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3D built virtual arctic environment
Increase vigor through
connectedness in older people

Davide Clemente’3", Luciano Romano®3, Claudia Russo?, Giuseppe Carrus? &
Angelo Panno*™*

While the life expectancy of older people has increased significantly, this is often related to more long-
term care in healthcare residences and nursing homes. Staying in these facilities can lead to a reduction
in the sense of connection with others and the world around, as well as in vigor, with significant
psychophysical repercussions in the long term. Although previous studies have shown that the virtual
nature can benefit both, there are no significant studies that have tested its effect in generating these
positive outcomes in the older population. Therefore, our study sought to investigate, in a sample

of 53 older people in care at a nursing home or healthcare residence, the indirect effect of a 3D built
virtual arctic environment (vs. a 3D built virtual urban environment) exposure in virtual reality on vigor
through connectedness. Both the virtual scenarios were designed with a first-person view, with no
translation around the environment and only in-situ rotation. Results highlighted that exposure to
the 3D built virtual arctic environment leads to higher connectedness than the 3D built virtual urban
environment, and this, in turn, leads to an increase in vigor. Findings were discussed based on the
potential of adopting virtual nature in facilities to improve older people’s sense of connectedness and,
in turn, improve their well-being.

Keywords Virtual reality, Older people, Virtual arctic environment, Vigor, Connectedness, Virtual natural
environment

The number of older people has increased as life expectancy has increased. According to the Eurostat report!,
on January 1 2023, the population of the EU was estimated at 448.8 million, of which 21,3% of this were older
people (>65). This signed a growth of 0.2% higher than in 2022 and an increase of 3.0% over the last 10 years.
Nonetheless, a higher life expectancy and a reduction in disease mortality are not always associated with a
better quality of life for older people. Indeed, elderliness is often associated with the onset or the exacerbation
of mental and physical diseases?, such as depression®and chronic illness*. Due to these frail conditions (e.g.,
fracture, reduced mobility, multiple comorbidities, and behavioral and psychological symptoms of dementia)
that might require constant care and nursing, many older people are placed in facilities such as nursing homes
and healthcare residences where they often spend the last years of their lives’®. Staying in these facilities,
however, could sharpen symptoms and diseases such as reducing subjective vitality related to a sedentary
lifestyle, or increasing apathy, anxiety, and depression, as shown by previous studies!®"!3, especially during the
first six months of recovery'*. Indeed, previous studies highlighted that the loss of independence associated with
hospitalization in care centers might significantly affect the quality of life of older people placed in facilities'.

Among the negative aspects of being in care at facilities, the lack of or reduced contact with nature should be
mentioned. The benefits of contact with nature on the psychophysical wellbeing of older people have been widely
demonstrated in previous studies (e.g.,'*!”). Contact with nature might be described as the human interaction
with natural environments and natural components'®. Thus, contact with nature can include different types of
activities, such as nature walks'®, garden activities?’, or simply being exposed to natural environments?!.

The paths behind which contact with nature can enhance human wellbeing have been firstly highlighted
by the Attention Restoration Theory [ART?% and the Stress Reduction Theory [SRT?. According to the first
theory, through contact with nature, people can more easily overcome mental fatigue and restore their cognitive
resources, which are usually consumed by urban stressors. SRT instead states that exposure to nature is positively
related to people’s affect, activating the parasympathetic nervous system and reducing their stress levels?*?>. Thus,
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both theories emphasized the restorative properties of nature. Consistently with these theories, several research
investigated the mechanisms through which contact with nature can produce different types of benefits (e.g.,%°).
Among these, exposure to nature, for example through forest walks, has been shown to increase the number
and activity of anti-cancer cells, also known as natural killer (NK) cells, and to promote the expression of anti-
cancer proteins?’. Moreover, other research has shown that viewing nature images can increase parasympathetic
nervous activity, decrease heart rate, and decrease functional connectivity with respect to the stress network
(e.g., 25°30).

Previous findings highlighted that contact with nature in older people favors a perception of improved
physical and mental health (e.g., feeling more vigorous), as well as an increased sense of spiritual connectedness
with a broad community and loved ones’!. Increasing connectedness in older people, intended as the sense of
connection with others and the environment beyond the self as a result of the exposure to certain stimuli®?,
might be pivotal for improving their living conditions and reducing the sense of loneliness they might experience
during their stay in facilities®.

Nevertheless, in certain facilities, there is no availability of natural areas, or access to natural environments
may be very restricted and limited to only certain times of the day, thus reducing or compromising its
abovementioned benefits (see>?). It is worth mentioning that not only older people in facilities may have difficulty
accessing nature. Indeed, the general older adult population may also have limited access to nature for economic,
time, or logistical reasons®*. However, being a facility resident may further reduce these possibilities, as access
and timing of exposure to nature are often beyond the patients’ will and motivation and established a priori from
the facility policies®®. A solution to this shortcoming has recently emerged through the use of new technologies
such as Virtual Reality (VR), which is capable of providing immersive experiences of simulated environments
through the use of head-mounted displays®. Previous scholars highlighted that nature exposure through VR
produces benefits similar to those of exposure in vivo (e.g.,’®). Indeed, 360-degree videos of nature through VR
provide realistic exposure that enables the same mechanisms that occur during in vivo nature exposure®. Indeed,
through VR, it is possible to achieve the same visual and auditory exposure provided by in vivocontact with
nature, capturing people’s fascination, restoring their attention levels, and reducing signs related to fatigue¥4°.
Moreover, previous findings highlighted the stronger effect of exposure to virtual nature via VR compared with
2D screen, as it generates a higher sense of presence, defined as a cognitive process that enables the experience
of being and feeling present within an information environment*"*2

In this perspective, the use of VR with older people can be an effective, accessible, and low-cost medium to
enable them to obtain the benefits of contact with nature in virtuo, even when it is not affordable in vivo.The
use of VR has proven to be effective in improving the psychophysical condition of older people, especially when
adopting virtual natural environments [43; 44; 45; 46]. Furthermore, although VR studies have often focused on
exposure to virtual natural green or liquid water environments (see?’), recent authors have shown the benefits of
exposure to solid water environments, such as the arctic environment*3. For instance, a recent study showed that
the exposure to 360-degree panoramic photos of an arctic virtual environment was more effective in generating
positive outcomes when compared to an urban virtual environment®. Nonetheless, to our knowledge, no
previous studies have investigated the benefits of exposure to a 3D built arctic virtual environment compared to
a 3D built urban virtual environment in older people. Moreover, while previous studies considered the distinct
effect of virtual nature on connectedness or vigor*”*->2 no previous studies have tested their combined effect,
especially in this target population. Therefore, this study aimed to investigate the indirect effect of exposure to a
3D built virtual arctic environment (vs. a 3D built virtual urban environment) on vigor through connectedness
in older people in care at two different facilities.

Theoretical framework

Vigor

Vigor can be defined as the individual’s feeling of possessing enough physical and cognitive energy®*. Vigor,
along with other positive feelings, has a health-protecting physiological effect, such as modulating the automatic
reactivity related to the effects of negative emotions>*. Moreover, vigor would seem to promote people’s health
and longevity™. Consistently, several previous studies highlighted that vigor positively affects both physical
performance and self-perception of increased strength®*7, as much as it is considered a facet of wellbeing
according to the World Health Organization (WHO)*%. Moreover, other research showed that vigor is positively
associated with happiness and the sensation of feeling good about oneself and the world*. Specifically focusing
on the older population, vigor has been shown to act as a protective factor against various symptoms related
to physical and cognitive decline®®. However, in older people, vigor tends to decrease along with the natural
reduction of physical activity®"®2. Further evidence highlighted a relationship among immobility, reduction in
vigor, and weight gain®. The decrease in vigor has also been related to physical and mental decline in this target
population®. Therefore, based on this evidence, planning interventions aimed at increasing vigor is crucial to
enhance the levels of well-being in older people. While the benefits of exposure to nature on vigor have been
largely explored®-7°, also with regard to older people’!’%, recent studies obtained similar results with natural
environments reproduced via VR*”73. Nonetheless, to our knowledge, the only study that investigated the effect
of virtual natural exposure on vigor, also contemplating older people, is the study of Yu et al’*. However, their
sample included both middle-aged and older people, and the authors analyzed data by considering the sample
as a whole. Thus, no conclusions can be drawn with regard to older participants only. Therefore, considering
the abovementioned evidence, we consider it noteworthy to investigate the effect of nature exposure (i.e., arctic
environment vs. Urban environment) through VR on vigor in this target population.
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Connectedness

The connectedness plays a pivotal role in older people’s wellbeing. Indeed, the lack of connectedness can
cause a sense of loneliness and detachment in older people and increase the perceived lack of bonding with
others”. According to Yaden and colleagues®?, people experience connectedness when confronted with stimuli
that evoke a sense of vastness and that are difficult to encode immediately. Connectedness results in a sense
of self-transcendence that allows one to get in touch with something that is perceived as superior to the self
and its environment (e.g., the whole of humanity, the whole of existence, religious or spiritual aspects). This
experience can favor a deeper connection with other people and things around them’%””. Previous findings
have highlighted that connectedness, as a self-transcendent process, is related to several positive outcomes, both
at the individual (e.g., subjective wellbeing’®) and collective level (e.g., collective engagement and prosocial
behaviors”>®. Improving the sense of connectedness of older people in facilities can result in higher cohesion
with others (i.e., other patients and staff) and a reduced sense of alienation, with significant benefits for their
psychophysical wellbeing®-#3. Although recent studies have explored the potential of virtual nature in generating
connectedness in older people®®®L, there is a lack of studies that have deepened the relationship between virtual
nature, connectedness, and vigor in this target population. Furthermore, no previous studies have explored such
a relationship by comparing a 3D built virtual arctic environment with a 3D built virtual urban one.

