
Citation: Shao, Y.; Hao, Y.; Yin, Y.;

Meng, Y.; Xue, Z. Improving

Soundscape Comfort in Urban Green

Spaces Based on Aural-Visual

Interaction Attributes of Landscape

Experience. Forests 2022, 13, 1262.

https://doi.org/10.3390/f13081262

Academic Editors: Xin-Chen Hong,

Jiang Liu and Guang-Yu Wang

Received: 5 July 2022

Accepted: 6 August 2022

Published: 10 August 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Article

Improving Soundscape Comfort in Urban Green Spaces Based
on Aural-Visual Interaction Attributes of Landscape Experience
Yuhan Shao 1 , Yiying Hao 2, Yuting Yin 1,* , Yu Meng 1 and Zhenying Xue 1

1 College of Architecture and Urban Planning, Tongji University, Shanghai 200092, China
2 Bureau Veritas, Glagow G2 6BZ, UK
* Correspondence: yyin0326@tongji.edu.cn

Abstract: The importance of multi-sensory perception in constructing human landscape experiences
has been increasingly emphasized in contemporary urban life. The aim of this study is to explore
aural-visual interaction attributes that may influence people’s perceived overall soundscape comfort
in urban green spaces (UGSs). To achieve this, a total of 12 perceptive indicators were identified
from the existing literature to evaluate people’s perceived visual and acoustic attributes and types of
sound sources, and their relations to the perceived soundscape comfort. 268 responses were obtained
in a questionnaire-based survey conducted in five UGSs in Chengdu Outer Ring Ecological Zone.
This was done whilst a typical objective acoustic indicator, sound level, was used as a mediator for
potential changes on these relations within different sound level ranges. Results suggested that a
low level of environmental sound does not correspond to higher ratings on the overall soundscape
comfort. It was also found that the environmental sound level of 77 dBA was a turning point in the
relation between people’s soundscape comfort and its influential indicators in UGSs. A set of six
models was then provided to describe the overall soundscape comfort and its contributing indicators
in aural-visual interactions, respectively, in sound level ranges below and above 77dBA.

Keywords: urban green spaces; soundscape comfort; aural-visual attributes; perception; China

1. Introduction

Multi-sensory perception, spatial use pattern and the emotional responses of humans
constitute their experiences in urban landscapes [1,2]. Urban green spaces (UGSs) have
significant impacts on improving the physical [3], psychological [4] and social health [5,6]
of urban residents. The design of UGSs has long been concerned with aesthetics, and
there is enormous evidence of spatial form and environmental characteristics improving
users’ perceived visual quality [7,8]. Although more than 80 percent of our sensory input is
visual [9], the importance of multi-sensory perception in constructing human landscape
experiences has been increasingly emphasized [10,11], especially soundscape. Soundscape
refers to the acoustic environment that people perceive or experience in a certain context [12].
It highlights the auditory properties of a landscape and sets the visual dominance in
landscape perception research in a new context, which has now developed into a special
focus on the cross effects of aural–visual interactions or soundscape–landscape relationships
on human soundscape perception [13,14].

Overall soundscape comfort is comprised of people’s perceptions of aural–visual envi-
ronmental attributes [15,16]. Exploring the relevant indicators describing these perceived
attributes and their mutual influences can enrich and improve the perceptive quality of
UGSs and also provides cues for improving people’s perceptions of soundscape comfort.
However, to date, very few studies have evaluated soundscape and visual perception in
combination in situ [13,17] nor constructed a full model [18] combining perceived aural–
visual features and objective acoustic attributes in the application of improving people’s
soundscape comfort. This study intends to explore aural–visual indicators and their mutual
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interactions in influencing the overall soundscape perception of UGSs. Three groups of
indicators measuring people’s perceived visual attributes, aural attributes and perceived
sound sources were identified to measure and improve people’s perceived soundscape
comfort in UGSs. This was done whilst a typical objective acoustic indicator [19], sound
level, was used as a mediator. An on-site survey was conducted to explore whether and
how these indicators contribute to people’s overall perceived soundscape comfort, with the
specific research objectives stated below:

1. To identify aural–visual interaction indicators related to the overall soundscape com-
fort in UGSs and investigate their influences.

2. To construct models indicating ways of improving overall soundscape comfort in
UGSs based on the identified indicators.

3. To discuss the cross effects existing between people’s perceived visual attributes, aural
attributes and sound sources.

