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Abstract: Urban parks are important urban public spaces that guarantee people recreation, create
positive emotions and relieve stress. Emerging research has shown that natural soundscapes are
associated with restorative landscapes in urban parks. However, there is still a lack of knowledge on
the use of physiological indexes to evaluate the effects of natural sounds versus human-based sounds
on stress relief. In this study, the three physiological indexes of skin conductance level, heart rate
and heart rate variability were collected in Fuzhou West Lake Park with the help of Ergo LAB data
platform, and a soundscape perception evaluation questionnaire was used to assess the degree of
soundscape perceptions in the sample sites. The differences in the stress relieving effects of different
urban park environments were analysed by applying the median test, the Wilcoxon test was applied
to analyse the effects of soundscapes and urban park environments on relieving stress, and regression
analysis was used to identify the important factors of restorative soundscapes. The results found that
urban park environments provide a certain degree of stress relief, but the stress relieving effects of
different urban park environments vary and that natural spaces play an important role in relieving
stress. Urban park soundscapes are key to restorative environmental design, with natural sounds
such as birdsong and stream sound being important factors of restorative soundscapes.

Keywords: soundscape; urban park; relieving stress; skin conductance level; heart rate; heart
rate variability

1. Introduction

The restorative effects of interaction with the natural environments have been exten-
sively documented over the last 30 years since they were reported by Kaplan in 1989 [1].
By far, it is well known that the natural environments are more effective in promoting
stress recovery than urban environments [2,3]. Soundscapes are acoustic environments that
are perceived, experienced or understood by a person or group of people in the environ-
ment [4]. Previous research has concluded that the quality of soundscapes has significant
effects on the environmental experience and relieving stress [5]. In addition, previous
experiments have confirmed that exposure to restorative environments can help relieve
stress [6].

During the COVID-19 pandemic, the public has become increasingly concerned about
health and the quality of the living environment, and in this context, urban parks have
become an important place for people to recreate [7]. The role of urban parks in promoting
human health and well-being has been the focus of scholarly attention [8]. Urban parks are
important urban public spaces that guarantee people relief from stress, with environmental
and social benefits [9–11]. Compared to noisy urban environments, urban park environ-
ments create a more positive mood, give a sense of comfort, calm and relaxation, increase
parasympathetic activity, inhibit sympathetic activity and reduce levels of salivary cortisol
etc. These changes in physiological characteristics have been shown in previous studies to
be indicative of stress relief [12–14]. However, most of the current studies have focused
on visual perception, with very little research on the combination of visual and auditory
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perception [15,16], the importance and impact of the urban park soundscapes are gradually
being recognized [17].

People interact with space through their sense of hearing to form the soundscape of a
particular space, i.e., the sound environment perceived, experienced or understood by an
individual, group or community. Soundscapes are one of the main elements of restorative
landscape design and have an important recreational value, and from a health perspective
sound perception can be used as an enhancement tool for the human experience [18]. It
has been shown that natural sounds such as birdsong are preferred to relieve stress, reduce
anxiety and agitation and contribute to emotional recovery, and their restorative effects are
supported by physiological indicators such as skin conductance level, heart rate and heart
rate variability [19–22].

Noise is an important public health issue and the acoustic environment is an important
factor in creating sustainable and healthy cities. Long-term exposure to noise can have
both auditory and non-auditory effects on human health [23]. Noise-induced hearing loss
is still very common in occupational settings and is increasingly caused by social noise
exposure [24]. Noise has negative effects on human health, while natural soundscapes
(e.g., birdsong) may have positive effects on recovery [18]. Research has shown that
soundscapes can enhance the pleasantness of the human experience in urban spaces from
a health-related perspective [25]. Recovery of skin conductance levels tends to be faster
in natural sound environments compared to noisy environments, suggesting that natural
sound facilitates recovery from sympathetic activity with psychological stress [25]. In
a virtual natural environment, one’s parasympathetic nerves are influenced by natural
sounds, suggesting that stress relieving effects may occur in such an environment [19].
Among the sounds frequently found in urban park environments, the main ones include
natural sounds, human-based sounds and mechanical sounds. Based on the results of
previous studies quantified according to human comfort, this study classifies sounds that
evoke positive human emotions as soundscapes and sounds that cause negative human
emotions as noise [26].

Although a large number of studies have shown that natural sounds have a better
restorative effect than human-based sounds, there is a lack of studies comparing different
kinds of natural sounds or composite sound sources. For example, Wei Zhao et al. only re-
ported the effects of birdsong on the restorative nature of urban parks [27], and Annerstedt
et al. only demonstrated better stress relieving effects of birdsong and water flow sound
exposure than no sound exposure [19]. While there are many studies on the subject of park
soundscapes globally, there are still very few studies from Asia, especially those that take a
multidimensional approach to the study of soundscapes. In addition, soundscape studies
currently take little account of audiovisual interactions, and single-mode evaluations are
always biased; the interaction of visual and auditory features can significantly influence
environmental evaluations [28].

The importance of the soundscape quality of urban parks as one of the main en-
vironments for recreation in urban areas has been widely recognized [29]. The sound
environment consists of a variety of sound sources, and it is the focus of this study to
investigate the effect of multiple soundscapes on relieving stress. Restorative indexes
of relieving stress include both psychological and physiological aspects, and this study
focuses on measuring the effects of soundscapes on relieving stress through physiolog-
ical indexes. In view of this, this study uses the West Lake Park in Fuzhou, China as
the study site, selects representative urban park environmental sample sites with typical
characteristics and extracts natural, human-based sounds and mechanical sounds from the
urban park environments to collect three physiological indexes of skin conductance level,
heart rate and heart rate variability and assess the degree of soundscape perception of the
sample sites with the help of the Ergo LAB data platform and the soundscape perception
evaluation questionnaire. The aim is to investigate the effect of soundscape on relieving
stress in urban park environments, with a view to providing a reference for the design of
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restorative soundscapes in urban parks. As shown in Figure 1, the specific questions of this
study are:

(1) Can urban park environments relieve stress?
(2) How do the stress relieving effects of different urban park environments vary?
(3) Do soundscapes have any effect on relieving stress in an urban park?
(4) If there are restorative soundscapes, which soundscapes are important factors in

restorative soundscapes?

Figure 1. A conceptual framework of soundscape perception.

