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This study explores coastal urban spaces as nature-based therapeutic landscapes and

examines perceived soundscape restorativeness (PSR) with all four theoretical components of
Fascination, Being away, Compatibility, and Extent on site. The characterization of PSR in coastal
urban spaces is understood with reorganized components under individual and sound factors
interactions.
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considering the characterization of PSR in coastal urban
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In response to the needs of visitors with different
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Prioritize the protection of natural soundscapes, focus on
safeguarding highly restorative natural sounds such as sea
waves and wind sounds, and reduce the interference from
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ABSTRACT

The restorative soundscape is an important consideration in

the health benefits of coastal environments. However, limited
research has examined the perceived restorativeness of coastal
soundscapes on site, considering both individual and sound
characteristics. This study explores coastal urban spaces as
nature-based therapeutic landscapes for public mental well-being
and investigates how individual and sound factors interactively
determine the perceived soundscape restorativeness (PSR) through
theoretical components, using a field questionnaire survey in a
typical sea-fronting context in China. The results indicate that the

PSR varies depending on both individual and sound characteristics.
Sociodemographic factors, behavioral patterns, dominant sounds,
and holistic soundscape evaluations significantly influence the
PSR. Individual characteristics including occupation, education
level, visit duration, frequency, and activity intensity are associated
with all four theoretical components: Fascination (F), Being away
(A), Compatibility (C), and Extent (E). Moreover, individual factors
play an even greater role than sound characteristics in determining
F, A, and C components. By integrating theoretical components
with individual and sound characteristics, a robust framework
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was established using an extended Perceived Restorativeness
Soundscape Scale (PRSS) to explain restorative soundscape

in coastal urban spaces. Sound and individual factors, beyond
theoretical components, account for nearly three quarters of the
total variance (73.45%). This study highlights the interplay between
restorative components, sound environment, sociodemographic
factors, and visit behaviors in determining the PSR. The findings
provide empirical insights for optimizing soundscapes in coastal
environments to enhance their therapeutic landscape potential and
landscape design benefits.
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» The PSR is examined in coastal urban spaces considering visitor

and visit characteristics

« Individual factors are associated with more PSR components
than sound factors themselves

* Individual factors could be more important than sound factors in
determining PSR

» Theoretical components of PSR are reorganized under
multidimensional factors interactions
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1 Introduction

Analogous to “green spaces” in discussions of environmental health
and therapeutic landscapes, blue spaces were described as “health-
enabling places and spaces, where water is at the center of a range of
environments with identifiable potential for promoting human well-
being”!"l. Recent studies have increasingly highlighted the therapeutic
benefits of blue spaces, demonstrating a positive correlation between
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coastal proximity and indicators of general health, mental well-
being, and physical activity’”™*. Moreover, experimental research on
natural and built environments consistently identifies coastal urban
spaces as among the most preferred locations for relaxation', which
additionally are highly valued by local residents for enhancing both
individual and family well-being'®.

While various theories help explain the relationship between
coastal urban spaces, health, and well-being, the Attention
Restoration Theory (ART)" provides a particularly effective
framework for understanding this connection. The ART posits
that natural environments can alleviate urban stress and facilitate
recovery from mental fatigue caused by information overload,
environmental stressors, and high ambient noise levels in urban
settings'”. Empirical evidence suggests that, among different natural
environments, coastal visits are associated with the highest levels of
psychological restoration''”. Beyond visual aesthetics, the soundscape
plays a significant role in sensory perception at the coast"". The
term “soundscape” refers to the aural environment as it is perceived,
experienced, and interpreted by individuals in a given context!'?,
Unlike traditional perspectives that frame environmental sounds
primarily in terms of noise pollution (e.g., traffic noise), soundscapes
are increasingly recognized as valuable environmental resources that
contribute to well-being. Perceived soundscape restorativeness (PSR)
has emerged as an important area of study!"”, highlighting the role of
sound environments in promoting mental health.

Based on the four theoretical components that characterize
a restorative environment as outlined in ART—Fascination,
Being-away (including Being-away-to and Being-away-from),
Compatibility, and Extent (including Coherence and Scope)—
the Perceived Restorativeness Soundscape Scale (PRSS) was
developed to assess psychological restoration within a soundscape

context

. According to PRSS evaluations based on these theoretical
components, the dominance of natural sounds has been found
151 PSR is associated with

a “high-quality” sound environment, a concept that has been

to have stronger restorative effects!

explored through various soundscape descriptors to understand
which overall soundscape evaluations may have restorative effects.
In addition to soundscape research, sound characteristics have
increasingly been recognized as crucial elements that can affect

17-18
1. A recent

the therapeutic potential of various environments!
study conducted in coastal environments found that both perceived
holistic soundscapes and sound types influence restorativeness
across emotional, physiological, cognitive, and behavioral
dimensions™”. However, restorative environments differ in the

levels of each component!*, which in turn affects the overall PSR



of the environment. The influence of sound characteristics on each
PRSS component in coastal environments remains underexplored.

The therapeutic significance and multidimensional experiences
associated with coastal urban spaces underscore the need to
enhance or promote their restorative capacity. However, this goal is
often contested by different visitor groups with varying interests.
Moreover, focusing on well-being presents challenges in explaining
and measuring the perception of subjective experiences, which may
differ significantly among individuals"”’*", Although recent research
has systematically examined the effects of sociodemographic
characteristics on the PSR in urban green spaces'”***, there
has been limited consideration of how sociodemographic and
behavioral characteristics interact and influence the PSR in coastal
urban spaces.

Therefore, this study emphasizes that the PSR of an environment
is influenced by individuals’ perceptions of the PRSS components,
and empirically investigates the PSR in coastal urban spaces through
an in situ survey conducted in a coastal environment, addressing
two primary research questions: 1) Are there differences in PSR
with respect to the theoretical components among individuals
and sound characteristics? And 2) how do sociodemographic
characteristics, behavioral patterns, dominant sounds, and holistic
soundscape evaluations influence the PSR of coastal urban spaces
across theoretical components?