2. Influential Indicators of Soundscape Perception
2.1. Visual Perception Indicators in Landscape

Visual perception has long been taken as the major basis for evaluating the quality
of urban green spaces in landscape studies [20]. Ode et al. (2008) cited biophilic theory,
landscape aesthetic, information processing theory, spirit of place, prospect-refuge theory,
topophilia, landscape heritage and restorative landscapes [21] as major theoretic bases for
developing visual landscape concepts. Biophilic and prospect-refuge theory later consti-
tuted the foundation of visual preference research [22] which, as agreed by many scholars,
can both be explained by an evolutionary perspective [23]. Prospect-refuge theory [24]
proposes people feel most comfortable when they can observe what is happening around
them while also being slightly protected. Kaplan and Kaplan then raised a preference
matrix stating that coherence, complexity, legibility and mystery are important in creating
environments since they can provide people with safety and comfort [25]. Another major
and long-lasting theme responding to the question ‘What is it that we like about landscape,
and why do we like it?’ [26] is the aesthetic approach to landscape. It is based on Maslow’s
hierarchy of needs [27] and composed of at least two interrelated components: cultural
theory and biological theory [28].

Drawing from the theoretical literature, numerous studies have contributed to the
search for environmental indicators linked with human visual landscapes [29]. A set of
40 commonly used affective descriptors in adaptation theory, such as complexity, natural-
ness, brightness, openness, coherence, were validated as indicators of visual landscape
perceptions [30]. Similarly, complexity, coherence, disturbance, stewardship, imageability,
visual scale, naturalness, historicity, and ephemera were identified as being capable of
characterizing the visual landscape [21]. Grahn and Stigsdotter constructed perceived
sensory dimensions (PSDs) based on existing evidence and a large-scale questionnaire
survey determining eight of the most popular sensory dimensions of perception, including
serenity, nature, space, species-richness, refuge, prospect, society and culture [31]. The PSDs
were later widely applied in more than 60 studies [32] and proved to be an efficient tool
in landscape assessment and design. However, evaluation frameworks do not normally
consist of indicators solely measuring people’s visual responses. When studies focus on the
mutual influence of visual and aural aspects in landscape perceptions, these indicators can
hardly provide adequate specific visual implications due to their inherent inter-relations
with other perceptive aspects.

2.2. Aural Perception Indicators in Landscape

Soundscape has been used by a variety of disciplines to describe the relationship
between a landscape and the composition of its sound [19]. In Southworth’s work [16], it
was first mentioned in urban planning literature addressing how the sounds of the built
environment enhanced people’s perception of space and their relationship to the activities
occurring within cities [33]. There are three important directions in soundscape research
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aiming to investigate how people perceive the acoustic environment [34]. One is to objec-
tively obtain soundscape information from analyzing sound recordings in terms of physical
parameters [35,36] or in spectrograms [37] for regulating the environmental noise [38,39].
Moreover, traditional qualitative methods, such as questionnaires, interviews [40] and
on-site observation [41,42], are used to acquire subjective soundscape information. Fur-
thermore, the objective and subjective methods are also often combined in soundscape
evaluations [43].

A large body of literature has also explored indicators that affect soundscape percep-
tions in different dimensions including comfort, tranquility, pleasantness, nature, gentle-
ness, and appropriateness [44,45]. These were then integrated and put through principal
component analysis for validation, resulting in a model later referred to as perceived affec-
tive quality (PAQ) [46], which raises eight important dimensions relevant to people’s aural
perceptions: pleasantness, vibrancy, eventfulness, chaos, annoying, monotony, unevent-
fulness and calm. The PAQs have been incorporated into the International Standards of
Soundscape (ISO) [12] in order to unify soundscape perception descriptors and have been
widely applied and validated in later soundscape studies [47]. Similar to visual landscape
studies, most soundscape assessment frameworks contain indicators measuring human
perceptions caused not only by the aural sensory dimension. As a result, the cross effect
between audio-visual attributes has not been strictly clarified, and the results of relevant
literature research are inconsistent.

2.3. Types of Sound Sources

Differing from perceptive indicators, sound source is an attribute affiliated with the
definition of soundscape that investigates how the acoustic environment can be charac-
terized by identifying what sound sources can be heard in the area and how dominant
they are [12]. Scholars have characterized the sources of sounds into three major types:
natural sounds that relate to non-organic elements of nature, such as waterfalls (geophony),
organic but non-human sources, such as animals’ copulatory vocalizations (known as
biophony) and all environmental sounds generated by human sources (anthrophony), such
as human voices or human activity-related sounds [15,48]. These were also incorporated
into ISO [12] and formalized into three main types of sound sources that are recommended
for inclusion in soundscape surveys: sounds of nature, sounds of technology and sounds of
human beings. The latter two types are also referred to as mechanical and anthropogenic
sounds in the relevant studies [49,50]. They are important in soundscape research since
they provide potential cues implying necessary design interventions. For example, natural
sounds are preferred while anthropogenic and mechanical sounds are less welcomed in
urban parks [49]. In addition, the breeze significantly increases the likelihood of people
giving a high comfort evaluation, while sounds from bikes or heavy vehicles significantly
lower the likelihood [49].

