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Abstract

Background: Nature engagement, including affective and physical interactions with nature, is linked to a multitude of health and
well-being benefits. University students tend to engage little with nature and the use of technology is rapidly increasing,
contributing to further disconnection from nature.

Objective: This randomized controlled trial investigated the effectiveness of virtual nature in promoting nature engagement
among university students, comparing an immersive vs. a hon-immersive means of delivery.

Methods: Thirty-eight students recruited at the library of a university campus were randomized, using a random number
generator, to view avideo of alocal natural environment either through a head-mounted display (n = 20), or atablet screen (n =

18). They were then invited to participate in an organized hiking tour at the location displayed during the virtua nature
experience.

Results: The findings showed statistically significant pre-to-post increases, with no difference between conditions, in Nature
connectedness (F(1,36) = 33.49, p < .001, ?p2 = 0.48), Intention to perform green exercise (F(1,36) = 5.55, p = .024, 7p2 = 0.13),
Intention to visit the hiking location (F(1,36) = 15.34, p < .001, ?p2 = 0.26), and Intention to participate in the hiking tour
(F(1,36) = 12.450, p = .001, ?p2 = 0.30). Six students participated in the organized tour, with no differences between conditions.
The participants' changes in Nature connectedness (? = .35; p = .029) and participation in the hiking tour (? = .37; p = .021)
correlated with “Being there”.

Conclusions: Regardless of the levels of immersion, virtual nature experiences can be an effective strategy to improve nature
engagement among university students.
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Abstract

Background: Nature engagement, including affective and physical interactions with nature, is linked
to a multitude of health and well-being benefits. Unfortunately, opportunities for engaging with
nature are globally decreasing. University students, especially, are a demographic group that tends to

engage little with nature. Immersive Virtual Nature (IVN; i.e., digital nature content delivered
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through immersive devices, such as head-mounted displays) has been proposed as a medium to
facilitate nature experiences and engagement. In recent years, 360° nature videos emerged as an
accessible way to create IVN content, though it is still unclear whether they can elicit presence and
increase nature engagement to a greater extent than nature videos delivered through non-immersive
media.

Objective: This randomized trial investigated the effectiveness of nature videos as a medium to
promote nature engagement among university students, comparing devices with different levels of
immersion. Specifically, two experimental conditions were tested: a 360° nature video delivered
through a head-mounted display (IVN) and a matching video displayed on a tablet screen (NIVN).
Methods: Thirty-eight students were recruited at the library of a university campus and invited to
participate in an organized hiking tour at the location displayed during the virtual nature experience.
They were then randomized, using a random number generator, to either the IVN (n = 20) or the
NIVN condition (n = 18). Pre- and post-assessment of Nature connectedness, Intention to perform
green exercise, Intention to visit the hiking location, and Intention to participate in the organized
hiking tour were collected. Presence, Cybersickness, and actual attendance to the tour were also
assessed.

Results: A mixed ANOVA showed a statistically significant pre-to-post increases in Nature
connectedness (F 3 = 33.49; p < .001, n,° = 0.48), Intention to perform green exercise (F s = 5.55;
p = .024), Intention to visit the hiking location (F 3 = 15.34; p<.001, n,° = 0.26), and Intention to
participate in the hiking tour (Fq 3 = 12.450; p = .001, n,° = 0.30). Both conditions were associated
with medium-high ratings of “Being there” and “Sense of reality”, but low ratings of “Realism”. The
cybersickness levels were generally low. Six students participated in the organized tour. The mixed
ANOVA found no statistical differences between the two conditions for any of the outcomes. The
participants’ changes in Nature connectedness (p = .35; p =.029) and attendance to the hiking tour (p

= 37, p = .021) correlated with the presence item “Being there”.
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Conclusion: This study provides novel evidence on the potential of virtual nature as a medium to
improve nature engagement among university students, adding to the current debate on the
effectiveness of 360° videos. These findings can inform future research as well as initiatives seeking

to promote nature engagement.

INTRODUCTION

The World Health Organization (WHO) highlights the global need to foster mental health, reporting
that 12% and 15% of the European and American populations experience psychological challenges,
respectively [1]. College and University students are recognized to be a group at higher risk of
mental health challenges such as anxiety [2] and stress [3]. Recent reports show that the number of
students reporting mental health issues has increased during the last decade from 11% to 31% [4].
Regular and recurrent nature engagement is a known salutogenic factor supporting population’s
general health and psychological well-being [5]. However, outdoor time is dropping, especially in
younger generations [6], and college and university students often prefer exercising indoors (e.g., in
indoor gyms and sports facilities) rather than out in nature [4,7]. Meanwhile, the use of technology
and screen time is rapidly increasing, contributing to further disconnection from nature [8,9]. From a
different perspective, technology may be employed as a tool to reconnect people to nature and
improve human-nature interactions [10]. In this respect, virtual reality (VR) is gaining increasing
attention due to its rapid advancement and economic accessibility for consumers [10,11].

Benefits of nature engagement

According to WHO, direct exposure to nature, (e.g., contemplating the view of nature, spending
time, interacting with, or being physically active in a natural environment) provides mental and
physical health benefits across socioeconomic strata and genders [12]. Emotional well-being,
improved positive affect and mood, stress reduction, and social contact, are just some of the benefits

of human-nature interactions [13—15]. One important factor facilitating contact with nature and
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contributing to the health and well-being benefits associated with nature interactions is physical
activity [16,17]. In this respect, Pretty et al [18] coined the concept of “green exercise”, referring to
any physical activity in the presence of nature.

Not only physical contact with nature, but also cognitive and affective engagement with nature is
linked to health and well-being outcomes [13,19-22]. As a relevant part of human-nature
interactions, nature connectedness, referring to an individual’s sense of being emotionally connected
to the natural world [23], plays an important role in human health. Studies link nature connectedness
to various health outcomes including social, psychological, physical, and general well-being [19,24—
26]. Moreover, evidence shows a positive correlation between nature connectedness and different
well-being indicators, including happiness, mood, and life satisfaction, as well as reduced symptoms
of stress-related mental disorders, and enhanced self-reported vitality, independently from cultural
and climatic context [20,27-29]. Nature connectedness can be classified as a personality trait or a
temporary state [30]. However, the trait level of nature connectedness showed to be dynamic and
varies across the lifespan [31,32].