The present study

The present study sought to investigate the indirect effect of exposure to two 3D built virtual reality (VR)
environments (i.e., a 3D built VR arctic condition vs. a 3D built VR urban condition) on vigor through
connectedness in a sample of older people. The choice to examine the mediating role of connectedness in the
relationship between a 3D built arctic environment- compared to a 3D built urban environment - on vigor
mainly lies on two evidence. Firstly, a previous study using VR highlighted that, when compared to a 360-degree
panoramic photo of an urban environment, a 360-degree panoramic photo of a real arctic environment was
more effective than other 360-degree panoramic photos of natural environments (i.e., green park and lacustrine
environments) in indirectly increasing subjective vitality’®, a positive state that is highly correlated with
vigor®®. Secondly, recent studies have shown that spacious and unexplored natural environments are strongly
linked to a social mindset, prosocial behavior, and associated positive emotions (e.g.,so). It can be argued that
spacious nature scenes, in which one feels insignificant compared to something larger, foster social aspirations
and prosocial behavior by reducing self-centeredness. This might promote a more inclusive sense of self and a
broader perspective (i.e., a “collective” rather than a “small” self).

Nonetheless, it is possible to notice that the few studies available in literature mainly focused on the direct
relationship between exposure to nature and connectedness and/or vigor. Nonetheless, there is a lack of studies
on the underlying process behind the relationship between nature exposure and vigor in the target population.
Moreover, to the best of our knowledge, there are no previous studies that assessed the effect of the exposure to
3D built environments on vigor in older people, exploring the mediating role of connectedness. Based on this
evidence, it has been hypothesized that:

o HI: The 3D built VR arctic condition, compared to a 3D built VR urban condition, significantly enhances
connectedness, which in turn determines greater vigor.

A graphical representation of the hypothesized model is reported in Fig. 1.

Moreover, we have included the following covariates in the mediation model hypothesized: age, gender,
trait awe (defined as the disposition to experience intense emotional responses to perceptually broad stimuli
that transcend one’s ordinary frame of reference®), and vigor pre-exposure. The inclusion of covariates in the
mediation model was based on previous recommendations for experimental designs®°.

Results

Preliminary analyses

We conducted a series of chi-squares tests concerning gender, marital status, educational qualification, and
working status before retirement/before entering the host facility, and a one-way analysis of variance (ANOVA)
concerning age to check whether the distribution of the participants was equal across conditions in terms of
socio-demographic variables. Results revealed that the distribution of participants was balanced for gender x?
(2, 53)=0.951, p=.622, marital status x* (3, 53)=5.873, p=.118, educational qualification ¥* (3, 53)=0.975,
p=.807, and working status X2 (3, 53)=1.945, p=.584. Furthermore, the ANOVA results revealed that
participants were equally distributed by age F(1, 52) =2.872, p=.096, 0> =0.053. We then verified if the sense of
presence was comparable among conditions. The ANOVA results revealed no differences among conditions for
the sense of presence: F(1, 52) =0.740, p=.394, r]2 =0.014. Finally, ANOVA results revealed that the distribution
of participants across conditions was equal for Mini-Mental State Examination (MMSE) score F(1,52)=1.204,
p=-278,1%,=0.023.

Mediation analysis

To test our hypothesis, we conducted a mediation analysis with observed variables using the IBM SPSS macro
Process 4.2 version®”. We inserted the condition, coded as 1=3D built urban environment and 2=3D built
arctic environment, as the independent variable, connectedness as the mediator, and vigor post-exposure as the
dependent variable. Moreover, we included age, gender, trait awe, and vigor pre-exposure as covariates in the
mediation model. A percentile bootstrap procedure with 5,000 resamples and 95% confidence intervals (CI) was
used for indirect effects. According to Hayes¥, significant indirect effects are detected when confidence intervals
do not include zero. The results of the mediation model are reported in Fig. 2.
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Fig. 1. Hypothesized mediation model. The experimental conditions were coded as 1 =3D built urban
environment and 2 =3D built arctic environment. The sign ‘+” indicates the expected positive directions of the
paths shown in the figure.

In the first step, the experimental conditions, coded as 1=3D built urban environment and 2=3D built
arctic environment, together with covariates (i.e., age, gender, trait awe, and vigor pre-exposure), were posed
as predictors of connectedness. The model explained 26% of the variance of the outcome (R*=0.26, F=3.34,
p<.05). In particular, results revealed that the exposure to the 3D built arctic environment - compared to the 3D
built urban environment - led to greater connectedness (see Fig. 2, paths a). In the second step, the experimental
conditions, connectedness, and covariates were included as predictors, while vigor post-exposure was considered
as the outcome. Findings showed that the second model explained 65% of the variance of the outcome (R?=0.65,
F=14.45, p<.001), attesting that connectedness enhanced vigor over and beyond the experimental conditions
(see Fig. 2, path b).

The indirect effect of the experimental conditions on vigor through connectedness was positive and significant
(point estimate =0.835, SE=0.417, [95% percentile CI=0.118, 1.737]). Specifically, this result revealed that the
exposure to the 3D built arctic environment — compared to the 3D built urban environment - led to greater
connectedness, which in turn increased vigor. Our findings further revealed that both the total and direct effects
were non-significant (see Fig. 2, path ¢ and ¢’). However, Hayes and other scholars (e.g., ®®), recommend that
“researchers do not require a significant total effect before proceeding with tests of indirect effects. (...) A failure
to test for indirect effects in the absence of a total effect can lead to you missing some potentially interesting,
important, or useful mechanisms by which X exerts some kind of effect on Y”# (pp. 414-415). Taken together,
our results showed that the 3D built arctic environment, compared to the 3D built urban environment, enhanced
vigor through connectedness.

Finally, as a further check, we verified, through one-way ANOVAs, whether there were differences between
the two residence structures in which participants were treated for connectedness and vigor. Results revealed
no significant differences between the two residence structures for connectedness and vigor (see Supplementary
Materials — Appendix B for further details).

General discussion
Nowadays, an increasing number of older people are placed in facilities such as nursing homes and healthcare
residences due to their frail conditions (e.g., reduced mobility); in these facilities, they often spend the last years
of their lives®. Nevertheless, several previous evidence highlighted that stayingin these structures often leads to
harmful consequences such as reduced subjective vitality!®-1215. Thus, it is noteworthy to find effective and low-
cost strategies that can influence positive outcomes in this target population. Thus, this study sought to examine
the indirect effect of exposure to two distinct 3D built environments (i.e., a 3D built arctic environment vs. a 3D
built urban environment) on vigor through connectedness in a sample of older people in care at two facilities.
Consistent with recent studies that have shown the benefits of exposure to solid water environments*3 also
through the VR medium?’, our findings highlight that the 3D built arctic environment — compared to the 3D
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Fig. 2. Mediation model results. Note. The two 3D built environments were coded as 1 =3D built urban
environment and 2 =3D built arctic environment; a, b, ¢, and c are unstandardized regression coeflicients; c’=
direct effect; c =total effect; *p <.05. Covariates were not included in the graphical representation for clarity
purposes.