2. Literature Review
2.1. Soundscape Research Methods

In past studies, several methods for quantitative and qualitative measurement and
assessment of urban soundscapes have been developed by researchers [30–35]. This illus-
trates that the assessment of the sound environment cannot be determined by simple
measurements. ISO/TS 12913-3:2019 provides methods for the analysis of data collected in
situ and supporting information [36].

Jahncke et al. studied the recovery effects of 7 min of exposure to audiovisual media
of the river, audio media of the river only, silence or high office noise and participants
reported that they had more energy than those who experienced only audiovisual media
of the river [37]. It suggests that the experience of natural sounds by visual stimuli may
relieve stress. Although the restorative effects of natural sounds from visual stimuli
alone were reported by Ma et al. [38]. Furthermore, Alvarsson et al. reported faster
recovery under natural than low-noise conditions, even though they were presented at the
same sound pressure level (50 dB LAeq, 4 min), suggesting that the difference between
loudness and quietness of the acoustic environment may not be important factors in
relieving stress [25]. Medvedev et al. observed that skin conductance levels decreased
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more rapidly when participants were exposed to bird and water sounds compared to
sounds from the built environment [21]. Gould van Praag et al. found that participants
who listened to familiar natural sounds showed better attentional monitoring and enhanced
parasympathetic activity compared to those who listened to artificial sounds [39]. The
above studies show that in some cases, natural sounds can produce restorative outcomes
in emotional, psychological and physical terms.

For people living in urban centres, well-designed urban parks can provide a wide
range of ecosystem services [40]. However, these benefits may be compromised by over-
exposure to noise, which can have a negative impact on human health [41]. Human
perception of noise is not uniform and is largely dependent on the source of the noise and
the subject who receives it [42]. Therefore, methods for measuring and assessing noise
need to take into account the subjective effects associated with acoustic parameters, as well
as the positive and negative effects of noise in terms of the acoustic quality of the urban
environment [42]. Previous research has quantified sound according to human comfort
levels, classifying sounds that evoke positive emotions as soundscapes and sounds that
cause negative emotions as noise [26,43,44].

Kang et al., (2016) proposed that psychoacoustic parameters (e.g., loudness, rough-
ness, sharpness and fluctuating intensity) deal with the quantitative relationship between
physical stimuli and the auditory sensations induced by them [45]. Fiebig et al., (2009)
suggest that the parameters of hearing are related to the perceptible patterns in the sound
signal [46]. On the other hand, soundscape researchers focus on data on individuals’ re-
sponses to the acoustic environment [45]. Aletta et al., (2016) propose four main methods
for soundscape research: sound walks, laboratory experiments, narrative interviews and
behavioural observations [47]. These four methods are mainly related to five data collection
instruments: questionnaires, semantic scales, interview protocols, physiological measures
and observation protocols [47].

In recent years, with the development of information technology, mapping sound-
scapes have received increasing attention and numerous related studies have been con-
ducted using ecological, humanistic and acoustic approaches [48–51]. ISO12913-2:2018
defines a sound walk as “a method of walking in an area, with emphasis on listening to the
acoustic environment” [52]. Butler (2006) describes soundwalking as a way of practicing
cultural geography [53], other researchers have also used soundwalking as a method of
studying soundscapes [54–56].

2.2. Soundscape Perception Assessment in Urban Parks

The sound characteristics of urban parks are important in terms of the soundscape
quality of the urban environment [57]. Urban parks are considered to be very impor-
tant public spaces in a sustainable urban environment and they provide places for urban
dwellers to improve their physical and mental health [11,21], many researchers regard
urban parks as public spaces with restorative effects [18,58,59]. Noise pollution has been
identified as one of the most important contributors to environmental stressors [60]. Never-
theless, the function of urban parks to improve the soundscape of the urban environment
through noise reduction may be limited by their size and location [61].

The main focus of many previous studies has been on mechanical methods of reducing
negative sounds in cities by reducing noise and specific decibel levels [62,63]. However, recent
studies have shown that soundscape perception is not specifically associated with decibel lev-
els, but rather with the type of soundscape, individual preference, individual sensitivity and
soundscape related demographics [64–66]. For example, natural sounds such as birdsong, stream
sound and wind blowing leaves sound have been shown to be positively beneficial [43,44]. The
sound of road traffic has proven to be a negative one [67–69]. However, in terms of soundscape
perception and preference, there are complex interactions between natural sounds and noise that
have positive benefits. For example, people can perceive noisy environments more effectively if
birdsong is added, thereby masking the noise [65].
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Furthermore, there is an interdependent relationship between sound and visual stim-
uli. For example, Viollon et al., (2020) found that the more urbanised the visual environ-
ment, the more negative sounds people perceive. However this finding does depend on
the type of sound heard [70]. In addition, researchers are increasingly concerned about the
influence of demographic factors and behavioural aspects on the perception of outdoor
soundscapes [69,71,72]. Age and gender have been shown to influence the perception of
soundscapes [66,73–75], cultural background can also influence perceptions and assess-
ments of the environment [76–78]. Other scholars have analysed the degree to which
soundscapes are perceived by various ethnic groups. For example, in semi-structured
interviews with Portuguese participants living in rural areas, Pereira et al. reveal that the
sound of birdsong brings a sense of pleasure to Portuguese people [79]. Modelmog et al.
interviewed farmers’ wives in Amerland, Germany, about their relationship with nature
and found that participants associated listening to birdsong with a positive emotional
state [80]. In a series of semi-structured interviews, Ratcliffffe et al. found that the British
public commonly associated the sounds of nature (e.g., water, wind and birdsong) with
perceived restorative experiences (e.g., pleasure, relaxation and escape) [81]. In a qualitative
study by Cerwén et al. stated that Swedish patients recovering from stress regarded the
sounds of nature in a healing garden as a source of pleasure, relaxation and recovery [82].
Specifically, previous studies have focused on residential areas, commercial pedestrian
streets, railway station waiting halls and urban forests, and have examined separately the
effects of a number of personal factors (race, gender, age, education, occupation, social
status, income, local resident status, frequency of visits, length of stay, grouping, purpose
of visit, length of stay, etc.) on noise disturbance, subjective loudness, acoustic comfort,
sound preference or other soundscape experiences [44,69,72,83–88].

Furthermore, in studies exploring the influence of personal attributes on the percep-
tion of urban park soundscapes, the findings have not been consistent. Several studies
have found that socio-demographic information is not a significant factor in the overall
soundscape preference of urban parks [69,83]. While the results of other researchers’ ex-
periments showed a significant effect [44,89]. One possible reason for these inconsistent
results could be the vague definition of particular soundscapes and the correlation with
people’s demographics in the statistical analysis [44,69,72,85].

