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Abstract: Emotion plays an important role in physical and mental health. Green space is an en-
vironment conducive to physical and mental recovery and influences human emotions through
visual and auditory stimulation. Both the visual environment and sound environment of a green
space are important factors affecting its quality. Most of the previous relevant studies have focused
solely on the visual or sound environment of green spaces and its impacts. This study focused
on the combination of vegetation density (VD) and integrated sound environment (ISE) based on
neural emotional evaluation criteria. VD was used as the visual variable, with three levels: high
(H), moderate (M) and low (L). ISE was used as the sound variable, with four levels: low-decibel
natural and low-decibel artificial sounds (LL), low-decibel natural and high-decibel artificial sounds
(LH), high-decibel natural and low-decibel artificial sounds (HL) and high-decibel natural and high-
decibel artificial sounds (HH). These two variables were combined into 12 unique groups. A total of
360 volunteer college students were recruited and randomly assigned to the 12 groups (N = 30). All
12 groups underwent the same 5 min high-pressure learning task (pretest baseline), followed by a 5
min audio-visual recovery (posttest). Six indicators of neural emotion (engagement, excitement, focus,
interest, relaxation and stress) were dynamically measured by an Emotiv EPOC X device during the
pretest and posttest. Analysis of covariance was used to determine the main and coupled effects of
the variables. (1) VD and ISE have significant effects on human neural emotions. In moderate- and
high-VD spaces, artificial sound levels may have a positive effect on excitement. (2) A higher VD is
more likely to result in excitatory neural emotion expression. (3) Low-VD and high-VD spaces have a
higher degree of visual continuity. Both extremely low and extremely high VDs result in a higher
expression of stressful emotions than observed for a moderate VD. (4) High-decibel artificial sounds
are more likely to attract attention, possibly because artificial sounds are easier to recognize than
natural sounds. However, when both the natural and artificial sounds are low, it is difficult to induce
higher tones, and the lower the artificial sound decibel level, the easier it is to relax. Additionally,
under the influence of an ISE, attention recovery and stress recovery may be negatively correlated.
The results show that an appropriate combination of VD and ISE can improve the health benefits of a
green space and thus the well-being of visitors.
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1. Introduction
1.1. Background

Global urbanization has led to a decrease in the frequency of human contact with the
natural environment [1], which may affect health and well-being. In recent years, young
people have had the highest proportion of health problems among the population [2].
Emotions are the physiological and psychological reactions of human beings and play
an important role in human cognition [3,4]. They are commonly associated with logical
decision making, perception, and human interaction. Emotions can be both positive and
negative, and they affect human health and productivity. Ekman [5] believed that humans
are born with emotions and exhibit similar physical behavior when expressing the same
emotions. Emotions play a very important role in our daily lives, but scientific knowledge
related to emotions is still very limited. As a natural environment, green space is increas-
ingly considered a way to improve urban public health, and it is often linked to theories of
stress, mental fatigue, restoration and the induction of positive emotions [6]. In his theory
of attention recovery, Kaplan [7] proposed that the natural environment helps to improve
attention. Uhich [8] studied architectural spaces with and without vegetation and noted
that people have positive physiological and psychological responses to environments with
vegetation. Green space improves the physical and mental health of residents, who benefit
via increased attention, reduced stress and anxiety, fatigue recovery, improved mood levels
and increased well-being [9–11]. Peter [12] demonstrated in a walking experiment that
green space is an environment that improves emotions and that people who enter a green
space experience lower frustration and higher engagement and excitement. Moreover,
numerous studies have proved that improving the green space can be used as an adjunctive
therapy without side effects to promote patients′ disease cure and physical rehabilitation,
especially in hospitals and living spaces [13]. Several studies have summarized that green
space has three general functions: harm reduction (e.g., reducing air pollution, noise and
heat), resilience (e.g., restoring attention and physical stress) and capacity building (e.g.,
encouraging physical activity and promoting social cohesion). Air quality, physical activity,
social contact and stress are four ways to produce health effects on humans [6,14].