built urban environment - has a positive effect on vigor through connectedness. The results of the current
research further enrich ART and SRT, showing the stronger beneficial effects of natural environments compared
to urban ones. Indeed, while both theories highlighted the role of nature in promoting human wellbeing through
its restorative properties, our results suggest that natural environments can determine positive psychological
outcomes via the promotion of a sense of connectedness. Natural environments, both through in vivo and in
virtuoexposures, are able to generate a sense of self-transcendence that leads people to feel a dissolution of
self-boundaries on one side and to establish a connection with something beyond the self that increases the
feelings of being part of something greater, on the other [e.g., the whole universe”. Specifically considered the
distinctive characteristics of the arctic environment, its wild nature elicits the desire for exploration and new
experiences>?, which, in turn, might enhance a sense of deep connection with others and the whole universe®.
Furthermore, partially in line with previous evidence®™%3, our findings point out that connectedness, in turn, has
a positive effect on vigor levels in older people. Although future studies should explore the impact of exposure
to other types of 3D built natural environments, it might be possible to speculate that since the 3D built arctic
environment represents an unfamiliar and extreme environment, it is able to induce higher levels of fascination
and feeling of being away**%; thus, positively promoting connectedness as a process of self-transcendence. This
expression of self-transcendence has been shown to be positively related to health, mental wellbeing, and human
functioning [95; 96] as much as it is considered a significant factor that contributes to successful aging?”. Indeed,
it exerts a significant and positive effect on vigor. Enhancing vigor levels in older people is a critical outcome.
Vigor is related to physical performance and self-perception of the increase in strength>*’, and it represents a
facet of wellbeing according to the WHO conceptualization®®. Usually, people tend to increase their levels of
vigor through physical activities®, but physical activity might not be an effective means for older people who
are placed in facilities often due to their reduced mobility>~. Therefore, our findings pave the way to possible
alternative strategies that are effective in promoting vigor and, more generally, wellbeing in older persons.
Despite the promising results, four main limitations of the present study must be acknowledged. First of all,
our sample was imbalanced for gender, with a clear majority of women. However, it is noteworthy to underline
that this gender imbalance is in line with the datum showing that, on average, women tend to live 5,5 years more
than men in EU (ISTAT). Second, exposure to the 3D built environment lasted 4 min and was a single exposure.
Future studies should investigate longer exposures or multiple exposures, with the aim to investigate their long-
term effects. Third, we did not assess for motion sickness symptoms after the VR exposure. Motion sickness
could be a side effect of VR exposure, which might include symptoms such as nausea and dizziness®. However,
it is noteworthy to point out that the safety of participants was guaranteed at every stage of the experiment, and
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a trained and qualified researcher was always present in case of need. Participants, indeed, could abandon the
experiment at any moment and for any reason, including feelings of discomfort and side effects that they might
have experienced during the VR exposure. No side effects have been orally reported after the VR exposure.
Nonetheless, 3 participants withdrew from the study before exposure to the conditions due to discomfort related
to the use of VR. This suggests that factors related to the use of immersive technology, such as VR-induced anxiety
or discomfort, may influence participation, especially in this target population, and should be further taken into
consideration in future studies. Fourth, we only adopted two 3D built scenarios (i.e., the arctic environment vs.
the urban environment). Further studies could consider testing the effect of different types of environments (e.g.,
forest, mountain, desert etc.) on connectedness and, in turn, on vigor. Moreover, in the future, the effects of these
environments could be tested on older people of other nations to deepen how cultural differences can affect the
perception and preference of these scenarios. For example, the 3D built urban environment containing buildings
typical of Italian architecture could elicit more positive effects for people who are not familiar with that kind of
urban architecture. Furthermore, it might also be interesting to evaluate the effects that exposure to these 3D
built environments could have on caregivers in order to assess the possible benefits for professional or family
caregivers. Finally, it might be useful to use different tools to measure vigor in older people, such as objective
measures of a possible increase in physical vigor.

Our findings lead to several potential practical implications that might benefit the lives of older people.
First of all, the use of VR, and in particular the exposure to 3D built ad hoc scenarios, can be employed to
improve the condition of older people, especially for those who are in nursing homes or rest homes. Indeed, the
results of our study encourage the use of these scenarios to elicit self-transcendence processes and, in turn, vigor
levels in older people. An increase in the wellbeing of older people entails an increase in their expectations and
quality of life, thereby reducing social costs. In addition, the improvement of the wellbeing of older people might
exert a spillover effect, leading to an enhancement in the wellbeing levels of family and professional caregivers,
thereby mitigating their stress and/or burnout. Indeed, it has been shown that non-pharmacological treatments,
when effective, help to create more positive connections between older people, staff, and families!?-192, Another
practical implication lies in the possibility of bringing the benefits of exposure to natural environments to people
otherwise unable to experience them in vivo. This type of exposure also allows older people to not take risks
(e.g., falls, infections, allergies, etc.) to which they might be exposed in vivo exposure. Finally, an increment in
connectedness and vigor can improve the wellbeing of older people, also helping them positively accept their
current condition, especially if placed in a nursing or rest home.

Conclusion

This study aimed to investigate, in a sample of older residents in a nursing home and a health care residence, the
indirect effect of a 3D built arctic virtual environment (vs. a 3D built urban virtual environment) on vigor through
connectedness. Findings show that exposure to the 3D built arctic virtual environment enhances connectedness,
which in turn leads to an increase in vigor levels, confirming our initial hypothesis. Our results encourage to
continue investigating the effects of exposure to 3D built natural scenarios through VR in this target population in
order to improve their psychophysical conditions. This, in turn, might indirectly help the professional caregivers,
too. Finally, our study highlights that the use of VR can be an effective, relatively affordable solution to improve
the conditions of older people who reside in facilities. Indeed, although the use of VR is not to be understood as a
substitute for in vivo nature exposure®®, VR is useful for people in frail conditions, as in the case of older people.
To summarize, our findings highlight the importance of further investigating the effects of exposure to virtual
nature in older people, with the final aim of improving their psychophysical wellbeing.

Methods
Participants
The research involved older people in care at a healthcare residence San Michele Hospital (Lazio, Italy) and at
a nursing home Casa di Cura la Rocca located in (Lazio, Italy). The facilities were similar in size and amount of
green spaces available. Both facilities had a garden accessible to residents. However, not all residents had regular
access to open spaces, partly because of their health conditions. Photos of the facilities can be seen at [https://osf.
io/pcvbr/]. To test our hypothesis, we designed a between-subjects design with two experimental conditions to
which participants were randomly assigned. The study followed a single-blind approach. Block randomization
was employed and the procedure was carried out using the online software Research Randomizer (https://www.
randomizer.org/). According to the World Health Organization (WHO) definition of 65 years of age as the
transition to “older age” '%* and in line with previous studies (e.g.,'°!%%), only participants with > 65 years of age
were included in the study. A further inclusion criterion was the achievement of a score of >18 on the MMSE
(Mini-Mental State Examination'%), which has been shown by previous studies to be an acceptable threshold
(e.g.,'7119). Individuals with a score< 18 on the MMSE, individuals with sensory deficits of an audio and/
or visual nature, not supported by an adequate hearing or optical aid, individuals with severe psycho-physical
impairment unable to use the visor (e.g., fully assisted and/or totally bedridden patients), as well as individuals
with epilepsy and holding pacemakers were excluded from the study. Only participants who signed the informed
consent were included, and confidentiality and anonymity standards were guaranteed during all the study phases.
The selection of participants was done with the cooperation of the facilities’ health staff. Specifically, facility
psychologists collaborated with the research team to identify participants who agreed to participate in the study
and who fell within the inclusion criteria. Data collected was processed following Article 13 of EU Regulation
No.679/2016 of 27.04.2016 “General Data Protection Regulation” and Legislative Decree No.196/2003 “Personal
Data Protection Code”, as amended by Legislative Decree No.101 of 10.08.2018.

An initial sample of 56 participants agreed to participate in the study. Previous to the exposure to the
experimental conditions or before the post-test, 3 participants retired their participation and were excluded
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Variables

M (SD)
Age 83.85 | 7.73
MMSE 24.32 | 445
Gender N %
Men 18 34
‘Women 34 64.1
Non-Binary 1 1.9
Educational qualification | N %
Elementary school diploma | 33 62.3
High school diploma 10 18.8
Middle school diploma 9 17
Master degree 1 1.9
Marital status N %
Widowers 41 77.4
Single 6 11.3
Divorced 4 7.5
Married or civilly united 2 3.8
Professions before retiring | N %
Employed 31 58.5
Self-employed 11 20.8
Housewares 9 17
Entrepreneurs 2 3.7

Table 1. Socio-demographic/Informational table. Note. M =mean; SD = Standard Deviation; N =number; %

= percentage.

Recruitment

Random Assignments and Analysis

3D-built Arctic environment

Participants who

agreed to participate in
the experiment (n=56)

Final number of participants

(n=53)

(n=28)

participants
withdrawn
(n=3)

Fig. 3. Participants recruitment process.

\ 3D-built Urban environment

(n=25)

1

from further analysis. The 3 participants withdrew from the study due to concerns related to the virtual reality
headset. Specifically, they expressed discomfort and apprehension about wearing the device and decided not to
proceed with the experiment. Participants’ socio-demographic information are presented in Table 1. Additional
socio-demographic information of participants divided by residence structures is reported in Supplementary
Materials — Appendix A. The final number of participants for each experimental condition was as follows: 28 for
the 3D built arctic environment and 25 for the 3D built urban environment (see Fig. 3for details of participants
recruitment process). Based on a recent systematic review concerning virtual nature via VR in older people®,
our sample size greater than most studies in the field, and it is in line with the sample size of the studies with the
highest number of participants included in the review (i.e!!"!!2). Moreover, our sample size is beyond the mean
when considering the sample size of all the studies included in the review (M =29.42).
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Measures

In the present study, trait awe and vigor pre-exposure were included in the pre-exposure questionnaire. We then
adopted the following measures for the post-exposure questionnaire: connectedness (i.e., the mediator), vigor
post-exposure (i.e., the dependent variable), along with sense of presence and socio-demographic variables.

