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Abstract: Psychological anxiety among college students has attracted research interest. Previous
studies have shown that greenspaces play a positive role in the recovery of student health. However,
limited studies have explored the benefits of restorative environmental greenspace components.
Therefore, this study used virtual reality to conduct control variable experiments. Considering the
terrain scene, pavement material, and green vision rate as research elements, we monitored the skin
conductance level and heart rate variability of 36 college students, as well as the positive and negative
affect schedule and perceptual recovery scales, and we found that terrain elements have a significant
impact on perceptual recovery, while pavement material has a significant impact on physiological
recovery. Significant differences in perceptual recovery scores and changes in negative emotions
among the different green vision levels were also observed. According to the regression relationship,
the scene’s attractiveness rating was the highest when the scene’s green vision rate was 50%, while
at 48%, the positive emotional improvement was the highest, and at 40%, the negative emotional
improvement was the greatest.

Keywords: greenspace; virtual reality; physiological recovery; perceptual recovery; restorative

environment

1. Introduction

Urban landscapes are an essential ecosystem; however, urban living may be linked
to poor mental health [1,2]. Mental disorders have been one of the top ten leading causes
of global health burden since 1990. According to the Lancet GBD 2019, nearly one billion
people worldwide suffer from mental health disorders, such as depression and anxiety [3].
Recently, the prevalence of anxiety among college students has increased [4]. High levels
of student stress reflect a wide range of social stress patterns among young people [5].
Studies have shown that anxiety can affect attention and memory during learning and, to
some extent, thinking [6]. In addition, increased anxiety levels in adolescents may have
adverse effects on cardiovascular health later in life [7]. Therefore, there is an urgent need
to provide adequate and appropriate support services to this group.

Regarding the management of mental health among college students, one study pro-
posed recommendations from the perspectives of students, academic instructors, teaching
methodologies, and culture. In addition, suggestions have been made regarding the ben-
efits of exposure to the environment [8]. Previous studies on urban greenspaces have
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shown that exposure to natural greenspaces provides various health benefits. In addition
to mitigating exposure to air pollution, noise, and heat, greenspaces have the potential to
enhance attention and alleviate psychological stress [9-14]. The term “restorative environ-
ment” was first proposed in 1983 by Kaplan (a psychology professor at the University of
Michigan) and Talbot, and it is defined as “an environment that can provide people with
relief from psychological fatigue and negative emotions associated with stress”. The most
influential theories explaining the natural environmental recovery mechanisms include
Kaplan’s attention recovery theory (ART) [15] and Ulrich’s stress reduction theory [16]. Un-
der the ART framework, Kaplan proposed four objective conditions to measure restorative
environment recovery, namely, distance, fascination, extent, and compatibility. Under the
theoretical decompression framework, cardiopulmonary physiology is emphasised, and
indices, such as heart rate variability (HRV) and skin electrical activity, are used. Emphasis
is placed on measuring emotional responses using established questionnaires, including a
positive-negative impact scale and a discrete emotion questionnaire survey [17].

With the “restorative environment” concept, scholars have begun to study the im-
pact of the natural environment or urban greenspace on different specific groups of peo-
ple [18,19]. Some of these studies were specifically aimed at students [20,21]. The findings
from a previous study investigating the utilisation of green areas among university stu-
dents demonstrated that those who regularly visited greenspaces positively experienced a
higher quality of life and an improved mood and perceived lower levels of stress. However,
student barriers to greenspace use included insufficient time [22,23]. Studies have shown
that virtual reality (VR) technology can have an effective restorative function at school or
during workdays in the absence of a highly restorative natural environment. Exposure
to nature through immersive VR enhances the connection to nature for individuals with
limited inherent affinity [24-30]; therefore, it is possible to replace the inconvenient actual
environment with a convenient VR environment [31,32]. Moreover, VR has proven effective
in assessing environmental restoration quality [33]. In recent years, with the development
of VR technology, modelling scenes have become increasingly more realistic, and this level
of realism affects emotional responses and perceptions, making it easier to control experi-
mental variables [34]. Therefore, an increasing number of studies have focused on the use of
VR technology in restorative environments. For example, Mattila studied the impact of VR
forest environmental restoration by constructing an immersive VR forest [24], while Wang
constructed interactive VR scenarios to study the effects of restorative environments on
anxiety and depression [35]. Additionally, some studies have been conducted on restorative
environmental components [35]; for example, Huang and QY used VR technology to study
the potential impact of different vegetation types and the influence of different types of
trees, grass, and concrete environments on stress reduction [36]. However, the number of
such studies is limited, and the available data are insufficient for practice [37]. Currently,
most studies on restorative environments have focused on comparing the health benefits of
greenspaces with those of other types of urban spaces [38-40], whereas some studies have
only examined the overall restorative benefits of greenspaces for population health [41].

