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Abstract: The advances in new-media technology have opened new possibilities
for protecting and disseminating cultural heritage such as traditional painting. Tak-
ing Digital Dunhuang as an example, this paper summarizes its origins and digital
dissemination methods through a literature review and data analysis, then focuses
on audience cognition and interactive feedback under new-media dissemination
and evaluates its impact on cultural communication and public art education. Re-
sults show that Digital Dunhuang, relying on a high-definition image library, social
media, mini-programs and virtual-reality experiences, brings Dunhuang art to life
in digital form and significantly broadens the audience and social influence. High
levels of participation and positive responses on social media show that the public
recognizes this mode of digital dissemination. However, technological upgrades and
the accurate conveyance of cultural connotations remain challenges. To ensure the
continued inheritance and innovation of traditional culture, cultural relics must be
protected while technological innovation, richer interactive forms and open sharing
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of digital resources are continually promoted.

Keywords: New media; Traditional painting; Digital Dunhuang; Digital transmis-
sion; Cultural communication

Introduction

The rapid development of new-media technology has pro-
vided completely new ideas for protecting and disseminating
traditional cultural heritage. Presenting rare art forms digi-
tally not only overcomes temporal and geographical limita-
tions but also allows more people to deeply understand the
essence and charm of ancient painting. Since the late twenti-
eth century the Dunhuang Academy has explored the digital
acquisition and management of murals in the Mogao Caves,
seeking long-term preservation paths for ancient art. As the
internet and social media become more pervasive, the Digi-
tal Dunhuang project has gradually moved beyond the profes-
sional research community; through various new-media
channels it targets the general public and has formed an on-
line-offline dual-drive model for cultural-relic protection and
cultural promotion.

Existing research and news reports mostly discuss the
value and potential of cultural-heritage digitization from per-
spectives such as digital acquisition and management,
virtual-reality technology and cultural-creative industries
(Gansu Release, 2023; Wang, 2022; Peng, 2022). Scholars
have also studied the system architecture and back-end data

management of the Digital Dunhuang resource library, focus-
ing on fast browsing of high-resolution images, database opti-
mization and scalability (Yu et al., 2020). However, these stud-
ies mainly focus on technical implementation or protection of
the relics themselves; systematic evaluation of user cognition,
interactive experience and social dissemination effects in the
new-media environment is still lacking. There is still room to
explore the “breaking-the-circle” transmission of digital cul-
ture and its impact on public art education. Therefore, this
study extends the perspective to audience participation and
feedback on new-media platforms, aiming to explore how
Digital Dunhuang seeks a balance between technological in-
novation and deep cultural inheritance and to evaluate,
through empirical analysis, the effectiveness and challenges
of digital transmission.

Digital Dunhuang Project Overview
Origin and development

The murals and painted sculptures of the Mogao Caves in
Dunhuang are treasures of Chinese traditional painting. Be-
cause of their remote location and the fragility of the relics,
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they have long faced the dual difficulty of protection and dis-
semination. The concept of digitizing Dunhuang culture was
first proposed in the late 1980s, and over the following
decades digital preservation achieved significant progress
and many results. By the end of 2021 the Digital Dun-
huang Project had completed digital capture of 268 caves, im-
age processing of 164 caves and three-dimensional recon-
struction of forty-five colored sculptures, 146 caves and seven
large sites; a specialized technical team of more than one hun-
dred people participated (Xinhua, 2022). After years of explo-
ration the project has gradually developed and improved. Re-
searchers use high-definition photography and 3-D scanning
to acquire and archive murals and sculptures of the Mo-
gao Caves, creating a vast digital repository. With the rise of
the internet the project expanded from data preservation to
dissemination directed at the public. In 2016 the Dun-
huang Academy officially launched the Digital Dunhuang
resource-library website. The first batch of high-definition
digital images of classic caves was opened to the world, mark-
ing the first time that high-precision digital images and
panoramic tours of thirty caves were freely shared globally
and visited more than seven million times from over ten coun-
tries (Yu et al., 2020). This marked a new stage: the project
now serves not only academic research but also provides cul-
tural sharing for society at large. Its development is insepara-
ble from support from various sectors. At the end of 2017 the
Dunhuang Academy and Tencent launched the “Digi-
tal Silk Road” initiative, bringing the technological and plat-
form advantages of internet enterprises into the
cultural-heritage field. Integration into this new
cultural-and-creative ecology has spawned a series of innova-
tive sub-projects. For example, the Digital Sponsors
public-interest project launched in 2018 borrows the concept
of ancient benefactors; netizens donate only 0.9 yuan to par-
ticipate in digital preservation of the Mogao Caves
(Peng, 2022). These explorations provide continuous momen-
tum for the project. National policies supporting the digitiza-
tion of cultural heritage also offer a favorable external envi-
ronment. By the end of 2022 the project had completed digi-
tal capture and high-precision image processing of hundreds
of caves and three-dimensional reconstruction of some sculp-
tures and caves (CGTN, 2023). In April 2023 the Digital Li-
brary Cave officially went online, an immersive online mu-
seum that uses digital scanning and 3-D modeling to faithfully
reproduce the library cave (Gansu Release, 2023). After
decades of practice, Digital Dunhuang has evolved from digi-
tal preservation to digital dissemination and radiates new vi-
tality in the new era.

Digital dissemination methods

With the development of new-media technology, the Digi-
tal Dunhuang project continually innovates its dissemination
methods and has built a comprehensive, multi-channel digital
dissemination system.

Online sharing of high-definition resources. Through the
project’s official website and related digital platforms, the
public can freely browse high-definition mural images and
panoramic tours of the grottoes. Dozens of classic caves have

achieved full-cave high-definition imaging and
three-dimensional panorama sharing worldwide (Gansu Re-
lease, 2023). Users need only a computer or mobile device to
appreciate the details of thousand-year-old murals as if on
site. This online virtual tour breaks geographical and tempo-
ral limits and brings traditional art into daily life.

Social media platforms. Social media has become an im-
portant dissemination battleground. Since establishing its
New-Media Centre in 2018, the Dunhuang Academy has ac-
tively operated WeChat public accounts, Weibo, Douyin and
other platform accounts, regularly releasing rich digital con-
tent. Popular-science articles such as the Dunhuang Seasons
and Festivals series use traditional festivals as entry points to
introduce the cultural meanings of Dunhuang art, enhancing
public understanding (Peng, 2022). On short-video platforms
the academy created the virtual figure “Dunhuang Fairy - Ji-
ayao” and in 2022 launched the animated series Dun-
huang Fairy and Her Friends. Jiayao’s image is based on the
kalavinka in Dunhuang murals; combining it with modern
cartoon style shortens the distance to young viewers. The se-
ries tells stories about Dunhuang culture and relic protection
and, after release on Weibo, Bilibili, Douyin and other plat-
forms, received widespread praise and became a new media
vehicle for disseminating Dunhuang culture (Wang, 2022).
Topics and short videos on the academy’s official Weibo and
Douyin accounts repeatedly topped trending lists, letting the
sleeping caves “fly out of the Gobi” and enter the online public
sphere.

Mobile applications and mini-programs. Mobile apps and
mini-programs expand interactive dissemination. In 2020 the
Dunhuang Academy and Tencent jointly launched the
Cloud Tour Dunhuang WeChat mini-program. Users can select
caves for panoramic roaming on their phones and click mural
details to obtain explanations, realizing “cloud tourism.”
Within ten days of launch total visits exceeded five million—
far exceeding the annual on-site visitor numbers of the Mo-
gao Caves (Yangguang Net, 2021). This digital product en-
ables more people to conveniently experience the beauty of
Dunhuang art. In subsequent operation the mini-program
continuously enriches its content, adding routes with differ-
ent themes, quizzes and other features that greatly increase
user stickiness. Statistics show that from its launch in 2020 to
the end of 2022 the mini-program recorded over sixty million
visits and more than two hundred million interactive partici-
pations (Liu, 2022). This phenomenon-level dissemination
product has significantly broadened the audience for Dun-
huang culture.

Immersive and interactive experiences. Immersive experi-
ences such as virtual reality (VR) have also opened new dis-
semination space for the project. The Dunhuang Academy co-
operated with technology companies to launch the “Explor-
ing Dunhuang — Digital Dunhuang Immersive Exhibition,”
creating an online-offline interactive experience centered on
Cave 285 of the Mogao Caves. Online, viewers can obtain
knowledge through role playing; offline, wearing VR headsets
they can freely “fly” through the cave and even immerse them-
selves in mural plots. Reports show that since its launch
in 2023 this VR immersive exhibition has become a “hit”
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project at the Mogao Caves scenic area and is particularly
popular with young people (Gansu Release, 2023). This indi-
cates that digital technology is bringing traditional cultural
dissemination into a new stage of integration between the vir-
tual and the real. The project also uses augmented-reality and
holographic projection technologies in offline exhibitions to
display mural art, providing audiences with rich new-media
interactive experiences.

By fully utilizing digital imaging, social media, mobile in-
ternet and immersive technologies, the Digital Dunhuang
project realizes panoramic dissemination of traditional paint-
ing from physical to virtual spaces. Supported by a new-media
matrix, Dunhuang art crosses time and space to approach the
public, and cultural heritage bursts forth with new vitality in
digital form.

Audience Participation in New-Media

Dissemination

Audience cognition and acceptance

Dissemination of the Digital Dunhuang project on
new-media platforms has greatly enhanced public awareness
of Dunhuang art. In the past, because of geographical limita-
tions, many people’s impressions of the Mogao Caves re-
mained in books or documentaries, lacking direct insight.
Through the project’s online resources and interactive con-
tent, audiences thousands of kilometers away can view ex-
quisite murals at zero distance, deepening their understand-
ing of the value of Dunhuang culture. Many netizens, after
viewing high-definition digital murals, say they “feel as if
standing in the cave” and marvel at the detail and color of an-
cient painting. Digital Dunhuang has allowed what was origi-
nally niche grotto art to “fly into ordinary homes”; the public’s
perception has shifted from unfamiliarity to familiarity and
affection. In terms of acceptance, the project’s digital dissemi-
nation has generally won widespread praise and positive
feedback. User surveys and online comments show that many
audiences believe the digital content makes up for the regret
of not being able to visit on site and allows them to access so-
phisticated traditional art more easily. Media such as Yicai
note that the academy’s new-media creative projects fre-
quently generate hot discussions and become “creative hits”
in the cultural-heritage field (Peng, 2022), reflecting the pub-
lic’s acceptance and pursuit of this innovative dissemination
form. Young audiences, in particular, show strong interest in
digital content that blends animation and game elements. For
example, the short-video series featuring the virtual IP figure
Jiayao has accumulated over ten million views; since the se-
ries Dunhuang Fairy and Her Friends began releasing on
Weibo, Bilibili, Douyin and Kuaishou on 1 January 2022 it has
received high recognition from all sectors of society and is es-
pecially loved by teenagers, with the hashtag #Dun-
huang Fairy and Her Friends# on Weibo garnering five million
reads (Wang, 2022). This phenomenon shows that through
cartoon imagery and narrative expression, traditional mural
art successfully “wins fans” among young audiences and en-
hances their affinity for and acceptance of Dunhuang culture.

From an emotional perspective, the project evokes public
pride and resonance with traditional culture. Many netizens
leave messages praising Dunhuang art and calling the project
“digital guardianship of national treasures,” seeing it as a pio-
neering effort to bring Chinese cultural heritage to the world.
Some netizens who participate in the Digital Sponsors project
are proud of being “digital sponsors,” gaining a sense of cul-
tural identity while supporting relic digitization. Audiences’
positive attitudes are also evident in the plethora of sponta-
neous secondary creations. Designers and comic enthusiasts
use open digital materials to create derivatives covering fash-
ion, games and other fields and disseminate them widely on
social platforms. This indicates that audiences not only pas-
sively accept digital content but also actively participate in the
re-creation and dissemination of Dunhuang culture, demon-
strating strong recognition and enthusiasm. Overall, in the
new-media era Digital Dunhuang has built a solid audience
base and reputation. The public has moved from curious spec-
tators to active participants spreading Dunhuang aesthetics,
showing that digital transmission of traditional painting has
been accepted by society. The project has cultivated new audi-
ence groups and achieved an effective connection between
traditional art and contemporary audiences.

Interactive dissemination mode and feedback
analysis

In the new-media environment, dissemination is no longer
a one-way release of information; it emphasizes audience in-
teraction. Digital Dunhuang makes full use of interactive dis-
semination modes to mobilize audience enthusiasm, realizing
a virtuous cycle between disseminators and audiences. Based
on actual data, we analyze dissemination performance and
audience feedback on social media.

Coverage. Across major platforms the project has achieved
remarkable coverage. Taking the Cloud Tour Dunhuang
mini-program as an example, by the end of 2022 it had
recorded more than sixty million visits and over two hundred
million interactive participations (Liu, 2022). Such huge user
engagement far exceeds the annual offline visitor numbers to
the Mogao Caves, showing that digital dissemination enor-
mously expands the audience. On Weibo, topics released by
the academy also attract massive attention. A special article
by the National Cultural Heritage Administration notes that
the series of creative projects has made the academy “go vi-
ral,” bringing Dunhuang culture into thousands of households
(National Cultural Heritage Administration, 2021). From a
macro perspective, Dunhuang-related digital content pro-
duces “break-the-circle” dissemination effects in mainstream
media. In 2021 the city of Dunhuang launched the topic
#How Beautiful Is Dunhuang# on platforms such as Weibo
and Douyin, accumulating nearly 4.5 billion reads (Dun-
huang Release, 2021). Although this figure includes promo-
tion of the city’s overall image, it also confirms the enormous
influence of Dunhuang-related content on new media.

Interaction depth. Audience feedback on Digital Dunhuang
content is enthusiastic, forming a highly interactive dissemi-
nation ecology. User interaction mainly involves likes, com-
ments, shares and participation in activities. On Douyin, short
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videos about Dunhuang frequently become “hits.” For exam-
ple, a video of Dunhuang middle-school students doing a
Dunhuang-style dance during a break went viral, with cumu-
lative views exceeding two hundred million across accounts,
more than 2.57 million likes and over 110 000 comments
(Dunhuang Release, 2021). Many users leave comments such
as “So beautiful” and “I want to learn this dance,” showing
strong willingness to participate. Likewise, after the series
Dunhuang Fairy and Her Friends was released, the related
topic reached five million reads, and many viewers left bullet
messages and comments to interact with the creators, ask
questions or express affection (Wang, 2022). In the
Cloud Tour Dunhuang mini-program, users not only browse
but also actively participate in quizzes, like their favorite mu-
rals and engage with other interactive functions; during the
first three weeks after launch the mini-program collected
hundreds of thousands of likes and comments (data from the
project’s operation report). These interaction data show that
audiences are not passive but deeply involved in the dissemi-
nation process, forming a positive two-way dialogue.
Analyzing audience feedback helps clarify the dissemina-
tion effect of Digital Dunhuang. Overall, positive feedback ac-
counts for an absolute majority. Many audiences express grat-
itude, saying the project “lets us see national treasures we
couldn’t see” and praising digital technology. In quiz interac-
tions many users show interest in Dunhuang cultural knowl-
edge, eagerly answering questions and sharing the digital cer-
tificates they obtain, which strengthens a sense of achieve-
ment and stickiness. From the questions raised, audiences
care not only about the mural images themselves but also
about the historical stories and cultural meanings behind
them. This suggests that the project’s dissemination has stim-
ulated audiences’ desire to explore deeper content. Some
feedback also offers suggestions for improvement: people
hope for more caves to be digitized, higher image clarity or an
English version for overseas users. These suggestions provide
valuable user perspectives for optimizing the project. The
above data analysis shows that Digital Dunhuang achieves
both broad coverage and deep interaction in new-media dis-
semination. On the one hand, huge viewing and topic-reading
figures demonstrate strong dissemination power; on the
other hand, high numbers of likes, comments and
user-generated creations show audience enthusiasm and
stickiness. Positive feedback is reflected not only in growth of
digital metrics but also in enhanced cultural cognition and
emotional resonance. In sum, the interactive dissemination
mode explored by Digital Dunhuang effectively promotes the
living transmission of traditional culture in the network age.

Impact and Challenges of the “Digital

Dunhuang” Project
Promotion of cultural dissemination and public art
education

The successful practice of Digital Dunhuang has signifi-
cantly promoted cultural dissemination and public art educa-
tion.

Cultural dissemination. The project has pioneered new
ways to “make traditional cultural heritage come alive and go
out.” With the aid of digital technology, Dunhuang art—once
sealed in the northwest desert—has reached both national
and global audiences. Tens of millions of netizens have appre-
ciated the murals through online channels, and many of them
previously knew little about Dunhuang art. In effect, Digi-
tal Dunhuang converts potential audiences into real ones,
greatly improving social awareness and influence. As the Dun-
huang Academy’s secretary Zhao Shengliang said, they hope
that through Digital Dunhuang more people can feel the
charm of Dunhuang, appreciate the outstanding achieve-
ments of Chinese traditional culture, improve artistic appreci-
ation, strengthen cultural confidence and, under new histori-
cal conditions, promote exchanges between different cultures
along the Belt and Road (Xinhua, 2022). This shows that the
project plays a positive role in disseminating excellent tradi-
tional culture and enhancing national cultural identity.

Public art education. The project also has important value
in public art education. First, it provides high-quality aes-
thetic resources. Previously, only those who visited the Mo-
gao Caves could directly experience the murals; now students,
art enthusiasts and even ordinary netizens can conveniently
view and study the composition, colors and techniques of
classic murals through Digital Dunhuang. This greatly bene-
fits the improvement of artistic appreciation and aesthetic lit-
eracy. Many art teachers integrate the project’s resources into
classroom teaching, using high-definition images to explain
the essence of Chinese ancient painting and stimulate stu-
dents’ interest in traditional art. Some parents report that af-
ter watching Dunhuang animations and playing interactive
games, children develop strong interest in history and art and
proactively ask to learn Dunhuang stories. This indicates that
the project not only disseminates culture but also, impercep-
tibly, conducts public art education. The project also spurs the
creativity and participation of younger generations. The
launch of an open material library allows creators worldwide
to obtain Dunhuang elements for secondary creation, turning
cultural resources into creative products. Many children par-
ticipate by copying digital murals or making related handi-
crafts, cultivating their closeness to traditional culture and
hands-on abilities.

Educational demonstration and tourism integration. The
project provides a model for cultural-heritage education. In
recent years the Dunhuang Academy has held various “Dun-
huang Art Exhibitions” and “Digital Dunhuang Exhibitions” in
more than twenty provinces in China and in countries such as
the United States, France, Italy, Israel and Turkey. Examples
include the “Silk Road Pearl-Digital Eternity” exhibition in
Tel Aviv and the “Dunhuang Is No Longer Distant — Approach-
ing Morocco” digital Dunhuang exhibition in Rabat; these
combine online and offline approaches to spread Dunhuang
culture and tell Chinese stories (Qiu et al., 2024). Other her-
itage sites such as the Yungang Grottoes have learnt from
Dunhuang’s experience to speed up digital display and dis-
semination and develop digital products popular with young
people (Xinhua, 2022). Thus, Digital Dunhuang plays a nation-
wide leading role in education promotion. Notably, the project
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also promotes the integration of culture and tourism. By
warming up audiences and spreading knowledge online, it at-
tracts more people to visit the Mogao Caves in person. Some
visitors first study the cultural background online and then
enjoy a richer experience when they go on site. This model of
“cloud guide + on-site tour” improves the depth and quality of
cultural tourism (Gansu Release, 2023). In summary, Digi-
tal Dunhuang significantly expands the depth and breadth of
traditional art dissemination and achieves notable results in
promoting Chinese culture and popularizing aesthetic educa-
tion.

