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Abstract

As research on national cultural parks advances, the significance of conducting multi-
dimensional perception evaluations of their cultural ecosystem services (CESs) becomes
increasingly apparent. This study examines the eight dimensions of CESs within the
Grand Canal National Cultural Park from the perspective of soundscape preference. Us-
ing Tongzhou Grand Canal Forest Park as a case study, five categories of soundscapes
comprising 19 sound sources were identified through the analysis of online textual data.
This study then collected public preferences and perceptions of these five soundscapes
via on-site questionnaires and analyzed the data using SPSS26 for correlation and IPA
analyses. The results indicate that the overall evaluation of the park’s CESs is positive.
There is a significant mutual influence between soundscape preference and CES perception.
Specifically, the preference for natural soundscape significantly impacts the evaluation
of each CES dimension, while satisfaction with leisure and entertainment is positively
correlated with preferences for all types of soundscapes. Additionally, there are notable
differences in soundscape preference among different age groups. These findings not only
enhance our understanding of soundscape planning in national cultural parks but also
provide valuable guidance for their management and design.

Keywords: national cultural park; cultural ecosystem services; soundscape preference;
correlation analysis; IPA analysis; Tongzhou Grand Canal Forest Park

1. Introduction
The National Cultural Park is a distinctive cultural heritage conservation initiative

unique to China, aiming to preserve and promote the country’s profound cultural heritage
while facilitating public access to cultural resources and enhancing cultural identity [1–3],
which is different from the concept of the national park, which originated in the United
States and primarily emphasizes wilderness protection and ecological conservation [4–6].
While both models share the goal of safeguarding valuable natural and cultural assets, their
underlying philosophies and priorities diverge significantly, with the Chinese National
Cultural Park initiative placing a greater emphasis on cultural inheritance and public
cultural services. As a significant cultural heritage, the Grand Canal embodies profound
historical accumulation and cultural values [7–10]. The establishment of the Grand Canal
National Cultural Park marks an innovative practice in active heritage protection [11–14].
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With the growing global awareness of ecosystem services, especially after the Millen-
nium Ecosystem Assessment, the significance of cultural ecosystem services has become
increasingly prominent [15]. Cultural ecosystem services (CESs) refer to the cultural service
functions that exist within an ecosystem [16]. Existing CES evaluation methods often
struggle to capture the public’s deep-seated perception and demand for cultural ecosystem
services [17]. The intangible and subjective nature of CESs poses challenges for large-scale
research and data collection for quantitative evaluation [18]. However, the era of big data
has presented new opportunities, with social media text evaluation data emerging as a
valuable resource for CES assessment [19,20]. Using big data in CES research has become
an established trend [21,22].

Globally, CES research has evolved from traditional “value-management” frameworks
to a focus on “perception”, “preference” and social media data [23–27]. CESs are closely
intertwined with public spiritual needs and cultural identity [28], aligning seamlessly with
the park’s goal of promoting harmonious human–nature interaction [29,30]. Meanwhile,
soundscape, defined by ISO as the perceived acoustic environment, has gained theoretical
depth through soundscape ecology. Natural soundscapes, such as flowing water and
bird sounds, serve as both ecological signals and cultural symbols, influencing public
perceptions of heritage value. The combination of historical and natural soundscapes can
evoke cultural memories and emotional resonance in Chinese classical gardens [31,32] and
link soundscape preferences with psychological health and place attachment [33]. There is
a positive correlation between the nostalgic emotions triggered by traditional canal sounds,
cultural pride related to local dialects, and perceived value evaluation of CESs. However,
the interaction between soundscape preference differences and CES in national cultural
parks, particularly regarding public perception and its implications for park management,
remains under-researched [34]. Against this backdrop, this study aims to answer three key
questions: (1) What is the current state of soundscape preference and CES perception in
the Grand Canal National Cultural Park? (2) How do soundscape preferences correlate
with different CES dimensions? (3) What are the implications of these correlations for the
management and planning of national cultural parks? To address these questions, this
study employs social media text data collection and analysis, questionnaire surveys, IPA
analysis, and correlation testing, using Tongzhou Grand Canal Forest Park in Beijing as
a case study. The research seeks to explore the relationship between public soundscape
preferences and park CES, offering insights for future national cultural park construction
and active canal cultural heritage protection.

2. Materials and Methods
2.1. Study Area

Tongzhou Grand Canal Forest Park is located at the source of the Hebei Canal section
of China’s Grand Canal, which is integrated with the ecological environment and historical
heritage of the Grand Canal, and is a typical case study site (Figure 1). Since 2019, as a
pilot project of the Tongzhou section of the Grand Canal National Cultural Park [35], the
park has been built with the natural landscape of the canal as the core, forming a close
geographical connection with the surrounding important canal relics such as the Lantern
Stupa and the Daguang Tower. The canal’s historical and cultural landscape in the park is
rich and diverse, and the ancient canal road, dock ruins, and canal culture display areas
under key protection are all important carriers of CES in this study.
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Figure 1. Research scope and main research sites.

