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Abstract
Historic districts play a vital role in stimulating urban economic development, conserving regional
culture, and enhancing public participation. Both auditory and visual environments, and the interplay
between them, are critical to visitors’ perception and evaluation of historic districts. However, most
studies have explored either the auditory or visual environments separately. The handful of existing
studies on audiovisual interaction were confined to laboratory environments, leading to limited
external validity. Here, we performed a data-driven study of the features of auditory and visual
environments and the interaction between them in 17 historic towns in China using posts con-
taining soundscape-related keywords and streetscape photos from a popular Chinese social media
platform. First, we found that the auditory environments in historic districts mainly consist of man-
made sounds from folkloric activities, the sounds of street shop vendors, and natural sounds from
running water and birds. Second, street greenery, spatial enclosure, and presence of pedestrian in
visual environment are positively associated with emotional feedback of the soundscape. This study
and others support the importance of studying the auditory and visual environments of historic
districts in conjunction. The innovative methods used in this study can be used in further studies in
the field.
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Introduction

Historic districts have attracted growing attention in both developed and developing countries in
recent years (Fung et al., 2017). They are more than mere collections of distinctive historic
buildings; they play an increasingly important role in economic, cultural, and societal respects
(Xu et al., 2020). The adaptive reuse of historic buildings in these districts and the improvement
of the relevant infrastructure can effectively boost tourism, drive economic growth and enhance
real-estate development (Leichenko et al., 2001; Yung et al., 2014). Well-developed historic
districts can also promote local cultural heritage and contribute to forging a cultural identity
(Shipley and Snyder, 2013), provide numerous opportunities for public participation by local
residents, and play an important role in enhancing the sense of belonging and social cohesion
(Yung et al., 2014).

The rich and unique experience of the audio-visual environments in historic districts is vital to
build a distinctive cultural atmosphere, attract visitors, and increase the districts’ vitality (Gastal,
2020; Navarrete Escobedo, 2020). This aspect of the environment also has a significant effect on
the protection and restoration of historic and cultural heritage (N. Li, 2010). Visually, the unique
architectural styles of historic buildings and diverting streetscapes are important environmental
elements that provide tourists with a rich experience (Y. Zhang, 2018). The auditory environment,
including the sound of traditional folkloric and commercial activities, also affects the sensory
experience of tourists. High-quality audio-visual environments offer tourists a fuller experience of
local customs and improve their visitor satisfaction with historic districts, which can further
increase the visitor flow and promote economic development (L. Lu et al., 2015; T. Zhou et al.,
2017).

Visual and auditory environments are interlinked (Y. Liu et al., 2019). The perceived quality of
visual environments is partially mediated by auditory environments, and vice versa. However,
researchers have tended to discuss the two aspects separately. For example, studies that focus on
visual environments have often investigated the changes in spatial patterns of historic districts
or changes in streetscapes as a result of streets traffic expansion and building facade renovation
(Oba and Iseki, 2020). Meanwhile, studies that focus on auditory environments have often
explored the classification and distribution of sounds or visitor preferences regarding
soundscapes in historic districts (Huang and Kang, 2015; Montazerolhodjah et al., 2019). Few
studies have considered audio-visual environments simultaneously and explored their potential
interaction.

Combined audio-visual studies of historic districts have been carried out, but they were mostly
based on questionnaires or interviews, resulting in limited study areas (usually a few street blocks
within one historic district) and sample sizes (usually no more than 500 participants) (Z. Zhou et al.,
2014). Recently, however, the availability of social media data has provided us with new op-
portunities to cover more historic districts and survey more participants.