1.2. Electroencephalography (EEG)-Based Neural Emotion

In affective neuroscience, emotion is often thought of as a diffuse emotional state [15].
Facial expressions are one of the most direct ways in which humans communicate emotions
and intentions [16]. Psychologists can distinguish among physiological arousal, behavioral
expression and emotionally conscious experiences. It has been suggested that facial in-
formation and voice information are related to only behavioral performance that can be
consciously controlled and modified; however, this suggestion is a subjective interpretation.
In addition, emotions are not always shown through facial expressions. We need more in
scientific evidence to study emotions. As a result, other methods of detecting emotions
have been developed, including considering physiological information such as heart rate,
skin conductance and pupil dilation [17]. In recent years, with the progress of science
and technology, research on neural emotions in human-computer interactions has been
increasing. Electroencephalography (EEG) is thought to be a physiological cue in which
the electrical activity of nerve cells accumulates in the human cerebral cortex.

Six neural emotional indicators (engagement, excitation, focus, interest, relaxation
and stress) can be output through an EEG device. In the study by Lin et al., six neural
emotional parameters were provided by the Emotiv.

EPOC+ device were used to compare the differences between walking and sitting in
green spaces, indicating the feasibility of neural emotional parameters [18]. They record
brain activity in real time and convert varying frequencies of brain waves from multiple
brain regions into intuitive neural emotions [19]. Because emotional indicators are relatively
objective compared with nonphysical cues, EEG is reliable for emotional recognition [20]. In
addition, EEG is considered a noninvasive method that allows the related experimentation
to include a large number of nonclinical subjects. Chang et al. [21] explored the restorative
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effect of urban green space experience by using mobile electroencephalography (MOE)
devices to measure brain waves, the results of which were used to describe attention [21,22].
Additionally, they used quantitative EEG to investigate different levels of biodiversity; they
found that temperate deciduous broad-leaved forest habitats induced higher brain activity
under the theta frequency of low biodiversity.

1.3. Vegetation Density (VD) and the Integrated Sound Environment (ISE)

Different combinations of elements in green spaces form different landscape envi-
ronments and biodiversity. Vegetation density (VD) is usually considered an important
factor. VD affects not only the plant community structure and forest canopy density but
also the main space of human recreation and activities. Studies [23] have found that VD
affects people′s preference for natural landscapes. Another study by Jiang [24] also con-
firms this, showing that a slight increase in VD produces a sharp increase in preference.
Purcell & Lamb [23] found that different heights of vegetation (10–30 m) were significantly
correlated with people′s perception of nature. VD also affects the health benefits of natural
landscapes. Grinde B [25] suggested that a visual lack of plants can have a negative impact
on people′s lives. Bjerke [26] suggested that different VDs have different effects on human
mental and physical health. In addition, VD was used to predict the recovery effect of the
natural environment based on people′s preferences. Some studies have suggested that the
relationship between VD and human preferences and health benefits is nonlinear [27,28].