In this study, we recruited college students who experienced stress and anxiety and
investigated the effects of restorative environmental components, including the terrain
scene, pavement material, and scene green visual rate, from both physiological and psy-
chological perspectives by exposing the participants to a greenspace environment created
via VR. We also investigated the restorative effects of greenspace components on students’
anxiety to help develop better services for college students with anxiety. Moreover, our re-
search has practical implications in the construction of urban greenspaces, such as campus
greenspaces, to reduce anxiety.
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2. Materials and Methods
2.1. Experimental Design
2.1.1. Participants and Experimental Conditions

After invitation through online social platforms and offline publicity, we selected
40 college students aged 22-26 years as participants, with a 1:1 male-to-female ratio. After
a data validity analysis, we used data from 36 participants. The experimental site was a
closed windowless room (4 X 6 m) in a teaching building. The lights were switched on
uniformly in the room, the air conditioning temperature was set at 26 °C, the air humidity
was set at 50%, and there was no odour in the room. All the participants signed an
informed consent form and complied with the operational requirements related to stress
before the experiment.

Before the start of the experiment, all participants completed a background question-
naire on their recent physical and mental conditions (Appendix B, Figure A1). Through
the participant self-rating analysis results (Appendix A, Table A1), it was found that the
participants generally believed that they had mild depression, low self-rated anxiety, and
good health, and they did not take any drugs that affected their physical and mental state
or cognitive level. Therefore, the results are in accordance with the experimental settings.

2.1.2. Technology Roadmap

First, according to our research theme, the experiment focused on three basic greenspace
components, namely, terrain scene, pavement material, and scene green vision rate. The
pressure recovery benefits were measured using both subjective and objective indicators.
The experimental results were pre-processed and analysed using an independent sample
t-test, descriptive statistical analysis, one-way analysis of variance, and regression analysis.
Finally, the results are presented from both physiological and psychological perspectives.
A technology roadmap is illustrated in Figure 1.
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Figure 1. Technology roadmap of the experiment design and implementation and the process and
method of processing the experimental data of the three green components, namely, terrain scene,
pavement material, and scene green visual rate.

2.1.3. Measurement Indicators

The objective indices were the skin conductance level (SCL) and HRV. Changes in
skin SCL are related to sympathetic nerve activity, which reflects the nervous state of
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the human body, but not parasympathetic nerve activity, which reflects the relaxed state
of the human body [42]. In this experiment, a physiological test module skin electrical
sensor, EDA, was used to measure the skin conductance response of the participants [43].
HRYV provides information on the neurohumoral factors that regulate the cardiovascular
system. RMSSD was used for a short-term electrocardiogram (ECG) signal analysis and is
a sensitive indicator of parasympathetic nerve function [44]. In this experiment, an ECG
sensor was used to measure the HRV of the subjects to obtain data [45].

Subjective indicators included perceived restorative (PRS) [46] and positive and nega-
tive affect schedule (PANAS) [47]. The PRS includes questions for Kaplan’s four perceptual
recovery theory dimensions (distance, charm, extensibility, and compatibility [48]). Each
dimension contains four to eight questions. The score of each dimension was calculated
based on the responses, and the total PRS score was accumulated. The PANAS includes
20 emotional adjectives—10 positive and 10 negative—and adopts the form of a visual
analogue scale to compile the measurement questionnaire. Each dimension consists of 10
questions, and the scores for each question were summed to determine the overall score for
positive and negative emotions.

2.1.4. Procedure and Experimental Scene Setting

The experiment was divided into preparation, calming, stress, recovery, and end
periods and conducted from 1 to 6 PM, and the participants were required to sleep for
8 h on the day before the experiment. The experimental protocol was communicated to
the participants in advance. The initial phase quantified calmness for a duration of 5 min.
Subsequently, moderate stress was induced using a dedicated program with a 5 min limit.
Following this, five virtual scenes were presented during the recovery period, with each
scene limited to 5 min. Between the scenes, there was random switching between five
observation points. After the experiment, the participants were thanked and guided. For
details, refer to the experimental flowchart shown in Figure 2. The stress-inducing part
of this experiment combined the Trier arithmetic social stress test [49,50] with a noisy
stimulus. In the experiment, the participants answered questions and filled out their
answers in the input box on the answer screen without using any computing equipment
or with substantial background noise. If the answer was wrong, the system would exert
pressure on the subjects through auditory and visual means, recording physiological
indicator changes in SCL and RMMSD throughout the experiment. The participants were
asked to fill in the PRS (Appendix B, Table A12) and PANAS (Appendix B, Table A13).

In the terrain experiments, Scenarios 1 and 2 were distinguished solely by the terrain.
In Scenario 1, the terrain was altered, whereas all other factors remained constant. Con-
versely, Scenario 2 featured a flat field with no terrain modifications. The angle of the soil
slope was set based on the actual conditions in both scenarios. Figure 3 shows the scenes of
the experimental and control groups in the terrain experiment.

The experiment on terrain material compared Scenes 3 and 4, with the only difference
being the paving material. The other factors in the scenes were kept constant. Scenario
3 used natural materials, such as marble, pebbles, granite, wood, and plain soil, while
Scenario 4 used artificial materials, such as cement, asphalt, glass, steel, and concrete.
Figure 4 shows the scenes of the experimental and control groups in the pavement mate-
rial experiment.
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Figure 2. Experimental flowchart. The duration of the experiment was 50 min, divided into five
periods, and the corresponding experimental content was displayed in each period vividly.

Scenario 1 Scenario 2

Figure 3. Cont.
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Figure 3. Experimental scenes of topography. Scenario 1 (a,c,e,g,i) is the experimental group with

terrain, while Scenario 2 (b,d,f,h,j) is the control group without terrain. Each scenario is set up with
five observation points that can be switched randomly.