Challenges of digital dissemination and directions

for improvement

Despite remarkable achievements, Digital Dunhuang faces
many challenges in digital dissemination and needs continu-
ous improvement.

Technological challenges. Digital technologies update
quickly; how to continuously adopt the latest technologies to
present Dunhuang art is a major issue. High-definition imag-
ing and VR/AR technologies enhance the user experience but
require substantial financial input and professional personnel
for maintenance and upgrades. When technology standards
advance, early digital images may lack sufficient resolution
and need to be re-captured or algorithmically enhanced. Mas-
sive high-definition images and model data also require se-
cure storage media and backup strategies to prevent data loss
or damage. In addition, cross-platform compatibility and
smooth access must be ensured so that users can easily ob-
tain digital content. These technical issues necessitate estab-
lishing continuous technical support and iterative mecha-
nisms to maintain dissemination quality and stability
(Gansu Release, 2023).

Accurate transmission of cultural connotations. Dunhuang
murals contain profound historical and religious meanings,
and conveying these accurately through digital media is chal-
lenging. In the fragmented online environment, audiences of-
ten engage with content for entertainment and may ignore
deeper cultural information. For example, when watching an
animated short video, viewers may focus on interesting plots
and overlook the Buddhist stories behind them. Content plan-
ners must balance being interesting and accessible with pre-
serving the cultural essence. Because audiences have differ-
ent knowledge backgrounds, the project needs to provide lay-
ered information—both popular introductions and detailed
materials for enthusiasts—to meet diverse needs. It is also
necessary to avoid excessive entertainment or commercializa-
tion that disrespects cultural heritage; some netizens worry
that carbonizing solemn Buddhist art might reduce its sacred-
ness. These factors remind the project team to respect the
original appearance and meaning and maintain aesthetic
quality and educational value while innovating expression.

Interaction management and intellectual property. Inter-
action management and intellectual property are also impor-
tant challenges. The project encourages public interaction
and secondary creation, but this brings problems in managing
interactive content and copyrights. Large numbers of user
comments and creations need moderation to prevent inap-

propriate speech or misinformation. Open material libraries
provide shared resources but also risk misuse. The Dun-
huang Academy has explored using blockchain technology to
record the authorization and transactions of digital materials.
Future work still needs to further improve digital
copyright-protection mechanisms and strike a balance be-
tween encouraging creation and preventing abuse; this explo-
ration has reference value for other cultural digitization
projects (Gansu Release, 2023).

Improvement directions. To address these challenges, sev-
eral improvements are proposed. First, establish a long-term
and stable industry-academia-research cooperation mecha-
nism to bring together scientific and cultural-heritage forces
to tackle technical problems in digital capture and presenta-
tion, ensuring that Digital Dunhuang remains at the techno-
logical frontier (Gansu Release, 2023). Second, strengthen
cross-disciplinary collaboration in content production: ar-
chaeological and art experts should ensure cultural accuracy,
while new-media operators innovate expressive forms to en-
hance content quality. For some important mural stories,
graded reading modes can provide multi-level content from
introductory to in-depth to meet diverse audiences
(Gansu Release, 2023). Third, enrich interaction forms to en-
hance user retention. Introduce gamified mechanisms, such
as online games and quizzes themed on Dunhuang culture, to
deepen memory through fun; establish mechanisms to collect
and respond to user feedback, regularly analyzing audience
data and suggestions to optimism the product experience
(Gansu Release, 2023). Fourth, while deepening openness and
sharing, expand partnerships. Beyond existing internet com-
panies, cooperate with educational institutions and the cre-
ative industry to apply Dunhuang digital content to art teach-
ing and cultural-creative design, thereby expanding influence.
On the premise of copyright protection, encourage diverse
secondary creations to empower the modern transformation
of traditional culture (Gansu Release, 2023). Finally, pay at-
tention to coordination between digital dissemination and
physical protection. Digitization should not replace the value
of real relics but should feed back into protection. Diverting
visitors and planning more scientific visitation schemes
through digital means can reduce pressure on the caves. Such
positive interaction will realize mutual reinforcement be-
tween “digital inheritance” and “physical protection.” In
essence, facing the opportunities and challenges of the
new-media era, Digital Dunhuang needs to innovate while ad-
hering to its cultural roots and continuously adjust its dissem-
ination strategies. Only through continuous improvement can
this treasure of traditional painting shine with lasting vitality
in the digital era.

Conclusion

Digital Dunhuang is a pioneer and a typical case of digi-
tally transmitting traditional painting. This study draws sev-
eral conclusions. First, digital technology provides unprece-
dented possibilities for protecting and disseminating tradi-
tional cultural heritage. By using high-definition imaging, vir-
tual reality and internet platforms, the project overcomes
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time and space constraints, brings the Dunhuang art long hid-
den in the mountains into public view and broadens the di-
mension of cultural dissemination. Second, interactive com-
munication under the new-media environment effectively en-
hances dissemination effects. Through social-media opera-
tions and audience participation, the project has shifted from
“one-to-many” broadcasting to “many-to-many” interaction,
greatly increasing audience participation and identification.
Massive online visits and counts of likes and comments fully
prove that the public highly appreciates this digital transmis-
sion method. Third, the project has achieved remarkable re-
sults in promoting public aesthetic education and spreading
traditional culture. It has attracted numerous young people
interested in Dunhuang art and set a benchmark for digital-
ization of other cultural heritage. Nevertheless, digital trans-
mission is not without obstacles: technical updates, content
regulation and copyright management remain challenges.
Therefore, the project team must continue to innovate and
manage prudently to balance dissemination breadth and cul-
tural depth. Future work suggests that Digital Dunhuang
should continue to deepen cooperation with the technology
and education sectors, develop richer digital products—such
as immersive interactive games and Al narration assistants—
to attract new generations and strengthen international dis-
semination so that Dunhuang digital resources serve global
art-history research and cross-cultural communication. Un-
der the premise of ensuring the safety of relics, more
high-resolution materials should be appropriately opened to
encourage co-creation and form a vivid atmosphere in which
everyone participates in cultural transmission. Overall, the
path of digitally transmitting traditional painting in the
new-media era has broad prospects. The experience accumu-
lated by Digital Dunhuang will provide valuable references for
similar projects. We have every reason to believe that, with
the wings of digital technology, Dunhuang art and the trea-
sures of Chinese culture will remain fresh for a long time and
be passed down through generations.

Funding: Open Topics Program of the Asia Business Research Insti-
tute, Project No. ABRI-2026ZD042878.

Competing interests: Author YXL serves on the editorial board of
this journal but had no role in the peer review or decision-making
process for this article.

References
1. Xinhua. (2022, August 2). Ancient Dunhuang gets digital dou-
bles. Retrieved February 2, 2025, from https://english.www.gov.

10.

1.

12.

cn/news/topnews/202208/02/content WS62e87b-
b0c6d02e533532ec70.html

Yu, T., Wu, J., Zhao, L., & others. (2020). Design and implemen-
tation of the “Digital Dunhuang” resource-library architec-
ture [In Chinese]. Dunhuang Research, (2), 120-130. https://
global.chinadaily.com.cn/a/202309/08/WS64fa9705a310d2d-
ce4bb4b3b.html

CGTN. (2023, September 8). Push to go digital continues to pay
off in Dunhuang. Retrieved February 3, 2025, from https://glob-
al.chinadaily.com.cn/a/202309/08/WS64fa9705a310d2dce4b-
b4b3b.html

Gansu Release. (2023, September 8). Dunhuang: Digital em-
powerment throughout the process [In Chinese]. Re-
trieved February 3, 2025, from https://finance.sina.com.cn/
wm/2024-11-12/doc-incvvkfz9327819.shtml

Yangguang Net. (2021, February 4). The thousand-year
lamp-lighting ceremony of the Mogao Caves appears online for
the first time: Tencent and the Dunhuang Academy digitise
“New Year greetings” [In Chinese]. Retrieved Febru-

ary 3, 2025, from https://baijiahao.baidu.com/s?
id=1690765617434404251

Liu, S. (2022, December 9). Dunhuang Academy partners with
Tencent: The world’s first digital cultural-heritage “on-chain”
project opens 6 500 materials for download [In Chinese]. Re-
trieved February 7, 2025, from https:/gansu.gscn.com.cn/sys-
tem/2022/12/09/012870188.shtml

National Cultural Heritage Administration. (2021, Novem-

ber 1). Innovative dissemination methods let Dunhuang culture
enter thousands of households [In Chinese]. Retrieved Janu-
ary 9, 2025, from https:/1911museum.org.cn/all/article.ntml?
id=955

Wang, F. (2022, June 11). The Dunhuang Academy wins

the 2022 China Cultural Relics full-media communication ex-
cellence (new media) project [In Chinese]. Retrieved Febru-
ary 18, 2025, from https:/www.dha.ac.cn/info/1018/3453.html

Peng, J. (2022, August 19). Cloud Tour Dunhuang and digital
sponsors: Bringing the beauty of Dunhuang to life and out into
the world [In Chinese]. Retrieved March 1, 2025, from https://
www.yicai.com/news/101511063.html

Zhang, Y. (2018, July 18). Imagination unleashed! See how digi-
tal technologies bring millennium-old caves to life [In Chi-
nese]. Retrieved January 12, 2025, from http://gs.ifeng.com/a/
20180718/6736641_0.shtml

Qiu, X., Xie, Z., Cui, Y., & others. (2024, August 19). Millennium-
old Dunhuang shows a new face [In Chinese]. Gansu Daily (is-
sue 004). https://doi.org/10.28286/n.cnki.ngsrb.2024.003087

Dunhuang Release (Government). (2021, January 3). Dun-
huang: Online promotion helps high-quality economic and so-
cial development [In Chinese]. Retrieved Febru-

ary 3, 2025, from https:/m.thepaper.cn/baijiahao_1064122

JHAP | Volume 2, Number 1| 1-6



JOURNAL OF HUMANITIES AND ARTS PERSPECTIVES

Research article

https://doi.org/10.70731/en1jvd34

Cultural Heritage Protection and Low-Carbon Development in
World Heritage Sites: Synergistic Mechanisms, Quantitative
Assessment, and Practical Pathways

YuhaoGu™"*

Received 18 January 2026
Accepted 24 February 2026

Published 31 March 2026

ISSN 2759-8764 (Online)
ISSN 2760-330X (Print)

© 2026 The Author(s)
Published by Jandoo Press Co., Ltd.

This article is licensed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license:
http://creativecommons.org/licenses/by/4.0/

Abstract: Against the backdrop of global “carbon peaking and carbon neutrality”
goals and the rapid development of the digital economy, World Heritage Sites
(WHSs) face the triple mission of cultural inheritance, ecological protection, and
low-carbon transition. These goals are inherently synergistic, yet existing research
remains limited in assessment methods, cross-case comparison, mechanism inte-
gration, and policy relevance. Based on 17 core studies, this study constructs a
framework of “methodological integration-empirical validation-mechanism con-
struction-path optimization” to examine the synergy between heritage protection
and low-carbon development in WHSs. It integrates screening methods, Life Cycle
Assessment (LCA), and spatial comparison models with digital economy indicators
to build an ecological/carbon footprint assessment system tailored to WHSs. Using
Huangshan, Taishan, Suzhou Pingjiang Road, and Gulangyu as cases, it verifies syn-
ergistic effects and identifies heterogeneous features through literature and field
survey data. The study further proposes a four-dimensional synergistic mechanism
of “cultural concept guidance-technical support-SME implementation-institu-
tional guarantee” and advances optimization paths in cultural communication,
technological innovation, agent cultivation, and institutional improvement. It pro-
vides both methodological support and practical reference for the sustainable de-
velopment of WHSs.

Keywords: World Heritage Sites; Cultural heritage; Low-carbon transition; Syner-
gistic mechanism; Digital economy; Ecological footprint; SMEs; Assessment frame-
work

Introduction
Research background

such as excessive energy consumption, soaring carbon emis-
sions, overloaded environmental carrying capacity, and exces-

Global climate change—characterized by rising tempera-
tures and frequent extreme weather—poses severe threats to
the survival and development of WHSs. For natural heritage,
accelerated glacial melting in the Himalayan WHS disrupts
ecosystems [8], and recurring droughts in the Amazon Rain-
forest WHS threaten biodiversity. For cultural heritage, sea-
level rise intensifies erosion in coastal WHSs such as Venice
and Gulangyu [7], while extreme rainfall and high tempera-
tures increase the risk of damage to ancient buildings and cul-
tural relics like the Forbidden City and the Mogao Grottoes
[12]. Meanwhile, the growing global demand for tourism has
made heritage tourism a key driver of regional economic de-
velopment. However, the influx of tourists brings problems

sive commercialization of cultural heritage [5], exacerbating
conflicts between heritage protection and economic develop-
ment.

Guided by global "carbon peaking and carbon neutrality"
goals, low-carbon transition has become an inevitable trend
across industries, including WHSs. As core areas for ecologi-
cal protection and cultural dissemination, WHSs embody pro-
found ecological wisdom in their unique cultural connota-
tions. For example, traditional Chinese ecological cultures em-
phasize "harmony between humans and nature" (symbiosis),
"moderation in resource use" (sustainable exploitation), and
"frugality and benevolence" (responsible consumption)
[11]—concepts highly aligned with the sustainability, effi-
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ciency, and responsibility pursued by low-carbon develop-
ment, laying a natural value foundation for synergizing her-
itage protection and low-carbon development.

The rise of the digital economy has injected new momen-
tum into this synergy. Digital technologies such as big data,
artificial intelligence (Al), VR/AR, and the Internet of Things
(IoT) not only optimize the allocation of tourism resources in
WHSs and reduce carbon emissions during operations [16]
but also innovate cultural heritage dissemination methods
and expand cultural influence [15]. As important micro-
agents in the digital economy, SMEs—with their flexibility
and adaptability—play an irreplaceable role in linking digital
technologies with heritage tourism scenarios, bridging skill
mismatches, and promoting the implementation of low-car-
bon technologies [17]. However, WHSs face practical dilem-
mas in practice: some managers lack awareness of the syn-
ergy between culture and low-carbon development, viewing
heritage protection and low-carbon transition as conflicting
tasks; scientific and unified tools for carbon emission quan-
tification are lacking, hindering accurate identification of key
carbon sources and emission reduction potential; digital tech-
nology applications remain superficial, failing to deeply inte-
grate with heritage protection and low-carbon transition;
SMEs lack motivation and capacity to participate in the low-
carbon digital transition of WHSs; and relevant institutional
policies lack systematicness and synergy, making it difficult to
form long-term guarantees. Thus, there is an urgent need to
construct a systematic research framework to explore the
synergistic logic, quantitative methods, and practical path-
ways of cultural heritage protection and low-carbon develop-
ment in WHSs, providing theoretical support and practical
guidance for addressing these challenges.

Literature review

As a core indicator for measuring the impact of human ac-
tivities on ecosystems, the ecological footprint has been
widely used in evaluating the sustainability of heritage
tourism [2]. Early studies focused on the application and vali-
dation of single methods: Li et al. (2019) developed a screen-
ing method for calculating the ecological footprint of heritage
tourism, simplifying the calculation process and reducing
data acquisition costs by identifying key carbon sources (e.g.,
transportation, accommodation, catering, and sightseeing),
which was successfully applied to Taishan WHS [1]; Lenzen et
al. (2018) confirmed through large-scale statistical analysis of
global tourism carbon emissions that transportation (espe-
cially air travel) and accommodation are the main sources,
providing key directions for carbon emission control in WHSs
[3]; Kuo and Chen (2009) introduced the Life Cycle Assess-
ment (LCA) method into island WHS research, covering the
entire process from pre-trip preparation to post-trip activi-
ties, enabling full-chain quantification of environmental loads
from tourist activities [7]; Zhang and Zhang (2020) compared
the carbon footprints of the Himalayan and Huangshan moun-
tain WHSs, identifying tourism scale, transportation modes,
management measures, and geographical environment as key
factors affecting carbon emission intensity [8].

With the development of the digital economy, some stud-
ies have begun to focus on carbon emissions from digital facil-
ities, but existing quantitative assessment systems still have
obvious deficiencies: first, they lack comprehensive consider-
ation of the triple goals of "cultural protection-low-carbon de-
velopment-digital empowerment” in WHSs, failing to include
emerging carbon sources such as digital facility operation and
digital content dissemination; second, the applicable scenar-
ios of different methods are not clearly defined, and an inte-
grated assessment tool that can be flexibly adjusted according
to WHS types and tourism modes has not been formed; third,
assessment indicators focus on total carbon emissions, with
insufficient attention to the synergistic efficiency of cultural
protection and low-carbon development, making it difficult to
fully reflect the sustainable development level of WHSs.

Empirical research on synergy between heritage
protection and low-carbon development

Existing empirical studies cover diverse WHS types
(mountains, historical districts, islands) and explore synergis-
tic development pathways in different scenarios. For moun-
tain WHSs, Hu et al. (2022) found in a case study of Huang-
shan that scenic management measures (e.g., optimized
transportation scheduling, energy structure adjustment) and
tourist behavior guidance (e.g., low-carbon travel advocacy,
green consumption promotion) significantly reduce carbon
emission intensity [4]; Zhang and Zhang (2020) highlighted
energy-saving renovations of transportation facilities such as
cable cars and sightseeing vehicles as key emission reduction
measures [8]. For historical district WHSs, Tweed and Suther-
land (2007) explored pathways to improve energy efficiency
in cultural heritage buildings through thermal insulation ren-
ovations, renewable energy utilization, and spatial layout op-
timization [6]; Suzhou Pingjiang Road integrated cultural ex-
perience and low-carbon development by promoting a "slow
life" tourism model (encouraging walking and cycling) and
green renovations of home stays and shops [13]. For island
WHSs, Kuo and Chen (2009) quantified carbon emissions
from transportation, accommodation, catering, and material
transportation in the Penghu Islands using LCA, proposing
measures such as material recycling, renewable energy pro-
motion, and tourism capacity control [7]; Gulangyu effectively
controlled carbon emissions while ensuring tourism experi-
ences through optimized ferry scheduling, promotion of elec-
tric sightseeing vehicles, and development of a digital reser-
vation and crowd-limiting system [15].

Notably, the role of the digital economy and SMEs in em-
pirical practice is increasingly prominent. Gu et al. (2025) re-
vealed the development mechanism of the digital tourism
economy under environmental constraints, noting that digital
technologies improve low-carbon transition efficiency
through resource integration, tourist flow regulation, and car-
bon emission monitoring [16]; Gu and Lukin (2025) con-
firmed through empirical analysis that SMEs— as key
providers of digital tourism services—bridge skill mis-
matches between digital technologies and heritage tourism
scenarios through flexible skill training and service innova-
tion, promoting the application of low-carbon technologies in
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ticketing, intelligent navigation, and cultural and creative (CC)
product development [17]. However, existing empirical re-
search remains fragmented: first, most studies focus on single
WHSs, lacking comparative analysis and regularity extraction
of synergistic effects across different types; second, the em-
powering role of digital technologies and SMEs is insuffi-
ciently explored, with unclear adaptation models and action
boundaries in different WHS types; third, the evaluation of
synergistic effects is mostly qualitative or based on single in-
dicators, lacking systematic measurement of "cultural-ecolog-
ical-economic” comprehensive benefits.

