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Abstract
The perception of sound is a complex process that is influenced by not only the

physical characteristics of the sound, but also individual characteristics of people. This
study aimed to determine whether noise sensitivity and environmental sensitivity have
a significant effect on people's soundscape evaluations, including sound source
identification, perceived affective quality, and overall quality. Sixty participants aged
19-36 years were exposed to audiovisual stimuli derived from 10 commonly
encountered urban scenes and assessed the soundscape quality. The study revealed that
noise sensitivity did not significantly affect the evaluation of the soundscapes, whereas
environmental sensitivity had a significant impact. Specifically, the full scale of
environmental sensitivity had a significant effect on soundscape appropriateness, and

the aesthetic sensitivity (AES) subscale of environmental sensitivity had a significant
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effect on perceived natural sound dominance, soundscape pleasantness, and overall
impressions. The physical sensitivity (PHS) subscale significantly affected soundscape
pleasantness, overall impressions, and perceived loudness. Moreover, an interaction
effect between site and environmental sensitivity was observed in the evaluation of
soundscape pleasantness and overall impressions; in sites dominated by natural
environments, individuals with higher environmental sensitivity tended to perceive
higher levels of soundscape pleasantness. Conversely, in sites dominated by built
environments, individuals with higher environmental sensitivity tended to perceive
lower levels of soundscape pleasantness. Similar patterns were observed in the overall
impression evaluations. These findings can help policymakers and urban planning
practitioners to recognise the diverse needs of various people and highlight the need for

targeted soundscape design based on user sensitivity.

Key words: soundscape; noise sensitivity; environmental sensitivity; urban; built

environment; natural environment

1. Introduction

Sound is a ubiquitous element of environments and has a significant impact on
how people perceive their surroundings. As research on acoustic environment
perception advances, the focus is shifting from noise reduction to more effective use of
existing environmental resources to create comfortable and healthy acoustic
environments [1, 2]. This shift is reflected in the concept of the soundscape, which
emphasises the way people perceive and understand the acoustic environment in the
context in which it is heard [3]. Research has shown that soundscape perception is
heavily influenced by the characteristics of the physical environment, such as the
dominant sound source [4-6], physical acoustic metrics [7-9], and psychoacoustic
metrics [10-13]. However, it has also been found that not everyone perceives and
understands the acoustic environment in the same way, and that individual factors such

as demographics [14-18], mental health, personal traits, and preferences [18-22] can
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also affect soundscape perception. These personal factors can explain some of the
differences in acoustic perception; however, knowledge and understanding of
individual differences in this area are still limited, and further research is needed to
expand our understanding of the personal factors that affect soundscape perception.
Previous research has shown that noise sensitivity is a stable trait that is partially
influenced by genetics [23-25] and increases an individual's susceptibility to noise,
which can affect their responses to it [20, 26-28]. Consequently, researchers have
developed self-report scales to measure noise sensitivity and distinguish between those
who are more and less susceptible to noise [29-32]. This allows for the quantification
of the role of noise sensitivity in subjective noise annoyance evaluation. It has been
found that the difference in annoyance between individuals with high and low noise
sensitivity is equivalent to a difference in noise exposure of DNL-11 dB, and that noise
sensitivity explains more of the variance in annoyance evaluation than other individual
variables, such as demographics [17]. In terms of community response to noise, noise
sensitivity is thought to be a better predictor than noise exposure [33]. However, in
addition to the negative effects of sound environments, soundscape research has
focused on the positive effects of certain types of environments, such as those with
relaxing natural sounds or engaging human activities, which can provide mental and
physiological benefits [34-37]. Despite this, research on the relationship between noise
sensitivity and soundscape perception in positive sound environments is insufficient. It
is unclear whether everyone has the same evaluation of a positive sound environment,
or whether noise sensitivity is an appropriate predictor of soundscape perception.
Environmental Sensitivity is a common, heritable, and evolutionarily conserved
individual trait that describes variations among individuals in their sensitivity to
environmental stimuli, encompassing both negative and positive stimuli [38]. It is
generally understood that environmental sensitivity is a broader concept than noise
sensitivity, as it encompasses responses to a wider range of environmental stimuli,
including positive stimuli, in addition to negative stimuli such as noise [39].
Environmental sensitivity also encompasses an individual's ability to process and
modulate sensory information, which includes responses to various environmental cues,
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including visual, tactile, olfactory, and auditory stimuli [40]. This aligns well with the
concept of the soundscape, which considers human sound perception in different
contexts. Because of this, environmental sensitivity has been found to be particularly
useful in explaining differences in the perception of positive environmental stimuli. In
the realm of neuroscience, research utilizing functional MRI (fMRI) has discovered that
individuals with varying environmental sensitivities exhibit differences in subtle
environmental awareness and emotional responses, in aspects such as perceptual task
responses, emotional stimulus responses, and brain activity differences during a resting
state [41]. In the field of education, environmental sensitivity is considered to
potentially impact students' learning levels and educational outcomes. For instance,
students with high environmental sensitivity may be more susceptible to influences
from factors such as family environment and peer relationships [42]. In psychology,
studies have found that people's sensitivity to environmental stimuli is
multidimensional including elements such as aesthetic, physical, and psychological
sensitivity [39, 43-45]. In addition, some dimensions are associated with negative
emotionality, as well as psychological traits such as anxiety and depression, while
others are linked to positive affect and self-esteem [40]. Despite the importance of
environmental sensitivity in explaining differences in the perception of positive
environmental stimuli, no research has yet examined its effects on soundscape
perception, particularly in positive acoustic environments. It remains unclear whether
environmental sensitivity, which includes measures of responses to positive stimuli, is
a more effective predictor of soundscape perception than noise sensitivity.

Therefore, the present study aims to enhance our understanding of the variations
in people's perceptions of soundscapes by manipulating audiovisual environmental
variables in a controlled laboratory setting. Participants were categorised based on their
levels of noise sensitivity and environmental sensitivity, after which it was investigated
whether individuals with high levels of these sensitivities evaluated soundscapes
differently than those with low levels. Additionally, this study explores the implications
of these findings for personalised soundscape practices in smart cities. The detailed
theoretical framework of this study is illustrated in Fig 1 [3, 46], and the specific
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research questions addressed were as follows:
1. What is the relationship between noise sensitivity and soundscape evaluation?
2. Does environmental sensitivity affect soundscape evaluation? Which of its
subscales have important roles in soundscape evaluation?
3. Do people with high noise sensitivity or high environmental sensitivity respond

to soundscapes in the same way in different sites?
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Fig. 1. A theoretical framework describing the relationships between individual

sensitivities and perceptual construct of soundscape.

