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Resumo

Este ensaio clinico randomizado avaliou o impacto de um programa de cinco sessoes de
exposicao virtual imersiva a espacos azuis nos niveis de ansiedade, depressao e hem-estar em
55 pessoas com 60 anos ou mais, sem défices cognitivos, auditivos ou visuais significativos,
recrutadas por conveniéncia. Os efeitos foram comparados com um programa de exposicoes
virtual imersiva a espacos urbanos e nao imersiva a espacos azuis. A avaliacao decorreu antes e
apds aintervencao usando a Escala de Depressao Geriatrica 15, o Generalized Anxiety Disorder-
7,0 Warwick-Edinburgh Mental Well-being Scale.

Os resultados revelaram que todas as intervenc6es impactaram positivamente o bem-estar e
reduziram os sintomas de depressao e ansiedade (p-value < 0.001). Porém, os participantes
expostos imersivamente aos espacos azuis avaliaram de forma mais positiva a experiéncia
relativamente a melhoria do estado geral, sensacao de calma e relaxamento comparativamente
aos expostos imersivamente aos espacos urbanos (p-value < 0.05). Além disso, os
participantes expostos de forma nao imersiva aos espacos azuis relataram menos desconforto
ou efeitos colaterais que os participantes expostos imersivamente aos espacos urbanos (p-
value <0.05).

Embora a amostra nao seja grande o suficiente para generalizar os resultados, o estudo sugere
que a tecnologia pode ajudar a facilitar o acesso dos adultos mais velhos a esses ambientes,

especialmente para aqueles com limitacoes fisicas. Mais pesquisas sao necessarias.

Palavras-chave: Pessoas idosas; envelhecimento; saide mental; realidade virtual; espacos

azuis.



Abstract

This randomized clinical trial evaluated the impact of a five-session virtual immersive blue
space exposure program on anxiety, depression and well-being levels in 55 people aged 60
years or older without significant cognitive, auditory or visual deficits, recruited for convenience.
The effects were compared with a virtual immersive program of exposure to urban spaces and
non-immersive to blue spaces. The assessment was performed before and after the
intervention using the 15 Geriatric Depression Scale, the Generalized Anxiety Disorder-7, the
Warwick-Edinburgh Mental Well-being Scale.

The results revealed that all interventions had a positive impact on well-being and reduced
symptoms of depression and anxiety (p-value < 0.001). However, the participants exposed to
blue spaces were more positive in their experience regarding the improvement of the general
state, sense of calm and relaxation compared to those exposed to urban spaces (p-value <
0.05). In addition, participants exposed to blue spaces in a non-immersive way reported less
discomfort or side effects than participants exposed to urban spaces in an immersive way (p-
value <0.05).

Although the sample is not large enough to generalize the results, the study suggests that
technology can help facilitate access by older adults to these environments, especially for those

with physical limitations. More research is needed.

Keywords: Elderly people; aging; mental health; virtual reality; blue spaces.
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1. Introduction

The world's population is ageing rapidly. Due to the increase in average life expectancy and the
decrease in fertility levels, there has been an exponential increase in the number of older people,
greater than in the other age groups.® In 2020, one billion people in the world were 60 years
old or older and these numbers are tending to increase.®

Ageing is a natural, progressive and inevitable process in human life. As individuals age, they
face physiological, morphological, biochemical, psychological, social and family changes that
influence their quality of life and well-being."-3" However, the way in which ageing occurs varies
and depends on factors such as lifestyle, physical and psychological illnesses, socio-economic
and environmental conditions. Thus, although most older people are in good health, as they get
older they are at greater risk of suffering from illnesses and disabilities at various levels."*58 |n
addition to problems related to physical and cognitive condition, the prevalence of conditions
affecting mental health in ageing populations is significant.® It should be noted that around 14%
of adults aged 60 and over live with a mental iliness, the most common of which are depression
and anxiety. This is a predictor of disability, as it directly impacts multiple aspects of daily
functioning (from the ability to maintain social roles to greater use of health services).#6210)

For ageing to be a positive experience, it must be accompanied by continuous opportunities to
participate in the different domains of life, according to the person's needs, preferences and
ahilities, enabling people to realise their potential for lifelong physical, social and mental well-
being."2" In addition, the well-being of older people depends on and is enhanced by variation,
balance and choice among a repertoire of occupations that provide structure, value and meaning
in daily life." To this end, the different determinants of ageing must be taken into account,
including transversal factors (such as culture or gender), factors related to health and social
service systems, behavioural factors (such as smoking, diet, physical activity or oral health),
personal factors (such as hiology, genetics or psychological factors) or factors related to the
environment (such as accessibility or safety).t2413-1

