indicated no significant
main effect for intervention, F (1,13)=0.272, p=0.611,
partial 12=0.020, condition, F (2,26)=0.015, p=0.985,
partial n2=0.001 and intervention*condition interaction,
F (2,26)=0.739, p=10.488, partial n2 =0.054.

In terms of the non-linear indices results (see
Supplemental Material), for the repeated-measures
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ANOVA for SD1, the threshold criteria for skewness and
kurtosis assumption was not met (skewness>2). The
results indicated no significant main effect for intervention,
F (1,16)=0.007, p=0.935, partial n2 =0.000, condition,
F (2,32)=1.729, p=0.194, partial 2 =0.098 and interven-
tion*condition interaction, F (2,32)=0.458, p=0.637,
partial n2=0.028. The repeated-measures ANOVA
results for SD2 indicated no significant main effect for inter-
vention, F (1,16)=0.124, p=0.729, partial 12 =0.008,
condition, F (2,32)=2.858, p=0.072, partial n2=0.152
and intervention*condition interaction, F (2,32)=0.171,
p=0.843, partial n2=0.011. In terms of SD2/SD1 Ratio,
the repeated-measures ANOVA results indicated no signifi-
cant main effect for intervention, F (1,18)=0.177,
p=0.679, partial n2=0.010, condition, F (2,36) =0.970,
p=0.389, partial n2=0.051 and intervention*condition
interaction, F (2,36) =0.086, p=0.918, partial n2 =0.005.

Comparison of the participant’s self-perception of the
experience in the different interventions

The participant’s self-perception of the experience ques-
tionnaire results (see Supplemental Table 9) demonstrated
that generically the participants enjoyed both interventions
(immersive and non-immersive), with a tendency to evalu-
ate more positively to the immersive intervention than non-
immersive intervention, despite reporting slightly greater
difficulties to visualize the videos in the immersive
intervention.

The results indicated that there was no significant differ-
ence between the immersive and non-immersive interven-
tion in terms of the participant’s self-perception of the
experience in the session. Analyzing the questionnaire
mean scores, although there were no significant differences,
a tendency to enjoy more immersive intervention compared
to non-immersive may emerge. Also, a tendency to watch
the video better on non-immersive intervention compared
to immersive intervention may emerge. Considering the
maximum questionnaire score on each question, the mean
obtained in the two interventions indicates that the partici-
pant’s self-perception of the experience in both sessions
was positive (see Supplemental Table 10).

Discussion

The aim of this study was to analyze the effect of an immer-
sive VR reminiscence session compared to a non-immersive
reminiscence session, in terms of engagement in session,
BPSD and well-being in people with dementia, using behav-
ioral observation and measurement of physiological metrics
during interventions. It was found that the behavioral engage-
ment in session was significantly higher on immersive inter-
vention compared to non-immersive intervention. The
results also indicated that apathy on purposeful activity

during the session was significantly lower on immersive
intervention compared to non-immersive intervention,
however apathy on facial expressions during the session
was significantly higher on immersive intervention com-
pared to non-immersive intervention. Regarding the physio-
logical analysis, the mean HR in the baseline rest condition
was significantly lower than in the exposure condition, in
both interventions. As for the other measures evaluated,
there were no significant differences between the immersive
intervention and non-immersive intervention.

Regarding engagement in the session, the results indi-
cated that behavioral engagement was significantly higher
in the immersive intervention than in the non-immersive
intervention. This suggests that the immersive intervention
would have been more engaging for the participant to watch
the video, pointing to locations and attempting to touch or
approach objects. This is consistent with scientific research,
which indicates that participant engagement during an inter-
vention usually increases with increased immersion in the
activity,”’” demonstrating good adherence to these immer-
sive interventions,37’58 due to the greater ease in evoking
past memories and offering greater opportunity for the par-
ticipant to explore and interact with the environment
through body movements.>*>° This result may have been
observed due to, combined with the immersiveness of
VR, the fact that it was a new and different way of partici-
pating in interventions may also have provoked greater
interest and engagement.

Interpreting engagement in general and the remaining
engagement indicators, it was possible to conclude that
there were no significant differences between the immersive
and non-immersive intervention. This resultis notin line with
the scientific literature already cited, which refers that inter-
ventions with greater immersiveness tend to be more motiv-
ating, thus promoting greater participant engagement.>*°
This result can be explained, not only by the small number
of participants and number of sessions per interventions,
but the fact of carrying out activities using new technologies,
such as VR, can be limiting to the participant’s participation,
due to lack of knowledge and the fact that handling the soft-
ware can be confusing.’”®° Furthermore, greater immersion
may also have been a distracting element to the participant’s
involvement.””®!