In terms of natural conditions, the park shows unique advantages. In the park, you
can hear a variety of sound sources, including natural sounds such as bird sounds, wind
and water, artificial sounds such as boat motors, and human activity sounds brought by
crowd conversation and folk culture display, making the soundscape experience extremely
rich. At the same time, as a 5A cultural tourism scenic spot in Beijing, the Grand Canal
Forest Park attracts a large number of tourists and provides sufficient sample resources
for data acquisition (5A usually refers to the national 5A tourist attraction, which is the
highest standard for the quality of tourist attractions in China). The recipients of the
questionnaire were randomly selected within the area of sites 1–4. The management of the
park is standardized and orderly, and the transportation is convenient, which provides great
convenience for researchers to conduct field research and questionnaire surveys. These
factors together form a solid basis for the research, making Grand Canal Forest Park an ideal
location to study the relationship between soundscape preferences and CES perception.

2.2. Social Media Text Data Collection

Two authoritative review platforms in China—Dianping and Ctrip—were selected
as data sources in this study. Ctrip ranks first in terms of monthly active users of online
travel service apps in China, while Dianping is currently the largest review website in
China. Using “Beijing (Tongzhou) Grand Canal Cultural Tourism Scenic spot” as the
keyword, it collected 3138 user reviews from 1 May 2021 to 1 May 2024, using Octo-
pus software v 8.7.7 (Shenzhen Shukuo Information Technology Co., Ltd., Shenzhen,
China)’s data crawling technology (https://octopus-code.org/ (accessed on 16 March
2025). ROST Content Mining Toolkit 6.0 (Developer: Professor Shenyang from Wuhan
University, Wuhan, China) software was used to preprocess the collected text data (data
sources: https://www.dianping.com/, https://www.ctrip.com/), including steps such
as word segmentation, denoising, and word frequency statistics (Table 1). Among them,
high-frequency nouns are mainly composed of place names and common landscapes in the

https://octopus-code.org/
https://www.dianping.com/
www.ctrip.com/
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park, high-frequency adjectives reflect the public’s aesthetic feelings, and high-frequency
verbs reflect the main activities of the public in the forest park (Figure 2).

Table 1. Top 50 high-frequency words in social media text crawling.

Word Frequency Word Frequency Word Frequency

Park 754 recommend 245 entertainment 109
Flower 710 lotus 243 mood 108

Boat 646 wharf 238 natural 106
Nice 476 youngster 233 graceful 95

Children 447 air 215 comfortable 94
Free 428 area 204 insolation 87
Big 424 drive 184 holiday 86
Tent 410 doorway 182 Grand Canal 81

Bicycle 369 picnic 173 both sides 79
Environment 348 Tickets 160 river surface 72

Facilities 314 walk 156 sunshine 67
Far 302 leisure 152 many people 66

Very 293 accompany 151 footpath 65
Weekend 291 field 139 ancient 62

Stroll 284 clean 138

Landscape 269 water
transport 135

Camp 269 navigation 131
Cycling 252 punch in 119

Figure 2. Cloud picture of high-frequency words.

Based on the collected social media data [36], salient sound source type is an important
trait that stimulates soundscape perception [37]. This study sorted out the types and
distribution of sounds in the forest park. After analyzing the frequency of soundscape-
related words in the text data, representative sound source analysis was conducted on
soundscape-related words that appeared more than 50 times (Figure 3). Through word
segmentation retrieval of text data and selection of soundscape words, 19 representative
sound sources were identified by consensus, and the search results were divided into
5 types of soundscape based on sound properties: animal soundscape, natural soundscape,
human activity soundscape, artificial soundscape, and traffic soundscape (Table 2). In
addition, according to the statistics of the locations of high-frequency scenic spots in the
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text data and the richness of the overall visual landscape and soundscape of the scenic spot,
four actual survey sites were determined (Table 3):

Figure 3. Visualization of soundscape words.

Table 2. Representative sound source.

Main Soundscape
Types

Animal
Soundscape

Nature
Soundscape

Human Activity
Soundscape

Artificial
Soundscape

Traffic
Soundscape

Representative
sound sources

Cicada sounds
Bird sounds
Frog sounds
Duck sounds

Water
Wind

Leaves

Children’s sounds
Conversation sounds

Singing sounds
Movement sounds

Footsteps
Sweeping sounds

Entertainment
sounds

Radio sounds
Instrumental

sounds
Construction

sounds

Boat sounds
Traffic sounds
Sightseeing car

sounds

Table 3. Introduction to the survey location.

Site 1 Site 2 Site 3 Site 4

Located to the south of
Lutong Bridge in Forest Park,
it is mainly landscaped with
plants. The overall landscape

has a strong historical
memory and natural scenery

characteristics, and the
natural sound is abundant.

The only area in the park
surrounded by water on all

sides, it features Qiao
planting, irrigation, flowers,
grass, ground cover, wet and
other kinds of plants (more

than 100 species. It is the
habitat of many birds, and
animal sounds and natural

sounds are prominent.