In particular, age-appropriate environments can mean the difference between independence
and dependence for older people."™" For example, older people who live in risky environments
with multiple barriers tend to go out less often, are more prone to isolation, depression and
mobility problems, and are more likely to become dependent.(°1)

Analysing urban spaces, although they offer robust social networks, employment opportunities
and access to facilities and services that can promote health, they also have characteristics that
can contribute to a higher prevalence of chronic diseases and negatively affect mental health.!™
Examples of this are the increase in traffic, noise and air pollution; the overload on sewage
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systems; the pressure on already overloaded urban infrastructure (housing, transport and
health); as well as the increase in socio-economic disparities and problems such as poverty and
crime." That said, it is understandable that there is a need to develop a public health response to
ageing and to provide safe, adapted and encouraging environments that allow people to do what
is important to them, despite the loss of capacity, because these incentives or barriers in the
environment can affect health opportunities, decisions and behaviours.™

In this vein, scientific evidence has shown an association between mental health and exposure
to natural environments.721918-23 |n general, the studies conclude that proximity to these spaces
is associated with benefits at different levels and has stood out as a particularly positive
experience compared to closed environments, " especially if these spaces are safe and easy to
access.®" In the case of limited access, evidence seems to demonstrate that even using the
virtual environments for exposure to natural spaces immediate reduces the depressive and
anxious symptomatology.024-27

This relationship can be explained by the Attention Restoration Theory or the Stress Reduction
Theory.?32® The first theory suggests that exposure to natural environments can help restore
the capacity for directed attention and reduce mental fatigue,® since these spaces offer visual
and cognitive relief from the demands of urban life, enabling the recovery of cognitive processes
related to attention.?>2® The second theory explores the idea that exposure to natural spaces
can lower cortisol levels and other physiological indicators of stress, due to factors such as
detachment from everyday stress, experience in these expansive spaces and contexts,
involvement in intrinsically motivated activities and the experience of different soft stimuli.®

In detail, green and blue spaces can confer environmental benefits (such as reducing air pollution
or cooling), social and community benefits (such as social interactions), physical benefits (such
as physical activity) and psychological benefits (such as stress recovery), cultural and spiritual
benefits (such as creative or cultural benefits).?91021222930) Thys natural environments have
become an increasingly important part of global public health and urban planning policies, but the
health potential of blue spaces in particular has received less attention than green spaces.” 3"
This may be due to the fact that scientific evidence tends to generalise the results and classify
blue spaces as a form of green space, or even the difficulties in finding green spaces without the
presence of blue spaces.”

Blue spaces refer to outdoor environments that feature water prominently and that are
accessible, whether close or distant / virtual (maintaining the possibility of seeing, hearing or
otherwise perceiving the water).72232 Examples of these spaces include coastal margins,

natural or channelled rivers, lakes, ponds, artificial retention basins, fountains.©'2232



Although the scientific evidence for blue spaces is limited, it increasingly provides associations
between health promotion and exposure to safe, clean and attractive blue spaces, due to the
availability of the different mechanisms mentioned above. These benefits, due to the sight and
sound, cover physical aspects (such as water sports), mental aspects (these spaces are
associated with a state of calm and relaxation) and social aspects (they facilitate meetings and
interactions), as well as helping with sleep quality.”2172231-33)

To better understand the specific effects and mechanisms of blue spaces on human health and
to maximize the benefits and guide urban planning and public health policies, it is necessary to
deepen research in this area, regarding the impact of different forms of contact. This is
particularly important for populations with limited access to the outdoors (due to environmental
or mobhility constraints), opening up possibilities in improving health, accessibility and
inclusion. 2434

Considering the rapid advances in technology, low-cost virtual reality (VR) interventions could be
considered because VR equipment is becoming increasingly accessible, user-friendly, and
adaptable for home or therapeutic use, offering customizable environments that can be tailored
to specific needs.?”34 Perhaps for this reason, VR has proved relatively effective as a tool in
different contexts and with different applications for health promotion, particularly in mental
health.e527.35-38)

Thus, VR has significant potential to improve the quality of life for older adults by providing
immersive experiences that allow them to explore the world and try new activities from home.®%
While studies show VR doesn't fully replicate real-life experiences, it still provides notable
mental health benefits and physiological and cognitive responses similar to real immersion.©>4°)
VR offers an immersive experience in 360° that engages the senses more than flat-screen
videos (2D).?**9 The more immersive the experience, the more realistic and engaging it feels,
enhancing the psychological benefits of virtual nature. Key elements that contribute to this
sense of presence include the quality of visuals and sound, interactivity and the details of the
natural environments. 49

This provides an additional motivation for further clear and robust studies on the impact of
virtual environments on mental health, particularly regarding virtual exposure to blue spaces and
its effects on well-being, depression, and anxiety in the elderly people, as many current studies
lack clarity on VR interventions. So that are necessary more clear and robust investigations for
the implementation of this tool as a therapeutic tool.