However, comprehensive research on whether soundscapes can have stress reliev-
ing effects on urban parks and which soundscapes are important factors for restorative
soundscapes (if they have positive effects) are missing. Most studies have chosen not to
consider or to consider only a few important factors in the assessment of soundscapes in
urban parks [7,90–92].

Therefore, this study aims to investigate whether urban park environments can relieve
stress, the differences in the stress relieving effects of different urban park environments and
whether soundscapes have any effect on relieving stress in urban parks, and to investigate in
depth which soundscapes are important factors in restorative soundscapes (if any positive
effects), with a view to informing the design of restorative soundscapes in urban parks.

3. Materials and Methods
3.1. Study Areas

Similar to other central cities in China, Fuzhou has an urban population of close to
10 million permanent dwellers, which is representative of most urban characteristics in
China. Located in the heart of Fuzhou City, China, Fuzhou West Lake Park is the best
preserved urban park in Fuzhou with a history of over 1700 years [93]. The whole park is
in the traditional Chinese classical garden style, and is representative of the characteristics
of certain Fuzhou urban parks. Fuzhou West Lake Park is located at the northern edge
of the subtropical zone, with a mild subtropical monsoon climate and abundant rainfall.
The soil is predominantly red loam, which is strongly acidic. The park is rich in botanical
resources, with planted and natural forests, and some natural shrubland. Fuzhou West
Lake Park now covers an area of 76.28 ha, including 27.84 ha of land and 48.44 ha of
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water. The selection and application of aquatic plants in the park are mostly flowering
and leafy water-bearing plants, with less use of floating leaves, floating and submerged
plants, mainly ornamental plants. It connects the Kaihua, Xieping and Yaojiao islands in
the West Lake into a complete landscape by means of the Liuti Bridge, the Buyun Bridge,
the Yudai Bridge and the Feihong Bridge. The shoreline of Fuzhou West Lake Park is about
8.3 km long, and the park is now fully equipped with a walkway around the lake, with
an outer walkway of about 4.3 km and an inner walkway of about 4.4 km, including a
wooden walkway of about 2.6 km, which well meets the needs of people who are close to
the water and near the water. Being located in the centre of Fuzhou City, the surrounding
area is easily accessible and therefore has a high number of visitors. Since the free opening
of Fuzhou West Lake Park, the number of visitors has risen rapidly from 600,000 per year
to over 2 million per year, with daily visits reaching several thousand people. Therefore, it
is consistent with the site selection of the sample urban park environments in this study, as
shown in Figure 2.

Figure 2. Map and aerial photos of the study area, site selection photographs, and plan view of
Fuzhou West Lake Park.

To meet the richness of the soundscape and visual perception elements of the sample
sites, 20 different urban park environments were selected around the main touring routes
of Fuzhou West Lake Park through field research. In this study, two experts in landscape
architecture were invited to rate 20 videos of urban park environments filmed according
to the representativeness of the sample sites, the richness of the sample site soundscape
types (whether they included multiple sound types of natural, human-based sounds,
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mechanical and cultural sounds), and to test the reliability of the ratings using Cohen’s
Kappa consistency test. The Cohen’s Kappa coefficient was 0.795, which is above the
acceptable level of agreement [94]. The top 10 scoring urban park environments were
selected as the study sample sites, covering the main specialised parks and major attractions
across the park, with highly representative characteristics of urban park environments. This
study uses Leq(A) as a measure of noise, which is a measure of undulating or intermittent
noise that can be evaluated using a time-averaged approach to noise energy. Leq(A) is
therefore applicable as a measure of noise in this study. leq(A) is calculated as shown in
Equation (1), where T represents the total measurement period; LAi represents the i-th
A-weighted sound level in dB; and τi represents the sampling interval S.

Leq(A) = 10lg[
1
T

n

∑
i=1

100.1LAi τi] (1)

Table 1 shows the Location, Environment characteristic and Leq(A) of the 10 urban
park environmental sample sites.

Table 1. Environmental characteristics of the sample sites.

Sample Site No. Location Environment Characteristic Leq(A)
dBA

S1 Shade plant area Wooded landscape with rich
vegetation 36

S2 Bamboo ornamental area Bamboo forest, recreational
trails 42

S3 Archbridge area More hard paving and a high
degree of artificiality 41

S4 Ancient banyan area
Open lawns and

thousand-year-old banyan
trees

34

S5 Waterfront area

Waterside recreation area with
open calm waters and

thousand-year-old banyan
trees

51

S6 Peach blossom area Slightly undulating terrain
with a temple on the side 42

S7 Violet area
Dominated by different

varieties of yew, some with
flowering

36

S8 Water trail area Plunge landscaping with open
views 53

S9 Sakura area Sakura, wooden paths,
wooded landscape 45

S10 Stream area A more natural view of the
stream 56

3.2. Audiovisual Data Acquisition and Synthesis

With regard to assessment methods for urban environments, most previous sound-
scape studies have been conducted in situ, involving processes such as sound walks and
narrative interviews to ensure full ecological validity [64,95]. Recent research has applied
video technology to many acoustic environment assessment tests, allowing the participants
to have more immersive experiences in a limited laboratory environment [96–98]. Various
studies have suggested the use of audiovisual methods to achieve close simulation of real
active urban spaces and have validated the application of video technology to assess the
effectiveness of simulated soundscapes in indoor environments [70,99–103]. Several studies
have shown that the perception of audiovisual stimuli exposed to the indoor environment
shows a sufficiently agreement with the actual natural environment [104,105]. Research
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on headphones and loudspeaker-based video systems have shown that the use of video
technology can achieve similar effects to the real environment for sound or environment-
related attributes [99]. Thus, although video technology cannot fully simulate the various
physical senses such as smell and light, it can be fully applied to the evaluation of the
audiovisual perception of the urban environment.

The site environment is full of distractions and to ensure that it is not influenced by
extraneous factors such as human activity, this study was conducted by recording video
outdoors and conducting the study indoors. In this study, a Sony NEX-VG30EH HD digital
video camera was used to record video and a Sony PCM-D100 digital audio recorder was
used to record sound, and a location in the sample area was selected as an open space.
The recording is done on a tripod set at a height of 1.5 m, with the microphone facing
perpendicular to the wind direction to minimise interference, and with video and sound
recorded simultaneously for a single recording time of at least 3 min. In order to avoid
climatic disturbances, a clear and windless day was selected for the video recording and the
sound pressure level was measured using an AWA 5636 sound level meter while recording
the sound. Three monitoring points were set up in each sample plot, and each monitoring
point was measured three times, each time for 3 min continuously. The average value of
Leq(A) for the three monitoring points in the same plot was calculated as shown in Table 1.