It is important to highlight that, although being two different and largely independent ways of
engaging with nature, a reciprocal influence exists between nature connectedness and physical
contact with nature. Frequent experiences of nature or living near natural areas during childhood are
important to strengthening people’ feelings about nature and foster trait level of nature connectedness
[33-35]. Changes in temporary state levels of nature connectedness can be elicited in adults through
direct contact with nature including both passive and active engagement with nature, such as viewing
nature while sitting in a park and brief walks in a forest [27,36,37]. A systematic review suggests that
interacting with nature on a regular basis can lead to sustained increases in nature connectedness
[36]. Further, individuals with higher levels of nature connectedness are more likely to visit and
spend time in a natural environment and engage with outdoor recreations [33,38]. Therefore, nature

connectedness both support and is supported by physical human-nature interactions [18,39,40].

https://preprints.jmir.org/preprint/63424 [unpublished, peer-reviewed preprint]



JMIR Preprints Brambillaet a
Unfortunately, with more than half of the global population living in urban areas [41], the
opportunities for human-nature interactions are globally decreasing [14]. The progressive
disconnection from nature may have negative consequences on human health [14,42], including
physical and mental health challenges, such as sedentary behavior, overweight, reduced happiness,
and life satisfaction [43].

Immersive virtual nature — the case of 360° videos

VR refers to a technology that provides the illusion of being in another place by substituting the
primary sensory input with data generated by a computer [44]. VR can include different technologies
with different levels of immersion — i.e., “the extent to which the computer displays are capable of
delivering an inclusive, extensive, surrounding and vivid illusion of reality to the senses of a human
participant” [45]. For instance, head-mounted displays (HMD), devices with a motion sensor that
allows a 360° range of vision of a simulated environment while excluding the view of external
surroundings, are commonly considered as a form of immersive VR technology [46,47]. Contrary,
computer screens are deemed as a form of non-immersive technology. In this regard, the user’s sense
of presence (i.e., the subjective sense of being in the simulated environment [45]) has been indicated
as a key factor in defining immersive experiences [45,48-53] capable of eliciting powerful
psychophysiological responses [54]. While it is generally assumed that a user’s sense of presence is
influenced by the levels of immersion of a given VR device, the extent to which immersive
technology alone is sufficient to deliver an immersive experience, characterized by a strong feeling
of presence, is still debated [50]. In this respect, interactiveness is considered paramount for
delivering truly immersive VR experiences. Another factor is cybersickness, a specific type of
visually induced motion sickness [55] [56], which tends to be particularly problematic in highly
immersive VR devices and can negatively impact the VR experience.

Immersive virtual nature (IVN) refers to installations that use immersive VR technology to provide

an illusory perception of being surrounded by and interacting with a natural environment [11]. IVN
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has been found effective in eliciting increased nature engagement outcomes, including nature
connectedness [57] and intention to visit naturalistic locations [58—61]. In recent years, 360° videos
(spherical videos that can be viewed through HMD) emerged as an accessible technique to generate
IVN contents [62]. However, concerns have been raised relatively the effectiveness of 360° videos
compared with computer-generated interactive IVN experiences [57]. Moreover, the extent to which
360° nature videos can increase nature engagement to a greater extent than videos displayed through
non-immersive technologies (e.g., viewing nature through pictures, videos, or different screens) is
not clear [57]. While some studies indicate that 360° nature videos tends to be more effective in
eliciting nature connectedness than traditional nature videos [47,63], others suggest less consistent
results [64,65]. Moreover, to the best of our knowledge, to date, only a few studies have investigated
the effects of 360° nature videos experiences on people’s physical engagement with nature, including
measurements of actual behavior, comparing experiences delivered through immersive vs. non-
immersive technologies.

The present study

The purpose of this study was to investigate the extent to which a single virtual nature experience
could elicit increased nature engagement outcomes in university students, and whether this effect
varies depending on the level of immersion of the devices through which they are delivered.
Specifically, in this study, the IVN condition consisted in viewing a 360° video featuring a
naturalistic location through a HMD, while the non-immersive condition (NIVN) consisted in
viewing the same video in rectangular format on a tablet screen. In this study, nature engagement is
employed as an umbrella term to enclose affective (operationalized as nature connectedness) and
physical interactions with nature (operationalized as behavioral intentions and actual behavior
relatively to nature visits).

The following research question was outlined:

What is the effectiveness of viewing a video featuring a naturalistic location either through an
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immersive (IVN) or a non-immersive device (NIVN) in promoting nature engagement among
university students?

Hypotheses:

H1. There will be a significant pre-to-post increment in all the nature engagement outcomes
in both conditions.

H2. Compared with the NIVN condition, the IVN condition will elicit larger increments of all
nature engagement outcomes, as well as greater levels of presence and cybersickness.

H3. All nature engagement outcomes will significantly and positively correlate with the
participants’ level of presence and negatively correlate with the severity of cybersickness symptoms.
METHODS
Research design and randomization
The study was designed as a randomized trial with parallel groups and pre-post assessments and the
present paper is outlined following the CONSORT guidelines [66].

First, an ID-code list was created, and each ID-code was allocated to one of two experimental
conditions (IVN and NIVN) using a random number generator. Each participant was linked to a
unique ID-code just before undergoing the experiment. Anonymity was assured by storing
participants’ identifying information (i.e., name, family name, and phone number) only in paper form
separately from collected data, and by deleting it after completion of the project. The allocation
sequence was concealed until participants were enrolled and assigned to intervention. However, the
trial was not completely blinded, as the participants were aware of the two experimental conditions.

A flow diagram [66] of the progress through the study phases is presented in Figure 1.