This study analyses how a virtual immersive program of blue spaces affects the well-being,

depression and anxiety symptoms in elderly individuals, compared to immersive exposure to
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urban spaces and non-immersive exposure to blue spaces. It assumes that (A) blue spaces have
a more positive impact than urban spaces, and (B) immersive exposure to blue spaces, due to the
greater sense of presence, leads to a better experience. Based on this, the hypothesis is that a
five-session immersive experience in blue spaces will improve well-being and reduce
depression and anxiety more than non-immersive exposure to blue spaces or immersive
exposure to urban environments. Additionally, the study also assessing participant satisfaction

and perceived impact.



2. Methods

2.1. Research design and participants

A quantitative randomised controlled trial was carried out, using a non-probabilistic convenience
sample of older adults living in Portugal and France. The study received approval from the Ethics
Committee of School of Health of the Polytechnic of Porto (code CEOO54E).

Participants, aged 60 and older, without severe cognitive, hearing and visual impairments, were
recruited from health and/or social service institutions and were subjected to a 5-week
intervention. Quantitative data were collected before and after the intervention. After selection,
participants signed an Informed Consent Form that detailed the study's objectives and ensured
data anonymity and confidentiality, following the Declaration of Helsinki.*!

Individuals were randomly distributed to the three intervention groups: experimental group, with
immersive exposure to blue spaces (IBS group); control group 1, with immersive exposure to
urban spaces (IUS group); and control group 2, with non-immersive exposure to blue spaces
(NIBS group).

As described in Figure 1, of the 66 individuals who volunteered to participate, five were excluded
due to refusal, failure to meet study criteria, or health reasons. Therefore, 61 participants were
included, though six dropped out during the intervention for health or availability reasons, leaving

55 who completed the intervention.



Figure 1. Diagram of the allocation of participants

[ Enrollment ] Assessed for eligibility (n=66)

Excluded (n=5)
*  Not meeting inclusion criteria (n=2)
* | e Dedined to participate (n=1)

s  Other reasons (n=2)

Randomized (n=61)
I

[ Allocation J

h h 4 h

Control Group 1 (n=21) Control Group 2 (n=20) Experimental Group (n=20)
Non-immersive exposure to blue spaces Immersive exposure to urban spaces Immersive exposure to blue spaces
* Received allocated intervention (n=21) * Received allocated intervention (n=20) * Received allocated intervention (n=20)

* Did not receive allocated intervention (n=0) | e« Did not receive allocated intervention (n=0) | * Did not receive allocated intervention (n=0)

[ Follow-Up ]

¥ ¢ h 4

Lost to fellow-up (n=2) Lost to follow-up (n=1) Lost to follow-up (n=3)
* Health reasons (n=1) * Health reasons (n=1) * Health reasons (n=1)
» Unavailability of time (n=1) ® Unavailability of time (n=2)
[
[ Analysis J
Analysed (n=19) Analysed (n=19) Analysed (n=17)
Excluded from analysis (n=0) Excluded from analysis (n=0) Excluded from analysis (n=0)
2.2. Measures

In this study, an evaluation was carried out before and after the intervention (approximately 15-
20 minutes) as well as a subjective assessment after each session (approximately 5 minutes).
The data was collected by two occupational therapist researchers, adequately prepared and
following the same protocol. Several measures were used, in Portuguese or French, according to
the preference of the participant.

A questionnaire was used to assess sociodemographic and clinical indicators, and exposure to
blue spaces; the Montréal Cognitive Assessment (MoCA)“2-*Y was used to assess cognitive
skills and check compliance with the pre-established criteria; the Geriatric Depression Scale -

Short Version (GDS-15)“>9 to assess the presence of depressive symptoms; the Generalised



Anxiety Disorder - 7 item scale (GAD-7)“74®) to assess the presence of anxiety symptoms; and
the Warwick-Edinburgh Mental Wellbeing Scale (WEMWBS)“*%9 to assess general mental
wellbeing. Participants were also required to rate their experience after each intervention
session using a scale including several topics addressing overall satisfaction and perceived
impact related with the session.