Measures included in the pre-exposure questionnaire

Trait Awe

To measure trait awe, we used the Awe Subscale (6 items) of the Dispositional Positive Emotion Scales (DPES!!?).
The items were translated into Italian using the back-translation method. An example of items is: “I feel wonder
almost every day”. The response scale ranged from 1 =Totally disagree to 7 =Totally agree. Cronbach’s alpha and
McDonald’s omega were both 0.70.

Vigor

To assess vigor pre-exposure, we adopted the vigor-activity dimension of the EDITS Profile of Mood Scale
(EPOMS)-Brief!'!*. The items were translated into Italian using the back-translation method. The vigor-activity
dimension encompasses 5 items on a 5-point Likert scale (0 =Not at all, 4= Very much). An example of an item
is: “Energic”. Cronbach’s alpha and McDonald’s omega were both 0.91.

Measures included in the post-exposure questionnaire

Connectedness

To measure connectedness, we adopted the connectedness dimension of the Awe Experience Scale (AWE-S!1).
It consists of 5 items on a 7-point Likert scale (1 =Totally disagree, 7 ="Totally agree). The items were translated
into Italian using a back-translation method. An example of items is: “I felt a sense of communion with all living
things”. Cronbach’s alpha and McDonald’s omega were both 0.95.

Vigor

To assess vigor post-exposure, we adopted the same instruments used in the pre-exposure questionnaire and
described above, i.e., the vigor-activity dimension of the EDITS Profile of Mood Scale (EPOMS)-Brief!!4116,
Cronbach’s alpha was 0.89, and McDonald’s omega was 0.90.

Sense of presence

In this study, the sense of presence was assessed using 12 items from the Igroup Presence Questionnaire (IPQ!'7).
The IPQ has already been used in previous studies with Italian samples*>*® (For more information on the scale
anchors and full list of items, please see: https://www.igroup.org/pq/ipq/download.php). An example of an item
is: “I felt present in the virtual space”. Cronbach’s alpha was 0.80 and McDonald’s omega was 0.85.

Socio-demographic variables
We collected information on age, gender, marital status, educational qualification, and type of employment
before retirement or before entering the host facility.

Experimental stimuli

The two environments were developed using Unity Software v. 2020.3.33f and with 2048 x 2048 texture size.
Both the environments were designed with a first-person view and the participant is not replaced by avatars
during the exposure. Moreover, the scenarios shown included neither people nor animals, and the participant
could not move within them. Both scenarios depict sunny days with the sun high in the sky and no clouds. The
descriptions of the two virtual environments are shown below and images of the described environment are
available at: [https://osf.io/pcvbr/].

3D built arctic environment

The VR arctic environment included a rocky shoreline overlooking a frozen sea and a small basin. Participants
were seated on a rocky shoreline consisting of small stones, surrounded by the frozen sea and ice breaking on the
shoreline. Ice sheets, small icebergs, and glaciers were visible in the distance, while icy rocks were placed near the
participant’s location. Behind the participant’s back, a cobblestone path expanded, leading to snowy mountains.

3D built urban environment

The VR urban environment featured a square with an oval shape that was surrounded by buildings, including
a tall obelisk in the middle and an entrance to the metro station. The square had benches around its perimeter,
and when the simulation started, the participants felt as if they were sitting on one of the benches, with the metro
station’s entrance positioned nearby to the right and the and obelisk to the left.

Procedure

The research was conducted from July 2023 to September 2023, and the experimental procedure was as follows.
In the two facilities that joined the research, two rooms were respectively set up and used solely for the purpose
of the experimental procedure. For exposure to the experimental conditions, a swivel chair was placed in the
center of both rooms so that the participants could explore the virtual environment in 360 degrees. In order to
prevent the swivel chair from moving to the four cardinal points due to the rotation, boundaries were set on
the floor of both rooms. In the case of participants in wheelchairs, depending on their willingness, they were
either helped by the facilities staff to move to the swivel chair or allowed to remain in the wheelchair within the
confines previously set up on the floor, ensuring that they were able to turn the wheelchair independently.
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Fig. 4. Graphical Representation of the Experimental Procedure.

Eligible participants were accompanied to their designated rooms by the staff of their respective facilities.
Once there, the researcher made them sign the informed consent. Then, a first questionnaire was administered
in face-to-face administration mode. In this first and pre-exposure questionnaire, we included two control
variables, namely trait awe and vigor pre-exposure. After this phase, participants were invited to sit on the swivel
chair and helped to wear a Head-Mounted Display (HMD) for virtual reality, namely Oculus Quest 2. Moreover,
they were told that, during the exposure, they were allowed to turn their head around and move the chair 360
degrees to explore the environment. The participants were then randomly exposed to one of two experimental
conditions, namely (1) a 3D built VR arctic environment and (2) a 3D built VR urban environment (see https://
osf.io/pevbr/ for an example of a photo per environment). Based on previous studies**”%°, the duration of
exposure to the virtual condition was set at 4 min. Since the two environments were designed with a first-person
view, avatars do not replace the participant during the exposure. Furthermore, no other persons or avatars
were present in the virtual scenario. After this phase, a second questionnaire was administered in face-to-face
administration mode. In this second and post-exposure questionnaire, we included our dependent variables
(i.e., connectedness and vigor post-exposure), along with other control variables. Specifically, we included
sense of presence, system usability, and socio-demographic variables. The Oculus Quest2 was sterilized using
an ultraviolet instrument (UV 59 S Sterilizer) at the end of each experiment and before the arrival of the next
participant. At least one member of the research team and one of the facilities staffs was present in case of need
during the entire duration of each experiment.

The research protocol follows the Declaration of Helsinki of 1964 and its latest versions, and the method
applied in the study was approved by the institutional ethics committee of the European University of Rome
prot. n. 08/2023).

A graphical representation of the experimental procedure is shown in Fig. 4.

Data availability

The datasets generated during and/or analyzed during the current study are available from the corresponding
author on request. The experimental conditions are available upon request. A sample of 3D virtual environment
images and a pictures of facilities are available to: https://osf.io/pcvbr/.

Received: 5 April 2024; Accepted: 27 September 2024
Published online: 08 October 2024

References
1. European ~ Commission.  Eurostat  Statistics ~ Explained.  https://ec.europa.eu/eurostat/statistics-explained/index.
php?title=Population_structure_and_ageing&oldid=584064 (10 March 2024, date last accessed).
2. Steffens, D. C. et al. The neurobiology of apathy in depression and neurocognitive impairment in older adults: a review of
epidemiological, clinical, neuropsychological and biological research. Transl Psychiatry. 12, 525. https://doi.org/10.1038/s41398-
022-02292-3 (2022).

Scientific Reports |

(2024) 14:23432 | https://doi.org/10.1038/s41598-024-74593-0 nature portfolio


https://osf.io/pcvbr/
https://osf.io/pcvbr/
https://osf.io/pcvbr/
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Population_structure_and_ageing&oldid=584064
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Population_structure_and_ageing&oldid=584064
https://doi.org/10.1038/s41398-022-02292-3
https://doi.org/10.1038/s41398-022-02292-3
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

. Sozeri-Varma, G. Depression in the elderly: clinical features and risk factors. Aging Dis. 3, 465-471 (2012).
. Taraghi, Z., Lolaty, H., Mohammadpour, R. & Abbasabadi, A. Strategies to promote hope and spirituality in the elderly: a narrative

review. Ann. Trop. Med. Public. Heal. 10, 1619. https://doi.org/10.4103/ATMPH.ATMPH_552_17 (2017).

. Mathers, C. D, Stevens, G. A., Boerma, T., White, R. A. & Tobias, M. I. Causes of international increases in older age life

expectancy. Lancet. 385, 540-548. https://doi.org/10.1016/50140-6736(14)60569-9 (2015).

. Sorkin, D., Rook, K. S., Lu, J. L. & Loneliness Lack of emotional support, lack of companionship, and the likelihood of having a

heart condition in an elderly sample. Ann. Behav. Med. 24, 290-298. https://doi.org/10.1207/S15324796 ABM2404_05 (2002).

. Toot, S., Swinson, T., Devine, M., Challis, D. & Orrell, M. Causes of nursing home placement for older people with dementia: a

systematic review and meta-analysis. Int. Psychogeriatr. 29, 195-208. https://doi.org/10.1017/s1041610216001654 (2017).

. Barker, W. H. et al. Rates, patterns, causes, and costs of hospitalization of nursing home residents: a population-based study. Am.

J. Public. Health. 84, 1615-1620. https://doi.org/10.2105/AJPH.84.10.1615 (1994).

. Moore, D. et al. Length of stay in long-term care facilities: a comparison of residents in six European countries. Results of the

PACE cross-sectional study. BM] Open. 10, e033881. https://doi.org/10.1136%2Fbmjopen-2019-033881 (2020).