To address these research gaps, we explored the characteristics and relationships of the auditory
and visual environments of 17 historic towns in southwest China. First, we collected the auditory
and visual data from a large Chinese social media network, Sina Weibo. Second, the posts and street
view image data were processed using data mining and machine learning techniques. Third, the
characteristics of the audio-visual environments in those historic towns were then summarized, and
the relationship between them was explored.
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Literature review

Study of audio-visual environments in historic districts

“Historic district” generally refers to areas containing a group of buildings with traditional ar-
chitectural features or local ethnic characteristics, and such districts have attracted much academic
attention in many countries (Fung et al., 2017). Questionnaire surveys or structured interviews
remain the main methods to collect subjective evaluations of audio-visual environments (Filippi,
2015; Jayantha and Yung, 2018; Zhai and Ng, 2013). Such data are often used to guide the design
and planning of historic districts. For example, Han et al. (2011) explored city dwellers’ preferences
for audio-visual elements in different seasons and found that natural audio-visual elements were
preferred in spring, summer, and autumn, whereas artificial audio-visual elements were preferred in
winter. Elsewhere, Z. Zhou et al. (2014) used questionnaires to analyze the main factors affecting the
audio-visual environments in historic districts, such as human activities, public sanitation, and
landscaping and green areas.

Big data from social media platforms provide an alternative method to collect subjective
evaluations of various aspects of the urban environment, although few such studies have focused on
historic districts. Data from a range of social media platforms (e.g., Foursquare, Google Places,
Twitter, and Instagram) can be used to assess different urban dynamics (Martı́ et al., 2019). For
example, Donahue et al. (2018) found that the water features and green elements in urban parks had
a positive relationship with the visit frequency and subjective evaluation of parks by analyzing text
and photos posted by Flickr and Twitter users.

Impact of visual environments on human behavior and perception

Optimizing the visual environments in historic districts has long been the goal of designers. In recent
years, quantitative research based on visual quality and the proportion of visual elements has been
gradually introduced into this field (Ewing et al., 2006). It has been found that spatial enclosure and
greenery have the greatest influence on people’s behavior and perception (Badland et al., 2010;
Haapakangas et al., 2020).

Spatial enclosure is mainly determined by building density, building height, and street width
(Qaoud and Djamal, 2017). Yin and Wang (2016) calculated the proportion of buildings and sky in
Google Street View images as a proxy for spatial enclosure and observed that spatial enclosure had a
significant impact on walking behavior. In fact, spatial enclosure has a negative relationship with
mental health. An excessive sense of spatial enclosure may lead to negative emotional conditions
such as depression and anxiety (Wang et al., 2019).

Greenery, as an important visual element, plays a vital role in the quality of urban landscapes.
Well-designed street greenery can improve the quality of life for urban residents (X. Li et al., 2015).
Urban residents tend to walk and exercise more in places with more greenery, which indicates the
important influence of this urban feature on their living habits and behavior patterns (Y. Lu and Ye,
2019). Furthermore, urban greenery has a significant impact on physical and mental health and can
effectively reduce the risk of chronic diseases, accelerate the recovery of patients, and alleviate
mental stress (Mitchell and Popham, 2008; Thompson et al., 2012).

Impact of soundscapes on human behavior and perception

The perceived quality of the auditory environment is not only affected by physical quantities such as
sound pressure level and frequency but also related to factors such as scenery and setting and
personal differences in social and cultural background. Therefore, the term soundscape has been
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advocated in recent studies (Yang and Kang, 2005; Yu and Kang, 2014). Soundscape refers to the
auditory environment that is perceived, experienced, or understood by one person or a group of
people in context (ISO, 2014). The soundscape plays several important roles in creating an at-
mosphere, shaping a sense of place, preserving historic and cultural value, and improving the overall
quality of historic districts (Montazerolhodjah et al., 2019).

First, the soundscape of historic districts has a definite influence on individuals’ psychological
cognition and sense of belonging. A highly appealing, well-designed soundscape can create a
unique atmosphere in a place, enabling psychological immersion in the environment (D. Zhang
et al., 2013). It can also enhance visitors’ psychological state, strengthening the connection between
their own subjective consciousness and social activities (Huang and Kang, 2015).

