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connected to nature. This study aims to identify the physiological and psychological effects of park

Eﬁ)yc:';op::‘esssure, heart rate, therapy using VR. This study was conducted using experimental methods via a VR survey. The
greenspace, landscape parameters observed included physiological effects, such as heart rate and blood pressure, and
perception, psychological psychological effects, such as mood, level of anxiety, restorativeness, and landscape perception.
restoration, virtual reality Profile of Mood States, State-Trait Anxiety Inventory, Perceived Restorativeness Scale, and Semantic
Differential questionnaires were administered to the subject. Virtual park therapy in three locations

BY resulted in possibly lower heart rates when walking in Bogor City Alun-alun, while lower heart rates

when seated viewing in Heulang Park; decreased anger, tension, confusion, and depression after
walking and decreased anger, tension, confusion, and fatigue after seated viewing, increased vigor
after walking and seated viewing in all locations, decreased anxiety status after seated viewing in all
locations; restorative effects of fascination, coherence, and compatibility with the highest results in
Heulang Park. Sempur Park provides a therapeutic effect because it has thermal comfort and gives
regularity to the psychological effect. Virtual park therapy in urban greenspaces is proven to have
physiological and psychological relaxation effects.

Introduction

Forest bathing-related research has been conducted in Japan, China, Korea, America, Great Britain, Finland,
Hungary, Canada, Taiwan, Singapore, Malaysia, and Indonesia [1,2,11-15,3—-10]. Forest bathing is defined as
spending time in nature and breathing in the forest atmosphere, which can improve both physical and mental
health [16,17]. Forest therapy studies on young adults showed that a 1-day forest therapy program lowered
blood pressure during the program and maintained it for five days [18]. A 15-minute bamboo forest walk on
young adults resulted in lower blood pressure, increased mind waves, improved mood, and decreased anxiety
[5]. Park therapy is effective for urban dwellers who want free and easy access to nature [19,20]. Walking in
and viewing parks can lower the heart rate [21,22] and blood pressure [23,24], stabilize sympathetic and
parasympathetic balance [18,25], improve mood, and reduce anxiety in young adults [9,26]. Based on
landscape standpoint, Indonesia has a high potential for health effects through park therapy owing to its high
biodiversity.

Previous research conducted on college students demonstrated that walking in arboretums and campus
parks can reduce heart rate; reduce negative moods such as confusion, depression, and tension; and reduce
anxiety status. Most of the photos taken by the participants were taken in the arboretum and campus parks.
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The components of park therapy that correlate with decreased mood disorders and anxiety are the plant
community, plant, flower, and sky [9,26]. The utilization of digital technology and information is currently the
main focus for overcoming existing problems and challenges. Currently, VR technology can analyze
psychological problems, especially to improve physiological and psychological well-being in young adults
without direct exposure to nature [27,28]. Virtual forest and park therapy can be applied to various mental
disorders, such as stress, anxiety, and depression [29].

The advantage of using the latest virtual reality (VR) is that it can increase accessibility in simulated
greenspaces, which has higher benefits when immersed in a forest landscape [30]. Meanwhile, the challenges
and ethics of using VR in therapy include strict ethical guidelines to ensure that mental health data remain
secure, patient privacy is maintained [31-33], and the potential for dependence on technology [34]. In the
future, integrating VR with other technologies, such as Artificial Intelligence (Al) and biometric sensors, offers
significant potential in landscape therapy and design [35,36].

Previous laboratory-based research has used two-dimensional media, such as landscape photographs printed
and displayed on a screen, to assess perceptions and preferences regarding the aesthetic qualities of a
landscape [37,38]. When faced with the need for green space therapy over a certain period, various elements
must stimulate the senses and provide optimal physical and physiological benefits to subjects. Landscape
research is increasingly being conducted using panoramic photographs through VR glasses as visual
stimulation to assess the perceptions and preferences of urban green spaces [39,40], as well as to analyze
the physiological and psychological effects of green space therapy [41,42].

The VR has proven to be an accurate and powerful tool for assessing the aesthetic quality of a landscape and
obtaining physical and psychological health benefits. Thus, virtual park therapy is important for studying
physiological and psychological restoration in public urban green spaces, such as urban parks. This study
aimed to identify the physiological and psychological effects of urban green spaces on young adults and to
evaluate their perception of the landscape using a VR survey.

Materials and Methods

Study Area

The research was carried out from June to December 2022 in three locations, Bogor City Alun-alun, Sempur
Park, and Heulang Park (Figure 1), while the Liaison Office of Chiba University-IPB University was used as the
experimental room (Figure 2). The research stages included preparation, data collection, data processing
(analysis of physiological and psychological responses, level of restoration, aesthetic preferences), and
preparation of recommendations. The criteria for selecting the type of green open space are: 1) security, 2)
parks or forest areas that are well maintained, and 3) control areas located near activity centers in Bogor City
[12,13,21,22].
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Figure 1. Viewing points and walking course in Bogor City: Alun-alun (A), Sempur Park (B), and Heulang Park (C).
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Figure 2. Virtual reality experiment: walking (A) and seated viewing (B).