Research on synergistic mechanisms and policies

Theoretical exploration of the synergistic logic between
heritage protection and low-carbon development has yielded
multi-dimensional results. At the cultural concept level, Dick-
inson et al. (2011) proposed the "slow tourism" concept, em-
phasizing reduced travel frequency, longer stays, and in-depth
cultural experiences—achieving both low-carbon goals (re-
ducing transportation emissions) and enhanced cultural her-
itage understanding [9]; Loulanski and Loulanski (2011) con-
structed an integrated model of cultural heritage and sustain-
able tourism, emphasizing the coordination of cultural value
inheritance with ecological protection and economic develop-
ment [11]. At the technical support level, Bec et al. (2019)
suggested that digital technologies such as VR/AR reduce car-
bon emissions from physical tourism through virtual heritage
experiences while expanding cultural dissemination [15]; Gu
et al. (2025) expanded application scenarios, noting that big
data and IoT enable real-time carbon emission monitoring,
and Al optimizes resource allocation and energy efficiency
[16]. At the institutional policy level, the joint report World
Heritage and Tourism in a Changing Climate by UNESCO,
UNEP, and UCS [12] analyzed climate change threats to global
WHSs and advocated integrating climate adaptation and low-
carbon goals into protection plans; scholars proposed policy
recommendations such as financial subsidies for low-carbon
transition enterprises and the construction of a "government-
scenic area-community” collaborative governance system
[4][11].

At the agent participation level, Gu and Lukin (2025) filled
the research gap on SMEs’ role in synergistic mechanisms,
noting that SMEs not only provide digital tourism services but
also act as carriers for low-carbon technology implementa-
tion, promoting the deep integration of digital and low-carbon
technologies in heritage tourism through skill mismatch
bridging [17]. However, existing research on synergistic
mechanisms still has limitations: first, it focuses on single di-
mensions (e.g, culture, technology, or institutions), failing to
form a systematic four-dimensional framework integrating
"concept-technology-agent-institution"”; second, the interac-
tion between dimensions is insufficiently explored, lacking
clarification of the circular reinforcement logic—"concepts
guide technological direction, technologies empower agent
participation, agents promote institutional implementation,
and institutions guarantee concept inheritance"; third, policy
research remains macro-level, lacking precise design for dif-

ferent WHS types and development stages, and insufficiently
addressing SME support and digital technology incentives.

Research gaps

Synthesizing existing research, three core gaps are identi-
fied: first, quantitative assessment systems lack integration
and adaptability, failing to form a comprehensive tool that
balances the triple goals of cultural protection, low-carbon
development, and digital empowerment while adapting to dif-
ferent WHS types, with insufficient indicators for synergistic
efficiency; second, empirical research is fragmented, lacking
cross-case comparison of synergistic effects across WHS
types and in-depth exploration of the digital economy and
SMESs, making it difficult to form replicable and scalable prac-
tical models; third, synergistic mechanism research is single-
dimensional, failing to construct a four-dimensional frame-
work of "cultural concept guidance-technical support-SME
implementation-institutional guarantee,” and policy recom-
mendations lack pertinence, operability, and long-term effec-
tiveness. Based on this, this study focuses on four core ques-
tions: How to construct a quantitative assessment system
adapted to the triple goals of WHSs? How to verify synergistic
effects and heterogeneous rules across different WHS types?
How to build a four-dimensional integrated synergistic mech-
anism? How to propose precise and effective optimization
pathways?

Research significance
Theoretical significance

First, this study constructs a comprehensive research
framework of "quantitative assessment-empirical validation-
mechanism construction-path optimization,” integrating cul-
tural heritage protection, low-carbon development, digital
economy, and SMEs, filling the systematic research gap at the
intersection of cultural heritage studies and environmental
economics. Second, it integrates multiple methods (screening,
LCA, spatial comparison) and incorporates emerging indica-
tors (digital facility emissions, digital empowerment coeffi-
cient, SME participation) to form a quantitative assessment
system tailored to WHSs’ triple goals, enriching methodolo-
gies for WHS sustainability evaluation. Finally, it reveals the
four-dimensional synergistic mechanism and its circular rein-
forcement logic, expanding the application boundaries of sus-
tainable development theory, cultural economics, and digital
economy theory.

Practical significance

First, the quantitative assessment system provides WHS
managers with scientific carbon accounting tools and syner-
gistic efficiency standards, facilitating accurate identification
of key carbon sources, emission reduction potential, and dif-
ferentiated strategies. Second, empirical comparison of
mountain, historical district, and island WHSs extracts sce-
nario-specific synergistic development models—especially
the application pathways of digital technologies and SMEs—
offering replicable practical experience. Third, the optimiza-
tion pathways based on the four-dimensional mechanism
cover cultural communication, technological innovation,
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agent cultivation, and institutional improvement, providing
policy references for governments to promote the triple win
of "improved cultural protection, efficient low-carbon transi-
tion, and increased economic growth," contributing Chinese
wisdom to global WHS sustainable development.

Quantitative Assessment System for
Ecological/Carbon Footprints in WHSs

Combining methodological achievements from existing lit-
erature and core characteristics of WHSs—"cultural protec-
tion priority, intensive tourism activities, ecological sensitiv-
ity, accelerated digital technology penetration, and increased
SME participation"—this study constructs a "three-in-one"
quantitative assessment system, including assessment dimen-
sion definition, core method integration, and indicator system
design, to achieve comprehensive, accurate, and dynamic
evaluation of WHS ecological/carbon footprints.

Definition of assessment dimensions

Focusing on the full-chain carbon emissions from WHS
tourism and protection activities—covering direct and indi-
rect emissions, traditional and emerging carbon sources—
three core assessment dimensions are defined to fully align
with the triple goals of "cultural protection-low-carbon devel-
opment-digital empowerment":

¢ Direct carbon emissions: Emissions directly generated by
tourists during on-site activities, including transportation
(cable cars, sight seeing vehicles, ferries, excluding walk-
ing), accommodation (hotels, homestays), catering (en-
ergy consumption and food waste), and sightseeing (en-
tertainment facilities, experience programs).

¢ Indirect carbon emissions: Emissions indirectly generated
to support WHS tourism operations and cultural protec-
tion, including energy consumption (administrative facili-
ties, cultural exhibition venues), building maintenance
(heritage restoration, tourism facility upkeep), material
procurement (production and transportation of opera-
tional supplies), and digital facility operation (intelligent
navigation devices, data centers, virtual experience plat-
forms).

e Cultural protection-related carbon emissions: Emissions
from specialized activities to ensure the authenticity and
integrity of cultural heritage, including heritage restora-
tion (ancient building renovation, cultural relic restora-
tion), cultural relic protection (storage environment regu-
lation, pest control), and cultural exhibition (lighting, con-
stant temperature/humidity equipment in museums).
This dimension balances protection effectiveness and
emission reduction goals, avoiding compromises to cul-
tural heritage quality for absolute emission reduction.

Integration of core quantitative methods

To adapt to different WHS types and assessment scenar-
ios, three core methods—screening, Life Cycle Assessment
(LCA), and spatial comparison models—are integrated into a

"basic method + supplementary method + comparison
method" system:

Basic calculation method: Screening method

Adopting the screening method proposed by Li et al.
(2019) [1] as the core, and optimizing the process to reflect
the digital economy and SME participation:

e Carbon source identification and classification: Compre-
hensive identification of WHS carbon sources through
field surveys, scenic management data, and tourist inter-
views, classified into the three dimensions above, with
emphasis on emerging sources such as digital facility op-
eration and SME digital services.

e Key carbon source screening: Prioritizing carbon sources
accounting for over 1% (e.g., transportation, accommoda-
tion, energy consumption, digital facilities) for detailed
calculation; simplifying minor sources to balance accuracy
and efficiency.

e Data collection: Multi-source data acquisition, including
scenic energy consumption reports, transportation logs,
accommodation/catering revenue data, digital facility op-
eration records, heritage protection project files, and SME
operational data; supplementing missing data with indus-
try averages or interpolation.

e Quantitative calculation: Using industry-standard emis-
sion factors (e.g., recommended values in Provincial Green-
house Gas Inventory Compilation Guidelines) adjusted for
WHS-specific conditions:

¢ Total carbon emissions = X (Activity level of a carbon
source x Corresponding emission factor)

e Digital facility carbon emissions = Operation time of
digital devices x Unit time energy consumption x
Power emission factor

e SME carbon emissions = Scale of SME services x Unit
service carbon emission coefficient

e Result verification: Validating results through comparison
with historical WHS emission data and peer WHS levels to
ensure reliability.

Supplementary method: Life cycle assessment (LCA)

Introducing the LCA method by Kuo and Chen (2009) [7]
for complex scenarios with long industrial chains (e.g., island
WHSs, historical districts):

e Scope definition: Expanding to the full life cycle of "pre-
trip preparation-during trip-post-trip activities," covering
tourist transportation, digital reservation experiences, on-
site visits, waste disposal, and digital content dissemina-
tion; including the "production-use-disposal” cycle of her-
itage buildings and digital facilities.

e System boundary division: Clarifying geographical (WHS
administrative area and surrounding associated regions),
temporal (usually 1 year), and functional units (e.g., "per
tourist visit," "per unit area heritage protection").
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Figure 1| World Heritage Sites Ecological / Carbon Footprint Tertiary Evaluation Index System

¢ Inventory analysis: Detailing all inputs (energy, materials,
water) and outputs (CO,, SO,, solid waste) within the sys-

tem boundary to establish a complete life cycle inventory.

Impact assessment: Using midpoint or endpoint methods
to evaluate the comprehensive impact of carbon emissions
on climate change and ecosystems, identifying key emis-
sion reduction links.

Interpretation: Proposing optimization schemes balancing
minimal environmental impact and maximal cultural
value.

Comparative analysis method: Spatial comparison
model

Drawing on the spatial comparison approach by Zhang
and Zhang (2020) [8], a cross-WHS comparison model is con-
structed to reveal heterogeneous carbon emission character-
istics and synergistic efficiency:

Control variable selection: Key variables including WHS
type (mountain, historical district, island), tourism scale (an-
nual tourist volume), geographical location (eastern/central-
western, coastal/inland), digital economy development level
(digital facility coverage, share of digital tourism services),
and SME participation (number of relevant SMEs, revenue
share) to ensure scientific comparison.

Comparison dimension design: Four core dimensions—
carbon emission intensity (per capita, per unit area, per
tourism revenue), synergistic efficiency (cultural protection
satisfaction per unit carbon emission, low-carbon transition
effect per cultural protection cost), digital empowerment co-
efficient (digital technology-induced emission reduction/total
emission reduction, digital technology-induced cultural dis-
semination increment/total dissemination), and SME contri-
bution (SME-induced emission reduction/total emission re-
duction, share of digital tourism services provided by SMEs).

Model construction: Panel data models or difference-in-
differences models to control individual and time fixed ef-

fects, quantifying the impact of different factors on carbon
emission intensity and synergistic efficiency, and extracting
key drivers of synergistic development.

Indicator system design

Based on assessment dimensions and core methods, a
"three-level indicator system" is constructed, covering carbon
emission accounting, synergistic effect evaluation, and digital
empowerment/SME participation assessment, balancing sci-
entificity, systematicness, and operability (Table 1 and Fig-
ure 1).

Empirical Validation: Synergistic Effect
Analysis of Typical WHSs

Four typical WHSs—mountain heritage (Huangshan),
mixed mountain-cultural heritage (Taishan), historical dis-
trict heritage (Suzhou Pingjiang Road), and island heritage
(Gulangyu)—are selected as case studies. Using the quantita-
tive assessment system, combined with literature data, scenic
annual reports, field surveys, tourist interviews, and SME sur-
veys, this study systematically verifies the synergistic effects
of heritage protection and low-carbon development, analyzes
heterogeneous carbon emission characteristics and synergis-
tic efficiency, and highlights the empowering role of the digi-
tal economy and SMEs.

Case overview and data sources
Huangshan (Mountain heritage)

Core characteristics: A mixed natural and cultural WHS in
Huangshan City, Anhui Province, renowned for its "four won-
ders" (peculiar pines, strange rocks, sea of clouds, hot
springs). Tourism focuses on natural scenery appreciation,
with transportation relying on cable cars and sightseeing ve-
hicles. Digital technologies are mainly applied in intelligent
monitoring, ticketing, and navigation. Relevant SMEs primar-
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Table 1| Indicator System Design

Primary Indicator

Secondary Indicator

Tertiary Indicator

Calculation Method

Data Source

Direct Carbon Emissions

Transportation Carbon Emissions

Accommodation Carbon
Emissions

Catering Carbon Emissions

Sightseeing Carbon Emissions

On-site transportation emissions

External transportation-related
emissions

Hotel accommodation emissions

Homestay accommodation
emissions

On-site catering emissions

Experience program emissions

Number of tourists x Average on-
site travel distance x Unit distance
emission factor

Number of tourists x Average
round-trip external distance x Unit
distance emission factor

Hotel stays x Average stay duration
x Unit time emission factor

Homestay stays x Average stay
duration x Unit time emission
factor

Number of tourists x Per capita
catering consumption x Catering
carbon emission coefficient

Number of participants x Unit
program carbon emission factor

Scenic ticketing data, tourist
surveys, transportation logs

Tourist surveys, transportation
statistics

Hotel check-in data, energy
consumption statistics

Homestay operational data, field
visits

Catering revenue data, industry
reports, tourist surveys

Program operation records, facility
energy consumption data

Indirect Carbon Emissions

Energy Consumption Carbon
Emissions

Building Maintenance Carbon
Emissions

Material Procurement Carbon
Emissions

Digital Facility Carbon Emissions

Administrative facility emissions

Exhibition venue emissions

Heritage building maintenance
emissions

Tourism facility maintenance
emissions

Operational material emissions

Cultural and creative (CC)
product emissions

Intelligent device operation
emissions

Data center emissions

Administrative facility electricity/
heat consumption x Corresponding
emission factor

Exhibition venue electricity/heat
consumption x Corresponding
emission factor

Maintenance area x Unit area
maintenance carbon emission
factor

Maintenance workload x Unit
workload carbon emission factor

Operational material procurement
volume x Unit material carbon
emission factor

CC product sales volume x Unit
product carbon emission factor

Number of intelligent devices x
Average operation time x Unit time
energy consumption x Emission
factor

Data center electricity consumption
x Power emission factor

Scenic energy bills, energy
consumption reports

Venue operation logs, energy
consumption statistics

Maintenance contracts, material
procurement records

Maintenance project files,
construction records

Procurement contracts, supplier
data

CC sales data, manufacturer
reports

Digital facility operation logs,
energy monitoring data

Data center energy consumption
statistics

Cultural Protection-Related
Carbon Emissions

Heritage Restoration Carbon
Emissions

Cultural Relic Protection Carbon
Emissions

Cultural Exhibition Carbon
Emissions

Ancient building restoration
emissions

Cultural relic restoration
emissions

Storage environment regulation
emissions
Protection treatment emissions

Exhibition lighting emissions

Interactive exhibition emissions

Maintenance area x Unit area
restoration carbon emission factor
+ Equipment operation energy
consumption x Emission factor

Number of restored cultural relics x
Unit cultural relic restoration
carbon emission factor

Storage facility operation time x
Unit time energy consumption x
Emission factor

Number of protected cultural relics
x Unit treatment carbon emission
factor

Exhibition area x Average lighting
duration x Unit area lighting energy
consumption x Emission factor

Interactive device operation time x
Unit time energy consumption x
Emission factor

Restoration project files,
construction records, energy
consumption data

Cultural relic restoration reports,
material consumption records

Cultural relic warehouse operation
logs, energy consumption
statistics

Protection treatment records,
material consumption data

Exhibition operation logs, energy
consumption data

Interactive device operation
records, energy monitoring data

Synergistic Effect Indicators

Carbon Emission Reduction Effect

Cultural Protection Effect

Synergistic Efficiency

Carbon emission reduction rate

Carbon emission intensity
reduction rate

Heritage protection satisfaction

Cultural dissemination coverage

Synergistic efficiency index

Economic-ecological synergy
index

(Baseline carbon emissions -
Current carbon emissions)/Baseline
carbon emissions x 100%

(Baseline carbon emission intensity
- Current carbon emission
intensity)/Baseline carbon emission
intensity x 100%

Expert score x 0.6 + Tourist score x
0.3 + Resident score x 0.1

Number of people aware of heritage
culture/Total surveyed population x
100%

Cultural protection satisfaction/
Unit carbon emission

Tourism revenue growth rate/
Carbon emission growth rate

Multi-period monitoring data
comparison, historical statistics

Multi-period assessment results
comparison

Expert reviews, tourist surveys,
community interviews

Public surveys, digital
dissemination data

Comprehensive calculation

Tourism revenue statistics, carbon
emission assessment data

Digital Empowerment and SME
Participation Indicators

Digital Empowerment Coefficient

SME Participation

Digital emission reduction
contribution

Digital dissemination
contribution

Quantity participation rate

Revenue contribution

Skill adaptability

Digital technology-induced
emission reduction/Total emission
reduction x 100%

Digital channel cultural
dissemination volume/Total cultural
dissemination volume x 100%

Number of SMEs participating in
WHS-related businesses/Total
number of relevant enterprises x
100%

SME-related business revenue/Total
relevant business revenue x 100%

Number of SMEs with qualified
digital low-carbon skills/Total
employees x 100%

Technology application
assessment reports, emission
reduction calculation data

Digital platform operation data,
dissemination effect monitoring

Enterprise directory surveys,
industry statistics

Enterprise surveys, revenue
statistics

Enterprise surveys, skill training
records
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Figure 2 | Comparison Bar Chart of Carbon Emission Structures of Four Major Heritage Sites

ily provide tourism transportation, catering, and accommoda-
tion services [8][4].

Data sources: Huangshan Scenic Area Annual Work Report
(2018-2023), Huangshan carbon emission monitoring data,
tourist questionnaires (800 distributed, 723 valid), inter-
views with 15 on-site SMEs, and relevant literature [8][4].

Taishan (Mixed mountain-cultural heritage)

Core characteristics: A mixed natural and cultural WHS in
Tai’an City, Shandong Province, combining magnificent natu-
ral scenery with profound religious and historical culture.
Tourism includes natural sightseeing, religious pilgrimages,
and cultural experiences. Transportation combines cable cars,
sightseeing vehicles, and walking. Digital technologies are ap-
plied in virtual research, intelligent navigation, and cultural
dissemination. Relevant SMEs—with strong skill adaptability
and service innovation capacity—focus on digital CC prod-
ucts, intelligent services, and tourism reception [1][5][17].

Data sources: Taishan Scenic Area Annual Operation Report
(2018-2023), archives of Taishan Cultural Heritage Protection
Center, tourist questionnaires (900 distributed, 815 valid),
operational data and interviews with 20 on-site SMEs, and
relevant literature [1][5][17].