As defined in ISO 12913-1, the acoustic environment consists of all sounds from all
sources as modified by the environment (International Organization for Standardization,
Geneva, Switzerland, 2014). The sound environment of green space can be mainly divided
into two parts: natural sound sources and non-natural sound sources. Green spaces pro-
vide opportunities for people to get in touch with nature, but recreational activities result
in unnatural sounds; both natural and artificial sounds can be perceived. Natural sound
sources are related to the biodiversity and VD inside the green space, while non-natural
sound sources are related to the city outside and the visitors within the green space. In this
study, we combine these sound sources and name this combination the integrated acoustic
environment (ISE). Psychoacoustic studies have often shown a relationship between the
sound level (L), as measured in dB, and the perceived loudness of pure tones, and the
perceived loudness of pure tones doubles with every 10 dB increment [29]. The natural
sound level is one of the key factors in the ISE and an important acoustic design factor
that has been found to affect the perceived pleasantness of soundscapes as a key acoustic
factor [30]. The decibel level of sound may be another key factor in people′s perception
of green spaces [31]. Aletta F summarized methods for assessing and measuring sound
landscapes. It is also common to characterize the acoustic environment through psychoa-
coustic indicators such as loudness, sharpness, roughness, and fluctuation strength [32].
Many studies have shown that introducing pleasant natural sounds such as bird songs
reduces the perceived loudness of existing noise sources and increases the pleasantness of
a soundscape. In particular, congruency between the acoustic and visual environments
is known to modulate audio-visual interactions, strongly affecting the appraisal of both
soundscapes [33]. A recent study [34] using virtual reality to investigate the effects of
sound on perceived and recreational value showed that the sound type changed people′s
perceived recreational value as the environment changed. A study of sonic landscapes in
American national parks [35] showed that people visiting national parks had different sen-
sitivities to artificial sounds in different areas. The more sensitive the areas were to artificial
sounds, the more peaceful and isolated the people felt. The louder the artificial sounds
(such as aircraft noises) were, the more agitated people felt. Studies [36] have shown that
different sound types may have different degrees of perceptual impact on people. Focusing
on the decibel level of sound, studies [37] have shown a link between noise thresholds
and visitor capacity, with different noise thresholds being set to determine the number of
visitors that can be accepted. In the prediction of the quietness of wilderness areas, the
British scholar Watts P [38] tested the perception of soundscapes in the visual environment
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through both visual and sound stimulation and reflected on the current landscape feature
evaluation model in the UK. He suggested that in landscape evaluation, not only the
visual evaluation mode but also the relationship between the soundscape and landscape
should be considered. Studies have shown that a sound environment can affect visual
perception pathways. Providing sound that meets expectations can enhance subjects′ visual
evaluation of the outdoor environment, and appropriate sound can enhance the visual
reality of simulation [39]. Other studies have also demonstrated the importance of sound
in perceiving real or photographic environments, which can enhance or weaken visual
representation and overall environmental evaluation [40,41]. In a study of national parks,
it was found that sound affected not only the visual perception of the natural environment
and the quiet space but also the performance of the sound barriers [38]. On the other
hand, visual information can also affect the perception of the sound environment [33,42].
Moreover, in a study of landscape preferences, the effect of soundscapes was greater than
that of visual landscapes [29]. However, Jeon and Jo [43] found the opposite result. In a
study of nine locations in Seoul, South Korea, the impact of visual and audio information
on overall urban environmental satisfaction was accounted for 76% and 24% of the total
impact, respectively. Therefore, there are still many unknown interactive relationships
between vision and hearing in green spaces that need to be studied.

1.4. Objective and Expectations

Previous research in this area has shown that the VD can be used to predict the benefits
of nature or people′s preferences for recovery [26]. At the same time, the ISE of a green
space is also an important influencing factor and may have some relationship with VD to
jointly affect human emotions. The purpose of this study is to explore the effects of different
green space VDs and ISEs on human neural emotions. Based on previous studies using
EEG devices [44] and taking other studies into consideration, we propose the following
expectations: (1) a higher-decibel natural sound source will result in more favorable neural
emotions; (2) a moderate level of VD will result in more favorable neural emotions; and
(3) the most favorable neural emotions will be induced when a moderate level of VD is
combined with higher natural tones.

2. Materials and Methods
2.1. Site

The experiment was divided into two stages: the pressure pretest and the recovery
posttest. The participants were placed in a classroom on the campus of Sichuan Agricultural
University, China. The classroom had windows (10 m long, 10 m wide and 4 m high) on
the south side, and the curtains were closed during the experiment to avoid interference
from the environment outside the window. The room was well ventilated and kept quiet
at all times to ensure that the participants were protected from outside interference. The
experiment took place in March 2021, between 8:00 a.m. and 12:00 p.m., between 1:00 p.m.
and 5:00 p.m. and between 6:00 p.m. and 9:00 p.m. The indoor temperature, humidity and
wind speed were maintained at 20–25 ◦C, 52–68% and 0 m/s, respectively.