The sociodemographic, clinical and blue space exposure guestionnaire was developed by the

researchers to obtain, the sociodemographic, clinical and blue space exposure data.
Sociodemographic questions collect data such as age, gender, marital status and educational
level; clinical data relate to the presence or absence of a diagnosis of mental illness; and
exposure to blue spaces was analysed using the questions “Do you usually have contact with
blue spaces?', “If so, what type of blue space you usually visit?’. Proximity to blue spaces was
measured through the questions “Average time taken to travel to the nearest blue space?".
Regarding the frequency of exposure, questions such as “How often do you visit these spaces?’
The MoCA is a sensitive tool for detecting cognitive impairment.“24? It assesses several mental
functions, namely short-term memory, executive functions, visuospatial ability, language,
attention, concentration and working memory, and temporal and spatial orientation.“>#® The
sum of all the items gives the final score, and the lower the result, the more severe the cognitive
impairment. A score of less than 10 indicates severe cognitive impairment.“24% This instrument
is validated for the Portuguese and French population, presenting an internal consistency of
o=0.92%% and o= 0.83 “? respectively.

The GDS-15 is an assessment tool used for the diagnosis and evaluation of depression in elderly
people.“s5V It is a shorter version designed to be quicker and reduce fatigue while maintaining
good diagnostic accuracy.“®5253 |t consists of 15 questions with "Yes" or "No" answers, scored 1
or O points. In questions 1, 5, 7, 11, and 13, the scoring is inverted. The total score indicates the
person's depression risk, with a higher score meaning a higher risk.“6%253 This instrument is
validated for the Portuguese and French populations, presenting an internal consistency of
«=0.83%> and «=0.66"“® respectively.

The GAD-7 is a scale used to assess anxiety symptoms over the past two weeks, commonly
applied to general anxiety. It consists of 7 items rated on a Likert scale from O to 3, where O is
"Never" and 3 is "Almost every day." The final score varies from O to 21, in which high scores
indicate higher severity of anxiety symptoms.“74854 This instrument is validated for the
Portuguese and French population, presenting an internal consistency of «=0.88%“® and

o=0.898%“") respectively.



The WEMWABS was developed to measure well-being in two theoretical dimensions: hedonic
well-being (happiness and life satisfaction) and eudemonistic well-being (positive psychological
functioning, satisfying relationships with others, personal realisation and acceptance).®® This
14-item scale has five response options ("never" to "always") scored from 1to 5. The total score
reflects overall well-being, with higher scores indicating greater well-being. All items are
positively framed, making the concept easier to understand.®>*® This instrument is validated for
the Portuguese and French population, presenting an internal consistency of «=0.91%" and
o>0.84%9 respectively.

The subjective assessment scale was developed by the researchers to obtain the person's

subjective assessment of their experience after each intervention session. It includes 12 items
rated on a Likert scale from O to 10, where 1 means "totally disagree”, 5 means "neither agree nor
disagree”, and 10 means "totally agree". For the evaluation of feelings before exposure,
questions such as “I was worried about the possibility of side effects before the intervention”
were asked. As for the evaluation of the session, questions were asked such as “I felt
comfortable during the intervention”, “I feel there were side effects or discomfort associated
with the intervention”. Regarding the moments after the exposure, questions such as “/ feel that
there have been perceptible improvements in my general state after this intervention”, “I feel
calmer / happier / more relaxed / confident after the intervention”. The general analysis of the
session is made through questions such as “In general, | am satisfied with this experience” and “I

would like the intervention to be different’.

2.3.Procedures

In the first phase, extensive research was carried out on the subject in order to acquire the
knowledge needed to develop the project. After approval from the Ethics Committee, requests
for collaboration were sent via e-mail to several institutions working in the area of health or
social services. Those that agreed to collaborate helped to identify and disseminate the study to
any volunteer participants. All the individuals were contacted, but not all were accepted into the
study. Once the participants were selected, the intervention was carried out over the months of
June and August 2024.