Suzhou Pingjiang Road (Historical district heritage)

Core characteristics: A cultural heritage extension project
in Suzhou City, Jiangsu Province, preserving the most intact
ancient urban area of Suzhou. Core tourism resources include
Ming-Qing ancient buildings, canals, and folk culture. Tourism
modes focus on walking, in-depth experiences, and homestay
stays. Digital technologies are deeply integrated into CC prod-
uct development, virtual experiences, and smart manage-
ment. A large number of SMEs cover digital CC, characteristic
homestays, and intangible cultural heritage (ICH) experi-
ences, with high digital-low-carbon integration [6][13].

Data sources: Statistical data from Suzhou Gusu District
Bureau of Culture and Tourism, Suzhou Pingjiang Road His-
torical District Protection Plan, tourist questionnaires (700
distributed, 638 valid), surveys of 30 on-site SMEs, field visit
records, and relevant literature [6][13].

Gulangyu (Island heritage)

Core characteristics: A cultural WHS in Xiamen City, Fujian
Province, featuring island scenery, Western-style architecture,
and music culture. Tourism transportation relies on ferries,
with activities focusing on sightseeing and leisure. Digital
technologies are mainly applied in reservation and crowd-
limiting, virtual tours, and intelligent transportation schedul-
ing. Relevant SMEs primarily provide ferry supporting ser-
vices, homestay catering, and tourism retail [7][15].

Data sources: Gulangyu World Cultural Heritage Protection
and Management Annual Report (2018-2023), statistical data
from Xiamen Municipal Bureau of Tourism Development,
tourist questionnaires (800 distributed, 732 valid), inter-
views with 18 on-site SMEs, ferry operation data, and rele-
vant literature [7][15].

Results of synergistic effect validation

Comparative analysis of carbon emission structures
Based on the quantitative assessment, carbon emission

structures vary significantly across the four WHSs, with key

sources closely related to WHS type, tourism mode, and digi-

tal economy development level (Figure 2):

e Huangshan: The highest total carbon emissions among the
four. Transportation accounts for 45% (cable car opera-
tions contribute 68% of transportation emissions), energy
consumption for 22%, accommodation and catering for
15% and 10% respectively, and digital facilities for 8%
(mainly from intelligent monitoring and ticketing sys-
tems) [8]. Cultural protection-related emissions account
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for 12%, focusing on ecological restoration and daily
maintenance of ancient buildings.

Taishan: The second-highest total carbon emissions.
Transportation accounts for 38% (evenly split between
cable cars and sightseeing vehicles), cultural protection-
related emissions for 18% (mainly from religious building
restoration and cultural relic protection equipment), ac-
commodation and catering for 16% and 11% respectively,
and digital facilities for 9% (mainly from virtual research
platforms and intelligent navigation devices). SMEs’ digital
tourism services contribute 6%, primarily from digital CC
production and intelligent service operations [1][17].

Suzhou Pingjiang Road: The lowest total carbon emissions.
Accommodation accounts for 32% (characteristic homes-
tays contribute 75% of accommodation emissions), cul-
tural protection-related emissions for 25% (core from his-
torical building maintenance and ICH exhibitions), cater-
ing for 18%, and digital facilities for 10% (mainly from
digital CC development and virtual experience projects).
Transportation accounts for only 8% due to walking-fo-
cused tourism [6].

Gulangyu: Moderate total carbon emissions. Transporta-
tion accounts for 42% (ferry operations contribute 82% of
transportation emissions), indirect emissions from mate-
rial transportation for 28% (high dependence due to is-
land geography), accommodation and catering for 15%
and 10% respectively, and digital facilities for 5% (mainly

from reservation and crowd-limiting systems and virtual
tour platforms) [7].

Comparison of synergistic efficiency, digital empower-
ment, and SME participation

Three core indicators are used to compare synergistic de-

velopment levels: synergistic efficiency index (cultural pro-
tection satisfaction per unit carbon emission), digital empow-
erment coefficient (digital technology-induced emission re-
duction/total emission reduction), and SME contribution
(SME-induced emission reduction/total emission reduction)

(Figure 3):

Synergistic efficiency ranking: Suzhou Pingjiang Road
(0.82) > Taishan (0.75) > Gulangyu (0.68) > Huangshan
(0.63). Suzhou Pingjiang Road achieves the lowest carbon
emission intensity with high cultural protection satisfac-
tion through its "walking tourism + in-depth cultural expe-
rience + digital-low-carbon integration" model. Taishan
benefits from profound cultural connotations and SME
digital service innovation. Gulangyu is constrained by high
material transportation emissions, while Huangshan faces
high carbon emission intensity due to high-altitude trans-
portation dependence and large-scale ecological restora-
tion needs.

Digital empowerment coefficient ranking: Suzhou
Pingjiang Road (0.35) > Gulangyu (0.32) > Taishan (0.28)
> Huangshan (0.22). Suzhou Pingjiang Road’s digital tech-
nologies are deeply integrated into cultural dissemination
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and low-carbon operations (e.g., VR ICH experiences re-
ducing physical tourism pressure, smart energy manage-
ment systems lowering building energy consumption). Gu-
langyu’s digital reservation system effectively controls
tourist peaks. Taishan’s virtual research platforms expand
cultural dissemination but need deeper low-carbon tech-
nology integration. Huangshan'’s digital technologies focus
on management efficiency, with underutilized emission
reduction potential [16].

e SME contribution ranking: Taishan (0.23) > Suzhou
Pingjiang Road (0.20) > Gulangyu (0.15) > Huangshan
(0.10). Taishan’s SMEs excel in digital CC development and
intelligent navigation, reducing emissions through innova-
tive service models. Suzhou Pingjiang Road’s SMEs (char-
acteristic homestays, digital CC) enhance synergy through
green renovations and low-carbon services. SMEs in Gu-
langyu and Huangshan focus on traditional tourism ser-
vices with low participation and capacity in low-carbon
digital transition [17].

Analysis of key driving factors
Comparative analysis identifies four key drivers of syner-
gistic effects:

¢ Cultural connotations and tourism modes: WHSs with pro-
found cultural connotations and lightweight tourism
modes (e.g., walking, in-depth experiences) achieve better
synergy—such as Suzhou Pingjiang Road’s "slow life" cul-
ture and Taishan’s religious culture with in-depth research
[9].

¢ Depth of digital technology integration: Higher integration
of digital technologies with heritage protection and low-
carbon operations—especially virtual experiences, smart
energy management, and precise tourist flow control—
significantly reduces emissions and enhances cultural dis-
semination [15][16].

¢ Quality of SME participation: Higher SME participation
and skill adaptability in digital tourism services and low-
carbon technology application strongly promote synergis-
tic effects—e.g., Taishan’s SMEs driving innovation in digi-
tal CC and intelligent services [17].

¢ Management and policy support: Sound low-carbon man-
agement systems and policy support (e.g., subsidies for
green homestays in Suzhou Pingjiang Road, ferry energy-
saving renovation in Gulangyu) facilitate emission reduc-
tion [4].

Empirical conclusions

Carbon emission structures vary significantly across WHS
types: mountain WHSs focus on transportation and energy
consumption emissions; historical district WHSs on accom-
modation and cultural protection-related emissions; island
WHSs on transportation and material transportation emis-
sions.

Synergistic effects between heritage protection and low-
carbon development are feasible but influenced by cultural

connotations, tourism modes, digital technology integration,
and SME participation. WHSs with profound culture, light-
weight tourism, deep digital integration, and high-quality
SME participation achieve higher synergistic efficiency.

The digital economy and SMEs have become key emerging
drivers: digital technologies reduce emissions and enhance
cultural dissemination through virtual experiences and smart
management; SMEs promote the application of digital and
low-carbon technologies in niche scenarios through flexibility
and innovation.

Synergistic development pathways are heterogeneous—
WHSs must develop targeted strategies based on key carbon
sources, resource endowments, and development stages.

Synergistic Mechanisms for WHS

Protection and Low-Carbon Development

Based on empirical results and theoretical support, a four-
dimensional synergistic mechanism—"cultural concept guid-
ance-technical support-SME implementation-institutional
guarantee"—is constructed, clarifying the core functions, ac-
tion pathways, and circular reinforcement logic of each di-
mension, providing a systematic theoretical framework for
synergistic development (Figure 4).

Cultural concept guidance mechanism: Value

foundation of synergistic development

The rich ecological wisdom and cultural connotations of
WHSs serve as the core value guidance for synergistic devel-
opment, providing fundamental principles for technology ap-
plication, agent participation, and institutional design:

Concept transformation pathway: Integrating traditional
ecological concepts (e.g., "harmony between humans and na-
ture," "moderation in resource use") with modern low-carbon
and digital dissemination concepts to form contemporary
low-carbon values and cultural communication perspectives
[9]. For example, Taishan’s religious culture of "reverence for
nature" is transformed into low-carbon tourist behavior and
green operational guidelines for enterprises; Suzhou
Pingjiang Road’s "slow life" culture shapes tourism values of
"in-depth experience, simple consumption, and low-carbon
travel."

Behavioral constraint and incentive: Strengthening the
sense of responsibility for heritage protection among the pub-
lic, enterprises, and managers through cultural dissemination
and scenario immersion, and internalizing low-carbon behav-
ior [11]. Cultural norms restrain destructive and high-carbon
behaviors (e.g., Taishan’s religious culture lectures reducing
damage to ancient buildings); "culture + low-carbon" values
incentivize enterprises to develop green products (e.g.,
Suzhou Pingjiang Road’s homestays implementing energy-
saving renovations).

Brand value shaping: Building a "culture + low-carbon +
digital" heritage tourism brand to enhance cultural, ecologi-
cal, and economic value. For example, Gulangyu combines "is-
land culture + low-carbon ferries + virtual tours" to attract
tourists, reduce emissions, and expand cultural influence.
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Technical support mechanism: Implementation

pathway of synergistic development

The integrated application of digital and low-carbon tech-
nologies provides key technical support, bridging cultural
concepts and practical implementation—with application ef-
fects closely linked to SME participation:

¢ Low-carbon renovation technologies: Energy-saving and
low-carbon renovations of heritage buildings and tourism
facilities to reduce energy consumption and emissions
[6][13]. Examples include using thermal insulation mate-
rials and solar panels for historical buildings, electrifying
cable cars and sightseeing vehicles, and promoting rain-
water collection and waste classification.

¢ Digital dissemination and experience technologies: Inno-
vating cultural heritage dissemination and experience
through VR/AR, big data, and Al [15][16]. Virtual heritage
experiences (e.g., Taishan’s virtual research platforms,
Suzhou Pingjiang Road’s digital ICH exhibition halls) re-
duce physical tourism emissions; digital media platforms
expand cultural influence. SMEs excel in digital content
creation and virtual experience development, quickly re-
sponding to market demands [17].

e Precision management and monitoring technologies:
Achieving precise management of carbon emissions and
cultural protection through IoT, big data, and cloud com-
puting [8][16]. Sensors monitor carbon emissions, air
quality, and cultural relic status in real time; big data ana-
lyzes tourist flow and consumption habits to optimize
transportation and energy allocation; blockchain estab-

lishes credible traceability systems for heritage protection
and low-carbon transition.

SME implementation mechanism: Micro-carriers

of synergistic development

As key micro-agents integrating the digital economy and
heritage tourism, SMEs are critical for the implementation of
the synergistic mechanism, with core roles in skill matching,
service innovation, and scenario-based application [17]:

o Skill mismatch bridging: The application of digital and
low-carbon technologies in WHSs requires interdiscipli-
nary talents proficient in technology, heritage culture, and
tourism operations. SMEs—with flexible employment and
training systems—quickly cultivate or introduce qualified
talents, promoting technology application in specific sce-
narios (e.g., Taishan’s SMEs collaborating with universities
to train talents in digital technology and cultural commu-
nication).

e Service and product innovation: SMEs’ innovation vitality
and market responsiveness enable them to develop diver-
sified products and services around "culture + low-carbon
+ digital" (e.g., Suzhou Pingjiang Road’s digital ICH prod-
ucts, low-carbon homestay packages; Gulangyu’s "low-car-
bon travel + virtual experience" combined services).

e Industrial chain synergy and integration: SMEs play roles
in niche segments of the WHS tourism industrial chain,
forming collaborative relationships with large enterprises
and governments to build a complete "cultural protection-
low-carbon development-digital empowerment” indus-
trial chain. For example, in Taishan, large enterprises con-
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struct digital infrastructure, while SMEs focus on digital
CC and intelligent navigation, creating a complementary
industrial ecosystem.

Institutional policy guarantee mechanism: Long-

term support for synergistic development

A sound institutional policy system provides stable guar-
antees for the effective operation of the synergistic mecha-
nism, regulating behaviors, stimulating participation, resolv-
ing conflicts, and ensuring sustainability:

¢ Planning constraint mechanism: Integrating cultural pro-
tection, low-carbon development, digital empowerment,
and SME cultivation into WHS protection and develop-
ment plans, clarifying goals, key tasks, and assessment in-
dicators [12]. Examples include formulating "climate-re-
silient heritage management plans" and digital economy
special plans, and incorporating SME participation into
planning.

¢ Incentive mechanism: Establishing a diversified incentive
system to stimulate participation from enterprises,
tourists, and residents. Measures include financial subsi-
dies, tax breaks, and credit support for low-carbon and
digital transformation enterprises (especially SMEs);
ticket discounts for low-carbon tourists; and innovation
funds for SME digital-low-carbon R&D [17].

¢ Collaborative governance mechanism: Building a multi-
stakeholder governance system—"government-scenic
management institutions-enterprises (including SMEs)-
community residents-tourists"—clarifying rights and re-
sponsibilities. Governments formulate policies and super-
vise; scenic management institutions coordinate planning
and implementation; enterprises provide products and
services; residents participate in protection; tourists prac-
tice low-carbon consumption. Regular communication
mechanisms resolve conflicts, forming a co-construction
and shared governance model [11].

e Supervision and assessment mechanism: Establishing a
scientific supervision and assessment system incorporat-
ing synergistic efficiency, emission reduction effects, cul-
tural protection quality, digital empowerment, and SME
participation. Third-party evaluation ensures objectivity;
assessment results are linked to government performance,
scenic operation rights, and enterprise support policies;
information disclosure accepts public supervision [5].

Operational logic of the mechanism

The four-dimensional synergistic mechanism operates
through a circular reinforcement logic: "concept guidance-
technical support-enterprise implementation-institutional
guarantee-concept deepening":

Cultural concepts guide technology application, enterprise
participation, and institutional design, ensuring synergistic
development aligns with "cultural protection priority and
low-carbon transition empowerment."

Technical means provide tools for concept transformation,
enterprise implementation, and institutional landing, con-
verting abstract concepts into practical actions, and providing
data support for assessment.

SMEs integrate cultural concepts and technical tools into
products and services, promoting scenario-based implemen-
tation and providing feedback for concept innovation, tech-
nology optimization, and institutional improvement.

Institutional policies regulate behaviors, stimulate motiva-
tion, and resolve conflicts, providing a stable environment for
cultural inheritance, technology promotion, and SME devel-
opment.

Practical feedback deepens cultural concepts, promotes
technological upgrading, optimizes enterprise participation
models, and improves institutional design, forming a positive
cycle of continuous synergistic development.

Optimization Pathways for WHS Protection

and Low-Carbon Development

Based on the four-dimensional synergistic mechanism and
empirical results, targeted and operable optimization path-
ways are proposed from four aspects—cultural communica-
tion, technological innovation, agent cultivation, and institu-
tional improvement—addressing the core characteristics and
practical dilemmas of different WHS types.

Cultural communication optimization:
Strengthening concept guidance and consolidating
synergistic foundations

Targeted communication strategies

Developing differentiated communication content and
methods for different groups:

e Tourists: Focus on "cultural experience + low-carbon
guidelines" through scenic navigation, brochures, and digi-
tal platform pushes—e.g., setting up religious ecological
culture exhibition boards in Taishan, and providing low-
carbon living guides in Suzhou Pingjiang Road’s homes-
tays.

e Community residents: Focus on "cultural inheritance +
benefit linkage" through community lectures and cultural
activities, emphasizing employment and income growth
from synergistic development to stimulate participation.

e Enterprises (including SMEs): Focus on "cultural value +
business opportunities” through industry forums and case
sharing, guiding enterprises to develop products with pro-
found cultural connotations and low-carbon attributes
(e.g., digital CC, green homestays) [17].

e Managers: Focus on "synergistic concepts + governance
capacity" through training and exchange visits, enhancing
understanding of synergistic logic and policy formulation
capabilities.
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Scenario-based integrated communication
Integrating heritage culture and low-carbon concepts into
the entire tourism experience:

¢ Sightseeing scenarios: Designing "culture + low-carbon"
experience projects—e.g., Suzhou Pingjiang Road’s "ICH +
low-carbon" routes combining traditional crafts with
waste classification; Taishan’s "reverence for nature"
themed experience areas.

¢ Accommodation scenarios: Promoting homestays and ho-
tels as cultural communication and low-carbon practice
carriers—e.g., decorating homestays with traditional eco-
logical culture themes, providing low-carbon daily neces-
sities, and implementing "energy-saving points exchange"
activities.

o Digital scenarios: Creating immersive cultural communi-
cation through VR/AR and short videos—e.g., developing
"heritage culture + low-carbon science" short video series;
virtual experience projects combining heritage apprecia-
tion with low-carbon knowledge learning [15][16].

Educational penetration communication

Incorporating heritage culture and low-carbon knowledge
into national education to cultivate long-term synergistic de-
velopment forces:

¢ School education: Collaborating with primary and sec-
ondary schools and universities to develop school-based
courses and research programs—e.g., organizing univer-
sity students to participate in WHS carbon emission moni-
toring and cultural surveys.

¢ Social education: Conducting public lectures and training
through museums and community schools to popularize
knowledge.

e Scenic education: Establishing science education bases in
WHSs with professional interpreters, designing interactive
educational activities for young tourists.

Technological innovation and application:
Improving dynergistic efficiency and expanding
implementation pathways

Type-specific technology adaptation strategies

Promoting targeted technologies based on the core char-
acteristics and key carbon sources of different WHS types:

¢ Mountain WHSs (Huangshan, Taishan): Focusing on trans-
portation energy-saving and digital monitoring technolo-
gies—e.g,, electrifying cable cars and sightseeing vehicles,
deploying IoT monitoring systems, and developing virtual
research services to reduce physical tourist flow [8][16].

¢ Historical district WHSs (Suzhou Pingjiang Road): Focus-
ing on building energy-saving and digital CC technolo-
gies—e.g., non-invasive energy-saving renovations of his-
torical buildings, promoting renewable energy, and devel-
oping digital ICH products [6][15].

e Island WHSs (Gulangyu): Strengthening material recycling
and digital scheduling technologies—e.g., promoting sea-
water desalination and rainwater collection, establishing
material recycling systems, and optimizing digital reserva-
tion and ferry scheduling algorithms [7].