2.2. Participants

We recruited 360 student volunteers (45% male and 55% female) by putting up posters
on campus. The mean age of the participants was 21.5 years (18 to 26 years, SD = 1.87), and
the body mass index (BMI), hearing and vision of each participant were within the normal
range. None of the participants smoked or had a history of mental illness, and before the
trial began, all participants were given full information about the study and voluntarily
provided informed consent.

2.3. Variables and Groups

We adopted simulated pictures and sound, proposed four sound modes and three
VD modes, and constructed 12 visual-acoustic combination forms. Photoshop was used to
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create an image of each experimental green space, including a path and vegetation. VD was
one of the variables, and three levels (relative levels) were considered: high (H), moderate
(M) and low (L). The other variable was the ISE. The acoustic environment in this study was
measured on the basis of the “noise level” index. The “noise level” is the A-weighted sound
pressure, referred to as the “A-weighted sound pressure level”. The “sound level” was
measured with a noise meter (CEN-TER322). The overall sound level of the green space
was determined by using the equivalent sound pressure level as an indicator, which was
determined by the natural sounds (birds, animals, wind, leaves, streams and waterfalls)
and artificial sounds (walking, talking, vehicles and aircraft). Based on the modes of
high-decibel sound (>65 dB) and low-decibel sound (<45 dB), the comprehensive acoustic
environment was divided into four levels: low-decibel natural and low-decibel artificial
sounds (LL), low-decibel natural and high-decibel artificial sounds (LH), high-decibel
natural and low-decibel artificial sounds (HL) and high-decibel natural and high-decibel
artificial sounds (HH). The two variables were combined into 12 groups: H-LL, H-LH,
H-HL, H-HH, M-LL, M-LH, M-HL, M-HH, L-LL, L-LH, L-HL and L-HH.

2.4. Measurement

We used an Emotiv EPOC X EEG headset to capture the EEG signals. The device is
nonintrusive and has the advantage of multichannel acquisition. Its 14 electrodes (AF3,
AF4, F3, F4, F7, F8, FC5, FC6, T7, T8, P7, P8, O1 and O2) cover four brain lobes (frontal
cortex, temporal cortex, parietal cortex and occipital cortex). The accuracy of the device has
been confirmed in previous studies [45,46]. The brainwave data collected by the electrodes
were sent to a computer′s hard drive via Bluetooth. The EEG activity was then analyzed,
and performance metric data containing six emotional indicators were output (engagement,
excitation, focus, interest, relaxation and stress). The device outputs mood readings six
times per minute.

2.5. Procedure

All subjects were randomly assigned to one of 12 groups. Each subject was led to the
test area of the classroom wearing the EEG device. All the subjects performed the same
5 min high-pressure task as a pretest; the equipment had a baseline alignment time of
40 s before starting the test. The first part of the task involved advanced mathematical
calculations far more difficult than college standards [47–49]. The subjects were asked to
solve the mathematical calculations quickly, a process that put them under increased stress.
The EEG device picked up brainwave data during the entire process and transmitted the
data to a hard disk. The posttest consisted of viewing a green space image and listening to
sounds. Before starting the posttest, we reconfirmed that the EEG equipment was operating
normally. The subjects were required to sit in a fixed position and look at the pictures; they
could not leave. After the 5 min posttest, the whole process was completed, and the total
time was controlled to within 15 min (Figure 1).

We used the pretest (pressure induced stimulation) as a covariate and VD and the
ISE as independent variables, and analysis of covariance (ANCOVA) was used to analyze
the main effects (the pretest, VD and the ISE) and interaction effects (VD × ISE). Then,
simple effects analysis was carried out on the neural emotional indicators with signifi-
cant interaction effects. SPSS 22.0 (v22.0, SPSS Inc., Chicago, IL, USA) was used for the
analysis. Origin9 (Origin Lab Inc., Northampton, MA, USA) was used to plot the analy-
sis results.The study was approved by the ethical review board of Sichuan Agricultural
University (No. 20210153).
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3. Results
3.1. Analysis of the Main Effects on the Neural Emotional Parameter Values