2.4. Sound Level as Mediator

The design of soundscape developed from noise regulation. Earlier research and
practices mostly emphasized the control and reduction of unwanted sound [38,39] in urban
areas. However, later studies found that reducing sound level does not necessarily lead to
an increase of acoustic comfort in urban areas [51,52]. Individuals’ noise sensitivity [53],
a stable personality trait that captures attitudes towards a wide range of environmental
noises [54,55], and environmental attributes [56] both have impacts on the relation between
sound level and people’s perceived acoustic comfort. Evidence has shown that subjective
evaluation of the acoustic environment relates well with the sound level when it is within
a certain range [57,58], and the relation as well as the range varies with research contexts.
For example, Yang and Kang found that the variation in acoustic comfort evaluations was
almost negligible when the sound level was lower than around 73 dBA, whereas when
the sound level was over 73 dBA for the mixed sound of fountains and demolition, the
evaluation of acoustic comfort evidently decreased with the increase of the sound level [59].
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In another study of soundscape perception in pocket parks, results also disclosed that
influential indicators change significantly when the sound level passes 70 dBA [57].

2.5. This Study

To date, very few studies have constructed models [18] combining perceived aural–
visual features and objective acoustic attributes in the application of improving people’s
soundscape comfort on the basis of understanding the influences of aural–visual interaction
attributes on the overall soundscape comfort and the inter-relations between them.

This study aims to explore influential indicators of how people perceived overall
soundscape comfort in UGSs. Through an on-site survey conducted in five UGSs in
Chengdu Outer Ring Ecological Zone, it tries to construct models that can indicate ways of
improving people’s overall soundscape comfort according to these interaction indicators
in perceived aural and visual aspects. Sound level is used as a mediator in the process
to investigate whether and how these influential indicators and models change within
different sound level ranges.

3. Methods
3.1. Study Area

This study chose typical UGSs within Chengdu Outer Ring Ecological Zone as study
sites. Chengdu is a demonstration city for promoting the Park City agenda in China and has
achieved evident progress since 2018. The Outer Ring Ecological Zone is one of the most
important projects in this agenda and surrounded by over 30 UGSs of different scales and
with different characteristics and functions. However, most UGSs now suffer from noise
issues since the Outer Ring Ecological Zone is crossed by highways and is also affected
by noise from railways and Tianfu airport. This has seriously affected people’s landscape
experience when using these green spaces and, hence, they have become appropriate
research sites for this study.

Five UGSs (Figure 1, Table 1) with noise issues (sound level measured in the pilot
study exceeded the limit of 70 dBA stipulated in the Standard of Sound Environment
Quality [GB3096-2008] [60]), namely Bailuwan Wetland Park (UGS1), Guixi Ecological Park
(UGS2), Jiangjia Art Garden (UGS3), Qinglong Lake Wetland Park (UGS4) and Tianfu Lotus
Garden (UGS5), were selected as study sites to determine whether and how aural–visual
soundscape stimuli can be modified to improve the overall soundscape comfort of green
space users based on the following criteria: (1) first, study sites should be fully constructed
and open to the public; (2) study sites should have different soundscape sources, visual
and acoustic attributes; (3) study sites should contain at least one measurement spot with
an open view and qualify for setting acoustic instruments. All selected study sites are
dominated by natural characteristics and rich in botanic species.

Spots to conduct the questionnaire and the acoustic measurement were then selected
within the five UGSs (Figure 1). Measurement spots should be able to present the visual
and acoustic features of their represented UGSs. In addition, there should be a distance of
an over three-minute walk from the entrance to the first measurement spot in each site to
allow enough time for subjects to become mentally immersed in the setting [61,62]. The
three-minute walking distance is also requested as the least interval within spots in the
same site. In addition, there should be enough space for participants to wander around and
experience the surrounding environment in each spot. With the consideration of the size of
each site and the space’s access to the public within each site, eight spots were chosen in
UGS1, three in UGS2, eight in UGS3, one in UGS4 and two in UGS5.
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Figure 1. Site photos of measurement spots.

Table 1. General conditions of the selected study sites and measurement spots.

Study Sites Area (ha) Dominant Functions Landscape Features

Bailuwan Wetland Park
(UGS1) 275 Ecology and protection

The site is characterized by wetland, floating island
and lotus pond.
There is large scale of lawn in the site, decoration with
stones, and seat provision.
There are plenty of arbors grown at the rear of the site.

Guixi Ecological Park
(UGS2) 159.3 Activity and entertainment

The site is characterized by grassland and lakes.
The terrain of the site tilts towards the central.
Arbors are at a distance from the centre of the site.

Jiangjia Art Garden
(UGS3) 132 Activity and entertainment The site is characterized by a large artificial lake.

Herbals and shrubs are dominant within the site.

Qinglong Lake Wetland Park
(UGS4) 1298 Ecology and protection

The site is characterized by large lakes, lawn and high
and dense forests with diverse species of herbal,
shrubs and arbors.

Tianfu Lotus Garden
(UGS5) 48.8 Landscape and leisure The site is characterized by flower fields and lawns.