2. Methods

2.1. Participants

Sixty participants (32 males and 28 females) ranging in age from 19 to 36 years
(mean age: 25.1 years, SD: 3.36 years) were recruited via university campus ads. All
participants self-reported normal hearing and eyesight. To determine whether the
participants in the study were more representative of highly sensitive or less sensitive
individuals, the distributions of the Noise Sensitivity Scale and Environmental
Sensitivity Scale were compared to a representative sample of the Chinese population
from a previous study conducted by Han et al. and Li et al. [47,48] To assess noise

sensitivity, the simplified Chinese version of the Weinstein Noise Sensitivity Scale

5 Volume 245, 1 November 2023, 110945



Building and Environment DOI: https://doi.org/10.1016/j.buildenv.2023.110945

(WNSS) with 15 items was employed as it is able to delve deeply into the multifaceted
impacts of noise on individual quality of life and has been proven to possess high
reliability and validity in numerous studies [49]. To measure environmental sensitivity,
we used the Highly Sensitive Person Scale (HSPS), which comprises 27 items and was
originally proposed by Aron and Aron et al [39]. as it has demonstrated good
measurement validity and reliability across multiple cultures and samples, accurately
capturing individual sensitivity responses to environmental stimuli [50-52]. For the
Chinese translation of HSPS, the study engaged two professionals proficient in English
to conduct a rigorous translation and back-translation process to ensure the accuracy of
the Chinese version of the HSPS scale. Its consistency and comprehensibility in the
Chinese translation were further validated through comparison with the research of Li
et al. and a pre-test involving eight adults [48]. Moreover, numerous subsequent studies
have demonstrated the multidimensionality of the scale [44], and the present study used
subscales of environmental sensitivity derived from a factor analysis conducted by Li
et al. on a Chinese population sample [48]. The subscales include aesthetic sensitivity
(AES), physical sensitivity (PHS), and psychological sensitivity (PSS). Figure 2
displays the distribution of scores for both noise and environmental sensitivity among
the participants.

An independent samples t-test was conducted, and the results indicated that the
distribution of sensitivity scales among participants in this experiment was not
significantly different from that in the larger Chinese population sample from previous
surveys (p > 0.05) [47]. Participants were then divided into high- and low-level groups
based on median scores on the different scales, and the scores on the scales for each

subgroup are shown in Table 1.
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Fig. 2. Distribution of participants’ sensitivity scores in the laboratory experiment.

Table. 1. Scale scores of the participants with high and low sensitivity.

Noise Environmental Aesthetic Physical Psychological
Variable Sensitivity Sensitivity Sensitivity Sensitivity Sensitivity
Mean =SD
High Level 4.80 +£0.33 5.57 £0.31 591 +0.34 5.29 +0.28 6.00 £0.49
Low Level 3.59 +0.64 4.64 +£0.34 4.70 £0.47 4.05 +0.60 4.70 +£0.45
Total 4.19 +0.80 5.11 £0.57 5.31 +0.74 4.66 +0.78 5.35+0.81

Note: SD = standard deviation; Participants were divided into high- and low-level groups based on
median scores.

2.2. Stimulus Material

2.2.1. Site Selection

To examine the varied perceptions of soundscapes across individuals with

different levels of noise and environmental sensitivity, 10 frequently visited scenes

from the Tianjin urban area were selected. These scenes were chosen to encompass a

broad range of morphological functions and acoustic environments, and Figure 3

provides further details regarding this selection. The scenes included 1) a pocket square

located by the road, 2) a pocket square in a residential area, 3) a commercial street, 4)

Quanyechang Square, 5) Minyuan Square, 6) Central Park, 7) Haihe Park, 8) Shuixi

7

Volume 245, 1 November 2023, 110945



Building and Environment DOI: https://doi.org/10.1016/j.buildenv.2023.110945

Park, 9) a lakeside square in Shuixi Park, and 10) Canal Park. The order of presentation

of the scenes was based on the mean soundscape pleasantness evaluation scores from

lowest to highest.

B e ”

Fig. 3. Views and locations of the 10 evaluated sites.

2.2.2. Audiovisual recording

Audiovisual recordings and objective acoustic measurements were taken at ten
selected sites during sunny weather, with average temperatures ranging between 19 <C
and 28 <C. Visual information was captured using a Canon 5D camera in 4K video
format, whereas auditory information was captured using a Sennheiser AMBEO four-
channel VR microphone and a ZOOM F6 portable four-channel recorder in panoramic
first-order A-format. The visual and auditory information for each soundscape was
recorded for a duration of three minutes. To simulate the height of an individual's eyes
and ears when standing, the cameras and microphones were positioned at a height of
1.6 m. A Norsonic 140 sound level meter was utilised to measure the sound pressure
level for calibrating the laboratory acoustic environment to correspond to that of the
actual site. Table 2 presents the three-minute equivalent sound pressure levels of the

background sound at each site.

Table.2. Sound pressure levels of the acoustic environments in the 10 evaluated sites.

ID Site L Aeq, 3min (dB)
1 A pocket square by the road 63.3
2 A pocket square in a residential area 50.6
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3 A commercial street 63.4
4 Quanyechang Square 78.0
5 Minyuan Square 72.8
6 Central Park 59.7
7 Haihe Park 57.4
8 Shuixi Park 49.3
9 A lakeside square in Shuixi Park 47.3
10 Canal Park 63.4

2.2.3. Audiovisual reproduction

To ensure high ecological validity in a controlled setting, high-resolution video
and panoramic sound were used to reproduce the recorded audiovisual stimuli in a semi-
anechoic chamber. Visual information was reproduced using a JIMI 4K projector. For
ambient sound stimulus, we used the ZOOM Ambisonics Player to encode the recorded
panoramic sound information, converted the A-format recordings to B-format, and then
we exported the panoramic sound files to four-channel surround sound files by
decoding them with the Reaper editor and using four loudspeakers (Genelec 8030C) to
generate four-channel surround sound. Finally, the average sound pressure level of each
experimental scene was adjusted such that the three-minute equivalent sound pressure
level at the participant's location was consistent with that in the actual site

measurements. The audiovisual reproduction system setup is shown in Figure 4.

Fig. 4. Setup of audiovisual reproduction system.
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2.3. Procedures

The experiment consisted of two sections. In the first section, the participants were
randomly presented with 10 audiovisual stimuli and asked to respond to each stimulus
for a period of three minutes. Following this, they were required to complete the
soundscape perception section of the evaluation form. The participants were given the
opportunity to seek clarification on any questionnaire item, and the researcher provided
immediate explanations. The participants were allowed to take breaks as needed. After
evaluating the soundscapes of all scenes, participants were requested to complete the
second section of the survey, which focused on their personal characteristics and
included the WNSS and HSPS. The entire experiment lasted for approximately 45

minutes.

2.4. Measures

2.4.1. Sound source identification

For sound source identification, using a Likert scale ranging from 1 (not at all) to
5 (completely dominant) to score the responses to the questions: ‘To what extent do
you currently hear the following four sound types: traffic noise (cars, buses, trains,
airplanes, etc.), human sounds (conversations, laughter, children playing, footsteps,
etc.), natural sounds (birds, water, wind, etc.), and other noises (sirens, construction,
industry, etc.)?’ The questionnaire items on sound source identification were based on
the data collection methods described in Annex C of ISO 12913-2 relying on its
scientific and systematic framework for soundscape perception assessment, ensuring

the comparability and standardization of the research [53-55].

