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Abstract: This study aims to explore the influence of spatial functional differences on the overall
relationship between soundscape and visual landscape in the context of historical blocks and then
propose design guidelines for audiovisual elements. Audiovisual stimulus materials were collected
from 11 representative locations in typical urban historical blocks along the southeast coast of
China and classified into residential, cultural leisure, and commercial spaces based on their primary
function, activity, and visual environment characteristics. An evaluation environment was created
in the laboratory using virtual reality technology, and a subjective evaluation questionnaire was
administered to 71 volunteers regarding the perception of audiovisual elements and the evaluation
of the overall environment. Structural equation modeling was used to elucidate the relationships
between sound source perception, soundscape perception, visual landscape satisfaction, and overall
harmony of the environment and to compare the effects of functional differences at different locations
on the overall relationships. The results show significant differences in the types of perceived
sound sources at different functional locations, which makes the sound sources affecting soundscape
perception and visual landscape satisfaction different. Residential space is mainly affected by artificial
sound and mechanical noise; in cultural and leisure spaces, all three types of sound sources have a
significant impact, and only natural sound has enhanced subjective perception; the impact of artificial
sound in commercial space is crucial. In addition, visual landscape satisfaction should be prioritized
over soundscape pleasure to enhance the overall harmony of the environment. In residential and
commercial spaces, reducing artificial and mechanical noise can effectively enhance the harmony
of the environment; in cultural and leisure areas, reducing artificial sounds and increasing natural
sounds or historical landscape elements can enhance the overall harmony of the environment. The
results of this paper provide empirical evidence for understanding the overall relationship between
soundscape factors in urban contexts and suggest that place function should be considered an
important context when designing soundscapes.

Keywords: soundscape perception; spatial functional; urban context; structural equations;
historical blocks

1. Introduction

Historical blocks are some of the most important cultural heritages of a city, recording
the trajectory of the life, residence, economic, and cultural development of the people
of the region, preserving valuable cultural heritage and traditional craftsmanship, and
reflecting the development history and characteristics of a region. Countries worldwide
have increasingly emphasized the preservation and renewal of historical blocks [1]. In 2011,
the United Nations Educational, Scientific and Cultural Organization (UNESCO) issued
the “Recommendation on Historic Urban Landscapes” [2], which establishes a system
that focuses on the preservation of the original economic activities of monuments and the
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maintenance of the original audiovisual environmental experience [3,4]. The soundscape
of historical blocks has a unique advantage in shaping the cultural personality of the region
and has become an essential part of the city’s cultural landscape. Therefore, the focus on
protecting and renewing historical blocks has gradually shifted from noise management to
soundscape planning and enhancing human subjective perceptual experience [5,6] and has
been increasingly emphasized by scholars and administrators from all walks of life.

The concept of soundscape was first proposed by the Canadian musician Schafer [7].
Unlike a sound environment, a soundscape emphasizes the interaction between a person
and the sound sources in the environment, the perception and understanding of the sound
environment, and the reconstruction of the feedback [8]. As emphasized in ISO 12913-1,
context plays a crucial role in soundscape assessment and design [7]. Contexts related
to soundscapes include location/position, non-auditory and socio-cultural factors, and
personal dimensions [9–11]. Among these contexts, place function has the most influence
on soundscape perception, as it determines the sound sources that make up the acoustic
environment, other physical environmental conditions, and the behavioral characteristics
of place users [12].

Regarding the influence of place function on soundscape, Lavia et al. [13–15] and
Margaritis et al. [16] studied the relationship between soundscape and place function
in urban public spaces. They found a statistically significant relationship between place
function and soundscape in urban public spaces. Hong and Jeon [17] found that the primary
sound sources affecting soundscape varied according to the main function of the urban
space. Liu and Zhu et al. [18,19] found spatial and temporal variations in functional space
affecting sound pressure levels in urban forests. These studies confirm that the function
of the place is a crucial factor affecting soundscape perception. On the other hand, since
historical blocks accommodate a variety of urban functions, such as residential, commercial,
tourism, and recreation, it is meaningful to investigate the impact of the historical block
environment on soundscape perception.

The research on soundscape in historical blocks has gradually begun to address the
association with local characteristics and place attachment [20–23] from the traditional
aspects of audiovisual interaction [24,25], soundscape evaluation and preference [26,27],
and soundscape preservation and determinants [28,29]. However, these studies need to pay
more attention to the impacts of differences in place functions. Historical blocks have been
transformed and renewed to form a variety of places, and the type of function influences
the soundscape perception of the users of the location [17], so it is essential to consider the
influence of the functional differences of the place on the soundscape perception for the
design and management of soundscape in historical blocks.

Based on the above deficiencies, this study takes the Fuzhou City historical block as
the research object, aiming to explore the influence of the differences in the functions of
the places in the environmental elements of the historical block on the overall relationship
between the soundscape and the landscape and to propose a design guideline. This study
has three aspects: (1) What are the characteristics of perceived sound sources and acoustic
indicators in places with different functions? (2) How do the functions of places impact
the overall relationship between soundscape and landscape? (3) On this basis, design
guidelines are provided for constructing soundscapes and landscapes in historical blocks.