This study analyzed the main effects of the VD and the ISE on six neural emotional indi-
cators (engagement, excitement, focus, interest, relaxation and stress) (Table A1) (Figure 2).
The results show that there was a significant difference in these influences on the indicator
of engagement. The main effects on engagement were not significant, and the interaction
effect was not significant either. The values corresponding to excitement during the pretest
and posttest were significantly different, and excitement was mainly reduced during the
experiment. The main effect of the ISE was significant. The results show the following: LH
(M = 0.362) > LL (M = 0.350) > HH (M = 0.347) > HL (M = 0.268). There was a significant
difference in the influences of VD and ISE on the indicator of focus. The main effects of VD
were significant. The corresponding results were as follows: L (M = 0.412) > H (M = 0.379)
> M (M = 0.367). The effect of ISE was thus significant, and the results were as follows: LH
(M = 0.426) > HH (M = 0.409) > HL (M = 0.369) > LL (M = 0.341). In this case, the interaction
effect was not significant. The difference in the effects of the VD and the ISE on the indicator
of interest was significant, but the main effects were not significant. Additionally, the inter-
action effect was not significant. The difference in relaxation from the pretest and posttest
was significant and decreased during the experiment. The main effect of the ISE was
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significant (Figure 2), and the results are as follows: LL (M = 0.276) > HL (M = 0.266) > HH
(M = 0.239) > LH (M = 0.219). The interaction effect was not significant. The difference in
the stress from the pretest and posttest was significant and mainly decreased during the
experiment. The main effect of VD was significant: L (M = 0.391) > H (M = 0.374). The
interaction effect was not significant.
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3.2. Simple Effects Analysis of the Significant Interaction Effect of Neural Emotional

Regarding the index of excitement, the primary effect analysis shows a significant
difference in excitement from the pretest to the posttest, with a decrease. The main effect of
the ISE was significant, which proves that the ISE may influence the variation in this index.
However, due to the significant interaction effect, further interpretation should include the
interaction effect, and the main effect should not be interpreted in isolation. The results of
simple effects are as follows: H-LH (M = 0.370) > H-HL(M = 0.224), and H-HH (M = 0.359)
> H-HL (M = 0.224); M-LL (M = 0.400) > M-HL (M = 0.252), and M-LH (M = 0.437) > M-HL
(M = 0.252); M-LH (M = 0.437) > L-LH (M = 0.278). The simple effects analysis further
showed the significant interaction effect in the H-LH case, which was greater than the
interaction effect in the H-HL case; the interaction effect for the M-LH case was higher than
that in the M-HL case. When the VD was not low, with high-decibel artificial sound, the
combined effect of the VD and the ISE was relatively high. In other words, in moderate- and
high-VD spaces, the artificial tone level may have a certain positive effect on excitement,
where a high level of VD is more likely to increase excitatory neural emotional expression
(Figure 3) (Table A2).
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4. Discussion

Interest in the connection between green space and human health is increasing among
studies [50–53], and most results are discussed from the perspective of landscape ecology,
such as the green space support diversity of wildlife habitats [54], or focus on people′s
preference for green space types (natural and artificial) [55]. Many studies assess the
positive health effects of biogenic volatile organic compounds (BVOCs), microclimate and
negative oxygen ion concentration in green space environments [56]. There are few studies
on the structure of green spaces, especially VD, and even fewer studies on the effect of the
density of green space density on human health and mental health. More importantly, the
effects of the VD and the ISE on neural emotions have not been reported.