This study used Adobe Premiere Pro software to edit recorded video and audio at a
size of 1024 pixels × 768 pixels for 20 s each, exporting 10 videos with sound, followed by
10 videos without sound in a silent track, for a total of 20 video materials for the experiment.

3.3. Participants

The aim of this study is to determine the effects of soundscapes on relieving stress
in urban parks based on various physiological indexes. Urban parks are the primary
setting for recreation for resters (people) and therefore the subjects involved in this study
are people. During the COVID-19 pandemic, university students were mainly studying
online, and the stress of studying made them a larger group affected by stress [106,107] and
suitable as participants in this study. The study shows the breadth and scientificity of school
students as participants in the experiment [108], so this study invited 35 eligible university
students from China XX University to participate in the experiment as volunteers. Due
to problems such as sensors falling off and lack of power during the experiment, the final
sample was 30 participants, 14 males and 16 females, with an average age of (24.1 ± 2.8)
years, including 5 undergraduates, 21 masters students and 4 PhD students. To ensure the
validity of the experiment, all participants were blinded to the content of this experiment.
All participants in the experiment have standard level of vision and hearing and all had
submitted a certificate of good health.

3.4. Soundscapes Composition and Evaluation

In this study, eleven soundscapes were selected through field research, divided into
natural sounds (birdsong, insect sound, cicada sound, stream sound, wind blowing leaves
sound), human-based sounds (footstep sound, conversation sound and children playing
sound) and mechanical sounds (traffic sound and bell). Three of these soundscapes (stream
sound, bell and birdsong) have been shown to be restorative soundscape perceptions [92].
As shown in Figure 3, this study used the soundscape perception assessment questionnaire
to quantify the degree of soundscape perception, using a seven-point Likert scale with the
question “What degree do you hear the following sounds in the current environment?”
(1 = not at all, 2 = very little, 3 = a little, 4 = somewhat, 5 = a fair bit, 6 = very much,
7 = completely)
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Figure 3. The seven-point scale for degree of soundscape perception.

3.5. Physiological Indexes

Exploring the effects of soundscapes on relieving stress is the focus of this study.
Restorative indexes of relieving stress include both psychological and physiological aspects,
and this study focuses on measuring the effects of soundscapes on relieving stress through
physiological indexes. In previous studies, clear evidence that soundscapes can relieve
stress came from a physiological study that reported that natural sounds can lower skin
conductance level (SCL) faster than traffic noise [25]. Another study explored people’s
physiological responses to 18 sound bites and found that participants’ heart rate (HR)
decreased significantly after exposure to all soundscapes, although to varying degrees [109].
While some physiological indexes recovered significantly after soundscape exposure, others
were not affected at all. For example, although Alvarsson et al. demonstrated a restorative
effect of natural sound on skin conductance level (SCL), they failed to reveal a significant
effect on recovery of heart rate variability (LF/HF) [25]. Another study, also using skin
conductance level (SCL) as a measure of stress, compared physiological recovery after
exposure to birdsong and traffic sounds and found no significant difference between them
in terms of relieving stress [110]. Therefore, this study measured the effects of soundscapes
on relieving stress in urban parks by using three physiological indexes of skin conductance
level (SCL), heart rate (HR) and heart rate variability (LF/HF), which have been shown to
be effective measures of relieving stress in previous studies [111–113].

As shown in Figure 4, this study uses ErgoLAB’s smart wearable human factors
physiological recorder (Wearable wrist sensor, Wearable chest sensor, Wearable finger
sensor, Wearable ear sensor). The participants’ skin conductance level (SCL), heart rate
(HR) and heart rate variability (LF/HF) signal sequences were collected using the ErgoLAB
data platform, with EDA sensors for monitoring electrodermal activity and PPG sensors
for monitoring heart rate and heart rate variability. ErgoLAB has been shown to be a valid
tool for physiological state data collection.

Figure 4. Display diagram of the smart wearable human factors physiology recorder.

3.5.1. Skin Conductance Level

Electrodermal activity is an electrical phenomenon that occurs in response to changes
in the function of the skin’s sweat glands, reflects sympathetic activity and is an index
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of emotional and cognitive load [114]. The increased secretion of sweat glands causes an
increase in electrical conductivity and a rise in skin conductivity level. Conversely, mental
relaxation leads to a decrease in skin conductivity level. Skin conductance level is the
absolute value of skin conductance between 2 points and is significantly influenced by
individual sweat gland activity and is the most commonly used index of skin electrical
activity [22,25]. In order to reduce the test error, the skin conductance level of each
participant in the calm state was taken as the baseline (SCLb), and the difference between
the skin conductance levels (SCLs) of the participant under different stimuli and the
baseline was divided to obtain the skin conductance level response rate (SCLr) as the study
index, i.e., the Equation (2):

SCLr = (SCLs − SCLb) / SCLs (2)

3.5.2. Heart Rate and Heart Rate Variability

Heart rate is the number of heartbeats per minute in a normal person in a quiet state,
i.e., the frequency of heart contractions. Changes in heart rate reflect the level of activity of
the sympathetic and parasympathetic nervous systems. When an individual is at rest or
relaxed, the parasympathetic nervous system strengthens and the heart rate slows down.
When an individual is in a state of tension or stress, the sympathetic nervous system
becomes more excited, the parasympathetic nervous system becomes less excited and the
heart rate increases. Heart rate variability is a time series consisting of the interval between
successive R waves and the next R wave, and refers to the variation in the difference from
one heartbeat cycle to the next, i.e., the speed of the heartbeat [115]. This study focuses on
the ratio of low frequency heart rate variability (LF) to high frequency heart rate variability
(HF), or LF/HF, which mainly reflects sympathetic activity and also shows the balance
between the sympathetic and parasympathetic nervous systems.

3.6. Experimental Procedure

The experimental procedure used in this study is based on the design of Shan Shu
et al. to assess the stress relieving effects of soundscapes in urban spaces [92], which has
been validated and endorsed by other scholars [116]. In this study, silent video tests were
also used to assess the effect of soundscapes in audible video on relieving stress in urban
parks. Therefore, the experimental site for this study was chosen to be conducted in a
standard fully anechoic chamber.