2. Research Methodology
2.1. Study Area

Eleven representative locations in the historical block of Fuzhou, a typical city in the
southeastern coastal region of China, were selected (Figure 1), covering all the characteris-
tics of the historical functions, activities, and visual characteristics of each location. Type
I includes three locations in the residential space, with multi-story and single-story resi-
dences representing the main residential space in the historical block. Type II is the cultural
and recreational space, the core scenic spot of the historical block, including historically
protected buildings, traditional gardens, the surrounding water system, rivers, green open
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space, etc. Type III represents the commercial space, including the historical block’s water
system, rivers, and green open space. Type III represents commercial space, including
street-level businesses near the entrances and exits of the historical block and specialty
businesses on both sides of the main pedestrian street.

Acoustic metrics measured at each location included the average sound pressure
levels, the difference over the percent level (LA90, LA50, LA10), and the temporal change
in sound (LA10–LA90). Mean equivalent A sound levels (LAeq) measured at each location
ranged from 55.4 dBA to 78.17 dBA (Table 1).

Table 1. Sound pressure level at various points.

Plot No. LAeq LA10 LA50 LA90 LA10–LA90

R1 59.77 62.60 54.67 50.47 12.13
R2 55.40 59.67 50.60 43.13 16.53
R3 78.17 77.07 62.07 51.27 25.80

Cu1 61.98 64.25 60.10 56.05 8.20
Cu2 58.40 61.07 57.53 53.20 7.87
Cu3 63.97 64.33 54.60 48.73 15.60
Cu4 57.80 60.13 56.80 53.93 6.20
Co1 62.17 63.33 60.60 54.93 8.40
Co2 69.13 69.20 63.13 57.73 11.47
Co3 69.50 71.00 67.13 62.40 8.60
Co4 69.87 71.07 69.00 68.20 2.87
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mercial spaces (Co1–Co4), and 3 locations for residential spaces (R1–R3) (Source: Google Earth
2023 author elaboration).

2.2. Data Collection
2.2.1. Questionnaire Design

A questionnaire based on the Swedish Soundscape-Quality Protocol [30] was con-
ducted to collect data on how people perceive the sound environment. In the first part,
with a 5-point Likert scale, the degree of perception of different sound source types was
evaluated (1 = Not at all to 5 = Dominates completely). After preliminary investigation and
screening by the investigator, sound sources such as traffic sounds, construction, human ac-
tivities, traditional culture, music, water, birdsong, and wind-blown leaves were selected as
the basis of the scale, and the scale was compiled based on the Chinese context. In the ques-
tionnaire, sound sources were categorized into three types: mechanical noise (traffic sounds,
construction sounds), artificial sounds (sounds of human activities, traditional cultural
sounds, music sounds, etc.), and natural sounds (sounds of water, birdsong, wind-blown
leaves, etc.) (Table 2). The semantic differential method is commonly used to describe
and extract soundscape perception factors [10,11,31]. Pleasantness and eventfulness are
the two main dimensions affecting soundscape perception [12,32]. In the second part of
the questionnaire, these two dimensions were measured with six indicators: comfortable,
harmonious, pleasant, eventful, varied, and dynamic, with a 5-point Likert scale (1 disagree,
5 agree). Historic landscape is the soul of a historical block [33], which mainly refers to the
street pattern and historic buildings of the neighborhood, etc., with unique regional charac-
teristics or interesting visual elements. The third part of the questionnaire was to evaluate
visual landscape satisfaction, and the sense of history, interestingness, and uniqueness were
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selected as the primary evaluation indicators (1 = Not at all to 5 = Dominates thoroughly).
To create a better urban environment, it is essential to establish a harmonious relationship
between the landscape and the soundscape since the consistency between the sound and
visual environment affects the perception of the quality of the environment [34–36]. In the
last part of the questionnaire, subjects rated each location’s harmony of environment by
answering, “Do you feel that the soundscape is harmonious for the environment at that
location?”, “Do you feel the visual environment is harmonious for the given location?”,
“Do you feel that there is harmony between the sound and visual environments in that
location?” (1 = Not at all to 5 = Dominates completely).

Table 2. Typical sound sources in historical blocks.

Sound Category Sound Sources Short Name

Mechanical noise
Traffic sound TS

Construction sound CS

Nature sound

Birdsong BS
Tree rustling TR
Water sound WS

Artificial sound
Human sound HS

Traditional cultural sound TC
Music MU

2.2.2. Experimental Data Collection

Data collection occurred from 4–10 November 2021 from 12–5 p.m. in the historical
block of Fuzhou, China. Although 2021 is during the COVID-19 pandemic, the data
collection and experimental phases started during regular work and life within China, so
they were not affected by the pandemic. Data collection consisted of panoramic video
recording, audio recording, and sound pressure level measurements, with all three parts
of data collection co-occurring. Panoramic videos were recorded at 11 locations using a
4k UHD spherical panoramic camera (Insta 360, China), with a recording time of 10 min
at each location and a tripod height of 1.6 m above the ground for the camera. A 3 min
sample of representative clips was edited out of the recorded video at each location to
serve as audiovisual stimulus material for the experiment using splicing software (Adobe
Premiere Pro 2020) which was used to stitch the images captured by the panoramic camera.
For audio stimuli, a portable tape recorder (Sony PCM-D100, Japan) was used to record
A-format audio information with a recording time of 10 min at each location; at the same
time, a sound level meter (AWA6228, China) was used to measure the equivalent A sound
pressure level (LAeq) at each location, including the mean value and the standard deviation
and the difference over the percentage level (LA90, LA50, LA10). LA10 and LA90 mean that
during the sampling time, 10% and 90% of the time, the sound level value exceeds LA10
and LA90, respectively, representing the foreground and background sound of the acoustic
environment; LA50 means that 50% of the time the sound level value exceeds LA50 during
the sampling time; and the difference between LA10 and LA90 is used to obtain the time
change of sound pressure level (LA10–LA90). Sound pressure level measurements were
taken thirty times and repeated ten times using A-weighting.