Figure 1. CONSORT flow diagram of the study phases concerning participant enrollment, allocation, and analysis [66]
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[ Enrollment }

Assessed for eligibility (n = 54)

Excluded (n=16)
+ Not meeting inclusion criteria (n = 7)
+ Declined to participate (n = 0)

Y

Randomized (n = 38)

|

v [ Allocation } v
Allocated to intervention (n = 24) Allocated to intervention (n = 23)
+ Received allocated intervention (n = 20) + Received allocated intervention (n = 18)
+ Did not receive allocated intervention due to + Did not receive allocated intervention due to
technical issues (n = 4) technical issues (n = 5)
v [ Analysis W v
A v
Analysed (n=20) Analysed (n=18)
+ Excluded from analysis (n = 0) + Excluded from analysis (n = 0)

Participants and sample size

The study took place from 16" March to 28™ April 2022 at the library of the University of South-
Eastern Norway, which offers bachelor and master programs in nursing, computer sciences, teacher
education, management, and political sciences. University students were purposely targeted as a
specific group of interest, as they are a population that tends to prefer indoor activities [4] and
engage less in outdoor recreation [33]. Therefore, they could particularly benefit from exposure to
the virtual nature. Participants were recruited through flyers distribution, advertisements posted on
social media, and presentations of the study during classes. Eligible participants were university
students living in Drammen, speaking Norwegian or English language, and able to walk outdoors
without aid. No other restrictions were applied. Participants were informed in verbally and written

form about the general purpose of the study and associated  risks.
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The sample size was estimated based on the primary outcome, nature connectedness. Two studies
[47,67] investigating the effects of experiencing an IVN found a large and a medium effect size for
nature connectedness. Hence for this study, a medium effect size was selected to ensure sufficient
power to detect meaningful effects without unnecessarily burdening a larger number of participants.
The sample-size calculation was performed in G*Power for mixed between-within subject analysis
of variance (ANOVA) with two groups and two repeated measurements, setting an expected power
of 0.80, a precision of 0.05, and a moderate effect size (f = 0.25), which resulted in an optimal
sample size of 34. Fifty-four participants were recruited and assessed for eligibility, of whom seven
did not meet the eligibility criteria. Other nine participants were enrolled but had to be excluded
because of technical issues (i.e., malfunctioning of the equipment). The final sample (participants

included in the analyses) consisted of 38 participants.

Virtual nature experiences

The IVN condition consisted in a 360° video of nature, delivered through a standalone HMD (Meta
Quest 2, Reality Labs, USA). Participants viewed the 360° video whist sitting on a chair. In the
NIVN condition, participants watched the same video on a tablet screen (10,5” full HD 1200p LCD).
The version of the video used in either condition was equal in duration. The video was filmed in a
local forest named Dronningslepet and composed of a sequence of static clips (15 s each). The total
length of the video was 5 min, which is generally deemed sufficient to elicit psychological responses
while reducing the risk of cybersickness [10,57]. The video was filmed using a GoPro MAX
(3840x2160, resolution, 25 frames per second), and edited in DaVinci Resolve 18 (Blackmagic
Design, Port Melbourne, Australia) using sounds retrieved from YouTube Audio Library [68]. A
demo of the video is available online [69].

Procedures

A schematic overview of the experimental procedure and data collection process is summarized
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above in Figure 1. Before undergoing either the IVN or the NIVN condition, participants were
informed about the safe use of the technology. Subsequently, participants were invited to join in an
organized hiking tour taking place at the same location where the video, displayed during the
experiment, was filmed (i.e., a local forest named Dronningslepet). Information regarding the tour
duration, path length, and intensity were provided both in verbally and written form. Within five
weeks from the experiment, participants could attend the tour (three dates were made available)
which had a duration of approximately three hours, included a local guide, food, and transportation.
The participants were then asked to fill in the pre-exposure questionnaire.

At completion of each experimental condition, the participants filled in the post-exposure
questionnaire. A reminder about the tour was sent to them via phone before each date. The
participants who were allocated to the NIVN were invited to try the IVN after all the hiking tours
were completed. The total duration of the procedure varied from 20 to 35 minutes. Data collections
were handled by questionnaires created with the Nettskjema, an online survey solution developed
and hosted by the University of Oslo. The questionnaires were provided in Norwegian and English

language to allow both international and local students to participate.

Figure 1. Experimental procedure, data gathering organization, and procedure duration
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CNS: Connectedness to Nature Scale; INT-GE: Intention to Perform Green Exercise; INT to participate: Intention to
participate in the organized tour; INT to visit: Intention to visit the hiking location; Background information: age, gender,
faculty, residence, green exercise habits, and previous visits to the hiking location; SSQ: Simulator sickness
questionnaire; IVN: Immersive Virtual Nature condition, NIVN: Non-immersive Virtual Nature condition.
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Outcomes
Nature engagement outcomes
The main outcomes included self-reported nature engagement collected by questionnaire before and
after each experimental condition. Additionally, attendance in the organized hiking tour was
recorded. The questionnaires were available in both English and Norwegian. The English versions of
the questionnaires were all validated. The questionnaires were translated from English to Norwegian
by native speakers in collaboration with academics with expertise in environmental psychology,

ensuring consistency with the cultural context.

The main outcomes related to both affective and physical engagement with nature and
operationalized through the concept of nature connectedness and intention to visit nature and actual
visitation of nature. Three types of nature visits were considered: generic green exercise, independent
visit to the location of the hiking tour (behavioral intentions), and participation in the organized
hiking tour (behavioral intention and actual behavior). The questionnaires are provided in Appendix

1.

