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Abstract: Previous research has consistently shown that exposure to natural environments provides
a variety of health benefits. The purpose of this study is to investigate the restorative benefits of non-
virtual environments in field experiments as well as the differences in physiological and psychological
effects between different types of restorative sites for stressed young adults. This controlled study
design used the Positive and Negative Affect Schedule (PANAS), electroencephalogram (EEG), and
heart rate variability (HRV) as psychophysiological indicators of individual affect and stress. We used
a “stress imposition-greenspace recovery” pre- and post-test mode to simulate the most realistic short-
term recovery experience in the park (Grassplots, Square, Forest, and Lakeside) under relatively free
conditions. The experimental results show that all four natural spaces in the park have some degree
of recovery. However, there were discernible differences in the restorative effects of four selected
natural sites. Lakeside and Forest demonstrated the most robust restorative properties in terms of
both negative emotion reduction and positive emotion enhancement. In contrast, Square showed
the weakest facilitation of recovery, while Grassplots promoted moderate resilience. Physiologically,
we found that the EEG-a% of the Square was significantly lower than the EEG-a% of the Forest
(t = —3.56, p = 0.015). This means that stressed young adults were much more relaxed in the forest
than in the paved square. The study answers which types of natural spaces, when considered together,
would provide greater restorative benefits to stressed young people participating in natural therapies
in urban parks. The study’s policy implications include the need to create more green natural spaces,
especially forests with multiple plant levels, as well as to improve the restorative nature of urban
parks through appropriate landscape space design.

Keywords: restorative benefits; nature therapy; forest therapy; urban park; physiological effects;
greenspaces

1. Introduction

With urbanization, populations are growing and cities are becoming denser. High-
density cities are crowded with gray land, so access to greenspace is becoming more limited.
Environmental pollution and car-dependent lifestyles have become important factors in the
changing spectrum of human health and illness [1]. Increases in chronic conditions such as
respiratory diseases, cardiovascular diseases, and obesity have occurred [2,3]. In addition,
the city dwellers’ fast-paced lifestyle has increased stress and mental health problems.
The balance between adapting to modern city life and staying healthy has become critical.
Especially post-pandemic, people have become more aware of the importance of health.
Research has consistently confirmed that exposure to natural environments generates
various dimensions of health benefits [4,5]. Specifically, urban greenspaces (UGS), such
as parks, are essential public resources for improving human health [6,7]. Researchers
have continued to demonstrate the benefits of greenspaces for human wellbeing, including
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improving psychological state and mental health [8,9], reducing stress [10], increasing
positive emotions [11], and eliminating anxiety [12,13]. In addition, greenspace enhances
young people’s cognitive functioning and wellbeing [14,15]. Therefore, such exposure
can be regarded as a nature-based solution for promoting urban resilience and public
health. Some studies identified three potential relationships between green space and
health: harm reduction, restoring capacities, and capacity building [16] (e.g., encouraging
physical activity and promoting social cohesion).

Previous research on the short-term health effects of nature exposure was mostly
based on Stress Recovery Theory (SRT) and Attention Restoration Theory (ART). SRT states
that the natural environment significantly impacts people’s recovery from mental fatigue.
Through contact with nature, release of beneficial neurotransmitters helps diminish harmful
thoughts and emotions, reducing the stress response [4,17,18]. ART emphasizes how plants
and other natural features restore effective attention, allowing the remaining neurological
and cognitive mechanisms to function [5,19]. Based on SRT and ART, researchers have
investigated the emotional and state restoration effects of greenspace or environments with
natural features under specific conditions. A series of studies have compared the restorative
effects of natural and urban environments on psycho-physiological functioning. The re-
search suggests that exposure to natural environments with greenspace and water (instead
of urban ones) can improve positive mood by reducing stress and restoring attention [20].
Studies have found that natural environments are more beneficial for physiology than ur-
ban ones for reducing stress, and improving emotional valence and cognitive abilities [21].
Forest visits have health advantages that lower the risk of stress-related illnesses and dis-
eases linked to a sedentary lifestyle and are linked to better mental and physical health [22].
Physical activity in such green environments is better for physical and mental health than
under other conditions [23,24]. Such studies are not limited to “in-person experience”.
Some studies showed how natural environments are beneficial, even indirectly through
observation from windows or rooftops [25,26]. Furthermore, virtual nature contact benefits
have been observed. Virtual research has evolved from still photographs to video and,
finally, virtual reality (VR). Several studies have compared VR with live nature exposure
and found that both had a restorative effect. However, only the outdoor environment
measurably increased pleasant emotions [27].

Evaluating the potential of various environmental factors to bring restoration is es-
sential for evidence-based health design [28]. “Natural versus urban” may gloss over
meaningful within-category variability regarding the restorative potential of different phys-
ical environments [29]. Some scholars have conducted studies on the restorative nature of
indoor and outdoor environments [30]. Additionally, the greenspace’s type, quality, and
context should be considered in assessing its relationship with wellbeing [31]. Studies have
investigated the relationship between greenspace characteristics and restorative effects.
These characteristic elements include the type of greenspace [32,33], general quality [34,35],
biodiversity [36,37], landscape appearance [38,39], and composition of the internal environ-
ment [40,41]. Some researchers believe that the greatest influence on psychological recovery
is the greenspace’s vegetation and biodiversity. Its facilities and topography also have an
affect [42]. Additional studies have demonstrated that park type and size, impermeable
ground areas, and water bodies have varying degrees of association with favorable visitor
effects [43]. In addition to this, the differential effects of forest ages and types on recovery
have been demonstrated in other experiments [44]. Overall, several studies examined large-
scale correlations between green environmental exposures and population health and their
action pathways. Other studies used relatively small-scale physiological-psychological ex-
periments in different natural settings. Most of these studies used psychological measures
(e.g., Perceived Restorative Scale [PRS], Profile of Mood States [POMS], Positive and Nega-
tive Affect Schedule [PANAS]) based on self-report supplemented by physiological activity
measures (e.g., electrodermal activity [EDA], electroencephalography [EEG], blood pulse
[BP], heart rate [HR], and heart rate variability [HRV]) to validate the results in different sce-
narios [45]. It contains only a small number of field experiments on the spatial differences
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in the recovery of different natural features, which may have quite a lot of confounding
factors. In contrast, it is easier to control variables in virtual indoor experiments.

