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need to transform from traditional mode to digitization, personalization and ultimate
transformation. By analyzing the needs of the residents to learn the needs of the
residents, and providing the custom chemical acquisition service, the construction level
and the service efficiency of the learning community are improved. The collaborative
development of education, vocational education, and continued education is the key
path of building a lifelong learning system, and in the context of the wise age, it is of
great practical significance to promote the construction of the "three types of
education(3ToE)" collaborative urban learning community.

With the proposal of "Building an education system that serves lifelong
learning for all" in the "14th Five-Year Plan for Education Development in Hunan
Province", Hunan is confronted with multiple development tasks: First, it needs to
enhance the vocational skills of new urban residents in order to accommodate the
industrial transfer from the Yangtze River Delta. Second, it must strengthen digital
education for the elderly in response to the aging population (with those aged 60
and above accounting for 21.87%). Third, it is necessary to break down the barriers
of regional educational resources in promoting the integration of Changsha,
Zhuzhou and Xiangtan. The synergy of higher education, vocational education and
continuing education, through knowledge spillover, skill transformation and local
services, has become a key approach to addressing "urban diseases" and building
resilient communities.

Hunan Province has 54 undergraduate universities and 86 vocational colleges.
Hunan Open University has 20 municipal and prefectural (industry) colleges and
131 county-level learning centers. The density of educational resources in Hunan
ranks among the top in central China. Currently, there are a total of 14 community
universities, 65 community colleges, 708 community schools, and 2,785
community school service-learning centers in the province. Four national
community education demonstration zones, eight national community education
experimental zones, and sixteen provincial community education experimental
zones have been established in Hunan. However, there are still problems such as
scattered "3ToE" resources and lagging digitalization of community education.
This article focuses on how "3ToE" can achieve precise supply and demand
matching through digital and intelligent technologies, providing a "Hunan model"
for the construction of learning communities in central provinces.

2. Method

This study comprehensively employs multiple research methods. The first is the
literature research method, which sorts out the relevant theories and practical
achievements at home and abroad regarding educational transformation in the digital
intelligence era, the synergy of "3ToE" (S3ToE), and the construction of learning
communities, grasping the research dynamics and cutting-edge trends, and providing a
solid theoretical foundation for this research. The second method is the case analysis
method. By selecting representative cases of urban learning communities in regions
such as the Changsha-Zhuzhou-Xiangtan metropolitan area, northern Hunan, southern
Hunan and western Hunan, it deeply analyzes their practical experiences and existing
problems in the coordination of "3ToE" and digital intelligence empowerment,
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summarizes successful models and lessons learned from failures, and provides practical
basis for proposing targeted countermeasures in the future.

3. Literature Review

In the era of digital intelligence, research on the coordinated development of higher
education (HE), vocational education (VE) and continuing education (CE) and the
construction of a learning society shows a multi-dimensional exploration trend.

3.1 Policy Orientation and Strategic Positioning

The report of the 20th National Congress of the Communist Party of China proposed
"coordinating the collaborative innovation of vocational education, higher education
and continuing education" [1], and the Third Plenary Session of the 20th Central
Committee further emphasized "promoting the digitalization of education to empower
the construction of a learning society" [2]. Coordinating the collaborative innovation of
vocational education, higher education and continuing education is conducive to
promoting the organic connection between the education chain, talent chain and
industrial chain, innovation chain, and providing intellectual support for the progress of
social productive forces and the construction of a learning society [3]. Based on the
coordinated innovation of the three types of education, we should enhance the
innovation capacity through the digitalization of education, deepen the collaborative
innovation among different types of education through digital technology innovation,
and promote the construction of a learning society by strengthening lifelong learning
and lifelong education [4]. Yunnan, Henan and other places have established a
collaborative mechanism of "3ToE", integrating resources of open education,
vocational education and continuing education to serve lifelong learning for all [5]-[6].