It consisted of five individual sessions preferably over five weeks, each lasting about 15 minutes.
Each session involved watching high-quality 10-minute videos featuring the sights and sounds
of blue spaces (such as beaches and rivers) or urban spaces (such as streets and monuments),
but without interaction. The videos should be preferably of good quality, clarity, absence of
movement, cuts or background music. The intervention used Meta-Quest2 VR glasses or the
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researcher's laptop as a tool. The NIBS group used a computer to view 2D videos of blue spaces,
while the IBS group wore Meta-Quest2 VR glasses to experience 360° videos of blue spaces.
The IUS group also used the VR glasses to view 360° videos of urban spaces.

Preferably, participants sat in quiet, safe, and noiseless places during the sessions and were
encouraged to verbalize what they were seeing.

At the end of the intervention, the data collected by the researchers was integrated into a single
database in the Microsoft Office Excel programme (Office 365 version) and then exported to the
IBM Statistical Package for the Social Sciences (SPSS) software version 29, in which the

variables were coded and the statistical analysis of this study was conducted.

2.4.Statistical Analyses

For the statistical analysis, a significance level of 0.05 was considered for all statistical tests.

In the first instance, descriptive statistics were used to characterise the sample, based on means
and proportions.

The groups were compared for several indicators using ANOVA or non-parametric equivalent
when there were no assumptions of normality and homogeneity of variances and sphericity, and
the chi-square or fisher tests for the case of categorical variables.

The evaluation of the outcomes before and after intervention was then compared for each
group, using the T-test for paired samples.

Finally, the presence of a significant interaction between intervention and result of evaluation at
different times was evaluated through mixed ANOVA.

In terms of achieving the study's objective, the relationship between the average score obtained
in the evaluation of the participants' perception of the sessions and the type of exposure to blue

spaces was investigated.



3. Results

Table 1 shows the sociodemographic and participants' mental health characteristics, as well as
the variables related to exposure to blue spaces of the sample (n=55) before the intervention,
distributed among the three study groups.

It is possible to verify that the sample was made up of participants aged between 60 and 98
years, with an average age of 78.27 years. The sample was predominantly female (81.8%) and
only nine participants were married or in a civil partnership (16.4%). The education level (number
of years completed) was in average 6.49 years.

Regarding the participants' mental health characteristics, 34 participants had no mental illness
diagnosis, while 21 had at least one. The IBS and 1US groups had a similar number of diagnosed
participants, whereas the 1US group had fewer.

Regarding the MoCA values, in general, participants presented similar values, although the
values for the NIBS group indicated a slightly lower cognitive performance (16.58) compared to
the other groups (17.65 for the IBS group and 18.26 for the IUS).

Concerning the variables related to exposure to blue spaces, of the 55 participants, 29 have
contact with blue spaces. Most of these participants (36.4%) take 30 to 60 minutes to reach a
blue space, with the sea/coast being the preferred location for 40% of them. The majority
(32.7%) visit these spaces less than once a month.

It was found that there were no statistically significant differences between the groups, given

that a p-value > 0.05.

Table 1. Sociodemographic and participants' mental health characteristics, and variables related

to exposure to blue spaces of the sample (n=55) before the intervention

Characteristics of the sample before the intervention

Variables n (%)
Total sample IBS Group IUS Group NIBS Group
(n=55) (n=17) (n=19) g P
Sociodemographic characteristics
Age (years)
Mean + SD 7827+1025 79.88+1205 76.42+9.55 78.68x9.41 0.594*
Min-Max 60-98 60-98 60-90 60-94
Sex
Male 10 (18,2) 1(5,9) 4(21)) 5(26.3) 0.304*
Female 45(81.8) 16 (94.1) 15(78.9) 14 (73.7)
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Marital status

Single or Widowed or 0.900*
46(83.6) 15(88.2) 15(78.9) 16 (84.2)

Divorced / Separated

Married or Cohabiting 9(16.4) 2(1.8) 4(21.10) 3(15.8)

Education level

Mean +SD 6.49£4.63 6.06+4.52 6.95+5.16 6.42+4.38 0.850*

Min-Max 0-15 0-14 0-15 0-13
Characteristics related to Mental Health

Diagnosis of mental illness

Depressive disorder 3(5.45) 3(17.6) 0 0 0.180*
Generalised anxiety disorder 3(5.45) 1(5.9) 1(5.3) 1(5.3)

Depressive and anxiety disorder 15(27.27) 5(29.4) 7(36.8) 3(15.8)

No diagnosis 34 (61.81) 8(47.1) 1(57.9) 15(78.9)

MoCA Score (0-30)

Mean + SD 17.49+5.79 17.65+5.97 1826 +£6.52 16.58 +4.97 0.671
Min-Max 10-29 10-28 10-29 11-29