Second, the soundscape of historic districts directly influences people’s lifestyle and daily
behavior. J. Liu et al. (2018) pointed out that the soundscape has a significant impact on pedestrians’
walking routes and behavior patterns. A high-quality soundscape can effectively guide and organize
pedestrians along favorable sightseeing routes and greatly improve their sensory experience.
Studies in several historic districts of Xiguan and Guangzhou, China, found that typical sound-
scapes, such as the sounds of Cantonese opera, Cantonese folk songs, chess players in alleyways,
and traditional workshops, reflected the daily activities of local residents and the cultural ecology of
the city (Zhou, 2014).

Interplay of auditory and visual environments

Both auditory and visual environments, as well as the interplay between them, are critical to
perception and evaluation of urban environments (Huang and Kang, 2015; Ren et al., 2018).
Although visual elements are the dominant sensory input, they are related to, and interact with, the
soundscape (Viollon et al., 2002).

Previous studies of audio-visual interaction mainly used questionnaires to explore the impact of
various audio-visual environmental elements on the subjective satisfaction of visitors to a site.
Forest parks and urban green spaces are common research settings. Some studies have found that
natural landscapes combining natural sounds from birds, insects, and water can significantly en-
hance tourists’ sense of immersion and satisfaction in forest parks (Y. Liu et al., 2019; Y. Liu et al.,
2020). Visitors were more satisfied with the audio-visual environments in parks and in areas near
water than with those in urban built environments (S. Zhang et al., 2019). The development of
virtual reality provides a new technology to reproduce audio-visual environments in the laboratory.
Using this method, it was found that both visual and auditory elements affected the participants’
evaluation of urban environments, although not equally: the impact of the two types of elements on
the overall satisfaction with urban environments was 76% and 24%, respectively (Jin Yong Jeon,
2020).

Research gaps

There are three major research gaps in the study of urban audio-visual environments. First, most
studies analyzed the visual and auditory environments separately and ignored the interaction
between them. This may have led to an oversimplified assessment of audio-visual environments.
Second, existing studies have been confined to laboratory environments or have used subjective
assessment methods such as traditional questionnaires or interviews, leading to a limited sample
size. Today, big data from social media provide an opportunity to retrieve subjective evaluations of
visual and auditory environments from large samples. Third, little is known about the major features
of the visual and auditory environments in historic districts.
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Hence, in this study, we explored the features of the auditory and visual environments and the
interaction between them in 17 historic towns in China, using posts that contained soundscape-
related keywords and streetscape photos from SinaWeibo, a popular Chinese social media platform.

Method

Data

A total of 17 historic districts officially recognized by the Ministry of Housing and Urban-Rural
Development and the State Administration of Cultural Heritage of China were selected as the study
areas (Appendix I). All are in southwest China, specifically in Yunnan, Sichuan, Chongqing, and

Figure 1. The locations of the 17 studied historic districts in southwest China.
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Guizhou provinces (Figure 1). Buildings and streets are particularly well preserved in these historic
districts. Folkloric activities remain in all of the studied historical towns, and attract large flow of
visitors.

Sina Weibo has the most users of any social media platform in China. By March 2020, the
number of active users had reached 550 million, with approximately 130 million posts and 120
million photos uploaded daily, providing a rich resource for big data research (Sina Weibo Data
Center, 2018).

In this study, we extracted posts from 16 August 2009 to 28 February 2021 containing
soundscape-related keywords together with location tags of the above-named historic districts using
the web crawler software Locoyposter v7.3.1. The soundscape-related keywords included two
types: 1) the noun words that directly describe specific sounds, such as the sound of running water,
bird, and music and 2) the adjective words that describe how people feel about soundscape or sound
environment, such as “quiet” and “noisy.” Then, both the texts of the user-uploaded posts and
corresponding streetscape photos were collected.

A total of 4345 posts and 10,973 images were retrieved in the raw dataset. This dataset was
further filtered with two steps. First, all duplicated posts were excluded. Second, the posts that are
not related to visitors’ perceived soundscape, such as advertisements, were excluded based on
expert judgment. Finally, 1477 posts containing soundscape-related keywords and 2395 associated
images were selected (Table 1). The selected posts and images account for 34.0% of raw posts and
21.8% of raw images, respectively.