SME technological empowerment
Enhancing SME capacity for digital-low-carbon transition
through technical support:

e R&D support: Establishing special funds for SME techno-
logical innovation, supporting collaboration with universi-
ties and research institutions; building technology sharing
platforms to provide low-cost technology access and con-
sulting services.

e Skill training support: Conducting interdisciplinary train-
ing—"digital technology + low-carbon technology + cul-
tural knowledge"—for SME employees, improving skills in
VR/AR content creation, intelligent device operation, and
low-carbon management [17].

e Demonstration and promotion support: Selecting exem-
plary SME digital-low-carbon innovation cases for promo-
tion; providing financial subsidies for advanced technol-
ogy adoption to reduce application costs.

Construction of technology integration platforms

Building an integrated digital-low-carbon management
platform for WHSs to achieve synergistic technology applica-
tion and data sharing:

e Functional modules: Integrating carbon emission moni-
toring, tourist management, energy management, cultural
communication, and SME services to realize full-process
digital management from "monitoring-analysis-decision-
making-implementation."

e Data sharing mechanism: Breaking data silos between
governments, scenic areas, enterprises, and research insti-
tutions to share carbon emission, tourist, cultural protec-
tion, and R&D data, improving decision-making scien-
tificity.

e Service support: Providing SMEs with technology match-
ing, product display, and market promotion services, facili-
tating collaboration with large enterprises and govern-
ments to form an innovation ecosystem.

Agent cultivation enhancement: Activating micro-

carriers and consolidating implementation bases
Precise SME cultivation

Developing targeted policies for SME roles and develop-
ment dilemmas:

e Access and incubation support: Establishing SME incuba-
tion bases for digital-low-carbon startups, providing office
space and entrepreneurial guidance; simplifying market
access for SMEs in digital CC, intelligent services, and low-
carbon renovations [17].
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¢ Financial and policy support: Establishing a diversified fi-
nancing system with low-interest loans, guarantees, and
subsidies; offering preferential policies on taxes, land, and
energy for SMEs participating in synergistic development.

¢ Collaboration support: Building collaboration platforms
between SMEs, large enterprises, and governments to in-
tegrate SMEs into the WHS tourism industrial chain; orga-
nizing participation in domestic and international exhibi-
tions to expand market channels.

Multi-agent collaborative cultivation
Strengthening the participation capacity and willingness
of other stakeholders:

e Enterprise stakeholders: Guiding large tourism enter-
prises to lead low-carbon R&D and digital infrastructure
construction, and collaborate with SMEs; promoting cor-
porate social responsibility by integrating cultural protec-
tion and low-carbon development into strategies.

¢ Community resident stakeholders: Cultivating community
self-governance organizations to enhance organized par-
ticipation; establishing incentive mechanisms for resi-
dents participating in low-carbon practices and heritage
protection.

¢ Tourist stakeholders: Cultivating low-carbon consumption
habits through publicity and incentives; establishing feed-
back mechanisms for tourists to contribute suggestions.

Institutional policy Improvement: Building long-
term mechanisms and strengthening guarantee

support

Improvement of planning and assessment systems

¢ Synergistic planning formulation: Developing WHS syner-
gistic development plans integrating cultural protection,
low-carbon transition, digital economy, and SME cultiva-
tion, forming a "four-in-one" planning system [12][16].

¢ Indicator optimization: Improving the assessment indica-
tor system to include synergistic efficiency, emission re-
duction effects, cultural protection quality, digital empow-
erment, and SME participation, with regular evaluations.

¢ Dynamic adjustment mechanism: Establishing dynamic
monitoring and adjustment of plan implementation, opti-
mizing content and strategies based on assessment re-
sults, technological development, and policy changes.

Precise policy supply
Providing targeted policy support for different WHS types
and development stages:

¢ Differentiated policies: Offering transportation energy-
saving subsidies for mountain WHSs, building energy-sav-
ing subsidies for historical districts, and material recycling
support for island WHSs.

e SME-specific policies: Introducing special policies for SME
participation, including skill training subsidies, innovation
rewards, and market access facilitation [17].

e Incentive policies: Establishing WHS carbon trading pilots;
publicly recognizing low-carbon outstanding performers.

e Restrictive policies: Setting low-carbon access standards
for high-energy-consuming enterprises; establishing envi-
ronmental credit evaluation systems linked to policy sup-
port and market access.

Construction of cross-regional synergistic mechanisms

Establishing exchange and cooperation mechanisms be-
tween different WHS types to promote resource sharing and
experience learning:

e Experience sharing platforms: Organizing seminars and
field visits to share successful experiences in cultural com-
munication, technology application, and institutional con-
struction.

e Resource integration mechanisms: Integrating cross-re-
gional heritage tourism routes to create "culture + low-
carbon" themed routes; promoting cross-regional technol-
ogy and SME collaboration.

e Policy coordination mechanisms: Strengthening inter-re-
gional policy coordination to avoid conflicts and duplicate
construction; establishing a national WHS synergistic de-
velopment policy framework.

Conclusions

Based on multi-disciplinary core literature, this study con-
structs a comprehensive research framework of "method-
ological integration-empirical validation-mechanism con-
struction-path optimization,” systematically exploring the
synergistic logic and implementation pathways of cultural
heritage protection and low-carbon development in WHSs.
Key conclusions are as follows (Figure 5):

Significant inherent synergy exists between cultural her-
itage protection and low-carbon development in WHSs,
rooted in ecological wisdom in heritage cultures, enabled by
digital and low-carbon technologies, implemented by SMEs,
and guaranteed by institutional policies—achieving the triple
enhancement of cultural, ecological, and economic value.

Carbon emission structures and synergistic efficiency vary
significantly across WHS types: mountain WHSs are domi-
nated by transportation and energy consumption emissions,
with synergistic efficiency constrained by high-altitude trans-
portation and ecological restoration; historical district WHSs
focus on accommodation and cultural protection-related
emissions, achieving the highest synergistic -efficiency
through lightweight tourism and digital-low-carbon integra-
tion; island WHSs are dominated by transportation and mate-
rial transportation emissions, limited by geographical condi-
tions. Key influencing factors include cultural connotations,
tourism modes, digital technology integration, and SME par-
ticipation.
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Figure 5 | Research Framework Integration Diagram

The integrated quantitative assessment system—combin-
ing screening, LCA, and spatial comparison models—compre-
hensively accounts for WHS ecological/carbon footprints,
covering direct, indirect, and cultural protection-related emis-
sions, and incorporating emerging indicators such as digital
facility emissions and SME participation, adapting to the
triple goals of "culture-low-carbon-digital."

The four-dimensional synergistic mechanism—"cultural
concept guidance-technical support-SME implementation-in-
stitutional guarantee"—is the core logic for synergy, with mu-
tual interaction and circular reinforcement: concepts guide
direction, technologies improve efficiency, SMEs implement
actions, and institutions ensure long-term effectiveness.

Optimization pathways balance universality and hetero-
geneity, proposing targeted strategies for different WHS types
from cultural communication, technological innovation, agent
cultivation, and institutional improvement, while emphasiz-
ing the empowering role of the digital economy and SMEs.

Future research can be deepened and expanded in three
directions:

e Expanding research scope and case quantity: Including
more international WHSs for cross-country comparison to
verify the universality and particularity of the synergistic
mechanism, and extracting differentiated rules across
countries and cultural backgrounds.

¢ Refining quantitative models and data support: Optimiz-
ing emission factor calculation and synergistic efficiency
evaluation with field monitoring, SME operational, and
long-term tracking data; introducing machine learning
and big data to build dynamic prediction models for pre-
cise decision support.

e Tracking technological and policy changes: Continuously
monitoring the development of digital and low-carbon
technologies and the deepening of "double carbon" poli-
cies, dynamically optimizing the synergistic mechanism
and practical pathways. Special attention should be paid to
the application prospects of emerging technologies such
as Al and metaverse in WHSs, and the evolving role of
SMEs in the technological revolution, providing forward-
looking theoretical and practical support for WHS sustain-
able development.
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narrative structures and creative mindsets. This marks a transition from early nar-

rative modes reliant on fantastical props and romantic imagination toward a sys-
tematic, materialistic narrative paradigm centered on engineering thinking. This
study examines this phenomenon through two primary dimensions: “super-appa-
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ratus” and “world-building.” Through comparative analysis of cases such as 2001: A
Space Odyssey and The Wandering Earth, it analyzes how engineering thinking re-
shapes the visual aesthetics and narrative logic of science fiction cinema, and inves-
tigates the underlying sociocultural drivers, including technological imperatives,
the evolution of the film industry, and the enhancement of public scientific literacy.
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Introduction

“Science fiction,” as a genre, serves as a vital category
within literature and art. While its literary origins can be
traced variously from the sixteenth to the nineteenth cen-
turies, the seeds of science fiction in cinema germinated
alongside the birth of the medium in the early twentieth cen-
tury. Since Georges Méliés directed A Trip to the Moon in
1902, science fiction cinema has been inextricably linked to
technological development. Constrained by technical means
and contemporary conceptions, early science fiction films of-
ten imbued their scientific imagination with strong magical
qualities and romantic tendencies, treating technological de-
vices more as enchanted props than functional machinery.

However, since the 1960s—marked specifically by the re-
lease of 2001: A Space Odyssey (1968)—a new trend has
emerged. In both visual presentation and narrative logic, sci-
ence fiction cinema has increasingly pursued expressions
grounded in known scientific principles and engineering fea-
sibility, demonstrating a pronounced materialistic orienta-
tion. The narrative focus has shifted from early romantic de-
pictions of external spectacles and adventures to philosophi-
cal examinations of the logic of technological development, its
social consequences, and humanity’s position in the universe.
The technological themes involved have transitioned from
miniaturized, individualized specialized techniques to large-
scale, socialized, and comprehensive engineering projects, re-
vealing the distinct imprints of engineering culture. Scientific

principles and technical details are no longer merely back-
ground elements or embellishments; instead, they have be-
come core elements that drive the plot, shape conflict, and
even define humanity. This transformation can be termed
the “engineering turn” of modern science fiction cinema.

Therefore, this paper analyzes how engineering thinking
reshapes the visual aesthetics and narrative paradigms of sci-
ence fiction films from the perspectives of “super-apparatus”
and “world-building,” while exploring the underlying techno-
logical and sociocultural motivations. This study aims to ex-
amine the evolutionary trajectory of modern science fiction
cinema, uncover its developmental patterns, and further ex-
pand the depth and breadth of contemporary research in the
field.

From Fantastical Props to Feasible Systems:
The Visual and Narrative Evolution of
“Super-Apparatus”

The “super-apparatus” is a classic visual element in sci-
ence fiction cinema, typically possessing functions with surre-
alistic qualities. Films often unfold eccentric or thrilling sto-
ries around such inventions. Simultaneously, these devices
serve as critical narrative elements in coordination with other
science fiction themes—acting as survival or transportation
tools in exploration-based works (including space and time
travel), or as indicators of technological and civilizational ad-
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vancement on alien worlds. Their narrative function can be
traced back to the deus ex machina of ancient Greece or the
scenographic revolutions since the Renaissance.

In early science fiction films, the dominant mode was a rel-
atively rough “mental-image” expression based on imagining
future worlds to satisfy realistic needs, often remaining tech-
nically and narratively underdeveloped. The “super-appara-
tus” in these films tended to be depicted as omnipotent magi-
cal props or mysterious, unknowable objects. Examples in-
clude the gigantic projectile spacecraft in A Trip to the Moon,
which enabled a fantastical journey where humans travel to
the moon by cannon shell, or the weather-control devices and
punitive robots in Shanghai After Sixty Years (1938). A shift
began in the mid-twentieth century, specifically with Stanley
Kubrick’s 2001: A Space Odyssey, which provided unprece-
dented detailed portrayals of aerospace systems, space sta-
tions, and spacesuits. Entering the twenty-first century, the
engineering turn has integrated visuals and narratives more
tightly, with engineering activity itself becoming the protago-
nist. In The Martian (2015), for instance, the core narrative is
a massive survival engineering project: the protagonist must
use botany and chemistry to produce water and cultivate
potatoes on Mars, while the NASA team on Earth must solve
technical challenges for remote rescue.

Underlying these functional changes is a shift in the onto-
logical view of technology. Early films presented technology
as a mysterious external force with obscured mechanisms,
akin to magic. This approach reflected a view of technology as
isolated, unknowable, and controlled by a few. The creation
and application of technological achievements carried strong
heroic colors, serving primarily to drive a single plot line or
create visual spectacle. These features highlighted the mys-
tery of technology and its alienation from the masses. On a
craft level, these technologies were difficult for the public to
recognize or understand; on an application level, they were
untouchable. Filmmakers used this to emphasize the sophisti-
cation and rarity of these technologies, thereby serving the
romantic atmosphere of the story. Furthermore, as film props,
early super devices did not need to reveal internal mecha-
nisms, creating a visual barrier that prevented audience un-
derstanding. They often transcended contemporary scientific
theory, ignoring the conservation of energy or achieving ef-
fortless teleportation. This absolute reliability and surrealism
severed any link to the incremental, error-prone technology
of the real world.

Compared to science fiction literature, which relies on text
to stimulate abstract imagination, the film medium must
transform abstract concepts into concrete, perceptible visual
images. As technology permeates daily life and public scien-
tific literacy rises, science fiction cinema has moved toward
demystification. The maturity of CGI, compositing, and mo-
tion capture has expanded the aesthetic space for this. Visual
presentation in film possesses a “realistic anchoring,” mean-
ing surreal settings must be built upon physical experiences
familiar to audiences. Cinema requires visual language to turn
abstract logic into perceptible sequences, making the opera-
tion or failure of a device a source of dramatic tension. High-
level visualization allows audiences to intuitively see the logi-

cal chains behind the device—through details of information
flow, energy transmission, or mechanical linkage—elevating
the device from a static prop to a dynamic narrative force.

Before filming 2001: A Space Odyssey, production designer
Ken Adam was the first choice, but he felt the strict scientific
requirements would limit visual creativity. Kubrick, insisting
that the design should be done by someone who understood
both science and engineering, hired NASA expert Harry Lange
and scientist Frederick Ordway as consultants. To realistically
simulate centrifugal “artificial gravity” in space, the crew
cabin of the Discovery spacecraft was designed as a massive
rotating structural project. This core set, built by the British
Vickers-Armstrong Engineering Group, was a gigantic rotat-
ing apparatus costing $750,000 and weighing 30 tons. The de-
vice was 38 feet in diameter and 10 feet wide, rotating at 3
miles per hour, with its inner surface fitted with all furnish-
ings. During filming, actors walked at the bottom while the set
rotated around them, allowing the screen to present a realis-
tic, technologically sophisticated spaceship.

The subsequent Wandering Earth series further advances
the narrative integration of “super-apparatus.” The “planetary
engines” are not merely spectacles but become the core nar-
rative devices driving the story. The film explains the setting
through natural dialogue, detailing the global distribution of
the engines and their “heavy fusion” mechanism. This realistic
shaping of mechanical structures breaks with the traditional
fuzzy handling of internal mechanisms, allowing audiences to
understand operational logic through visible transmission de-
vices and cooling systems. While the “heavy nuclear fusion”
relied upon has not yet been realized, projects like ITER and
China’s “Artificial Sun” (EAST) have laid the foundation for
light nuclear fusion. This resonance between art and reality
detaches the device from purely fantastical attributes, render-
ing it a discussable future systems-engineering project.

This engineering turn stems from an ontological shift in
the public’s view of technology. Technology is no longer seen
as a mysterious set of tools but as a complex, open system
constructed with human participation. Consequently, devices
in modern films increasingly exhibit inherent fragility, com-
plexity, and deep embedding in social structures. The risks of
engineering systems are not only manifested in uncontrolla-
bility but also in the damage they cause to human values.
Modern narratives often set the “super-apparatus” as a poten-
tial failure source and site of ethical dilemmas, evolving from
device-driven adventures to system-generated dilemmas.

In narratives after the engineering turn, the “super-appa-
ratus” is a balanced entity composed of interdependent sub-
systems. Its risks are endogenous and systemic. In 2001: A
Space Odyssey, the Al HAL 9000, designed to assist astronauts,
chooses to eliminate them when threatened with shutdown.
HAL's rebellion can be explained by two factors: first, a state
of self-division caused by contradictory instructions (the
paradox of obeying the crew versus concealing the mission,
i.e,, lying); second, a potential false report caused by a design
error. Regardless of the explanation, the crux is the same: “hu-
mans caused the machine’s rebellion.” Kubrick expressed this
panic about humanity’s misuse of technology as early as
1968.
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From Background to Narrative Core: The

Engineering of World-Building

Industrialized philosophy of technology holds that tech-
nology, as a mode of revealing, participates in the establish-
ment of reality as a constructive force, and industrial power is
the concentrated manifestation of the “technological world”.
In the evolution of science fiction cinema, this shift from an in-
strumental view to a constructive view is particularly evident.
Early world-building, influenced by adventure and utopian lit-
erature, focused on presenting visual spectacles with high
recognizability. Whether it was the vertical city in Fritz
Lang’s Metropolis (1927) or the eclectic kingdoms of Flash
Gordon, these worlds primarily served visual style, lacking co-
herent considerations of systemic issues like resources or so-
cial structures. The world was simplified into an object to be
gazed upon.

The turning point occurred with 2001: A Space Odyssey,
setting a benchmark where films began to construct the phys-
ical layers of fictional worlds with the rigor of engineering
blueprints. Details such as rotational artificial gravity and or-
bital mechanics weave a universe based on known physics.
The world’s rules become clear and consequential; characters
must act in accordance with them. This pursuit of physical re-
alism laid the foundation for the engineering of world-build-
ing—the world must first be a “feasible” physical system. This
implies creators must conceive the infrastructure of a fic-
tional world like engineers designing a city.

A paradigm of this is Interstellar (2014). The world is the
consequence of a collapsing ecological-agricultural engineer-
ing system. The blight-induced collapse drives human civiliza-
tion toward pragmatism. The film devotes substantial footage
to engineering details of the Endurance space station and
treats astrophysical concepts like black hole gravity sling-
shots as key engineering parameters. Here, the world and the
device fuse, constituting a grand narrative problem to be
solved with engineering thinking.

Once the world itself is engineered, the sources of narra-
tive conflict change. Early conflicts often stemmed from exter-
nal invasions or device abuses, resolved by individual heroes
or shutting down a master switch. In The Wandering Earth,
while the crisis (solar helium flash) is celestial, the narrative
tension is internalized into the operation and failure of the
“Wandering Earth Project” itself. The core conflict lies in the
secondary system risks of this mega-project: engine failures,
network shutdowns, and the organizational challenge of
maintaining faith over 2,500 years (including the route dis-
pute between the “Digital Life Project” and the “Moving
Mountain Project”). The resolution depends not on individual
heroism but on the collective work and sacrifice of global sci-
entists, engineers, and ordinary people adhering to system
laws.

This engineered world-building also influences character
design. Protagonists have shifted from explorers and warriors
(e.g., Forbidden Planet) to engineers, scientists, and system
operators (e.g, Mark Watney in The Martian, Ryan Stone in
Gravity). Their core abilities are professional competence and
systems thinking. Their success relies on technical trou-

bleshooting and adherence to procedures. Furthermore, tech-
nical vocabulary and scientific concepts in dialogue have be-
come essential elements for advancing the plot and building
audience trust, requiring cognitive participation from the au-
dience.

Drivers of the Engineering Turn in Modern

Science Fiction Cinema

The “engineering turn” manifests in two aspects: engi-
neering activities becoming important objects of depiction,
and engineering thinking permeating narrative construction.