3.2 Practice Path and Model Innovation

In terms of collaborative mechanisms and platform construction, credit recognition and
qualification framework, international experience shows that agreement endorsement,
connection and integration, parallel dual-track, and convergence and integration are the
main models of the "3ToE" collaboration [7]-[8]. In China, the certification of learning
outcomes is promoted through the construction of credit banks. For instance,
Guangdong Open University has established a physical center for a lifelong education
credit bank, enabling 114 institutions to participate and 1.39 million lifelong learning
accounts to store outcomes [9]. Jiangsu University of Technology integrates the
resources of "3ToE" through the discipline management mechanism to promote
interdisciplinary innovation [10]; The integration of industry and education as well as
the convergence of science and education, Guangdong Polytechnic of Science and
Technology has relied on enterprises such as Huawei and Chinasoft to jointly build a
hybrid cloud platform, achieving the integration of scientific research, teaching and
practical training. Jiangsu Polytechnic of Architecture has enhanced teaching
effectiveness by empowering course development with Al, constructing a "learning
menu" and virtual simulation platform [9]-[10]. Regional collaboration and
group-based education: The Guangdong-Hong Kong-Macao Greater Bay Area explores
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cross-regional collaboration, such as the cooperation between Guangdong Open
University and Macao's universities to jointly build the qualification standards for the
elderly care service industry [9]; Beichuan Qiang Autonomous County has optimized
the allocation of educational resources between urban and rural areas through the
"high-quality schools + weak schools" group model [11].

In terms of the strategies for building a learning society and the digital learning
ecosystem, Beijing, Jiangsu and other places have narrowed the educational gap
through models such as "smart classrooms" and "dual-teacher teaching". For instance,
Xiongan Shijia Hutong Primary School has utilized 5G and Al technologies to achieve
synchronous teaching between Beijing and Xiongan [12]. Hubei Polytechnic College
has proposed to establish a "3ToEching" collaborative digital alliance. Promote the
digital credit system and qualification certificates [13]. Fusui High School has
collaborated with Chengdu No. 7 High School to implement the "dual-teacher
Classroom", achieving synchronous teaching and resource sharing across different
locations [14].

In terms of citizen participation and lifelong learning, Hunan Province has built a
lifelong learning network through community education centers, farmers' cultural and
technical schools, etc., covering both urban and rural residents [15]. The Ministry of
Education emphasizes promoting a lifelong learning system covering all citizens with
fairness, innovation and digitalization at its core [16]. The comparison of the "3ToE"
collaborative model is shown in Table 1.

Table 1. Comparison Table of the "3ToE" Collaborative Model

Collaboration Model Characteristics Typical Cases
Credit Recognition and | Realize the certification and conversion Lifelong Education Credit Bank of Guangdong
Qualification Framework of learning achievements Open University
Industry - Education Co - build platforms with enterprises, Hybrid Cloud Platform Co - built by Guangdong
Integration and Science - |integrate scientific research and teaching | Polytechnic of Science and Technology and Huawei
Education Integration resources
Regional Collaboration and| Optimize regional resource allocation, Cross - regional qualification standard co -
Group - based School - promote cross - regional collaboration construction in the Guangdong - Hong Kong -
running Macao Greater Bay Area

3.3 Technology Empowerment and Educational Transformation
3.3.1 Application of Digital Intelligence Technology

(1) Innovation of teaching mode Xi 'an Jiaotong University has implemented the
"Seven Major Projects" of Al+, namely, majors, courses, teaching, learning, evaluation,
resources and platforms. It aims to build problem graphs, knowledge graphs and ability
graphs for the future, and conducts exploration and practice throughout the entire
process and chain, including educational concepts, teaching methods and training
models, with the goal of cultivating top-notch innovative talents needed for future
social development [17]. Fusui High School has collaborated with Chengdu No. 7 High
School to implement the "dual-teacher Classroom", achieving synchronous teaching
and resource sharing across different locations [14].

(2) Resource integration and personalized Learning: Jiangsu College of Architecture
and Technology has developed a "granular" teaching resource library and virtual
simulation platform to meet the needs of fragmented learning [12]; Beijing provides
multi-scenario learning services through the "Citizen Smart Learning Experience
Center" [18].
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3.3.2 Data Governance and Quality Assurance

(1) Data-driven decision-making: Henan Open University optimizes the allocation of
educational resources through data governance, promoting teaching reform and school
governance [6]; Guangdong Open University uses credit bank data to evaluate the
conversion effect of learning outcomes [9].