2 Methodology

2.1 Study Area

Dalian, a livable city situated along China’s northern coastline,
has been renowned for its coast. A sea-fronting area in the city
was selected as the study area, which is typical of coastal urban
spaces found in China and other Asian countries, encompassing
a central square and its surrounding recreational open spaces.
The environmental advantages of coastal landscapes have made
it a highly popular destination for recreation. The study area has
complex soundscape, incorporating natural, anthropogenic, and
mechanical sounds'®”.

Regarding the environmental advantages of landscapes in
the coastal zone®, the study area also has the best climate
conditions compared to other coastal areas in the city. Furthermore,
surrounded by open spaces, mountains and water bodies, it has
become a highly popular destination for recreation.

2.2 Questionnaire Design
Based on the research questions, the field questionnaire was

structured into five sections: sociodemographic information,
behavioral patterns (i.e., visit purpose, frequency, activity
intensity, and duration), identification of dominant sounds, holistic
soundscape evaluation, and PRSS responses.

The standard for soundscapes by International Organization
for Standardization has emphasized that evaluating a sound
environment requires the identification of individual sounds,
where the identification of subjectively dominant sounds plays
a crucial role in improving a given soundscape'”’’. Therefore, the
section of identification of dominant sounds was structured to
address two key aspects: the types of sounds that can be heard
and the perceived dominance of these sounds®. Each respondent
was asked to report the three most prominent sound sources they
perceived in the coastal environment in the dominance order.

The section of holistic soundscape evaluation included questions
on sound appropriateness, subjective loudness, and acoustic

comfort, using a five-point scale’**"

with 1 represents highly
negative response and 5 represents highly positive response®. The
inclusion of these soundscape descriptors as indicators for holistic
soundscape evaluation was based on two primary reasons: 1)
sound appropriateness, subjective loudness, and acoustic comfort
provide more objective and accurate measures of perceptual
attributes compared with other sound affective quality indicators,
and 2) these descriptors are more comprehensible to a broader
range of interviewees, regardless of their occupation or educational
background, allowing for more effective and reliable responses.

The last section was designed to assess residents’ PSR by
measuring all “FACE” components: Fascination (F), Being-away-to
(A1), Being-away-from (A2), Compatibility (C), Coherence (E1), and
Scope (E2)P". Corresponding to each item, the participants were
asked, “How do you experience and agree with the statement?”
Their PSR experiences were reported with a five-point scale: 1
means “not at all” and 5 means “completely.”

2.3 Data Collection

Face-to-face interviews were conducted to gain in-depth insights
into participants’ real understanding and perceptions of the sound
environment. The field survey was carried out by a research team
under supervision between 14:00 and 17:00, when intensified
crowd activity level was observed in the study area throughout
daytime®, during May and June—a period when outdoor activities

(D To maintain consistency in scoring, responses to negatively framed items were
adjusted so that higher PRSS scores consistently indicated a more positive
restorative experience before data analysis.
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are popular due to the favorable climate in Northeast China.
Random sampling was employed on both weekdays and weekends
to minimize biases arising from daily variations in visitation
patterns.

Prior to the questionnaire survey, interviewers conducted
a series of soundwalks to identify and select four survey zones
with representative landscape features (i.e., memorial space,
recreational space, sidewalk, and playground) and dominant
sounds (Fig. 1). At each selected site, ambient sound levels were
measured and recorded five times using BSWA801 sound level
meter at the height of 1.5 m. Each measuring time lasted 1 min, with
every 10 s recorded once. The average measured A-weighted SPLs
at the corresponding locations was calculated in Table 1. Then, a
brief introduction was provided to randomly invited participants
at each location, during which the study’s purpose was explained,
and the participants’ habitual residence was verified™, in order to
ensure that only local residents (excluding tourists) were included
in the formal questionnaire survey. Since an appropriate L., (the
average level of environmental noise) threshold was required for
soundscape quality evaluation, questionnaires collected at locations
where ambient sound levels exceeded the threshold (73 dBA) were
excluded from the database'®. A total of 230 questionnaires were
distributed, of which 201 were valid, yielding an effective response
rate of 87%.

Traffic road

Centennial city
sculpture

Zone C: Sidewalk
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Table 1: Average ambient sound level measurements in the study area

L jpeax L pmax Lpmin Lyeq
Zone A—memorial space 91.02 74.71 54.19 60.83
Zone B—recreational space 89.88 74.09 53.54 61.78
Zone C—sidewalk 91.31 77.62 58.24 65.62
Zone D—playground 93.43 80.89 61.84 69.14

NOTES

Lageax means the maximum instantaneous A-weighted sound pressure level; L., means the
highest A-weighted sound pressure level; and L., means the minimum A-weighted sound
pressure level.

Figure 2 shows the demographic information of the participants.
They were approximately balanced across different occupations,
with administrative staff representing the largest group (27%).
Most participants have received senior middle school education,
while as many as 25% of the participants had at least college
education. In terms of gender ratio, the male (60%) was higher
than the female (40%). These distributions of the samplings were
consistent with the report of typical urban residents’ outdoor
activities during the survey seasons in China®*.. Corresponding to
the valid questionnaires, the average measured L,,, at the surveyed

iy -

Fig.1 The
environmental features
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Zone D: Playground of the study area.
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Fig. 2 Basic statistics of the sampling composition at the individual level.

locations ranged from 60.83 to 69.14 dBA. This range represents
typical L., values for assessing soundscape quality in urban open

spaces.

The reliability of the samples was assessed using mean PRSS
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of sampling adequacy ranged from 0.6 to 0.8, with Bartlett’s test
of sphericity yielding significant results (p < 0.01), confirming the

validity of the database. These results indicated that the collected

scores for each restorative component (Table 2). The Cronbach’s
alpha values ranged from 0.716 to 0.906, indicating strong internal 2.4 Data Analyses

consistency. Additionally, the Kaiser-Meyer-Olkin (KMO) measure

[36-37]

data were sufficiently reliable for further analysis .

The data analyses aimed to examine in detail the influence of

Table 2: Reliability and validity of the questionnaire database for theoretical components of PSR

Questions for each component

Cronbach’s alpha KMO Sig.

Fascination

I find this sonic environment appealing (AP).