Tools and Materials

Heart rate was measured as a physiological response using a sensor (MyBeat WHS-3; Union Tool, Tokyo,
Japan). Blood pressure was measured using a digital sphygmomanometer (Omron HEM-1021; Omron Corp.,
Kyoto, Japan). The Profile of Mood States (POMS) and State-Trait Anxiety Inventory (STAI) were used to assess
psychological responses. POMS is an instrument used to evaluate negative and positive emotional responses
to garden displays [43,44]. The Indonesian version of the POMS questionnaire consists of 35 statements with
4-point Likert scales [45]. State anxiety is a subscale of the STAI that measures anxious states [46,47]. The
Indonesian version of the STAI questionnaire consists of 20 statement items with 4-point Likert scales [48].
The Perceived Restorativeness Scale (PRS) was used to assess the stimulating environment developed by
Terry Hartig based on the Attention Restoration Theory [49,50]. The Indonesian version of the PRS
Questionnaire includes 17 statement items that measure the degree to which certain environments restore
mental alertness; for example, "being away", "fascination", "coherence", "scope", and "compatibility" with
5-point Likert scale [50]. Semantic Differential (SD) is used to assess aesthetic quality using 20 bipolar
adjectives with 7-point Likert scales [51].

Experimental Design

The Virtual Reality (VR) experiment was conducted in the Liaison Office room of Chiba University-IPB
University, Department of Landscape Architecture, Faculty of Agriculture IPB. The videos were shot with a
GoPro MAX (GoPro Inc., San Mateo, California, USA) and displayed with an HMD Oculus Quest 2 (Facebook
Technologies, LLC, Menio Park, California, USA), which has an 1832 x 1920-pixel resolution display and
provides an immersive VR experience by tracking head movements to update visual appearance. The room
boundary size should be at least 2 x 1.5 m in order to achieve a realistic and comfortable VR experience [52].
Respondents were asked to stand and turn around their body following the turn in the video consistently or
sit on an outdoor chair during the VR experience. Before and after viewing the video, the participants began
to measure their heart rate and blood pressure and completed the same questionnaire as the on-site survey
before and after watching the video (Table 1). To eliminate the sequence effect when using a headset,
respondents watched random panoramic videos stored on the device [39].
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Table 1. Schedule of VR experiment activities in a day.

Time Activity (location)

08.00 Gathering in the lobby of the Faculty of Agriculture, IPB University (Landscape Workshop, Faculty of
Agriculture)

08.00-08.15 Experiment orientation

08.15-08.25  Heart rate and blood pressure measurements, as well as completion of the pre-experimental 1 questionnaire
(break room)

08.25-08.40 VR video showing a walking/sitting scene 1 (heart rate measurement continues)

08.40-08.55  Blood pressure measurement, post-experiment 1 questionnaire completion (break room), stopping heart rate
measurement

08.55-09.05 Rest

09.05-09.15  Heart rate and blood pressure measurements, as well as completion of the pre-experimental 1 questionnaire
(break room)

09.15-09.30 VR video showing a walking/sitting scene 2 (heart rate measurement continues)

09.30-09.45  Blood pressure measurement, post-experimental questionnaire filling 2 (break room), stopping heart rate
measurement

09.45-09.55 Rest

09.55-10.05 Heart rate and blood pressure measurements, as well as completion of the pre-experimental questionnaire 3
(break room)

10.05-10.20 VR video showing a walking/sitting scene 3 (heart rate measurement continues)

10.20-10.40 Blood pressure measurement and completion of the post-experimental questionnaire 3, stopping heart rate
measurement (break room)

Data Collection Method

Subject eligibility criteria included (1) IPB students aged 19-26 years, (2) students living in Bogor and its
surroundings, (3) not currently being treated for cardiovascular disease and hypertension, and (4) ability to
walk for 20 minutes or more without difficulty [9]. From an academic perspective, university students are
representative of young adults. They can find experience in assessing places [53,54]. Snowball sampling was
used to select the experimental participants, who included ten key informants from various faculties. The
Snowball sampling method is one of the most effective methods for finding participant candidates related to
the eligibility criteria [55] with three stages: (1) sending announcement posters through social networking
services (SNS) using WhatsApp, American freeware, cross-platform centralized messaging, and voice-over-IP
services owned by Facebook; (2) a statement of willingness to participate in the experiment via Google Forms
was provided on the poster, (3) an explanation of the research objectives and procedures before the
experiment, and (4) follow-up of experimental information via WhatsApp. The experimental procedure
complied with the guidelines established by the Research Ethics Commission for Human Subjects of IPB
University (Number: 735/IT3.KEPMSM-IPB/SK/2022).