This study also used ambient noise from an urban park as a control stimulus, which
was recorded in Fuzhou West Lake Park on a normal weekend. The ambient noise in an
urban park consists of a variety of sound sources, including people talking, sounds of
activity, music and some noise from distant traffic, and a 20 s sample from each recording
was extracted for audio reproduction [92]. In order to simulate realistic urban park am-
bient noise, the noise was set at 50 dBA based on general measurements from previous
studies [117], and a signal to noise(S/N) of 5 dB was applied since it was reported as the
most restorative S/N in a preliminary test [118].

There was only one operator and one participant in the laboratory, and the participant
wore headphones (AKG K271MKII) to watch the video in order to avoid extraneous
interference as much as possible. As shown in Figure 5, the experimental procedure
consisted of four phases. Phase 1 is the preparation and introduction phase, where the
participant is explained the experimental procedure and the use of the apparatus by the
operator. Phase 2 is a 3-min baseline acquisition phase where the participant is fitted with
the EDA sensor by the operator, asked to remain silent and relaxed during the acquisition,
and then fitted with the PPG sensor after the acquisition. Phase 3 is the data acquisition
phase, during which the participant is asked to remain as still as possible, wearing a
headset in a seated position for video watching. The phase is divided into three parts: (1)
a 20 s ambient noise; (2) a 20 s experimental video in random order; (3) a 1 min break,
after which the sequence resumes and is repeated nine times. To minimise bias, the order
of ambient noise and experimental video playing was randomised each time. Phase 4
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was a soundscape perception evaluation phase in which participant evaluated the five
audio videos that were played at the time. Each subject completed the experiment within
2 days to reduce fatigue and audiovisual memory. The experimental tests were divided
into 2 groups of five audio and five silent videos from each of the five sample sites, with
one group of tests conducted for approximately 30 min each time, for a total of 60 min.

Figure 5. The experimental process.

3.7. Data Processing

We defined the stress relieving effects of soundscapes as the stress relieving effects
of adding a soundscape to an urban park. The stress relieving effect of the combined
audiovisual test (Ra − v) minus the stress relieving effect of the silent test (Rv) is the stress
relieving effect of the soundscape ∆R (the skin conductance level response rate for the
soundscape is ∆SLCr, the heart rate for a soundscape is ∆HR, and the heart rate variability
for a soundscape is ∆LF/HF) (Equation (3)):

∆R = Ra−v − Rv (3)

The physiological indexes were analysed and exported using the Ergo LAB data plat-
form and the data were processed using SPSS 24. 0 software. This study uses the Wilcoxon
test to analyse the effects of urban park environments on relieving stress and the effects
of soundscapes on relieving stress in an urban park, uses median analysis of the stress
relieving effects of different urban park environments, and identifies important factors in
restorative soundscapes through regression analysis (if they have any positive effect).

4. Results
4.1. Sample Site Soundscape Characteristics

As shown in Table 2, the perception of insect sound, birdsong and cicada sound in
sample site S1 was high. Cicada and insect sounds were perceived most highly in sample
site S2, followed by birdsong. The degree of soundscape perception in sample site S3 is
similar to that in sample site S2, with higher perception of cicada sound, insect sound and
birdsong. The highest degree of birdsong perception was found in sample site S4, followed
by insect sound and cicada sound. Soundscape perception in sample site S5 is dominated
by stream sound and birdsong, with a high perception of conversation sound and children
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playing sound. The perception of birdsong, insect sound and cicada sound was higher in
sample site S6, as was the perception of bell. The highest degree of birdsong perception
was found in sample site S7, followed by insect sound and cicada sound. Sample site S8 is
dominated by stream sound, with other natural sounds perceived as weak. The highest
degree of insect sound perception was found in sample site S9, followed by cicada sound
and birdsong. Sample site S10 is dominated by stream sound, followed by insect sound
and cicada sound.

Table 2. The degree of soundscape perception of each sample site.

Soundscape S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Stream
sound 1.200 1.067 1.167 1.167 5.700 1.100 3.000 6.500 1.200 6.800

Birdsong 5.033 4.633 4.633 5.967 5.000 5.533 6.067 3.067 4.533 2.933
Insect
sound 5.400 5.800 5.000 4.033 3.600 5.000 4.967 2.767 5.833 4.033

Cicada
sound 4.900 6.167 5.500 3.533 2.933 4.533 4.733 2.233 4.700 3.767

Wind
blowing
leaves
sound

2.500 2.900 2.933 2.033 2.300 2.267 3.500 2.033 2.767 2.267

Wind
sound 2.100 2.667 2.500 1.900 2.033 2.033 3.267 1.700 2.233 1.933

Footstep
sound 1.567 1.067 1.367 1.400 1.933 1.100 1.500 1.067 1.167 1.033

Conversation
sound 1.033 1.133 1.300 1.467 3.467 1.200 1.033 1.133 1.100 1.033

Children
playing
sound

1.033 1.133 1.033 1.767 3.233 1.067 1.033 1.033 1.100 1.033

Traffic
sound 1.233 1.133 1.533 1.433 1.067 1.300 1.033 1.133 1.300 1.033

Bell 1.033 1.000 1.000 1.200 1.033 4.867 1.000 1.033 1.033 1.000

4.2. Differences in Physiological Indexes between the Ambient Noise and Experimental Video
Phases of the Different Urban Park Environments

This study uses the Wilcoxon test to compare the differences in three physiological
indexes between the ambient noise phase and the experimental video phase of the different
urban park environments. As can be seen from Table 3, the physiological indexes of SCLr
decreased in the ten urban park environments during the experimental video phase, with
significant reductions (p < 0.01) in sample site S2, S4, S7 and S10. The physiological indexes
of HR were reduced in the experimental video phase, with significant reductions in sample
sites S7 and S10. Physiological indexes of LF/HF decreased during the experimental video
phase, with significant (p < 0.05) decreases in sample sites S1, S4, S6, S7, S8, S9 and S10
(p < 0.05) and a highly significant decrease in sample site S7 (p < 0.001). This suggests that
participants’ stress can be recovered to a certain degree in the urban park environments, but
there are differences in the degree of recovery from one urban park environment to another.RETRACTED
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Table 3. Differences in physiological indexes between the ambient noise phase and the experimental video phase.