Exposure to blue spaces

Do you have usual contact with blue spaces? (n=55)

Yes 29(52.7) 8(47.1) 11(57.9) 10 (52.6) 0.809***
No 26 (47.3) 9(52.9) 8(42.1) 9(47.4)
How long does it take to get to the nearest blue space? (n=29)
<30 minutes 9(16.4) 1(5.9) 5(26.3) 3(15.8) 0.323*
30 - 60 minutes 20(36.4) 7(41.2) 6(31.6) 7(36.8)
Type of blue space you usually visit? (n=29)
Only Sea/Coast 22 (40) 6(35.3) 9(47.4) 7(36.8) 0.867*
Sea/Coast/River/Lakes 7(12.07) 2(11.8) 2(10.5) 3(15.8)
How often do you visit blue spaces? (n=29)
Once amonth or + 11 (20) 1(5.9) 6(31.6) 4(21.1) 0.175*
<0Once amonth 18 (32.7) 7(41.2) 5(26.3) 6(31.6)

* ANOVA test

** Fisher test

*** Chi-squared test
Table 2 shows the intervention's effects in different groups, verified through the test results
after the intervention. There was a notable reduction in GDS-15 and GAD-7 scores across all
groups, with the most significant change in the immersive groups. Additionally, well-being,
measured by the WEMWBS, increased in all groups following the intervention. The T-test
revealed significant differences in all groups before and after the intervention (p-value < 0.05),

except for the NIBS group, where no significant change was observed in anxiety levels.

n



Table 2. Comparison of GDS-15, GAD-7 and WEMWABS scores between groups and evaluation
moments (n=55)

Intervention's effects

Variables n (%)
Total sample IBS Group IUS Group NIBS Group
(n=55) (n=17) (n=19) (n=19) A
GDS-15 Score (0-15)
» Mean < SD 6.35+3.73 6.18+3.49 6.00+3.71 6.84:+4.09 0.772
initial Min-Max 0-14 1-13 0-12 0-14
) Mean < SD 5.11+3.04 4.76+2.71 5.05+3.47 5.47+2.97 0.785
Final Min-Max 0-12 1-1 0-12 0-12
p-value ** .008 .046 .015
GAD-7 Score (0-21)
» Mean +SD 760523 8.47+5.79 7.89+5.70 6.43:4.23 0.523
initial Min-Max 0-20 0-19 0-20 1-18
. Mean + SD 4.82+3.79 5.18+4.23 4.32+3.58 5.00+3.73 0.774
Final Min-Max 0-15 0-14 0-10 1-15
p-value ** .008 .008 124
WEMWSABS Score (14-70)
» Mean = SD 44381789  46.76:7.85 42.42+8.24 4421+£7.39 0.259
initial Min-Max 28-59 32-57 28-56 31-59
) Mean = SD 47.60+6.46 49.82+6.11 46.32+6.91 46.89+6.12 0.227
Final Min-Max 33-60 37-60 33-58 37-60
p-value ** .016 .010 .019
* ANOVA test
** T-test

Table 3 shows the inferential statistics of the mixed ANOVA for the three variables (GDS-15,
GAD-7, WEMWBS) across the groups (IBS, IUS, NIBS) over time (initial and final moments).
There were no significant differences between groups, nor any significant interaction between
groups and time (p-value > 0.05). However, all groups showed a significant reduction in the GDS-
15 and GAD-7 scores, and an increase in WEMWBS score over time, (p-value < 0.001),

suggesting the intervention was effective across all groups.
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Table 3. Mixed ANOVA inferential statistics

Inferential statistics of the mixed ANOVA

Variables F-value
GDS-15

Between subjects (Group) .249
Within subjects (Initial-Final Moments) 20.434
Interaction Within subjects (Initial-Final Moments * Group) 295
GAD-7

Between subjects (Group) .328
Within subjects (Initial-Final Moments) 20.018
Interaction Within subjects (Initial-Final Moments * Group) 1.082
WEMWBS

Between subjects (Group) 1.609
Within subjects (Initial-Final Moments) 21.921
Interaction Within subjects (Initial-Final Moments * Group) 282

p-value

.780
<001
.746

.ree
<001
.346

.210
<001
.756

Table 4 concerns the comparison of the participants' assessment of their experiences and

perceived impacts across the different groups, presenting the average responses to questions

regarding their overall perception of the intervention. There were no significant differences

between groups, except for the questions 3, 4, 5 and 7 (p-value < 0.05). The question 3 relate to

the side effects or discomfort associated with the intervention. The others relate to

improvements in general condition, a sense of calm and relaxation after the session.