Nature connectedness. The state version of the Connectedness to Nature Scale (CNS) [27] was used
to assess the extent to which individuals felt emotionally attached to the natural world. CNS was
selected for its comprehensive assessment of the relationship between humans and nature (including
animals, plants, and a sense of equality between the self and nature) and its high reliability [27]. The
CNS has demonstrated strong internal consistency (a = 82, 80 - 82) [27] [70], and convergent
validity, correlating positively with other measures of nature connection such as the Inclusion of
Nature in Self scale [71]. The scale includes 13-items (e.g., “Right now I’'m feeling a sense of
oneness with the natural world around me”), rated on a 7-point Likert scale (1 = Strongly disagree; 7

= Strongly agree). The internal consistency of the scale in this study (a« = 0.81 - 0.85) was consistent
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with previous studies [27] [70].
Intention to perform green exercise. The Intention to perform green exercise questionnaire (INT-GE)
[72] assessing the extent of intention to engage in green exercise in the near future, was used. The
INT-GE has demonstrated a strong factorial validity in the original validation study [72] and both the
original English version [72] and translated Norwegian version [58] demonstrate good internal
consistency (a = 0.94-0.95). The scale includes five items (e.g., “I expect to do Green Exercise”),
rated on a 7-point Likert scale (1 = Strongly disagree/Very Unlikely; 7 = Strongly agree/Very Likely).
Examples of what was intended as “green exercise” were provided in the caption which also
provided a time reference (“over the next 5 weeks”), that approximately corresponded to the time
span between the participant’s virtual nature experience and the last planned hiking tour. In this
study, the internal consistency of the scale (o = 0.95 - 0.95) was in line with previous studies [58,73].
Intention to visit the hiking location. This scale was developed following established guidelines for
developing questionnaires based on the theory of planned behavior within health services researchers
[74]. Specifically, the participants’ intention to visit the hiking location was assessed through 3-items
(e.g., “After I received information about Dronningslepet, I consider visiting it within the next 5
weeks”) rated on a 7-point Likert scale (1 = Strongly disagree; 7 = Strongly agree). The scale in this
study showed an adequate internal consistency (a= 0.93 — 0.97).
Intention to participate and actual participation in the organized hiking tour. A single-item question
about the participants’ intention to attend the organized hiking tour (i.e., “After I received
information about the organized trip to Dronningslepet, the probability that I will participate in the
tour is...”), rated on an 11-point Likert scale (0 = Very low; 5 = Neither high/low; 10 = Very high)
was used. Additionally, the participants’ attendance to the organized hiking tour was registered in

loco by one author.

Other outcomes
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Presence. Post-assessment of the sense of presence was performed based on the study from Slater et
al [75], with some adjustments relative to the context of the trial and consistent with previous work
by Calogiuri et al . The final 3-items were rated on an 11-point Likert scale (0 = Absolutely disagree;
10 = Absolutely agree), and formulated as follows: i) “In the video I had the sense of ‘being there’”
(i.e., “Being there”), ii) “I thought of the video as equal to the real environment” (i.e., “Realism”),
iii) “The video became more real or present to me compared to the real world. NB: by ‘real world’
we mean the room where you were undergoing the test” (i.e., “Sense of reality”). In line with
previous works [76,77] the items were used individually for further analysis.

Cybersickness. The Simulator Sickness Questionnaire (SSQ) [78] was administered after both
experimental conditions to measure the severity of cybersickness. The SSQ has demonstrated a good
factorial validity in the original validation study [78]. The SSQ includes 16-items describing
different symptoms (e.g., “nausea”, “headache”, and “eyestrain”) and rated with a 4-point Likert
scale (0 = Not at all; 4 = A lot). The scale in this study showed adequate internal consistency (o =
0.86), consistently with a previous study that employed the same Norwegian version of the scale
[79].

Background Information Participants’ age, gender, and residence were collected for descriptive
purposes. Further, previous visits to the hiking location (i.e., “Have you been to the hiking location
before?”) were assessed through a single-item question to which participants could answer “yes”,
“no”, or “I don’t remember”. Additionally, green exercise habits (i.e., “How often do you do green
exercise?”) were assessed through a single-item question to which participants could answer “more
than 3 times a week”, “2 times a week”, “1 time a week” or “less than 1 time a week”.

Statistical analysis

The score of all instruments was computed in line with instructions provided by the respective
authors [27,72,74,75,78,80]. Reliability analysis was performed to control the scales’ internal

consistency. To detect possible missing values, outliers, and estimate the variables' frequency
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distribution, explorative analysis was conducted. No missing or extreme values were identified
except for INT-GE values, which included one outlier that was detected and adjusted, in line with
Tabachnick et al [81], by replacing the outlier’s score with a raw score of one unit smaller than the
most extreme score in the distribution. This approach avoided the score distorting the statistic while
maintaining the outlier value deviant but not as deviant as it was [82]. The frequency distributions
were explored based on the examination of histograms and values for skewness at both time-points,
showing an acceptable normal distribution for all the variables and moderately skewed distribution
for INT-GE. The skewness values for pre- and post-assessment were as follows: CNS = 0.03 and -
0.02; INT-GE = -0.99 and -0.95; Intention to participate in the hiking tour = 0.43 and -0.35; and
Intention to visit the hiking location = -0.34 and -0.87.

As data followed normal distribution and variances were homogenous, a parametric mixed ANOVA
was conducted to assess the impact of the two experimental conditions (between-subjects effect) on
the dependent variables (i.e., CNS, INT-GE, intention to visit the hiking location, and intention to
participate in the hiking tour) across the two time-points (within-subjects effect). The within-subjects
factor was “time-point” (pre-post) while “condition” (IVN or NIVN) was set as between-subjects
factor. The effect size was expresses as partial eta squared (n,°). Possible difference between the
conditions for the presence items and the SSQ score were tested through a Mann-Whitney U Test.
Spearman’s rank correlation coefficient (p) was used to explore possible associations among all
variables. For the variables with repeated measurements, differential scores from pre-to-post (delta
values) were computed and used in the correlation analysis. The strength of the correlation was
interpreted according to the guidelines proposed by Cohen (1988).
All analyses were conducted using IBM SPSS, version 28.0.0.0.1 (IBM corp., New York, USA).
Ethics

A preliminary assessment by the Norwegian Regional Committees for Medical and Health Research

Ethics determined that, in accordance with the Norwegian Health Research Act, the study did not
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require a full evaluation, as it did not involve medical or health interventions, the collection of
sensitive personal data, or research on vulnerable populations. Accordingly, this randomized trial was
not registered on a RCT repository at the time of initiation. The trial was registered at the Norwegian
Centre for Research Data —today, Norwegian Agency for Shared Services in Education and Research
(registration number 185017). Informed consent was obtained and delivered in written form both in
English and Norwegian languages. It included information concerning the purpose of the study,
contact details of both the project leader and the institution's data protection officer, legal basis for
processing data, voluntary participation and the possibility to withdraw without having to give any
reason for doing so, and anonymity. The data collected for the study have been de-identified to
ensure participant confidentiality and privacy. A lottery prize consisting of a 500 NOK gift card was
offered. The study was conducted in compliance with the Guidelines for Research Ethics in the
Social Sciences and the Humanities [84].