2.3. Participants and Procedure

A priori statistical efficacy analyses were performed using G*Power 3.1.9.7 to calculate
the minimum sample size to achieve 80% efficacy within subjects. Eleven participants
were required to test for a medium effect: f = 0.25, α = 0.05, and (1 − β) = 0.80. The test
recruited a total of 71 participants (32 males and 39 females), which is more than five times
the number required, indicating that significant efficacy was probable (p < 0.05) in the
statistical test of at least 99%. The age distribution of the participants ranged from 18 to
35 years, with a mean age of 24 ± 2.3 years. Individual preferences may be influenced
by experience and knowledge, and to minimize variability in individual preferences, all
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participants were recruited from the same university, had normal hearing, and all visited
11 sites. Before the test, all participants were informed and signed a written consent form
in compliance with ethical procedures. Upon completion of the test, all participants were
given a small gift as a thank-you for their participation.

The test was conducted in a virtual reality test room, a separate room with good
lighting and isolation so that the subjects would not be disturbed by anything else. The
background noise sound pressure level during the test was less than 20 dBA, which is
negligible compared to the sound pressure level of 55–78 dBA of the test tone. Head-
mounted display (HMD) is more suitable for evaluating urban environments [37], so the
experiment used a head-mounted display (HMD). Before the start of the test, the sound
pressure level was calibrated by two data acquisition researchers to match the experimental
sound pressure level with the sound pressure level at the actual site.

The formal test procedure: (1) after the subjects arrived at the test chamber, they were
acclimatized to the chamber environment for 5 min, and the test personnel read the test
introduction to the subjects, explaining the purpose and process of the test. (2) Subjects
wore a head-mounted virtual reality display (HTC VIVO pro, Shenzhen, China) for a
3 min pre-test to understand the test procedure and resolve any questions thoroughly. The
formal test was started after confirming a complete understanding of the test procedure
and evaluation method. (3) At the beginning of the test, panoramic videos were presented
in random order through the VR HMD and headset. Each segment of the panoramic
video was played for 3 min, and subjects filled out the corresponding questionnaires after
the end of each stimulus segment. In order to prevent physical discomfort caused by
wearing the head-mounted virtual reality display for an extended period, a break was
taken every 30 min, and the subjects could watch the panoramic video repeatedly. In total,
781 questionnaires were returned (71 participants × 11 stimuli).

2.4. Statistical Analysis

Data were processed using SPSS 24.0 and AMOS 24.0 software. One-way ANOVA and
Tukey’s multiple comparisons were used to analyze the differences in the main factors of
environmental perception for each environmental type (significance level of 0.05). Structural
equation modeling (SEM) [38] was constructed to fully describe the overall relationship
between soundscape and landscape at different locations in the urban environment. In the
SEM process, exploratory and validation factor analysis were performed [38]. Exploratory
factor analysis (EFA) was used to extract the principal factors. Then, the factor structures of
sound source and environment perception were validated using validation factor analysis
(CFA). Based on the results of EFA and CFA, the SEM of the overall relationship between
soundscape and landscape was proposed.

3. Results and Analysis
3.1. Exploratory Factor Analysis

The results of Bartlett’s sphericity test and KMO value analysis data are significant at
0.000 (p < 0.001). The KMO value was 0.833 (KMO > 0.70), and the collected data could be
analyzed by factor analysis. EFA was performed to extract common factors, resulting in
four common elements with a total explanatory power of 75.21% (exceeding 50%, indicating
good explanatory power), with factor loadings ranging from 0.78 to 0.88 and a high degree
of data interpretation. Factor 1, representing soundscape pleasantness, explained 20.68%
of the variance; factor 2, representing harmony of environment, explained 18.90% of the
variance; factor 3, representing soundscape eventfulness, explained 18.06% of the variance;
and factor 4, representing visual landscape satisfaction, explained 17.58% of the variance
(Table 3).

In order to test the differences between the main factors under different place functions
(Types I–III), a one-way ANOVA was conducted based on the factor scores of EFA. As
shown in Table 4, the mean values of the factor scores of soundscape pleasantness, richness,
and visual landscape satisfaction in the three types of functional places are significantly
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different at the 0.01 level. This result indicates that the functional differences of the places
impact visual and auditory perception, which in turn causes significant differences in
the evaluation results. Cultural and recreational areas, including protected buildings
and traditional gardens, received the highest soundscape pleasantness factor scores, while
soundscape eventfulness was the lowest. Residential spaces (Type I) and commercial spaces
(Type III) were considered rich soundscapes but with a negative soundscape pleasantness
score. The residential spaces (Type I) received a highly positive visual landscape satisfaction
score, while the commercial area (Type III) had a negative score.

Table 3. Principal factors in the Environmental Perception were extracted via EFA.

Indicator
Component (Explained Variance, %)

1 (20.68) 2 (18.90) 3 (18.06) 4 (17.58)

Comfortable 0.87
Harmonious 0.88

Pleasant 0.88
Eventful 0.79
Various 0.84

Dynamic 0.81
Interestingness 0.79

Uniqueness 0.84
Sense of history 0.78

Harmony of sound environment 0.81
Harmony of visual environment 0.84

Harmony of audiovisual environment 0.84

Table 4. Mean values and analysis of variance of principal factor scores among the three types of
functional places in the historical block. Outside parentheses are factor score means and inside
parentheses are standard deviations.