However, natural restoration is a dynamic integrated process with visual and au-
ditory [46,47], tactile [48], olfactory [49], and other multifaceted perceptual pathways.
The population directly perceives the restoration benefits of greenspaces through various
senses [50]. Other types of perception other than audio-visual are difficult to mimic and
reproduce in virtual experiments. For example, a correlation exists between psychological
recovery and bird diversity and insects (butterflies and bees) [51,52]. Measuring these
types of perceptions requires live experiences in nature rather than virtual environments.
Research has examined the effects of different landscape types on population health. How-
ever, few studies discuss the differing restorative effects of various landscape components,
especially in non-virtual settings. We therefore need to design a controlled experiment
that can accurately measure the physiological and psychological indicators of visitors, that
meets the need for visitors to personally interact with nature in terms of perception and
experience while controlling variables as much as possible in a non-laboratory setting.

This study aims to investigate the restorative benefits of non-virtual environments
in field experiments as well as the differences in physiological and psychological effects
between different types of restorative sites for stressed young adults. We hypothesize that
natural spaces made up of various components have a restorative effect on participants and
the benefits of different scenes differ significantly. Furthermore, we presume Forests have
the best restorative properties in comparison, and the psychological scale data correlate
strongly with each physiological index. This study adopts a control experiment design to
obtain more accurate physiological-psychological data in real scenarios. It combines the
PANAS scale and physiological indicators (EEG and HRV) obtained by wearing wireless
devices to experiment in four similarly sized different landscape spaces through the pre-
and post-test mode of “stress imposition greenspace recovery”. This experimental model
recording the initial state allows for clarification of the differences in restorative benefits
between scenarios. In addition, the physiological equipment uses wireless sensors that
guarantee the real-time transmission of outdoor data. This capability collects participants’
physiological indicators in a natural setting more accurately.

2. Materials and Methods
2.1. Participants

According to recent studies, intense social competition and involution have resulted
in an increase in stress among today’s youth, particularly among new young workers and
soon-to-be-employed college students. As a result, there is a critical need for research on
this young adult population [53,54]. We pre-computed the required sample size using
G*Power software (version 3.1.9.7) and analyzed the effect sizes of existing restorative
environmental studies. ANOVO: Repeated measures (within-between interaction) and
means (difference between two dependent means (matched pairs)) were selected based
on the analytical approach of the experiment. Based on the results of the two tests de-
scribed above, the total sample size required for one site was 32 individuals. We recruited
volunteers for the experiment by means of posters and social media. Participants were
required to meet specific conditions, including having no psychiatric disorders (such as
depression, schizophrenia, or mood disorders) and no visual, hearing, or cognitive impair-
ments. Furthermore, the age range is restricted to young adults over the age of 18, and no
more than two years of work experience if they have work experience. Finally, 39 young
adults (19 males and 20 females) aged 18 to 28 (mean 24.5) were chosen to participate in
this study. These include college students, young company workers, and civil servants.
All participants underwent a brief training session and were asked to avoid alcohol and
psychotropic drug use during the experiment. Before giving written consent, they were
fully informed about the experiment.

We used a repeated measures approach. Each participant (numbered 1-39) was
involved in four different experimental settings. This method yields a larger sample
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size for the experiment with fewer participants. To control order effects, the partici-
pants were divided into four groups (10, 10, 10, and 9). Each group participated in
these four restorative experiments in a different order during the experimental days.
The specific experimental arrangement and the order of participation are shown in the
Supplementary Materials (Table S1). This study was approved by the Ethics Committee of
Nanjing Forestry University.

2.2. Experimental Sites

Xuanwu Park in Nanjing was selected as the experimental site. It is the largest
comprehensive park in central Nanjing, covering a total area of 5.13 km?. It is a well-
equipped scenic spot with a diverse landscapes and rich biodiversity. Setting the research
in large city parks is beneficial. Urban parks, as inclusive, open spaces, can include a variety
of greenspace types with varying characteristics while reducing experimental error due to
site location, climate, elevation, and inconvenient transportation of equipment and people.
The authors selected four natural environments of similar size within the park (see Figure 1
and Table 1): Grassplot (site A), Square (site B), Forest (site C), and Lakeside (site D). Site
A is a large lawn with an open, gentle topography where visitors can relax. Site B is a
sculpture square with ample seating and prominent markers. Site C is a dense forest with
more shadiness and a complex plant hierarchy. Site D is a ribbon corridor consisting of a
chain of wooden boardwalks and a few lakefront platforms with wide views of the distant
skyline. The experiment was conducted from 11 October to 5 November 2021. With bad
weather (heavy rain and wind) and non-working days excluded, there were a total of 16
measured days. The Supplementary Materials (Table S1) provide specific time and location
information for the measurement.