3.2. Questionnaire

A total of 12 indicators were selected from existing research to measure people’s
perceived visual and acoustic attributes and types of sound sources in UGSs (Table 2).
Four indicators, aesthetic, openness, layering and order, were selected from traditional visual
landscape studies and PSDs [18,63] since other indicators, such as tranquility, society and
culture, may not be triggered by only human visual perception. Naturalness was also
excluded since green spaces are typical natural settings in urban areas. Only vibrancy,
harmony, eventfulness and monotony were chosen as indicators of aural attributes because
other indicators in PAQs [18] and international soundscape research standards [12], such as
pleasantness and calm, may be influenced by environmental information other than acous-
tics. Furthermore, harmony was adopted from chaos to ensure semantic consistency [64]
among indicators. Regarding sound sources, natural, anthropogenic, mechanical and traffic
sounds were chosen as indicators based on pilot study results to investigate the dominant
position of certain sounds as determined by their perceived occurrences and perceived
loudness [65].
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Table 2. Indicators of measuring visual and acoustic attributes and sound sources.

Indicators Descriptions Refs.

Visual
attributes

Aesthetic (V1) Visually appealing [66]
Openness (V2) Visual and spatial openness [67]
Layering (V3) The layer relationship between environmental elements [68]
Order (V4) The organised state of environmental indicators [69]

Acoustic
attributes

Vibrancy (A1) Sounds full of life [70]
Monotony (A2) Not interesting, boring [42]

Harmony (A3) Sounds arranged together in a pleasing way so that each part
goes well with the others [71]

Eventful (A4) Something important was happening in the sound [72]

Sound
sources

Traffic sound (S1)
Skateboards Car horn Rail

/Bicycle ring Motor vehicles Highway

Heavy vehicles Airplane Metro

Mechanical sound (S2)
Weeding Construction Construction

/
Radio Loudspeaker Alarm

Anthropologic sound (S3)

Exercising Cleaning Whistling

/Walking Parent–child activities Smiling

Boating Bells Music

Talking Pedaling Singing

Natural sound (S4)
Insects Tree murmur Wind

/Croak Twittering of birds Ripple

Fish dive Barking dogs Rain

The overall soundscape comfort (A) / /

12 indicators and the overall soundscape comfort were together designed into a
questionnaire to investigate people’s aural–visual perceptions of the five selected urban
UGSs. The questionnaire contained two parts. The first part consisted of the descriptions
(Table 2) of the 12 indicators measuring people’s perceived visual and acoustic attributes
and sound sources at the study sites. The second part had only one question evaluating
people’s overall perceived soundscape comfort of the environment. Both parts used a
five-level Likert scale (1–5 representing strongly disagree to strongly agree).

3.3. Apparatus

Equivalent continuous A-weighted sound pressure level (LAeq) is one of the most
common parameters in relevant acoustic research [73] for objectively describing the en-
vironmental sound level. In this study, it was selected as a mediator and measured by
a multi-channel signal analyzer (AWA6290L+). The acoustic instrument is suitable for
outdoor conditions with the advantages of having multi-channel receptors and high sensi-
tivity; it has proved effective in measuring and recording outdoor environmental sound
level and has been widely applied in academic research and practices [74,75]. In addition
to the signal analyses, apparatus used in the field measurement also included two test
microphones (AWA14423, frequency range 20–16,000 Hz, sensitivity about 40 mV/Pa),
two preamplifiers (AWA14604, Integrated Circuits Piezoelectric, impedance conversion,
frequency range 10–200 k Hz, Gain 1), two 80 mm diameter wind balls and two tripods
(about 1.6 m high).

3.4. Data Collection

Previous studies suggested that people’s life stage [76], educational background [77]
and state of being alone or with company [78] have influenced their landscape perceptions.
This study is especially concerned with the aural-visual perceptions of young people since
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they are more sensitive to surrounding environments than other age groups [79]. Therefore,
a total of 20 university students, aged around 22 with normal or corrected-to-normal visual
acuity, normal color vision and hearing, were recruited to evaluate each of the measurement
spots in the five UGSs. The ratio of male participants to female was 1:1. The sample size
was determined according to previous soundscape studies, which stated that the total
number of valid responses should be over 100 [42]. All participants were trained before the
formal survey.

The field survey was carried out on sunny days with an Air Quality Index less than 60
and wind speed below 5 m/s, in July 2021. Twenty recruited participants were divided into
four groups, and each group was led by one researcher. Each participant group travelled
through measurement spots in a different order to avoid having too many people appear
at the same spot and time. To minimize disturbance caused by researchers, participants
were asked to wander around within the scope of each measurement spot by themselves
to experience their surrounding environments for five minutes [80] and then complete
the questionnaire. Participants were asked to fill out the questionnaire survey in each of
the 22 measurement spots, and a total of 380 responses were collected. The survey was
ethically approved, and informed consent was obtained from each participant in advance.
Noise data, such as an incomplete questionnaire or questionnaires with the same ratings
for every indicator, were manually removed and the number of final valid responses was
268 (approximately 12 per spot).