Data Analysis Procedures

Preparation stage

In the preparation stage, the researcher distributed online questionnaires regarding participant selection and
participant attributes such as gender, major, and willingness. Researchers also conducted a preliminary
survey to determine the walking courses and viewing points in the park, which were recorded using GoPro
MAX. There are three experimental locations, namely Bogor City Alun-alun, Sempur Park, and Heulang Park,
where each park has one walking course and one viewing point, respectively.

Data processing stage

The physiological, psychological, and aesthetic quality preferences data of the 30 participants were analyzed.
To examine the physiological (heart rate and blood pressure) and psychological (mood and anxiety level)
responses, the tests used were: Friedman's test with three-location factor levels (Bogor City Alun-alun,
Sempur Park, Heulang Park), Friedman's test with two-time factor levels (before and after walking/seated
viewing) and three-location factor levels (Bogor City Alun-alun, Sempur Park, Heulang Park), and Repeated
Measures ANOVA with two-time factor levels (before and after walking/seated viewing) and three-location
factor levels (Bogor City Alun-alun, Sempur Park, Heulang Park). Four restorative qualities data, including
"Being Away", "Fascination", Compatibility", and "Coherence" in each park, were tested with the Kruskal
Wallis Test and continued with the Post Hoc test to see significant differences between different experimental
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locations on the restoration level subscale after doing walking and sitting activities. Data on aesthetic quality
preferences after walking and sitting in the three parks were tested using Factor Analysis with the Principal
Component Analysis to evaluate the visual aesthetic quality of the views of each park. All data are presented
as mean standard deviation (SD), with statistical differences considered significant a p < 0.05. All statistical
analyses were done using IBM SPSS 22 (IBM Corp., Armonk, NY, USA).

Results

Validity and Reliability of a Scale Measuring Physiological, Psychological, Restorative Value, and Landscape
Perception

The internal consistency (Cronbach’s alpha) of the physiological and psychological indices of the 30 subjects
is shown in Table 2. The alpha reliabilities of heart rate while walking and seated viewing were 0.762 and
0.864, respectively; blood pressure while walking and seated viewing were 0.890 and 0.908, respectively. The
POMS index's alpha reliability in walking and seated viewing was 0.906 and 0.907, respectively; for STAI, it
was 0.917 and 0.913; for the PRS index, it was 0.911 and 0.917; and for the SD index, it was 0.769 and 0.833,
respectively. The heart rate, blood pressure, POMS, STAI, PRS, and SD had high internal consistency. As a
result, in this study, all indices had acceptable validity and reliability.

Table 2. Internal verification.

Parameter  Activity Cronbach’s a
POMS Walking 0.906
Seated-viewing 0.907
STAI Walking 0.917
Seated-viewing 0.913
PRS Walking 0.911
Seated-viewing 0.917
SD Walking 0.769
Seated-viewing 0.833

The representation of validity was examined using Pearson’s correlation for physiological data and
Spearman’s correlation for psychological data. The correlation coefficient value for heart rate while walking
and seated viewing was 0.575-0.809 (p = 0.025-0.000) and 0.849-0.953 (p = 0.000); for blood pressure, while
walking and seated viewing was 0.710—-0.877 (p = 0.000) and 0.719-0.910 (p = 0.000); for POMS while walking
and seated viewing was 0.489-0.801 (p = 0.006-0.000) and 0.588-0.806 (p = 0.001-0.000); for STAI while
walking and seated viewing was 0.491—-0.889 (0.006—0.000) and 0.391-0.819 (p = 0.033—-0.000); for PRS while
walking and seated viewing was 0.363—0.895 (p = 0.049-0.000) and 0.362—-0.833 (p = 0.049-0.000); for SD
while walking and seated viewing was 0.362—0.834 (p = 0.049-0.000) and 0.362-0,756 (p = 0.049—-0.000). As
expected, the correlations of each parameter at different times and park locations varied from low to high.
We found that the heart rate and blood pressure validity during walking and seated viewing were very high.

Physiological Effects

Heart rate data were analyzed using the Friedman test because the data were not normally distributed. The
heart rate graph (Figure 3) shows a lower average heart rate when the subject walks in Bogor City Alun-alun
than in Sempur Park and Heulang Park, with average values of 89.69 bpm, 93.45 bpm, and 93 bpm,
respectively. There was no significant difference when the subjects sat in Bogor City, Alun-alun, Sempur Park,
and Heulang Park, with average values of 79.20, 78.83, and 78.33 bpm, respectively. Although significant
results were obtained when walking activities were virtually in all three locations (p = 0.000), sitting activities
tended to have a lower heart rate (p =0.057) (Table 3).

Table 3. Friedman test results for heart rate.