We also consider data privacy and ethic of using social media data. All retrieved data were posted
by Sina Weibo users, and were publicly available online. The personal information of Sina Weibo

Table 1. The number of posts and images in 17 studied historic districts.

Localtion

Soundscape text post Street view image

Raw
data

Retained
data

Retaining ratio,
%

Raw
data

Retained
data

Retaining ratio,
%

Shaxi historic town 409 126 30.8 1469 287 19.5
Heshun historic town 504 85 16.9 923 299 32.4
Anren historic town 97 47 48.5 321 50 15.6
Xinchang historic town 60 45 75.0 115 61 53.0
Huanglongxi historic
town

181 141 77.9 209 181 86.6

Luodai historic town 121 56 46.3 401 75 18.7
Pingle historic town 451 80 17.7 1021 72 7.1
Enyang historic town 96 29 30.2 332 112 33.7
Langzhong ancient city 237 117 49.4 394 168 42.6
Shangli historic town 318 37 11.6 713 60 8.4
Yaoba historic town 51 13 25.5 92 27 29.3
Qingyan historic town 515 106 20.6 2216 195 8.8
Zhongshan historic
town

327 147 45.0 363 147 40.5

Baisha historic town 250 42 16.8 730 63 8.6
Ciqikou historic town 480 334 69.6 955 444 46.5
Longxing historic town 69 25 36.2 306 69 22.5
Gongtan historic town 179 47 26.3 413 85 20.6
Total 4345 1477 34.0 10,973 2395 21.8
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users, such as age and gender, was not collected to comply with privacy requirements. The collected
data were further de-identified. Only the aggregate results were reported here in and hence cannot be
traced back to individual Weibo user.

Text processing of soundscape-related posts

In this study, we mainly focused on analyzing the semantic adjectives from the collected posts.
ROSTCM6 is a text analysis tool developed by Wuhan University (Zhan et al., 2018). We used the
semantic network analysis and emotion analysis modules of this tool to evaluate the collected text.

The semantic network analysis module of ROSTCM6 identifies keywords or phrases that
frequently co-occur at the semantic network level. The use frequencies of all possible keywords or
phrase combinations are first counted. ROSTCM6 then visualizes keyword pairs of high frequency
and generates a schematic diagram of the semantic network.

The emotion analysis module of ROSTCM6 works as follows. First, this function splits the text
of each user’s posts into equivalent semantic units in Chinese. Second, words or phrases that
represent the user’s emotion are extracted. Third, the corresponding scores of these words or phrases
are retrieved from the built-in subjective emotion lexicon of ROSTCM6. In this way, each post
obtains a single score, which represents the soundscape score, based on the average value of all
emotional words in the post. Finally, the scores of the posts are automatically classified into seven
mood categories—highly positive, moderately positive, mildly positive, neutral, mildly negative,
moderately negative, and highly negative (Table 2).

Identification of street view image elements

Street view images uploaded by users can directly portray the visual environments that they
experienced while visiting historic districts. We used pyramid scene parsing network (PSPNet)
to identify different visual elements in the street view images uploaded by users (Zhao et al.,
2017).

Nine visual elements, including streets, buildings, vegetation, sky, pedestrians, fence and traffic
signs, natural terrain, cars, and bicycles, in the street view images were identified with the
PSPNet extraction function as shown in Figure 2b. PSPNet can achieve a pixel-wise accuracy of
85% or better (Zhao et al., 2017). The proportion of each element in the images, calculated by
using the number of identified pixels of each element divided by the total number of pixels of the
whole image (a value ranges from 0 to 1), quantifies the visual environments that people see in
the historic districts. In a pilot test with 50 randomly selected images from our dataset, nine
visual elements were manually delineated by experts with Photoshop. The results of expert

Table 2. Scores and corresponding mood levels.