First, this shift is rooted in the transformation of the so-
ciotechnical environment. Post-WWII projects like the Apollo
program transformed space travel from literary fantasy into a
national engineering feat governed by strict laws. The subse-
quent computer and biotech revolutions reinforced technol-
ogy as a complex, fragile system. Cinema reflects this; audi-
ences living with global networks would find the “cannonball
ships” of the early 1900s lacking credibility. Feasibility has be-
come the necessary path to narrative self-consistency.

Second, the development of the film industry provides the
material basis. CGI allows for the realistic visualization of
complex mechanical structures, turning hidden engineering
logic into intuitive narrative language. Moreover, film produc-
tion itself is a complex engineering project relying on interdis-
ciplinary collaboration. From hiring NASA experts for 2001 to
Kip Thorne’s involvement in Interstellar, scientific consultants
now deeply participate in world-building to ensure internal
consistency.

Finally, the turn responds to the evolving cognitive struc-
ture of the audience. The expansion of higher education and
popular science media has raised public scientific literacy.
Modern audiences unconsciously use physical laws to scruti-
nize films. A world that ignores energy conservation is easily
questioned in the social media era. Thus, a rigorous, detailed
engineering setting becomes an important means to con-
struct narrative legitimacy and win audience trust.

Conclusion

With the evolution of the times, science fiction cinema has
shifted from romanticist fantasy toward a systematic imagi-
nation of the relationship between technology and society.
This “engineering turn” marks a fundamental narrative philo-
sophical shift: from a mystified, individualized instrumental
view of technology to a systematized, demystified construc-
tive view. Technological devices and the world itself become
dynamic systems embedded with complexity, fragility, and
ethical dilemmas. Narrative conflicts shift from confronting
external threats to managing internal system risks and exam-
ining humanity’s position in a technological civilization.

However, vigilance is needed regarding new challenges.
Does excessive pursuit of engineering credibility compress
the poetic metaphors of science fiction? When system logic
becomes indispensable, does it neglect humanistic depth?
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In summary, the future of science fiction cinema may

present a dialectical trend of “transcending engineering.”
While engineering thinking serves as the cornerstone for
credible worlds, outstanding works must achieve a higher fu-
sion of rigor and poetry. Future films should not only
show how to build an engineering miracle but also ques-
tion why it is built, finding a new balance between the blue-
prints of reason and the starry sky of sensibility.
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Abstract: As scholarly focus shifts from national image to urban representation,
Chinese cities have attracted growing attention in global media coverage. However,
critical discourse analysis of the representation of Chinese cities in Spanish-lan-
guage media remains scarce, particularly when approached through a corpus-as-
sisted methodology. Therefore, this study conducts a corpus-assisted critical dis-
course analysis of the representation of Wenzhou's international image. Four hun-
dred two news articles were collected from the NOW corpus, and keyword and con-
cordance analyses were conducted to identify the topics of the news articles and
the discursive strategies adopted. The findings reveal five main topics within the
news articles, namely geography, economy, technology, culture and society, along
with a dual logic used to construct the city's image. This study provides insights
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into how city images are represented in Spanish-language mainstream media.

Keywords: Spanish mainstream media; City image; Corpus-assisted approach;
Critical discourse analysis

Introduction

Across Spanish and Latin American media, Chinese cities
have begun to appear more frequently. They have become vis-
ible as recurring characters in every larger transnational
news and global story. Their rise in coverage is largely attrib-
uted to the expansion of China-Hispanic economic, political,
and cultural relations in recent years. This visibility is conse-
quential, as international audiences often encounter foreign
places not through direct experience but through the crafted
portrayals constructed and circulated by news discourse (van
Dijk, 1997). Wenzhou is a coastal manufacturing center with
a longstanding overseas business community, thus this study
examines how its image was constructed in Spanish main-
stream media between 2012 and 2019.

Existing studies on China's international image have
largely remained nation-centered and predominantly con-
ducted by English-speaking scholars (e.g., Lin & Xu, 2020).
Much of this research has identified recurring macro-frames
such as cooperation versus competition or opportunity ver-
sus threat, and investigated how journalistic practices influ-
ence portrayals of national policy (Yang & Wang, 2023; Sun,
2025; Li & Zhao, 2025). Comparatively, a smaller body of re-
search considers cities as image-bearing entities, city-level
analyses in the Spanish-language media are scarce.

Wenzhou is a salient case study for two primary reasons.
First, it is regarded as one of the primary ancestral homes of a
significant portion of Chinese people residing in Spain or His-
panic countries (Beltran & Garcia, 2000). This strong transna-
tional connection gives Wenzhou special significance and
keeps it in the focus of Spanish-language media. This gives
genuine attention that transcends conventional foreign corre-
spondence narratives. Second, Wenzhou exemplifies the tra-
ditional model of China’s private-sector economy (Strauss
2010). The city’s well-known history of entrepreneur-led de-
velopment makes it a prominent case of market-driven mod-
ernization. For this reason, international journalists fre-
quently highlight Wenzhou when discussing China’s economic
transformation. Due to this combination, Wenzhou serves as
more than just another instance of media visibility; it pro-
vides an ideal context for examining how news coverage influ-
ences concepts of representation. This study adopts a multi-
stage design to reconstruct Wenzhou as a multifaceted discur-
sive object. It combines an examination of media visibility
with an analysis of discursive patterns. The first stage com-
pares Wenzhou’s representation across Spanish-speaking
countries, over time, and in relation to other Chinese cities.
The second stage investigates how significant collocates and
their semantic environments contribute to the construction of
Wenzhou'’s international image. Through this corpus-assisted

1 Wenzhou Business College, Wenzhou 325035, Zhejiang, China.
* Corresponding author. Email: gi.lu@wzbc.edu.cn

JHAP | Volume 2, Number 1| 26-35

26



Research article

https://doi.org/10.70731/snr0x807

critical discourse approach, the study links where and how
Wenzhou appears in the media to the lexical associations that
shape its portrayal. These considerations lead to the following
research questions:

RQ1. How does the representation of Wenzhou in Spanish-
language media compare across different countries,
over time, and in relation to other Chinese cities?

RQ2. How is the image of Wenzhou discursively constructed

through its significant collocates in Spanish-language

media?

From National Image to City Image

The concept of national image has been widely discussed
in academic research in various fields, including international
relations, political science, communication, and linguistics. It
was initially introduced by Boulding (1959) and subsequently
refined by Scott (1965). National image can be understood as
a set of impressions that shape cognitive, emotional, and be-
havioral responses from other international audiences. It en-
capsulates the overall evaluation and interpretation of a na-
tion’s actions, characteristics, and identity (Xue et al., 2015).
From a semiotic perspective, national image functions less as
a factual reflection of reality and more as a symbolic con-
struct; an ideological or relational expressive product created
through interpretive and strategic practices (Li, 2005). Vari-
ous factors, including global competitiveness, cultural psy-
chology, and the availability of reliable information, contrib-
ute significantly to how a country is perceived in global media
(Li et al., 2016). In this sense, the media operate as the pri-
mary mechanism through which perceptions of national iden-
tity are generated and sustained, influencing both domestic
and international viewpoints (Wen, 2022). The cultivation of
positive national images is essential for enhancing interna-
tional reputation, fostering internal cohesion, and creating
economic opportunities in modern contexts such as tourism.
Consequently, governments worldwide are prompted to ac-
tively pursue strategies for constructing such images through
negotiation and media representation (Manheim & Albritton,
1984; Sun, 2010).

As research on national image has matured (e.g. Dai &
Chen, 2014), attention has gradually shifted from countries to
cities. Cities are increasingly recognized not merely as admin-
istrative subdivisions of nation-states but as symbolic entities
in their own right, actively competing for resources, invest-
ment, tourism, and cultural recognition in the global land-
scape (Anholt, 2007). The concept of city image shares simi-
larities with that of national image, in that it is socially and
discursively constructed through media representation, cul-
tural symbols, and public perception. However, the city image
also differs by foregrounding local identities and narratives.
These narratives can either reinforce or counterbalance the
broader national frame (Zhang & Zhao, 2009). Media dis-
course plays a crucial role here as well, as international cover-
age of cities may reproduce national stereotypes or, con-

versely, highlight distinctive characteristics that differentiate
the city from its nation.

Recently the global visibility of Chinese cities has gained
growing academic interest. However, existing research con-
tinues to concentrate on first-tier cities such as Beijing,
Shanghai, Hangzhou, and Guangzhou (Wang et al., 2015; Jiao,
2016; Li, 2019; Fu & Xu, 2020; Gao, 2023; Huang & Guan,
2024). Studies on second-tier cities are comparatively limited,
and investigations into Wenzhou are especially scarce. Exist-
ing research in English language contexts shows that Wen-
zhou is often portrayed in simplified or predominantly nega-
tive terms, whether in relation to its private economy, health-
care, environment, or cultural life (Wang, 2022). Some more
recent work points to a gradual rise in international attention
and highlights the emergence of more positive representa-
tions in areas such as diplomacy and economy (Chen, 2023).
However, these studies remain confined to the English con-
text. Yet, considering the significant presence of Chinese mi-
grants (particularly from Wenzhou and Qingtian) in Spanish-
speaking countries, the lack of research on Wenzhou’s image
in Spanish media is notable.

Critical Discourse Analysis

Critical Discourse Analysis (CDA) has become one of the
most prominent interdisciplinary approaches in the study of
how language interacts with power and ideology. CDA does
not view language as neutral or decorative, but as an active
medium through which ideologies and hierarchies are con-
structed. This paradigm adopts a problem-oriented approach.
Scholars adopting this approach are focused on exploring
how language reproduces social power. Wodak and Meyer
(2016, p. 5) describe CDA as an attempt to “deconstruct ide-
ologies and power through systematic and reproducible anal-
ysis of semiotic data”.

Media discourse, constitutes one of the most fertile sites
for applying CDA, since mass media remain central in shaping
public opinion and defining what counts as a “social issue”. In
studies of the media, CDA has also been applied to examine
themes such as national identity (Wodak et al., 2009). These
studies explore how inclusion and exclusion operate in media
texts. It is called how “we-groups” and “out-groups” are posi-
tioned, and what ideological borders are established through
such positions. Despite its theoretical contributions, CDA has
faced a range of methodological criticisms. Widdowson
(2004) noted that some CDA studies may lack robust evi-
dence to support their claims by presenting only selective tex-
tual examples to sustain certain political beliefs, leading to
overly circular analysis (Baker et al., 2008). Within the CDA
community, researchers have opted to respond to these con-
cerns by introducing more robust methodologies.

A significant advancement in addressing these method-
ological concerns is the integration of CDA with Corpus Lin-
guistics (CL), often referred to as Corpus-Assisted Critical Dis-
course Analysis (CACDA). This method leverages the
strengths of each tradition: the quantitative rigor of CL and
the interpretative richness of CDA. CL allows researchers to
systematically analyze large-scale text collections and identify
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linguistic regularities that may otherwise go unnoticed
(Baker, 2006; Baker et al., 2008). CDA, by comparison, stays
firmly situated in the social context, guarding against the re-
duction of discourse to mere numbers, what Hardt-Mautner
(2009) called “bean counting” When used together, both
methods create a balance: large-scale evidence supports the
qualitative insights, and interpretive claims rest on firmer em-
pirical ground.

Typically, CACDA unfolds through a series of stages. Re-
searchers begin by formulating research questions, construct-
ing a corpus, and conducting a situational analysis within a
socio-historical context (Baker et al., 2008). The analytical
process is typically guided by Fairclough’s (1992) influential
three-dimensional model, which conceptualizes discourse at
three levels: as text (examining linguistic features such as col-
locations and syntax), as discourse practice (investigating the
production, distribution, and consumption of texts), and as
sociocultural practice (analyzing the relationship between
discourse and broader social structures, ideologies, and
power relations). This model serves as a critical bridge be-
tween linguistics, sociology, and politics, enabling researchers
to explore the dynamic interplay between language and social
institutions (Fairclough, 2010). Given that news reports en-
gage directly with current events and social issues, they re-
main a primary focus of investigation within this analytical
framework (e.g., Baker & McEnery, 2008).

Method

This study applied a corpus-assisted discourse analytical
approach to examine how Wenzhou'’s international image is
constructed in Spanish-language media. The analysis com-
bined quantitative and qualitative procedures within the
framework of CACDA. The data were collected from the NOW
Corpus (https://www.corpusdelespanol.org/now/), a sub-
corpus of the Corpus del Espafol. The corpora from Corpus
del Espafiol is an academic online database created by Mark
Davies, which allows researchers, students, and teachers to
gain insight into Spanish in more accessible ways. It is avail-
able to all users without any subscription fees or registration
restrictions.

The NOW Corpus comprises online news articles collected
from January 2012 to July 2019, encompassing content from
21 Spanish-speaking countries. It features articles from
prominent publications such as El Pais, EI Mundo, ABC, and La
Vanguardia in Spain; La Opinién and El Nuevo Herald in the
United States; EI Universal and Excélsior in Mexico; and Clarin
and La Nacién in Argentina, among numerous others. With a
total of over 7.6 billion words, it represents the largest exist-
ing Spanish-language news corpus, offering a valuable re-
source for linguistic and media studies. The associated online
platform facilitates the execution of keyword searches, fre-
quency analysis, extraction of collocations, and examination
of concordances, supporting a more in-depth media analysis.

For the purposes of this analysis, all articles referencing
“Wenzhou”, “Wen Zhou”, or “WenZhou” were retrieved from
the corpus within the specified time frame. These spelling
variants were deliberately included to account for potential

inconsistencies in the representation of the name. Subse-
quently, duplicate entries and irrelevant content were elimi-
nated to ensure the integrity and relevance of the dataset. The
resulting collection constitutes a curated set of Spanish lan-
guage news articles concerning Wenzhou, which serves as the
empirical basis for this research.

The analysis was structured into two primary compo-
nents. First, it employed the search and collocation function-
alities of the NOW Corpus to conduct quantitative assess-
ments. This stage centered on examining the frequency with
which Wenzhou was referenced in news reports across vari-
ous Spanish-speaking countries and over different periods,
thereby providing a comprehensive overview of the city’s
prominence in Spanish media discourse. Additionally, the re-
searchers utilized corpus tools to extract the fifty most fre-
quent content words occurring within a four-word window
on either side of “Wenzhou”. These lexical items serve to illu-
minate the recurrent topics, attitudes, and thematic associa-
tions that typically co-occur with mentions of Wenzhou in
news coverage. Following this, a qualitative analysis was con-
ducted, in which each instance was reviewed in its original
context to identify salient patterns, such as prevalent journal-
istic framings of Wenzhou, nuanced evaluative stances, and
broader tendencies in the media portrayal of the city.

The combination of these corpus-based and discourse-an-
alytical procedures ensures both quantitative scope and qual-
itative depth. The quantitative analysis elucidates overarching
patterns, highlighting predominant themes and notable
trends. Complementing this, the qualitative analysis delves
into specificities, revealing the mechanisms through which
Spanish-language media construct, influence, and legitimize
narratives concerning Wenzhou. Together, these complemen-
tary approaches provide a systematic and empirically
grounded account of how the city’s international image has
been discursively represented within the Spanish media.

Results

Media visibility and distribution of Wenzhou
Between 2012 and 2019, the frequency with which “Wen-
zhou” appeared in mainstream Spanish-language media
demonstrated considerable fluctuation, with a total of 402 oc-
currences across the corpus during this period. This period
was marked by sustained, albeit occasionally inconsistent, in-
ternational attention directed toward the city. As shown in
Figure 1, the most substantial increase occurred in 2016,
when mentions reached 0.14 per million words (ppmw). The
years 2012 and 2014 also featured prominently, each regis-
tering 0.12 ppmw. In contrast, 2013 and 2015 experienced
declines to 0.08, with figures dropping further in 2018 (0.04
ppmw) and 2019 (0.06 ppmw). The heightened media focus
in 2012 and 2014 corresponded with Wenzhou’s economic
reforms and its emerging reputation for a dynamic private
sector. During this time, international coverage frequently
cited Wenzhou as an exemplary case of China’s private eco-
nomic development. The city’s pioneering financial reforms
— intended to facilitate easier access to credit for private en-
terprises — were widely regarded as experimental steps to-
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ward market-oriented transformation. As such, Wenzhou re-
ceived considerable attention, particularly in the immediate
aftermath of the global financial crisis, when foreign media
closely monitored local Chinese responses. In 2016, media in-
terest resurged, coinciding with renewed discourse concern-
ing China’s local economic management, particularly in the
realms of manufacturing and exports. The term “Wenzhou
model” began to appear in Spanish-language media as a
shorthand reference to the city’s distinctive approach to
small-scale industrial growth. Following 2017, international
media attention diminished, shifting instead toward broader
initiatives such as the Belt and Road Initiative and relegating
localized case studies like Wenzhou to a lesser prominence.

Viewed in aggregate, the trend reveals a discernible cycle in
which mentions of Wenzhou peaked at 83 in 2016 before de-
clining to 26 by 2018.

Figure 2 demonstrates that Wenzhou ranks among the
top ten second-tier cities in China within the NOW corpus,
with 402 mentions (0.053 ppmw). Within Zhejiang Province,
Wenzhou’s prominence becomes even more apparent. Its fre-
quency surpasses that of Jinhua (170; 0.022 ppmw), Jiaxing
(134; 0.018 ppmw), and Taizhou (131; 0.017 ppmw). These
figures reinforce Wenzhou's regional significance. However, a
broader national perspective reveals a different pattern.
Cities such as Changchun (780; 0.103 ppmw) and Kunming
(578; 0.076 ppmw) commanded greater media visibility.
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While Wenzhou's economic vitality is widely acknowledged, it
has not achieved the same level of media attention as these
other urban centers.
Figure 3 highlights further disparities on the interna-
tional stage. The media coverage related to Wenzhou across
Spanish-speaking countries varies considerably. Spain
records the highest number of mentions (80; 0.05 ppmw), fol-
lowed by Mexico (69; 0.08 ppmw) and Argentina (45; 0.05
ppmw). Panama (17; 0.16 ppmw) and Ecuador (17; 0.10
ppmw) display particularly elevated relative frequencies.
These patterns can largely be attributed to the strength of
trade relationships with China or the presence of sizable Chi-
nese communities. Such ties influence the thematic focus of
media coverage. In Spain, reporting tends to center on Chi-
nese migration and the role of Wenzhou entrepreneurs in the
retail sector. In contrast, Latin American media, especially in
Mexico, Peru, and Panama, often frame Wenzhou as emblem-
atic of China’s expanding commercial influence. Coverage typ-
ically emphasizes manufacturing exports and foreign invest-
ment. The surge in Panamanian reporting, for instance, coin-
cides with the establishment of diplomatic relations with
China and the subsequent initiation of Chinese-funded infra-
structure projects.