Parameter Chi-Square df  Asymp. Sig.
Heart rate while walking 22.800 2 0.000***
Heart rate while seated viewing 5.733 2 0.057
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Figure 3. Average heartbeats per minute in Bogor City, Alun-alun, Sempur Park, and Heulang Park: virtual walking
experiment (A) and virtual-seated viewing experiment (B). N = 30, mean + standard error. * p < 0.05, determined using
the Friedman test.

The blood pressure was evaluated with a Repeated Measures ANOVA because the data obtained was
normally distributed. Figure 4 depicts an increase in average blood pressure when subjects visited Bogor City
Alun-alun and Heulang Park, and a decrease in average blood pressure when subjects visited Sempur Park.
Diastolic and systolic blood pressure measurements revealed no significant differences in walking (p = 0.689,
p =0.831) and seated viewing experiments (p = 0.449, p = 0.301) across the three parks (Table 4).
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Figure 4. Average blood pressure: diastolic blood pressure in a virtual walking experiment (A), systolic blood pressure
in a virtual walking experiment (B), diastolic blood pressure in a virtual seated-viewing experiment (C), and systolic
blood pressure in a virtual seated-viewing experiment (D), N = 30, mean * standard error, determined by Repeated
Measure ANOVA.
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Table 4. Repeated Measures ANOVA results of blood pressure.

Parameter Sum of squares df Meansquare F Sig Partial eta squared
Systolic blood pressure while walking

Location 28311 2 14.156  0.284 0.754 0.010
Time 11.756 1 11.756  0.670 0.420 0.023
Time*Location 43.244 2 21.622 0.548 0.581 0.019
Diastolic blood pressure while walking

Location 43.115 2 21.557 0.506 0.606 0.018
Time 3310 1 3.310 0.236 0.631 0.008
Time*Location 37345 2 18.672 0.571 0.568 0.020
Systolic blood pressure while viewing

Location 104.311 2 55.156 1.065 0.351 0.035
Time 0200 1 0.200 0.007 0.935 0.000
Time*Location 138.533 2 69.267 1.947 0.152 0.063
Diastolic blood pressure while viewing

Location 56.311 2 28.156 1.195 0.310 0.040
Time 18.050 1 18.050 0.388 0.538 0.013
Time*Location 64.133 2 32.067 1.239 0.297 0.041

Psychological Effects

Figure 5 depicts the average POMS subscale scores obtained from 30 subjects before and after walking using
VR in three different videos of Bogor City Parks. Significant differences were found in the confusion (p = 0.039)
and tension (p = 0.032) subscales (Table 5). This resulted from decreased negative emotions and increased
positive emotions before and after the walking experiment. In contrast, there were no significant differences
in the negative emotions of fatigue (p = 0.646), anger (p = 0.161), depression (p = 0.519), or the positive
emotions of vigor (p = 0.739).

The factors of location and time differences influence reducing the psychological response to anger, with the
lowest score obtained at the Bogor City Alun-alun (3.48; 3.47), confusion with the lowest score obtained at
the Heulang Park (3.48; 3.07), depression with the lowest score was obtained at the Heulang Park (3.48; 3.40),
tension with the lowest score was obtained at the Heulang Park (3.30; 3.22), and vigor with the lowest score
was obtained at the Sempur Park location (3.48; 3.75) and Bogor City Alun-alun (3.28; 3.55). From the average
results obtained by the mood state during the walking experiment, the highest score was obtained in Heulang
Park and the lowest score was obtained in Bogor City Alun-alun. Figure 6 shows the average POMS subscale
scores before and after seated viewing the VR videos.

Table 5. Friedman’s chi square test of POMS.

Parameter df Ch-Square Asymp. Sig.
POMS while walking

Anger 5 7.919 0.161
Confusion 5 11.677 0.039*
Depression 5 4.217 0.519
Fatigue 5 3.348 0.646
Tension 5 12.229 0.032%
Vigor 5 2.746 0.739
TMD 5 4.641 0.461
POMS while seated viewing

Anger 5 2.611 0.760
Confusion 5 14.990 0.01*
Depression 5 6.036 0.303
Fatigue 5 3.889 0.566
Tension 5 5.229 0.389
Vigor 5 11.051 0.05%*
TMD 5 11.537 0.042*
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Figure 5. POMS subscale comparisons before and after the VR walking experiment: anger-hostility (A), confusion-
bewilderment (B), depression-dejection (C), tension-anxiety (D), fatigue-inertia (E), vigor-activity (F), and Total Mood
Disturbance (G), N = 30, mean # standard error. * p < 0.05, determined using Friedman test.