RESULTS

Changes in nature engagement (H1)

The mixed between-within subjects ANOVA (Table 1) showed a significant pre-to-post increase in
both conditions, with a moderate-to-large effect size for INT-GE (Wilks’ A = 0.87, F(1,36) = 5.55, p
=.024, n," = 0.13) and a large effect size for CNS (Wilks’ A = 0.52, F(1,36) = 33.49, p <.001, n,° =
0.48), intention to visit the hiking location (Wilks’ A = 0.70, F(1,36) = 15.34, p < .001, n,> = 0.30),
and intention to participate in the hiking tour (Wilks’ A = 0.74, F(1,36) = 12.450, p = .001, n,” =

0.26).

Table 1.
Descriptive results of pre- and post-assessment of the main outcomes (M + SD; n = 38) and
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mixed between within ANOVA results
. Time x
Items NIVN (n = 18) IVN (n = 20) Main 'effect Condition Effe?t' of
of time . . condition
interaction
CNS
Pre 4.65+1.09 4.42+0.78 F%i‘gf F(B’:ﬁ) - F(t’%? -
Post 5.18+1.04 5.18+1.04
INT-GE
Pre 598+1.20 5.60 + 1.66 F(;‘)gg) - F(t’?(’ﬁ) - F(t@%) -
Post 6.24 + 0.96 5.79 £ 1.58
Intention to visit the
hiking location
Pre 448 +1.44 428+ 1.84 F(118,?é(55)b= F(B’?ﬁ) N F%’%? -
Post 5.07+1.84 5.02+2.09
Intention to participate
in the hiking tour
Pre 6.72+224  6.25+1.65 F(112’3465)b: F(B’%g) - F%’?;GS) -
Post 7.56+1.82  7.56+1.82

Note. * p < .05, " p <.001. CNS: Connectedness to Nature Scale; INT-GE: Intention to Perform
Green Exercise; IVN: Immersive Virtual Nature condition, NIVN: Non-immersive Virtual

Nature condition.

Differences between experimental conditions (H2)

No statistically significant difference between baseline levels of the experimental conditions emerged

for nature engagement outcomes and participants’ characteristics (see Table 2). No statistically

significant condition by time-point on effect was found for any of the main outcomes, indicating no

difference in the pre-to-post changes of the outcomes between the experimental conditions (see Table

2). A total of 6 participants attended the hiking tour, 3 from each experimental condition (IVN = 17%

and NIVN = 15%; possible differences between the conditions was not tested statistically). The

Mann-Whitney U test for the items of presence (i.e., “Being There”, “Sense of Reality”, “Realism”)

revealed no statistically significant difference between the IVN and the NIVN conditions (Table 3).

Seven participants in the IVN condition and eight in the NIVN condition showed an SSQ total score
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higher than 20, which indicates severe symptoms of cybersickness, though the median values of the
SSQ total score levels did not exceed the score of 20. The Mann-Whitney U test found no

statistically significant differences between the experimental conditions for cybersickness.

Table 2.
Participants' characteristics and evaluation of groups' baseline differences

Items NIVN (n = 18) IVN (n = 20) Between-groups test ™"
Participants’
characteristics
Age (years), M £ SD 24.94 + 7.07 24.55 + 3.41 U =146.50, p = .331
Gender, % (n)
Male 54% (7) 46% (6) X°(1,n=38)=0.05,p
Female 44% (11) 56% (14) = .815, phi = - .09
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Other 0% 0%
t (38) =-0.78, p = .440,
CNS, M + SD 4.65 + 1.09 4.42 +0.78 MD = - 0.24, 95% CI [-
0.86, 0.38]
t (38) =-0.80, p = .643,
INT-GE, M + SD 5.98 £ 1.20 5.60 £ 1.66 MD = -0.33, 95% CI [-
1.15, 0.50]
. .. t(38) =-0.37, p = .428,
{l‘i‘lt(‘i’lrl‘;“l’:catti‘(’m s Slt)he 4.48 + 1.4 4284184 MD =030, 95% CI[.
> 1.29, 0.90]
Intention to participate t(38)=-0.74, p = .075,
in the hiking tour, M + 6.72 +£2.24 6.25 + 1.65 MD = -0.47, 95% CI [-
SD 1.75, 0.81]
Previous visits to the
hiking location, % (n)
Yes 11% (2) 15% (3) X°(2,n=38)=0.44,p
No 72% (13) 75% (15) =.803, phi = .11
I do not remember 17% (3) 10% (2)
Green exercise routine
Two times a week X?(1,n=137)=0.66,
or more >6% (10) 40% (8) (= 417, pl‘)li =.19 g
: 2 — —
ggse time a week or 39% (7) 60% (12) X (:1,'2117’?;7,31' :(),i696’ p
Possible difference between groups tested with * Mann-Whitney U Test and Chi-square, and ”
independent t-test.

Note. CNS: Connectedness to Nature Scale, INT-GE: Intention to Perform Green Exercise;
IVN: Immersive Virtual Nature condition, NIVN: Non-immersive Virtual Nature condition.