© @

Figure 1. Photos of the four experimental sites. (a) Grassplot; (b) Square; (c) Grassplot; (d) Lakeside.
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Table 1. Average temperature and humidity on experiment days.
Site A B C D
Mean SD Mean SD Mean SD Mean SD

Area (hm?) 0.82 0.76 1.03 0.91
Temperature (°C) 16.99 1.54 16.90 1.68 16.19 239 1712 235
Relative humidity (%) 25.41 5.69 20.36  3.96 2474  6.10 3321  4.01
Wind speed (m/s) 3.15 2.09 2.73 1.90 2.28 1.81 3.61 2.12

2.3. Stress Induction

We elicited a suboptimal state before the restorative experiment to ensure that an
initially pleasant one did not obscure the recovery difference. This phase was conducted
using two simultaneous approaches. Firstly, we used stimulating audio to induce un-
pleasant emotions and mental fatigue. The stimulating audio, created using Adobe Au-
dition (CS6, Adobe Systems Incorporated, Mountain View, CA, USA), can be found in
the Supplementary Documents Audio S1. It consisted of gradually accelerating heartbeats,
street traffic noise, and sharp, harsh sounds. Secondly, as the participants were students,
we induced mental stress with a timed (3 min) math test. Previous studies have used
exams and calculations to induce stress [55,56]. We printed four math test question sets
with comparable difficulty coefficients to avoid the stressful effects of repeating questions
in other scenarios. Participants were administered a different five-question test in each
experimental setting.

2.4. Measurements

The assessment used subjective mood scales and objective device measures. The
benefits of assessing resilience using self-report combined with objective measures have
been previously supported by research [45].

2.4.1. Psychological Measurements

The PANAS Scale was developed by Watson, Clark, and Tellegen (1988). The scale is
designed to measure positive and negative feelings in a person’s current state. The final
score is derived from the sum of ten items for each of the positive and negative dimensions.
These twenty items describe emotions, stress, and mental states. They can reflect changes
in the subject’s affect to some extent [57]. Using the PANAS scale to describe the restorative
quality of natural environments has shown high consistency (89%) with physiological
indicators in previous analyses [45]. The PANAS has been translated into Chinese so that
native Chinese speakers can have a more accurate measure of their psychological state. The
content of this version of the PANAS is shown in Supplementary Materials (Table S2). The
PANAS uses a 5-point Likert scale, with scores from 1-5 representing very slightly/not
at all, a little, moderately, quite a bit, and extremely. We used a pre- and post-test model
to study changes in participants’ psychological states. The pre-test asked participants to
complete the PANAS based on their current psychological state immediately after stress
administration. The post-test asked participants to complete it based on their condition
after spending time in experimental spaces. As Watson stated, “When used with short-term
time frame instructions (i.e., moment or today), the PANAS scales are sensitive to changing
internal or external circumstances [57]”. This sensitivity is well-suited to describing changes
in participants’ measured mood before and after the restorative experiment. The Positive
Mood Scale total ranges from 10 to 50. It is the sum of items 1, 3, 5, 9, 10, 12, 14, 16, 17,
and 19, with higher total scores representing higher levels of positive mood. Similarly,
the total score of the Negative Emotion Scale ranges from 10 to 50 and is the sum of
items 2,4, 6,7, 8,11, 13, 15, 18, and 20, with higher scores representing greater emotional
distress. The difference between the post-test and pre-test scores, AD, is used to indicate
recovery. ADP = total post-test positive emotion score — total pre-test positive emotion
score. ADP > 0 means that the post-test positive emotional level is higher than the pre-test,
while ADP < 0 signifies that the post-test positive emotion is lower than the pre-test level.
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ADN = total score of post-test negative emotion — total score of pre-test negative emotion.
ADN > 0 means the post-test negative emotion level is higher than the pre-test level, while
ADN < 0 means the post-test negative affect score is lower than the pre-test negative affect
score. Thus, unpleasant emotion was somewhat reduced.

2.4.2. Physiological Measurements

Electroencephalogram (EEG) is a powerful tool for assessing the emotional impact
of various landscapes and architectural environments [58]. The EEG power spectrum
components consist of five common frequency bands (waves): 6 (14 Hz), 6 (4-8 Hz),
« (8-13 Hz), 3 (13-30 Hz), and v (>30 Hz) [59]. Alpha waves («) indicate that the person
is relaxed and less susceptible to external interference [60]. Earlier studies confirmed that
o power is elevated under more restorative and natural environmental conditions [17].
Lower frequency EEG bands might characterize comfortable or restorative environments
and associated pleasant emotions [61]. Beta waves (3) are associated with higher arousal
and alertness levels. Previous studies have concluded that natural window-scape produced
more beta waves than urban ones [25]. In addition,  waves were associated with greater
mental tension and in-depth thinking [62]. Significantly higher 3 waves are produced in
stressful than in calm conditions.

The EEG data were continuously recorded using a semi-dry wireless EEG instrument
(Kingfar Technology Co., Ltd., Beijing, China). The instrument records raw EEG signals
from parietal (P3, P4), frontal (F3, F4), occipital (O1, O2), and frontal midline (FpZ, Fz)
electrodes and transmits them to a wirelessly connected laptop. All electrodes were ref-
erenced to the linked earlobe (A1, A2) and grounded at the midpoint between Fpz and
Fz [63,64]. Semi-dry electrodes and fewer EEG channels save time and reduce the adverse
impact on participants. Pre-processing can reduce EEG channel numbers without reducing
accuracy [65]. The experimental sampling rate was 256 Hz, and the bandpass filter was set
between 0.5 Hz and 100 Hz. A 50 Hz band-stop filter was used to filter the LF. signal.

HRYV has been widely used as a reliable indicator with high temporal resolution in
previous recovery experiments [56,66]. The low /high frequency (LF/HF) ratio is an HRV
frequency domain parameter indicating sympathetic and parasympathetic activity [67]. Itis
suitable for objective measures of stress, with higher LF/HF values indicating an overactive
sympathetic nervous system associated with increased stress and anxiety [68]. The HRV
data were recorded with a wearable Human Factors Logger (Kingfar Technology Co., Ltd.,
Beijing, China). The data were pre-processed using the HRV module of ErgoLAB V3.0.