My attention is drawn to many of the interesting sounds here (AT).
These sounds make me want to linger here (LG).

These sounds make me wonder about things (WD).

I am engrossed by this sonic environment (EG).

0.906 0.8 p<0.01

Being-away-to

I hear these sounds when I am doing something different to what I usually do (DT).
This is a different sonic environment to what I usually hear (DS).
I am hearing sounds that I usually hear (UH).

Being-away-from

This sonic environment is a refuge from unwanted distractions (DA).
When I hear these sounds I feel free from work, routine, and responsibilities (FR).

Listening to these sounds gives me a break from my day-to-day listening experience (BR).

0.850 0.7 p <0.01

Compatibility

These sounds relate to activities I like to do (AC).
I rapidly get used to hearing this type of sonic environment (UT).
Hearing these sounds hinders what I would want to do in this place (HI).

0.716 0.6 p <0.01

Coherence

All the sounds I'm hearing belong here (BL).
All the sounds merge to form a coherent sonic environment (CH).
The sounds I am hearing seem to fit together quite naturally with this place (TG).

Scope

The sonic environment suggests the size of this place is limitless (LL).

0.846 0.7 p <0.01
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individual factors (demographics and behavioral patterns) and
sound-related factors (dominant sounds and holistic soundscape
evaluations) on the PSR. First, the normality of each component
was assessed using histograms, normality plots, and probability-
probability (P-P) plots. The asymptotic normality of these variables
were also verified based on descriptive statistics analysis of
skewness (-1.007 < S < 0.207) and kurtosis (-1.342 < K < 0.957)%%,
with absolute values lower than 10 and 3, respectively.

Second, to determine whether specific individual and sound

characteristics influenced different restorative components, one-way

analysis of variance (ANOVA) followed by post hoc tests was mainly
conducted.

Third, to further explore the significance of various factors,
categorical regression analysis (CATREG) was applied, offering
a comprehensive evaluation of the most influential variables.

The CATREG model has greater applicability and flexibility in
handling complex datasets containing categorical variables and
enables the measurement of the relative importance of explanatory
variables which were connected with various individual and sound
characteristics"®.

Finally, principal component analysis (PCA) was conducted to
examine PRSS item evaluations in conjunction with individual and
sound-related variables. This approach allowed for an in-depth
discussion on the characterization of the soundscape restoration
potential of coastal blue spaces, extending the traditional PRSS

framework.

3 Results

3.1 PSR Considering Sociodemographic Factors

The influence of sociodemographic characteristics (independent
variables) on restorative scores (dependent variables) was analyzed
using one-way ANOVA, followed by LSD/Duncan post hoc tests for
occupation and education level, and independent-sample t-tests for
gender. The null hypothesis stated that there were no significant

differences in mean scores across occupations, education levels,
and gender. As shown in Table 3, the analysis of one-way ANOVA
led to the rejection of the null hypothesis for both occupation and
education level (p < 0.05).

As illustrated in Fig. 3, while higher mean scores were observed
for Fascination, Being-away-to, and Being-away-from, ranging
from 3.79 to 4.09 (approximately “very much”), compared with
Compatibility, Coherence, and Scope, ranging from 3.00 to 3.61
(above “somewhat”), significant differences in PSR emerged
between various occupational groups. Specifically, administrative
staff reported significantly lower F-scores than teachers/doctors
(4.11 £ 0.42 vs. 4.44 + 0.28). Similarly, freelancers/housewives
had significantly lower scores for Being-away-from and Coherence
compared with administrative staff. Additionally, teachers/doctors
exhibited significantly higher PSR scores across Fascination, Being-
away-to, Being-away-from, Compatibility, and Coherence than
freelancers/housewives (4.15 * 0.32 vs. 3.49 + 0.40). A notable
disparity was also found between workers and teachers/doctors
for Scope (2.47 £ 0.67 vs. 3.31 £ 0.74). Across all components,
teachers/doctors consistently reported the highest PSR scores,
whereas workers and freelancers/housewives tended to report
lower scores.

Figure 4 highlights the significant differences in PSR across
education levels, particularly between individuals with an
elementary school education and those with a college degree or
higher (3.31 £ 0.28 vs. 4.03 £ 0.30) for Fascination, Being-away-
from, and Compatibility. Additionally, individuals with only an
elementary school education exhibited significantly lower scores in
Fascination and Being-away-from compared with those with junior
and senior middle school education. These findings suggest that
individuals with lower education levels tend to experience lower
PSR than those with higher education levels. To examine whether
restoration scores followed a specific trend upon education level,
curve estimation analyses were conducted separately for each
component. Linear regression models (0.78 < R* < 0.87, p < 0.05)

Table 3: Significance levels of the differences in PSR components among sociodemographic factors

Sociodemographic factor Fascination Being-away-to Being-away-from Compatibility Coherence Scope
Occupation 0.007* 0.020* 0.001* 0.021* 0.000* 0.102
Education level 0.002* 0.026* 0.000* 0.150 0.146 0.827

NOTE
* means p < 0.05.
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demonstrated a strong positive relationship between education
level and restoration scores for Being-away-to and Being-away-from
(Figs. 4-2, 4-3). These results indicate that individuals with higher
education levels are more likely to perceive greater psychological
restoration, particularly in terms of being-away experiences.

3.2 PSR Considering Behavioural Factors

As shown in Table 4, the analysis of one-way ANOVA led to the
rejection of the null hypothesis for different behavioural patterns
(p < 0.05). The results of the mean differences in restoration scores
suggest that behavioral patterns significantly influence PSR.

The comparisons in PSR and the identification of specific
significant differences based on visit duration, purpose, frequency,
and activity intensity were presented as Table 5. Regarding visit
duration, significantly higher restoration scores were observed
when the visit lasted at least one hour. Notably, significant
differences emerged between visits lasting 30 ~ 60 min and those
lasting 1 ~ 3 h (3.40 + 0.40 vs. 3.98 * 0.35) for Fascination, Being-
away-to, Being-away-from, and Compatibility, suggesting that
longer visits contribute to enhanced psychological restoration.