Table 4. Comparison of the participants' assessment of the experience and perceived impact

between groups
Comparison of the participants' assessment (Mean + SD)
n (%)
Variables IBS Group IUS Group

(n=17)

1. lwas worried about the possibility of side

(n=19)

1.482+.7316 1.874+1.7916

effects before the intervention.

2. Ifelt comfortable during the intervention. 9.412+.8230 8.653+1.3496

3. [Ifeelthat there were side effects or

1.482+.7316 1.916+.8441

discomfort associated with the intervention.

4. |feelthatthere have been noticeable

6.624+1.5197  4.937+1.9631

improvements in my general condition after

NIBS Group
(n=19)

1.221+.4467
9.400+.4853

1.221+.5159

5.63241.3503

p-value

104

.orr

.005*

.012*
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this intervention.
| feel calmer after the intervention.
| feel happier after the intervention.

| feel more relaxed after the intervention.

w o N o0 U

Overall, I'm satisfied with the experience.
10. | wishthe intervention had been different.
1. I'm motivated to continue the intervention.

12. |would recommend this intervention.

* Kruskal-Wallis test
** ANOVA test

| feel more confident after the intervention.

7.141+£1.5520
6.518+.9951
7.235+1.6796
6.024£1.1745
8.965+.8923
2.012+.6688
9.435+.7558
9.341+.5185

5.379+2.8007
5.547+2.0985
5.495+2.8405
4.874+1.5989
8.389+1.1303
2.274+1.0795
8.95811.2554
8.800+.9638

6.442+1.2729
6.168+1.2334
6.526+1.2369
5.211£1.7042
8.726+.9757
1.716+.9317
9.242+.7618
9.274+.6539

036"
165*
044
078"
236"
1g2*

.364*
JAeet

To better understand the relationships between the groups in terms of subjective evaluations,

the Bonferroni Post-Hoc test was used, the results of which are presented in Table 5. There

were significant differences between the IBS and IUS groups in terms of improvements in

general condition, sense of calm and relaxation (p-value < 0.05). There were also differences

between the IUS and NIBS groups in terms of side effects or discomfort (p-value < 0.05).

Table 5. Pairwise comparison of the evaluation of the experience and the impact perceived by

the participants, for the questions 3,4,5and 7.

Pairwise comparison of the evaluation of the experience

Variables

Side effects or discomfort associated with
the intervention

Improvements in general condition after
the intervention

Calmer after the intervention

More relaxed after the intervention

Groups
IBS Group
IBS Group
IUS Group
IBS Group
IBS Group
IUS Group
IBS Group
IBS Group
IUS Group
IBS Group
IBS Group

IUS Group

IUS Group
NIBS Group
NIBS Group

IUS Group
NIBS Group
NIBS Group

IUS Group
NIBS Group
NIBS Group

IUS Group
NIBS Group

NIBS Group

p-value
219
,825
,012
,010
225
,589
,033
,903
324
,042
913

379

1
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4. Discussion

In the present study, exposure to blue spaces using immersive VR technology had a positive
effect on well-being, depressive and anxiety symptoms of older adults, in similarity to exposure
to urban spaces using the same technology and exposure non-immersive to blue spaces using a
computer monitor. Although preliminary results suggest that the immersive approaches resulted
in better outcomes than the non-immersive intervention, in a deeper analysis there were no
significant interactions between type of intervention and differences between assessments.
Even so, people exposed to the blue spaces (especially immersively) seem to evaluate the
experience more positively, especially with regard to improvements in their general condition, a
sense of calm and relaxation than people exposed to urban spaces. In addition, people exposed
to urban spaces seem to report greater discomfort or side effects than people exposed to blue
spaces in a non-immersive way. This seems to indicate that exposure to blue spaces, in general,
is evaluated more positively than urban spaces.

The overall positive effect of different types of intervention on well-being, depressive and
anxiety symptoms may result from the fact that the structure of the intervention is similar, and in
which participants were able to discuss their environmental memories (urban or blue) with a
therapist, allowing the elderly to relive significant experiences or places, corresponding to a
reminiscing therapy approach.®® Another aspect to consider is that participants could discover
new places or revisit familiar ones virtually, which might motivate them and offer a refreshing
break from their usual routine. In this sense, the sessions could be viewed as an enjoyable form
of leisure, providing entertainment tailored to individual preferences, while also helping to reduce
feelings of loneliness. ®® In addition, for some participants, the time of the sessions was one of
the few times in the week when they enjoyed a different experience or discussed with someone.
This may also be related to the positive results of the study.