There is a pro-level platform
built in the area, so that

visitors can walk into the deep
reed of the Grand Canal, and

the sound environment is
obviously different from

other areas.

With the Grand Canal
transport dock as the
background, the canal

transport culture is displayed.
There are special historical
and cultural sounds, and

artificial and natural sounds
are integrated.

Site 1: Luhe Yaoliu
scenic spot

Site 2: Yuedao Wenying
scenic spot

Site 3: Popular Reed
scenic spot

Site 4: Silver Maple Autumn
Fruit scenic spot
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2.3. Questionnaire Design

Previous studies have shown that it is effective to use questionnaires to evaluate
individuals’ perception of the acoustic environment [38]. The preliminary research results
show that the forest park has abundant plant landscapes and frequent animal activities
in summer. Meanwhile, summer is the peak season of annual tourist flow and the best
viewing season of the forest park landscape. Therefore, this study selected the key month
of June and randomly distributed questionnaires at four survey sites within the forest park.
The specific time of the questionnaire was from 3 p.m. to 6 p.m. every day, which was not
only the period with the most abundant and changeable soundscape elements, but also the
most concentrated time for the public to visit the park, thus ensuring the effectiveness and
representativeness of the data collection. Respondents scored the questionnaire according
to their overall experience in the park, and the questionnaire content was divided into
three parts: investigation of the current situation of soundscape perception, CES perception
evaluation, and interviewee characteristics.

The soundscape perception questionnaire consists of two parts: sound source percep-
tion frequency statistics and soundscape preference evaluation. A Likert scale was used
to measure the soundscape preference evaluation. The scale was divided into five levels:
strongly disagree (1 point), disagree (2 points), neutral (3 points), agree (4 points), and
strongly agree (5 points). The statistical content of sound-source perception frequency
refers to the proportion of the public’s perception frequency of each representative sound
source in the soundscape type. Based on the summary of previous CES studies, this study
selected 8 appropriate CES dimensions to define and evaluate in the context of national
cultural parks. Meanwhile, in order to facilitate tourists’ understanding, the questionnaire
content transformed the conceptualized connotation of CES in each dimension into 14 ques-
tions closely related to tourists’ recreational experience for inquiry (Table 4). As for CES
perception evaluation, A Richter scale was also adopted, and the satisfaction evaluation
scale was divided into 5 levels: very dissatisfied (1 point), dissatisfied (2 points), neutral
(3 points), satisfied (4 points), and very satisfied (5 points). The importance rating scale
is divided into five levels: very unimportant (1 point), unimportant (2 points), neutral
(3 points), important (4 points), and very important (5 points).

The questionnaire investigates the characteristics of the interviewees, including the
collection of variables such as identity, gender, age, educational background, and interview
frequency of the population group. Since the survey group was randomly selected on
site, the difference in the number of tourists and residents was affected by the function of
Tongzhou Grand Canal Forest Park as a tourist destination, which attracted more tourists
to visit. Therefore, the number of tourists in the park far exceeds that of the surrounding
residents. This flow characteristic is directly reflected in the random sampling results;
that is, the number of tourists significantly exceeds the number of residents. A total of
138 questionnaires were sent out, and 130 valid questionnaires were retained after screening
based on the completion of the questionnaires. In similar studies, a sample size of 100–150
has been proven effective [39–41]. All valid questionnaire data were recorded into SPSS
26.0 for statistical analysis. In order to ensure the scientific and validity of the research
data, this study first used Cronbach’s alpha coefficient to test the internal consistency of the
questionnaire and obtained the combined analysis method of the Likert scales to ensure
that the attitudes or tendencies of the respondents could be reflected more comprehensively.
When SPSS software 26.0 (SPSS Inc., Shanghai, China) was used to analyze the reliability of
quantitative data (such as attitude scale questions), reliability analysis was carried out on
33 groups of scale data (CES importance evaluation, satisfaction evaluation, soundscape
preference evaluation scale). The Cronbach’s α coefficient was 0.931, which is greater than
0.8, indicating high data reliability, and the KMO value was 0.812, higher than 0.8. The
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validity of the side response data was good, verifying that the questionnaire data was
suitable for further analysis.

Table 4. Meaning of CES dimension.

Dimension Connotative Definition Code Description

Leisure and
entertainment

The value of leisure and
recreational activities provided

in the park

LE-1 Parks can meet the demand for dynamic
entertainment activities

LE-2 Parks can meet the demand for static
entertainment activities

Aesthetic experience
The aesthetic perception and

viewing value provided by the
internal scenery of the park

AE-1 The water scenery in the park is rich and
aesthetically pleasing

AE-2 The night scenery in the park is rich and
aesthetically pleasing

AE-3 The floral landscape in the park is rich and
aesthetically pleasing

Exercise healing
The value of sports-related
relaxation and stress relief

provided by the park

EH-1 Parks can meet the needs of sports and fitness

EH-2 Parks can meet the needs of regulating
emotions and releasing stress

Social relationships
Parks provide opportunities for
the public to interact and meet

their social needs

SR-1 Parks can meet the daily needs of parent–child
interaction

SR-2 Parks can meet the needs of daily social
activities with friends, colleagues, etc.