Sample
Site

Physiological
Index

Ambient Noise Experimental Video Mean
Difference Z

Mean SD Mean SD

S1
SCLr 0.091 0.315 0.072 0.324 −0.019 −0.562
HR 84.767 5.788 84.200 6.354 −0.567 −0.629

LF/HF 0.523 0.225 0.465 0.229 −0.057 −2.407 *

S2
SCLr 0.214 0.338 0.190 0.333 −0.024 −2.016 *
HR 86.100 5.991 85.467 5.367 −0.633 −0.638

LF/HF 0.470 0.252 0.407 0.188 −0.063 −1.594

S3
SCLr 0.092 0.310 0.084 0.314 −0.008 −0.453
HR 86.333 4.978 86.000 6.253 −0.333 −0.038

LF/HF 0.581 0.325 0.558 0.257 −0.023 −0.854

S4
SCLr 0.106 0.384 0.066 0.364 −0.040 −2.715 **
HR 86.033 6. 311 85.133 6.394 −0.900 −1.107

LF/HF 0.603 0.395 0.530 0.348 −0.073 −2.458 *

S5
SCLr 0.084 0.346 0.063 0.364 −0.021 −0.984
HR 85.033 6.212 84.300 4.735 −0.733 −0.820

LF/HF 0.498 0.262 0.439 0.204 −0.059 −1.491

S6
SCLr 0.133 0.314 0.078 0.306 −0.055 −1.224
HR 86.233 5.097 85.267 5.681 −0.967 −1.110

LF/HF 0.636 0.374 0.544 0.290 −0.092 −2.047 *

S7
SCLr 0.163 0.330 0.054 0.363 −0.109 −2.808 **
HR 87.133 5.204 84.233 5.056 −2.900 −2.340 *

LF/HF 0.513 0.227 0.372 0.178 −0.141 −4.268 ***

S8
SCLr 0.195 0.322 0.123 0.345 −0.072 −1.707
HR 85.633 4.414 84.233 5.335 −1.400 −1.686

LF/HF 0.595 0.321 0.477 0.252 −0.118 −2.480 *

S9
SCLr 0.155 0.322 0.089 0.391 −0.066 −1.502
HR 85.767 5.494 84.733 6. 438 −1.033 −1.292

LF/HF 0.572 0.338 0.443 0.237 −0.128 −2.057 *

S10
SCLr 0.235 0.392 0.111 0.395 −0.124 −2.822 **
HR 85.933 5.285 84.300 4.872 −1.633 −2.194 *

LF/HF 0.524 0.251 0.422 0.229 −0.103 −2.973 **

*: p < 0.05; **: p < 0.01; ***: p < 0.001.

4.3. Differences in the Stress Relieving Effects of Different Urban Park Environments

In this study, the differences in physiological indexes between the ambient noise phase
and the experimental video phase were used to express the degree of recovery, i.e., the stress
relieving effects. As shown in Table 3, the difference in physiological indexes for SCLr was
S10 < S7 < S8 < S9 < S6 < S4 < S2 < S5 < S1 < S3, for HR was S7 < S10 < S8 < S9 < S6 < S4 <
S5 < S2 < S1 < S3, and for LF/HF was S7 < S9 < S8 < S10 < S6 < S4 < S2 < S5 < S1 < S3. The
median test found significant differences in the difference in physiological indexes for SCLr
(p = 0.016 < 0.05), but not for HR and LF/HF, across the urban park environment sample sites.

4.4. The Effects of Soundscapes on Relieving Stress in an Urban Park

This study uses the Wilcoxon test to compare the differences in relieving stress effects
between audio and silent videos and the results are shown in Table 4. Analysis of the
physiological indexes of SCLr, HR and LF/HF in the participants revealed that the addition
of sound resulted in significant changes in the physiological indexes of each urban park
environment. In terms of the physiological indexes of SCLr, the inclusion of soundscape
showed a decreasing trend in all nine urban park environments except for sample site S5,
where sample sites S8 and S10 showed a significant decrease (p < 0.01). In terms of the
physiological indexes of HR, the addition of the soundscape resulted in a decreasing trend
in all nine urban park environments, except for sample site S5, where only sample site
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S7 showed a significant decrease (p < 0.05). In terms of physiological indexes of LF/HF,
all nine urban park environments showed a decreasing trend after the addition of the
soundscape, except for sample site S5, where only sample site S7 showed a significant
decrease (p < 0.01). This suggests that relieving stress effects can be improved to a certain
degree in urban park environments, with the exception of sample urban park environment
S5, which did not improve relieving stress effects. This result may be due to the fact that
in the urban park environment sample site S5, which contains open calm water, the silent
video in sample site S5 itself has relieving stress effects on the participants [7].

Table 4. Differences in relieving stress effects between silent video and audio video.

Sample Site Physiological
Index

Audio Video Silent Video Mean
Difference Z

Mean SD Mean SD

S1
SCLr −0.019 0.089 −0.010 0.110 −0.009 −0.401
HR −0.567 4.681 −0.400 4.446 −0.167 −0.342

LF/HF −0.057 0.166 −0.022 0.091 −0.035 −1.018

S2
SCLr −0.024 0.070 −0.005 0.088 −0.019 −0.360
HR −0.633 6.133 −0.133 4.953 −0.500 −0.082

LF/HF −0.063 0.219 −0.031 0.314 −0.032 −0.998

S3
SCLr −0.008 0.065 −0.001 0.224 −0.007 −0.381
HR −0.333 6.194 −0.133 5.104 −0.200 −0.455

LF/HF −0.024 0.239 −0.011 0.251 −0.013 −0.072

S4
SCLr −0.040 0.081 −0.035 0.064 −0.005 −0.051
HR −0.900 3.546 −0.500 3.093 −0.400 −0.310

LF/HF −0.073 0.204 −0.049 0.408 −0.024 −0.154

S5
SCLr −0.021 0.082 −0.034 0.132 0.013 −0.956
HR −0.733 5.179 −1.000 3.572 0.267 −0.057

LF/HF −0.059 0.311 −0.085 0.124 0.026 −0.195

S6
SCLr −0.055 0.296 −0.053 0.212 −0.002 −0.720
HR −0.967 4.476 −0.133 5.686 −0.833 −0.707

LF/HF −0.092 0.252 −0.054 0.239 −0.038 −0.710

S7
SCLr −0.109 0.187 −0.054 0.186 −0.055 −1.162
HR −2.900 6.483 −0.300 6.670 −2.600 −2.068 *

LF/HF −0.141 0.132 −0.027 0.168 −0.114 −2.664 **

S8
SCLr −0.072 0.383 −0.008 0.341 −0.064 −2.643 **
HR −1.400 4.854 −0.333 6.583 −1.067 −0.779

LF/HF −0.118 0.253 −0.069 0.313 −0.049 −1.059

S9
SCLr −0.066 0.290 −0.036 0.204 −0.030 −0.627
HR −1.033 5.933 −0.467 5.008 −0.057 −1.018

LF/HF −0.128 0.352 −0.071 0.227 −0.057 −1.018

S10
SCLr −0.124 0.247 −0.068 0.249 −0.056 −2.993 **
HR −1.633 3.605 −0.467 5.476 −1.167 −1.141

LF/HF −0.103 0.160 −0.054 0.111 −0.048 −0.833

*: p < 0.05; **: p < 0.01; ***: p < 0.001.