Scenario 3 Scenario 4

Figure 4. Cont.
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Figure 4. Pavement material experiment scenes. Scenario 3 is the experimental group with natural
materials, such as marble (a), pebble (c), granite (e), wood (g), and plain soil (i), while Scenario 4 is
the control group with artificial materials, like cement (b), asphalt (d), glass (f), steel (h), and concrete
(j)- Each scenario is set up with five observation points that can be switched randomly.

In the scene green visual rate experiment, ErgoLAB V2.0 (Kingfar Technology Co.,
Ltd., Beijing, China) was used to export the participants’ screen video VR experiences.
The recorded video was exported frame by frame using Pr CC2022 video editing software
developed by Adobe (San Jose, CA, USA), and the image was segmented using fully
convolutional network (FCN)-8s [51]. The inputs and outputs of the FCN are shown
in Figure 5.

Features:

Sky: 0.413
Road: 0.158
Mountain: 0.101

forward/inference

150

Figure 5. Input and output of the fully convolutional network. The image is converted from
3 channels to 96 channels in the first convolution layer, followed by 256 channels in the second
layer, 384 channels in the third layer, and finally 150 channels in the last convolution layer, each
corresponding to a different segmentation type.

In the entire study, the lowest green vision rate was 15%, the highest was 66%, and the
average value was 44.80%. The obtained green vision rate was divided into four grades
using the quartile method: lower (<37%), low (37%—42%), high (42%-54%), and higher
green vision rates (>54%) (Appendix A, Table A2). Some of the scenes from the green vision
rate experiment are presented in Figure 6.
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Figure 6. Obtained green vision rate was divided into four grades using the quartile method in scene
green visual rate experiment, and partial representative scenes in each grade are displayed: (a) scene
of lower green visual rate (<37%); (b) scene of low green visual rate (37%-42%); (c) scene of high
green visual rate (42%-54%); (d) scene of higher green visual rate (>54%).

2.2. Data Analysis
2.2.1. Data Pre-Processing

In this study, ECG and HRV signal data were pre-processed using the ErgoLAB
human-machine environment synchronisation platform.

In the HRV signal processing, the cut-off frequencies of the low-pass, high-pass, and
band-stop filters were 20, 0.5, and 50 Hz, respectively, using a moderate wavelet denoising
option. The median method was used to detect and correct singularities, and the median
parameter was set to 5.

For ECG signal data processing, the moving mean filter window length was set at
500 ms, the moving root mean square filter window length was set at 500 ms, the sampling
rate was 4 Hz, and the window starting point was set at 1-4 s relative to the stimulus event.
For SCR amplitude processing, the minimum SCR threshold was set at 0.2 uS, the Gaussian
filter window length was set at 200 ms, the sampling interval was set at 10 s to estimate the
tonic component, and the extreme value threshold was set at 0.001 pS.

2.2.2. Statistical Analysis

An independent sample t-test was used to study the restorative effects of the scene
terrain and pavement materials. A descriptive statistical analysis was used to describe
the outcomes of the physiological and perceptual restoration brought about by the three
greenspace components. The recovery effects of the different grades of green vision were
analysed using a one-way analysis of variance (ANOVA). A regression analysis was used
to analyse the four perceptual recovery evaluation dimensions and the negative and
positive emotion rates of green vision. IBM SPSS Statistics 27 was used to analyse the
experimental data.

3. Results
3.1. Terrain Scene and Pavement Material
3.1.1. Effects on Physiological Recovery
The effects of terrain and non-terrain on skin electrical activity and HRV were com-

pared using an independent sample {-test. As shown in Table 1, the test results for the
impact of terrain elements in different scenes on skin electrical activity and HRV were
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not significant (p > 0.05), indicating that the subjects’ perceptions of the impact of terrain
elements on skin electrical activity and HRV did not significantly differ.

Table 1. Comparative analysis of the influence of different terrain elements and pavement materials
on physiological activity.

Index F Test Result Group Mean (SD) t p
Comparison of effects of different terrain elements on physiological indices
_ _ Natural material scene (n = 36) —2.404 (5.254)
SCL F'=0.000,p =0.987>005  \ tificial material scene (n=36)  —3.898 (5.149) —1.218 0.227
_ _ Natural material scene (n = 36) 230.751 (254.519)
RMSSD F=3.744,p = 0.057>005 Artificial material scene (n = 36) 21.097 (33.884) —1.002 0.320
Comparison of effects of pavement material on physiological indices
_ _ Natural material scene (n = 36) —3.476 (4.063) .
SCL F=0.057p=0811>005 Artificial material scene (n = 36) —1.709 (4.501) —1.748 0.045
RMSSD F = 1411, p = 0.239 > 0.05 Natural material scene (n = 36) 12.862 (22.842) 0.658 0513

Artificial material scene (n = 36) 3.629 (81.003)

*p <0.05. SD, standard deviation.

The effects of different pavement materials on skin electrical activity and HRV were
compared using an independent sample ¢-test. As shown in Table 1, the test results of the
impact of pavement materials on skin electrical activity in different scenes were significant
(t =1.748, p = 0.045 < 0.05), indicating that the participants’ perceptions of the influence of
terrain elements on skin electrical activity were significantly different. The natural material
scene had a better effect on the improvement of skin electrical activity. The test results for
the influence of pavement material on HRV in different scenes were not significant (t = 0.658,
p = 0.513 > 0.05), indicating that there was no significant difference in the participants’
perception of the influence of HRV caused by pavement material differences.