Science education
Parks provide the public with
opportunities for knowledge
dissemination and education

SE-1 The educational activities that can be carried
out on the site are sufficiently diverse

SE-2 There are plenty of volunteer activities
available in the park

History and culture The cultural and historical value
contained in the park HC Parks can reflect the historical value and

distinctive culture of the canal

Heritage protection
The contribution value related

to the heritage protection
function provided by the park

HP Parks play a protective role in the cultural
heritage of the Grand Canal

A sense
of place

The value of parks in evoking
local memories or attachment

among the public
SP There is a place within the park that can evoke

memories or special emotions in you

In the stage of descriptive statistical analysis, the mean, standard deviation, and
median of the soundscape preference data were calculated to characterize the central
tendency of the data, etc., for the Likert scale, to quantify the respondents’ perceived
soundscape preferences and their degree of dispersion. At the same time, combined with
the satisfaction and importance scores within the CES scale, IPA analysis was carried out
to evaluate the advantages and disadvantages of CESs in the forest park. In addition, an
analysis of variance (ANOVA) was also used to explore the differences in soundscape
preferences among different survey groups, and Spearman’s rho was used for correlation
analysis. This method is not only suitable for data with a non-normal distribution, but can
also effectively reveal the hierarchical relationship between variables.
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3. Results
3.1. Differences in Soundscape Perception Preferences

According to the statistics on the perception frequency of various sounds under
different sound source types, it was found that bird sounds and cicada sound had the
highest perception in animal soundscape, accounting for 74.9% of the total frequency of
animal soundscape. The natural soundscape was dominated by wind (36.2%) and leaves
(46.7%). In the human activity soundscape, the perceived frequency of children’s playing,
talking, and moving sounds is higher, accounting for nearly 80% of the total frequency
of human activity sounds. The perception frequency of artificial soundscape is mainly
composed of entertainment sounds (34.5%) and broadcasting sounds (26.9%). In terms of
the traffic soundscape, the perceived frequencies of cruise ship whistles and sightseeing car
driving sounds are similar, accounting for 59.7% and 40.3%, respectively (Table 5).

Table 5. Sound perception frequency statistics.

Soundscape Type Representative Sounds Frequency Proportion

Animal soundscape

Cicada sounds 35.18%
Bird sounds 39.74% max
Frog sounds 18.24%
Duck sounds 6.84%

Natural soundscape
Water 17.14%
Wind 36.19%

Leaves 46.67% max

Human activity soundscape

Children’s sounds 25.14%
Conversation sounds 29.43% max

Singing sounds 7.14%
Movement sounds 22.57%

Footsteps 10.29%
Sweeping sounds 5.43%

Artificial soundscape

Entertainment sounds 34.52% max
Radio sounds 26.90%

Instrumental sounds 21.32%
Construction sounds 17.26%

Traffic soundscape Cruise boat whistles sounds 59.66% max
Sightseeing car driving sounds 40.34%

The ‘green value’ represents the sound type with the highest frequency proportion.

According to the statistical results of soundscape preference evaluation (Table 6), the
median scores of natural soundscape, animal soundscape, human activity soundscape,
traffic soundscape, and artificial soundscape were all over 4 points, which means that more
than 50% of respondents rated these five types of soundscape preferences as agree (4 points)
or strongly agree (5 points). Among them, the mean value of the animal soundscape
(M = 3.65) was higher than that of the natural soundscape (M = 3.60) and that of the human
activity soundscape (M = 3.48), while respondents’ preference for traffic soundscape and
artificial soundscape was relatively low, with the artificial soundscape in particular being
the lowest (M = 3.24). The standard deviation of animal soundscape preference score was
0.83, indicating that the deviation between the overall preference evaluation of animal
soundscape and the mean value of preference (M = 3.65) was relatively small, and the
data distribution was relatively concentrated. The standard deviation of preference for
natural soundscape (1.02), human activity soundscape (0.97), traffic soundscape (1.03), and
artificial soundscape (1.06) were all larger than those of animal soundscape, indicating
that the evaluation of these four types of soundscape preferences was relatively dispersed
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compared with animal soundscape preferences. Eta2 is an effect size indicator in one-way
analysis of variance (ANOVA), which reflects the degree to which the five soundscape
types explain the variation in the dependent variable, soundscape preference.

Table 6. Evaluation results of soundscape preferences.

Latent Variable Mean Value Standard Deviation F P Eta2

Animal soundscape preference 3.65 0.83 2.076 0.108 0.061
Natural soundscape preference 3.60 1.02 3.115 0.030 * 0.089

human activity
soundscape preference 3.48 0.97 4.723 0.004 ** 0.129

Traffic soundscape preference 3.25 1.03 2.308 0.081 0.067
Artificial soundscape preference 3.24 1.06 1.309 0.276 0.039

Spearman’s rho correlation; * p < 0.05, ** p < 0.01.