2.4.2. Perceived affective quality
To measure the perceived affective quality, participants were asked to rate their
agreement with eight attributes of a site’s soundscape (1 = strongly disagree to 5 =

strongly agree): pleasant, chaotic, vibrant, uneventful, calm, annoying, eventful, and
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monotonous. We then calculated the coordinates along the two dimensions
(pleasantness and eventfulness) proposed in 1SO 12913-3, based on the results for the
eight perceived affective qualities. In this process, the calculation for the pleasantness
value employed the formula “(pleasant — annoying) + cos 45° - (calm — chaotic) + cos
45° - (vibrant — monotonous)”. Similarly, the eventfulness value was determined
through the formula “(eventful — uneventful) + cos 45° - (chaotic — calm) + cos 45° -

(vibrant — monotonous)” [56].

2.4.3. Overall Quality

Regarding the overall quality, three items were included: overall impressions,
perceived loudness, and soundscape appropriateness. To measure overall impressions,
participants were asked to provide their impressions at each site with the specific
question “Overall, how would you describe the present surrounding environment?” (1
= very bad to 5 = very good). The question used to measure perceived loudness was
“How loud is it here?” (1 = not at all to 5 = extremely). Finally, the question used to
measure soundscape appropriateness was “Overall, to what extent is the present
surrounding sound environment appropriate to the present place?” (L =notatallto 5=

perfectly) [53, 57].

3. Results

A linear mixed model analysis with repeated model options was used to analyse
the effects of individual sensitivity grouping variables on soundscape evaluations in
different environments. Specifically, the participants were divided into two groups
based on the median noise sensitivity and environmental sensitivity (full scale and
subscale) scores, and the mean scores of each group for each soundscape evaluation
item were compared. Additionally, because previous studies have shown that the
environmental sensitivity factor is influenced by the type of environmental stimulus,
the interaction effect of ‘individual group variable x site’ was also analysed in addition

to the main effect of ‘individual group variable’ on soundscape evaluations. Prior to the
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deployment of the linear mixed-effects model for analysis, a preliminary examination
of the data was carried out to ensure its alignment with all model assumptions. This step
involved verifying the independence and normality of all model residuals, along with

confirming equal variance across the groups, all of which were confirmed to be accurate.

3.1. Effect of noise sensitivity

The results of the experiment indicated that there were no significant differences
between the soundscape evaluation scores for the higher and lower noise sensitivity
groups. Table 3 shows that the two groups did not differ significantly in terms of the
perceived dominance of the four sound source categories, including traffic noise (F =
0.77, p > 0.05), human sounds (F = 0.20, p > 0.05), natural sounds (F = 1.77, p > 0.05),
and other noise (F = 1.29, p > 0.05), as well as in perceived affective quality
(pleasantness F = 2.53, p > 0.05, eventfulness F = 2.34, p > 0.05), and overall quality
(overall impression F = 0.81, p > 0.05, loudness F = 0.00, p > 0.05, appropriateness F
=2.03, p > 0.05) in the soundscape evaluation. Thus, these findings suggest that noise
sensitivity did not have a significant impact on any of the soundscape evaluation items

(Table 3).
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Table.3. Analysis of linear mixed model for soundscape evaluations.

Sound source identification Perceived affective quality Overall quality

Variable Traffic Noise Human Sounds Natural Sounds Other Noise Pleasantness Eventfulness Overall impression Loudness Appropriateness

F Sig. F Sig. F Sig. F Sig. F Sig. F Sig. F Sig. F Sig. F Sig.

Noise Sensitivity 0.77 0.38 0.20 0.66 1.77 0.18 1.29 0.26 253 0.11 2.34 0.13 0.81 0.37 0.00 0.99 2.03 0.16
Environmental Sensitivity 0.44 0.51 0.00 0.99 0.10 0.76 0.50 0.48 0.13 0.71 0.00 0.99 177 0.18 0.09 0.77 31.86  0.00**

Aesthetic Sensitivity 0.12 0.73 0.75 0.39 5.27 0.02* 2.26 0.13 28.38 0.00** 1.22 0.27 8.92 0.00** 2.80 0.10 1.57 0.21

Physical Sensitivity 0.54 0.46 0.24 0.63 0.72 0.40 0.25 0.62 30.38 0.00** 0.67 0.41 12.75 0.00** 12.46  0.00** 0.77 0.38

Psychological Sensitivity 0.01 0.91 0.09 0.76 0.00 0.97 0.05 0.83 0.00 0.98 0.19 0.66 1.30 0.26 0.04 0.85 0.00 0.97
Site 184.25  0.00** 236.61  0.00** 225.83  0.00** 4441 0.00** 158.75  0.00** 196.56  0.00** 80.72 0.00** 82.99  0.00** 4.49 0.00**

NS * Site 1.41 0.19 0.69 0.72 1.10 0.37 1.32 0.23 0.77 0.64 0.64 0.76 0.50 0.87 1.19 0.31 0.75 0.66

ES * Site 0.87 0.55 154 0.14 121 0.29 1.53 0.14 213 0.03* 0.49 0.48 2.98 0.00** 1.69 0.10 1.18 0.32

AES * Site 1.20 0.30 0.62 0.78 1.80 0.08 0.93 0.50 0.63 0.77 1.29 0.25 1.79 0.08 1.45 0.18 1.01 0.43

PHS * Site 1.18 0.32 0.38 0.94 0.93 0.50 0.44 0.51 0.96 0.48 1.48 0.16 1.42 0.19 2.36 0.13 0.69 0.71

PSS * Site 1.54 0.14 0.25 0.99 0.60 0.80 0.71 0.70 1.88 0.17 1.67 0.10 1.10 0.38 1.69 0.10 0.75 0.66

Note: NS=Noise Sensitivity, ES=Environmental Sensitivity, AES=Aesthetic Sensitivity, PHS=Physical Sensitivity, PSS=Psychological Sensitivity; *p < 0.05, **p < 0.01.
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3.2. Effect of environmental sensitivity

This study vyielded some noteworthy findings regarding the influence of
environmental sensitivity on soundscape evaluations. Specifically, in terms of its effect
on perceived sound source dominance, the results indicated a significant association
between the AES subscale and the perceived dominance of natural sounds (F = 5.27, p
< 0.05) (Table 3). As shown in Figure 5, individuals with higher AES scores tended to
perceive natural sounds as more dominant (M = 2.74 and SD = 1.46 for the high-AES
group, and M = 2.59 and SD = 1.48 for the low-AES group). However, this study did
not identify any significant relationship between AES and the perceived dominance of

other sound sources.

4

Perceived natural sound dominance

r—)ﬁ
3—
==
2
T
High Low

Aesthetic sensitivity

Fig. 5. Mean perceived natural sound dominance scores of aesthetic sensitivity

subgroups.