4.5. The Relationship between Soundscapes and the Relieving Stress Effects of an Urban Park

In previous studies, a number of scholars have demonstrated agreement between
virtual and laboratory-based natural experiences and in-person experiences. For example,
Puyana et al. demonstrated consistent results between immersive virtual reality-based
techniques and real environments used to assess environmental noise in different areas
of the city [104]. Luigi et al. compared the acoustic and visual stimuli using multisensory
immersive virtual reality with the real environment and found that the subjective ratings
of the visual and acoustic sources in the laboratory and the real environment achieved
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agreement. Therefore, the results of the data obtained in the laboratory in this study have a
reliability consistent with that of the real environment [102].

As shown in Table 5, to explore the relationship between soundscapes and the re-
lieving stress effects of an urban park, this study used soundscape perceptions as the
independent variable and ∆SCLr, ∆HR and ∆LF/HF as the dependent variables, respec-
tively, for statistical regression analysis using SPSS 24.0 software. For ∆SCLr, the regression
model was statistically significant with a corrected R2 = 0.402 (p < 0.001) and the perceived
degree of birdsong (p < 0.001), stream sound (p < 0.001), cicada sound (p < 0.01) and
footstep sound (p = 0.052) were significant variables in predicting ∆SCLr. The higher the
perceived degree of bird, stream and cicada sounds, the lower the ∆SCLr and the higher
the relieving stress effects, as indicated by the standardised coefficients. The higher the
perceived degree of footstep sound, the higher the ∆SCLr and the lower the relieving stress
effects. Importance refers to the degree of influence of the independent variable on the
prediction of the dependent variable. As shown in Table 5, the importance of the influence
of soundscape perceptions on ∆SCLr is as follows: birdsong > stream sound > cicada sound
> footstep sound. This study was analysed by ANOVA on ∆HR and this regression model
was not statistically significantly different, p = 0.066 > 0.05. Therefore, the results of the
regression analysis for ∆HR are not presented in Table 5 for this study. For ∆LF/HF, the
model-adjusted R2 = 0.247 and the regression model was statistically significant (p < 0.001),
with birdsong (p < 0.01), stream sound (p < 0.01), cicada sound (p < 0.01) and wind sound
(p < 0.05) perceptions degree being significant variables in predicting ∆LF/HF. The higher
the perception of birdsong, stream sound, cicada sound and wind sound, the lower the
∆LF/HF and the higher the relieving stress effects, as indicated by the standardised coeffi-
cients. The importance of the effect of soundscape perceptions on ∆LF/HF is expressed as
follows: birdsong > cicada sound > stream sound > wind sound.

Table 5. Regression analysis of soundscapes and the relieving stress effects.

Dependent
Variable

Independent
Variable

Standardised Coefficients
df F Sig. Significance

β Standard Error

∆SCLr

Stream sound −0.489 0.055 3 77.806 0.000 0.301
Birdsong −0.499 0.054 3 86.780 0.000 0.482

Insect sound −0.097 0.108 3 0.818 0.485 0.048
Cicada sound −0.216 0.102 3 4.490 0.004 0.095
Wind blowing
leaves sound 0.075 0.129 2 0.334 0.716 0.003

Wind sound 0.035 0.120 1 0.084 0.772 0.002
Footstep sound 0.081 0.053 4 2.383 0.052 0.019
Conversation

sound 0.042 0.110 2 0.144 0.866 0.000

Children playing
sound 0.107 0.090 2 1.403 0.248 0.026

Traffic sound −0.044 0.085 1 0.270 0.603 0.003
Bell −0.079 0.093 3 0.729 0.535 0.023

∆LF/HF

Stream sound −0.289 0.108 2 7.215 0.001 0.154
Birdsong −0.355 0.145 3 5.996 0.001 0.362

Insect sound 0.094 0.101 2 0.868 0.421 0.012
Cicada sound −0.342 0.163 4 4.405 0.002 0.306
Wind blowing
leaves sound 0.157 0.111 3 2.010 0.113 0.002

Wind sound −0.187 0.119 4 2.460 0.046 0.052
Footstep sound 0.052 0.099 2 0.272 0.762 0.002
Conversation

sound 0.131 0.111 4 1.407 0.232 0.018

Children playing
sound −0.180 0.139 2 1.691 0.186 0.077

Traffic sound −0.051 0.111 1 0.211 0.646 0.014
Bell 0.036 0.106 2 0.119 0.888 0.001

5. Discussion
5.1. Ten Urban Park Environments Can Provide a Certain Degree of Relieving Stress

The Wilcoxon test for physiological indexes in the ambient noise and experimental
video phases of this study found that all ten urban park environments relieved stress to a
certain degree, with significant reductions in LF/HF in urban park environment sample

RETRACTED



Land 2021, 10, 1323 16 of 22

sites S1, S6, S8 and S9, SCLr in sample site S2, SCLr, LF/HF in sample site S4, SCLr, LF/HF
in sample sites S7 and S10. SCLr, HR, LF/HF were significantly reduced in S7 and S10. In
terms of physiology, the floral environments represented by S7 had the best stress-relieving
effects, while the stream environments represented by S10 had the second-best stress-
relieving effects. This confirms that natural landscapes, represented by floral and stream
environments, are more effective in relieving stress than urban landscapes, which even
have a negative effect on relieving stress, while natural landscapes help with short-term
recovery from stress or mental fatigue [60]. This is consistent with the study presented by
Wang et al., (2019) that urban park environments relieve stress, increase parasympathetic
activity and inhibit sympathetic activity [119]. This study validates Ulrich et al.’s (1991)
theory of stress relief, which states that if the environment has certain positive factors,
it will result in effective relaxation, decreased feelings of stress and positive changes in
physiological responses in the individual [120].