Choi, N. G., Ransom, S. & Wyllie, R. J. Depression in older nursing home residents: the influence of nursing home
environmental stressors, coping, and acceptance of group and individual therapy. Aging Ment Health. 12, 536-547. https://doi.
0rg/10.1080/13607860802343001 (2008).

Creighton, A. S., Davison, T. E. & Kissane, D. W. The prevalence of anxiety among older adults in nursing homes and other
residential aged care facilities: a systematic review. Int. J. Geriatr. Psychiatry. 31, 555-566. https://doi.org/10.1002/gps.4378
(2016).

Nijsten, J. M. H. et al. Apathy: risk factor for mortality in nursing home patients. J. Am. Geriatr. Soc. 65, 2182-2189. https://doi.
org/10.1111/jgs.15007 (2017).

Ju, H. The relationship between physical activity, meaning in life, and subjective vitality in community-dwelling older adults.
Arch. Gerontol. Geriatr. 73, 120-124. https://doi.org/10.1016/j.archger.2017.08.001 (2017).

Bom, ., Bakx, P. & Rellstab, S. Well-being right before and after a permanent nursing home admission. Health Econ. 31, 2558-
2574. https://doi.org/10.1002/hec.4595 (2022).

Covinsky, K. E. et al. Loss of independence in activities of Daily living in older adults hospitalized with medical illnesses: increased
vulnerability with age. J. Am. Geriatr. Soc. 51, 451-458. https://doi.org/10.1046/j.1532-5415.2003.51152.x (2003).

Hooper, P. et al. Positive HABITATS for physical activity: examining use of parks and its contribution to physical activity levels in
mid-to older-aged adults. Health Place. 63, 102308. https://doi.org/10.1016/j.healthplace.2020.102308 (2020).

Levinger, P, Cerin, E., Milner, C. & Hill, K. D. Older people and nature: the benefits of outdoors, parks and nature in light of
COVID-19 and beyond- where to from here? Int. J. Environ. Health Res. 32, 1329-1336. https://doi.org/10.1080/09603123.2021.
1879739 (2022).

Garza-Teran, G., Tapia-Fonllem, C., Fraijo-Sing, B., Borbon-Mendivil, D. & Poggio, L. Impact of Contact with Nature on the
Wellbeing and Nature Connectedness indicators after a desertic Outdoor experience on Isla Del Tiburon. Front. Psychol. 13
https://doi.org/10.3389/fpsyg.2022.864836 (2022).

Mao, G. X. et al. Therapeutic effect of forest bathing on human hypertension in the elderly. J. Cardiol. 60, 495-502. https://doi.
org/10.1016/j.jicc.2012.08.003 (2012).

Rodiek, S. Influence of an outdoor garden on mood and stress in older persons. J. Therapeutic Hortic. 13 (1), 13-21 (2002).

. Huang, B. et al. Residential exposure to natural outdoor environments and general health among older adults in Shanghai, China.

Int. J. Equity Health. 18, 1-11. https://doi.org/10.1186/s12939-019-1081-4 (2019).

Kaplan, R. & Kaplan, S. The Experience of Nature: A Psychological Perspective (Cambridge University Press, 1989).

Ulrich, R. S. et al. Stress recovery during exposure to natural and urban environments. J. Environ. Psychol. 11, 201-230. https://
doi.org/10.1016/50272-4944(05)80184-7 (1991).

Jimenez, M. P. et al. Associations between Nature Exposure and Health: a review of the evidence. Int. J. Environ. Res. Public Health.
18, 4790. https://doi.org/10.3390/ijerph18094790 (2021).

Russo, C. et al. Personal dispositions explain differences in physical health benefits of nature exposure: the role of restorativeness
and affect. Front. Psychol. 15 https://doi.org/10.3389/fpsyg.2024.1365512 (2024).

Keniger, L., Gaston, K., Irvine, K. & Fuller, R. What are the benefits of interacting with Nature? Int. J. Environ. Res. Public Health.
10, 913-935. https://doi.org/10.3390/ijerph 10030913 (2013).

Orange, J. S. & Ballas, Z. K. Natural killer cells in human health and disease. Clin. Immunol. 118, 1-10. https://doi.org/10.1016/j.
clim.2005.10.011 (2006).

Gladwell, V. E. et al. The effects of views of nature on autonomic control. Eur. J. Appl. Physiol. 112, 3379-3386. https://doi.
org/10.1007/s00421-012-2318- (2012).

Brown, D. K., Barton, J. L. & Gladwell, V. E Viewing Nature scenes positively affects recovery of autonomic function following
Acute-Mental stress. Environ. Sci. Technol. 47, 5562-5569. https://doi.org/10.1021/es305019p (2013).

Imperatori, C. et al. Exposure to nature is associated with decreased functional connectivity within the distress network: a resting
state EEG study. Front. Psychol. 14 https://doi.org/10.3389/fpsyg.2023.1171215 (2023).

Finlay, J., Franke, T., McKay, H. & Sims-Gould, J. Therapeutic landscapes and wellbeing in later life: impacts of blue and green
spaces for older adults. Health Place. 34, 97-106. https://doi.org/10.1016/j.healthplace.2015.05.001 (2015).

Yaden, D. B,, Haidt, J., Hood, R. W, Vago, D. R. & Newberg, A. B. The varieties of self-transcendent experience. Rev. Gen. Psychol.
21, 143-160. https://doi.org/10.1037/gpr0000102 (2017).

O’Rourke, H. M., Collins, L. & Sidani, S. Interventions to address social connectedness and loneliness for older adults: a scoping
review. BMC Geriatr. 18, 214. https://doi.org/10.1186/s12877-018-0897-x (2018).

Chi, P, Gutberg, J. & Berta, W. The conceptualization of the natural environment in Healthcare Facilities: a scoping review.
HERD: Health Environ. Res. Des. J. 13, 30-47. https://doi.org/10.1177/1937586719845118 (2020).

Berto, R. The role of Nature in coping with psycho-physiological stress: a Literature Review on Restorativeness. Behav. Sci. 4,
394-409. https://doi.org/10.3390/bs4040394 (2014).

Barnicle, T. & Midden, K. S. The effects of a horticulture activity program on the Psychological Well-being of older people in a
long-term care facility. HortTechnology. 13, 81-85. https://doi.org/10.21273/horttech.13.1.0081 (2003).

Yu, C. P, Lee, H. Y. & Luo, X. Y. The effect of virtual reality forest and urban environments on physiological and psychological
responses. Urban Urban Green. 35, 106-114. https://doi.org/10.1016/j.ufug.2018.08.013 (2018).

Browning, M. H. E. M., Mimnaugh, K. ], van Riper, C. ], Laurent, H. K. & LaValle, S. M. Can simulated nature support Mental
Health? Comparing short, single-doses of 360-Degree nature videos in virtual reality with the outdoors. Front. Psychol. 10 https://
doi.org/10.3389/fpsyg.2019.02667 (2020).

Hsieh, C. H,, Yang, J. Y., Huang, C. W. & Chin, W. C. B. The effect of water sound level in virtual reality: a study of restorative
benefits in young adults through immersive natural environments. J. Environ. Psychol. 88, 102012. https://doi.org/10.1016/j.
jenvp.2023.102012 (2023).

Dillon, D. & Cai, J. Virtual Reality Greenspaces: Does Level of Immersion Affect Directed Attention Restoration in VR
Environments? J 5, 334-357 (2022). https://doi.org/10.3390/j5030023

Triberti, S. & Riva, G. Being Present in Action: a theoretical model about the Interlocking between intentions and Environmental
Affordances. Front. Psychol. 6 https://doi.org/10.3389/fpsyg.2015.02052 (2016).