This study had five key results. First, our study found that a higher level of VD was
more likely to result in excitatory neural emotions. The main effect analysis showed that the
main effect of the ISE was significant (Table A1), proving that sound could cause a difference
in this index. However, due to the significant interaction effect, further interpretation
should consider the interaction effect, and the main effect should not be interpreted in
isolation (Figure 3). The excitement parameter values observed in the H-LH and H-HH
cases were higher than that observed in the H-HL case, and the parameter value observed
in the M-LH case was also higher than that observed in the M-HL case (Figure 3). When
the VD level was not low and the artificial sound was provided at a high decibel, the
level of excitement was relatively high. In other words, in spaces with a moderate- and
high-level of VD spaces, the artificial sound level may have a certain positive effect on
excitement. This finding is consistent with previous research. Burgess [27,28] found that a
higher level of VD was often associated with a more positive physical and mental health
in experimental and observational studies, and the higher the VD level was, the higher
people′s preference for green space. Misgav [57] showed that a high canopy coverage
and a moderate level of V49D can increase the environmental preference of the public.
Another study [58] showed that people rated landscapes with a high level of VD as higher
than those with a low level VD. On the other hand, a higher VD was more likely to result
in excitatory neural emotional expression. When the level of VD increased from 1.7% to
24%, the effect of attention recovery increased accordingly [24]. A study by Jiang [59]
showed that VD and environmental preference were generally linearly related; as the VD
increased, environmental preference also increased. When the VD level was relatively
low, environmental preference increased slightly and then tended to increase steadily with
increasing VD. When the VD level was too high, the preference gradually decreased. This
finding was consistent with the results of another study [26], which showed a secondary
distribution of VD and recreational suitability. That study also showed that middle-aged
participants expressed a stronger preference for a higher level of VD.

Second, we found that focused emotional expressions can be more easily realized in a
space with continuous vegetation. Sullivan′s research [60] suggested that people generally
prefer landscapes with mature trees, but other researchers [61] found that people did not
like overly wild vegetation landscapes. Another study [62] showed that in urban forest
landscapes, wild shrubs with minimal human management were preferred. Our study
found that the main effects of VD and the ISE were significant, proving that these two
factors can control this index. Additionally, there was no significant interaction effect; thus
the interaction effect could be interpreted separately from the main effect. Visually, low-VD
and high-VD spaces have one thing in common, namely, the continuity of elements is
high. The sky and grass in a low-VD space have the highest continuity, while the trees
in the high-VD space have the highest continuity. However, in the moderate-VD space,
various elements are mixed; thus, it is difficult to attract continuous attention to a certain
element. High-decibel artificial sounds are more likely to attract attention, possibly because
the recognition of artificial sounds is higher than that of low-decibel natural and artificial
sounds, but it is difficult to induce higher tones.

Third, it was easier for the participants to relax with a lower level of artificial sound.
The main effect of the ISE was significant, proving that sounds are associated with relax-
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ation, additionally, there was no significant interaction effect with VD, and so the interaction
effect can be interpreted separately from the main effect. This is consistent with Jesper J.
Alvarsson′s [5] findings that recovery tends to be faster in environments with natural sound
than in noisy environments. These results suggest that the sympathetic nervous system
recovers faster in response to natural sounds. The recovery of sympathetic arousal is influ-
enced by the type of sound. The recovery speed in an environment with natural sounds
(50 dB) was faster than that in an environment with noise, including low-decibel artificial
noise (50 dB) and environmental noise (40 dB). The mechanism behind this faster recovery
may be related to positive emotions. The effect of the sound pressure level (SPL) can be
seen in this difference between high noise and low noise, which is consistent with previous
psychoacoustics studies [63] on large SPL differences (30 dB). The effect of the natural
acoustic environment on stress recovery may be greater in leisure and rural areas outside
of cities with longer exposure times and lower SPLs. The above results are consistent with
attention restoration theory [7], confirming that the natural environment helps to restore
the ability of directed attention, thereby reducing mental fatigue and achieving relaxation.

Fourth, among the images tested, the moderate-VD space corresponded to lower
stress emotional expression. Under visual perception, both extremely low and extremely
high levels of VD density resulted in a higher emotional performance of stress. A medium
level of VD density has lower pressure values, and the moderate-VD space corresponded
to lower stress emotional performance. This finding is consistent with the research results
of previous studies [64] indicating that people prefer a moderate level of VD and obtain
more psychological and physiological benefits from it. The results of another study on
the VD and preference of urban green space also proved that spaces with moderate VD
obtained the highest preference rating [26].