5.2. Differences in the Relieving Stress Effects of Ten Different Urban Park Environments

There are the relieving stress effects of increased parasympathetic activity and de-
creased sympathetic activity in the ten different urban park environments used in this
study, where SCLr, HR and LF/HF levels all decreased to varying degrees. The urban
park environment sample sites S7, S8, S9 and S10 with good relieving stress effects have
significant natural environmental characteristics, with the better relieving stress effects of
sample sites S7 and S9 probably related to the high vegetation cover and high perception of
birdsong, cicada sound and insect sound [81,121]. The better relieving stress effects of the
sample sites S8 and S10 may be related on the one hand to the restorative benefits of the
stream sound and on the other hand to the high quality of their visual landscape [122,123].
Sample sites S1 and S3 had poor relieving stress effects, with sample site S1 possibly being
too secluded and fearful. Sample site S3 may have a high artificial component due to its.
In this study, a median test revealed significant differences (p < 0.05) in the physiological
indexes of SCLr in the ten urban park environments, but not in HR and LF/HF, probably
because the experimental tests were short enough to induce large physiological changes.

5.3. Soundscapes Have Effects on an Urban Park in Relieving Stress

The addition of soundscapes to urban park environments, with the exception of urban
park environment sample site S5, was more conducive to reducing physiological indexes
of SCLr, HR and LF/HF, increasing parasympathetic activity and suppressing sympathetic
activity. Possibly because sample site S5 contains large areas of calm water, the single visual
stimulus of the environment itself has stress-relieving effects [122]. As the experimental
video shows large areas of water, the higher recovery effect of the sound of running water
can also be explained in terms of the coherence between sound and vision. This finding
supports previous research reporting that coherence between auditory and visual stimuli
does play some role in the stress-relieving effects of urban park environments [28]. This
is similar to the findings presented by Annerstedt et al. (2013) that a virtual urban park
environment with sound activates parasympathetic nervous system activity and induces
physiological stress recovery, while a virtual urban park environment without sound does
not differ significantly from a traffic environment [19]. This study also provides further
physiological evidence that nature-related audiovisual stimuli often have better relieving
stress effects than single visual stimuli [124].

5.4. Natural Sounds Such as Birdsong and Stream Sound Are Important Factors in
Restorative Soundscapes

The positive contribution of birdsong and stream sound to the relieving stress effects
in the results of this study is significant and consistent with previous studies [19,21].
Birdsong has great potential to help with stress recovery, but its restorative effect can
also be influenced by the type of bird. Therefore, the addition of comforting or popular
birdsong may enhance the stress-relieving effect, especially in urban parks with artificial
natural elements [81,121]. Stream sound is an important factor in the restorative benefits
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of natural space [125]. On the one hand it eliminates a certain amount of noise [126], on
the other it adds a sense of tranquillity [122]. For example, listening to the stream sound
in naturopathy is more likely to help people to meditate, sit and relax [127]. Appropriate
inclusion of landscape elements such as fountains, streams and waterfalls in the design of
urban park environments may be able to contribute to the stress-relieving effects of urban
parks. In addition, the cicada sound and wind sound also have positive effects on relieving
stress, but to a lesser degree. The stress-relieving effects of urban parks may be furthered
by the appropriate inclusion of cicada sound and wind sound, but their effects may be
influenced by factors such as volume, location of the sound source and season [127].

5.5. Limitations of This Study

In terms of the selection of environmental sample sites in urban parks, only 10 envi-
ronmental sample sites were selected from Fuzhou West Lake Park to explore the effects
of soundscapes on relieving stress in an urban park. However, influenced by factors such
as different geographical locations, climatic conditions and cultural preferences, urban
park environments should be more diverse and richer in soundscapes, and future research
should be conducted on different types of urban parks. In addition, the seasons are a
factor in landscape change in urban parks and it is valuable to carry out research on urban
parks in different seasons. In terms of research participants, although school students
as participants are broad and scientific, the evaluation of school students as a represen-
tative of the public has certain limitations. In future studies, the selection of evaluation
samples should be increased for different recreationists to verify the results of this study
more comprehensively.

In addition, this study only described information about the gender, age and education
level of the participating students and did not categorise and compare the relieving stress
effects of the soundscapes for more information about their socio-demographic background.
Future studies could add more information about the socio-demographic background of
the participants, such as whether the participants live in urban or rural areas, or whether
they grew up in urban or rural areas. These factors could then be compared and analysed
to see if they affect the relieving stress effects of soundscapes.

This study validates the stress-relieving effects of urban park environments through
audiovisual stimuli only, and in the future, olfactory stimuli could be added, as there are
also various odour exposures in real natural environments. In terms of research method-
ology, indexes of the autonomic nervous system are not very sensitive and the next step
could be to try to use more sensitive physiological indexes, such as central nervous system
indexes (e.g., brain waves), as evidence to support the relieving stress effects of sound-
scapes [128]. The future design of restorative urban park environments should go beyond
visual-driven thinking to fully explore and utilise multiple restorative environmental fac-
tors from a multi-dimensional perspective, thus providing more convincing evidence for
the design of restorative urban park environments.

6. Conclusions

In this study, 20 audiovisual videos (10 audio videos and 10 silent videos) of the
urban park environments were used as research materials. Thirty five university students
were invited to conduct audiovisual experiments, and the physiological indexes of the
participants were collected with the help of Ergo LAB data platform, and a soundscape
perception evaluation questionnaire was used to assess the degree of soundscape percep-
tions in the urban park environment sample sites. The aim is to investigate whether urban
park environments can relieve stress, the differences in the effects of different urban park
environments in relieving stress and the effects of soundscapes in relieving stress in urban
parks, and to investigate in depth which soundscapes are important factors in restorative
soundscapes (if any positive effects). The main conclusions are as follows:

• In terms of physiological responses, all urban park environments can relieve stress to
some extent.
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• There are differences in the relieving stress effects of different urban park environ-
ments, with those dominated by natural spaces having better relieving stress effects
and those with too many artificial factors or too much seclusion having poorer reliev-
ing stress effects.

• The inclusion of soundscapes can change the relieving stress effects of urban park
environments, with the exception of urban park environments where conversation
sound and children playing sound are more prominent, where a combination of
audiovisual stimuli has better relieving stress effects than single visual stimulus.

• Natural sounds such as birdsong, stream sound, cicada sound and wind sound
contribute more to relieving stress effects of an urban park, while human-based
sounds such as footstep sound do the opposite.
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