Nonetheless, a significant effect on the perceived affective quality of the
soundscape was observed. The study found statistically significant differences in the
mean scores of soundscape pleasantness between the groups according to the AES

subscale (F = 28.38, p < 0.01) as well as the PHS subscale (F = 30.38, p < 0.01). Figure
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6 shows that the mean soundscape pleasantness value of the high-AES group (M =1.47,
SD = 4.53) was significantly higher than that of the low-AES group (M = 0.22, SD =
4.05). The PHS subgroups also demonstrated statistically significant differences in their
mean scores for soundscape pleasantness. Specifically, the high-PHS group (M = 0.29,
SD =4.47) had lower scores than the low-PHS group (M = 1.38, SD =4.12). However,
no significant variations were observed among the subgroups for any grouping variable

in the assessment of soundscape eventfulness.
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Fig. 6. Mean soundscape pleasantness scores of aesthetic sensitivity and physical

sensitivity subgroups.

Furthermore, it was discovered that environmental sensitivity significantly
influenced the assessment of the overall quality. As depicted in Figure 7, the analysis
revealed statistically significant differences between the AES subgroups (F =8.92, p <
0.01, see Table 3) in their overall impressions. Subgroups with higher AES scores
tended to have higher scores overall impression scores (M = 3.36 and SD = 1.19 for the
group with high AES and M = 3.06 and SD = 1.12 for the group with low AES). The
study also revealed a significant difference in overall impression scores among the PHS
subgroups (F = 12.75, p < 0.01). Unlike the AES effect, participants with higher PHS
scores rated lower in the overall impression evaluation (M = 3.13, SD = 1.17 for the
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high-PHS group; M = 3.29, SD = 1.15 for the low-PHS group). In loudness ratings,
PHS subgroups differed significantly in mean scores (F = 12.46, p < 0.01); those with
higher PHS perceived the environment as significantly louder (M =2.75 and SD = 1.22
for the high-PHS group and M = 2.47 and SD = 1.23 for the low-PHS group).
Individuals with higher scores for full environmental sensitivity tended to provide
higher appropriateness ratings (M = 4.06, SD = 0.95) than those with lower scores (M
= 3.57, SD = 1.06). This difference was found to be statistically significant (F = 31.86,
p <0.01).
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Fig. 7. Mean soundscape overall quality scores of sensitivity subgroups.
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3.3. Effect of individual sensitivity among different

evaluated sites

Linear mixed model analysis revealed that the site had a significant influence on
people's soundscape evaluation results. All soundscape evaluation items showed
significant differences between sites (see Table 3). To gain a comprehensive
understanding of whether the effect of individual sensitivity varied across different sites,
a detailed analysis of the interaction between site characteristics and individual
sensitivities was conducted.

The results of this study demonstrated that the impact of environmental sensitivity
on soundscape pleasantness evaluation varied across different sites. The analysis of the
interaction effect indicated a statistically significant result (F = 2.13, p < 0.05). As
Figure 8 illustrates, in certain sites with higher soundscape pleasantness scores
(primarily dominated by natural elements and settings), individuals with a high degree
of environmental sensitivity tended to rate the soundscapes as more pleasant than those
with lower sensitivity. However, in some sites with lower soundscape pleasantness
scores (where the built environment dominated and natural elements were less
prevalent), the trend was reversed, with individuals possessing a higher environmental

sensitivity rating the soundscape as less pleasant.
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Fig. 8. Mean soundscape pleasantness scores of environmental sensitivity subgroups

by evaluated site.

Moreover, the findings indicated a significant interaction effect between
environmental sensitivity and site on the overall soundscape impression evaluation (F
=2.98, p <0.01). As depicted in Figure 9, the impact of environmental sensitivity was
not uniform across all sites, with the results indicating that individuals with high
environmental sensitivity tended to have higher overall impression ratings at most
evaluated sites. However, at Sites 1 and 4, the effect of environmental sensitivity was

the opposite of that observed at the other locations.
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subgroups by evaluated site.

4. Discussion

4.1. Interpretations of the results

This study investigated the potential influence of noise sensitivity and
environmental sensitivity on soundscape evaluations in various urban environments.
The findings indicated that environmental sensitivity significantly impacts certain
aspects of soundscape evaluations, whereas noise sensitivity was not found to be a
reliable predictor of soundscape evaluations. In previous studies, noise sensitivity was
considered as a vulnerability to environmental noise stimuli, and people who were
highly sensitive to noise tended to be less adaptable to their environment and had health
problems [23, 31]. Many studies have found that noise sensitivity is negatively

correlated with soundscape pleasantness evaluation [58]. However, it is important to
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note that these studies often focus on negative or neutral environments. In contrast, our
experimental results showed no statistically significant differences in the ratings of any
soundscape evaluation items between participants with high and low noise sensitivity
in response to different environmental stimuli. These findings are consistent with those
of previous research by Kemp et al., which showed that noise sensitivity was not a
strong predictor of noise annoyance in high-quality environments [59]. One possible
explanation for this is that noise sensitivity primarily measures differences in people's
perceptions of negative stimuli, such as noise, and may not effectively capture
differences in people's perceptions of positive environmental stimuli.

Regarding the effect of environmental sensitivity in sound source identification,
previous studies have suggested that individuals with higher levels of environmental
sensitivity may be more aware of various sound sources and may perceive some types
of sound sources as more dominant [60]. The results of our study showed that only the
aesthetic sensitivity subscale was related to the perceived dominance of natural sounds.
One possible explanation for this is that individuals with a greater degree of aesthetic
sensitivity tend to allocate more attention to sounds in their surrounding environment
that elicit pleasurable responses, such as natural sounds. Considering the intimate
association between the perceived dominance of sound sources and the perceived
affective quality of soundscapes, it is imperative to conduct additional research to
comprehensively understand the correlation between environmental sensitivity and
sound source identification.

Regarding the effect of environmental sensitivity on the perceived affective
quality of soundscapes, the results suggest that aesthetic sensitivity and physical
sensitivity play a significant role in the evaluation. One potential explanation for this
finding is that individuals with higher aesthetic sensitivity may be more attuned to the
different depths of perceptual processing of positive environmental stimuli, which may
lead to stronger emotional responses and empathic abilities. This implies that
individuals with higher aesthetic sensitivity may have different responses to the
environment and may experience greater pleasantness or comfort from positive
environmental stimuli than those with lower levels of sensitivity. This finding is
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consistent with previous research on environmental sensitivity, which has linked higher
levels of aesthetic sensitivity with positive outcomes, such as subjective well-being [61],
greater attention to detail, enhanced communication skills [62], and improved mood
[63]. Additionally, individuals with higher aesthetic sensitivity have been found to have
higher levels of extraversion and openness, which may also contribute to their stronger
emotional responses to positive environmental stimuli [64]. In contrast, a significant
inverse effect with regard to physical sensitivity was also observed. This can likely be
attributed to the fact that high physical sensitivity represents a higher sensitivity to
negative environmental stimuli. This is supported by the findings of other studies
showing that physical sensitivity is associated with symptoms of stress and ill health
[65], social phobia [66], anxiety, depression [62], job stress, and unhappiness at work
[67]. Furthermore, our experimental findings corroborated the multidimensional
aspects of environmental sensitivity. That is, individuals who exhibit heightened
reactivity to adverse environmental stimuli may not necessarily manifest similar
reactivity to positive stimuli, as the two forms of sensitivity are distinct and unrelated
to one another. In this study, aesthetic sensitivity denotes sensitivity to positive
environmental stimuli, whereas physical sensitivity refers to sensitivity to negative
environmental stimuli. The existence of diverse dimensions of environmental
sensitivity, as well as the reality that these dimensions possess particular ranges of
applicability, necessitates the prioritisation of utilising and exploring environmental
sensitivity sub-dimensions in future research, with the aim of enhancing the precision
of soundscape perception prediction models.