Scientific Reports |

(2024) 14:23432

| https://doi.org/10.1038/s41598-024-74593-0 nature portfolio


https://doi.org/10.4103/ATMPH.ATMPH_552_17
https://doi.org/10.1016/S0140-6736(14)60569-9
https://doi.org/10.1207/S15324796ABM2404_05
https://doi.org/10.1017/s1041610216001654
https://doi.org/10.2105/AJPH.84.10.1615
https://doi.org/10.1080/13607860802343001
https://doi.org/10.1080/13607860802343001
https://doi.org/10.1002/gps.4378
https://doi.org/10.1111/jgs.15007
https://doi.org/10.1111/jgs.15007
https://doi.org/10.1016/j.archger.2017.08.001
https://doi.org/10.1002/hec.4595
https://doi.org/10.1046/j.1532-5415.2003.51152.x
https://doi.org/10.1016/j.healthplace.2020.102308
https://doi.org/10.1080/09603123.2021.1879739
https://doi.org/10.1080/09603123.2021.1879739
https://doi.org/10.3389/fpsyg.2022.864836
https://doi.org/10.1016/j.jjcc.2012.08.003
https://doi.org/10.1016/j.jjcc.2012.08.003
https://doi.org/10.1186/s12939-019-1081-4
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.1016/S0272-4944(05)80184-7
https://doi.org/10.3390/ijerph18094790
https://doi.org/10.3389/fpsyg.2024.1365512
https://doi.org/10.3390/ijerph10030913
https://doi.org/10.1016/j.clim.2005.10.011
https://doi.org/10.1016/j.clim.2005.10.011
https://doi.org/10.1007/s00421-012-2318-
https://doi.org/10.1007/s00421-012-2318-
https://doi.org/10.1021/es305019p
https://doi.org/10.3389/fpsyg.2023.1171215
https://doi.org/10.1016/j.healthplace.2015.05.001
https://doi.org/10.1037/gpr0000102
https://doi.org/10.1186/s12877-018-0897-x
https://doi.org/10.1177/1937586719845118
https://doi.org/10.3390/bs4040394
https://doi.org/10.21273/horttech.13.1.0081
https://doi.org/10.1016/j.ufug.2018.08.013
https://doi.org/10.3389/fpsyg.2019.02667
https://doi.org/10.3389/fpsyg.2019.02667
https://doi.org/10.1016/j.jenvp.2023.102012
https://doi.org/10.1016/j.jenvp.2023.102012
https://doi.org/10.3390/j5030023
https://doi.org/10.3389/fpsyg.2015.02052
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Clemente, D. et al. The effect of exposure to VR vs. 2D virtual environments on Restorativeness: the mediating role of the sense
of Presence. Int. J. Human-Computer Interact. 1-16 https://doi.org/10.1080/10447318.2024.2352218 (2024).

Lee, L. N., Kim, M. J. & Hwang, W. J. Potential of augmented reality and virtual reality technologies to promote wellbeing in older
adults. NATO Adv. Sci. Inst. Ser. E Appl. Sci. 9, 3556. https://doi.org/10.3390/app9173556 (2019).

Dermody, G., Whitehead, L., Wilson, G. & Glass, C. The role of virtual reality in improving Health outcomes for Community-
Dwelling older adults: systematic review. J. Med. Internet Res. 22, e17331. https://doi.org/10.2196/173317 (2020).

Van Houwelingen-Snippe, J., Ben Allouch, S. & Van Rompay, T. J. L. Virtual reality representations of nature to improve wellbeing
amongst older adults: a Rapid Review. J. Technol. Behav. Sci. 6, 464-485. https://doi.org/10.1007/s41347-021-00195-6 (2021).
Clemente, D., Romano, L., Zamboni, E., Carrus, G. & Panno, A. Forest therapy using virtual reality in the older population: a
systematic review. Front. Psychol. 14 https://doi.org/10.3389/fpsyg.2023.1323758 (2024).

Spano, G. et al. Virtual nature, psychological and psychophysiological outcomes: a systematic review. J. Environ. Psychol. 89,
102044, https://doi.org/10.1016/j.jenvp.2023.102044 (2023).

Li, H. et al. Beyond bluespace and greenspace: a narrative review of possible health benefits from exposure to other natural
landscapes. Sci. Total Environ. 856, 159292. https://doi.org/10.1016/j.scitotenv.2022.159292 (2023).

Theodorou, A. et al. Different types of virtual natural environments enhance subjective vitality through restorativeness. J. Environ.
Psychol. 87, 101981. https://doi.org/10.1016/j.jenvp.2023.101981 (2023).

van Houwelingen-Snippe, J., van Rompay, T. J. L. & Ben Allouch, S. Feeling connected after experiencing Digital Nature: a Survey
Study. Int. J. Environ. Res. Public. Health. 17 https://doi.org/10.3390/ijerph17186879 (2020).

van Houwelingen-Snippe, J., Ben Allouch, S. & van Rompay, T. J. L. That is a place where I would want to go™: investigating
digital nature to enhance social wellbeing among older adults. Ageing Soc. 43, 1-24. https://doi.org/10.1017/S0144686X2100177X
(2022).

Wang, X., Shi, Y., Zhang, B. & Chiang, Y. The influence of forest resting environments on stress using virtual reality. Int. J. Environ.
Res. Public. Health. 16, 3263. https://doi.org/10.3390/ijerph16183263 (2019).

Shirom, A. Vigor as a positive affect at work: conceptualizing Vigor, its relations with related constructs, and its antecedents and
consequences. Rev. Gen. Psychol. 15, 50-64. https://doi.org/10.1037/a0021853 (2011).

Fredrickson, B. L. What good are positive emotions? Rev. Gen. Psychol. 2, 300-319. https://doi.org/10.1037/1089-2680.2.3.300
(1998).

Salovey, P,, Rothman, A. J., Detweiler, J. B. & Steward, W. T. Emotional states and physical health. Am. Psychol. 55, 110-121.
https://doi.org/10.1037/0003-066X.55.1.110 (2000). https://psycnet.apa.org/doi/

Young, L. A. & Baime, M. J. Mindfulness-based stress reduction: effect on emotional distress in older adults. Complement. Health
Pract. Rev. 15, 59-64. https://doi.org/10.1177/1533210110387687 (2010).

Dishman, R. Psychological vigor and self-perceptions of increased strength. Med. Sci. Sports Exerc. 13, 73-74 (1981).
Group,Whoqol. Development of the WHOQOL: Rationale and current status. Int. . Ment Health. 23, 24-56. https://doi.org/10.1
080/00207411.1994.11449286 (1994).

Wood, C., Magnello, M. E. & Jewell, T. Measuring vitality. J. R. Soc. Med. 83, 486-489. https://doi.org/10.1177/014107689008300803
(1990).

Adams, K. B. & Depressive Symptoms Depletion, or Developmental Change? Withdrawal, apathy, and lack of Vigor in the
geriatric Depression Scale. Gerontologist. 41, 768-777. https://doi.org/10.1093/geront/41.6.768 (2001).

Lampinen, P, Heikkinen, R. L., Kauppinen, M. & Heikkinen, E. Activity as a predictor of mental wellbeing among older adults.
Aging Ment Health. 10, 454-466. https://doi.org/10.1080/13607860600640962 (2006).

Lawton, M. P, Kleban, M. H., Dean, J., Rajagopal, D. & Parmelee, P. A. The factorial generality of brief positive and negative affect
measures. J. Gerontol. 47, P228-P237. https://doi.org/10.1093/geron;j/47.4.P228 (1992).

Payne, M. E. et al. Quality of Life and Mental Health in older adults with obesity and Frailty: associations with a weight loss
intervention. J. Nutr. Health Aging. 22, 1259-1265. https://doi.org/10.1007/s12603-018-1127-0 (2018).

Gallo, J. J. & Rabins, P. V. Depression without sadness: alternative presentations of depression in late life. Am. Fam Physician. 60,
820-826 (1999).

Ochiai, H. et al. Physiological and psychological effects of a forest Therapy Program on Middle-aged females. Int. J. Environ. Res.
Public. Health. 12, 15222-15232. https://doi.org/10.3390/ijerph121214984 (2015).

Yeh, M. C,, Burton, A., Wu, Y. J. & Liu, Y. C. Effects of forest bathing on mental health in middle-aged and older individuals-A
narrative review. Int. J. Sports Physiol. Perform. 9 https://doi.org/10.53106/240996512022090902004 (2022).

Li, Q. et al. Effects of forest bathing (shinrin-yoku) on serotonin in serum, depressive symptoms and subjective sleep quality in
middle-aged males. Environ. Health Prev. Med. 27, 44. https://doi.org/10.1265/ehpm.22-00136 (2022).

Park, B. J. et al. Effects of Forest Therapy on Psychological Improvement in Middle-aged women in Korea. J. Prev. Med. Public.
Health. 55, 492-497. https://doi.org/10.3961%2Fjpmph.22.086 (2022).

Song, C. et al. Association between the Psychological Effects of Viewing Forest Landscapes and trait anxiety level. Int. J. Environ.
Res. Public. Health. 17 https://doi.org/10.3390/ijerph17155479 (2020).

Takayama, N. et al. Exploring the physiological and psychological effects of Digital Shinrin-Yoku and its characteristics as a
restorative environment. Int. J. Environ. Res. Public. Health 19, (2022). https://www.mdpi.com/1660-4601/19/3/1202#

Tu, P. C,, Cheng, W. C., Hou, P. C. & Chang, Y. S. Effects of types of Horticultural Activity on the Physical and Mental State of
Elderly individuals. Int. J. Environ. Res. Public. Health. 17 https://doi.org/10.3390/ijerph17145225 (2020).

Pratiwi, P. I, Xiang, Q. & Furuya, K. Physiological and psychological effects of walking in Urban Parks and its imagery in different
Seasons in Middle-aged and older adults: evidence from Matsudo City, Japan. Sustain. Sci. Pract. Policy. 12, 4003. https://doi.
org/10.3390/5u12104003 (2020).