Type Soundscape
Pleasantness

Soundscape
Eventfulness

Visual Landscape
Satisfaction

I −0.09 (0.95) 0.06 (1.02) 0.18 (1.05)
II 0.23 (1.05) −0.17 (1.02) 0.04 (0.93)
III −0.10 (0.97) 0.08 (0.97) −0.14 (0.99)

F-value 8.42 4.83 7.20
p-value 0.000 0.008 0.001

The perceived frequencies and acoustic index parameters of the sound sources are
shown in Table 5. The dominance of the three sound source types was assessed using a
5-point scale in the experiment. In order to characterize the perceived sound sources for
each environment type (Types I–III), a source perception score of “2: Occasionally heard”
or higher was considered to be a perceived sound source [12]. Then, the percentage of
identified sound source types for each type was calculated by dividing the perceived score
for each sound source type by the sum of the scores of all perceived sound sources in the
plots of that environment type. There were differences in the percentage of identified sound
sources among the three environment types (Types I–III). The primary sound sources in
the residential spaces (Type I) were mechanical and artificial sounds, with percentages of
58% and 47%, respectively, and only 15% natural sounds were recognized. Natural sound
is the primary source in the cultural and recreational area (Type II), with a percentage of
64%, followed by artificial sound and mechanical noise, with percentages of 35% and 23%,
respectively. Similar to the residential spaces (Type I), the commercial (Type III) area had
the lowest recognition rate of natural sound, with artificial and mechanical noise as the
primary sound sources, with percentages of 61% and 53%, respectively. These indicate
significant differences in the composition of sound sources in each environment type.
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Table 5. Perceived sound sources and acoustic parameters in three categories of different functional.

Type Space
Percentage of Sound Sources Identified Sound Pressure Level

Artificial
Sound

Mechanical
Noise Natural Sound LAeq LA10–LA90

I Residential space 47% 58% 15% 64.44 ± 12.08 18.15 ± 6.98
II Cultural and leisure space 35% 23% 64% 60.54 ± 2.94 9.47 ± 4.18
III Commercial space 61% 53% 15% 67.67 ± 3.68 7.83 ± 3.60

In terms of acoustic indicators, the time variation of sound pressure level (LA10–LA90)
was the largest in the residential spaces (Type I) with 18.15 dBA and the smallest in the
commercial (Type III) area with 7.83 dBA. The cultural and recreational area (Type II) was
the quietest, with the lowest average sound pressure level (LAeq) of 60.54 dBA, and the
commercial area (Type III), with a large flow of people and the overall environment, was
more boisterous and noisy, with the level of 67.67 dBA. The above results showed significant
differences in the composition of sound sources in each type of environment. The above
results are consistent with the functional characteristics of each environment type.

3.2. Confirmatory Factor Analysis

The measurement models in structural equation modeling were established using the
common factors obtained from EFA as latent variables and the corresponding variables
as observed variables. The Cronbach’s alpha coefficient of each latent variable was more
significant than 0.7, the reliability of the data obtained was good, the CR and AVE values
of all measurement models were not lower than the expected values, and the explanatory
degree of the observed variables of each latent variable was high and in good agreement
(Table 6).

Table 6. Results of CFA for the observed and latent variables.

Observable Variable Latent Variables Cronbach’s
Alpha

Std. Factor
Loading CR AVE

Artificial sound
HS

0.80
0.83

0.87 0.70TC 0.87
MU 0.80

Mechanical noise
CS

0.82
0.89

0.89 0.80TS 0.90

Natural sound
TR

0.84
0.85

0.89 0.73WS 0.87
BS 0.84

Soundscape pleasantness
Comfortable

0.91
0.86

0.90 0.75Harmonious 0.86
Pleasant 0.87

Soundscape eventfulness
Eventful

0.79
0.78

0.85 0.65Various 0.83
Dynamic 0.81

Visual landscape satisfaction
Interestingness

0.78
0.80

0.85 0.65Uniqueness 0.84
Sense of history 0.77

Harmony of environment
Harmony of sound environment

0.83
0.77

0.85 0.66Harmony of visual environment 0.83
Harmony of audiovisual environment 0.83
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3.3. SEM for Environmental Perception

The SEM conceptual model describes the relationship between potential structures
(Figure 2). A conceptual model of the overall environmental perception of the historical
block was established, which includes the relationship with sound sources, soundscape
perception, visual landscape satisfaction, and harmony of environment, and 14 specific
hypotheses were proposed as follows:

HA. Sound source perception affects auditory and visual perception.

HA1. Artificial sound negatively affects soundscape pleasantness.

HA2. Artificial sound negatively affects soundscape eventfulness.

HA3. Artificial sound negatively affects visual landscape satisfaction.

HA4. Mechanical noise has a negative effect on soundscape pleasantness.

HA5. Mechanical noise has a negative effect on soundscape eventfulness.

HA6. Mechanical noise has a negative effect on visual landscape satisfaction.

HA7. Nature sounds have a positive effect on soundscape pleasantness.

HA8. Nature sounds have a positive effect on soundscape eventfulness.

HA9. Nature sounds have a positive effect on visual landscape satisfaction.

HB. Visual landscape satisfaction has a positive effect on soundscape perception.

HB1. Visual landscape satisfaction has a positive effect on soundscape pleasantness.

HB2. Visual landscape satisfaction has a positive effect on soundscape eventfulness.

HC. Soundscape perception and visual landscape satisfaction positively influence harmony of environment.