2.5. Experimental Procedure

Before the experiment, all participants completed a personal basic information ques-
tionnaire, including age and gender, via WeChat and email. Each participant was informed
that they could withdraw if they experienced any discomfort during the experiment. Upon
arrival at the site, participants will be guided through the day’s experimental site by our
staff and informed of the site boundaries. Figure 2 shows the five experimental steps:
preparation (T0), baseline (T1), pressure application (T2), restoration (T3), and post-test
interview (T4), over approximately 44 min. Physiological measurements were taken during
baseline (T1), pressure application (T2), and restoration (T3). Psychological measurements
were taken before and after the restoration stage.

Preparation: The staff reviewed the main procedures and precautions with the partici-
pants. Next, they assisted participants with wearing the semi-dry wireless EEG instrument
and Human Factors Logger. Ten minutes, on average, were needed to achieve good
skin-electrode contact quality.

Baseline: Participants relaxed with their eyes closed. Wireless noise-canceling head-
phones (IMORE ComfoBuds Z) measured their physiological index for three minutes
without visual and auditory interference [56].
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A q
Preparation(TO) Baseline(T1) Pressure application(T2) Restoration(T3) ‘ Post-test interview (T4)
Complete the pre-PANAS Complete the post-PANAS
I 10min Smin 3min . 12min 8min I
3min 3min
a.Reiterate the experimental rules a.Math test a.Take off the device
b.Device Wearing and Calibration ~ Rest with eyes closed b.Stimulating audio Sit quietly or walk slowly b.Complete the interview

(T1) (T2) (T3) (T4)

Figure 2. Steps of the restorative experiment.

Pressure application: Stimulating audio was played during a three-minute cognitive
(math) test, inducing unpleasant emotions and mental stress through auditory stimuli and
deep thinking. The math test questions were not scored but induced mental fatigue. At the
end of the pressure induction stage, participants completed a modified Positive /Negative
Affect Scale (PANAS) as a pre-test.

Restoration: In previous studies, it usually lasted from 3-15 min [69,70]. We controlled
for the effects of physical activity, social cohesion, and other pathways as much as pos-
sible through prior training of participants [14]. Participants were asked to walk slowly
or sit within a pre-defined field area for twelve minutes and observe the park scenery
casually. They were instructed not to eat, drink, or talk to others. Physiological data were
continuously measured and recorded in real-time. Throughout the restoration period,
an experimental assistant with a laptop computer monitored the participant closely but
non-intrusively to ensure their safety and comfort, while ensuring that the wireless data
signal from the physiological sensors was transmitted intact. After the restoration stage,
the Positive/Negative Affect Scale (PANAS) was administered again.

Post-test interview: Some participants agreed to a semi-structured in-depth interview
to better explain and understand the experiment. They were asked if contingencies such
as weather and other visitors impacted their affective changes. All field interviews were
audio-recorded and later transcribed for statistical analysis.

2.6. Statistical Analysis

The paired-samples t-test analyzed whether each landscape space had a restorative
psychological effect. The mood scores before and after each site’s recovery stage were paired
to verify whether the difference between positive/negative mood recovery before and after
was significant. The independent variable type was a within-subjects variable. Each
participant underwent the restorative trials of the four sites in their entirety to investigate
further whether the difference in restorative of each site was significant. Therefore, the
difference before and after the positive/negative mood restoration (AD) was used as
the independent variable, and a repeated-measures ANOVA tested whether the four
scenes’ restorative effects differed. Then, multiple comparisons compared the difference
between each site’s AD. Normality tests were conducted on the before-and-after ADP and
ADN. The Shapiro-Wilk method test showed the difference between the before-and-after
positive and negative sentiment scores for each site followed normal distribution, allowing
for the repeated-measures ANOVA. First, we performed Mauchly’s test of sphericity. If
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the sphericity hypothesis was satisfied, dependent variable data for repeated measures
exhibited equal variance—covariance matrices. Thus, the Greenhouse-Geisser analysis
results for within-subject effects could be used. Otherwise, the results of Roy’s Largest Root
in Multivariate Tests was used.

The total percentages of alpha and beta wave bands (EEG-«, EEG-$) and the
low-/high-frequency ratio (LF/HF) were used as physiological indicators of participants’
stress and mental status. The change in EEG is a process. Thus, we chose the propor-
tion of x and B and LF/HF throughout the stage rather than at a point or during a
segment. Two-way repeated-measures ANOVAs verified each landscape space’s physio-
logical restoration effects and whether they significantly differed. Additional algorithms
were performed to analyze the interaction effects of site*time and can be found in the
Supplementary Materials (Equation S1). Pearson correlation was used to analyze the asso-
ciations between various parameters.

The statistical analysis was performed using SPSS 22.0 (IBM Corp, Armonk, NY, USA).
Data analysis graphs were performed using GraphPad Prism 9 (GraphPad Software Inc.,
La Jolla, CA, USA). p-Values < 0.05 (*) were considered significant, p-values < 0.01 (**) were
considered highly significant, and p-values < 0.001 (***) were considered extremely significant.

3. Results
3.1. Descriptive Statistics

Table 2 shows the mean total scores and standard deviations of our calculated psycho-
logical and physiological measures.

Table 2. Descriptive statistics for relevant variables at the experimental sites.