Table 3.
Descriptive results of items of presence and cybersickness (Mdn, IQR; n = 38) stratified by
groups and Mann-Whitney U test results

Items Median (IQR) Mann- p
NIVN | IVN Whitney U

Being there, Mdn (IQR) 8.00 (6.75 — 7.50 (6.00 — 203.00 .515
9.00) 8.75)

Realism, Mdn (IQR) 5.50 (1.75 - 3.50 (1.50 — 237.000 .099
7.00) 4.75)

Sense of Reality, Mdn 6.00 (3.00 — 7.00 (5.25 - 130.000 .149

(IQR) 8.00) 8.75)

SSQ score, Mdn (IQR) 18.70 (7.48 — 14.96 (4.67 — 198.000 .613
46.75) 33.66)

Note. * p < .05, ®p < .001. SSQ: Simulator Sickness Questionnaire; IVN: Immersive Virtual
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Nature condition, NIVN: Non-immersive Virtual Nature condition.

Association of nature engagement with presence and cybersickness (H3)

The correlational analysis performed among all outcomes from both IVN and NIVN conditions is
presented in Table 4. The presence component “Being there” showed a significant moderate and
positive correlation with CNS (p = .33, p = .029) and Participation in the hiking tour (p = .37; p
= .021). However, it is important to stress that the validity of “Being there” with Participation in the
hiking tour is limited by the small number of participants attending the hiking tour, hence caution is
warranted in interpreting this outcome. Other significant correlations emerged among the indicators
of nature engagement, specifically between Intention to participate in the hiking tour and Intention to
visit the hiking location (p = .39, p = .016) and between Intention to visit the hiking location and

INT-GE (p = .34, p = .039). No other significant correlation emerged from the analysis.

Table 4.
Spearman’s rank correlation coefficient of indicators of nature engagement in IVN and
NIVN conditions, expressed as differential scores from pre-to-post (delta values), with
presence and cybersickness (n = 38)

Indicators of engagement Being Realism Sense of SSQ

with nature (delta values) There Reality score 2 3 4
1. CNS
rho .35 .30 A1 -.21 --
P value .029*  .063 .508 214
2. INT-GE
rho .09 .09 -.20 -02 -14 -
P value .575 .583 233 .880  .408
3. Intention to visit the
hiking location
rho .29 14 .28 .00 .04 .34
P value .072 402 .083 994 791 .039°
4. Intention to participate
in the hiking tour
rho 21 31 22 24 07 .25 .39
P value 212 .058 .186 146 695 .131 .016°

https://preprints.jmir.org/preprint/63424 [unpublished, peer-reviewed preprint]



JMIR Preprints

Brambillaet a
5. Participation in the
hiking tour
rho .37 .03 A2 -.23 23 .29 .06 23
P value .021* 874 463 162 170 116 565  .712

Note. ° Correlation is significant at the 0.05 level (2-tailed). CNS: Connectedness to
Nature Scale, INT-GE: Intention to Perform Green Exercise, SSQ: Simulator Sickness

Questionnaire, IVN: Immersive Virtual Nature condition, NIVN: Non-immersive
Virtual Nature condition
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DISCUSSION

University students are often exposed to high risk for poor mental health [2—4] and tend to
engage little with nature [4,7,33]. The present randomized trial investigated the effectiveness of a
single IVN or NIVN exposure in eliciting nature engagement among university students,
examining whether the former can provide better effects compared to the latter. Possible
associations of nature engagement outcomes with the participants’ feelings of presence and
cybersickness were also investigated. The findings showed an overall pre-to-post increase in
nature engagement outcomes for both conditions. Compared to NIVN, IVN did not provide
additional benefits on nature engagement, nor increased the likelihood of participating in an
organized hiking tour. Further, no statistically significant differences emerged between IVN and
NIVN condition concerning presence or cybersickness. Nature connectedness and participation
in the hiking tour) positively correlated with the presence item “Being there”. No significant
correlation was found among any of the nature engagement outcomes and the other items of
presence or cybersickness.
Promoting nature engagement through virtual nature

Supporting prediction (H1), when compared to pre-exposure, post-exposure levels of nature
engagement were significantly higher in both the IVN and the NIVN conditions. These results
are largely in line with previous systematic reviews investigating the effects of direct and indirect
contact with nature connectedness [36,57]. Different indirect nature exposure through audio-
visual presentation devices such as HMD, computer screens, and nature images, can provide
opportunities for fostering a person’s sense of nature connection [10,36,47]. Further, the present
study supports the previous research showing the effectiveness of virtual nature in fostering

nature connectedness [27,36,85-87], and provides novel insights concerning the effectiveness of
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virtual nature as a tool for the promotion of physical engagement with nature, which has until
now received little research attention [58].

Although the improvements observed in this study may seem relatively small, it should be noted
that, this is in line with previous studies [36,58,67], the effect size was moderate-to-large for
INT-GE and large for the remaining outcomes. Furthermore, the average increment observed
after just a single IVN exposure was considerable: 4% for INT-GE, 6% for CNS, 7% for the
intention to visit the hiking location, and 8% for the intention to participate in the hiking tour.
This suggests that even a short and relatively simple virtual nature experience holds practical
relevance in the pursuit of promoting nature engagement. As indicated by a previous systematic
review [36], these outcomes may have long-term implications, especially when virtual nature
experiences are repeatedly proposed over time. Moreover, the increased nature engagement
elicited by the virtual nature experience may lead to more frequent contact with nature, thereby
yielding additional long-term physical and mental health benefits. In this respect, although the
actual participation in the hiking tour was low (6 out of the 38 participants and 6 out of the 28
participants who reported a high intention to participate in the organized hiking tour in the post-
assessments), we cannot exclude that the virtual nature exposure may have elicited other forms
of nature visits (e.g., green exercise and independent visits to other naturalistic locations).
Indeed, while the participation in the hiking tour was bound to a relatively rigid time-schedule,
time flexibility and convenience are known to be important factors sustaining green exercise and
frequent nature visits [88].

Immersive vs non-immersive experience?