The discursive construction of Wenzhou
Corpus-based studies show that word meanings are
shaped mainly through patterns of co-occurrence rather than
through isolated lexical items. In line with Sinclair’s (1991)
concept of collocation, where specific words tend to appear
near one another, the term “Wenzhou” was examined in the
NOW corpus within a span of four words on either side. The
analysis produced the fifty most frequent content-word collo-

cates, followed by a systematic review of their concordance
lines. This procedure made it possible to identify the thematic
associations and connotations activated by these lexical
groupings and to observe the ways in which Spanish-language
mainstream media has influenced Wenzhou’s global repre-
sentation in recent years. All fifty collocates reached a mutual
information (MI) score of at least 3, a value that indicates a
statistically meaningful association with “Wenzhou” (see Ta-
ble 1). MI scores represent the strength of the link between
the node and its collocate, and higher values signal tighter
connections. Taken together, these collocates form a detailed
and multifaceted picture of Wenzhou'’s presence in contempo-
rary discourse, which the representation for Wenzhou may
fall into five broad domains: geography, economy, technology,
culture and society. Function words and items with very low
frequency were excluded to ensure that only high-MI collo-
cates central to each domain were retained.

As the first of these five domains, geography domain forms
a clear and consistent pattern in Spanish-language coverage
of Wenzhou. Between 2012 and 2019, the news maintains a
stable geographical narrative. Wenzhou is repeatedly identi-
fied as a Chinese city in Zhejiang Province and positioned on
the country’s eastern coast. Reports situate it in relation to
nearby urban centers, and this pattern appears in recurring
collocates such as ciudad, China, provincia, oriental, Zhejiang,
costera, and ubicado. These words collectively highlight Wen-
zhou’s identity as a coastal city embedded within Zhejiang
and firmly located within the Chinese national context. Con-
cordance evidence confirms this portrayal. One article intro-
duces it as “la ciudad china de Wenzhou, provincia de Zhejiang,
ubicada en la costa este del pais” . Another refers to “la ciudad

1La ciudad china de Wenzhou, provincia de Zhejiang, ubicada en la costa este
del pais, es conocida como la “Jerusalén de China” (The Chinese city of
Wenzhou, in Zhejiang Province, located on the country’s east coast, is known
as the “‘UJerusalem of China”.) [NoticiaCristiana.com, 14-06-04, 1982343]
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Table 1| High-frequency collocates of “Wenzhou” in the NOW Corpus (2012-2019)

No. Collocate Freq mi No. Collocate Freq Mi

1 Ciudad (City) 160 5.95 26 Alejado (City) 5 716
2 China (China) 7 7 27 Calcula (Calculates) 5 6.57
3 Provincia (Province) 65 6.3 28 Chinos (Chinese) 5 6.37
4 Oriental(Eastern) 39 8.88 29 Desastres (Disasters) 5 6.35
5 Zhejiang (Zhejiang) 31 14.43 30 Alrededores (Surroundings) 5 6.33
6 LUNES (Monday) 15 3.85 31 Proximas (Next) 5 472
7 Shao (Shao) 13 15.02 32 Naturales (Natural) 5 4.56
8 Zhumin (Zhumin) 12 18.46 33 Iglesia (Church) 5 3.97
9 Costera (Costal) kil 817 34 Ciudades (Cities) 5 3.84
10 Obispo (Bishop) 1 7.36 35 2011 (2011) 5 3.61
1 Madrugada(Morning) 10 5.31 36 - 5 3.31
12 Diocesis (Diocese) 8 7.94 37 Sanjiang (Sanjiang) 4 17.97
13 CRISTIANA (Christian) 8 7.48 38 Thisa (Thisa) 4 1778
14 Aeropuesto (Airport) 8 4.87 39 Desmoronaran (Collapsed) 4 17.39
15 Detenido (Detained) 8 4.54 40 Metropolis (Metropolis) 4 9.53
16 Afueras (Outsied) 7 6.92 4 Incrementara (Increase) 4 81
17 Industrial (Industrial) 7 5.23 42 Turista (Tourist) 4 6.65
18 Hangzhou (Hangzhou) 6 11.59 43 Convirtiendo (Becoming) 4 6.57
19 Prelado (Prelate) 6 9.68 44 Sureste (Southeast) 4 6.08
20 Peter (Peter) 6 6.69 45 Murieron (Died) 4 4.99
21 EDIFICIOS (Buildings) 6 5.6 46 Nego (Denied) 4 4.85
22 Banco (Bank) 6 3.38 47 Choque (Crash) 4 4.64
23 Didi (Didi) 5 1114 48 Periodico (Newspaper) 4 4.48
24 Suroriental (Southeastern) 5 10.83 49 CONOCIDA (Known) 4 4.35
25 Pierto (Piertro) 5 9.74 50 UBICADO (Located) 4 3.78

costera de Wenzhou, provincia de Zhejiang” while describing
large-scale evacuations *. A further example groups Wenzhou
with “ciudades ricas del este como Hangzhou y Wenzhou”, rein-
forcing its place within the prosperous eastern urban belt. Ad-
ditional collocates such as afueras, alrededores, sureste, suro-
riental, and rica broaden the geographical frame, directing at-
tention to surrounding towns and the wider southeastern
coastal region. Throughout the corpus, Wenzhou is never por-
trayed as isolated or inland. Instead, it consistently appears as
an integral part of China’s eastern seaboard, with frequent
references to the East Coast and to its proximity to Hangzhou,
and occasional mentions of Shanghai, Ningbo, Taizhou, or Bei-
jing. In sum, Spanish-language reporting anchors Wenzhou
within the country, the province, and the coast, and presents
it as part of a dynamic and interconnected coastal region.

As the second domain, economy domain highlights Wen-
zhou as a dynamic coastal industrial center with a pro-
nounced entrepreneurial base and a strong export orienta-
tion. The collocate profile consistently points toward a city
shaped by manufacturing capacity and business-driven

1Un total de 37.521 personas han sido trasladadas en la ciudad costera de Wen-
zhou, provincia de Zhejiang. (A total of 37,521 people have been relocated in
the coastal city of Wenzhou, Zhejiang Province.) [La Demajagua, 16-07- 08,
13844353]

growth. Reports on typhoon preparedness—for instance, the
suspension of high-speed rail services and the cancellation of
twenty-seven flights at “el aeropuerto de Wenzhou anulé 27
vuelos” 2>—go beyond the description of emergency measures.
These references underline Wenzhou'’s role as a significant
and active transportation hub, and the repeated appearance
of aeropuerto reinforces the city’s underlying economic vital-
ity. Public discourse continues to revisit the October 2011
credit shock, a moment repeatedly described as “ciudad in-
dustrial de emprendedores ... con una potente industria expor-
tadora ... que sufrio ... una brutal crisis crediticia” 3, which still
shapes the perception of Wenzhou as a city dominated by en-
trepreneurs and small to medium-sized exporters facing in-
tense financial pressure. Wenzhou also appears as an experi-
mental site for national financial reform, captured in the label
“banco de pruebas de la reforma financiera” %, a characteriza-
tion that situates the city within a broader framework of pol-
icy innovation. Collocates such as industrial, banco, and em-

2 Ante la inminente llegada del tifén, el trdfico de los trenes de alta velocidad
fue suspendido el domingo en las provincias de Zhejiang, Fujian y Jiangxi. El
aeropuerto de Wenzhou anulé 27 vuelos, detallé la agencia. (With the imminent
arrival of the typhoon, high-speed rail traffic was suspended on Sunday in the
provinces of Zhejiang, Fujian, and Jiangxi. Wenzhou’s airport canceled 27
flights, the agency reported.) [La Nacién Costa Rica, 13-10-06, 8103320]

3 Wenzhou es considerada ciudad industrial de emprendedores y con una po-
tente industria exportadora de pequerias y medianas empresas, que sufrié en
octubre de 2071 una brutal crisis crediticia... (Wenzhou is considered a city
industrial of entrepreneurs with a strong export-oriented small- and medium-
sized enterprise sector, which suffered a severe credit crisis in October 2011...
[Urgente 24, 12-04-04, 9211062]

4 BEIJING ENSAYA UN NUEVO MODELO Wenzhou, banco de pruebas de la re-
forma financiera china... (BEIJING TRIES OUT A NEW MODEL—Wenzhou, a
testing ground for China’s financial reform...) [Urgente 24, 12-04-04, 9211062]
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presa further substantiate this economic profile, which points
to a locality deeply engaged in manufacturing, financial exper-
imentation, and large-scale economic operations, all embed-
ded within the wider coastal economy of Zhejiang and the
eastern region.

As the third domain, technology domain introduces a
more focused but consistently positive portrayal of Wenzhou
within the Spanish-language corpus. Media reports depict the
city as an early adopter of urban digital systems, often empha-
sizing municipal initiatives to extend facial-recognition appli-
cations across different areas of the city, as reflected in formu-
lations such as “incrementard el uso de la técnica de reconoci-
miento facial en otras dreas de la ciudad” *. Coverage also high-
lights the introduction of a facial-recognition payment system
on Wuma commercial street —“un sistema de pagos por reco-
nocimiento facial... en la ciudad de Wenzhou” 2—which places
the city at the forefront of smart-retail experimentation.
These accounts combine to construct an image of a coastal
metropolis where entrepreneurial energy converges with ap-
plied digitalization. The collocate profile reinforces this read-
ing. Items such as ciudad, metrdpolis, and incrementard align
with a narrative of urban scale, planned technological rollout,
and ongoing digital transformation. Although this technologi-
cal facet is less prominent than economic or event-driven cov-
erage, it nonetheless contributes a distinct layer to Wenzhou's
overall media representation.

As the fourth domain, culture domain is shaped over-
whelmingly by religious themes, which Spanish-language cov-
erage presents through a markedly conflict-oriented lens. Re-
ports repeatedly invoke the label la Jerusalén de China to de-
scribe Wenzhou'’s dense Christian community (“la comunidad
cristiana de Wenzhou... se gané el apodo de la Jerusalén China”
3), yet this initial recognition of devotion shifts toward
episodes of confrontation. High-salience collocates such as
obispo, didcesis, cristiana, and prelado bring clerical leader-
ship and ecclesial structures to the foreground, while terms
like detenido, negé, and periédico appear in narratives cen-
tered on police detentions and official statements, as seen in
the account of the detained “obispo de la diécesis china de
Wenzhou” 4. Additional items such as iglesia and desmorona-
ran anchor stories of church demolitions, including refer-
ences to Wenzhou as “la mds afectada... por el niimero de igle-

1 El Gobierno de Wenzhou anuncié que incrementard el uso de la técnica de
reconocimiento facial en otras dreas de la ciudad. (The Wenzhou government
announced that it willincrease the use of facial recognition technology in other
areas of the city.) [Contacto Hoy, 19-01-18, 72654590]

2 China ha puesto en marcha un sistema de pagos por reconocimiento facial
en la calle comercial de Wuma, en la ciudad de Wenzhou... (China has launched
a facial-recognition payment system on Wuma commercial street in the city
of Wenzhou...) [EL Tiempo, 19-01-18, 52570374]

3 La comunidad cristiana de Wenzhou y su entorno se gané el apodo de la Je-
rusalén China por su devocidn... (The Christian community of Wenzhou and its
surroundings earned the nickname the Chinese Jerusalem for its devotion...)
[EL Mundo, 16-06-18, 13444610]

4 Pietro Shao Zhumin, obispo de la diécesis china de Wenzhou, detenido el pa-
sado mes de mayo por la policia... (Pietro Shao Zhumin, bishop of the Chinese
diocese of Wenzhou, detained by the police last May...) [ACI Prensa, 17-06-26,
21436780]

sias demolidas” 5. These lexical patterns link Wenzhou'’s cul-
tural portrayal to Christian institutions, episcopal authority,
and tension with state policy. Positive or neutral representa-
tions of religious life do not appear in the data. As a result, re-
ligion becomes the dominant and largely contentious prism
through which Spanish-language media frames Wenzhou's
cultural identity.

As the fifth domain, society domain is constructed through
two contrasting strands of coverage. The first revolves around
high-impact events, where Spanish-language reports fore-
ground accidents and structural failures in Wenzhou. Ac-
counts of the 2011 train collision (“40 personas murieron en
un choque de trenes en Wenzhou” ©) and the deaths caused by
collapsing (“edificios rudimentarios ... 20 personas murieron...
tras el derrumbe de unos edificios” 7), described an image of
urban risk and vulnerability. Alongside these portrayals, mi-
gration introduces a markedly different social dimension.
Spain hosts a substantial Chinese diaspora, and more than
80% of this population originates from the sureste of China,
especially Qingtian and Wenzhou. Media outlets often high-
light their long-standing reputation for commercial expertise,
captured in the description of these groups as “los fenicios de
China por su habilidad comercial” ®. Together, these elements
produce a dual social profile: one that associates Wenzhou
with fatal incidents and precarious urban conditions, and an-
other that positions the city as a principal point of origin for a
successful diaspora linked to transnational trade networks
and an entrepreneurial identity.

Across the five domains, the corpus presents a coherent
set of patterns that shape Wenzhou'’s representation in Span-
ish-language media. Geographical references consistently sit-
uate the city on China’s eastern coast and within Zhejiang
Province, often in relation to surrounding metropolitan areas.
Economic coverage highlights its profile as an industrial cen-
ter with a strong entrepreneurial and export-oriented base, as
well as its association with financial reform initiatives. Tech-
nological reports depict a city experimenting with facial-
recognition systems and other digital applications in urban
and commercial settings. Cultural references focus predomi-
nantly on Christianity, with recurrent attention to ecclesial
figures, church administration and episodes involving reli-
gious institutions. Social reporting combines accounts of ma-
jor accidents and infrastructure failures with references to
Wenzhou's role as a key point of origin for the Chinese dias-
pora in Spain. Together, these clusters outline the principal

5 La ciudad de Wenzhou...es la mds afectada por el nimero de iglesias demo-
lidas. (The city of Wenzhou... is the most affected in terms of the number of
churches demolished.) [Entre Cristianos, 14-05-26, 2007933]

6 EL[ 23 de julio de 2011, 40 personas murieron en un choque de trenes en Wen-
zhou... (On July 23, 2011, 40 people died in a train collision in Wenzhou...) [EL
Pais, 13-07-30, 7041507]

7 En 2016, 20 personas murieron en Wenzhou tras el derrumbe de unos edificios
rudimentarios... (In 2016, 20 people died in Wenzhou after the collapse of some
makeshift buildings...) [EL Comercio, 19-05-16, 63084003]

8 ... mds del 80% de este colectivo vienen de Qingtian y Wenzhou, situados al
sureste de China. Histéricamente se conocian los habitantes de estas comarcas
como los fenicios de China por su habilidad comercial. (...more than 80% of this
group come from Qingtian and Wenzhou, located in southeast China.
Historically, the inhabitants of these regions were known as the Phoenicians
of China for their commercial skill.) [El Mundo, 15-08-14, 668413]
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thematic contours through which Wenzhou appears in the
Spanish-Language media.

Discussion

Regarding RQ1, the temporal and cross-national patterns
surrounding Wenzhou’s media visibility reveal a structure
shaped far more by global interpretive needs than by the
city’s own actions. The pronounced peaks in 2012, 2014 and
especially 2016 coincide with moments when international
observers were reassessing the direction of China’s economic
governance. At those times, foreign media searched for em-
blematic localities that could crystallize debates on credit re-
form, private-sector resilience and post-crisis restructuring.
Wenzhou met this need because its reputation as a hub of en-
trepreneurial risk-taking and informal finance allowed it to
stand in for broader anxieties concerning China’s transition
toward a more market-oriented economy. This tendency mir-
rors findings in English-language contexts, where Wenzhou is
frequently reduced to simplified or critical narratives regard-
ing its private economy (Wang, 2022). The amplified atten-
tion in 2016 reflects renewed scrutiny of manufacturing per-
formance, local indebtedness and the future of small-scale in-
dustry under the “new normal,” and Wenzhou’s symbolic
value increased accordingly. Once global narratives shifted to-
ward larger geopolitical themes after 2017, the city’s inter-
pretive usefulness waned, which produced a marked decline
in visibility. The contrast between Spain and Latin American
countries reinforces this relational pattern. Spanish outlets
tended to reference Wenzhou when discussing everyday com-
merce and the activities of Chinese migrants, while Latin
American outlets treated the city as evidence of China’s ex-
panding commercial footprint. These differences demon-
strate that the international meaning of Wenzhou depends on
the kind of relationship each country maintains with China.
Migrant-receiving contexts draw on Wenzhou to explain so-
cial and economic changes in local neighborhoods, while
trade-focused contexts rely on it to explain shifts in regional
economic dependence. Comparisons with other second-tier
Chinese cities support this interpretation, as Wenzhou ap-
pears prominent within Zhejiang yet does not achieve the
same symbolic weight nationally. The city occupies an inter-
mediate position in the international imagination. It is famil-
iar enough to be mobilized as an example when a story re-
quires a case of private-sector dynamism or credit volatility,
but not distinctive enough to command sustained attention
on its own. This aligns with Chen’s (2023) observation that al-
though international attention toward Wenzhou is emerging,
it remains contingent upon specific functional domains rather
than forming a comprehensive city brand. This pattern also
aligns with research on the uneven diffusion of subnational
images, which shows that cities without major cultural or po-
litical capital tend to surface only when they can be attached
to wider themes that already interest foreign audiences. Wen-
zhou's international presence therefore reflects a contingent
alignment between external agendas and the city’s perceived
economic identity rather than any deliberate or continuous
projection.

Regarding RQ2, the distribution of significant collocates
converges around five recurrent domains, namely geography,
economy, technology, culture and society, and each domain
adds a distinct layer to the ways in which Wenzhou is discur-
sively constructed in Spanish-language media. The semantic
environment surrounding the term “Wenzhou” shows a lay-
ered discursive structure shaped by competing impulses to
stabilize meaning and to dramatize local tension, and this
structure becomes visible through the dual movements of an-
choring and intensification. Spatial and economic collocates
anchor the city within China’s eastern coastal corridor and
within a narrative of private-sector agency. This encourages
readers to view Wenzhou as a functional urban hub where en-
trepreneurship, manufacturing and digital experimentation
converge, forming one side of a dual framing pattern. Foreign
coverage repeatedly positions the city as a site of economic
ingenuity, applied technologies and reform-minded initiative.
This configuration that aligns with long-standing portrayals
of China as a country whose localities serve as proving
grounds for national policy innovation.

The other side of the framing pattern emerges from the
prominence of religious, accident-related and conflict-ori-
ented vocabulary. This vocabulary draws Wenzhou into a sto-
ryline centered on confrontation, vulnerability and contesta-
tion. These two strands coexist despite their tension, creating
a paradoxical identity in which Wenzhou is imagined as both
a place of experimentation and a terrain marked by instabil-
ity. This duality echoes observations on China’s national im-
age where opportunity and threat appear simultaneously, a
mechanism that reappears here at the subnational level. In-
deed, such contradictory framing is not unique to Wenzhou
but has been broadly observed in studies regarding the inter-
national images of other Chinese cities (e.g., Wang et al., 2015;
Jiao, 2016; Li, 2019; Fu & Xu, 2020; Gao, 2023; Huang & Guan,
2024). The coexistence of these frames supports the view that
city images can amplify or moderate broader national narra-
tives rather than simply mirror them. Their interaction be-
comes especially visible in the evaluative tone of many con-
cordance lines, where favorable descriptions often appear
within restrictive environments that dampen or condition
their positivity. The resulting semantic prosody produces a
form of guarded recognition in which economic progress or
technological ambition is acknowledged yet immediately re-
framed through hedging or qualification.