This findings suggests that the benefits of the intervention may go beyond the specific type of
exposure, emphasizing the importance of involving older adults in therapeutic activities that
focus on well-being and the individual characteristics (such as personal preferences, state of
health or socio-cultural context) of the people who frequent them,®® regardless of the
environment. It's also crucial for implementing technology-based mental health interventions,
ensuring they are safe, stimulating, intuitive and easy to use, considering participants'
limitations,®® even for older people with cognitive problems, helping to improve their quality of
life and emotional state.®"

In addition, blue spaces do not seem to have been significantly more beneficial than urban ones,

perhaps because most of the benefits can result from direct contact with these spaces, although
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there are some records of benefits with VR. On the other hand, one of the elements that
contribute to the feeling of presence is interactivity, which can amplify the psychological benefits
of exposure.® Therefore, for future studies, it would be pertinent to check whether the effects
of this study would be amplified if exposure to blue spaces is interactive.

It should be noted that the majority of participants who have contact with blue spaces do so for a
relatively long period of time, but infrequently. The low frequency may, among other factors, be
linked to the difficulty of access, since most participants need between 30 and 60 minutes to get
to a blue space. These aspects reinforce the importance of ease of access for people's
participation in activities because the frequency and duration dedicated to social and family
relationships seem to be of great importance and contribute strongly to a sense of belonging and
well-being, especially if this time is spent in natural spaces, whose sensory factors (such as
images, sounds, smells) also seem to contribute to stress reduction and improvements in
mood.®%63-%% This leads us to another pertinent result is the fact that the majority of participants
favour the sea/coast over the river/lake. This also may be related to factors such as sensitivity
to sound and the calming effect of water, which are important to some people.®

In this study, no statistically significant differences were found between the groups in the
variables relating to sociodemographic data, characteristics relating to the mental health of the
participants and data on exposure to blue spaces. This suggests that these factors did not have
an adverse impact on the results, reinforcing the robustness and validity of the study's
conclusions. Another significant strength is its originality, addressing an area little explored in
national and international literature, with a scarcity of studies mentioning contact with blue
spaces and the relationship with mental health. In addition, the results can enrich knowledge on
the subject and contribute new information that can open up paths for future research. It should
also be emphasised that this study is innovative, as it uses high technology applied to the elderly
population. In addition, this study compares different types of exposure, includes older people
and people from different contexts.

On the other hand, in this study there was no control group without intervention to compare the
results with the interventions performed. In addition, it can be said that the number of sessions
(five) carried out so far does not seem to be sufficient to ascertain the total effectiveness of the
intervention. A significant limitation of this study is the sample size, possibly due to the lack of
responses from institutions and the short time to carry out the study. Thus, this sample may not
be large enough to generalise the results to a wider population. Larger samples could provide
more statistical power and allow for better generalisation of the results. Another limitation

concerns data collection due to the lack of blinding of the evaluator to the intervention, and
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considering that the evaluations were self-reporting, the participants may have given the
answers that would be expected by the researchers, which can introduce bias into the results.
Another weak point there is no record of what types of intervention had people. These
limitations should be considered when interpreting the results of the study and emphasise the

need for more robust and comprehensive future research to validate the findings.
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5. Conclusion

In conclusion, the findings demonstrate that exposure to blue spaces through virtual reality
technology positively impacted the well-being of older adults, as well as their symptoms of
depression and anxiety. This effect was consistent across all interventions. While initial results
indicate that immersive approaches led to better outcomes than non-immersive interventions,
subsequent analyses did not identify significant interactions between the type of intervention
and the evaluation differences.

Nevertheless, the subjective experience of participants exposed immersively to the blue spaces
seemed to be more positive, indicating improvements in their general condition, calm and
relaxation. Furthermore, people exposed to blue spaces in a non-immersive way appear to
report less discomfort or side effects.

The findings suggest that virtual environments can serve as valuable tools for promoting mental
health, highlighting the potential of virtual interventions as therapeutic options for older adults.
This emphasizes the necessity for further studies to investigate the mechanisms behind these
improvements and to optimize various exposure types for this demographic. Additionally, the
role of immersion and interactivity as factors that can enhance psychological benefits suggests
promising avenues for future research. Immersion and interactivity are elements that can

amplify the psychological benefits of exposure, which suggests directions for future research.
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