HC1. Soundscape pleasantness positively influences harmony of environment.

HC2. Soundscape eventfulness positively influences harmony of environment.

HC3. Visual landscape satisfaction positively influences harmony of environment.
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3.4. Structural Model Hypothesis Testing and Analysis of Results

The overall theoretical model’s goodness-of-fit measures, including Standard 2, goodness-
of-fit index (GFI), comparative fit index (CFI), and root mean square error of approximation
(RMSEA), exceeded the recommended values and the theoretical model has a reasonable
degree of fit (Table 7).

Table 7. Fitness of the overall structural model.

Model Fit Index x2/df GFI CFI RMSEA

Obtained values 3.257 0.941 0.951 0.054
Recommended values <5.00 >0.90 >0.90 <0.08

The results of the structural model parameter estimation are shown in Table 8. The re-
gression coefficients of the paths in the model were estimated using the excellent likelihood
method, and the results are shown in Table 8. It was found that 11 paths out of 14 specific
hypotheses were statistically significant.

Table 8. Structural equation standard regression path coefficient parameters.

Model Fit Index β SE CR p-Value

HA1 Artificial sounds → soundscape pleasantness −0.23 0.06 −5.92 0.000
HA2 Artificial sounds → soundscape eventfulness 0.31 0.05 6.88 0.000
HA3 Artificial sounds → visual landscape satisfaction −0.06 0.05 −1.39 0.166
HA4 Mechanical noise → soundscape pleasantness −0.20 0.03 −4.64 0.000
HA5 Mechanical noise → soundscape eventfulness 0.11 0.03 2.49 0.013
HA6 Mechanical noise → visual landscape satisfaction −0.11 0.03 −2.30 0.021
HA7 Nature sound → soundscape pleasantness 0.09 0.05 2.24 0.025
HA8 Nature sound → soundscape eventfulness −0.08 0.04 −1.88 0.061
HA9 Nature sound → visual landscape satisfaction 0.16 0.04 3.37 0.000

HB1
Visual landscape satisfaction →

soundscape pleasantness 0.30 0.05 7.12 0.000

HB2
Visual landscape satisfaction →

soundscape eventfulness −0.25 0.05 −5.60 0.000

HC1 Visual landscape satisfaction → harmony of environment 0.50 0.06 9.86 0.000
HC2 Soundscape pleasantness → harmony of environment 0.21 0.04 5.23 0.000
HC3 Soundscape eventfulness → harmony of environment 0.01 0.04 0.20 0.841

Among the HA hypotheses, seven out of nine hypotheses had significant effects. Arti-
ficial sound had a more significant effect on soundscape pleasantness (β = −0.23, p < 0.001)
and soundscape eventfulness (β = 0.31, p < 0.001) than mechanical noise; this suggests that
artificial sound is the primary sound source that affects the perception of soundscapes in his-
toric neighborhoods. The effect of natural sound on visual landscape satisfaction (β = 0.16,
p < 0.001) was more significant than that of mechanical noise (β = −0.16, p < 0.001), which
also verified the interaction between the soundscape and the visual landscape [39].

In the HB hypothesis, visual landscape satisfaction positively affects soundscape
pleasantness (β = 0.30, p < 0.001) and negatively affects soundscape eventfulness (β = −0.25,
p < 0.001). This result is somewhat comparable to previous studies in which historical
landscape was positively associated with soundscape pleasantness, while the modern
landscape more positively influenced soundscape eventfulness [33].

In the HC hypothesis, visual landscape satisfaction (β = 0.50, p < 0.001) and sound-
scape pleasantness (β = 0.21, p < 0.001) positively affect harmony of environment, and
the standardized coefficient ratios of soundscape pleasantness and visual landscape satis-
faction were converted to percentages to test their relative contributions of 30% and 70%,
respectively. This finding differs from previous studies’ findings that soundscape pleas-
antness positively affects the harmony of environment in recreational areas. In contrast,
only soundscape eventfulness contributes to the harmony of environment in commercial
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spaces [17]. It is possible that because historical blocks contain various environment types,
there are differences in their primary functions, which in turn affect the relationship be-
tween soundscape perceptions and environment harmony. The above demonstrates that
functional differences can have an impact on audiovisual perception.

3.5. Environmental Perception Sub-Model

There are significant differences in the subjective and objective elements of the acoustic
environment and environmental perception in different functional types (Types I–III). In
order to explore the influence of these differences on the relationship between the potential
constructs of the environmental perception model, SEM analysis was conducted based
on residential (Type I), cultural and leisure (Type II), and commercial (Type III), and the
sub-model was constructed. All values of the goodness-of-fit indices of the sub-models
exceeded the recommended values, indicating that all three sub-models have a good fit
(Table 9).

Table 9. The values of goodness-of-fit indices for the proposed model.