Chen, D. et al. Physiological and psychological responses to transitions between urban built and natural environments using
the cave automated virtual environment. Landsc. Urban Plan. 241, 104919. https://doi.org/10.1016/jlandurbplan.2023.104919
(2024).

Yu, C. P, Lee, H. Y., Lu, W. H., Huang, Y. C. & Browning, M. H. E. M. Restorative effects of virtual natural settings on middle-aged
and elderly adults. Urban Urban Green. 56, 126863. https://doi.org/10.1016/j.ufug.2020.126863 (2020).

Stanley, M. et al. Nowadays you don’t even see your neighbours’: loneliness in the everyday lives of older australians. Health Soc.
Care Community. 18, 407-414. https://doi.org/10.1111/j.1365-2524.2010.00923.x (2010).

Yaden, D. B. et al. The language of ineffability: linguistic analysis of mystical experiences. Psycholog Relig. Spiritual. 8, 244-252.
https://doi.org/10.1037/rel0000043 (2016). https://psycnet.apa.org/doi/

Yaden, D. B. et al. The overview effect: Awe and self-transcendent experience in space flight. Psychol. Consciousness: Theory Res.
Pract. 3, 1-11. https://doi.org/10.1037/cns0000086 (2016).

Reed, P. G, Haugan, G. & Self-Transcendence A salutogenic process for well-being. in Health Promotion in Health Care - Vital
Theories and Research (eds Haugan, G. & Eriksson, M.) (Springer, Cham (CH), doi:https://doi.org/10.1007/978-3-030-63135-2
(2021).

Bai, Y. et al. Awe, the diminished self, and collective engagement: universals and cultural variations in the small self. J. Pers. Soc.
Psychol. 113, 185-209. https://doi.org/10.1037/pspa0000087 (2017).

Piff, P. K, Dietze, P., Feinberg, M., Stancato, D. M. & Keltner, D. Awe, the small self, and prosocial behavior. J. Pers. Soc. Psychol.
108, 883-899. https://doi.org/10.1037/pspi0000018 (2015).

Scientific Reports |

(2024) 14:23432

| https://doi.org/10.1038/s41598-024-74593-0 nature portfolio


https://doi.org/10.1080/10447318.2024.2352218
https://doi.org/10.3390/app9173556
https://doi.org/10.2196/173317
https://doi.org/10.1007/s41347-021-00195-6
https://doi.org/10.3389/fpsyg.2023.1323758
https://doi.org/10.1016/j.jenvp.2023.102044
https://doi.org/10.1016/j.scitotenv.2022.159292
https://doi.org/10.1016/j.jenvp.2023.101981
https://doi.org/10.3390/ijerph17186879
https://doi.org/10.1017/S0144686X2100177X
https://doi.org/10.3390/ijerph16183263
https://doi.org/10.1037/a0021853
https://doi.org/10.1037/1089-2680.2.3.300
https://doi.org/10.1037/0003-066X.55.1.110
https://psycnet.apa.org/doi/
https://doi.org/10.1177/1533210110387687
https://doi.org/10.1080/00207411.1994.11449286
https://doi.org/10.1080/00207411.1994.11449286
https://doi.org/10.1177/014107689008300803
https://doi.org/10.1093/geront/41.6.768
https://doi.org/10.1080/13607860600640962
https://doi.org/10.1093/geronj/47.4.P228
https://doi.org/10.1007/s12603-018-1127-0
https://doi.org/10.3390/ijerph121214984
https://doi.org/10.53106/240996512022090902004
https://doi.org/10.1265/ehpm.22-00136
https://doi.org/10.3390/ijerph17155479
https://www.mdpi.com/1660-4601/19/3/1202#
https://doi.org/10.3390/ijerph17145225
https://doi.org/10.3390/su12104003
https://doi.org/10.3390/su12104003
https://doi.org/10.1016/j.landurbplan.2023.104919
https://doi.org/10.1016/j.ufug.2020.126863
https://doi.org/10.1111/j.1365-2524.2010.00923.x
https://doi.org/10.1037/rel0000043
https://psycnet.apa.org/doi/
https://doi.org/10.1037/cns0000086
https://doi.org/10.1007/978-3-030-63135-2
https://doi.org/10.1037/pspa0000087
https://doi.org/10.1037/pspi0000018
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

81. Cooney, A., Murphy, K. & O’Shea, E. Resident perspectives of the determinants of quality of life in residential care in Ireland. J.
Adv. Nurs. 65, 1029-1038. https://doi.org/10.1111/j.1365-2648.2008.04960.x (2009).

82. Dupuis-Blanchard, S., Neufeld, A. & Strang, V. R. The significance of social engagement in relocated older adults. Qual. Health
Res. 19, 1186-1195. https://doi.org/10.1177/1049732309343956 (2009).

83. Younger, J. The alienation of the sufferer. ANS Adv. Nurs. Sci. 17, 53-72 (1995).

84. Strijk, J. E., Proper, K. I, van Mechelen, W. & van der Beek, A. J. Effectiveness of a worksite lifestyle intervention on vitality, work
engagement, productivity, and sick leave: results of a randomized controlled trial. Scand. J. Work. Environ. Health. 39, 66-75.
https://doi.org/10.5271/sjweh.3311 (2013).

85. Zhao, H., Zhang, H., Xu, Y., He, W. & Lu, ]. Why are people high in Dispositional Awe happier? The roles of meaning in Life and
Materialism. Front. Psychol. 10 https://doi.org/10.3389/fpsyg.2019.01208 (2019).

86. Senn, S. Change from baseline and analysis of covariance revisited. Stat. Med. 25, 4334-4344. https://doi.org/10.1002/sim.2682
(2006).

87. Hayes, A. F. Partial, conditional, and moderated moderated mediation: quantification, inference, and interpretation. Commun.
Monogr. 85, 4-40. https://doi.org/10.1080/03637751.2017.1352100 (2018).

88. MacKinnon, D. P, Krull, J. L. & Lockwood, C. M. Equivalence of the mediation, confounding and suppression effect. Prev. Sci. 1,
173-181. https://doi.org/10.1023/A:1026595011371 (2000).

89. Hayes, A. F. Beyond Baron and Kenny: Statistical Mediation Analysis in the New Millennium. Commun. Monogr. 76, 408-420.
https://doi.org/10.1080/03637750903310360 (2009).

90. Velarde, M. D,, Fry, G. & Tveit, M. Health effects of viewing landscapes — Landscape types in environmental psychology. Urban
Forestry Urban Green. 6, 199-212. https://doi.org/10.1016/j.ufug.2007.07.001 (2007).

91. Register, M. E. & Scharer, K. M. Connectedness in community-dwelling older adults. West. J. Nurs. Res. 32, 462-479. https://doi.
org/10.1177/0193945909355997 (2010).

92. Peacock, J. Relationships between prosocial factors and college student health. J. Am. Coll. Health. 70, 347-354. https://doi.org/1
0.1080/07448481.2020.1750413 (2022).

93. Mayer, E. S., Frantz, C. M., Bruehlman-Senecal, E. & Dolliver, K. Why is Nature Beneficial? The role of connectedness to Nature.
Environ. Behav. 41, 607-643. https://doi.org/10.1177/0013916508319745 (2009).

94. Suedfeld, P. Extreme and unusual environments: challenges and responses. in The Oxford Handbook of Environmental
and Conservation Psychology. 348-371 (Oxford University Press, New York, NY, US, doi:https://doi.org/10.1093/
oxfordhb/9780199733026.013.0019 (2012).

95. McCarthy, V. L., Ling, J. & Carini, R. M. The role of self-transcendence: a missing variable in the pursuit of successful aging? Res.
Gerontol. Nurs. 6, 178-186. https://doi.org/10.3928/19404921-20130508-01 (2013).

96. Nygren, B. et al. Resilience, sense of coherence, purpose in life and self-transcendence in relation to perceived physical and mental
health among the oldest old. Aging Ment Health. 9, 354-362. https://doi.org/10.1080/1360500114415 (2005).

97. Haugan, G., Deliktas Demirci, A., Kabukcuoglu, K. & Aune, I. Self-transcendence among adults 65 years and older: a meta-
analysis. Scand. J. Caring Sci. 36, 3-15. https://doi.org/10.1111/scs.12959 (2022).

98. Reed, J. & Ones, D. S. The effect of acute aerobic exercise on positive activated affect: a meta-analysis. Psychol. Sport Exerc. 7,
477-514. https://doi.org/10.1016/j.psychsport.2005.11.003 (2006).

99. Chattha, U. A. et al. Motion sickness in virtual reality: an empirical evaluation. IEEE Access. 8, 130486-130499. https://doi.
org/10.1109/ACCESS.2020.3007076 (2020).

100. King, C. Managing agitated behaviour in older people. Nurs. Older People. 24, 33-36. https://doi.org/10.7748/nop.24.7.33.s11
(2012).

101. Livingston, G. et al. Non-pharmacological interventions for agitation in dementia: systematic review of randomised controlled
trials. Br. J. Psychiatry. 205, 436-442. https://doi.org/10.1192/bjp.bp.113.141119 (2014).