Fifth, relaxation may be negatively correlated with stress and concentration under the
influence of ambient sound. Stress and relaxation represent a pair of emotional expressions
with opposite meanings. Considering the main effect of the VD on relaxation and the
main effect of the ISE on stress, although they were not significant, they showed basically
(not completely) opposite results. Interestingly, the focus values and the relaxation values
present opposite results in terms of the main effect of the ISE. This result also suggests
that people prefer greater VD in urban environments, a view reflected in the theory of
attention restoration. Regarding attention recovery, Kaplan [7] proposed the theory that
people′s ability to suppress distractions will decrease with VD (attention recovery theory,
ART), which naturally helps to supplement directed attention over time. Ulrich [8] hy-
pothesized that people psychologically and physiologically respond to natural landscapes
in a positive manner compared to architectural spaces without vegetation. In previous
studies, some scholars have explored the correlation between ART and stress reduction
theory (SRT) pathways, and this study also seems to have some interesting results at the
neural emotional level, that is, the two may be negatively correlated under the influence of
environmental sounds.

5. Limitations

This study focused on the effects of the VD and the ISE on human neural emotional
variables. The limitations of this study were as follows. First, VD was the only visual factor
considered. In addition, vegetation structure, plant species and biodiversity have a certain
influence on human neural emotions but were not discussed here. Second, the decibel level
was the main auditory factor discussed. In addition, decibel level may have an impact on
sound combination and sound frequency. Third, the picture materials were generated via
computer, which may be different from the effect of real environment on neural emotions,
and EEG is a research method that provides data at the millisecond level. The advantage
of neural emotional research lies in the short period required for experimentation, but
human emotions may fluctuate over a long period of time; therefore, long-term research is
a research direction to be considered in the future.
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6. Conclusions

This study examined the differences in neural emotional responses under different
combinations VD and the ISE in green space. The results showed that the high-VD space
was more likely to result in the emotional expression of excitement, while the moderate-VD
space was more likely to result in a decrease in stress. The higher the VD level was, the more
isolated the space was perceived as being. Regarding the future use of green space, the
possible artificial elements and sounds that can be used to create an appropriate space must
be considered. For example, some activities that require crowd assembly make a certain
demand on the atmosphere and should be set in high-VD spaces, where it is easier to obtain
the emotional expression of excitement. Another result is that in a space with continuous
vegetation, it is easier to obtain focused emotional expression. ART can be used to analyze
several visual elements, of which continuity is an important factor. Focus tends to be a
neutral indicator of emotion, and it changed only slightly during this experimental work.
Regarding the future use of green space, VD should be consciously designed. For some
activities that require concentration, such as meditation, spaces with single elements and
continuous views (for example, an extremely high-VD pure forest or a very low-VD large
lawn) can more easily induce the emotional expression of focus. Additionally, the lower
the artificial sound decibel level is, the easier it is to relax. It was found that not all artificial
sounds have a negative effect on people. Artificial sounds are more likely to improve
focus if they are more recognizable, change in frequency more slowly and are not jarring.
Unfortunately, in this study, no interaction effect was observed for focus. In some special
forested health and recuperation areas, pedestrian traffic control and artificial elements are
used to reduce artificial sounds and induce more relaxed emotional expression.
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Appendix A

Table A1. Main effects and interaction effects of VD and the ISE on the neural emotional parameters across the experimental
groups (covariate: pretest; dependent variable: posttest).

Parameters Sum of
Squares df Mean

Square F Sig. Partial η2 Pairwise
Comparisons

Engagement
VD × ISE 0.113 6 0.019 1.209 0.301 0.024

VD 0.017 2 0.008 0.533 0.588 0.004
ISE 0.075 3 0.025 1.608 0.187 0.016

Pretest 1.127 1 1.127 72.165 0.000 ** 0.196
Error 4.622 296 0.016

R2 = 0.218 (Adj R2 = 0.186)

Excitement
VD × ISE 0.497 6 0.083 2.716 0.014 * 0.052

VD 0.082 2 0.041 1.342 0.263 0.009
ISE 0.434 3 0.145 4.743 0.003 ** 0.046 LH > LL > HH > HL

Pretest 4.245 1 4.245 139.279 0.000 ** 0.320
Error 9.021 296 0.030

R2 = 0.399 (Adj R2 = 0.375)