Scores calculated by ROSTCM6 Level of mood

x > 20 Highly positive
10 < x ≤ 20 Moderately positive
0 < x ≤ 10 Mildly positive
x = 0 Neutral
�10 ≤ x < 0 Mildly negative
�20 ≤ x < �10 Moderately negative
x < �20 Highly negative
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assessment were compared with the PSPNet results, and a pixel-wise accuracy of 87% was
obtained.

Modeling the soundscape score with visual elements

To explore how visual and auditory environments interact with each other, we used nine visual elements
extracted from the uploaded images to model the corresponding soundscape scores. In addition to the
visual elements, the soundscapemay be affected by the characteristics of different historic towns, such as
the different location, town area, the level of economy, or the basic traffic condition. For example, the
more population in a historic town, the more sounds it may produce and thenmay affect the soundscape.
Similarly, the distance between a historic town and a tourist transportation station may also affect its
soundscape. In a nutshell, both the visual environment observed by the individual and the characteristics
of the historical towns may influence the soundscape score.

In order to control the impact of differences between the 17 historic towns, in this study, five
town-level variables were added into the regression model, including town area, town population,
the GDP of city where the historic town is located, distance to urban center, and distance to bus
station. All independent and dependent variables are listed in Table 3.

Hierarchical linear modeling (HLM) was frequently conducted when the data are at varying
hierarchical levels and different groups (Woltman et al., 2012). In this study, the individual posts and
related photos (i.e., soundscape score and visual elements) are nested in different historical towns;
hence, HLM was adopted to explore the relationship between soundscape and visual environment
elements while considering the hierarchical structure of our dataset.

Two steps were included in HLM analysis. First, a regression model at individual level with
random intercept was conducted to examine if the soundscape score was significantly associated
with different visual elements, including streets, building, vegetation, sky, pedestrians, fence and
traffic signs, natural terrain, cars, and bicycles. Second, the town-level variables, including town
area, town population, GDP, distance to urban center, and distance to bus station, were added into
regression model to explore the relations between soundscape score and them.

Figure 2. Visual element recognition in street view photos: (a) raw photo uploaded by Sina Weibo user and
(b) the same photo segmented with PSPNet.
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The model for individual level is as following

yij ¼ β0j þ
X9

q¼1

βqjXqij þ εij

where

yij is the soundscape score;
βqj (q=0, 1, …,9) are individual-level coefficients;
Xqij is the individual-level variable q for case i in town j; and
εij is the individual-level random error.

The town level model is as following

β0j ¼ γ00 þ
X5

s¼1

γ0sWsj þ u0j

where

γ0s (s=0, 1, …, 5) are town-level coefficients;
Wsj is the town-level variable; and
u0j is the town-level random error.

Table 3. Definition of the independent and dependent variables.

Definition and calculation Unit

Dependent
variable

Soundscape
score

The scores calculated by ROSTCM6 using
the uploaded text

Number

Independent
variables

Individual
level

Streets The number of identified pixels of each
element divided by the total pixels of the images

Ratio
Buildings
Vegetation
Sky
Pedestrians
Fence and traffic signs
Natural terrain
Cars
Bicycles

Town level Town area The total area of each historic town Km2

Town population The total population in each historic town 10
thousand

GDP The GDP of city where the
historic town is located

100 million

Distance to urban
center

The Euclidean distance from historic
town to nearest urban center

Km

Distance to bus station The Euclidean distance from historic town
to nearest bus station (tourist terminal or bus
station)

Km
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Results

Types of soundscape

Figure 3 shows the semantic network of the sound keyword in the posts for our 17 historic districts,
with each arrow linking two highly associated keywords. The semantic network analysis revealed
three major clusters of soundscape keywords, that is, three types of soundscape. They are sounds
related to traditional folkloric activities, street shop vendors, and natural sounds, which account for
33.4%, 34.5%, and 32.1% of all soundscape keywords, respectively. The classification is in line
with an international standard for soundscape (ISO, 2016). Figure 4 presents the proportion of three
soundscape types in 17 historic towns.