While conducting the questionnaire survey, another group of researchers recorded the
equivalent continuous A-weighted sound pressure level of each spot with a multi-channel
signal analyzer to indicate environmental sound level. After the calibration using the sound
level calibrator (AWA6021A, accuracy level 1), two amplifiers and microphones equipped
with wind balls were placed at the center point of each spot, about 1.6 m above the ground,
to record the environmental sound level. The sound level within each spot was recorded
for three minutes.

3.5. Data Analysis

Potential relations between the 12 indicators describing the visual and acoustic at-
tributes of urban UGSs and the overall soundscape comfort were explored based on the
obtained questionnaire results. The analysis of sound level, retrieved from the recorded
data in the acoustic instrument, was carried out using the SPL 1/3 octave bands analysis
package in the AWA6229 6.0 software. Spectrum analysis was performed on audio files to
calculate the equivalent continuous A-weighted sound pressure level (LAeq) of each spot
for a consecutively recorded three minutes. The average LAeq of each measurement spot
in a park was used as the LAeq of the site.

Responses of the 12 descriptive indicators and the overall soundscape comfort first
went through reliability analysis to ensure the consistency of the obtained questionnaire
results. Correlational analysis was then conducted between the overall soundscape comfort
and the sound level to determine the turning point in this research context. Afterwards, the
collected questionnaire responses were separated into two groups based on the disclosed
turning point and analyzed by several different methods of multivariate analysis. Corre-
lational analysis was also used in this step to identify indicators relevant to the overall
soundscape comfort and linear regression models were formulated to establish stochastic
relationships between the overall soundscape comfort and its influencing indicators. The
interrelationships among people’s perceived visual attributes, aural attributes and sound
sources were then discussed accordingly.

4. Results
4.1. Manipulation Checks and Descriptive Analysis

Data were analyzed using SPSS V 25.0 and examined for internal consistency with
Cronbach’s alpha [81]. Calculation of internal consistency (Cronbach’s α) was the preferred
measure of inter-rater reliability when cases were rated in terms of an interval variable
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or interval-like variable, such as the Likert scale used in the questionnaire. The α values
of the 12 indicators in the 22 measurement spots suggested sufficient internal consistency
(Cronbach’s α = 0.76 > 0.6) and, hence, guaranteed the reliability of the obtained ratings.

The visual and acoustic evaluation results of a site were represented by calculating the
average of the questionnaire responses at each spot within the site (Table 3), and the same
method was applied for the LAeq results (Table 4). Results showed that UGS2 (3.86) and
UGS3 (3.75) ranked the highest in the overall soundscape comfort, followed by UGS4 (3.67),
UGS5 (3.55) and UGS1 (3.24). However, results of the overall soundscape comfort were not
in line with the sound level measured by acoustic instrument. A ranking of sound level
results from lowest to highest were UGS4 (69.3 dBA), UGS5 (74.5 dBA), UGS1 (75.9 dBA),
UGS2 (78.8 dBA) and UGS3 (82.3 dBA). Figure 2.

Table 3. The arithmetic average of perceptive evaluation in the five study sites.

Indicators UGS1 UGS2 UGS3 UGS4 UGS5

Aesthetic 3.29 4.16 3.86 4.00 3.72
Openness 3.77 4.33 3.99 4.20 3.31
Layering 3.19 3.81 3.94 3.60 3.45

Order 3.33 3.79 3.87 3.33 3.90

Vibrancy 3.10 3.40 3.13 3.40 3.10
Monotony 1.89 2.30 2.64 2.13 2.69
Harmony 3.30 3.98 3.95 3.67 3.59

Eventfulness 2.91 3.37 3.49 3.33 3.48

Traffic sound 4.43 3.00 3.33 3.13 3.86
Mechanical sound 1.26 1.88 2.01 1.73 2.24

Anthropologic sound 1.96 3.47 2.82 4.33 2.93
Natural sound 4.42 3.93 4.45 4.00 4.00

The overall soundscape comfort 3.24 3.86 3.75 3.67 3.55

Table 4. The arithmetic average of the sound pressure level (LAeq) in the different UGSs.

UGS1 UGS2 UGS3 UGS4 UGS5

Total no. of sound measurement spots taken in the park area 8 3 8 1 2

LAeq (dBA)

Average 75.9 78.8 82.3 69.3 74.5

Maximum 79.2 81.9 99.9 69.3 78.2

Minimum 71.4 75.5 66.3 69.3 70.7

In respect to visual perception, though UGS2 and UGS3 still had relatively higher
ratings, each of them had their own visual advantage. Aesthetic and openness were evident
visual attributes of UGS2, while UGS3 was characterized by layering and order. The order
of UGS4 scored low, but its other three visual indicators were rated above average. The
results of UGS5 were just the opposite: order had higher ratings than aesthetics, openness and
layering. UGS2 and UGS3 also had the highest ratings in the four aural indicators, with
harmony being the obvious advantage for both UGS2 and UGS3. The vibrancy of soundscape
was relatively good in UGS4, while UGS5 was generally characterized by the eventfulness
of its environmental sounds. Among all the sites, UGS1 had the lowest ratings on almost
all visual and aural indicators.