3.1.2. Effects on Perceptual Restorability

An independent sample ¢-test was used to compare the terrain and non-terrain effects
on the perceptual restorative evaluation, as well as on positive and negative emotions.

As shown in Table 2, the test results for the impact of the two scenarios on the
perceptual restorative evaluation were significant (t = 2.326, p = 0.023 < 0.05), indicating
significant differences in the perceptual restorative evaluation results. According to the
descriptive statistics of the perceptual restoration results, the scores of the perceptual
restorative evaluation for scenes with terrain were significantly higher than those for scenes
without terrain (Table 2). The test results for the impact of terrain elements in different
scenarios on positive and negative emotions did not reach a significant level (p > 0.05),
indicating no significant difference in the participants’ perceptions of the impact of terrain
elements on positive and negative emotions.

An independent sample t-test was used to compare the effects of natural and artificial
pavement materials on the perceptual restorative evaluation, as well as on positive and
negative emotions.

As shown in Table 2, the test results for the impact of the two scenarios on the
perceptual restorability and positive and negative emotion assessments were not significant
(p > 0.05), indicating that the participants did not experience significant differences in the
perceptual restorability or positive and negative emotion assessments.

In addition, according to the analysis of each restorability feature dimension (Appendix A,
Table A3), the terrain scene had the highest score in each dimension (3.39 £ 0.06), followed
by the non-terrain scene (3.18 & 0.07). The mean scores of the recovery characteristics for the
different scenarios are shown in Figure 7.
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Table 2. Comparative analysis of the influence of different terrain scenes and pavement materials on

perceptual recovery.

Group F Test Result Mean (SD) t P
Comparative analysis of differences in the effects of different scenarios on perceived recoverability
Terrain scenes (n = 36) F =0.056, 3.394 (0.366) 236 50,023
Non-terrain scenes (n = 36) p=0.814>0.05 3.184 (0.399) : )
Comparative analysis of differences in the effects of different terrain element scenes on positive emotions
Terrain scenes (n = 36) F=0.025, 67.28 (225.203) _0212 0.832
Non-terrain scenes (n = 36) p=0.832>0.05 56.00 (225.499) ) :
Comparative analysis of differences in the effects of different terrain element scenes on negative emotions
Terrain scenes (n = 36) F=1.801, —170.83 (184.154) 0.561 0.576
Non-terrain scenes (n = 36) p=0.576>0.05 —143.19 (231.053) : :
Comparative analysis of differences in the impact of different pavement material scenarios on perceived restorability
Natural material scene (n = 36) F=2127, 3.167 (0.387) 1319 0192
Artificial material scene (n = 36) p=0.149 > 0.05 3.014 (0.578) ) :
Comparative analysis of differences in the effects of different pavement material scenes on positive emotions
Natural material scene (n = 36) F =10.000, 27.97 (210.539) 0280 0780
Artificial material scene (n = 36) p=0.993 > 0.05 14.17 (207.576) ) :
Comparative analysis of differences in the effects of different pavement material scenes on negative emotions
Natural material scene (n = 36) F=0.943, —198.78 (203.415) 0362 0718
Artificial material scene (n = 36) p=0.335>0.05 —179.14 (254.070) ) :
*p <0.05. SD, standard deviation.
B Being Away
4 Fascination
W Extent
B Compatibility
8
)
=)
©
>
5 2
]
=
1

Non-terrain scenes Terrain scenes

Figure 7. Mean values of different scenario recovery characteristic dimensions in being away, fascina-
tion, extent, and compatibility of non-terrain scenes and terrain scenes. Non-terrain scenes belonged
to the control group; terrain scenes belonged to the experiment group.

3.2. Scene Green Visual Rate
3.2.1. Physiological Recovery Effects

A one-way ANOVA was used to compare the effects of the four green vision levels
on electrodermal activity and HRV. There were no significant differences in electrodermal
activity (p > 0.05) or HRV (p > 0.05) between the different green vision levels (Appendix A,
Tables A4-A7).
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3.2.2. Perceptual Restorability Effects

ANOVA was used to compare the effects of the four green vision ratings on the per-
ceptual restorability evaluation (Appendix A, Tables A8 and A9). There were significant
differences among the different green vision ratings in the perceptual restorability eval-
uation (F = 3.198, p < 0.05). A one-way ANOVA was used to compare the effects of the
four green vision levels on positive and negative emotions; the different green vision levels
showed no significant difference in positive emotions (F = 1.728, p > 0.05). However, there
were significant differences in the improvement effects of the different green vision levels
on negative emotions (F = 2.473, p < 0.05) (Table 3).

Table 3. Univariate variance analysis of the effects of different green vision ratings on psychological activity.

Quadratic Mean
Sum df Square d p
Scene green vision level effect on positive emotions
Between groups 215,030.796 3.000 71,676.932 1.728 0.162
Within group 8,795,137.162 212.000 41,486.496
Total 9,010,167.958 215.000
Scene green vision level effect on negative emotions
Between groups 371,320.672 3 123,773.557 2.473 *0.043
Within group 10,610,958.865 212 50,051.693
Total 10,982,279.537 215
*p <0.05.