Site A (N =39 B (N =39) C (N =39) D (N =39)
Measures Mean SD Mean SD Mean SD Mean SD
PANAS-POS

Pre 24.35 5.08 23.71 494 23.28 3.59 23.18 4.56
Post 28.41 4.94 27.41 3.88 28.44 4.62 29.44 5.27
PANAS-NEG

Pre 31.54 4.73 30.97 6.15 30.82 5.70 31.05 5.53
Post 27.33 3.37 26.62 5.52 25.79 5.36 24.15 2.81
EEG-x (%)

T1 54.24 11.13 56.58 10.33 61.07 12.46 53.80 7.88
T2 22.42 2.39 23.44 3.57 23.52 413 22.53 3.10
T3 26.74 3.77 25.14 222 27.59 3.22 27.99 2.90
EEG-f3 (%)

T1 20.16 5.71 21.05 5.30 19.24 4.97 22.38 4.65
T2 30.31 4.48 33.07 453 31.41 3.04 31.40 4.66
T3 25.71 3.71 28.78 5.98 25.86 5.76 2493 4.28
LF/HF

T1 1.11 0.33 0.99 0.27 1.01 0.21 1.00 0.27
T2 3.87 1.59 3.53 1.64 3.80 1.49 413 1.55
T3 3.03 1.73 2.90 1.51 2.89 1.70 3.25 1.95

3.2. Psychological and Physiological Restorative Effects
3.2.1. Psychological Restorative Effects

The Cronbach’s alpha for the Chinese version of the full PANAS was 0.863. The
positive and negative PANAS scales were 0.855 and 0.881, respectively, indicating good
reliability. The Shapiro-Wilk normality test showed each landscape space’s positive and
negative psychological scores were normally distributed.

Table 3 indicates that the p-values for the PANAS-P and PANAS-N paired-sample
t-tests were below 0.001 (***), the post- to pre-test positive affect difference was ADP > 0,
and the negative difference was ADN < 0. This discrepancy indicates that the PANAS-P
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score was significantly elevated. The PANAS-N score was reduced for all four scenarios
after the restoration stage. Figure 3 displays trends in psychological indicator changes.

Table 3. Pairwise comparisons of post- to pre-tests at the experimental sites.

Pre-test

Mean SD 95%CI of the Difference ¢ p
PANAS-P Lower Upper
Site A 4.05 4.24 2.68 543 5.96 <0.007 ***
Site B 3.69 291 2.75 4.64 7.92 <0.001 ***
Site C 5.15 3.62 3.98 6.33 8.88 <0.007 ***
Site D 6.26 4.56 4.78 7.74 8.56 <0.007 ***
PANAS-N
Site A —4.21 3.44 —5.32 —3.09 —7.63 <0.007 ***
Site B —4.36 4.27 —5.74 —2.97 —6.38 <0.001 ***
Site C —5.03 4.11 —6.36 —3.69 —7.64 <0.001 ***
Site D —6.90 4.62 —8.39 —5.40 —9.33 <0.007 ***
< 0.001.
e SiieA 33 e Site A
----- Site B -==== SiteB
Site C 31 Site C
Site D 2. Site D
% 2
r4
s
27
25
23
Post-test Pre-test Post-test
(a) (b)

Figure 3. Trends in psychological indicators changes. (a) Pre- and post-affect score changes in positive
scale. (b) Pre-and post-affect score changes in negative scale.

3.2.2. Physiological Restorative Effects

Two-way repeated-measures ANOVAs were performed for each EEG-«, EEG-3, and
LF/HF at baseline (T1), stress (T2), and restoration (T3) stages for the four sites. Table S3
in the Supplementary Materials presents the results. EEG- (F = 340.27, p < 0.001 ***,
Partial n? = 0.98), EEG-p (F = 53.15, p < 0.001 ***, Partial n? = 0.76), and LF/HF (F = 140.54,
p < 0.001 ***, Partial n2 = 0.88) were highly significant for the time effect. However, neither
EEG-« (F = 2.12, p = 0.13, Partial n? = 0.52), EEG-B (F = 1.62, p = 0.175, Partial n? = 0.09),
nor LF/HF (F = 0.21, p = 0.943, Partial n? = 0.01) were significant in terms of interaction
effects, and further pairwise comparisons are needed. Further pairwise comparisons were
made between the baseline (T1), stress (T2), and restoration stages (T3). The results showed
extremely significant differences between the baseline stage (T1) and the pressure applica-
tion (T2) for all data. This result indicates that applying pressure had a marked intervention
effect. The pressure application (T2) was compared to the restoration stage (T3), showing
significant differences in EEG for all sites except B. Restoration-o was distinctly greater than
Stress-o, and Restoration-3 was distinctly less than Stress-{3 for sites A, C, and D, as shown
in Table 4. Figure 4 shows the EEG trends from the pressure application to restoration. Only
the LF/HF of Site A changed significantly during the pressure application (T2) compared
to restoration (T3), while no significant differences were seen for the remaining sites.
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Table 4. Pairwise comparisons of EEG-«, EEG- and LF/HF in T1-T3 stages.

Mean
Stage Difference Std. Error p t
EEG-« (%)
Site A T2-T1 —31.82 2.67 <0.001 *** -11.91
T3-T1 —27.49 291 <0.001 *** —9.44
T3-12 4.33 1.12 0.004 ** 3.88
Site B T2-T1 —33.13 2.57 <0.001 *** —12.87
T3-T1 —31.43 2.44 <0.001 *** —12.87
T3-12 1.70 1.02 0.345 1.66
Site C T2-T1 —37.56 2.98 <0.001 *** —12.61
T3-T1 —33.48 2.86 <0.001 *** —11.70
T3-12 4.08 1.33 0.021 * 3.07
Site D T2-T1 —31.27 1.98 <0.001 *** —15.76
T3-T1 —25.82 1.92 <0.001 *** —13.44
T3-12 5.46 0.92 <0.001 *** 5.94
EEG-8 (%)
Site A T2-T1 10.16 1.72 <0.001 *** 5.89
T3-T1 5.56 1.70 0.014 * 3.27
T3-T2 —4.60 1.33 0.009 ** —3.47
Site B T2-T1 10.25 1.12 <0.001 *** 9.17
T3-T1 7.68 1.65 <0.001 *** 4.67
T3-T2 —2.57 1.30 0.193 —1.98
Site C T2-T1 12.18 1.48 <0.001 *** 8.26
T3-T1 6.63 1.93 0.009 ** 3.44
T3-T2 —5.55 1.83 0.023 * —3.03
Site D T2-T1 9.02 1.48 <0.001 *** 6.11
T3-T1 2.55 1.77 0.506 1.44
T3-T2 —6.47 1.35 <0.001 *** —4.80
LF/HF
Site A T2-T1 2.71 0.35 <0.001 *** 7.68
T3-T1 1.87 0.38 <0.001 *** 4.92
T3-12 —0.84 0.26 0.012* —3.28
Site B T2-T1 2.60 0.37 <0.001 *** 7.04
T3-T1 1.96 0.33 <0.001 *** 5.98
T3-12 —0.64 0.43 0.451 —1.50
Site C T2-T1 2.77 0.33 <0.001 *** 8.53
T3-T1 1.87 0.38 <0.001 *** 491
T3-12 —0.90 0.51 0.270 -1.79
Site D T2-T1 3.15 0.34 <0.001 *** 9.35
T3-T1 2.27 0.42 <0.001 *** 5.46
T3-12 —0.88 0.55 0.368 —1.62