The Eta2 of human activity soundscape preference was the highest (0.129), indicating
that human activity soundscape had the largest impact on soundscape preference evalua-
tion among the five soundscape types, while the Eta2 of artificial soundscape preference was
the lowest (0.039), indicating that the difference between artificial soundscapes accounted
for the smallest proportion in the total preference variation; that is, artificial soundscapes
had the least impact on the soundscape preference evaluation. The influence of soundscape
type on soundscape preference evaluation was as follows: human activity soundscape
(0.129) > nature soundscape (0.089) > animal soundscape (0.061) > traffic soundscape (0.067)
> artificial soundscape (0.039) (Table 6).

At the same time, in order to further explore the differences in soundscape perception
preferences [42], an ANOVA was conducted on the gender, education background, identity,
and other demographic statistical data of the surveyed population, and the results showed
that the age distribution of the interviewees was significantly correlated with the sound-
scape preference evaluations of the natural soundscape and the human activity soundscape,
respectively (Table 6). According to the age distribution (Table 7), there is a significant
association at the 0.05 level between age distribution and natural soundscape preference
and a significant association at the 0.01 level between age distribution and human activity
soundscape preference. People aged 26–45 have the highest score for natural soundscape
preference (3.82), and people over 60 have the lowest evaluation of natural soundscape
preference (2.75). People aged 26–45 years old had the highest score (3.69), and people over
60 years old had the lowest score (2.25), which reflected the overall trend in the evaluation
of population differences.

Table 7. Results of correlation analysis.

Age Distribution (Mean ± SD)
F P

Under 25 Ages 26–45 45–60 Years Old Over 60 Years old

Natural soundscape
preference 3.26 ± 1.16 3.82 ± 0.85 3.50 ± 1.31 2.75 ± 0.96 3.115 0.030 *

Human activity
soundscape
preference

3.37 ± 0.88 3.69 ± 0.89 2.88 ± 1.13 2.25 ± 1.26 4.723 0.004 **

Spearman’s rho correlation; * p < 0.05, ** p < 0.01.

Among them, the people aged 26–45 show the most consistent evaluation of natural
soundscape preference, while the people aged 46–60 show a great difference in the evalu-
ation of natural soundscape preference. In the evaluation of human activity soundscape
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preference, the evaluations of people under 45 years old are more uniform, while the
evaluations of people over 60 years old are more diverse. According to the observation of
the maximum value, it was found that only the people over 60 years old had a maximum
score of 4 points (agree), while the other people had a maximum score of 5 points (strongly
agree). In addition, only the people under 25 years old had a natural soundscape preference
score of 1 point (strongly disagree), and the people over 60 years old also had a minimum
score of 1 point (strongly disagree). The score range of the rest of the population was
2–5 points (Figure 4).

Figure 4. Comparison of natural sound preference and human activity sound preference groups.

3.2. Evaluation of CES Dimensions

According to the descriptive statistical results of the public’s evaluation of the impor-
tance and satisfaction of the eight dimensions of park CESs (Table 8), the evaluation range
of importance scores is from 3.90 to 4.09, and the evaluation range of satisfaction scores
is from 3.88 to 3.99. There is not much difference between the evaluation of importance
and satisfaction, and the mean importance score of the eight dimensions is 4.00. The mean
satisfaction score is 3.93, both of which are above 3 points, indicating that the overall
evaluation of park CESs is good. The importance of the historical and cultural dimension
was the highest (4.09), indicating that the respondents considered the historical and cultural
dimension to be the most important dimension of cultural ecosystem service perception in
forest parks. The sense of place had the lowest importance score (3.90) and was the least
valued among CES. The satisfaction score for healing through sports was the highest (3.99),
indicating that it was the CES dimension with the best experience in the park, while the
satisfaction score for popular science education was the lowest (3.88), indicating that the
public was the least satisfied with this CES dimension in the park.

Quadrant I (high importance + high satisfaction) is the dominant area of CESs, Quad-
rant II (medium importance + medium satisfaction) is the maintenance area, Quadrant III
(low importance + low satisfaction) is the secondary improvement area, and Quadrant IV
(high importance + low satisfaction) is the key improvement area (Figure 5). Among them,
the dimension of leisure and entertainment is in Quadrant I, indicating that the leisure
and entertainment experience in the park is relatively important to the public, and the
actual satisfaction is relatively high, so it can be prioritized as the park’s advantage. The
four dimensions of sense of place, healing through sports, social relations and aesthetic
experience are distributed in Quadrant II, indicating that these four dimensions, related to
CES satisfaction and importance evaluation of the forest park, have relatively flat perceived
content, suggesting that their status quo can continue to be maintained. The dimension
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of popular science education is distributed in Quadrant III, and the importance of this
CES dimension in this area is relatively lower than that of the advantage and maintenance
areas, indicating that greater attention should be paid to its development. The dimension
of historical culture and heritage protection is located in Quadrant IV, with a lower satis-
faction score compared to other dimensions but a higher importance score, indicating that
satisfaction with this CES dimension in the forest park needs to be improved.