The study also revealed that aesthetic sensitivity and physical sensitivity
significantly impact the overall impression of the environment. Our analysis indicated
a strong correlation between soundscape pleasantness and overall impression.
Therefore, this phenomenon may be attributable to an underlying factor similar to the
effects of aesthetic sensitivity and physical sensitivity on soundscape pleasantness. An
additional explanation could be that the overall impression of the environment includes
other sensory factors in addition to sound. physical sensitivity significantly affects
loudness in different environments. Furthermore, physical sensitivity refers to the
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ability to perceive and respond to negative environmental stimuli such as loud noises
or uncomfortable temperatures. In the case of loud noises, this heightened sensitivity
allows individuals to detect and respond to these stimuli more intensely than those with
lower physical sensitivity levels. This heightened perception of loudness can make
them more sensitive to loud noises, which may cause discomfort or distress when
exposed to loud sounds [40]. Furthermore, the specific impact of environmental
sensitivity on appropriateness is another important topic of discussion. When we
experience a scene, our visual and auditory senses collaborate to provide a
comprehensive picture of what is happening around us. For example, when we see a
tree and hear its leaves rustling in the wind, our brain integrates these two sensory inputs
to create a coherent perception of the tree and its surroundings. People with high
environmental sensitivity may possess heightened awareness of their surroundings,
making them more sensitive to the subtle details of the environment, including the
sounds and sights that constitute a scene. This increased awareness may enable them to
integrate the visual and auditory aspects of a scene more easily, resulting in a more

cohesive perception. However, further research is required to validate this theory.

Finally, the interaction effect between environmental sensitivity and site on
soundscape pleasantness and overall impression is consistent with the findings of
Baumeister et al. Environmental sensitivity encompasses a variety of dimensions, such
that people with higher environmental sensitivity may process this sensory information
more deeply or produce stronger emotional responses to different types of
environmental stimuli, whether positive or negative [68]. In our experiment, the type
of environment was varied, incorporating both natural and built environments with both
pleasant and unpleasant features, so no significant main effects were found in the
evaluation of environmental sensitivity on the mean soundscape pleasantness of all

scenes or on the overall impression.
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4.2. Applications

One of the significant applications of this study is the ability to consider individual
sensitivity factors when designing soundscapes. Different individuals have varying
levels of environmental sensitivity, which can strongly correlate with positive or
negative perceptions and mood changes. By identifying people's sensitivity levels to
positive or negative soundscape elements, personalised soundscapes can be designed to
help them recover from stress. To achieve this, designers and planners can divide
different areas into outdoor spaces, such as parks and green spaces, in various ways to
meet the diverse needs of people. By doing so, more appropriate, enjoyable, and
balanced soundscapes can be created. Specifically, for people with heightened
sensitivity to positive soundscape aspects, designers can create a tranquil and pleasant
setting by using natural sounds, such as water features, bird melodies, and wind chimes.
Alternatively, designers may utilise soothing music, such as classical music or natural
sounds, which have been demonstrated to have a calming influence on mood and
relaxation. In addition, designers can build secluded sections inside spaces where
people can enjoy the sounds of nature or engage in calm hobbies. For those with a
higher sensitivity to negative soundscape elements, such as traffic or construction noise,
designers can utilise white noise or other sound-masking techniques to decrease their
impact. To prevent or lessen the impact of undesirable noise, designers may also
employ physical barriers such as walls, plants, and water features. In addition, designers
can supply noise-cancelling headphones or other sound-blocking devices to people who
are especially sensitive to unwanted sounds.

Additionally, these findings regarding environmental sensitivity and soundscape
evaluation have practical implications for the development of personalised and
effective psychotherapeutic interventions through natural environmental exposure. By
incorporating natural sounds and reducing negative soundscape elements,
psychotherapy sessions can offer calmer and more therapeutic experiences for
individuals with different sensitivities. For instance, individuals who are highly

sensitive to negative soundscape elements such as noise may benefit from
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psychotherapy sessions held in quiet and calm environments. In contrast, individuals
with high aesthetic sensitivity may internalise positive stimuli more profoundly and
reliably apply environmental intervention strategies for stress relief and mood

regulation [40].

4.3. Limitations and future research

This study provides empirical evidence of the causal relationship between
individual sensitivity and soundscape evaluation by using control variables in a
laboratory setting. To enhance the generalisability of the findings, future studies should
investigate the impact of personal sensitivity on soundscape evaluations in real-life
situations. While our choice of a 3-minute audiovisual stimulus, based on preliminary
tests and existing literature [34, 69], aimed to balance participant immersion and fatigue,
the lack of a fixed standard for stimulus length in soundscape research and the potential
for varied results with different durations present some limitations. Future research
could further explore and validate the impact of audiovisual stimulus length on
experimental outcomes to enhance the applicability of findings in the field. Furthermore,
soundscape research emphasizes people's perception of sound within a specific context,
which includes visual stimuli. In the experiment of this study, consistent visual stimuli
were used to control the impact of visual factors on all participants. Nevertheless, we
believe that further analysis of the impact of visual factors is valuable, as existing
research has found that visual stimuli indeed affect soundscape perception [70], and it
is currently unknown whether groups with different sensitivities will have their auditory
perception affected due to different experiences of visual stimuli. Therefore, future
research on the impact of visual stimuli is essential. In addition, recent research has
shown a growing interest in examining people’s long-term perceptions of soundscapes.
These investigations aim to understand how individuals' attitudes towards specific
soundscapes are developed and sustained over prolonged periods [71, 72]. Future
research could examine the role of individual sensitivity in long-term soundscape

perception, contributing to a more comprehensive understanding of how individuals
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shape and maintain their attitudes towards the surrounding soundscapes.

5. Conclusion

Based on the results of an inclusive soundscape exposure laboratory experiment,
this study provides evidence for the effects of individual sensitivity factors on
soundscape evaluation. The conclusions are as follows.

1) Noise sensitivity was not found to have a significant impact on soundscape
evaluations.

2) The full scale of environmental sensitivity had a significant effect on
soundscape appropriateness; the aesthetic sensitivity subscale of environmental
sensitivity had a significant effect on perceived natural sound dominance, soundscape
pleasantness, and overall impressions; and the physical sensitivity subscale had a
significant effect on soundscape pleasantness, overall impressions, and perceived
loudness.