Type 1 mainly consists of man-made sounds produced by traditional folkloric activities, such as
the dragon dance and the cheers of the audience. This type of sound is mainly found in historic
towns in Sichuan province, and accounts for 45.6% of sound keywords in the towns in Sichuan.
Type 2 mainly consists of man-made sounds produced by street shop vendors, such as shop as-
sistants speaking in the local dialects. This type of sound is mainly found in historic towns in
Chongqing and Guizhou province, and accounts for 75.2% of keywords. Type 3 mainly consists of
natural sounds, such as running water or horses’ hooves. This type of sound is mainly found in
historic towns in Yunnan province, and accounts for 51.7% of keywords.

Perceived quality of soundscape

We analyzed the subjective evaluation of soundscapes using the emotion analysis module in ROSTCM6.
Figure 5 shows the proportion of soundscape with different mood levels in each historic town.

Figure 3. Semantic network analysis diagram of soundscape-related text elements.
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Historic towns in Yunnan province received the highest proportion of positive emotional
feedback. For example, the proportion of positive emotions in Heshun historic town was as high as
90.43%, among which the proportion of highly positive emotions was 42.55%. The historic towns
in Sichuan were classified into a range of levels. Langzhong ancient city had the highest evaluation,
with positive emotional feedback reported by 79.31% of users, whereas that of Enyang had a
relatively poor evaluation, with positive emotional feedback from less than 60% of users. The
historic towns in Chongqing and Guizhou were generally well appraised. Positive emotional
feedback was given by more than 60% of users, except in Longxing historic town in Chongqing.

The average soundscape scores calculated from the users’ posts in the same historic towns are
shown in Figure 6. The soundscape scores in Yunnan were relatively high, ranging from a maximum
of 23.44 to a minimum of 14.05. This can most likely be attributed to the natural sounds, such as
running water, that are prevalent in Yunnan, which make people feel more comfortable and connected
to the environment than man-made sounds. However, the soundscape scores in Sichuan showed a
muchwider range, with the highest score of 14.33 inYaoba historic town and the lowest score of 7.5 in
Xinchang and Shangli historic town. The soundscapes in this area are mainly characterized by

Figure 4. Proportion of soundscape types in each historic town.
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traditional folk activities, but because the area receives tourists from all over the country with a diverse
spectrum of backgrounds, the local folk traditions may not fully resonate with all of them. Therefore,
tourists havemixed opinions on this type of soundscape. The situation in Chongqing and Guizhouwas
similar to Sichuan, where the soundscape scores also varied considerably.

Streetscape images analysis

The calculated proportions of the nine elements (see Method) in the street view images of the 17
historic towns are provided in Table 3. All the proportions of visual elements in Table 4 are the
average value in each historic town.

Little difference was found between the historic towns in terms of the proportion of streets, which
fell within the range of 9%–16.4%. However, the proportion of buildings varied widely, implying
significant differences in the sense of enclosure that would be felt by visitors. For example, the
proportions of building in historic towns in Sichuan and Chongqing, such as those of Huanglongxi,

Figure 5. Results of soundscape subjective evaluation.
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Pingle, and Longxing, were all above 60%, whereas the proportions of sky were all below 10%. This
indicated that these three ancient towns had relatively high building density, narrow streets, and thus
a strong sense of enclosure. The two historic towns in Yunnan showed the opposite characteristics,
with buildings taking up less than 45% of the street view images and the sky taking up more than
10%. This implies that these towns would evoke much less sense of enclosure.

In terms of greenery, historic towns in Sichuan had the least, as represented by Huanglongxi and
Pingle towns, whose greenery accounted for only 6.1% and 3.6%, respectively. Meanwhile, the
proportions of pedestrians in the historic towns of Pingle, Langzhong, Zhongshan, and Ciqikou
were all above 9%, which showed that all four attracted a large number of tourists and enjoyed
relatively high vitality and popularity as areas for walking.

Fence and traffic signs, natural terrain, cars, and bicycles made up a relatively small proportion of
the street images in all historic towns. The corresponding proportions were no more than 6.8%,
1.9%, 5.3%, and 0.5%, respectively, indicating their minor influence on the visual environment.