Table 8. Importance and performance evaluation of CESs.

CES Dimensions Importance (I) Mean Value Performance (P) Mean Value

Leisure and entertainment (LE) 4.08 3.95
Aesthetic experience (AE) 3.99 3.93

Exercise healing (EH) 3.96 3.99
Social relationship (SR) 3.97 3.96
Science education (SE) 3.99 3.88

History and culture (HC) 4.09 3.92
Heritage protection (HP) 4.04 3.85

A sense of place (SP) 3.90 3.97
Total average 4.00 3.93

Figure 5. IPA quadrant diagram.

Most of the CES dimensions are distributed in Quadrant II, indicating that the overall
CES evaluation level is above average. The more ecological attributes, including leisure
and entertainment, healing through sports, social relations, sense of place, and aesthetic
experience, are located in quadrant I (advantage area) and Quadrant II (maintenance area),
while the more cultural attributes, such as science popularization education, history and
culture, and heritage protection are distributed in Quadrant III and Quadrant IV. According
to the distribution in each quadrant, the importance of the dimension of popular science
education is the same as that of aesthetic experience, but the satisfaction score is lower.
The importance of the historical and cultural dimension is the highest among the eight
dimensions, but the satisfaction score is lower than the average. The importance of heritage
preservation is higher than most other dimensions, but its satisfaction is the lowest among
the eight dimensions. According to the IPA analysis results of each dimension of forest
park CESs, specific strategies for park planning can be further proposed.
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3.3. Correlation Between Soundscape Perception Preference and CES

The research results show that there is an interaction between soundscape preference
evaluation and the public’s satisfaction with CESs in national cultural parks. According
to the correlation results (Table 9), there was a significant positive correlation between the
natural soundscape and all CES dimensions, as well as a significant positive correlation
between the human activity soundscape and CES dimensions, except for exercise healing
(EH-2) and social relationships (SR-1). Compared with other soundscape preferences,
natural soundscape and human activity soundscape have a stronger correlation with CES
dimensions. Among all soundscape types, artificial soundscape is only correlated with
the dimension of leisure and entertainment, aesthetic experience (LE-2, AE-3), and science
education (SE-1), and is the least correlated soundscape type, indicating that artificial
soundscape preference evaluation has the least impact on the satisfaction of CES dimensions.
From the perspective of CES dimensions, it was found that the leisure and entertainment
dimension has a significant positive correlation with the preference evaluation of the
five soundscapes. The aesthetic experience dimension and social relationship dimension
are significantly correlated with the four soundscape preferences, indicating that leisure
and entertainment, aesthetic experience, and social relationships are highly correlated
with soundscape preferences. The exercise healing dimension (EH-2) and social relation
dimension (SR-1) were less correlated with soundscape preference evaluation. The exercise
healing dimension (EH-2) was only correlated with animal soundscape preference and
natural soundscape preference, while the social relationships dimension (SR-1) was only
correlated with natural soundscape preference, indicating the least correlation between
these two dimensions and soundscape preference evaluation.

Table 9. Correlation analysis between soundscape preference and CES dimensions.

Variables
Leisure Enter-

tainment Aesthetic Experience Exercise Healing Social
Relationships

Science
Education

History
and

Culture

Heritage
Protection

A Sense
of Place

LE-1 LE-2 AE-1 AE-2 AE-3 EH-1 EH-2 SR-1 SR-2 SE-1 SE-2 HC HP SP
Animal

soundscape
preference

0.278
**

0.224
* 0.110 0.186 0.153 0.203 * 0.282 ** 0.134 0.226 * 0.051 0.086 0.264 ** 0.178 0.177

Natural
soundscape
preference

0.388
**

0.337
**

0.205
*

0.313
**

0.306
** 0.333 ** 0.412 ** 0.322 ** 0.382 ** 0.396

**
0.316

** 0.352 ** 0.265 ** 0.248 *

Human
activity

soundscape
preference

0.261
**

0.505
**

0.287
**

0.259
**

0.385
** 0.287 ** 0.170 0.174 0.432 ** 0.279

**
0.275

** 0.300 ** 0.332 ** 0.472 **

Traffic
soundscape
preference

0.243
*

0.246
*

0.209
*

0.220
*

0.199
* 0.141 0.134 0.120 0.262 ** 0.256

* 0.162 0.193 0.199 * 0.312 **

Artificial
soundscape
preference

0.246
*

0.264
** 0.174 0.264

**
0.199

* 0.105 0.176 0.147 0.177 0.237
* 0.162 0.177 0.173 0.195

Spearman’s rho correlation; * p < 0.05, ** p < 0.01.