Significant differences were found in the confusion (p =0.010) and vigor (p = 0.05) subscales due to decreased
negative emotions and increased positive emotions before and after seated viewing, as shown in Figure 6
and Table 5. In contrast, there were no significant differences in the negative emotions of depression (p =
0.303), fatigue (p = 0.566), anger (p = 0.760), or tension (p = 0.389). The factors of difference in location and
time influence decreasing the psychological response to fatigue with the lowest score obtained at Heulang
Park (3.68; 3.37), confusion with the lowest score at Sempur Park (3.40; 3.08), depression with the lowest
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score at Sempur Park (3.63; 3.65), tension with the lowest score at Bogor City Alun-alun (3.73; 3.47), and
vigor with the lowest score at Bogor City Alun-alun (3.08; 3.27). From the average mood obtained during
seated viewing, the highest score was obtained in Heulang Park, and the lowest was obtained in Bogor City

Alun-alun.
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Figure 6. POMS subscale comparison before and after the seated viewing experiment using VR: anger-hostility (A),
confusion-bewilderment (B), depression-dejection (C), tension-anxiety (D), fatigue-inertia (E), vigor-activity (F), and
total mood disturbance (G), N = 30, mean * standard error. * p < 0.05, determined using Friedman test.

As shown in Figure 7 and Table 6, the STAI score revealed that the time factor affected anxiety status while
walking (p = 0.019) and viewing (p = 0.007). The location factor did not affect walking or viewing activities (p
=0.734; p =0.986). The interaction between time and location had no effect on walking (p = 0.543) or viewing
(p = 0.171). The STAI score decreased significantly after virtual walking in Bogor City Alun-alun (36.2; 33.2),
followed by Sempur Park (36.2; 33.97) and Heulang Park (35.57; 33.77). The STAI score, anxiety status
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decreased significantly after seated viewing at Heulang Park (35.03; 31.90), followed by Sempur Park (34.3;
32.37) and Bogor City Alun-alun (34.13; 32.77). From the results, the highest decrease in anxiety status was
found in Heulang Park, and the lowest decrease was in Bogor City Alun-Alun.
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Figure 7. STAIl subscale comparison before and after the VR experiment: walking (A) and seated viewing (B), N = 30,
mean * standard error. * p < 0.05, ** p < 0.01 determined by Repeated Measure ANOVA.

Table 6. Repeated Measure ANOVA results of STAI.

Parameter Sum of squares df Meansquare F Sig. Partial eta squared

STAI while walking

Time 240356 1 240.356 6.136 0.019* 0.175

Location 7.233 2 3.617 0.311 0.734 0.011

Time*Location 9.211 2 4.606 0.616 0.543 0.021

STAIl while seated viewing

Time 209.089 1 209.089 8.486 0.007** 0.226

Location 0.478 2 0.239 0.014 0.986 0.000
24.211 2 12.106 1.823 0.171 0.059

Time*Location

Restorative Values of Greenspace

Through VR, the PRS score showed the restorative values of all three experimental locations (Bogor City Alun-
alun, Sempur Park, and Heulang Park). Figure 8 shows the average distribution of the PRS domain, which
consists of being away, fascination, coherence, and compatibility domains. The Kruskal-Wallis test revealed
that the fascination domain (p < 0.000), coherence (p < 0.000), and compatibility (p < 0.000) had a significant
effect on the subjects' level of restoration after virtual walking and seated viewing. They were associated with
a significantly higher tendency among the four subscales related to restorative traits of the three locations.
Being away did not significantly affect the participants’ restoration level after virtual walking (p = 0.746) or
virtual seated viewing (p = 0.824). Virtual activities may not be distinct among the three locations. The
subjects did not feel like they escaped from their daily environments physically or conceptually. Follow-up
post hoc tests showed that Heulang Park had the highest restoration trait for participants compared with the
other two parks (M walking= 59.35, p < 0.001 and M seated viewing = 56.65, p < 0.012).
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Figure 8. Comparison of the PRS subscale using VR: after the walking experiment (A) and after the seated viewing
experiment (B), N = 30 (mean + standard error). * p < 0.05, determined using the Kruskal-Wallis test.
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Landscape Aesthetic Appreciation

The aesthetic quality in Bogor City Alun-alun after walking was hot and arid (-0.7) and open (2.2). Other
characteristics of Bogor City Alun-alun were being directed, wide, dynamic, harmonious, and beautiful. The
aesthetic quality of Sempur Park after walking was high (1.93). Other positive characteristics include being
wide, directed, open, organized, tranquil, pleasant, harmonious, and beautiful. In comparison, the aesthetic
qualities of Heulang Park after walking are shady. Positive characteristics were detected, such as cool,
comfortable, varied, full, beautiful, dynamic, wide, organized, interesting, tranquil, pleasant, directed,
vigorous, harmonious, and unique (Figure 9A). The aesthetic quality of Bogor City Alun-alun after seated
viewing is open and bright (1.97). The other characters of Bogor City Alun-alun were directed, vigorous,
harmonious, and beautiful. The aesthetic quality of Sempur Park after seated viewing was open (1.87).