Regression analysis between soundscape score and visual elements

To explore how visual and auditory environments interact with each other, we conducted a HLM
analysis between the soundscape scores of each user and the corresponding visual elements
extracted from the uploaded images. The results of HLM analysis are shown in Table 5. The
building and town population were excluded from the independent variables due to the collinearity
problem. The remaining independent variables all passed the VIF test (VIF < 4).

Figure 6. Average soundscape scores.
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Table 4. Proportion of visual elements.

Name of
historic town

Streets,
%

Building,
%

Vegetation,
%

Sky,
%

Pedestrian,
%

Fence
and
traffic
sign, %

Natural
terrain,
%

Car,
%

Bicycle,
%

Shaxi historic
town

13.7 44.4 20.8 10.1 2.8 2.8 1.1 4.1 0.2

Heshun
historic
town

11.3 36.7 25.6 15.1 1.1 5.8 1.6 2.8 0.1

Anren historic
town

12.6 40.6 25.1 5.8 5.6 4.2 0.7 5.3 0.0

Xinchang
historic
town

11.2 49.7 18.4 7.3 5.9 3.4 0.9 3.0 0.1

Huanglongxi
historic
town

12.7 69.6 6.1 6.4 1.5 2.2 0.9 0.3 0.2

Luodai
historic
town

10.8 48.3 13.7 11.3 8.5 3.6 0.3 3.4 0.1

Pingle historic
town

10.1 63.2 3.6 6.4 11.9 3.1 0.1 1.5 0.2

Enyang
historic
town

15.2 34.5 27.9 7.0 7.2 5.5 1.4 1.2 0.1

Langzhong
ancient city

12.3 41.0 16.2 10.1 9.2 6.5 0.3 4.0 0.2

Shangli
historic
town

11.6 41.2 23.0 8.4 5.6 6.8 0.8 2.5 0.1

Yaoba historic
town

14.0 32.6 28.4 9.8 3.9 5.3 1.6 4.0 0.5

Qingyan
historic
town

10.3 39.9 25.9 15.6 3.1 2.6 0.8 1.6 0.1

Zhongshan
historic
town

13.6 40.6 24.3 5.3 10.5 3.1 1.2 1.3 0.1

Baisha historic
town

16.4 44.2 16.6 15.4 3.4 2.2 1.2 0.5 0.1

Ciqikou
historic
town

9.0 52.7 15.8 7.4 9.3 2.7 0.3 2.6 0.1

Longxing
historic
town

12.3 63.8 10.2 8.0 2.4 2.2 0.4 0.8 0.1

Gongtan
historic
town

12.8 43.0 21.1 9.2 4.0 3.6 1.9 3.9 0.4
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The proportions of vegetation and pedestrian were positively associated with the soundscape
score in both Model 1 and Model 2. The proportion of sky was negatively significantly associated
with soundscape score in both models. The rest of visual elements and town-level variables were not
significant.

Discussion

Appealing audio–visual environments in historic districts can attract visitors and sustain the
districts’ vitality by engendering a distinctive cultural atmosphere. However, existing studies have
tended to explore the auditory and visual environments independently, whereas most studies that
have focused on audio–visual environments in historic districts were based on questionnaires or
structured interviews with limited sample size. In this paper, we explored the interactions between
auditory and visual environments in 17 historic districts in China using posts from Sina Weibo
containing soundscape-related keywords and photos of the corresponding districts. Three distinct
types of soundscape were found to prevail among these historic towns. The characteristic features
and the relationships between auditory and visual environments were summarized. Specifically, four
major findings emerged.

First, the three types of soundscape in the historic districts were characterized by sounds from
folkloric activities, sounds from shop vendors, and natural sounds, respectively. Previous studies of
soundscapes have paid most attention to the positive impact of natural sounds (Alvarsson et al.,
2010). Running water, birdsong, and other natural sounds are frequently considered as a way to
offset unwanted noise in soundscape design, whereas the potential role of the sounds of human
activities has been neglected (Abdalrahman and Galbrun, 2020). However, we found that the unique
soundscapes in our historic towns carried a distinct flavor relating to traditional human activities.
The retention of man-made sounds (e.g., local dialects and folkloric activities) can make a distinct
and vivid impression on tourists and enhance the appeal of historic districts. Preserving the au-
thentic, unique auditory environments of historic districts should be taken into consideration during
cultural renovation of these areas.