4. Discussion
4.1. Reasons for Differences in Soundscape Preference Evaluations

Respondents’ preferences for the overall soundscape of forest parks tended to be
above average, but there are differences in their evaluations of the five different soundscape
preferences. Higher ratings for natural soundscape preferences and animal soundscape
preferences indicate that people prefer natural sounds in the park, which is similar to the
results of previous studies [43–45]. On the other hand, the traffic soundscape preference and
artificial soundscape preference were evaluated as having low preference in the park. These
results may be due to the construction characteristics of the Grand Canal National Cultural
Park [46]. The main construction goal of the park is to provide an ecological environment
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experience [47]. Therefore, in order to control the impact of noise on ecological environment
experience, the overall planning of the park intentionally separates the recreational facilities
area from the scenic spots dominated by natural soundscapes, such as sports trails, Luliu
Yaohe, and Popular Reed area, etc. However, people still believe that the sounds produced
by recreational facilities and children will cause an adverse soundscape experience that
affects the experience of the natural environment. The human activity soundscape has
the greatest impact on the evaluation of soundscape preference. The sounds of human
activity, including children’s sounds, the sounds of conversation, movement sounds, and
other sounds, occur frequently in daily life, often arousing people’s sense of familiarity
and easily evoking their emotional resonance [48]. In addition, the low frequency of
musical instruments playing in the artificial soundscape is often ignored by tourists, which
may be the reason why the artificial soundscape has little influence on the evaluation of
soundscape preference.

At the same time, to improve the evaluation of the artificial soundscape, we can give
priority to adjusting the sounds of entertainment facilities and broadcasts, which have the
highest frequency in the artificial soundscape. People under 25 years old and those between
26 and 45 years old have a higher preference score for human activity sounds, which may
be related to entertainment facilities in parks. Most users of entertainment facilities are
children and young people under 18 years old and their parents [49]. According to the
statistical results of sound frequency, entertainment facilities contribute the most to the
perceived frequency within the human activity soundscape. Therefore, people in this age
group can have more exposure to the human activity soundscape in parks and have more
positive feelings. Individuals aged 26 to 45 and 45 to 60 have higher preference for natural
soundscape, which may be related to middle-aged people’s greater preference for natural
and relaxing soundscape experience compared with other age groups [50]. However, peo-
ple over 60 years old have the lowest preference for natural soundscape and human activity
soundscape among different age groups, which is often because the elderly may prefer a
relatively quiet environment [51], so they have a more negative experience of soundscape.
The difference in soundscape preference caused by age confirms the research hypothe-
sis that natural soundscape preference is related to the change in environmental needs
during the individual life cycle. This finding complements the discussion on ‘population
heterogeneity of soundscape CES Association’ in research question 2.

4.2. Analysis of the Advantages of Cultural Attribute Dimensions Based on IPA

According to the IPA analysis, cultural attribute dimensions (popular science edu-
cation, history and culture, and heritage protection) were categorized into Quadrant III
(low importance + low satisfaction) and IV (high importance + low satisfaction), where
satisfaction ratings lagged relative to importance rankings. Notably, the heritage protection
dimension showed the lowest satisfaction among all eight CES dimensions, indicating
a critical gap between public expectations and current performance. Although the park
has implemented educational measures—such as birdcall-based science broadcasting at
Yuedao Warbler and canal history placards along the walkways—these efforts have not
sufficiently elevated the perceived value of cultural attributes. The parity in importance
between popular science education and aesthetic experience, coupled with the former’s
low satisfaction, further highlights deficiencies in cultural engagement.

To address these gaps, we propose evidence-based interventions: Install solar-powered
audio pillars at heritage sites, activating period-accurate soundscapes (boatmen’s chants,
trade ambience) via proximity sensors. QR codes will link to multilingual narratives
blending historical context with scientific explanations of water management technologies,
building on Hangzhou Xixi Wetland’s 42% increase in engagement through similar instal-
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lations [52]. Pair birdsong with wetland ecology audio guides along the Ecosystem Trail.
Integrate reconstructed engineering sounds with technical annotations along the Historical
Acoustics Trail. Establish an interactive sound lab that allows visitors to record park sounds
via a gamified app, aligning with studies showing 35–40% higher educational satisfaction
for interactive vs. static displays [53]. Establish a soundscape education volunteer program:
Recruit locals to conduct guided sound tours, maintain installations, and host seasonal
workshops (e.g., “Canal Acoustic Archaeology” in autumn). This leverages research indi-
cating that living soundscapes (children’s play, guided tours) enhance emotional resonance,
fostering deeper cultural identification [54,55].

In contrast, ecological dimensions (recreation, healing through sports, social relations,
sense of place, aesthetic experience) occupied IPA Quadrant I (high importance + high
satisfaction) and II (medium importance + medium satisfaction), exceeding public expecta-
tions. This aligns with the park’s ecological construction mandate, validating its success in
delivering natural environment experiences.