3) The evaluation of soundscape pleasantness and overall impressions revealed a
significant interaction effect between the site and environmental sensitivity.
Specifically, higher levels of soundscape pleasantness were reported by individuals
with greater environmental sensitivity in natural-environment-dominated sites, whereas
lower levels were reported in built-environment-dominated sites. These patterns were
consistent with the evaluation of overall impressions.

These findings provide empirical support for theories about the influence of
personal characteristics on the perception of acoustic environments and can inform the

development of interventions and strategies for improving soundscapes.

6. Acknowledgements

This work was supported by the National Natural Science Foundation of China
(Grant Agreement No. 51978454). The authors gratefully acknowledge the kind
support of all the participants.

25 Volume 245, 1 November 2023, 110945



Building and Environment DOI: https://doi.org/10.1016/j.buildenv.2023.110945

7.

[1]

(2]

(3]

[4]

(3]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

26

References

J. Kang, F. Aletta, T.T. Gjestland, L.A. Brown, D. Botteldooren, B. Schulte-Fortkamp, P.
Lercher, 1. van Kamp, K. Genuit, A. Fiebig, J.L. Bento Coelho, L. Maffei, L. Lavia, Ten
questions on the soundscapes of the built environment, Building and Environment. 108 (2016)
284-294. https://doi.org/10.1016/j.buildenv.2016.08.011.

B. Schulte-Fortkamp, B.M. Brooks, W.R. Bray, Soundscape: An Approach to Rely on Human
Perception and Expertise in the Post-Modern Community Noise Era, Acoustics Today. 3 (2007)
7. https://doi.org/10.1121/1.2961148.

ISO/TS 12913-1, Acoustics — Soundscape — Part 1: Definition and Conceptual Framework.
(2014). https://www.iso.org/obp/ui/#iso:std:is0:12913:-1:ed-1:v1:en.

J.Y. Hong, Z.T. Ong, B. Lam, K. Ooi, W.S. Gan, J. Kang, J. Feng, S.T. Tan, Effects of adding
natural sounds to urban noises on the perceived loudness of noise and soundscape quality,
Science of the Total Environment. 711 (2020) 134571.
https://doi.org/10.1016/j.scitotenv.2019.134571.

H.M.E. Miedema, H. Vos, Noise sensitivity and reactions to noise and other environmental
conditions, The Journal of the Acoustical Society of America. 113 (2003) 1492-1504.
https://doi.org/10.1121/1.1547437.

M. Lionello, F. Aletta, J. Kang, A systematic review of prediction models for the experience
of urban soundscapes, Applied Acoustics. 170 (2020).
https://doi.org/10.1016/j.apacoust.2020.107479.

J. Kang, F. Aletta, T. Oberman, M. Erfanian, M. Kachlicka, M. Lionello, A. Mitchell, Towards
soundscape indices, Proceedings of the International Congress on Acoustics. 2019-Septe
(2019) 2488-2495. https://doi.org/10.18154/RWTH-CONV-239249.

S. Kumar, H.M. Forster, P. Bailey, T.D. Griftiths, Mapping unpleasantness of sounds to their
auditory representation, The Journal of the Acoustical Society of America. 124 (2008) 3810—
3817. https://doi.org/10.1121/1.3006380.

E.M. Kaya, N. Huang, M. Elhilali, Pitch, Timbre and Intensity Interdependently Modulate
Neural Responses to Salient Sounds, Neuroscience. 440 (2020) 1-14.
https://doi.org/10.1016/j.neuroscience.2020.05.018.

W.J. Davies, M.D. Adams, N.S. Bruce, R. Cain, A. Carlyle, P. Cusack, D.A. Hall, K.I. Hume,
A. Irwin, P. Jennings, M. Marselle, C.J. Plack, J. Poxon, Perception of soundscapes: An
interdisciplinary approach, Applied Acoustics. 74 (2013) 224-231.
https://doi.org/10.1016/j.apacoust.2012.05.010.

W. Ellermeier, M. Eigenstetter, K. Zimmer, Psychoacoustic correlates of individual noise
sensitivity, The Journal of the Acoustical Society of America. 109 (2001) 1464-1473.
https://doi.org/10.1121/1.1350402.

F. Aletta, J. Kang, A. Astolfi, S. Fuda, Differences in soundscape appreciation of walking
sounds from different footpath materials in urban parks, Sustainable Cities and Society. 27
(2016) 367-376. https://doi.org/10.1016/j.s¢s.2016.03.002.

H. Ma, H. Su, J. Cui, Characterization of soundscape perception of preschool children,
Building and Environment. 214 (2022) 108921.
https://doi.org/10.1016/j.buildenv.2022.108921.

Volume 245, 1 November 2023, 110945



Building and Environment DOI: https://doi.org/10.1016/j.buildenv.2023.110945

[14]

M. Zhang, J. Kang, Towards the evaluation, description, and creation of soundscapes in urban
open spaces, Environment and Planning B: Planning and Design. 34 (2007) 68-86.
https://doi.org/10.1068/b31162.

[15] J.M. Fields, Effect of personal and situational variables on noise annoyance in residential areas,

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

27

Journal of the Acoustical Society of America. 93 (1993) 2753-2763.
https://doi.org/10.1121/1.405851.

R. Guski, Personal and social variables as co-determinants of noise annoyance., Noise &
Health. 1 (1999) 45-56.

H.M.E. Miedema, H. Vos, Demographic and attitudinal factors that modify annoyance from
transportation noise, The Journal of the Acoustical Society of America. 105 (1999) 3336-3344.
https://doi.org/10.1121/1.424662.

M. Erfanian, A. Mitchell, F. Aletta, J. Kang, Psychological well-being and demographic
factors can mediate soundscape pleasantness and eventfulness: A large sample study, Journal
of Environmental Psychology. 77 (2021) 101660.
https://doi.org/10.1016/j.jenvp.2021.101660.

P.M. Lindborg, A. Friberg, Personality traits bias the perceived quality of sonic environments,
Applied Sciences (Switzerland). 6 (2016). https://doi.org/10.3390/app6120405.

D. Schreckenberg, B. Griefahn, M. Meis, The associations between noise sensitivity, reported
physical and mental health, perceived environmental quality, and noise annoyance, Noise and
Health. 12 (2010) 7—-16. https://doi.org/10.4103/1463-1741.59995.

E.O. Okokon, A.W. Turunen, S. Ung-Lanki, A.K. Vartiainen, P. Tiittanen, T. Lanki, Road-
traffic noise: Annoyance, risk perception, and noise sensitivity in the finnish adult population,
International Journal of Environmental Research and Public Health. 12 (2015) 5712-5734.
https://doi.org/10.3390/ijerph120605712.

J.Y. Jeon, H.I. Jo, K. Lee, Potential restorative effects of urban soundscapes: Personality traits,
temperament, and perceptions of VR urban environments, Landscape and Urban Planning.
214 (2021). https://doi.org/10.1016/j.landurbplan.2021.104188.