Type Model Fit Index x2/df GFI CFI RMSEA

I Obtained values 1.419 0.908 0.963 0.044
II Obtained values 1.515 0.914 0.958 0.047
III Obtained values 1.664 0.930 0.957 0.044

Recommended values <5.000 >0.900 >0.900 <0.080

For HA, there were different relationships between variables in different models. In
the residential spaces (Type I), sound experience and visual landscape satisfaction were sig-
nificantly affected mainly by artificial sound and mechanical noise (p < 0.01, p < 0.001). Ar-
tificial sound significantly and negatively affected visual landscape satisfaction (β = −0.23,
p < 0.01), and mechanical noise negatively affected soundscape pleasantness (β = −0.30,
p < 0.001). It is worth noting that both positively affected soundscape eventfulness, with
standardized regression coefficients of 0.27 and 0.22, respectively. In the cultural and
leisure space (Type II), all three types of sound sources significantly affected soundscape
perception. Artificial sound significantly affected soundscape pleasantness and eventful-
ness (p < 0.001), with standardized regression coefficients of −0.34 and 0.37, respectively.
Mechanical noise significantly negatively affected soundscape pleasantness (β = −0.19,
p < 0.05). The natural sound had the most extensive effect, significantly affecting both
sound and visual landscape perception, with positive effects on soundscape pleasantness
(β = 0.19, p < 0.05) and visual landscape satisfaction (β = 0.29, p < 0.001) but negative
effects on soundscape eventfulness (β = −0.20, p < 0.05). The most significant effect was
on visual landscape satisfaction. Artificial sound in commercial space (Type III) was the
most critical sound source affecting soundscape perception, with significant (p < 0.001)
effects on both soundscape pleasantness and soundscape eventfulness, with standardized
regression coefficients of −0.26 and 0.37, respectively, and a more significant positive effect
on soundscape eventfulness than a negative effect on soundscape pleasantness. Mechanical
noise had a significant (p < 0.01) negative effect on visual landscape satisfaction, with a
standardized regression coefficient of −0.23 (Figure 3, Table 10).

In the HB path, visual landscape satisfaction in both cultural and leisure (Type II)
and commercial (Type III) spaces significantly affected soundscape perceptions, and it is
worth noting that in the spaces above, visual landscape satisfaction positively affected
soundscape pleasantness but negatively affected soundscape eventfulness. In the cultural
and leisure space, visual landscape satisfaction had a more significant effect on soundscape
eventfulness (β = −0.38, p < 0.001) than soundscape pleasantness (β = 0.30, p < 0.001). In
residential spaces (Type I), visual landscape satisfaction was significant only for soundscape
pleasantness (Figure 3, Table 10).
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Table 10. SEM standard regression path coefficient parameters for different types of functional spaces.

Model Fit Index
Type I Type II Type III

β SE CR p-Value β SE CR p-Value β SE CR p-Value

HA1
Artificial sounds →

soundscape pleasantness −0.09 0.10 −1.18 0.239 −0.34 0.12 −4.45 0.000 −0.26 0.14 −3.92 0.000

HA2
Artificial sounds →

soundscape eventfulness 0.27 0.09 3.11 0.002 0.37 0.11 4.38 0.000 0.37 0.14 4.84 0.000

HA3
Artificial sounds → visual

landscape satisfaction −0.23 0.09 −2.64 0.008 0.11 0.09 1.28 0.201 0.00 0.12 −0.04 0.966

HA4
Mechanical noise →

soundscape pleasantness −0.31 0.11 −3.65 0.000 −0.19 0.12 −2.35 0.019 −0.05 0.05 −0.79 0.429

HA5
Mechanical noise →

soundscape eventfulness 0.22 0.10 2.48 0.013 0.07 0.10 0.95 0.344 −0.06 0.04 −0.85 0.396

HA6
Mechanical noise → visual

landscape satisfaction 0.00 0.09 −0.05 0.962 −0.05 0.10 −0.63 0.528 −0.23 0.05 −2.74 0.006

HA7
Nature sound →

soundscape pleasantness 0.09 0.08 1.28 0.201 0.19 0.13 2.50 0.012 0.01 0.08 0.12 0.907

HA8
Nature sound →

soundscape eventfulness −0.04 0.07 −0.44 0.658 −0.20 0.11 −2.36 0.018 0.02 0.07 0.25 0.806

HA9
Nature sound → visual
landscape satisfaction 0.10 0.08 1.22 0.222 0.29 0.11 3.30 0.000 0.12 0.08 1.71 0.087

HB1

Visual landscape
satisfaction →

soundscape pleasantness
0.38 0.10 4.95 0.000 0.30 0.11 3.75 0.000 0.31 0.08 4.51 0.000

HB2

Visual landscape
satisfaction →

soundscape eventfulness
−0.13 0.08 −1.64 0.101 −0.38 0.10 −4.31 0.000 −0.30 0.08 −4.11 0.000

HC1

Visual landscape
satisfaction → harmony

of environment
0.34 0.11 3.83 0.000 0.65 0.10 6.35 0.000 0.62 0.09 7.45 0.000

HC2
Soundscape pleasantness
→ harmony of environment 0.32 0.09 3.82 0.000 0.17 0.05 2.39 0.017 0.13 0.06 2.19 0.029

HC3
Soundscape eventfulness →

harmony of environment 0.02 0.10 0.21 0.836 0.07 0.07 0.83 0.405 0.05 0.07 0.80 0.421

Note: Type I: residential space; Type II: cultural and leisure space; Type III: commercial space.

In the HC path, both soundscape pleasantness and visual landscape satisfaction posi-
tively affected the environment’s harmony. In the residential spaces (Type I), there was little
difference between the effects of soundscape pleasantness and visual landscape satisfaction
on the harmony of the environment, with standardized regression coefficients of 0.32 and
0.34. In the cultural and leisure (Type II) and commercial spaces (Type III), visual landscape
satisfaction was an essential factor influencing harmony of environment, with standardized
regression coefficients of 0.65 and 0.62, which were significantly higher than the effects of
soundscape pleasantness on harmony of environment in the two functional spaces, with
standardized regression coefficients of 0.17 and 0.13, respectively (Figure 3, Table 10).