Adjustment for multiple comparisons:

T2

T3

(a)

Bonferroni. * p < 0.05, ** p < 0.01, *** p < 0.001.

34
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Figure 4. Trends in EEG changes from pressure application to restoration. (a) Trends in EEG-o (%)

changes from T2 to T3. (b) Trends

in EEG-$ (%) changes from T2 to T3.
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3.3. Variability in Recovery Benefits
3.3.1. Differences in Psychological Recovery Benefits

We analyzed the differences in the change of PANAS scores (AD) for each site with a
repeated-measures ANOVA tested. Table 5 shows the results of the 2 x 2 comparison.

Table 5. The 2 x 2 comparison of AD results for the experimental sites.

Mean Difference  Std. Error p 95% CI for Difference t
ADP Lower Upper
A-B 0.36 0.78 0.99 —1.82 2.54 0.46
A-C -1.10 0.76 0.92 —3.21 1.01 —1.45
A-D —2.21 0.81 0.06 —4.46 0.05 —2.73
B-C —1.46 0.48 0.025* —2.79 —0.13 —3.04
B-D —2.56 0.69 0.004 ** —4.48 —0.65 -3.71
C-D -1.10 0.64 0.55 —2.88 0.67 -1.72
ADN
A-B 0.15 0.76 0.99 —1.96 2.26 0.20
A-C 0.82 0.77 0.99 —1.31 2.95 1.07
A-D 2.69 0.72 0.004 ** 0.69 4.70 3.74
B-C 0.67 0.57 0.99 —0.92 2.25 117
B-D 2.54 0.64 0.002 ** 0.76 4.32 3.98
C-D 1.87 0.73 0.088 -0.17 3.91 2.56

Adjustment for multiple comparisons: Bonferroni. * p < 0.05, ** p < 0.01.

PANAS-POS: Sig. of ADP (Greenhouse-Geisser) = 0.002 < 0.05, F (3.00, 36.00) = 5.84,
Partial n? = 0.33. A significant difference was detected in the change in positive mood
measured before and after the four sites. It was concluded that the Square significantly
differed from the Forest and Lakeside spaces for increased positive affect. The change in
the positive affect scores of Site B was significantly less than Site C (t = —3.04, p < 0.05) and
Site D (t= —3.71, p < 0.01).

PANAS-NEG: Sig. of ADN (Greenhouse-Geisser) = 0.001 < 0.05, F (2.73, 103.64) = 6.23,
Partial n? = 0.14. The negative affect score difference for the Lakeside was significantly
lower than the Square ADN (t = 3.98, p < 0.01) and Grassplot spaces ADN (t = 3.74, p < 0.01).
Figure 5 illustrates the differences in psychological affect change across sites.

15 15
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Figure 5. Differences in the amount of AD in the experimental sites. * p < 0.05, ** p < 0.01.

3.3.2. Variability of Physiological Indicators during the Restoration

The multivariate simple effects analysis results for the sites showed that the EEG-« and
EEG-$ of the groups differed significantly during the restoration stage: EEG-o (F = 4.82,
p = 0.015 < 0.05, Partial n? = 0.49); EEG-B (F = 4.80, p = 0.015 < 0.05, Partial n? = 0.49).
Otherwise, no significant differences in EEG-oc and EEG-3 were detected between the
groups during the baseline stage and pressure application. This suggests that the groups’
initial states were uniform and the restorative experiments’ outcomes were comparable.
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For LF/HE the results of the multivariate tests showed no significant differences in LF/HF
among scenarios during the restoration stage (F = 0.19, p = 0.903 > 0.05, Partial n? = 0.03)
(Table S4 in Supplementary Materials).

The changes of EEG in the restoration stage were further explored through pairwise
comparisons for each site. Square’s EEG-a was significantly lower than Forest’s EEG-o
(t=—3.56, p =0.015 < 0.05). Square’s EEG-3 was significantly higher than Lakeside’s EEG-
B (t=3.79, p = 0.009 < 0.01). No significant differences were detected between the other
sites, and Table S5 in Supplementary Materials shows these results. Figure 6 illustrates the
differences in EEG indicators between sites in the restoration stage.

40 40
* * % @ Site A
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- 301 30 A SiteD
S
on
s 25+ k25
=
= 204 L 20
151 15

10-
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Figure 6. Differences in EEG between the experimental sites at restoration (T3). * p < 0.05, ** p < 0.01.

3.4. Index Correlation

Pearson correlation was used to analyze the associations between self-reported and
objective measures of recovery effects. The results showed a significant (p < 0.05) inverse
relationship between EEG-f3 and the amount of positive mood change during the restoration
stage, with a strength of r = —0.223 *. This is consistent with our hypothesis. No significant
correlations were detected between PANAS indicators for other physiological indicators. In
addition, we found a significant inverse correlation (p < 0.01) between EEG-« and heart rate
variability index LF/HF in the restoration stage, with a correlation strength of r = —0.342 **.
As in previous studies, a highly significant negative correlation was found between EEG-«
and EEG-. However, we found a non-significant association between the amount of
positive and negative affect change. Figure 7 shows the correlation coefficients among
restorative indicators.