Second, street greenery in visual environment has a positive effect on perceived soundscape
scores in historic districts. This is consistent with previous findings that street greenery may ef-
fectively improve the perceived quality of an environment (Haapakangas et al., 2020). Indeed, urban
greenery has well-established physical and mental benefits, including reduced risk of heart disease
and diabetes, lower rates of obesity, improved mental well-being, and decreased stress and de-
pression (James et al., 2015; Triguero-Mas et al., 2015; Twohig-Bennett and Jones, 2018). Greenery
can also effectively reduce air pollution and provide shade for pedestrians (Markevych et al., 2017).
In addition, the presence of street greenery reduces the perceived noise (Haapakangas et al., 2020).
All these benefits may encourage positive emotional evaluations of historic districts.

Third, contrary to our expectation, pedestrians in visual environment were positively associated
with perceived soundscape scores. We originally thought that large crowds may lead to a noisy
environment. This can be explained by Jane Jacobs’ urban vitality theory, which emphasized the
importance of pedestrian activities to maintain the urban vitality (Jacobs, 1963). Large number of
pedestrians and related human sounds indicate a high-level vitality and popularity of historic towns
(Hong and Jeon, 2015). Besides, as these photos were uploaded by tourists in historic towns, these
photos are more likely to include selfies and other tourists taken in some favorable locations, which
may also result in positive relation between pedestrians and soundscape scores.

Fourth, the level of spatial enclosure, which is in inverse relationship with proportion of sky, may
have a positive effect on the soundscape. One previous study found that the space enclosure is
positively associated with the willingness of walking due to better perceived pedestrian enjoinment
(Yin and Wang, 2016). The most distinctive and representative feature in the historic towns is
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historical buildings with various styles. Hence, in historic districts, high space enclosure is usually
associated with narrow streets and dense historical building, which leads to higher urban vitality and
better perceived soundscapes.

This paper has both strengths and limitations. We collected crowdsourced data from a social
media platform rather than using a traditional questionnaire, which granted access to a much larger
number of samples with low cost and fast speed. Data mining technology can process text-based
posts efficiently. Machine learning was used to automatically identify streetscape elements with
satisfactory accuracy. These innovative methods can inspire further studies about the perceived
quality of historical towns or other built environments.

However, this study also has limitations. First, the content of uploaded images and the emotion
that the texts trying to convey may be biased in some cases. For instance, the text description may be
a description of the overall visual and auditory environments, but the uploaded images may only
serve as a selfie of the visitor or only involve a partial visual scene. Second, social media platforms
are not popular among the elderly. Young participants may have been oversampled in this study.
Hence, our results may not be generalizable to the whole population. Third, it is difficult to extract
personal information (e.g., local residents vs. visitors and sociodemographic information) from
Weibo data. Thus, we cannot identity whether different user groups may have the different
emotional feedbacks for visiting a same historic town. Furthermore, the data we collected range over
10 years. There are possibly temporal changes in sound and visual environment over such time span.
In addition, the data are subject to recall bias because the social media posts from tourists may have
been made many days after their visits to these historic sites.

Conclusion

In this paper, we innovatively explored the interaction between auditory and visual environments in
17 historic towns in China using user-uploaded posts and associated photos from Sina Weibo. We
found that the three main types of auditory environment were characterized by artificial sound from
folk activities, street shop vendors, and natural sound. More importantly, the visual environments
affected the perceived quality of the soundscapes. The street greenery, pedestrian, and sense of
spatial enclosure had a positive effect on the perceived soundscape quality. These findings point out
that it is critical to focus on the interplay between the auditory and visual environments of historic
districts in future studies.
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