4. Discussion
4.1. Influence of Place Function on the Overall Relationship between Soundscape and
Visual Landscape

This study identifies significant differences in the perception of sound sources in
residential, cultural, recreational, and commercial spaces. As summarized in Table 4,
the residential spaces are adjacent to urban roads and easily exposed to vehicles, with
mechanical noise as the primary sound source (58%); the cultural and recreational area is
dominated by attractions and recreational sites, with high vegetation coverage and overall
quietness, with natural sound as the primary sound source (64%); and the commercial
area consists of a variety of stores and restaurants, with artificial sound as the primary
sound source (61%). Because differences in function caused differences in sound source
perception, this finding confirms the conclusion of previous studies [12,17] that the primary
sound sources differed according to the function of the place.

Comparing the structural equation sub-models, as presented in Figure 3A, mechan-
ical and artificial sounds are the important sound sources affecting the perception of
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soundscape in residential spaces (Type I). Frequent perception of mechanical noise de-
creased soundscape pleasantness and increased soundscape eventfulness, while artificial
sound increased soundscape eventfulness and decreased visual landscape satisfaction.
Possibly because the traditional street space enhances the noise generated by vehicles
and pedestrians on the road [40], the noisy sound hurts human emotions [41], reducing
soundscape pleasantness and visual landscape satisfaction. Both artificial and mechanical
noise had a significant positive effect on soundscape eventfulness (p < 0.01), a finding
consistent with previous studies [12,20,42] that road traffic or human activities increase
soundscape eventfulness by increasing the degree of temporal structure of the acoustic
environment. Soundscape pleasantness (β = 0.32, p < 0.001) and visual landscape satis-
faction (β = 0.34, p < 0.001) contributed significantly to the harmony of environment, and
the effect of soundscape eventfulness on the harmony of environment was not statistically
significant. Based on these findings, soundscape design in residential spaces should focus
on noise reduction strategies.

In the cultural and leisure space (Type II), as presented in Figure 3B, artificial sound,
mechanical noise, and natural sound all impacted soundscape perception. Artificial sound
reduced the pleasantness of the soundscape and increased the richness of the sound-
scape. Mechanical noise decreased the pleasantness of the soundscape. Notably, natural
sound increased soundscape pleasantness and visual landscape satisfaction but decreased
soundscape eventfulness. Natural sound creates a feeling of relaxation and pleasure [21]
and thus enhances soundscape pleasantness. The facilitating effect of natural sound on
visual landscape satisfaction may be because natural sound reduces the perception of
noise [43,44], creates a quiet atmosphere, and causes people to shift more attention to the
visual landscape [45]. For harmony of environment, soundscape pleasantness (β = 0.17,
p < 0.05) and visual landscape satisfaction (β = 0.65, p < 0.001) made significant contri-
butions. These findings suggest that enrichment of natural sounds, reduction of noise
perception, and enhancement of visual landscape satisfaction are key design points for
cultural and recreational areas.

Artificial sound and mechanical noise are important sound sources affecting sound-
scape perception in the commercial area (Type III), as presented in Figure 3C, and there
is a significant relationship between artificial sound and soundscape perception. It is
noteworthy that, unlike in the culture and leisure area (Type II), artificial sound reduces
soundscape pleasantness and soundscape eventfulness. This finding confirms the previous
conclusion that artificial sound’s effect on soundscape perception differs under different
urban contexts [17,46,47]. Different types of artificial sound may be perceived in different
contexts, which causes differences in the influence on soundscape perceptions; e.g., in the
cultural and leisure area, traditional cultural sound (0.81) has the highest factor loadings.
In contrast, in the commercial area, human activity (0.83) is the source with the highest
influence on artificial sound. Mechanical noise reduced visual landscape satisfaction, and
soundscape pleasantness (β = 0.13, p < 0.05) and visual landscape satisfaction (β = 0.62,
p < 0.001) contributed significantly to the harmony of environment. These findings suggest
that optimizing artificial sound and enhancing visual landscape satisfaction are critical
factors in improving the harmony of environment.

4.2. Design Guidelines for Audiovisual Elements in Historic Neighborhoods Based on Harmony
of Environment

As summarized in Table 8, based on the SEM model, soundscape pleasantness and
visual landscape satisfaction directly affect the harmony of environment, with contribution
percentages of 30% and 70%, respectively. On the other hand, the increase in visual land-
scape satisfaction contributes more to improving soundscape pleasantness than natural
sound. In contrast, improving soundscape pleasantness positively affects the environment’s
harmony. Thus, increasing harmony of environment can contribute to visual landscape sat-
isfaction, followed by soundscape pleasantness. Although the prioritization of soundscape
pleasantness and richness has begun to be considered in soundscape research [48], the
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prioritization of visual and auditory perception needs to be adequately discussed. The SEM
proposed in this study prioritizes visual landscape satisfaction and soundscape enjoyment
in terms of harmony of environment, allowing planners to design different aerial spaces in
historical blocks effectively.