Five study sites showed significantly different attributes regarding sound sources,
among which, anthropologic sound was dominant in UGS2 and UGS4. Also, UGS3 and UGS1
were both evidently characterized by natural sound, but they had different subdominant
sound sources: mechanical and traffic sounds, respectively. Mechanical and traffic sounds were
also prominent in UGS5, where a medium level of natural and anthropologic sounds could
be perceived.
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Figure 2. The evaluation results of the five study sites.

4.2. The Turning Point in the Relation between Sound Level and Soundscape Comfort

Inspired by previous studies [59] investigating the relation between soundscape per-
ception and the sound level, this study proposed that the influential indicators of overall
soundscape comfort may vary in different decibel ranges. Correlational analysis was car-
ried out on all datasets, and results indicated there was an evident correlation between
overall soundscape comfort and the sound level (p < 0.01). Further, scatter plot was used to
present how the mean LAeq influenced the overall soundscape comfort. A turning point of
77 dBA was identified in the relation between sound level and soundscape comfort. The
overall soundscape comfort slightly increased with sound level when it was above 77 dBA,
while an obvious negative relation could be observed when sound level was lower than
77 dBA. Figure 3.
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Correlational analysis was conducted again to validate the groups of data above and
below 77 dBA. Results showed that there was generally an evident negative correlation
between the mean LAeq and the overall soundscape comfort when the sound level was
under 77 dBA (R = −0.335, p = 0.000 < 0.01), but the correlation coefficient became rather
low beyond this sound level (R = 0.139, p = 0.117 > 0.05). This indicates that when the
sound level reached a certain value, which was 77 dBA in this study, subjects’ evaluations
varied significantly and became more unpredictable. Therefore, 77 dBA was found and
validated as a turning point in this study, and the following analysis should be conducted
within two groups, above and below 77 dBA, respectively.

4.3. Influences of Aural-Visual Perceptive Attributes in the Overall Soundscape Comfort

268 collected questionnaire responses and sound data measured at the 22 spots were
used to formulate linear regression models to establish a stochastic model between the
overall soundscape comfort perception and its influencing indicators: sound types, visual
attributes and acoustic attributes. Pearson correlational analysis was also employed to
reveal the mutual influences between the influencing indicators. Given that the identified
turning point of sound pressure level was 77 dB, correlational analysis and regression
analysis were taken in two groups of below and above 77 dB to explore potential relations.

4.3.1. Influential Indicators of the Overall Soundscape Comfort

Correlational analysis results showed that mechanical and natural sounds had no sig-
nificant relation with the overall soundscape comfort in the below 77 dBA group, while
aesthetic and vibrancy were not significantly correlated with the overall soundscape comfort
in the other group. Thus, they were excluded in the regression analysis. Table 5.

Table 5. Correlational analysis between the overall soundscape comfort and other indicators.

Groups S1 S2 S3 S4 V1 V2 V3 V4 A1 A2 A3 A4

<77 dBA
(n = 139)

Correlation
(Pearson’s r) −0.560 ** 0.049 0.313 ** 0.147 0.661 ** 0.498 ** 0.345 ** 0.326 ** 0.218 ** 0.285 ** 0.656 ** 0.396 **

Significant
(p) 0.000 0.570 0.000 0.084 0.000 0.000 0.000 0.000 0.010 0.001 0.000 0.000

>77 dBA
(n = 129)

Correlation
(Pearson’s r) −0.297 ** 0.083 0.008 0.502 ** 0.316 ** 0.110 0.534 ** 0.422 ** 0.041 0.221 * 0.466 ** 0.409 **

Significant
(p) 0.001 0.347 0.929 0.000 0.000 0.214 0.000 0.000 0.646 0.012 0.000 0.000

Indicator values with * and ** show significant differences with the overall soundscape comfort.