102. Reynolds, L., Rodiek, S., Lininger, M. & McCulley, M. A. Can a virtual nature experience reduce anxiety and agitation in people
with dementia? J. Hous. Elder. 32, 176-193. https://doi.org/10.1080/02763893.2018.1431583 (2018).

103. Kowal, P. & Dowd, J. E. Definition of an older person. Proposed working definition of an older person in Africa for the MDS Project.
(2001). https://doi.org/10.13140/2.1.5188.9286

104. Crews, D. E. & Zavotka, S. Aging, disability, and frailty: implications for universal design. J. Physiol. Anthropol. 25, 113-118.
https://doi.org/10.2114/jpa2.25.113 (2006).

105. Orimo, H. et al. Reviewing the definition of ‘elderly. Geriatr. Gerontol. Int. 6, 149-158. https://doi.org/10.1111/j.1447-
0594.2006.00341.x (2006).

106. Folstein, M. F, Robins, L. N. & Helzer, J. E. The Mini-mental State Examination. Arch. Gen. Psychiatry. 40, 812. https://doi.
org/10.1001/archpsyc.1983.01790060110016 (1983).

107. Appel, L. et al. Virtual reality to promote wellbeing in persons with dementia: a scoping review. J. Rehabil Assist. Technol. Eng. 8,
20556683211053952. https://doi.org/10.1177/20556683211053952 (2021).

108. Coelho, T. et al. Promoting reminiscences with virtual reality headsets: a pilot study with people with dementia. Int. J. Environ.
Res. Public. Health. 17 https://doi.org/10.3390/ijerph17249301 (2020).

109. Ferguson, C., Shade, M. Y., Boron, B., Lyden, J., Manley, N. A. & E. & Virtual reality for therapeutic recreation in Dementia
Hospice Care: a feasibility study. Am. J. Hosp. Palliat. Care. 37, 809-815. https://doi.org/10.1177/1049909120901525 (2020).

110. Moyle, W,, Jones, C., Dwan, T. & Petrovich, T. Effectiveness of a virtual reality forest on people with dementia: a mixed methods
pilot study. Gerontologist. 58, 478-487. https://doi.org/10.1093/geront/gnw270 (2018).

111. Yuan, S., Tao, E & Li, Y. The restorative effects of virtual reality forests on Elderly individuals during the COVID-19 Lockdown. J.
Organizational End. User Comput. 34, 1-22. https://doi.org/10.4018/JOEUC.297626 (2022).

112. Appel, L. et al. Older adults with cognitive and/or physical impairments can benefit from immersive virtual reality experiences: a
feasibility study. Front. Med. 6 https://doi.org/10.3389/fmed.2019.00329 (2020).

113. Shiota, M. N., Keltner, D. & John, O. P. Positive emotion dispositions differentially associated with big five personality and
attachment style. J. Posit. Psychol. 1, 61-71. https://doi.org/10.1080/17439760500510833 (2006).

114. McNair, D. M., Lorr, M. & Droppleman, L. E. EAITS Manual for the Profile of Mood States (POMS) (Educational and industrial
testing service, 1992).

115. Yaden, D. B. et al. The development of the Awe Experience Scale (AWE-S): a multifactorial measure for a complex emotion. J.
Posit. Psychol. 14, 474-488. https://doi.org/10.1080/17439760.2018.1484940 (2019).

116. Curran, S. L., Andrykowski, M. A. & Studts, J. L. Short form of the profile of mood states (POMS-SF): psychometric information.
Psychol. Assess. 7, 80-83. https://doi.org/10.1037/1040-3590.7.1.80 (1995).

117. Schubert, T, Friedmann, F. & Regenbrecht, H. The experience of presence: factor analytic insights. Presence. 10, 266-281. https://
doi.org/10.1162/105474601300343603 (2001).

Acknowledgements

We would like to thank the structures San Michele Hospital and Casa di Cura la Rocca. In particular, the authors
would like to thank Dr. Riccardo La Rosa , for the willingness to allow authors to collect data, Dr. Valentina
Pavino to help in the collect data in healthcare residence. We would like to thank Lorenzo di Natale and Simone
Barbato, founders of IDEGO, the company developing the software adopted in the current research.

Scientific Reports|  (2024) 14:23432

| https://doi.org/10.1038/s41598-024-74593-0 nature portfolio


https://doi.org/10.1111/j.1365-2648.2008.04960.x
https://doi.org/10.1177/1049732309343956
https://doi.org/10.5271/sjweh.3311
https://doi.org/10.3389/fpsyg.2019.01208
https://doi.org/10.1002/sim.2682
https://doi.org/10.1080/03637751.2017.1352100
https://doi.org/10.1023/A:1026595011371
https://doi.org/10.1080/03637750903310360
https://doi.org/10.1016/j.ufug.2007.07.001
https://doi.org/10.1177/0193945909355997
https://doi.org/10.1177/0193945909355997
https://doi.org/10.1080/07448481.2020.1750413
https://doi.org/10.1080/07448481.2020.1750413
https://doi.org/10.1177/0013916508319745
https://doi.org/10.1093/oxfordhb/9780199733026.013.0019
https://doi.org/10.1093/oxfordhb/9780199733026.013.0019
https://doi.org/10.3928/19404921-20130508-01
https://doi.org/10.1080/1360500114415
https://doi.org/10.1111/scs.12959
https://doi.org/10.1016/j.psychsport.2005.11.003
https://doi.org/10.1109/ACCESS.2020.3007076
https://doi.org/10.1109/ACCESS.2020.3007076
https://doi.org/10.7748/nop.24.7.33.s11
https://doi.org/10.1192/bjp.bp.113.141119
https://doi.org/10.1080/02763893.2018.1431583
https://doi.org/10.13140/2.1.5188.9286
https://doi.org/10.2114/jpa2.25.113
https://doi.org/10.1111/j.1447-0594.2006.00341.x
https://doi.org/10.1111/j.1447-0594.2006.00341.x
https://doi.org/10.1001/archpsyc.1983.01790060110016
https://doi.org/10.1001/archpsyc.1983.01790060110016
https://doi.org/10.1177/20556683211053952
https://doi.org/10.3390/ijerph17249301
https://doi.org/10.1177/1049909120901525
https://doi.org/10.1093/geront/gnw270
https://doi.org/10.4018/JOEUC.297626
https://doi.org/10.3389/fmed.2019.00329
https://doi.org/10.1080/17439760500510833
https://doi.org/10.1080/17439760.2018.1484940
https://doi.org/10.1037/1040-3590.7.1.80
https://doi.org/10.1162/105474601300343603
https://doi.org/10.1162/105474601300343603
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Author contributions

D.C. and A.P developed the original idea; D.C., C.R. and A.P. contributed to the conceptualization of the study;
D.C. and A.P. designed the experiment and edited the methodology; D.C., L.R. and C.R. wrote the original man-
uscript, organized the data and performed the statistical analysis; L.R. and A.P. contributed to the development
of virtual environments; D.C. has carried out the data collection; D.C. has acquired the resources; G.C., and A.P.
were the project managers; G.C., and A.P. acquired the necessary funding; All authors contributed to the revision
of the manuscript; A.P. supervised. All authors have read and approved the submitted version.

Fundin

The authgr(s) declare financial support was received for the research, authorship, and/or publication of this
article. This work was partially carried out under the project “Establishing Urban FORest based solution in
Changing Cities” (EUFORICC) and financially supported by the Ministry of Education, University and Research
(MIUR) of Italy (PRIN 20173RRN2S).

Declarations

Competing interests
The authors declare no competing interests.

Ethics declarations

The study was approved by the institutional ethics committee of the European Univeristy of Rome (prot. n.
08/2023). All methods were performed in accordance with the Declaration of Helsinki for studies involving
human participants.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1038/s41598-024-74593-0.

Correspondence and requests for materials should be addressed to D.C. or A.P.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives
4.0 International License, which permits any non-commercial use, sharing, distribution and reproduction in
any medium or format, as long as you give appropriate credit to the original author(s) and the source, provide
a link to the Creative Commons licence, and indicate if you modified the licensed material. You do not have
permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and
your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/
licenses/by-nc-nd/4.0/.

© The Author(s) 2024

Scientific Reports |

(2024) 14:23432 | https://doi.org/10.1038/s41598-024-74593-0 nature portfolio


https://doi.org/10.1038/s41598-024-74593-0
https://doi.org/10.1038/s41598-024-74593-0
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.nature.com/scientificreports

	﻿3D built virtual arctic environment increase vigor through connectedness in older people
	﻿Theoretical framework
	﻿Vigor

	﻿Connectedness
	﻿The present study
	﻿Results
	﻿Preliminary analyses
	﻿Mediation analysis

	﻿General discussion
	﻿Conclusion
	﻿Methods
	﻿Participants


	﻿Measures
	﻿Measures included in the pre-exposure questionnaire
	﻿Trait Awe