The positive characters are wide, directed, comfortable, bright, organized, tranquil, pleasant, harmonious,
and beautiful. After seated viewing, the aesthetic quality in Heulang Park was comfortable, followed by being
shady. Positive characteristics were detected, such as cool, open, varied, tranquil, wide, bright, comfortable,
full, organized, beautiful, interesting, calming, pleasant, directed, vigorous, harmonious, and unique (Figure
9B). The unique sensory perception of the three locations was hot in Bogor City Alun-alun, tranquil in Sempur
Park, and cool in Heulang Park. This may be due to the land cover of each park. Bogor City Alun-Alun is more
than 50% covered by the plaza. Sempur Park has an open space in the middle of the park called a
multipurpose lawn surrounded by a jogging track, while Heulang Park has a vast lawn surrounded by dense
and mature vegetation.

Hot Cool Hot Cool
Closed ) Open Closed Open
Static Dynamic Static Dynamic
Narrow Wide Narrow Wide
Dark Bright Dark Bright
Arid Shady Arid Shady
Uncomfortable Comfortable Uncomfortable Comfortable
Disorganized Organized Disorganized Organized
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Boring Interesting Boring Interesting
Complicated Simple Complicated Simple
Exciting Calming Exciting Calming
Anxious Tranquil Anxious Tranquil
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Figure 9. Comparison of the distribution of aesthetic preference values for: walking (A) and seated viewing (B).

A factor analysis using the Principal Component Analysis method was also performed to evaluate the
aesthetic quality of the parks using a Semantic Differential questionnaire. Landscape appreciation during
virtual park therapy resulted in six factors after walking in Bogor City Alun-alun, eight factors after walking in
Sempur Park, seven factors after walking in Heulang Park (Table 7), six factors after seated viewing in Sempur
Park, and six factors after seated viewing in Heulang Park (Table 8). The valid factors after walking in Bogor
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city Alun-alun were "somewhat varied" (0.541), "somewhat interesting" (0.766), "somewhat pleasant"
(0.766), "directed" (0.679), "somewhat harmonious" (0.654), "somewhat beautiful" (0.549), "neither usual
nor unique" (0.781). Thus, the main factor is "minimum variation with minimum aesthetics’. The valid factors
after walking in Sempur Park were "neither cool nor hot" (0.691), "neither shady nor arid" (0.772), and
"somewhat tranquil" (0.786).

Table 7. Rotated factor matrix after virtual walking.

Rotated (Varimax) factors

Variable Mean (SD) 1 2 3 2 5

Cool -0.29 (1.92) 0.469 -0.048 -0.208 0.661 0.016
Open 1.77(1.41) -0.127 0.064 0.837 -0.096 -0.087
Dynamic 0.99 (1.83) 0.143 0.233 0.341 -0.085 -0.610
Wide 1.56 (1.35) 0.145 0.276 0.712 0.045 0.082
Bright 1.89 (1.40) -0.001 0.183 0.807 -0.077 0.042
Shady 0.69(1.67) 0.567 -0.041 -0.050 0.663  0.203
Comfortable 1.34(1.22) 0.678 0.100 0.036 0.438 0.018
Organized 1.13 (1.64) -0.035 0.776 0.230 -0.129 0.115
Varied 1.07 (1.54) 0.743 -0.005 -0.065 0.130 -0.237
Interesting 1.23(1.32) 0.027 0.726 0.114 0.148 -0.244
Simple 0.28 (1.53) -0.633 0.047 0.365 0.166 -0.039
Calming 0.29 (1.80) -0.161 0.217 -0.014 0.711 -0.023
Tranquil 1.08 (1.36) 0.100  0.589 0.035 0.563 0.112
Pleasant 1.48 (0.99) 0.705 0.070 0.254 0.210 -0.042
Directed 1.21(1.52) 0.150 0.762 0.078 0.056 -0.133
Vigorous 1.31(1.52) 0.006 0.118 0.174 0.033 0.737
Full 0.66 (1.47) 0.723 0.001 -0.077 -.088 0.070
Harmonious 1.2 (1.28) 0.036  0.758 0.194 0.189 0.231
Beautiful 1.50(1.01) 0.626 0.322 0.186 0.101 0.238
Unique 0.70 (1.56) 0.787 0.074 0.060 0.010 -0.158
Eigenvalue - 4,961 3.592 1.937 1.305 1.086
% of variance - 24.806 17.960 9.683 6.525 5.432
Cumulative % - 24806 42.766 52.449 58.974 64.406

Table 8. Rotated factor matrix after virtual viewing.