Simultaneously, we conducted a descriptive analysis of the effects of the results of
the different green vision levels on the perceptual restorative evaluation, as well as on
positive and negative emotions (Table 4). To accurately assess the differences among the
groups, post hoc tests were conducted to assess perceptual restorability and the impact of
negative emotions. We found a significant difference between low and high green vision
levels (p < 0.05), and the value of high green vision was higher in multiple comparisons
of the perceptual restorative evaluation. In addition, there was a significant difference
between high and low green vision levels (p < 0.05); higher green vision levels had a more
significant effect on improving negative emotions in multiple comparisons of negative
emotions (Appendix A, Table A10).

Table 4. Descriptive analysis of different green vision level perceptual restorative results.

Group

95% Confidence Interval for the Mean

Lower green vision (n = 58)
Low green vision (n = 53)
High green vision (n = 52)

Hig%er green vision (n = 53)

Mean (SD) L Hiah Description
ow ig
Descriptive analysis of different green vision level effects on perceptual restorative results
3.111 (0.476) gggg gggg There were significant differences
ggég Egigg; 3950 3506 in the perceptual restorative
3297 (0:3 49) 3.201 3.393 ev'a}uation among different green
3.254 (0467) 3.191 3.317 vision levels (F =3.198, p< 005)

Total (n = 216)

Descriptive analysis of different green vision level effects on positive emotions

Lower green vision (n = 58)
Low green vision (n = 53)
Hi%h green vision (n = 52)

Higher green vision (n = 53)

Total (n = 216)

Lower green vision (n = 58)
Low green vision (n = 53)
Hi%h green vision (n = 52)

Higher green vision (n = 53)

Total (n = 216)

11.690 (172.283) _gigég ggggg There was no significant difference

E;15828878(221255%7394) _22 416 148161 in positive emotions among

43717 (225.834) ; ‘ different green vision levels (F =

717 (200.376) —11.514 98.947 1728 0.05
35.597 (204.714) 8.142 63.052 728, p > 0.05).
Descriptive analysis of different green vision level effects on negative emotions

~173.07 (219.095) —230.68 —115.46 There were significant differences
_2;240?7(%;?32;13%) :%g%g% :%;Z% in the different green vision level
—115.94 (215.837) —175.44 —56.45 1mPr°‘t’.eme‘(‘rf effects on L‘%ggg)"e
—176.55 (226.010) —206.86 —146.24 emotions (& = 2.275,p < U.U9).

The significance level was set at 0.05. SD, standard deviation.
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In addition, we used a regression analysis to conduct a four-dimensional analysis of
the scene green vision rate perceptual restorative evaluation and found that the regression
relationship between the green vision rate and distance, extensibility, and compatibility
evaluation was not significant (p > 0.05), but the relationship was significant with charm
regression (Appendix A, Table A11). The effect of the green vision rate on the attractiveness
evaluation showed a nonlinear relationship. The green vision rate square term T-value was
—2.938, p < 0.05, and R? = 0.045 in the regression model, indicating a good prediction effect
(F =5.066, p =0.007 < 0.05) (Appendix A, Table A11). In addition, the regression results of
the influence of positive and negative emotions (Appendix A, Table A11) showed that the
green vision rate correlated with positive and negative emotions, and the relationship was
nonlinear. Therefore, the predictive effect of the model was good.

Figure 8 shows the three regression results of the green vision rate experiment. When
the attractiveness evaluation was optimal, the greenness rate was 50% (Figure 8a). When
the scene was the best for positive emotion enhancement, the green vision rate was 48%,
as shown in Figure 8b. When the scene had the best negative emotion recovery, the green
vision rate was 40% (Figure 8c).
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Figure 8. Regression analysis of scene green rate in attractiveness, positive emotion, and negative
emotion: (a) green visual rate and attractiveness scatterplot analysis; (b) green visual rate and positive
emotion scatterplot analysis; (c) green visual rate and negative emotion scatterplot analysis. (Dots
represent the results of positive emotions under different green vision rates in the experiment; The
line represents the fitting curve of all points in the experiment that influence the result.)

4. Discussion

Our study confirmed that the scene topography, pavement material, and scene green
vision rate of greenspaces have different mitigating effects on student anxiety.
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4.1. Terrain Scene and Pavement Material

There was a significant effect on the participants’ perceptual restoration ratings of
terrain elements, and all four dimensions of environmental restorativeness were significant,
suggesting that terrain can be added to greenspaces to reduce students’ anxiety.

For the different paving materials, the participants showed no significant results, ex-
cept for in the SCL index. We speculate that there are two reasons for this finding. First, due
to the limitations of the VR environment experience equipment, the participants could only
obtain the restorative benefits of the scene through visual sensory stimulation. However, in
addition to visual differences, tactile differences are also important characteristics of paving
materials. Tactile experiences may enhance the sense of connection with nature and aid in
psychological recovery [52]. The tactile perception of different materials affects individuals’
sense of pleasure [53]. There was an inability to perceive the tactile change in the material,
but the restoration brought about by the difference in the material will have a greater
impact. Second, in the production of scene models, owing to the technical limitations of
modelling software material libraries, it is impossible to create more representative paving
styles for natural and artificial materials.