S X $
R & (¢ < &
s & ¢
1.00
AD, -0.22

r 1 0.50
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1 0.25
EEG-a1 . —0.36 —0.34 r 0
1 -0.25
EEG-1 * Hokok
r 41 -0.50

-0.75

LF/HF 1 * %

-1.00

Figure 7. Correlation coefficients among restorative indicators. * p < 0.05, ** p < 0.01, *** p < 0.001.
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4. Discussion
4.1. Restorative Effect of Landscape Sites

Psychologically, the pre- and post-test data of the restoration stage in all types of
selected environments showed significant differences, with a considerable increase in
positive mood scores and a substantial reduction in negative mood scores. All four sites
were restorative for participants’ emotions, consistent with the results of previous relevant
studies [71,72]. Some researchers found that changes in positive emotions before and
after the restoration stage were not significant [73]. Their outcome may have been due to
the participants’ initial emotional state. In contrast, the stress administration before the
restoration stage of the present experiment was crucial.

Regarding physiological indicators, EEG measurements showed generally high beta
in the stress stage. These measurements were associated with brain activity induced by
the cognitive test and harsh noises. The baseline alpha was significantly higher at all
four sites than in the stress or restoration stages, probably because the participants were
asked to relax with their eyes closed. Alpha waves were more pronounced when the
participants were in this state. Barry, Clarke, Johnstone, Magee, and Rushby noted that two
conditions, eyes closed and open, produced differing EEG measurements [74]. Therefore,
the baseline stage only served to calm and standardize the participants’ emotions. It was
not used as baseline data in restorative trials. The interaction effect analysis results showed
that the Square’s alpha and beta did not vary significantly in the restoration and stress
stages. However, the interaction effect analysis results showed that the alpha and beta of
the Square did not change significantly in the restoration and pressure application stages.
Moreover, all other sites’ restoration stages differed significantly during stress. This finding
suggests that the Grassplot, Forest, and Lakesides spaces also promoted psychological
recovery, with a significantly higher proportion of participants in the restoration stage
being relaxed and significantly decreasing tension and stress. The Square’s recovery effect
was not significant, this may be because the square has relatively few natural factors and
more artificial factors [17].

Compared to the EEG measurement results, only the LF/HF data from Grassplot
showed significant differences compared to the pre-restoration phase. HRV data are more
sensitive to environmental changes at the physical level than EEG metrics, and it has been
suggested that there may be greater fluctuations in LF/HF may occur during non-stationary
conditions [75]. During the experiment, the baseline and pressure application phases were
stationary conditions. Participants had more freedom of movement during the restoration
phase. We specified that participants could only walk slowly and sit still during recovery.
However, errors in ear-tip pulse measurements may have occurred due to excessive or
rapid head movements. Participants spent more time sitting quietly in the Grassplot than in
other sites, which may explain the significant reduction in LF/HF for only Grassplot. Some
studies suggested that a trend toward higher LF/HF than before exercise was found only
after moderate and high-intensity exercise [76]. In conclusion, for outdoor experiments,
EEG may be more reliable than HRV.

4.2. Variability in Restorative Benefits

Sections 3.2 and 3.3 showed no significant differences in LF/HF across sites. Therefore,
this section discusses the trend characteristics of PANAS and EEG indicators. A repeated-
measures ANOVA was conducted on the change in mood to explore whether the difference
between the four sites was statistically significant. The results showed that the change in
positive emotions was significantly greater in Sites 3 and 4 than in 2, indicating that Square
was significantly less effective than Forest and Lakeside in enhancing them. Researchers
have shown that environments with natural components have a better restorative effect
on PANAS-POS than concrete ones [33]. Additionally, the difference between the pre- and
post-measures of negative emotion in Site 4 is significantly different from Sites 1 and 2,
indicating that Lakeside, an interwoven green and blue space, has a stronger ability to
moderate unpleasant emotions compared to Grassplot and Square sites. This finding is
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consistent with White et al.’s [77]. They state that “adding some water to a green scene leads
to significantly higher resilience” while arguing that the optimal restorative environment
may be the interface between land and large bodies of water.

For indicators with a large degree of subjectivity and significant differences, the
discrepancy in change is a more accurate choice [78,79]. Since Square’s EEG metrics did
not change substantially between the Restoration and Stress stages, the difference was not
significant when comparing them. The EEG index analysis of different scenes in the three
phases by two-way repeated-measures ANOVA showed that the interaction effect was
non-significant. However, the baseline and pressure application phases were included.

The results of the multivariate simple effects analysis of the baseline and the pressure
application phases showed that all p-values of these two phases were greater than 0.05. It
means that the four sites had the same initial state before the restoration phase, confirming
the comparability between the data. The restoration stage results showed significant
differences in EEG data between the four groups. This outcome demonstrates differences
in the physiological effects of the various restorative environments in the park. The results
showed that Site 2’s o was significantly lower than Site 3's, indicating that stressed young
adults were much more relaxed in the forest than in the paved square. This is consistent
with the results of some previous studies related to forest therapy [80,81]. The study
also confirmed that Square’s ability to reduce mental fatigue was significantly less than
Lakeside’s. The Square condition showed weaker recovery on the EEG compared to the
other sites. This might be because it has a more mixed environment and less greenness.
Brain waves can be relatively “calmed” whenever the human body is stimulated by green
visual scenes [82]. In contrast, Square, a landscape space with more artificial sites and
less green environment, showed weaker performance in restorative ability. No other
significant differences in physiological restorative properties were found between the
experimental sites.