Contrary to prediction (H2), no statistical difference between the two conditions in the extent to

which they elicited enhanced nature engagement outcomes emerged. This finding partly aligns
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with previous literature, although the evidence regarding this topic is still limited and largely
mixed [57,89]. Indeed, while some studies suggest that IVN tends to elicit increased levels of
nature connectedness to a greater extent than NIVN [47,63], other studies show no statistical
differences [64,90]. While the findings of our study support the notion that immersion in itself
has little or no impact on the nature engagement outcomes, other factors (e.g., technology
employed, type of IVN scenarios, and degree of interactivity) may contribute to explaining the
inconsistency of the findings in this field [10,47,47,58,91]. Therefore, it is important to stress the
fact that our IVN was unable to generate greater feelings of presence compared with the NIVN
condition. This may be explained by various factors: the relatively short duration of the 360°
video, the lack of interactivity, the fact that the HMD was not paired with a supplementary high-
quality headphone, and the low image resolution generally associated with consumer-oriented
HMDs, especially if displaying 360° videos. Such assumption finds support in the literature. For
instance, a recent systematic review investigating the effects of IVIN on nature connectedness
found consistent difference between IVN and NIVN only in studies employing computer-
generated scenarios (i.e., computer graphics digitally recreating fictional or actual environments),
but not among studies involving 360° videos [57]. Moreover, it has been suggested that the levels
of interactivity, as well as the quality and capability of the hardware employed, as technological
characteristics that enhance immersion, also play an important role in the extent to which IVN
can effectively promote nature visits [58,67].

These findings prompt two reflections relative to the complex nature of immersion and the
effectiveness of consumer-oriented VR technology. Firstly, immersion is a fluid and complex
construct [92], and despite that the levels of immersion are often linked to characteristics of the

hardware such as frame rate and image resolution, it has been pointed out that software also
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plays a role in determining the immersion level [49]. Hence, having a 360° field of view and
excluding the view of the real world may not be the sole technical aspects necessary to achieve a
high level of immersion in IVN exposures. Secondly, consumer-oriented technology entails some
limitations, especially regarding its inferior quality and capacity compared to state-of-the-art VR
technology. Nevertheless, consumer-oriented technology bares practical advantages. For
instance, 360° videos are often highly realistic, relatively easy to produce, and cost-effective.
This is especially useful for replicating local natural environments in real-world promotional
initiatives. Further, VR technology represents an attractive entertainment for many, with benefits
in terms of public engagement. Hence, we envisage that with the ongoing improvement in the
quality and capacity of consumer-oriented VR technology, its effectiveness in research and
health promotion initiatives also will increase.

Presence, more than immersion, as a key factor for nature engagement promotion

Partially supporting hypothesis 3, nature connectedness and participation to the hiking tour were
associated with the presence item “Being there”. These findings suggest that, beyond the
hardware employed (HMD or tablet screen), disturbances (e.g., cybersickness), and perceived
fidelity of the scenario, the subjective sense of “Being there” may be a pivotal element in linking
virtual nature experience and nature engagement. It is important to stress that the validity of
these correlations is limited by the small sample size, specially as only six participants attended
the hiking tour. Nevertheless, this finding aligns with previous research. For instance, a recent
study showed that, while exposure to IVN did not enhance higher levels of nature connectedness
compared to its NIVN counterpart, participants who experienced a higher sense of embodiment
in the virtual world tended to reflect more about nature and their role towards it [90].

Furthermore, other studies also found that “Being there”, more than other aspects of presence,
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positively correlated with different psychological outcomes [10,76,80,93]. Indeed, this item (i.e.,
in the computer-generated world I had the sense of ‘being there’), is considered a core
component of presence [45], distinct from, although related to, “Realism” (i.e., the extent to
which the participant perceived the virtual world as similar to the real world) and “Sense of
reality” (i.e., the extent to which the virtual world became more present than the real world).
Questions remain, however, on how the feeling of “Being there” may facilitate enhanced nature
connectedness and motivation to visit nature. It has been suggested that anticipated
psychological benefits [58] and conditioned responses [94] may play an important role in this
respect. In line with such perspectives, a vivid sensation of “being in” a natural environment
would trigger the recall of past experiences, alongside the psychological states associated with it.
This would, in turn, foster positive attitudes towards nature as well as a desire of re-enacting
those positive experiences.

It is important to emphasize that a person’s sense of presence can be influenced by several
subjective factors, independently the technology used to deliver a VR experience. Indeed,
immersion and presence are interrelated but distinct concepts and, while it is believed that the
former is a primary determinant of the latter [95], their relationship is complex. As the feeling of
presence is subjective and can, among other things, depend on individual personality traits [96],
the exposure to the same type of technology may evoke varying levels of presence among
different individuals. Hence, as highlighted by the findings of the present study, some individuals
may experience high levels of presence in NIVN exposures —although it is also important to
consider the limitations of the proposed IVN condition, and the extent to which it may be
actually considered a fully immersive VR installation.

Cybersickness did not significantly correlate with measurements of nature engagement.
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However, it should be noted that the IVN condition did not generate noteworthy challenges in
terms of cybersickness. This is supported by the fact that, despite some participants reported
“severe” symptoms of cybersickness according with the cut-off provided by Kennedy et al [78],
the median values for the SSQ score were considerably lower if compared with values reported
in previous literature. Indeed, a systematic review [97] reported a pooled total SSQ mean score
of 28 across 55 studies for VR experiences delivered through HMDs. Moreover, no significant
difference in cybersickness symptoms was found between the IVN and the NIVN, indicating that
the reported symptoms may be associated with pre-existing states. Indeed, several cybersickness
symptoms such as headache, fatigue, and difficulty focusing and concentrating, may be
commonly experienced in daily life.