Focus
VD × ISE 0.129 6 0.022 1.402 0.214 0.028

VD 0.105 2 0.053 3.426 0.034 * 0.023 L > H > M
ISE 0.332 3 0.111 7.197 0.000 ** 0.068 LH > HH > HL > LL

Pretest 0.733 1 0.733 47.658 0.000 ** 0.139
Error 4.551 296 0.015

R2 = 0.284 (Adj R2 = 0.254)

Interest
VD × ISE 0.004 6 0.001 0.183 0.981 0.004

VD 0.008 2 0.004 1.256 0.286 0.008
ISE 0.005 3 0.002 0.495 0.686 0.005

Pretest 0.534 1 0.534 161.745 0.000 ** 0.353
Error 0.978 296 0.003

R2 = 0.368 (Adj R2 = 0.342)

Relaxation
VD × ISE 0.145 6 0.024 1.354 0.233 0.027

VD 0.001 2 0.001 0.031 0.969 0.000
ISE 0.147 3 0.049 2.746 0.043 * 0.027 LL > HL > HH > LH

Pretest 3.038 1 3.038 170.218 0.000 ** 0.365
Error 5.283 296 0.018

R2 = 0.393 (Adj R2 = 0.368)

Stress
VD × ISE 0.074 6 0.012 0.437 0.854 0.009

VD 0.239 2 0.119 4.235 0.015 * 0.028 L > H > M
ISE 0.078 3 0.026 0.928 0.428 0.009

Pretest 2.231 1 2.231 79.195 0.000 ** 0.211
Error 8.339 296 0.028

R2 = 0.280 (Adj R2 = 0.251)

Note: VD means vegetation density. ISE means integrated sound environment. H means high-density vegetation. M means moderate-
density vegetation. L means low-density vegetation. LL means low-decibel artificial sounds (45 dB) and low natural mixed sounds (45 dB).
LH means low-decibel artificial sounds (45 dB) and high natural mixed sounds (65 dB). HL means high-decibel artificial sounds (65 dB) and
low natural mixed sounds (45 dB). HH means high-decibel artificial sounds (65 dB) and high natural mixed sounds (65 dB). * p < 0.05;
** p < 0.01.



Forests 2021, 12, 1380 12 of 14

Table A2. Simple effects analysis of the parameters that have significant interaction effects (VD × ISE) and significant pre-
and posttest differences.

Parameters Sum of
Squares df Mean

Square F Sig. Partial η2 Pairwise
Comparisons

Excitement
ISE (VD = H) 0.356 3 0.119 3.889 0.009 * 0.038 LH > HL, HH > HL

Error 9.021 296 0.030
ISE (VD = M) 0.525 3 0.175 5.745 0.001 * 0.055 LL > HL, LH > HL

Error 9.021 296 0.030
ISE (VD = L) 0.080 3 0.027 0.871 0.456 0.009

Error 9.021 296 0.030
VD (ISE = LL) 0.121 2 0.061 1.993 0.138 0.013

Error 9.021 296 0.030
VD (ISE = LH) 0.291 2 0.146 4.779 0.009 * 0.031 M > L

Error 9.021 296 0.030
VD (ISE = HL) 0.148 2 0.074 2.434 0.089 0.016

Error 9.021 296 0.030
VD (ISE = HH) 0.018 2 0.009 0.287 0.751 0.002

Error 9.021 296 0.030

Note: VD means vegetation density. ISE means integrated sound environment. H means high-density vegetation. M means moderate-
density vegetation. L means low-density vegetation. LL means low-decibel artificial sounds (45 dB) and low natural mixed sounds (45 dB).
LH means low-decibel artificial sounds (45 dB) and high natural mixed sounds (65 dB). HL means high-decibel artificial sounds (65 dB) and
low natural mixed sounds (45 dB). HH means high-decibel artificial sounds (65 dB) and high natural mixed sounds (65 dB). * p < 0.05.
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