In general, the natural park habitats of Forest, Grassplot, and Lakeside have strong
psychological and psychological restorative effects, while Square has only significant
psychological but minor physiological restorative effects. When comparing the restorative
effects of various scenes, no significant differences were found between Forest and Lakeside
in terms of statistical significance and both induced better recovery, which aligns with
previous studies [16]. The higher resilience induced by waterfront space may relate to its
higher biodiversity. Many participants reported more birds and insects in the waterfront
area due to the Lakeside’s more pronounced edge effect. The edge effect is the increased
population density and diversity of species where two adjacent ecosystems overlap [83].
The forest’s restorative nature may be due to its greater plant variety and density [84].
More surrounding vegetation can create a visually stimulating environment, enhancing
recovery [14]. This suggests that not only natural forests in the wild but also forest scenes
in urban parks can provide restorative benefits for stressed young people. This also brings
the convenience of forest therapy to city dwellers. Grassplot’s resilience was intermediate,
while Square’s was relatively poor.

Furthermore, in exploring the degree of consistency between psychological and phys-
iological indicators, we found a significant inverse correlation between EEG-3 and the
enhancement of positive affect. Other psycho-physiological indicators were somewhat
correlated with each other. However, no significant correlation was found. This may be
explained by the fact that both PANAS, EEG, and HRV data are comprehensive indicators
which may be correlated at some sub-levels, but the correlation is not significant in a
combined statistical analysis. Further investigation is required. We also found a correlation
between the two physiological indicators, with EEG-« and LF/HF being significantly
negatively correlated.

4.3. Limitations and Future Research

In outdoor field experiments, seasonal changes at the same site at different times of
the year can affect mood. For example, changes in plant leaf color may increase feelings of
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wellbeing, calmness, and recovery potential [53]. Some researchers found that the lake area
did not have a significant restorative effect [38]. They hypothesized that this was partly
due to a lack of shady places for rest. By contrast, the present experiment was conducted
in autumn on a day with a suitable temperature, and the Lakeside was highly restorative.
In addition to seasonal and temperature limitations, some limitations exist concerning
the study region. We only explored larger urban parks. Smaller sites such as community
and street gardens were not included. In this study, to control for variables, participants
were prohibited from engaging in free-flowing physiological activities such as eating and
talking. And they were also asked to walk slowly and sit quietly to control for physiological
effects due to exercise pathways. However, improvement of health problems in high-stress
populations requires not only restorative mechanisms but also other active pathways.
This requires a larger number of subjects and more complex and comprehensive studies.
Furthermore, this study only conducted a restorative experiment on young adults and did
not make a consistent comparison with other groups such as children and older adults.
More groups will be included in the study in the future, which will help to investigate the
differences in the restorative nature of different types of groups. Individual differences
may result in a bias in the results. For example, differences in an individual’s ability and
sensitivity to resist stress can make it difficult to achieve consistent standards during the
pressure application phase. Similarly, differences in measurement time can affect the results.
The total experimental time will be shortened by simultaneous measurements at multiple
sites, but this will increase the need for laboratory staff and equipment, which we will
address in future research.

Through semi-structured, in-depth interviews, we found that unexpected events
affected participants’ emotions, for example, flying birds, streaming clouds, and sudden
music. These elements were not included in the planned scenario. However, they affected
the participants” emotions through attention shifting. Furthermore, we could explore how
“attractors” affect recovery and how they work. We will also consider the strength of
attractors and construct a structural equation model of restorative influences.

5. Conclusions

This study analyzed the relationship between different environments and their restora-
tive and recovery effects using a field experiment. We used pre- and post-measured PANAS
and real-time transmitted EEG data as psychological and physiological indicators to con-
firm the restorative effect of different types of natural immersion for stressed young adults.
The experimental results showed that exposure to various types of restorative environments
in the park can significantly reduce negative emotions and increase positive emotions in
stressed young adults. Physiologically, we found that all sites except the square had a
significant positive effect on relaxation. When comparing different types of spaces, the
Forest and Lakeside sites together showed the most robust restorative properties. Forest can
make stressed people feel more relaxed and less susceptible to external disturbances, while
Lakeside tends to reduce brain fatigue and deep thinking. Grassland also shows a lower
level of restorative capacity than the Forest and Lakeside but a significantly higher level
than the Square. Furthermore, this study demonstrated the correlation between various
physiological and psychological indicators. EEG-{3 indicators in the restoration stage were
significantly and inversely correlated with positive affect enhancement.

The study meets the practical need for “hands-on” outdoor experience while reducing
the uncertainty of field experiments through a rigorous experimental design and scientific
statistical approach. These included (1) rigorous training of participants; (2) rationaliza-
tion of the experimental procedure for participants; (3) use of appropriate measurement
equipment; (4) joint reasoning from physiological and psychological data; (5) establishment
of a baseline measurement phase to unify the initial data; (6) imposing stress and mental
strain in two ways; (7) discussing the correlation between psychological and physiological
indicators; and (8) using repeated-measures analysis of variance. The research methodology
adopted in this study can be used in providing an idea to be considered for similar field
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experiments. For designers and decision-makers, each park landscape space’s composition
should reasonably match. The artificial square space could be appropriately reduced under
the condition that enough activity space is available. Creating more natural greenspaces,
especially forests, can help enhance the park’s restorative nature. Creating appropriate
landscape space along the water’s edge can also help enhance restorative quality, especially
in areas where blue and green spaces are interwoven and biodiversity is high. Moreover,
short-term restorative effects may be influenced by attractors. Therefore, this element
should be considered in future recovery mechanism studies.

Supplementary Materials: The following supporting information can be downloaded at: https:/ /www.
mdpi.com/article/10.3390/f14071400/s1, Table S1: The order of subjects’ participation; Audio S1:
Stimulating audio; Table S2: Positive and Negative Affect Scale (English & Chinese versions);
Equation S1: The interaction effects of site*time; Table S3: EEG results of two-way repeated-measure
ANOVAs; Table S4: The multivariate simple effects of physiological indicators; Table S5: Pairwise
comparisons of EEG in the restoration stage.
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