1. Sound types

In the under 77 dBA group, results showed that only the traffic sound (p < 0.01) was
significantly related with the overall soundscape comfort, and a linear model with an R2 of
0.314 appeared as:

A = 4.261 − 0.248 × S1 (1)

In the above 77 dBA group, both the traffic (p < 0.01) and natural sounds (p < 0.01) were
confirmed to be relevant. A model with an R2 of 0.350 was found as:

A = 3.185 − 0.109 × S1 + 0.246 × S4 (2)

2. Visual attributes

The analysis of the below 77 dBA group showed that two indicators describing visual
environment attributes, aesthetic (p < 0.01) and openness (p < 0.01), were evidently related to
the overall soundscape comfort. The model generated, with an R2 of 0.491, was as follows:

A = 1.870 + 0.289 × V1 + 0.118 × V2 (3)
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In the above 77 dBA group, the other two indicators of visual aspects, layering and
order, appeared to be closely related to the overall soundscape comfort. A model was
constructed, and its R2 was 0.332:

A = 2.758 + 0.182 × V3 + 0.097 × V4 (4)

3. Acoustic attributes

Correlational analysis results suggested that people’s acoustic perceptions evaluating
the monotony (p < 0.01), harmony (p < 0.01) and eventfulness (p < 0.01) levels of the surrounding
environment were significantly influential indicators of the overall soundscape perception.
A model describing their relations was calculated with an R2 of 0.483 in the dataset under
77 dBA:

A = 1.701 + 0.072 × A2 + 0.354 × A3 + 0.076 × A4 (5)

In another group above 77 dBA, relevant indicators were the same, but the final model
(R2 = 0.342) appeared to be different:

A = 2.427 + 0.081 × A2 + 0.209 × A3 + 0.112 × A4 (6)

Referring to similar soundscape studies, an R2 over 0.3 [82,83] provides sufficient
reliability for the linear model. The constructed models above describing the relation
between the overall soundscape perception and its influencing indicators were, thus,
effective. The estimated coefficient values for all indicators and model fitting information
are listed in Table 6.

Table 6. Model fit and estimation of B coefficients of models.

Groups Model Fit (R2) Attribute Estimate B Standard Error t-Value p-Value

Sound types

<77 dBA 0.314
Constant 4.261 0.126 33.771 0.000

S1 −0.248 0.031 −7.919 0.000

>77 dBA 0.350
Constant 3.185 0.170 18.706 0.000

S1 −0.109 0.025 −4.360 0.000

S4 0.246 0.035 7.132 0.000

Visual
attributes

<77 dBA 0.491

Constant 1.870 0.129 14.452 0.000

V1 0.289 0.036 8.056 0.000

V2 0.118 0.031 3.796 0.000

>77 dBA 0.332

Constant 2.758 0.142 19.452 0.000

V3 0.182 0.034 5.390 0.000

V4 0.097 0.033 2.966 0.004

Acoustic
attributes

<77 dBA 0.483

Constant 1.701 0.145 11.761 0.000

A2 0.072 0.027 2.652 0.009

A3 0.354 0.043 8.229 0.000

A4 0.076 0.029 2.625 0.010

>77 dBA 0.342

Constant 2.427 0.183 13.246 0.000

A2 0.081 0.023 3.605 0.000

A3 0.209 0.046 4.581 0.000

A4 0.112 0.032 3.474 0.001
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4.3.2. Cross Effects of Visual and Acoustic Attributes and Sound Sources

Correlational analysis was also conducted to explore the cross effects of visual and
acoustic attributes and sound sources. It was found that the mutual influences between
three perceptive aspects appeared to be different in the below and above 77 dBA groups.
In the group with sound level below 77 dBA, 42 pairs of indicators were found to be
significantly related to each other. In general, there were evident cross effects between
visual and aural indicators, most influences being positive. The effects of sound sources on
aural and visual indicators, however, varied. Anthropologic and natural sounds were found
to be positively correlated with visual and aural indicators, while negative relations were
observed between the other two types of sound sources and visual and aural indicators.
Indicator pairs (29) with significant mutual effects were far fewer when sound level was
over 77 dBA. Obvious positive relations were also revealed within visual indicators, which
could hardly be found among aural indicators. Also, compared to the below 77 dBA group,
indicator pairs with negative relations evidently decreased. For both groups, no mutual
influences were found between the four types of sound sources. Figure 4.
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5. Discussion and Conclusions
5.1. The Effects of Sound Level on the Overall Soundscape Comfort

This research found that a low level of environmental sound does not corresponding
to higher ratings on the overall soundscape comfort. This, again, implies that importance of
visual landscape and specific sound attributes in affecting people’s perceived soundscape
comfort [15]. A typical example is UGS3, which has high level of environmental sound
as well as high ratings on the aural-visual attributes and the overall soundscape comfort
rating. This means that loud sounds do not necessarily have a negative impact on people’s
auditory and visual perceptions [84]. In addition, UGS4 has the lowest sound level but
its comfort rating only ranks at the third among the five sites. This may be due to the
dominance of mechanical and human sounds on the site, as when the two exceed certain
ranges, they are often associated with negative human perceptions [85].