4.2. Scene Green Visual Rate

Green vision had no significant effect on physiological recovery, yet it showed good
performance in psychological recovery, particularly in improving negative emotions. Previ-
ous studies have shown that higher green vision is associated with lower levels of negative
emotions [54,55]. Compared with higher green vision (>54%), high green vision (42%-54%)
had higher scores in the perceptual recovery assessment and negative emotion assessment,
which can be interpreted by previous research findings. Dense vegetation can obstruct the
view and cause discomfort or even fear [56]; compared with a heavily wooded landscape,
places with moderate tree cover may be more suitable for recreational activities [57]. Jiang
found an inverted U-shaped dose-response curve when investigating the effect of green
vision on male stress recovery. The data confirmed that the effect of green visibility on
stress recovery is not “the higher, the better” [58].

4.3. Others

The restorative benefits attributed to greenspace components were mainly reflected
from a subjective perception perspective, and there was no significant correlation from a
physiological perspective, except for pavement material. We hypothesised that changes in
physiological indicators require more refined measurement and analysis methods and may
be disrupted by several factors, making it relatively difficult to capture the relationship
between restorative benefits and greenspace components. Moreover, limitations of the
experimental design and measurement methods may have led to different trends in the
observed results. For example, there may be subtle associations between the physiological
indicators used in this study and recovery benefits. However, these associations were not
observed due to insufficient experimental measurements or improper analytical methods.
In contrast, subjective perception measures may be better suited for capturing restorative
benefits and are therefore more likely to show a link between subjective perception and
greenspace components in observations.

In addition, terrain elements, pavement materials, and scene green vision rates did not
significantly affect positive emotions, possibly due to the nonlinear relationship between
the influence of terrain elements, pavement materials, and scene green visual rates on
emotions. Failure to capture a nonlinear relationship may lead to uncertainty in the results.

4.4. Research Innovation

Previous studies have primarily focused on the overall restorative effects of urban
greenspaces and therefore lacked in-depth research on the restorative effects of the com-
ponents of urban greenspaces. In addition, most studies on urban greenspace restorative
environments are based on sampling surveys of actual greenspaces, and the research index
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is relatively simple. Conversely, our study focused on three basic components of accessible
greenspaces and used both psychological and physiological indicators to assess the restora-
tive effects of greenspace components on students, making the experimental results more
accurate [59]. In addition, our experiments were conducted in a VR environment; although
actual greenspace provides a more realistic three-dimensional experience, it is difficult to
specifically study the restorative effect of one or several specific greenspace components
due to the influence of many factors (light, sound, etc.). This can be avoided by reducing
the interference of external variables in the VR experimental environment.

4.5. Research Limitation and Further Study

This study has some limitations. First, although VR technology can replace some
experiences in reality, a gap remains between reality and VR [60]. Attempts should be
made to conduct comparative experiments between virtual and actual experiences [61],
improve VR scenes through the difference in and identification of the experimental results,
and enhance the virtual exposure effect on participants. Additionally, this study was based
on vision. Most current virtual reality research on greenspaces is conducted from the
perspectives of sight and sound, which are crucial for reducing psychological stress. Smells
are also available; however, touch and taste cannot be simulated for technical reasons [62].
In the future, VR technology may be able to replicate the multisensory experience of
greenspaces to a greater extent, and actual outdoor environmental factors (haptic, odour,
etc.) can be added to verify the validity of our conclusions. Finally, due to the limitations
of the COVID-19 pandemic, our subjects were limited to our university [63]. In follow-
up research, similar studies should be conducted with students from different cultural
backgrounds and educational levels to make the results more universal.

5. Conclusions

According to the above results, we can draw the following conclusions.

5.1. Terrain Scene and Pavement Material

In terms of physiological recovery, the data showed no significant difference between
the terrain and non-terrain scenes. Topographic elements have a significant impact on
perceptual recovery. The perceptual recovery score and the positive and negative emo-
tional change results for the terrain scene were significantly better than those for the
non-terrain scene.

In this study, a significant difference was found in physiological recovery due to
the influence of pavement material, whereas no significant correlation was found for
perceptual recovery.

5.2. Scene Green Visual Rate

There were significant differences in the perceptual recovery score and changes in
negative emotions among the different green vision rate levels; however, there were no
significant differences in the changes in positive emotions. A higher green vision rate
(42%-54%) was significantly better than a low green vision rate (<37%) or a high green vi-
sion rate (>54%) in the recovery of negative emotions. There were no significant differences
in the physiological recovery between the different green vision rates. According to the
established regression relationship, the scene charm evaluation value was the highest when
the green vision rate was 50%.

The degree of improvement in the positive emotion scene was the best when the green
vision rate was 48%, and the degree of improvement in the negative emotion scene was the
best when the green vision rate was 40%.

The results suggest that incorporating unrolling terrain, using natural paving materials,
and adjusting the green amount of different greenspaces according to the green vision
rate (42%-54%) can improve students” anxiety regarding greenspace design with high
recovery efficiency. In the space designed to attract students, the greenery areas in the
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control scene were 50%. When the space was designed to enhance positive emotions and
alleviate negative emotions in the students, the greenery rates in the control scene were 48%
and 40%, respectively. This study provides novel insights into the advantages of restorative
environmental elements.
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Appendix A

Table Al. Participants’ self-rated statistically described results.