In terms of visit purpose, participants who engaged in fitness-
related activities reported significantly lower scores than those
whose motivations were related to mental relaxation, sightseeing,
or social gatherings (3.45 * 0.37 vs. 3.81 + 0.40) for Being-away-
from, Compatibility, and Coherence. Interestingly, high-intensity
activities sometimes led to significantly higher scores compared
with lower-intensity activities. Specifically, significant differences
were observed between high- and relatively high-intensity activities
for Fascination and Compatibility, as well as between high- and
relatively low-intensity activities for Being-away-from. Additionally,
as expected, the lowest-intensity activities resulted in significantly
higher scores. For instance, restoration scores for Fascination,
Compatibility, and Coherence were significantly higher in low-

intensity activities compared with relatively high-intensity activities
(3.95 £ 0.36 vs. 3.52 + 0.39), while for Being-away-to, significantly
higher scores were found in low-intensity compared with relatively
low-intensity activities (3.93 £ 0.30 vs. 3.07 + 0.47). Regarding visit
frequency, notable differences were identified when the highest
visit frequency (almost every week) was considered. Individuals
who visited nearly every week reported significantly lower scores
compared with those who visited every month or so, every two
to six months, seldom, or for the first time (2.85 = 0.25 vs. 3.60 *
0.48) for Fascination, Compatibility, Coherence, and Scope. These
scores corresponded to evaluations ranging from “somewhat” to
“very much,” suggesting that less frequent visits may enhance the
perception of psychological restoration in coastal environments.

To examine potential trends between behavioral variables and
restoration scores, curve estimation analyses were conducted
for each component. Regarding visit duration, a positive linear
relationship was observed for Fascination (Yg,ination = 0-151Xpuration
+3.582, p = 0.006) and Compatibility (Ycompacibitiey = 0-118Xpyration
+3.112, p = 0.035). In contrast, negative linear relationships
were identified between activity intensity and restoration scores
for Compatibility (Ycompatibitity = ~0-108X iy + 3.827, p = 0.003),
Coherence (Yconerence = =0.103Xc0iy + 3.921, p = 0.012), and
Scope (Yseope = =0.166X, i1y + 3.484, p = 0.016). Additionally, a
positive linear relationship was found between visit frequency
and coherence (Yoperence = 0.113Xpequency + 3-272, p = 0.043). These
findings indicate that as visit duration increases and both visit
frequency and physical activity intensity decrease, the perceived
restorative potential of the Fascination, Compatibility, Coherence,
and Scope tends to improve.

3.3 PSR Considering Dominant Sound Sources
Before analyzing the influence of dominant sounds on PSR,
the predominant sound sources at the coast were identified and

Table 4: Significance levels of the differences in PSR components among behavioural factors

Behavioural factor Fascination Being-away-to Being-away-from Compatibility Coherence Scope
Duration 0.000* 0.000* 0.002* 0.021* 0.397 0.886
Purpose 0.304 0.380 0.170 0.242 0.128 0.149
Frequency 0.000* 0.000* 0.032* 0.052 0.014* 0.003*
Activity intensity 0.054 0.019* 0.002* 0.000* 0.026* 0.049*

NOTE
* means p < 0.05.
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Table 5: Influence of visit duration, purpose, frequency, and activity intensity on PSR components, with post hoc comparison of restorative scores

Dependent Independent variables
variable

Mean difference D1/P1/11/F1 D2/P2/12/F2 D3/P3/13/F3 D4/P4/14/F4
Fascination D2/P2/A2/F2 0.91/-0.02/0.23/-0.72 — — —

D3/P3/A3/F3 0.21/0.02/0.09/-0.81* -0.70*/0.04/-0.14/-0.09 — —

D4/P4/A4/F4 0.10/0.27/0.26*/-0.43 -0.81*/0.30/0.03/0.29 -0.11/0.25/0.17/0.38

D5/P5/A5/F5 0.42/0.23/-0.23/-0.36 -0.50/0.25/-0.46/0.36 0.20/0.21/-0.32/0.45* 0.31/-0.05/-0.49*/0.06
Being-away-to D2/P2/A2/F2 0.02/-0.28/0.86/-0.82 — — —

D3/P3/A3/F3 -0.68*/-0.10/0.01/-0.88 -0.70*/0.19/-0.85/-0.06 — —

D4/P4/A4/F4 -0.56%/-0.08/0.27/-0.50 -0.58*/0.20/-0.59/0.32 0.12/0.02/0.26/0.38 —

D5/P5/A5/F5 -0.20/0.21/-0.01/-0.28 -0.22/0.49/-0.87/0.54 0.48/0.31/-0.02/0.60 0.35/0.29/-0.28/0.22
Being-away-from D2/P2/A2/F2 0.45/-0.20/0.86*/-0.18 — — —

D3/P3/A3/F3 0.05/0.07/0.22/-0.15 -0.40*/0.26/-0.64/0.03 — —

D4/P4/A4/F4 -0.01/0.06/0.12/-0.19 -0.47%/0.26/-0.75/-0.00 -0.07/0.00/-0.10/-0.03 —

D5/P5/A5/F5 0.42/0.31/-0.10/0.33 -0.04/0.50*/-0.96*/0.52 0.36/0.24/-0.32/0.49 0.43/0.24/-0.21/0.52/
Compatibility D2/P2/A2/F2 -0.15/0.02/0.32/-0.63* — — —

D3/P3/A3/F3 -0.61/-0.02/0.17/-0.65* -0.46*/-0.04/-0.16/-0.02 — —

D4/P4/A4/F4 -0.60/0.13/0.58*/-0.45 -0.45%/0.11/0.25/0.18 0.01/0.15/0.41/0.20 —

D5/P5/A5/F5 -0.51/0.36*/0.04/-0.52 -0.36/0.34/-0.28/0.11 0.10/0.38*/-0.13/0.13 0.09/0.23/-0.54*/-0.07
Coherence D2/P2/A2/F2 -0.06/0.24/0.37/-0.75* — — —