Strengths and limitations

One of the strengths of the present study lies in the novelty of investigating the effects of IVN
compared with NIVN on outcomes of physical engagement with nature, both in terms of
behavioral intention and actual behavior. As highlighted by a recent systematic review, studies
on this specific topic are sparse, and further evidence on nature connectedness outcomes is
needed [57,89]. Moreover, to the best of our knowledge, this is the only randomized study that
compared the effects of IVN vs. NIVN on such outcomes, exploring factors that may influence
the effectiveness of IVN, such as presence and cybersickness. Further, the paper is outlined
following the CONSORT guidelines [98]. Some limitations need, however, to be considered.
Limitations relative to design. Firstly, the lack of a control group (i.e., without virtual
stimulation) limits the extent to which this study can establish a causal relationship between the
experimental conditions and the outcomes. Secondly, the proposed IVN condition, consisting of

a 360°video delivered through a standalone HMD, may be not considered fully immersive.
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Different findings may have emerged if a different technology (e.g., including a high-end HMD
and/or an interactive experience) was employed.

Limitations relative to the sample. Different factors may have influenced the results regarding the
participation in green exercise and the organized hiking tour. For instance, we purposefully
targeted a population that tends to prefer indoor activities. Moreover, the study was conducted
during the academic semester and exam sessions. While this strengthens the ecological validity
of the study, the tour dates may have conflicted with participants’ study-related commitments.
Additionally, the demanding intensity of the tour (approximately three hours duration) may have
been an impediment for some participants. Information regarding the participants' course of
study was not recorded. However, we know that the students dwelling in the campus are largely
linked to courses in nursing, computer sciences, teacher education, management, and political
sciences —the campus does not offer courses in sports sciences or outdoor recreations. The
participants may have had a personal interest in nature-based activities, which we were able to
compute through the pre-assessments. Nevertheless, this could still be a potential source of bias,
as the individual’s interest in nature may have influenced both attendance and responses to the
study.

The sample-size calculation was based on an expected medium effect size, as in line with
previous studies [47,67]. However, these studies used different VR technology, which succeeded
in eliciting stronger experiences of presence, possibly leading to larger changes in nature
connectedness. Hence, the sample size calculation for our study may have been under-powered.
To be noted also that the sample-size calculation was performed based on nature connectedness
and a mixed between-within subjects ANOVA analysis (required to address H1 and H2), hence

the sample may be under-powered for the other outcome variables and for the correlation
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analysis.

Limitation relative to the instruments. The CNS, INT-GE, and SSQ, as well as the Presence
items, were previously validated through psychometric studies and are generally accepted as
valid instruments. The Norwegian translations of these scales were used in previous similar
research [58,67], showing adequate internal consistency and patterns similar to their original
counterparts. However, the Norwegian translations have not been validated through
comprehensive psychometric investigations. Relatively to the use intention-based measurements,
it should be noted that meta-analysis evidence found a significant, though weak, association
between intention and behavior in various contexts [99-101]. This highlights the value that such
assessment may hold in research focused on health- or well-being-related behavior. However, the
measure of intention to visit the hiking location was developed based on established guidelines
[74], but not validated through comprehensive psychometric investigations. Hence, caution is
warranted when interpreting the findings relative to these outcomes. These instruments also
showed very high Cronbach’s alpha values, which may indicate redundancy among items [102].
Finally, some considerations should be made regarding the cultural context of the present study.
In Norway, there is an abundance of natural environments, and this may have impacted the
results of the study concerning intentions to visit nature.

Implications for practice and future research

These findings have significant implications in public and private institutions and organizations’
initiatives seeking to promote nature engagement among university students. Given the health
benefits associated with nature engagement and the progressive disconnection from nature
among young adults [14,42], schools, universities, municipalities, and health-promoting

organizations may use virtual nature interventions, either in the forms of low-end IVN or NIVN,
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as a tool in health-promoting and/or environmental education initiatives. Additional practical
implications involve employing virtual nature in interventions and initiatives across diverse
contexts and population groups. For instance, urban citizens also often experience challenges
accessing nature daily and may particularly benefit from virtual nature interventions. Businesses
may also use virtual nature as a health-promotion activity to foster nature engagement among
employees as an adaptive coping strategy. The use of virtual nature in such contexts and target
groups should further be investigated.

The evidence on the effects of virtual nature on physical engagement with nature is still in its
infancy and warrants more research. This should be appraised through either follow-up
assessments measuring participants’ frequency of nature visitation or proposing opportunities for
in-real-life nature experiences. Recommendation for future research includes comparisons of
multiple experimental conditions and possibly a control condition. For instance, highly
immersive VR technologies, such as high-end VR systems and/or interactive IVN experiences,
should be considered as worth investigation. Additionally, potential seasonal variations in nature
engagement could be explored by diversified virtual nature environments. Moreover, while the
ecological validity of the study lies in its being conducted during the exam sessions, exploring
the effects of virtual nature environments in different academic semesters, where students have
varying study-related commitments, may also be worth investigating. Further, little is known
about repeated exposures and follow-up assessments exploring the longevity and stability of the
acute change in nature engagement following virtual nature exposure. Given the rapid
development of VR technology, further investigation may employ or compare different hardware
and software.

Conclusion
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This study shows that a single exposure to a 5 min 360° nature video, delivered through either a
standalone HMD or a tablet screen, elicited significant improvements in nature engagement
outcomes, among university students. These outcomes were associated only to a limited extent
with the individual’s sense of presence perceived during the virtual nature experience. No
association was found concerning cybersickness. These findings indicate that virtual nature can
offer the opportunity to connect with actual nature among university students. Considering the
mental health and well-being benefits associated with nature experiences, these results can

inform future research design and intervention among other groups.
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CONSORT flow diagram of the study phases concerning participant enrollment, allocation, and analysis [66].
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Experimental procedure and data gathering organization and procedure duration. CNS: Connectedness to Nature Scale; INT-
GE: Intention to Perform Green Exercise; INT to participate: Intention to participate in the organized tour; INT to visit:
Intention to visit the hiking location; Background information: age, gender, faculty, residence, green exercise habits, and
previous visits to the hiking location; SSQ: Simulator sickness questionnaire; IVN: Immersive Virtual Nature condition, NIV N:
Non-immersive Virtual Nature condition.
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URL.: http://asset.jmir.pub/assets/d2ee8e8c72679bb973ac7340c1fe02b6.docx
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CONSORT checklist.
URL.: http://asset.jmir.pub/assets/e7081e406117074e451e013e63261262. pdf
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