E.M. Hill, R. Billington, C. Krigeloh, Noise sensitivity and diminished health: Testing
moderators and mediators of the relationship, Noise and Health. 16 (2014) 47-56.
https://doi.org/10.4103/1463-1741.127855.

R.E.S. Job, Noise sensitivity as a factor influencing human reaction to noise., Noise & Health.
1 (1999) 57-68.

A.M. Dzhambov, Noise sensitivity: A neurophenomenological perspective, Medical
Hypotheses. 85 (2015) 650—655. https://doi.org/10.1016/j.mehy.2015.08.006.

D. Shepherd, D. Welch, K.N. Dirks, R. Mathews, Exploring the relationship between noise
sensitivity, annoyance and health-related quality of life in a sample of adults exposed to
environmental noise, International Journal of Environmental Research and Public Health. 7
(2010) 3579-3594. https://doi.org/10.3390/ijerph7103580.

I. Van Kamp, E. Van Kempen, C. Baliatsas, D. Houthuijs, Mental health as context rather than
health outcome of noise: Competing hyptheses regarding the role of sensitivity, perceived
soundscapes and restoration, 42nd International Congress and Exposition on Noise Control
Engineering 2013, INTER-NOISE 2013: Noise Control for Quality of Life. 6 (2013) 4920—
4927.

Volume 245, 1 November 2023, 110945



Building and Environment DOI: https://doi.org/10.1016/j.buildenv.2023.110945

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

28

S. Stansfeld, C. Clark, M. Smuk, J. Gallacher, W. Babisch, Road traffic noise, noise sensitivity,
noise annoyance, psychological and physical health and mortality, Environmental Health: A
Global Access Science Source. 20 (2021) 1-15. https://doi.org/10.1186/s12940-021-00720-3.
M. Schiitte, S. Sandrock, B. Griefahn, Factorial validity of the noise sensitivity questionnaire,
Noise and Health. 9 (2007) 96—100. https://doi.org/10.4103/1463-1741.37425.

N.D. Weinstein, Individual differences in reactions to noise: A longitudinal study in a college
dormitory, Journal of Applied Psychology. 63 (1978) 458—466. https://doi.org/10.1037/0021-
9010.63.4.458.

S.A. Stansfeld, Noise, noise sensitivity and psychiatric disorder: Epidemiological and
psychophysiological studies, 1992. https://doi.org/10.1017/s0264180100001119.

H. Kishikawa, T. Matsui, I. Uchiyama, M. Miyakawa, K. Hiramatsu, S.A. Stansfeld, The
development of Weinstein’s noise sensitivity scale, Noise and Health. 8 (2006) 154—160.
https://doi.org/10.4103/1463-1741.34703.

J. Park, S. Chung, J. Lee, J.H. Sung, S.W. Cho, C.S. Sim, Noise sensitivity, rather than noise
level, predicts the non-auditory effects of noise in community samples: A population-based
survey, BMC Public Health. 17 (2017) 1-9. https://doi.org/10.1186/s12889-017-4244-5.

Z. Li, J. Kang, Sensitivity analysis of changes in human physiological indicators observed in
soundscapes, Landscape = and  Urban  Planning. 190 (2019) 103593.
https://doi.org/10.1016/j.landurbplan.2019.103593.

J.J. Alvarsson, S. Wiens, M.E. Nilsson, Stress recovery during exposure to nature sound and
environmental noise, International Journal of Environmental Research and Public Health. 7
(2010) 1036—1046. https://doi.org/10.3390/ijerph7031036.

0. Medvedev, D. Shepherd, M.J. Hautus, The restorative potential of soundscapes: A
physiological investigation, Applied Acoustics. 96 (2015) 20-26.
https://doi.org/10.1016/j.apacoust.2015.03.004.

S. Shu, H. Ma, The restorative environmental sounds perceived by children, Journal of
Environmental Psychology. 60 (2018) 72—80. https://doi.org/10.1016/j.jenvp.2018.10.011.
E.N. Aron, A. Aron, J. Jagiellowicz, Sensory processing sensitivity: A review in the light of
the evolution of biological responsivity, Personal. Soc. Psychol. Rev. 16 (3) (2012) 262-282.
https://doi.org/10.1177/1088868311434213.

E.N. Aron, A. Aron, Sensory-Processing Sensitivity and Its Relation to Introversion and
Emotionality, J. Pers. Soc. Psychol. 73 (1997) 345-368. https://doi.org/10.1037/0022-
3514.73.2.345.

C.U. Greven, F. Lionetti, C. Booth, E.N. Aron, E. Fox, H.E. Schendan, M. Pluess, H. Bruining,
B. Acevedo, P. Bijttebier, J. Homberg, Sensory Processing Sensitivity in the context of

Environmental Sensitivity: A critical review and development of research agenda,
Neuroscience & Biobehavioral Reviews. 98 (2019) 287-305.
https://doi.org/10.1016/j.neubiorev.2019.01.009.

B.P. Acevedo, E.N. Aron, A. Aron, M.D. Sangster, N. Collins, L.L. Brown, The highly
sensitive brain: an fMRI study of sensory processing sensitivity and response to others'
emotions, Brain and Behavior. 4(4) (2014) 580-594. https://doi.org/10.1002/brb3.242.

S. Scrimin, G. Osler, T. Pozzoli, U. Moscardino, Early adversities, family support, and child

well-being: The moderating role of environmental sensitivity, Child: Care, Health and
Development. 44(6) (2018) 885-891. https://doi.org/10.1111/cch.12596.

Volume 245, 1 November 2023, 110945


https://doi.org/10.1016/j.jenvp.2018.10.011
https://doi.org/10.1016/j.neubiorev.2019.01.009

Building and Environment DOI: https://doi.org/10.1016/j.buildenv.2023.110945

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

29

A.N. Rinn, D.R. Mullet, N. Jett, T. Nyikos, Sensory Processing Sensitivity Among High-
Ability Individuals: A Psychometric Evaluation of the Highly Sensitive Person Scale, Roeper
Review. 40 (2018) 166—175. https://doi.org/10.1080/02783193.2018.1466840.

K.A. Smolewska, S.B. McCabe, E.Z. Woody, A psychometric evaluation of the Highly
Sensitive Person Scale: The components of sensory-processing sensitivity and their relation
to the BIS/BAS and “Big Five,” Personality and Individual Differences. 40 (2006) 1269-1279.
https://doi.org/10.1016/j.paid.2005.09.022.

F. Lionetti, A. Aron, E.N. Aron, G.L. Burns, J. Jagiellowicz, M. Pluess, Dandelions, tulips and
orchids: Evidence for the existence of low-sensitive, medium-sensitive and high-sensitive
individuals, Translational Psychiatry. 8 (2018). https://doi.org/10.1038/s41398-017-0090-6.
K. Herranz-Pascual, 1. Aspuru, I. Garcia, Proposed conceptual model of environmental

experience as framework to study the soundscape [C], InterNoise (pp. 2904-2912), 2010.