D3/P3/A3/F3 -0.13/-0.05/0.36/-0.55* -0.07/-0.29/-0.01/0.20 — —

D4/P4/A4/F4 -0.18/0.27/0.46*/-0.86* -0.13/0.03/0.09/-0.10 -0.06/0.32/0.10/-0.31

D5/P5/A5/F5 -0.48/0.37/0.19/-0.77* -0.43/0.13/-0.18/-0.02 -0.36/0.42*/-0.17/-0.22 -0.30/0.10/-0.27/0.08
Scope D2/P2/A2/F2 0.67/1.04*/1.09/-1.25* — — —

D3/P3/A3/F3 0.72/0.40/0.45/-0.64 0.05/-0.65/-0.64/0.61 — —

D4/P4/A4/F4 0.59/0.40/0.63/-1.37* -0.07/-0.64/-0.46/-0.12 -0.13/0.00/0.18/-0.73* —

D5/P5/A5/F5 0.80/0.40/0.60/-1.11* 0.13/-0.64/-0.49/0.15 0.08/0.01/0.15/-0.47 -0.20/0.00/-0.02/0.27
NOTES

1. * means p < 0.05.

2. Duration: D1 refers to 15 min or so; D2 refers to 30 min to 1 h; D3 refers to 1 ~ 2 h; D4 refers to 2 ~ 3 h; and D5 refers to up to 3 h.
3. Purpose: P1 refers to soothing mind and soul; P2 refers to sightseeing; P3 refers to going for party; P4 refers to leisure and entertainment; and P5 refers to fitness exercises.

4. Activity intensity: A1 refers to low intensity (e.g., take a rest, fishing); A2 refers to relative low intensity (e.qg., chatting, communication); A3 refers to medium intensity (e.g., dating, enjoying the view);
Al refers to relative high intensity (e.g., walking, playing with children); and A5 refers to high intensity (e.g., square dance, play games, physical exercise).
5. Frequency: F1 refers to almost every week; F2 refers to every month or so; F3 refers to every two to six months; F4 refers to seldom; and F5 refers to the first time.

9 LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS



quantified. Figure 5 presents six dominant sounds perceived within
the study area: natural sounds (sea waves, seagulls, and wind),
anthropogenic sounds (human-related sound and music), and
mechanical sounds (traffic noise). Among these, sea waves were
the most frequently identified dominant sound, accounting for 73%
of the total identification. When sea waves were perceived as the
first dominant sound, the average restoration score was 3.81—
approaching the “very much” level on the PRSS—aligning with

Dominant sounds being identified

expectations regarding the positive effect of natural sounds. This
predominance suggested that the coastal sound environment offers
a perceptual shift away from artificial, everyday noise. Interestingly,
when wind was identified as the first dominant sound, the highest
restoration score of 4.05 was recorded, exceeding the “very

much” threshold for PSR, though wind was the least frequently
identified dominant sound (16%). This heightened PSR may be
linked to acoustic comfort, as wind-dominated environments were
rated highest in terms of comfort (with an average score of 4.75,
corresponding to “very comfortable”). Conversely, lower restoration
scores were associated with anthropogenic and mechanical sounds.

When human-related or music sounds were perceived as the first

dominant sounds, the average score was 3.60, while mechanical
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sounds (traffic noise) resulted in the lowest average score of 3.38.

One-way ANOVA and post hoc tests confirmed that dominant

sound types had significant effects on PSR components (p < 0.05)
(Fig. 6). Notably, the restoration scores for traffic noise were

significantly lower than those for natural sounds when sea waves
or wind dominated the soundscape (3.38 £ 0.38 vs. 4.17 £ 0.32)
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and were also lower than those for anthropogenic sounds such as
human speech and music for Fascination (3.55 + 0.57 vs. 4.16
0.31). Additionally, human-related and music sounds resulted in
significantly lower scores than wind-dominated soundscapes for
Compatibility (3.50 * 0.34 vs. 4.33 + 0.24). Among natural sounds,
sea waves and wind were the most effective in promoting PSR,

as their restoration scores were significantly higher than those

of seagulls for Compatibility (3.97 + 0.30 vs. 3.32 + 0.38). These
findings reinforced the restorative potential of natural coastal
soundscapes, particularly when dominated by sea waves and wind,
while highlighting the comparatively lower restorative effects of
anthropogenic and mechanical sounds.

3.4 PSR Considering Holistic Soundscape Evaluations With
Interactively Determinants
Appropriateness, subjective loudness, and acoustic comfort were
evaluated to characterize the overall coastal sound environment.
Interestingly, negative relationships between holistic soundscape

evaluations and PSR scores were presented in Fig. 5, suggesting
that higher PSR was associated with lower subjective ratings.

Note that PSR scores were higher when sea waves and wind were
the predominant sounds, despite lower levels of appropriateness
and subjective loudness. Figure 7 presents the estimated mean
scores for each component as influenced by holistic soundscape
evaluations, with PSR reflected in the median scores of the box
plots. The distribution of holistic soundscape evaluations revealed
that the coastal sound environment was generally perceived as
ranging from “neither noisy nor quiet” to “very noisy” in terms of
subjective loudness, while acoustic comfort ranged from “neither
uncomfortable nor comfortable” to “very comfortable.” This
suggested that local residents may have become accustomed to
the relatively noisy coastal environment while still perceiving it
as acoustically comfortable®®”. Additionally, median PSR scores
were observed to increase as acoustic comfort ratings decreased
for Being-away-to (Fig. 7-2), Being-away-from (Fig. 7-3), and
Compatibility (Fig. 7-4). These findings could highlight the complex

Fig. 7 Holistic soundscape evaluation determinants influencing PSR components. Box plots represent extremum and quantile of restoration scores at varying subjective loudness
level influenced by acoustic comfort levels, and the horizontal black bold line represents the median.
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interplay between individuals and sound characteristics with PSR
in coastal environments.

To examine the effects of appropriateness, subjective loudness,
and acoustic comfort on PSR, a CATREG analysis was conducted
(Table 6). Notably, holistic soundscape evaluations were
significantly effective in determining all the components (p < 0.05).
Compared with appropriateness, subjective loudness and acoustic
comfort were more crucial soundscape indicators.