Mean (SD) Min Max Skewness Kurtosis
Depression self-rated results 2.03 (0.135) 1 4 0.631 0.320
Anxiety self-rated results 1.42 (0.108) 1 4 1.986 5.628
Health self-rated results 73.03 (2.890) 20 100 —1.132 1.315

Table A2. Descriptive statistics of segmentation results of scene green visual rate.

Mean (SD) Min Max Skewness Kurtosis

Green visual

rate 0.448 (0.07) 3.61 (0.12) 3.50 (0.12) 2.21(0.10) 3.43 (0.13)

Table A3. Mean and total mean scores of different scenario restorative characteristics.

Scene Recovery Feature Dimension

Total Points - : ot e1e 1 e1s
Mean (SD) Distancing Charm Extensibility Compatibility

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Non-terrain scenes 3.18 (0.07) 3.61(0.12) 3.50 (0.12) 2.21 (0.10) 3.43(0.13)
Terrain scenes 3.39 (0.06) 3.70 (0.14) 3.64 (0.15) 2.32(0.12) 3.51(0.12)

Table A4. Homogeneity test of variance based on mean for the effects of different green visual rates
on physiological recovery.

Levene Statistics df1l df2 p
SCL 1.739 3 212 0.160
RMMSD 3.719 3 212 *0.012

The significance level was set at 0.05; * p < 0.05.
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Table A5. The influence of scene green visual rate on RMSSD by means equality robust test.

Statistics dfl df2 p
Welch 0.628 3 104.529 0.599
Brown-Forsythe 1.246 3 51.623 0.303

Table A6. Univariate variance analysis of different green vision rating effects on physiological activity.

Quadratic Sum df Mean Square f p
Between groups 53.869 3 17.956 0.800  0.495
SCL Within group 4758.836 212 22.447
Total 4812.705 215

Table A7. Descriptive analysis of the different green vision level effects on physiological activity.

95% Confidence Interval for the Mean

Indicator Green Vision Rating Mean (SD) : Min Max
Low High
Lower green vision (1 = 58) —4.147 (5.565) -5.611 —2.684 —29.720 7.060
Low green vision (n = 53) —3.436 (3.863) —4.501 —2.371 —19.090 2.640
SCL High green vision (1 = 52) —3.232 (4.059) —4.362 —2.102 —22.790 5.990
Higher green vision (n = 53) —2.786 (5.147) —4.204 —1.367 —16.150 16.030
Total (n = 216) —3.418 (4.731) —4.053 —2.784 —29.720 16.030
Lower green vision (1 = 58) 10.786 (70.724) —7.810 29.382 —427.870  205.840
Low green vision (1 = 53) 13.056 (21.451) 7.144 18.969 —53.370 71.610
RMSSD . . _ 175.502 _ B
High green vision (n = 52) (1043.055) 114.887 465.890 28.340  7545.790
Higher green vision (n =53)  17.362 (36.986) 7.167 27.556 —53.370  205.950
Total (n = 216) 52.610 (514.451) —16.385 121.605 —427.870 7545.790

Table A8. Homogeneity test of variance based on mean for the effects of different green visual rates
on perceptual recovery.

Levene Statistics df1 df2 4
Scene green vision level effect on perceptual restorative evaluation
2.891 3 212 *0.036
Scene green vision level effect on positive emotions
1.501 3 212 0.215
Scene green vision level effect on negative emotions
0.398 3 212 0.755

The significance level of the difference is 0.05; * p < 0.05.

Table A9. Scene green vision level effect on perceptual restorative evaluation by means equality
robust test.

Statistics dfl df2 r

Welch 3.198 116.213 0.026
Brown-Forsythe 3.286 3 196.498 0.022

w
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Table A10. Multiple comparisons of different levels of green vision.
Green Vision Rating (I) Green Vision Rating (J) Mean (]I) if]f)erence p

Low green vision (37%—42%) —0.134 (—0.393, 0.124) 0.664

Lower green vision (<37%) High green vision (42%-54%) —0.266706 (—0.506, —0.02) *0.021

Higher green vision (>54%) —0.185 (—0.397, 0.026) 0.116

Lower green vision (<37%) 0.134 (—0.124, 0.393) 0.664

Multiple perceptual Low green vision (37%—42%) High green vision (42%-54%) —0.132 (—0.393, 0.129) 0.688
restorative evaluation Higher green vision (>54%) —0.051 (—0.287, 0.185) 0.993
comparisons Lower green vision (<37%) 0.266706 (0.028, 0.506) *0.021
High green vision (42%-54%) Low green vision (37%—42%) 0.132 (—0.129, 0.393) 0.688

Higher green vision (>54%) 0.081 (—0.133, 0.295) 0.893

Lower green vision (<37%) 0.185 (—0.026, 0.397) 0.116

Higher green vision (>54%) Low green vision (37%-42%) 0.051 (—0.185, 0.287) 0.993

High green vision (42%-54%) —0.081 (—0.295, 0.133) 0.893

Low green vision (37%-42%) 11.346 (—72.46, 95.15) 0.790

Lower green vision (<37%) High green vision (42%-54%) 61.104 (—23.12, 145.33) 0.154

Higher green vision (>54%) —57.126 (—140.93, 26.68) 0.180

Lower green vision (<37%) —11.346 (—95.15, 72.46) 0.790

. . Low green vision (37%—42%) High green vision (42%-54%) 49.758 (—36.32,135.84) 0.256
Negative emotions affect Higher green vision (>54%) —68.472 (—154.14, 17.20) 0.117

multiple comparisons .