As presented in Figure 3A, in environmental design, visual landscape satisfaction
should be increased by reducing artificial sounds, such as human activity sounds and
traditional cultural sounds, or soundscape pleasantness should be improved by reduc-
ing mechanical noises in residential spaces (Type I). This is consistent with the results
of a previous study showing that the interference of noise, especially traffic noise, is a
significant problem facing the acoustic environment in residential spaces [49,50]. The fun
factor loading of 0.84 is an important indicator that affects visual landscape satisfaction;
therefore, outdoor activity facilities and spaces in residential spaces can be enriched to
improve the fun and, thus, visual landscape satisfaction. Considering that the sound of
human activities is a vital sound source that adversely affects residential spaces, the setting
of activity facilities, such as benches, pavilions, and gardening spaces, is considered to
promote passive activities. As presented in Figure 3B, the cultural and leisure area (Type
II) can enhance the pleasantness of the soundscape by reducing artificial noise. On the
other hand, increasing natural sounds, especially birdsong and water sounds, with factor
loadings of 0.81 and 0.78, can help enhance soundscape pleasantness and visual landscape
satisfaction. Natural sounds contribute positively to the overall soundscape quality. They
can reduce noise perception [51], and a large number of studies have demonstrated that
water sounds [29,52,53] and birdsong sounds [54] can reduce noise perception through the
masking effect. Uniqueness and sense of history are essential indicators affecting visual
landscape satisfaction, with factor loadings of 0.72 and 0.77, respectively. Landscapes with
a sense of history and uniqueness help to highlight the functions and characteristics of
the area [55]. Historical buildings and the spatial pattern of historical neighborhoods are
important historical landscapes in historic districts, and sculptures reflecting the history of
the neighborhoods convey a strong sense of history [33], so visual landscape satisfaction
can be enhanced by adding historical sculptures and preserving and repairing historical
buildings and street spaces. Similar to the residential spaces, as presented in Figure 3C, the
commercial area (Type III) can enhance the soundscape pleasantness by reducing human
activity sound (factor loading of 0.83) or reducing traffic acoustic noise (factor loading of
0.91) to improve visual landscape satisfaction. Adding water sound to temporally variable
urban noise can improve soundscape quality by reducing the overall visual variability of
the acoustic environment [56]. Music can improve poor acoustic environments, such as
noise-dominated environments [37,57], and the sounds of folkloric events and live music
contribute to historic visual landscape satisfaction [33]. Therefore, there is a need to provide
water features (e.g., fountains) and add live music or folk event sounds to enhance the
harmony of environment.

4.3. Limitations and Outlook

There are several limitations to this study. One is related to the conditioning of the
participants, who were mainly 18–35 years old, which is only partially representative of
the characteristics of tourists in historical blocks. Therefore, a more comprehensive range
of age groups will be considered in the study’s next step. In addition, participants were
recruited to evaluate the soundscape of the various spaces in the historical block only as
tourists and users who live, walk, or work in the various types of spaces may evaluate the
soundscape in different ways. Therefore, in future studies, consideration will be given to
exploring the overall relationship regarding audiovisual perception from the perspective
of actual users. In terms of landscape perception, this study focuses on the effects of
differences in the types of perceived sound sources in the functioning of the venue on the
overall relationship between the soundscape and the visual landscape. Multi-dimensional
experience helps to grasp the site landscape design, and aspects such as crowd density,
thermal comfort, and odor are similarly affected by the function of the place, which in turn
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impacts the users’ subjective perception. Therefore, aspects such as olfactory perception,
thermal perception, and crowding perception can be added to future research. Finally,
this study proposes a perception model based on subjective evaluation results. However,
objective parameters related to soundscape and landscape, such as physical characteristics
and weather information (temperature, humidity, wind speed), can be incorporated into
future studies to provide more practical information for design.

5. Conclusions

This study uses VR experiments and structural equation modeling to explore the
overall relationship between soundscape and landscape for different spatial functions in a
historical block environment and propose design guidelines. The results show significant
differences in the types of sound sources perceived by different spaces because of their
different functions, thus affecting soundscape perception and visual landscape satisfaction.
In residential spaces, mechanical noise is a vital sound source that affects soundscape
perception, reducing soundscape pleasure and increasing soundscape eventfulness. In con-
trast, artificial sound affects both soundscape perception and visual landscape satisfaction,
increasing soundscape eventfulness but decreasing visual landscape satisfaction. In cultural
and recreational areas, artificial sound is the primary sound source that affects soundscape
perception, decreasing soundscape pleasantness and increasing soundscape eventfulness.
Meanwhile, natural sound significantly affected both soundscape perception and visual
landscape satisfaction, increasing soundscape pleasantness and satisfaction and decreasing
soundscape eventfulness. In the commercial area, artificial sound is the primary sound
source that affects soundscape perception and significantly negatively affects soundscape
perception. Mechanical noise, on the other hand, had a significant adverse effect on visual
landscape satisfaction.

Overall, in the historical block, soundscape pleasantness and visual landscape satis-
faction directly affect the harmony of environment, with a contribution share of 30% and
70%, respectively. Therefore, to improve the harmony of the environment, visual landscape
satisfaction plays an important role, followed by soundscape enjoyment. In environmental
design, both residential and commercial spaces can improve visual landscape satisfac-
tion and soundscape pleasantness by reducing artificial and mechanical noise perception;
cultural and leisure areas can improve soundscape pleasantness and visual landscape
satisfaction by reducing artificial sound noise and increasing natural sound (birdsong and
water sounds); on the other hand, visual landscape satisfaction can be improved by adding
historical sculptures, protecting and repairing historical landscape such as historical build-
ings and street spaces. This study confirms that functional differences in the environmental
space of historical blocks have an impact on the overall relationship between soundscape
and landscape by influencing the perception of sound sources, and these findings expand
our understanding of the interactions between overall audiovisual perception and the envi-
ronment of historical blocks and provide references for the optimization and enhancement
of the soundscape of historical blocks.
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