T. Han, J. Wu, Revise of the Noise Sensitive Scale and its Reliability and Validity, China
Journal of Health Psychology. 23 (2015) 196-200. (in chinese)

J. Li, M. Kushizaki, A Survey of the Situation of Highly Sensitive Persons in China : The
relationship between sensory processing sensitivity, life meaning and well-being, Journal of
Kansai University Psychology Research. 3 (2021) 7-15.

K. Zimmer, W. Ellermeier, Psychometric properties of four measures of noise sensitivity: A
comparison, Journal of Environmental Psychology. 19(3) (1999) 295-302.
https://doi.org/10.1006/jevp.1999.0133.

H.L. Smith, J. Sriken, B.T. Erford, Clinical and research utility of the highly sensitive person
scale, Journal of Mental Health Counseling. 41(3) (2019) 221-241. https://doi.org/
10.17744/mehc.41.3.03.

A. Chacon, M. Pérez-Chacon, M. Borda-Mas, M.L. Avargues-Navarro, A.M. Lopez-Jiménez,
Cross-cultural adaptation and validation of the highly sensitive person scale to the adult
Spanish population (HSPS-S), Psychology Research and Behavior Management. (2021)
1041-1052. https://doi.org/ 10.2147/PRBM.S321277.

J. Bordarie, C. Aguerre, L. Bolteau, Validation and study of psychometric properties of a
French version of the Highly Sensitive Person Scale (HSPS-FR), European Review of Applied
Psychology. 72(4) (2022) 100781. https://doi.org/10.1016/j.erap.2022.100781.

ISO/TS 12913-2, Acoustics — Soundscape — Part 2: Data Collection and Reporting
Requirements. (2018). https://www.iso.org/obp/ui/#iso:std:iso:ts:12913:-2:ed-1:v1:en.

F. Aletta, C. Guattari, L. Evangelisti, F. Asdrubali, T. Oberman, J. Kang, Exploring the
compatibility of “Method A” and “Method B” data collection protocols reported in the ISO/TS
12913-2: 2018 for urban soundscape via a soundwalk, Applied Acoustics. 155 (2019) 190-
203. https://doi.org/10.1016/j.apacoust.2019.05.024.

M. Erfanian, A.J. Mitchell, J. Kang, F. Aletta, The psychophysiological implications of

soundscape: A systematic review of empirical literature and a research agenda, International
Journal of Environmental Research and Public Health. 16(19) (2019) 3533.
https://doi.org/10.3390/ijerph16193533.

ISO/TS 12913-3, Acoustics — Soundscape — Part 3: Data Analysis. (2019).
https://www.iso.org/obp/ui/#iso:std:iso:ts:12913:-3:ed-1:v1:en.

A.L. Brown, J. Kang, T. Gjestland, Towards standardization in soundscape preference
assessment, Appl. Acoust. 72 (6) (2011) 387-392.

Volume 245, 1 November 2023, 110945


https://doi.org/10.1038/s41398-017-0090-6
https://www.iso.org/obp/ui/#iso:std:iso:ts:12913:-2:ed-1:v1:en

Building and Environment DOI: https://doi.org/10.1016/j.buildenv.2023.110945

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

30

D. Shepherd, M. Heinonen-Guzejev, M.J. Hautus, K. Heikkild, Elucidating the relationship
between noise sensitivity and personality, Noise and Health. 17 (2015) 165-171.
https://doi.org/10.4103/1463-1741.155850.

LLV. Kamp, E.V. Kempen, R. Klaeboe, H. Kruize, A.L. Brown, Soundscapes , human
restoration and quality of life Author Downloaded from Griffith Research Online, (2016).
H.I. Jo, J.Y. Jeon, Urban soundscape categorization based on individual recognition,
perception, and assessment of sound environments, Landscape and Urban Planning. 216
(2021) 104241. https://doi.org/10.1016/j.landurbplan.2021.104241.

K. Sobocko, J.M. Zelenski, Trait sensory-processing sensitivity and subjective well-being:
Distinctive associations for different aspects of sensitivity, Personality and Individual
Differences. 83 (2015) 44—49. https://doi.org/10.1016/j.paid.2015.03.045.

M. Liss, J. Mailloux, M.J. Erchull, The relationships between sensory processing sensitivity,
alexithymia, autism, depression, and anxiety, Personality and Individual Differences. 45 (2008)
255-259. https://doi.org/10.1016/j.paid.2008.04.009.

Shuhei limura, Environmental Sensitivity in Adults: Psychometric Properties of the Japanese
Version of the Highly Sensitive Person Scale 10-Item Version, (2021).

D.E. Evans, M.K. Rothbart, Temperamental sensitivity: Two constructs or one?, Personality
and Individual Differences. 44 (2008) 108—118. https://doi.org/10.1016/j.paid.2007.07.016.
G. Benham, The Highly Sensitive Person: Stress and physical symptom reports, Personality
and Individual Differences. 40 (2006) 1433—1440. https://doi.org/10.1016/j.paid.2005.11.021.
J.A. Neal, R.J. Edelmann, M. Glachan, Behavioural inhibition and symptoms of anxiety and
depression: Is there a specific relationship with social phobia?, British Journal of Clinical
Psychology. 41 (2002) 361-374. https://doi.org/10.1348/014466502760387489.

A. Evers, J. Rasche, M.J. Schabracq, High Sensory-Processing Sensitivity at Work,
International Journal of  Stress Management. 15 (2008) 189-198.
https://doi.org/10.1037/1072-5245.15.2.189.

R.F. Baumeister, K.D. Vohs, C. Nathan DeWall, L. Zhang, How Emotion Shapes Behavior:
Feedback, Anticipation, and Reflection, Rather Than Direct Causation, Pers Soc Psychol Rev.
11 (2007) 167-203. https://doi.org/10.1177/1088868307301033.

H. Ma, S. Shu, An experimental study: The restorative effect of soundscape elements in a
simulated open-plan office, Acta Acustica United with Acustica. 104(1) (2018) 106-115.
https://doi.org/10.3813/AAA.919150.

J.Y. Jeon, H.I. Jo, B.B. Santika, H. Lee, Crossed effects of audio-visual environment on indoor

soundscape perception for pleasant open-plan office environments, Building and Environment.
207 (2022) 108512. https://doi.org/10.1016/j.buildenv.2021.108512.

L. Kou, M.-P. Kwan, Y. Chai, The effects of activity-related contexts on individual sound
exposures: A time—geographic approach to soundscape studies, Environment and Planning B:
Urban Analytics and City Science. 48 (2021) 2073-2092.
https://doi.org/10.1177/2399808320965243.

J. Steffens, D. Steele, C. Guastavino, Situational and person-related factors influencing
momentary and retrospective soundscape evaluations in day-to-day life, The Journal of the
Acoustical Society of America. 141 (2017) 1414-1425. https://doi.org/10.1121/1.4976627.

Volume 245, 1 November 2023, 110945


https://doi.org/10.1177/1088868307301033