4.3. Analysis of the Correlation and Impact Between Soundscape Preference and CES Dimension

Previous research results show that soundscape preference not only affects people’s
quality of life, activities, and psychological state, but also affects people’s evaluation of
and connection with the external environment [56,57]. The results of this study indicate
that there is an interaction between soundscape preference evaluation and the public’s
perception of CESs in national cultural parks. From the perspective of evaluating different
types of soundscape preferences, there is a significant positive correlation between natural
sound preference and the eight CES dimensions, indicating that natural sounds are closely
related to park CESs and can have the greatest influence on their perception, so they can be
prioritized in soundscape planning.

However, the correlation between artificial sound preference evaluations and CES
dimensions is lower than that of the other four soundscape types, which may be related to
the low score for artificial sound preference itself. Comparisons with other cultural parks
highlight contextual differences. A Hangzhou West Lake study found artificial soundscapes
enhanced aesthetic experience and historical culture, differing from our results—likely
because West Lake emphasizes cultural performances, while Tongzhou Park prioritizes
natural ecology [58]. Conversely, a Kyoto Arashiyama Bamboo Grove study aligns with our
findings: natural soundscapes strongly correlate with all CES dimensions, underscoring
their universal value in heritage sites [59]. These comparisons emphasize context-specific
design: cultural-performance parks may utilize artificial sounds, while ecological parks
such as Tongzhou should preserve natural soundscapes.

From the perspective of CES dimensions, the leisure and entertainment dimension
showed a significant positive correlation with the five types of soundscape preference eval-
uations, and it was the only dimension that showed a significant correlation with all types
of soundscape preference evaluation in parks. In addition, the leisure and entertainment
dimension was the dominant area dimension in the IPA analysis. This indicates that the
establishment of a close relationship between soundscape preferences may improve the
evaluation of leisure and entertainment dimensions. EH-2 (parks can meet the needs of
emotional relief) and SR-1 (parks can meet the needs of daily parent–child interaction)
showed the lowest correlation with soundscape preference evaluation. EH-2 was only
related to the preference for natural sounds and animal sounds, while SR-1 was significantly
related to the preference for natural soundscapes. This indicates that the natural environ-
ment of the park is the main place to relieve emotions and meet the needs of parent–child
activities. According to the IPA analysis results, the CES dimensions located in the key
improvement area, namely the heritage protection and the historical and cultural dimen-
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sion, were found to be significantly positively correlated with the natural soundscape, the
human activity soundscape, and the traffic soundscape, indicating that we can improve
the public’s evaluation of their experience with the heritage protection dimension and the
historical and cultural dimension by improving the soundscape preference evaluations of
natural sounds, human activity sounds, and traffic sounds.

5. Conclusions
Based on the soundscape survey and evaluations of the Cultural Ecosystem Services

(CESs) of Tongzhou Grand Canal National Cultural Park, combined with relevance analysis,
the key findings are as follows:

(1) Soundscape preference patterns: The public exhibited higher preferences for natural
and animal soundscapes, while traffic and artificial soundscapes were less favored.
The ANOVA results showed that human activity soundscapes had the greatest im-
pact on preference evaluations, whereas artificial soundscapes had the least. Age
significantly influenced preferences: individuals aged 26–45 showed the strongest
affinity for natural and human activity soundscapes, while those over 60 had the
lowest ratings.

(2) CES evaluation results: The park’s CESs received favorable overall ratings (mean
importance = 4.00, satisfaction = 3.93). Recreation and healing through sports fell
into the IPA advantage or maintenance areas, while science education and cultural
attribute dimensions required improvement. History and culture had the highest
importance score, but heritage protection had the lowest satisfaction among the
eight dimensions.

(3) Soundscape–CES correlations: Soundscape preference significantly interacted with
CES satisfaction. Preference for natural soundscapes showed positive correlations
with all CES dimensions, exerting the strongest influence. Artificial soundscape
correlated only with specific dimensions. The leisure dimension had strong links
with various soundscapes, while the heritage protection dimension was significantly
associated with natural, human activity, and traffic soundscapes.

Although this study provides analysis results on the correlation between soundscape
preference and CES dimensions, some factors may have affected the final results during
the investigation process. The sample was confined to Tongzhou Grand Canal Forest Park
in Beijing, potentially limiting the generalizability of findings to other national cultural
parks with distinct geographical, cultural, or climatic contexts. With a sample size of 130,
while statistically sufficient for basic correlations, the universality of the research results
may be limited by the regional background of the surveyed population. The correlation
analyses revealed associative relationships, but they cannot establish causality. For example,
whether natural soundscape preference directly drives CES perception or is mediated by
other factors remains unaddressed. Therefore, there are some limitations to this study.

Future research could focus on experimental designs such as controlled soundscape
simulations or longitudinal studies to test the relationships between soundscape preference
and CES perception. Additionally, expanding the research area to other sections of the
Canal National Cultural Park would help assess regional variability in the soundscape–CES
dynamics. Furthermore, designing and testing context-specific soundscape interventions—
such as historical sound installations—to enhance cultural CES dimensions, while inte-
grating quantitative evaluations with qualitative visitor interviews, could provide deeper
insights for targeted management strategies.
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