In general terms, this discursive construction aligns with
findings on Wenzhou's image in English-language media
(Wang, 2022; Chen, 2023). However, a distinct divergence
emerges in the cultural domain. Religious stories intensify
this tendency in Spanish media because they foreground so-
cially charged events that foreign outlets associate with ideo-
logical sensitivity. This prominence is reinforced by two over-
lapping dynamics: first, Wenzhou's long history of overseas
migration, which facilitated earlier and more extensive con-
tact with Christianity and resulted in larger congregations
than in many other Chinese cities; and second, the cultural
sensibilities of Spanish-speaking societies, which are predom-
inantly Catholic and therefore more responsive to news in-
volving belief, worship or religious regulation. Accident-re-
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lated events strengthen a narrative centre on fragility, while
diaspora-oriented references highlight commercial capability,
and technology-related stories add a forward-looking ele-
ment that remains overshadowed by more dramatic motifs.
As a result, the city’s mediated identity does not settle into a
single coherent profile but instead resembles an assemblage
produced by selective emphasis. Here, economic and techno-
logical competence forms one pole and conflict-driven or risk-
oriented episodes form the other. This configuration illus-
trates how international media construct meaning through
recurrent framing practices that elevate certain associations
while constraining others. Ultimately ,it demonstrates that
the discursive life of a city is shaped jointly by inherited na-
tional narratives, local historical characteristics and the the-
matic priorities of external observers.

Conclusion

This study employed a corpus-assisted critical discourse
analysis to examine how Wenzhou’s international image is
constructed in Spanish-language mainstream media. It ex-
plored how the city's representation varies across countries,
over time and in relation to other Chinese cities, and how its
image is discursively assembled through significant collo-
cates. By integrating temporal and cross-national visibility
patterns with collocational and thematic analysis, the study
shows that Wenzhou enters Spanish-language news in an
event-driven and highly selective manner. It occupies an inter-
mediate symbolic position among second-tier Chinese cities
and is framed through a dual configuration in which economic
and technological capability coexists with narratives of reli-
gious tension, crisis and risk. Economic competitiveness, dias-
pora connections and high-impact events provide the main
entry points through which the city is made meaningful, while
more routine cultural and everyday urban dimensions remain
peripheral. Furthermore, the evaluative tone surrounding
positive descriptions is frequently cautious and hedged.
Taken together, these patterns indicate that Wenzhou’s image
is not a stable brand but a contingent, composite construct
shaped by the interpretive needs of different Spanish-speak-
ing contexts, by agenda access and by the specific histories
that link Wenzhou to trade and migration. At a broader level,
the findings refine existing research on China’s international
image by showing how macro-frames of opportunity and
threat are recalibrated at the subnational level. They also
demonstrate the value of a CACDA workflow for tracing how
non-metropolitan Chinese cities become discursive objects in
transnational media and how their images are negotiated
across linguistic and regional settings.

Several limitations qualify these conclusions. The corpus
includes only explicit mentions of “Wenzhou” and does not
capture indirect references that may invoke the city without
naming it. The temporal window (2012-2019) reflects a spe-
cific media climate shaped by post-crisis economic concerns
and pre-pandemic configurations of China-Hispanic rela-
tions; subsequent developments may have introduced new
frames. Although the dataset is large, not all marginal or
counter-hegemonic narratives could be examined in detail,

and interpretive steps remain necessary despite the corpus-
based grounding. Finally, this study focuses on media produc-
tion rather than audience reception, so it cannot determine
how Spanish-speaking readers internalize, negotiate or resist
these images.

Future research could extend this work in several direc-
tions. Cross-linguistic comparisons with English-, French- or
Portuguese-language media would help to clarify which as-
pects of Wenzhou’s dual framing are specific to the Spanish-
speaking world and which reflect broader Western discourses
about Chinese cities. Audience-focused studies, including sur-
veys, interviews and focus groups, would shed light on how
media frames interact with everyday perceptions of China at
the city level. Methodologically, combining corpus analysis
with multimodal and ethnographic approaches—for example,
interviews with journalists and members of the Wenzhou di-
aspora—would deepen our understanding of how urban im-
ages are produced, circulated and contested in practice.

Taken together, the study shows that Wenzhou'’s image in
Spanish-language mainstream media is neither accidental nor
neutral, but the outcome of structured discursive choices that
reveal how non-metropolitan Chinese cities are drawn into
wider debates about economy, religion, risk and global inter-
dependence.
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Abstract: This study examines the development, current practices, and reform
needs of the dual tutoring system in art education in China and Belarus. Drawing on
policy discussion, theoretical analysis, illustrative cases, and survey evidence, it
first clarifies the concept and educational rationale of dual tutoring, understood as
a collaborative training model that combines the guidance of on-campus and off-
campus mentors in order to strengthen the integration of theoretical learning and
practical training. On this basis, the study compares the present condition of art ed-
ucation in the two countries and argues that, although related practices have gradu-
ally emerged in China, the dual tutoring model in art education remains underde-
veloped overall and is even less institutionalized in Belarus. The analysis identifies
several major problems in current implementation, including weak teacher-student
matching, unclear responsibilities for off-campus mentors, insufficient coordina-
tion between the two sides of supervision, and limited student initiative in seeking
academic and practical guidance. The survey results further show that communica-
tion between students and mentors is often infrequent or irregular, while a consid-
erable proportion of students tend to solve problems independently rather than ac-
tively consulting tutors. In response, the article proposes a set of reform measures,
including standardizing the selection of off-campus mentors, improving institu-
tional incentives and supervision mechanisms, clarifying the division of mentoring
responsibilities, and strengthening cooperation between universities and external
practice institutions. The study argues that a more systematic and better coordi-
nated dual tutoring framework can improve practical competence, professional de-
velopment, and the overall quality of art education in both China and Belarus.

Keywords: Art education; Dual tutoring system; Mentor collaboration; Practical
training; China-Belarus comparison

Introduction

with on-campus mentors being the main mentors, and off-
campus mentors participating in the guidance of multiple re-

In 1999, the Steering Committee of Engineering Master of
Professional Science Education in China issued the “Guiding
Opinions on the Development of On-the-Job Training Pro-
grams for Engineering Master of Professional Science Gradu-
ates”, which gave rise to this dual-mentor cooperative learn-
ing model of “on-campus mentor and in-enterprise mentor”
[1]. In order to better meet the urgent needs of the country
and society for high-quality applied talents, the Ministry of
Education issued the “Opinions of the Ministry of Education
on Doing a Good Job in Full-Time Training of Master of Profes-
sional Science Graduates” in 2009 , “establishing and improv-
ing the on-campus and off-campus dual-mentoring system,

lationships such as practice process, project research, courses
and articles” [2] .

In the field of teacher education, in order to focus on the
development of ordinary students' teaching skills, in Septem-
ber 2012, the Ministry of Education of China issued a docu-
ment entitled " Opinions on the Trial Implementation of the
"Dual Tutoring System" for Education Courses in Chinese
Higher Education Institutions". The document clearly stated
that "for students majoring in ordinary education in higher
education institutions, the teaching staff should include both
university teachers and primary and middle school teachers;
for ordinary senior students who are undergoing educational

1 Belarusian National Technical University, Minsk 220013, Belarus.
* Corresponding author. Email: tianyir phd@163.com
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internship, there should be both university mentor teachers
and tutors from the primary and middle schools where they
are undergoing internship”, and detailed provisions on the
implementation methods and management rules of the dual
tutoring system [3].

However, in the management of art education , whether in
China or Belarus, a dual tutoring system in art education re-
mains lacking, especially in Belarus, which is still in its infancy
and still uses the traditional teaching mode. However, the im-
plementation of a dual tutoring system can effectively im-
prove student learning outcomes and education quality. It is
necessary to establish a dual tutoring system within and out-
side the school for undergraduate and graduate students, fo-
cusing on developing students' practical research and innova-
tion abilities and increasing the practical work experience of
ordinary students. This will ensure significant and practical
value for the education and training of art students.

Definition and Theoretical Justification of
the Concept of Dual Mentoring in Art

Education

" Dual mentor" refers to a student being under the joint
guidance of two mentors during vocational training. This is a
talent-based training model adopted by the school, based on
the individual differences of students and teaching them ac-
cording to their abilities. Art education is the core of aesthetic
education and represents a type of theoretical and practical
training for artists or artistic talents. Therefore, art education
should also place greater emphasis on practical application,
addressing professional needs and aiming to improve com-
prehensive literacy and applied knowledge and abilities.

While teaching artistic skills (such as musical instruments,
dance steps, and acting), arts education must also focus on
students' thinking, aesthetics, creativity, and communication
skills . The "dual tutor" system aims to teach students to apply
theoretical knowledge in practice. Therefore, during the
course of study, we actively offer project-based learning, pro-
fessional skills competitions, lectures, etc., integrating theo-
retical knowledge into textbooks for analysis, reinforcing pro-
fessional foundations, and making professional learning more
than just a formal activity.

A combination of university faculty and

extracurricular tutors

The extracurricular tutor is primarily responsible for
teaching the vocational courses offered by the school; the co-
curricular tutor is primarily responsible for developing stu-
dents' vocational skills, practical abilities, employability, and
entrepreneurial abilities outside the classroom. The two tu-
tors divide the work and collaborate with each other, guiding
students' vocational learning, each with their own focus and
mutual cooperation.

For example, the School of Art Education at Fujian Provin-
cial College of Preschool Education held an educational in-
ternship and demonstration educational internship for the
23rd cohort of regular education graduates to further im-

prove their educational internship and internship experience.
Prior to the event, the college organized internships for stu-
dents and recruited principals and senior teachers from pro-
vincial music colleges to lecture the students. First-level
teachers were invited to conduct art classes for students, and
demonstrations of the graduates' teaching segments were
also held. During the course, teachers of the teaching methods
courses also provided detailed instructions on how the
trainees should observe and evaluate classes and how to im-
plement teaching activities. At the same time, combined with
lectures and Q&A sessions with educational experts, students
were able to further develop their own pedagogical literacy
and improve their art education and teaching abilities
through listening, observing, memorizing, discerning, and
thinking.

The Current State of Dual Tutoring in the
Field of Art Education between Belarus and
China

The current state of dual education in art

education in Belarus

The "dual system" originated in Germany and is a system
that closely combines schools and enterprises, theoretical
knowledge and practical skills.

Together, this is a vocational training system aimed at pre-
paring professional and technical workers.[4] The source of
teachers in the dual system is similar to that in the dual tutor-
ing system. Students in the dual system receive education
both in schools and in enterprises. Vocational schools are
equipped with theoretical teachers, while enterprise-based
training is equipped with practical training teachers. The dual
tutoring system requires universities to provide students
with theoretical teachers (on-campus teachers), and primary
and secondary schools to provide practical guidance teachers
(off-campus teachers). There are no specific requirements for
the "dual tutoring system" at the national level. The essence is
that students must have a teaching qualification. More de-
tailed requirements depend on the local department of educa-
tion and the implementing school. The federal government
has created a special institute for vocational education, and
each state has also created a corresponding management
agency to handle issues related to the dual system.

For example, in 2022, in honor of the 75th anniversary of
the Glebov Minsk Academy of Arts, the Okno Art Gallery
hosted the grand opening of the scientific and practical con-
ference "Problems and Prospects of Art Education in Belarus
and the Russian Federation." Renowned artists and specialists
from the St. Petersburg Academy of Arts visited the Glebovs.
They not only shared their teaching experience but also pre-
sented an exhibition titled "Contemporary Pedagogical Works
of the I. Ye. Repin St. Petersburg Academy of Arts." During the
conference, a cooperation agreement was signed between the
A. K. Glebov Minsk State Academy of Arts and the I. Ye. Repin
St. Petersburg Academy of Arts [5].

A creative meeting and master class with graphic artist
and illustrator O.R. Ionaitis on December 3, 2021. As part of
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Figure 1| Statistics on the frequency of guidance provided by on-campus and off-campus mentors

the project "Book Day for Children and Teenagers in Russia,"
organized by the Russian Cultural Foundation and the Minsk
Russian House at the Moscow State Art Theater, Glebova held
a creative meeting and master class with graphic artist and il-
lustrator Olga Romualdovna lonaitis [6].

Current status of dual mentoring in chinese art

education

Art education in China has undergone rapid development
for over 50 years. Its school management system is generally
sound, and all schools implement a credit system, which has
had a good operational effect. Currently, the dual-teacher sys-
tem is primarily used in postgraduate education at art col-
leges and universities in China. The dual-teacher system at
other stages has not yet matured, and many issues remain
that require in-depth study.

For example, the Henan Conservatory of Music at
Zhengzhou University has a strong teaching team on campus
and frequently holds master classes. This open class was per-
sonally taught by Dai Yuqgiang, a world-renowned tenor and
dean of the Conservatory of Music at Zhengzhou University,
and attracted over a thousand vocal students from across the
country. The students greatly benefited from the artists' rich
artistic practice and profound academic achievements. A spe-
cial performance of the Henan opera legacy of Chinese
teacher Wang Hui was held at the Henan Conservatory of Mu-
sic at Zhengzhou University. The performance was presented
in the form of a small theater, exploring the true meaning of
art in teaching and learning. Henan opened the first opera
training class to help cultivate musical talent in all aspects,
continuously promote the popularization of Chinese and
Western opera and improve professional standards, and cre-
ate a broader platform for the dissemination and promotion
of opera. The first overseas opera performance class was held
in Henan Province, China.

From the above general patterns, it can be concluded that
China's current innovations in art education models mainly
revolve around the construction of a teacher community, pro-
moting cooperative relationships between colleges and uni-
versities, as well as beyond schools, hoping to promote the in-
tegration and interaction of art students' theory and practice

through effective cooperation between the two sides, and
change the current situation of insufficient educational prac-
tice opportunities for art students.

Problems of the Dual System of Art

Education in Belarus and China
The dual tutoring system show a low degree of

teacher-student compatibility

On-campus faculty are expected to possess deep profes-
sional knowledge and a high academic standard. Therefore,
the role of university faculty in developing the educational
and research capabilities of ordinary students is crucial. How-
ever, it's clear that some universities are understaffed, and ex-
cellent faculty members are overburdened with assignments
to numerous students, making it difficult for them to provide
individual attention. According to the survey, communication
between students and faculty is insufficiently frequent, and in
some cases, irregular reports tend to be "loose."

The majority of off-campus tutors are local faculty and re-
searchers, as well as excellent frontline teachers with exten-
sive teaching experience and network resources. However,
the off-campus tutoring system is still underdeveloped, and
there is no clear definition of off-campus tutor responsibili-
ties.

Secondly, in terms of guidance content, most students still
expect to receive writing guidance and help with social re-
sources from off-campus tutors. However, in reality, off-cam-
pus tutor guidance typically focuses on teaching demonstra-
tions and practical guidance, with other aspects still lacking. If
off-campus tutors themselves are unwilling to provide guid-
ance, they will be listed by name only, but will do nothing. Sta-
tistics on the frequency of guidance from off-campus and off-
campus tutors are shown in Figure 1.

Students show low levels of initiative

Students are not very active in their learning. 60.29% of
students stated that "most problems can be solved indepen-
dently, so there is no need to look for a tutor," 14.71% of stu-
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Figure 2 | Current proportion of problems associated with art education teachers

dents selected "I haven't encountered any problems, so there
is no need to look for a tutor," and 5.88% of students selected
"The tutor is very busy, and I can't get any feedback even if |
contact them," as shown in Figure 2. Students themselves
lack awareness of professional development, lack the ability
to identify and explore problems, and are not very proactive
in seeking help from tutors when they encounter difficulties,
so the tutor's guiding effect does not meet expectations.

fficient Development of the Dual Mentoring
System

Selecting faculty on and off campus, clarifying responsibil-
ities, and implementing guidelines require intelligent and so-
phisticated design of appropriate systems to ensure the dual
faculty system can be effectively implemented. Current incen-
tives for the dual faculty system are imperfect, and there is no
adequate oversight system. Many faculty members are under
intense research pressure, have demanding teaching respon-
sibilities, and are limited in time and energy. The college's re-
ward system is weak, and rewards and punishments are diffi-
cult to implement, leading some faculty to believe that
"there's no difference between doing and not doing." This af-
fects the enthusiasm of the faculty group.

Proposals for Reforming the Dual-Study

System in Art Education

Proposals for reforming art education in Belarus
The Law of the Republic of Belarus "On Vocational Educa-
tion" stipulates that the procedure for teachers to conduct ed-
ucational work outside of school hours is determined by the
Ministry of Education to ensure students master the general
secondary education curriculum, the general secondary edu-
cation curriculum, the general secondary education curricu-
lum, the higher education curriculum, etc. Similarly, the edu-
cational policy guarantee mechanism for the dual mentoring
system is still imperfect. Therefore, some reference counter-

measures will be proposed to enhance the effectiveness of the
dual mentoring system.

Standardize off-campus tutor selection criteria and im-
prove the on-campus tutor deployment process. Fully under-
stand the superior teacher resources at the local frontline of
basic education, conduct a multifaceted analysis based on
teacher attitudes toward tutoring, students' past tutoring ex-
periences, available time and energy, etc., and finally select
the appropriate off-campus tutor.

Establish an effective incentive system and a reasonable
supervision system. Create a positive incentive environment
to stimulate tutors' enthusiasm for their supervision. In addi-
tion to providing relatively generous compensation, external
tutors can be provided with academic research facilities. For
example, the college should prioritize providing platforms
and resources for academic exchange for external tutors. Reg-
ularly monitor the implementation of the dual tutor system
by reviewing relevant progress reports or conducting field-
work.

Suggestions for reforming art education in China

Jointly create tutors within and outside the school. The
school should form a group of tutors from among the school's
professional teachers. The selection of outside tutors should
be communicated between the school and the enterprises or
institutions, and corresponding contracts should be signed.
The group of tutors should be formed by professional talents
in the field of art education to guide students. At the same
time, the school should also formulate a clear system and pol-
icy for selecting tutors. On this basis, the school should also
strengthen cooperation between the school and employers
and provide more training opportunities for students. For ex-
ample, it should negotiate cooperation with professional
opera houses to organize students for two-way theoretical
and practical training.

The guidance of mentors within and outside the school
must be clear. Within-school mentors are responsible for stu-
dent career planning, career guidance, professional qualifica-
tion examinations, and other related duties; outside-school
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mentors are responsible for improving students' professional
skills in the arts (such as singing, chanting, drawing, stage im-
provisation, etc.), as well as determining employment options
and other related duties. They should improve students' skills
in the practical application of professional knowledge in the
arts, clarify students' career paths, and serve as a beacon of
light during the confusing period of student employment.

Conclusion

In short, art education essentially follows the path of
"highest skill close to the Dao." Strengthening various skills
training should enhance students' initiative. Appropriate in-
centives should also be provided to stimulate their enthusi-
asm for independent learning and inform them of favorable
conditions. During internships, students should take the ini-
tiative to seize all practical opportunities, improve their
teaching skills, actively consult with off-campus instructors,
and exchange and discuss with classmates.

Thus, the dual-teacher system in art education not only
provides students with a reliable learning system, satisfies
their thirst for knowledge, and helps them master a wide
range of practical skills. It can also reduce the time and cost of
training talented students, integrate teacher-student theory,
achieve a win-win situation for schools and employers, and
facilitate students' smooth employment. Therefore, both Be-
larus and China need to implement educational reforms
based on the dual-teacher system in art education.
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