To further account for the combined effects of sociodemographic
and behavioral factors, holistic soundscape evaluations,
and dominant sounds on PSR under individual and sound
characteristics interactions, an additional CATREG analysis was
conducted (Table 7). Comparatively, sociodemographic and
behavioral factors were found to be more influential than sound
characteristics, based on their importance index values. Specifically,
visit duration and activity intensity were the strongest predictors
of Fascination, Being-away-to, Being-away-from, and Compatibility.
Meanwhile, holistic soundscape evaluations were more important
in determining the Coherence and Scope. Additionally, visit
frequency and occupation emerged as significant predictors for
Scope. The tolerance value of the key determinants was higher than
0.2, indicating there were no co-linear relationships among the
variables. Namely, the individual and sound related determinants
were statistically meaningful.

These findings emphasize the importance of considering

sociodemographic and behavioral characteristics in predicting the
PSR for promoting health benefits in coastal blue spaces. It is worth
noting that their influence on the PSR was even greater than that of
the sound characteristics themselves. Therefore, a comprehensive
approach that integrates sociodemographic, behavioral, and sound
factors—tailored to specific restorative components—can help
optimize the PSR in coastal blue spaces.

3.5 Characterization of PSR in Coastal Urban Spaces
Fascination, Being-away-to, Compatibility, Coherence, and Scope
have been identified as the most suitable components for assessing
the PSR when applied in situ within a specific environmental
context!*, This aligns with the findings of the present study, which
further demonstrate that the PSR is influenced by a combination
of sociodemographic, behavioral, dominant sound, and holistic
soundscape factors. Theoretically, high scores across all PSR
components are essential for fostering prolonged and effective
psychological restoration, whereas low scores in any component
may diminish the therapeutic potential of the environment.
Therefore, it is also crucial to understand how PSR components
contribute to the variance in PSR within coastal blue spaces.
Such insights can aid in characterizing therapeutic landscape
and identifying the key components that facilitate psychological
restoration in terms of coastal soundscape.
To this end, a series of PRSS evaluations were analyzed

Table 6: Influence of holistic soundscape factors on PSR components

Components Variable Standardized coefficient DF F Sig. Importance Tolerance

Beta Std. error After Before

Fascination Subjective loudness -0.335 0.159 2 4.410 0.013 0.700 0.798 0.684
Being-away-to Subjective loudness -0.367 0.101 3 13.171 0.000 0.529 0.785 0.684
Acoustic comfort -0.300 0.088 3 11.531 0.000 0.359 0.815 0.656

Being-away-from Subjective loudness -0.336 0.159 2 4.461 0.013 0.723 0.742 0.684
Acoustic comfort 0.156 0.086 2 3.286 0.040 0.261 0.678 0.656

Compatibility Subjective loudness -0.293 0.098 2 9.010 0.000 0.472 0.828 0.684
Acoustic comfort -0.330 0.104 2 10.015 0.000 0.441 0.800 0.656

Coherence Subjective loudness -0.346 0.150 3 5.335 0.001 0.892 0.939 0.684
Scope Acoustic comfort -0.213 0.103 3 4.255 0.006 0.763 0.730 0.656
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Table 7: Combined influences of sociodemographic, behavioral, dominant sound, and holistic soundscape factors on PSR components

PSR component Variable Standardized coefficient DF F Sig. Importance Tolerance
Beta Std. error After Before
Fascination Duration 0.313 0.110 2 8.144 0.000 0.316 0.870 0.787
Education level 0.191 0.080 3 5.734 0.001 0.135 0.968 0.928
Being-Away-To Duration 0.345 0.091 2 14.303 0.000 0.250 0.883 0.787
Acoustic comfort -0.409 0.105 3 15.470 0.000 0.196 0.596 0.562
Subjective loudness -0.361 0.126 3 8.188 0.000 0.185 0.652 0.641
Compatibility Activity intensity -0.282 0.070 1 16.242 0.000 0.224 0.886 0.929
Subjective loudness -0.276 0.112 2 6.021 0.003 0.175 0.876 0.641
Acoustic comfort -0.353 0.114 4 9.536 0.000 0.152 0.758 0.562
Dominant sound 0.237 0.087 2 7.468 0.001 0.142 0.962 0.904
Coherence Subjective loudness -0.364 0.181 2 4.064 0.019 0.472 0.904 0.641
Dominant sound 0.198 0.107 2 3.412 0.035 0.126 0.927 0.904
Scope Acoustic comfort -0.247 0.105 3 5.554 0.001 0.219 0.708 0.562
Frequency 0.215 0.112 3 3.672 0.013 0.201 0.876 0.888
Occupation 0.198 0.090 2 4.835 0.009 0.158 0.910 0.977
incorporating a combined assessment of individual and sound shown in Table 8 (highlighted), 73.45% of the total variance were
characteristics. The varimax rotated principal component analysis explained by the corresponding factors, representing a relatively
was employed to extract the orthogonal. With a criterion factor high explanatory power, compared with previous environmental
of eigenvalue > 1, 11 components were identified (Fig. 8). As restorativeness studies, which have reported explained variance

ranging from 33% to 70%[14,39].
Note that factor 1 (12.98%) was most representative

6 of Fascination, confirming its role as the primary driver of
;| psychological restoration. Factor 2 (9.95%) was associated with
Coherence, which can be understood as a key environmental
o 4 p affordance shaped by the unique coastal soundscape. Factors 3
E" 34 3 (7.84%) and 4 (7.79%) corresponded to the restorative components
g 3
= : of Being-away-to and Being-away-from, respectively. These findings
2 2 . . . . P . .
g highlight the necessity of supporting multi-dimensional functions
11 f Fig.8 Scree within coastal environments to foster a sense of escape from
0 2 plot based daily stressors for a diverse range of visitors. Beyond the primary
¢ on principal i ~ i i
R N N component restorative components, factors 5 ~ 11 collectively explained
Component number H analysis. 34.89% of the total variance, accounting for nearly half of the PSR
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Table 8: Varimax rotated principal component analysis of PRSS evaluations and combined sociodemographic, behavioral, dominant sound,

and holistic soundscape characteristics for PSR components (N =201)