Another important finding is that the environmental sound level of 77 dBA was a
turning point in the relation between people’s soundscape comfort and its influential
indicators in UGSs. The turning point of 77 dBA was different from any similar evidence
in previous studies. For example, Yang and Kang found that the subjective evaluation of
the sound level generally related well with the mean LAeq, especially when the sound
level was below 73 dBA [59]. Below and above the point of 70 dBA was also found to be
influential to indicators contributing to human soundscape perception in pocket parks [57].
However, the specific decibel value of turning points reasonably varied in the evaluated
environments and participant groups, as it linked with human aural–visual perceptions.
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5.2. Different Influential Mechanism below and above 77dBA

In the analysis conducted on the two groups of below and above 77 dBA, it was
found that there were obvious differences in terms of specific relevant indicators and their
weights in contributing to overall soundscape comfort. Traffic sound was found to have
negative effects on the overall soundscape comfort in both ranges below and above 77 dBA.
The overall soundscape comfort can also be positively adjusted by natural sound when
the sound level was above 77 dBA. This suggested that the benefit of sound sources to
overall soundscape comfort only worked when the sound level passed 77 dBA. Aural
perceptive indicators with influences on the overall soundscape comfort were the same
in the ranges below and above 77 dBA, which meant that the overall soundscape comfort
could be stably promoted by the increase of openness, order and layering. However, visual
attributes contributing to the overall soundscape comfort were completely different in the
ranges below and above 77 dBA. Research findings indicated that aesthetic and openness
were important to people’s perceived soundscape comfort when the environmental sound
level was below 77 dBA, while when the sound level was over 77 dBA, order and layering
appeared to be more important. People’s ability to perceive visual aesthetics may have
been disrupted by higher levels of ambient sound, when the sense of order and layering
of the visual landscape could help them combat interference brought on by the loudness
of sound.

5.3. Mutual Influences between Aural and Visual Aspects in UGSs

Audio-visual interactions are proved to be essential in human perceived soundscape
comfort in this study. Results disclosed not only whether and how visual attributes,
aural attributes and sound sources interact with each other (external correlation), but also
how indicators in each perceptive aspect internally influence with each other (internal
correlation). It was found that aural attributes, harmonious and eventful are positively
related with all of the four visual indicators, openness, aesthetic, hierarchy and order, while
vibrance is only influenced by the last three. Congruent positive effects were also found
within the four visual indicators, which is in line with findings in most visual preference
studies [86]. Previous studies exploring audio-visual interactions mostly concerned with the
different types of sounds and their effects on people perceived visual settings with different
landscape characteristics, or vice versa. Very few of them adopted indicators describing
people’s perceived aural–visual qualities as this study does, possibly due to the difficulty of
using subjective indicators to provide direct cues for design improvements. For example, it
was proved that the more urban the visual setting, the more negative the sound ratings [87].
The importance of audio-visual interactions is also confirmed in adjusting soundscape
perception in China’s protected areas [88], and in constructing tranquil spaces [89]. Among
those studies discussing the mutual influences between environmental visual and aural
attributes, the main focus was on specific sound sources (i.e., children shouting, lawn
mowing and birds) [41] and visual contents, such as plants, flora, water and typological
features [89]. The universal assessment tool for UGSs soundscape comfort which this
study seeks to deliver, therefore, has the advantage of flexible application but also has its
limitations in developing specific design improvements.

5.4. Limitations

Though research outcomes appeared to be reasonable and were mostly in line with
previous findings, limitations did exist in the study in terms of the experimental design
and data analysis. Given that the sound pressure level needed to be measured in a fixed
point, the questionnaire survey was also conducted in the designated measurement spots.
The different pattern of participants wandering to experience the spots within the site may
have led to differences in the evaluation results. In addition, the field survey was carried
out in July; the relatively high temperature may have affected people’s perceptions [90] as
well. The accuracy of the perceptive results may have also been constrained by the number
and the specific group (university students) of participants. The open areas in UGS2, UGS3
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and UGS5 were much smaller than the other two sites; fewer measurement spots were
selected for them. The different numbers of measurement spots and different sizes of open
areas in each park are also believed to be influential. As for the data analysis, the overall
soundscape comfort was rated with a five-point verbal scale (rating between 1–5), while the
sound pressure level was measured by professional apparatus (results between 60–88 dBA).
Considering that the range of the sound level was not fixed, no standardization was used to
process the data, which may have slightly influenced the identification of the turning points.
Moreover, research findings provide no direct relationship between human perceptions and
design interventions, thus the identified indicators and the adjusted model can only be used
as auxiliary tools in landscape practices. Relevant studies should further explore effective
ways of translating people’s aural–visual landscape experience into design languages.

5.5. Conclusions

This study explored influential indicators of human soundscape comfort and the
influences of aural-visual interaction attributes on people’s overall perceived soundscape
comfort in urban green spaces. Research findings not only indicated environmental per-
ceptive cues related to people’s perceptions of overall soundscape comfort, but a set of
six models was also constructed to show how the overall soundscape comfort could be
improved through these influential indicators. The outcome of this study not only implies
possible design interventions for delivering high-quality urban green spaces, but also
extends the applications of audio–visual perceptions in the design of urban public spaces.
These can further contribute to enriching human spatial experiences from the perspective
of multi-sensory design interventions.
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