Rotated (Varimax) factors

Variable Mean (SD) 1 2 3 a 5

Cool 0.52(2.18) 0.473 0.088 0.682 -0.225 -0.003
Open 1.91(1.39) 0.013 0.097 -0.174 0.886 0.021
Dynamic 0.81(1.73) -0.052 0.019 -0.102 0.350 0.728
Wide 1.71(1.38) 0.041 0.626 0.030 0.159 0.265
Bright 2.11 81.18) 0.047 0.176 -0.106 0.901 -0.027
Shady 0.78 (1.89) 0.401 0.036 0.766 -0.188 0.056
Comfortable 1.34 (1.54) 0.599 0.303 0.494 -0.124 0.152
Organized 1.18 (1.64) 0.504 0.520 -0.251 -0.003 -0.088
Varied 0.91 (1.58) 0.218 0.117 0.471 -0.015 0.694
Interesting 1.22 (1.41) 0.629 0.215 0.139 0.347 0.240
Simple 0.58 (1.41) 0.132 0.075 -0.302 0.444  -0.562
Calming 0.48 (1.85) 0.819 -0.148 0.131 -0.063 -0.200
Tranquil 1.26 (1.35) 0.821 0.241 0.027 0.155 -0.061
Pleasant 1.39(1.22) 0.653 0.372 0.136  -0.009 0.169
Directed 1.33(1.47) 0.071 0.359 0.125 0.317 -0.541
Vigorous 1.20(1.20) 0.045 0.727 0.153 0.130 -0.153
Full 0.64(1.38) -0.151 0.181 0.764 -0.050 0.073
Harmonious 1.47 (1.12) 0.186  0.759 0.045 0.092 -0.094
Beautiful 1.63 (0.95) 0.312 0.741 0.350 -0.035 0.078
Unique 0.80 (1.45) 0.427 0.309 0.236 -0.315 0.466
Eigenvalue - 5.756 3.347 1.942 1.556 1.095
% of variance - 28.781 16.733 9.712 7.782 5.475
Cumulative % - 28.781 45.515 55.227 63.009 68.484
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Thus, the main factor is defined as "thermal comfort variation". The valid factors after walking in Heulang
Park were "wide" (0.723), "somewhat organized" (0.800), "varied" (0.522), "somewhat vigorous" (0.746),
"somewhat harmonious" (0.744), "somewhat beautiful" (0.718). Thus, the main factor is defined as a
"variation of elements that does not meet the design principles". The valid factors after seated viewing in
Sempur Park were "organized" (0.771), "calming" (0.781), "somewhat tranquil" (0.833), "somewhat directed"
(0.743), and "somewhat harmonious" (0.648). Thus, the main factor is "regularity with psychological effects".
Valid factors after seated viewing in Heulang Park were "wide" (0.785), "somewhat beautiful" (0.754), and
"somewhat unique" (0.829). Thus, the main factor is "broadness of view with minimum aesthetics".

Discussion

This study assesses the physiological, psychological, restorativeness, and landscape perception during park
therapy experiments on Indonesian university students in Bogor urban greenspaces. It might be a pioneer
study to exhibit virtual tropical urban parks and Alun-alun in ASEAN countries. The primary findings of this
study showed that walking and seated viewing in Bogor City greenspaces led to lower heart rate, reduction
in negative moods, increase in a positive mood, decrease in anxiety status, restorative effect, and therapeutic
landscape appreciation.

A lower heart rate during virtual walking was detected in Bogor City Alun-alun, while a lower heart rate was
detected in Heulang Park. Many studies have proven that performing physical activities, such as walking and
seated viewing in green spaces, can directly affect visitors' psychological and physiological health. On-site
walking in a city park can result in a significant decrease in heart rate while walking in a tropical campus
landscape [9,26], walking and relaxed sitting in urban parks and Alun-alun [56], and a significant decrease in
blood pressure during a half-day forest therapy program [14]. Since people cannot visit greenspaces due to
urbanization, immersive experiences using head-mounted displays have become a potential finding.
Comparative research using real and virtual natural environments by Nukarinen et al. [57] has demonstrated
the benefits of natural forests and their virtual equivalents. Compared with the 360-degree forest video, the
3D forest video was more emotionally stimulating. Watching 360-degree nature videos with VR headsets for
6 minutes could provide hemodialysis patients with short-term physiological and psychological health
benefits [58]. In addition, digital forest bathing in indoor spaces decreased the heart rate during exposure
compared to resting [59].

While decreased blood pressure was not detected in any location, the significance of systolic and diastolic
walking results was greater than that of systolic and diastolic seated viewing. This can be attributed to the
physical activity performed. According to Sun et al. [41], visual exposure to a green room environment using
VR can lower systolic blood pressure. Nevertheless, the experimental time, which is too long (15 min for one
garden video), can affect this. This caused the subject to become dizzy and triggered an increase in blood
pressure. This condition is called cybersickness or digital hangover, which occurs due to an imbalance
between sensory inputs or, more simply, several senses in the human body, such as sight and hearing. This
imbalance can cause VR technology users to feel dizzy and nauseous when used for a long time [60].
Moreover, some participants who had used VR for the first time also experienced distractions in feeling the
effects of virtual park therapy due to the heavy head-mounted display used for activities, especially while
walking. Physical activity can also affect blood pressure, which is higher when a person is active and lower
when resting [61]. Furthermore, taking videos of winding sites resulted in less smooth movement.