Extended Factors/cumulative percent
restorative
components 1/ 2/ 3/ 4/ 5/ 6/ 7/ 8/ 9/ 10/ 11/
12.98% 22.93% 30.77% 38.56% 46.17% 51.03% 55.76% 60.46% 65.00% 69.48% 73.45%
Fascination/AT 0.885 0.006 0.053 0.195 -0.028 -0.117 -0.007 0.056 0.005 -0.067 0.093
Fascination/LG 0.821 -0.170 0.101 0.098 -0.125 -0.092 0.042 -0.006 -0.071 0.083 -0.035
Fascination/WD 0.756 0.067 0.078 0.100 -0.063 0.407 0.138 -0.033 0.020 0.237 -0.068
Fascination/EG 0.730 0.092 0.082 -0.004 0.099 0.478 0.071 0.065 -0.008 0.112 -0.116
Fascination/AP 0.728 0.067 0.205 0.125 -0.053 -0.275 -0.019 -0.041 0.269 -0.223 0.125
Being-Away-To/DT 0.565 0.000 -0.090 0.460 0.211 0.078 0.176 0.272 -0.082 0.079 -0.061
Coherence/CH 0.000 0.855 0.071 0.085 -0.131 -0.017 0.075 -0.043 0.008 0.018 -0.078
Coherence/TG -0.060 0.769 0.166 -0.014 -0.142 0.091 -0.115 0.124 -0.005 -0.043 -0.151
Coherence/BL 0.040 0.723 0.073 0.196 0.009 -0.083 0.267 0.004 0.257 0.034 0.053
Scope -0.020 0.714 0.086 0.061 0.216 0.042 -0.135 0.191 -0.028 0.078 0.274
Being-Away-From/FR 0.140 0.157 0.811 0.171 -0.038 0.066 -0.184 -0.096 0.060 0.030 -0.115
Being-Away-From/BR 0.077 0.191 0.774 -0.009 -0.157 0.076 0.079 0.115 -0.037 0.029 -0.061
Compatibility/AC 0.165 -0.019 0.587 0.016 0.021 -0.040 0.464 0.368 -0.203 0.106 0.121
Being-Away-To/UH 0.096 0.175 0.114 0.846 -0.071 -0.014 -0.015 -0.041 0.019 -0.131 -0.061
Being-Away-To/DS 0.348 0.054 -0.003 0.780 0.012 0.109 0.116 0.117 -0.030 0.155 -0.051
Being-Away-From/DA 0.116 0.022 0.496 0.564 -0.073 0.150 -0.002 -0.169 0.218 0.023 0.053
Acoustic comfort -0.023 -0.057 0.223 -0.105 -0.807 0.119 -0.076 -0.110 0.201 -0.021 0.088
Appropriateness -0.030 -0.037 0.100 0.062 0.785 0.085 -0.084 -0.117 0.073 0.057 0.048
Subjective loudness -0.058 -0.123 -0.135 -0.250 0.748 -0.028 -0.094 0.014 0.111 -0.076 0.032
Education level 0.019 0.050 0.147 0.107 -0.036 0.755 0.029 -0.129 -0.022 -0.100 0.077
Dominant sounds 0.091 0.018 -0.001 0.063 -0.130 0.047 0.820 -0.165 0.127 -0.165 -0.065
Compatibility /HI 0.228 0.350 -0.151 0.368 0.037 0.023 0.428 0.291 0.054 0.189 0.281
Activity intensity -0.049 -0.112 -0.011 -0.031 0.047 0.095 0.109 -0.729 -0.105 -0.130 0.080
Compatibility/UT 0.035 0.401 0.380 -0.044 0.033 0.020 0.047 0.485 0.055 -0.253 0.061
Frequency -0.094 0.162 -0.020 -0.021 0.199 -0.152 0.028 0.023 0.737 0.185 -0.095
Duration 0.224 -0.014 0.028 0.111 -0.343 0.191 0.143 0.200 0.655 -0.114 0.106
Gender 0.024 -0.042 0.011 0.031 0.000 0.004 -0.133 0.156 0.067 0.768 0.089
Visit aim -0.155 -0.203 -0.139 0.032 -0.033 0.424 -0.082 0.179 -0.041 -0.543 0.061
Occupation -0.011 0.000 -0.079 -0.076 -0.009 0.060 -0.011 -0.060 -0.020 0.051 0.903
NOTE

Kaiser-Meyer-0lkin measure of sampling adequacy (KMO) was 0.707 (p < 0.05]); the cumulative percentage of variance explained was 73.45%; and factor extraction was based on eigenvalues greater than 1.
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variance. Factor 5 (7.61%) was associated with holistic soundscape
indicators, suggesting that overall soundscape quality plays a
mediating role in the restorative experience. Namely, this finding
suggested that holistic soundscape evaluations act as a bridge
between key restorative components and individual characteristics.
Factors 6 ~ 11 (27.28%) were linked to visitor demographics

and visit behaviors, indicating that these factors explained a
comparable portion of the variance in PSR. Notably, the restorative
component of compatibility (Factors 7 and 8) was almost entirely
mediated by individual characteristics, suggesting that personal
behaviors interactively shape the perception of sound environment
for psychological restoration. These results suggest a balanced
contribution of PRSS, soundscape characteristics, and individual
factors in predicting the PSR in coastal environments. The strong
influence of individual behaviors features the importance of
fostering connections between local communities and coastal
environments to enhance psychological restoration. These insights
highlight the need for a coordinated and optimized approach to
developing therapeutic coastal urban spaces, ensuring that they
effectively support diverse user needs while maintaining public
health benefits.