For BPSD, it was possible to conclude that apathy on
purposeful activity was significantly lower in the immersive
intervention compared to the non-immersive intervention,
indicating greater engagement in the session. This result
is in line with scientific evidence that tells us that immersive
activities may provide greater interest in the activity, thus
also increasing their motivation to engage and intentionally
participate in the session.’®*® Contrary to this scientific
evidence, it was possible to conclude that the apathy
demonstrated in facial expressions during the session
was significantly higher in the immersive intervention
than in the non-immersive intervention. This result can be
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explained by the fact that the use of HMDs in the facial area
may have limited the participant’s movements in terms of
facial expressions or even limited the researchers’ observa-
tion of apathy’s facial expressions.

When it comes to the other apathy measures evaluated,
through the PEAR, it was possible to conclude that there
were no significant differences between the immersive
intervention and non-immersive intervention. Handling
the non-immersive activity with the computer mouse or
the use of VR itself, may have limited the participant’s
own attention to the activity, which may have influenced
the results when it comes to apathy in interventions.>’~%°

Regarding pleasure, anger, anxiety, sadness and general
alertness, there were no significant differences between
immersive and non-immersive intervention. According to
scientific evidence, greater immersion could have a
greater positive effect on mood, happiness, pleasure, agita-
tion, depressive and anxious symptoms compared to non-
immersive activities.?*® This lack of a significative differ-
ence can be explained not only by the sample size, but also
by the fact that immersive activities can amplify emotions
experienced by participants during the intervention, both
positive and negative emotions due to the high degree of
presence and realism provided by the VR.3”* The fact
that there was only one session for each intervention may
also have limited the observation of significant differences.
Overall, in this study, both interventions showed positive
effects on the participants, also making it difficult to con-
clude significant differences, combined with the possible
difficulties of the assessment measures not being sensitive
enough to identify differences, especially considering the
range of their scores.

Regarding measures of well-being, it was possible to
conclude that there were no significant differences
between the immersive intervention and non-immersive
intervention. Analyzing the results of the OWLS scale, it
was possible to verify a tendency for higher levels of hap-
piness and pleasure in the immersive intervention than in
the non-immersive intervention, which is in line with
studies that report that participants could have higher
levels of well-being during activities with immersive inter-
ventions, due to the stimulation of memories of autobio-
graphical memories, promoting their sense of identity.*®%
The methodology of the instrument used could have been
a limitation to observe significant differences, as OWLS
is quoted if, in the evaluated period, the first four items
are not rated, it is not possible to count the following,
even if the person presents these indicators of well-being,
which may have influenced these results.*’ It was also con-
cluded that in both interventions all participants presented
themselves attentive, responsive and relaxed during the
intervention. This result is in line with scientific evidence
that also found that these reminiscence interventions can
be an enjoyable and relaxed session, where participants
are attentive and focused during the session.?”->*%4

Regarding physiological measures, it was possible to
conclude that mean HR was significantly lower in the base-
line rest condition compared to the exposure condition.
However, no significant differences were found on the
remaining physiological measures. Immersive reminiscence
interventions can potentially unbalance the ANS. Due to the
fact that it was a reminiscence intervention, capable of pro-
moting the person’s interest and causing relaxation and
pleasure, there was the possibility of the PNS dominating
over the SNS,65’66 based on a decrease in the mean HR
and increase in SDNN, RMSSD, pNN50, HF and SDI
values.>*%’ Despite this, reminiscence interventions, being
carried out with new technologies, such as VR, can
promote interest and engagement in the session, thus
increasing the participant’s motivation to participate
actively,’®® presented by the dominance of the SNS over
the PNS, based in the increase in the mean HR, which is
in line with the results of this study, and increase in LF,
LE/HF ratio values.®>® This dominance of the SNS may
also be combined with fear, nervousness or anxiety when
carrying out VR activities, due to lack of knowledge
about the use and function of these technologies.*”->®

Regarding SD2 values, although there were no signifi-
cant differences, there was a tendency for these values to
be higher during habituation and exposure conditions com-
pared to resting condition, which is in line with what was
previously mentioned, that immersive reminiscence inter-
ventions can promote greater motivation to engage in the
activity, thus increasing SNS, combined with the increase
in mean HR also observed.’*® As this variable is specula-
tive and more reliable over longer-term recordings, it will
be necessary to further investigate this relationship with
the ANS.

The inability to observe significant differences between
the types of intervention may have been due to the positive
effects caused by both interventions, evidenced by the par-
ticipant’s own self-perception of the experience.

In terms of the participant’s self-perception of the
experience, although the results indicated that there were
no significant differences, it was possible to observe a ten-
dency to enjoy the immersive intervention more than the
non-immersive intervention. This result is in line with sci-
entific evidence that says that immersive intervention is
usually more appreciated, more satisfying and interesting
for participants than non-immersive intervention, with
good adherence and participation.’*?° Studies also
support the safety and feasibility of using VR to promote
autobiographical memory activities.?*! It was also pos-
sible to observe the tendency to see the video presented
in the non-immersive intervention better than in the
immersive one. The comfort factor of the HMD in con-
junction with the participants’ prescription glasses, may
account for this outcome.