Decreased negative moods, i.e., anger, tension, confusion, and depression, after walking and decreased
anger, tension, confusion, and fatigue after seated viewing were found in three locations. Increased positive
mood, i.e., vigour after walking and sitting, was found in three locations. A decreased anxiety status was
detected only after seated viewing in the three locations. Recent studies have reported that after
experiencing digital forest bathing, negative moods, such as tension, depression, anger, fatigue, and
confusion, decreased [59]. The 3D model-based virtual green exercise provided additional benefits, such as
increased enjoyment and movement, compared to treadmill walking without VR exposure [62]. Watching six-
minute nature videos enhanced positive psychological responses in dialysis and bedridden patients
Interviews with the participants also revealed that the first week of the experiment yielded the most positive
reactions. The investigation revealed the most negative results at week 3 [58]. In similar studies during COVID-
19, virtual exposure to forest environments reduced perceived anxiety levels in people confined to small
spaces and suffering from environmental deprivation [63]. Sun et al. [41] shows that several park elements
in greenspaces can help reduce depression, anxiety, and blood pressure, namely shady trees, shrubs, and
grasses with a garden view.
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The restorative values of the environment after walking and seated viewing on the fascination, coherence,
and compatibility subscales were detected after experiencing virtual park therapy in all locations, with the
highest score in Heulang Park. Following previous research, experiencing a VR environment enabled subjects
to feel a sense of presence through physical activity [64]. To experience walking in VR, users must perform
stepping-like movements on the spot. In terms of being perceived as more natural, a gesture such as
alternately tapping each heel against the ground is closest to actual walking [65]. Moreover, Brancato et al.
[66] demonstrated that virtual walks in green spaces (e.g., pine forests, farmed fields, and tree-lined urban
neighbourhoods) led to perceived restoration. In addition, watching VR videos while seated decreases stress
levels and heart rate while increasing parasympathetic nervous system activity. The VR videos significantly
reduce overall stress, improve physical stability, and improve psychological well-being [27].

Participants’ perceptions of and affective reactions to three locations showed that the park setting was a
design regularity with psychological effects in Sempur Park and a broadness of view with minimum aesthetics
in Heulang Park after seated viewing. Sensory perception was also detected in each park, such as heat in
Alun-alun City Park, serenity in Sempur Park, and coolness in Heulang Park. The stimuli from the parks'
greenery, sound, and sunlight were recorded through 360° video that transmitted the light and sound waves
captured by human eyes and ears, transmitted to the brain by sensory nerves, producing an impression such
as sensory perception [67].

Previous research has proven immersive VR a reliable tool for evaluating perception and aesthetic landscape
preference, providing more potential for forest and park therapy studies. When people view a landscape
through VR, they may perceive it as more homogeneous and spoiled. Because on-site sound must be
emulated, people may not accurately set the scene noise [39]. Previous studies also showed that forest
therapy made subjects feel more "comfortable," "natural,” and "soothed" [27]. Surprisingly, a relationship
exists between thermal comfort, mood state, and indoor environment quality using VR [68]. Park-and-forest
therapy using VR is psychologically impactful for anyone who cannot access green spaces directly. VR in park
and forest therapy is a technological advancement and a potential solution for bridging the gap between
society and ecotourism. The VR can revolutionize tourism by immersing users in a digital environment, such
as reconstructing scenic landscapes, heritage sites, and wildlife habitats. It can make travel more exciting,
reduce the negative impact of tourism on the environment, and even promote sustainable tourism [69].

These findings demonstrate that VR experiences in Bogor City Parks resulted in physiological and
psychological relaxation, landscape appreciation, and a restorative environment. Virtual natural settings
provide the same benefits as the actual park environment but use head-mounted displays instead of direct
exposure to nature. The first limitation of this study was that only students were recruited as subjects. The
second is the video-watching time, which is quite long (15 minutes per video). In future studies, variation of
subject groups and different and minimum lengths of watching time should be addressed to obtain more
valid data and the recoverability effect.

Conclusions

This study demonstrated that virtual park therapy provides physiological and psychological effects,
restoration, and landscape appreciation. Virtual Park therapy in Bogor City Parks resulted in (1) a lower heart
rate while walking on the square, (2) a lower heart rate while seated viewing in Heulang Park, (3) a significant
increase in a positive mood, namely vigor, (4) a significant decrease in anxiety status after seated viewing,
and (5) a therapeutic effect on the fascination, coherence, and compatibility subscales. Landscape
appreciation also supports the idea that Heulang Park has a variety of elements and aesthetic breadth of
view. This study suggests that virtual park therapy is a promising alternative for physiological and
psychological relaxation in young adults. It might be useful for the aesthetic and restorative evaluation of
healing parks to help urban planners develop healing urban greenspaces to deal with uncertain public health
conditions and to increase the inclusivity of public spaces.
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