Lower green vision (<37%) —61.104 (—145.33, 23.12) 0.154

High green vision (42%-54%) Low green vision (37%—42%) —49.758 (—135.84, 36.32) 0.256
Higher green vision (>54%) —118.230 (—204.31, —32.15) *0.007

Lower green vision (<37%) 57.126 (—26.68, 140.93) 0.180

Higher green vision (>54%) Low green vision (37%—42%) 68.472 (—17.20, 154.14) 0.117
High green vision (42%-54%) 118.230 (32.15, 204.31) *0.007

The significance level of the difference is 0.05; * p < 0.05.

Table A11. Green rate perception evaluation regression model on four-dimensional analysis, positive

emotions, and negative emotions.

Unstandardised Standardised
R i . L .
Y X ny%lf‘?ii?g::; Regression Coefficient p "
B SE Beta
R? = 0.045, Adjust R? = 0.036 F =5.066, * p = 0.007
Charm (constant) 0.457 0.989 0.644 0.462
Green visual index 13.632 4.453 *0.002 3.061
(Green visual index)? —14.207 4.836 *0.004 —2.938
R? =0.0028, Adjust R? = —0.0018 F=0.6163, p = 0.4333
Distance (constant) 3.4482 0.2443 <2 x 10716 14.113
F Green visual index 0.4172 0.5315 0.433 0.785
dimensions (Green visual index)? 0.4172 0.5315 0.433 0.785
R? = 0.0022, Adjust R? = —0.0024 F =0.4823, p = 0.4881
Extensibility (constant) 2.4999 0.2258 <2 x 10716 11.073
Green visual index —0.3411 0.4911 0.488 —0.695
(Green visual index)? —0.3411 0.4911 0.488 —0.695
R? = 0.0093, Adjust R? = 0.0047 F=2.014,p=0.1573
Compatibility (constant) 3.0760 0.2495 <2 x 10716 12.327
Green visual index 0.7703 0.5428 0.157 1.419
(Green visual index)? 0.7703 0.5428 0.157 1.419
R? =0.028, Adjust R? = 0.019 F=3.084,p=0.048*
Positive (constant) —188.827 205.905 0.360 —-0.917
emotions Green visual index 2160.657 927.109 1.344 0.021 2.331
. (Green visual index)? —2228.868 1006.696 —1.277 *0.028 —2.214*
Emotions
R? =0.033, Adjust R? = 0.024 F=3.627,p=0028*
Negative (constant) 232.496 112.383 0.040 2.069
emotions Green visual index —810.122 506.019 —-0.921 0.111 —1.601
(Green visual index)? 1012.957 549.458 1.061 *0.047 1.844

The significance level of the difference is 0.05; * p < 0.05.
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Appendix B
The best
. y state of health
1.  Sex: [Jman [ female in my mind
10
2. Age: years old E
3.  Major: E

4. Indicate the statement that best describes your current physical condition by
checking the boxes in each of the following groups.

(1) Degree of anxiety

[0 No anxiety at all [0 Mild anxiety

O Moderate anxiety [ Severe anxiety
(2) Degree of depression

O No depression at all O mid depression

0 Moderate depression [0 severe depression

(3) To help you describe your health status, we have drawn a scale, and we
want you to mark your current health status on the right scale according to your 0

self-assessment. Please underline the box below the last point on the scale to indi- lgfe“'o"r’:;‘m
cate your current health status. Your rating is: . in my mind

Figure A1. Background questionnaire about participants’ recent physical and mental conditions.

Table A12. Perceptual recovery scale (PRS).

One Point—Five Points Scene A Scene B SceneC  SceneD  Scene E
1 Here I feel relieved
2 It provides a break from my daily routine
3 Here I can temporarily escape from the stress of daily life
and study
4 This place helps me relax
5 This will help me reduce unnecessary attention
consumption
6 I find this scene attractive
7 My attention is drawn to many interesting things
8 I want to know more about this place
9 There is so much to explore and discover here
10 I wish I had more time to spend looking around
11 It is boring here
12 It is charming here
13 Nothing to look at here
14 There are too many things here
15 I am confused here
16 There are too many things here to distract me
17 It is chaotic here
18 This is the place for me
19 I can do what I want here
20 I feel like I belong here
21 I can enjoy happiness here

I feel so connected to the scene

N
N
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Table A13. Positive and negative affect scale (PANAS).

One Point—One Hundred Points Scene A Scene B Scene C Scene D Scene E
1 I am interested
2 I am restless
3 I am excited
4 I am upset
5 I am full of energy
6 I am guilty
7 I am terrified
8 I feel trepidation
9 I am passionate
10 I am proud
11 Iam angry
12 I am vigilant
13 I feel ashamed
14 I am inspired
15 I feel nervous
16 I am determined
17 I am focused
18 I am disturbed
19 T am alive
20 I am scared
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