4 Discussion

4.1 Theoretical Components of PSR in Coastal Urban Spaces

In this study, five reorganized theoretical components were
identified, providing a robust framework for characterizing PSR
(Table 8). Component 1 (12.98%) was associated with all PRSS
items related to Fascination, making it the most influential driver
of the PSR in coastal settings. Fascination reflects an environment’s
capacity to effortlessly capture attention. The coastal soundscape
is not experienced in isolation; visual aesthetics, the dynamic and
ever-changing nature of the coastline, the vast seascape, and the
presence of engaging functional spaces all contribute to fostering
Fascination. These multisensory restorative elements encourage
prolonged engagement, enhancing the restorative experience.
Component 2 (9.95%) was strongly associated with Coherence,
which refers to the sense of being immersed in a “whole other
world.” In this context, the built environment in coastal urban
spaces should provide a harmonious soundscape that aligns with
the natural environment. The effectiveness of this harmony as a
mediating factor between specific soundscape qualities of holistic
soundscape evaluations and the PSR should be carefully considered
(Table 7). Components 3 and 4 (15.63%) corresponded to the
restorative components of Being-away-to and Being-away-from. The

concept of Being away reflects an environment’s ability to create a
sense of distance from daily stressors and obligations, regardless
of individual life circumstances or professional responsibilities.
The findings of this study indicate that individuals with higher
education levels and those employed in administrative, teaching,
and medical professions reported significantly greater psychological
restoration through being-away in blue spaces (Figs. 3 and 4).
Previous research has shown that such individuals often prefer

%, For the

general public, extending visit duration (Table 5) and incorporating
(39

natural environments due to their ecological interests
social and cultural experiences” ™ may enhance perceptions of
being away. Component 5 (9.43%) was linked to Compatibility,
which reflects the degree to which an environment supports

an individual’s intended activities and meets environmental
demands'™ ™%, As indicated in Table 7, the interaction between
public activities and the coastal soundscape plays a considerable
role in determining Compatibility. Notably, higher restoration of
Compatibility was appeared when low-intensity activities were
connected with infrequent visits or when high-intensity activities
were associated with frequent visits (Table 5). These findings
suggest that visitors may experience greater restoration by utilizing
different areas of the coast to minimize disturbances from other
users. Consequently, the strategic design of functional systems
within coastal environments—accounting for spatial (both physical
and multisensory of seascape) and temporal (geological, seasonal,
daily, and hourly) theoretical components—could shape restorative
experiences by catering to diverse user needs.

4.2 Limitations and Prospects
4.2.1 Reflections of Field Investigation
PSR can be evaluated through either in situ surveys, or
laboratory experiments. To prioritize the authenticity of the
real coastal environment and ensure that the results reflect the
general population with diverse sociodemographic and behavioral
backgrounds, the present study relied on in situ investigation.
However, as with any in situ study, certain limitations are inevitable.
For example, explanatory variables related to designed sound
environments could not be fully integrated into the study. This
research confirmed that holistic soundscape evaluations were
correlated with the PSR, revealing that higher psychological
restoration could be experienced with lower holistic soundscape
evaluations (Figs. 5, 7). Nonetheless, according to ART, it would
be expected that individuals would benefit from a quieter, more
comfortable sound environment to clear their minds of daily
cognitive “noise” and engage more deeply in restoration processes
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such as reflection®*”. Given that limited studies have specifically
applied this theory to coastal urban space contexts, the current
evidence on the impact of varying soundscapes is still inconclusive.
Hence, it would be beneficial to analyze further effects of target
variables (e.g., varied holistic soundscape evaluations, different
spatial types) in experimental conditions, which has a great
advantage in sufficiently applying changes to a soundscape, though
this study has found that the influence of the sociodemographic and
behavioural factors on the PSR could be even greater than that of
the sound characteristics themselves.

4.2.2 Limitations and Further Research

First, as illustrated in 4.2.1, further research is needed to
explore the effects of the target variables in controlled experimental
settings, which would allow for more precise manipulation of the
sound environment.

Second, although the findings of this study provide valuable
insights into the variance explained in PSR, there are likely other
specific landscape characteristics such as visual elements*™**,
internal bodily sensations*”, and sense of place*** should be
considered to fully account for the remaining variability, which
were not examined in detailed in the presented study. Moreover,
it is necessary to investigate additional characteristics in the

preferences for the temperate environments of the coastal zone>**

¥4 as these can all simultaneously

and nature-based settings'
contribute to an optimization of the therapeutic landscapes.
Investigating how these factors interact with the soundscape would
also provide a more comprehensive understanding of PSR in such

perceptual environments.

5 Conclusions

This empirical study investigated the role of individual and
sound characteristics in interactively determining the PSR based on
theoretical components—Fascination, Being-away-from and Being-
away-to, Compatibility, and Coherence and Scope—through field
questionnaire survey. The key findings are summarized as follows:

1) PSR significantly varied across occupations and education
levels. Across all the PSR components, teachers/doctors consistently
reported the highest restoration scores, and individuals with lower
education levels tend to experience significantly lower PSR than
those with high education levels.

2) PSR significantly varied according to behavioural patterns
including visit purpose, duration, frequency, and activity intensity.
Visitors motivated by mental restoration who stayed longer and
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engaged in lower-intensity activities with less frequent visits, or
those who visited more frequently with higher-intensity activities,
experienced higher PSR.

3) PSR significantly varied among different dominant sound
types—natural, anthropogenic, and mechanical sounds—in relation
to the PSR components. Significantly higher PSR was associated
with the dominance of natural sounds such as sea waves or wind,
while traffic noise led to significantly lower restoration scores.

4) Holistic soundscape evaluations were associated with all
the PSR components. However, when combined interactions of
individual and sound characteristics were considered, individual
factors were also associated with all the components, and had
greater influence than the sound characteristics in determining
Fascination, Being-away-from and Being-away-to, and Compatibility,
as indicated by the PSR prediction model.

5) Incorporating the PRSS with all PSR components, alongside
individual and sound characteristics, a relatively robust structure
was revealed that reflects the functioning of reorganized PSR
components—Fascination, Coherence and Scope, Being-away-to
and Being-away-from, sound characteristics, Compatibility, and
individual demographics and behaviors. This framework covers the
essential factors influencing psychological restoration in coastal
soundscapes, with approximately half of the variance attributable
to individual and sound characteristics. The variance explained by
these factors reached 73.45%, which is a relatively high amount
of explained variance compared with previous environmental
restorativeness studies.

This study provides valuable empirical insights for promoting
therapeutic landscapes by examining the functions, perceptions,
and interactions within coastal built environments. It also enhances
the understanding of and offers practical guidance for optimizing
soundscapes in coastal blue spaces with public health benefits for
psychological restoration.
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