This study has several strengths, notably its exploration
of the under-researched area of VR reminiscence for
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individuals with dementia, focusing on engagement, BPSD,
and well-being. The inclusion of physiological data during
sessions is a significant contribution, as it is often over-
looked yet essential for evaluation. The study utilized
diverse instruments targeting various aspects of each vari-
able, allowing for comprehensive assessment of the inter-
ventions and  their effects on  participants.
Observation-based measures were particularly relevant
given the communication challenges associated with
dementia. Additionally, confirming participants’ life
stories with caregivers to select appropriate videos
enhanced the intervention’s relevance, acknowledging the
memory deficits present in some participants. The persona-
lized nature of the interventions likely fostered greater
engagement and impact.”®%®

However, the study also faced limitations. The small
sample size may have affected the power and significance
of statistical analyses, compounded by the limited
representation of only two male participants, which
restricts the generalizability of the findings. Unconscious
bias was another concern, as researchers conducting the
interventions were aware of the study’s hypotheses. The
static seating arrangement during the immersive interven-
tion aimed to mitigate adverse effects, such as nausea or
fall risk, but may have restricted participants’ ability to
engage fully with the 360° video, potentially diminishing
the immersive experience. Conducting only one session of
each intervention may have influenced outcomes, as par-
ticipant condition on the intervention day could vary.
Additionally, the use of a computer mouse in the non-
immersive session posed challenges for some participants,
affecting their engagement. Variability in recognition of
the habituation video may have led to differences in par-
ticipation levels, impacting results. The need to remove
the HMD between habituation and exposure periods may
have affected physiological analyses, while the different
progression of dementia stages throughout the participants
could also have influenced outcomes across the two inter-
ventions, as there may have been a transition effect from
the first intervention to the second intervention. Finally,
the absence of a passive control group or physical remin-
iscence activities may also represent a limitation, as it pre-
vents definitive attribution of the observed changes to the
intervention.

Conclusion

In this study it was concluded that immersive intervention
significantly = enhanced engagement and reduced
activity-related apathy compared to non-immersive inter-
vention. However, no significant differences were found
in well-being and the remaining BSPD, despite the results
suggesting a tendency for a greater positive effect in the
immersive intervention, such as happiness, pleasure and
enjoyment. These findings highlight the potential of using

technologies like VR and computers to improve adherence
and engagement in dementia intervention programs, given
their increasing accessibility and safety.

Future research should involve larger, more balanced
samples to allow for robust statistical analyses and generaliza-
tion of results. The possibility of introducing external evalua-
tors or blinding procedures, having an impact on blinding
bias, should be explored in future studies. Exploring the use
of swivel chairs for safe viewing of 360° videos may enhance
participant engagement with significant locations. The effect-
iveness of presenting the habituation and exposure video in
the same video without interruptions and without having to
remove the HMD, enhancing the effectiveness of the habitu-
ation period and transition to the exposure period, should also
be studied. In non-immersive sessions, simplifying video
interactions—such as showing the 360° video on the computer
automatically or on a touch screen—should be considered.
Furthermore, it would be important to carry out studies with a
greater number of sessions for each of the interventions, redu-
cing the external influences that may occur on each participant
and could provide better insights into engagement, BPSD, and
well-being. If possible, always hold the sessions at the same
time and place, without disrupting the participant’s daily
routine. The best conditions for immersive interventions,
including session length, frequency, and the utilization of
various VR hardware should also be explored. Future studies
should also ensure that habituation videos are universally
recognized by participants, potentially by using familiar set-
tings. Evaluating the effectiveness of various washout
periods will be crucial for this population. Future studies
should also include long-term follow-up assessments to evalu-
ate the sustained effects of immersive VR. Moreover, assessing
the impact of family involvement in interventions could deepen
engagement with the memories associated with the presented
locations. Investigating these interventions in more advanced
stages of dementia or evaluating these outcomes and exploring
intervention strategies in home or hospital settings, warrants
consideration. The portability and flexibility of VR-based inter-
ventions provide an opportunity to provide adequate reminis-
cence sessions for people with dementia across several
settings and disease stages.

Furthermore, continued use of observational tools and
physiological measures will enrich data collection, particu-
larly for participants with difficulties in emotional expres-
sion. Future studies should consider using assessment
tools compatible with immersive devices, such as facial rec-
ognition technology or equipment that allows greater
freedom of facial movement. Future studies might also
explore additional physiological metrics, such as galvanic
skin response pupillometry, and neural markers (e.g., func-
tional near-infrared spectroscope or electroencephalog-
raphy) to better understand the biological underpinnings
of VR-related emotional and arousal responses.

In summary, incorporating immersive virtual reality as a
non-pharmacological therapy tool presents significant
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clinical potential, and its feasibility in real-world clinical
settings warrants careful consideration, particularly in
terms of accessibility, cost-effectiveness, and integration
into existing treatment protocols. Such research aims to
provide safe, beneficial activities that improve the quality
of life for individuals with dementia and their caregivers.
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