(2) Quality Standards and Certification: The European Union has established a quality
assurance mechanism through the European Qualifications Framework. Domestic
scholars suggest improving the national qualifications framework and the credit bank
system, and strengthening the quality certification of the "3ToE" collaboration [8].

4. Result

The empowerment of digital intelligence for the collaboration among the three types of
education is not only an inevitable requirement for accelerating the construction of a
learning society, but also an innovative measure to promote the high-quality
development of vocational education, higher education and continuing education
themselves. The model of digital intelligence empowering the collaboration among the
three types of education is shown in Figure 1, where HVE represents higher vocational
education, HCE represents higher continuing education and VCE represents vocational
continuing education.[19]

Figure 1. The model of S3ToE empowered by digital intelligence

4.1 Establish a collaborative mechanism of "provincial-level overall planning -
regional coordination - industrial coupling”

(1) Top-level Design: Establishing a "Three-Party Collaboration" Policy Toolkit

The "Hunan Province Lifelong Education Promotion Regulations" was promulgated,
clearly stipulating that universities should open no less than 30% of their high-quality
course resources to communities each year. Vocational colleges should develop
"community skills packages" in line with the leading industries of prefecture-level
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cities and prefecture-level cities, such as "Automobile and Electrical Engineering"
courses in Xiangtan and "Nonferrous Metal Processing" courses in Chenzhou.

The "Longzhuzhongtan Three-Party Collaboration" joint meeting system was
established to promote the inter-library borrowing and sharing among universities in
the three regions, vocational schools' training bases, and community learning centers.
For instance, the metallurgical laboratory of Central South University opened virtual
simulation experiments to industrial workers in Qingshitang Community in Zhuzhou.
(2) Organizational Innovation: Establishing the "Industrial College in Community"
Model
Based on the "Top Ten Industrial Clusters" in Hunan Province, set up "Micro Industrial
Colleges" in communities: For instance, in the community of Changsha Economic
Development Zone, three companies jointly established a "Specialized Class for
Intelligent Maintenance of Construction Machinery" and adopted a tripartite
collaboration model of "professors from universities explaining theories + engineers
from enterprises guiding practical operations + providing venues by the community".
Develop the "Matrix of Huaxiang Characteristic Courses", including:

Red Culture Category: Collaborate with Shaoshan Cadre College and university
Marxist colleges to develop the "Mobile Party Lecture" VR course, covering 100 red
communities across the province.

Intangible Cultural Heritage Inheritance Category: Hunan Institute of Fine Arts and
Liling Ceramic Community jointly establish a "Underglaze Color Craft Skills" digital
workshop, achieving modern transformation of traditional craftsmanship through 3D
printing technology.

(3) Technology Empowerment: Build the Integrated Digital Platform of "Xiangxue
Tong"

Integrate the resources of "three types of education" across the province, construct a
framework of "1 (provincial platform) + 14 (municipal and prefectural sub-platforms)
+ N (community terminals)", connect with the "My Hunan" government affairs cloud,
and enable "one-click ordering" of learning demands and "intelligent delivery" of
course resources.

Utilize blockchain technology to establish the "Xiangxue Points" system. Residents'
points earned from MOOC learning at universities, vocational school skills training,
and community volunteer services can be exchanged for academic qualification
improvement vouchers, scenic area tickets, etc., enhancing participation stickiness.

4.2 Build a resource supply system that is "demand-oriented + regionally distinctive”
4.2.1 Stratified and Categorized Development of Curriculum Resources

(1) Newcomers: For the migrant workers who have moved to Changsha from other
places, develop a curriculum package titled "Digital Skills + Urban Integration",
including modules such as "Use of Smart Terminals", "Interpretation of the Labor
Contract Law", and "Dialect Culture of Changsha, Zhuzhou, and Tanjiang";

(2) Elderly: Collaborate with Hunan University of Chinese Medicine and the Provincial
Association for Elderly Health Care to launch the "Xiang-style Health Care" series of
courses, covering topics such as "Production of Traditional Chinese Medicine Diet",
"Arrangement of Square Dance (with elements of Hunan folk songs)", and "Operation
of the 'Xiang Tax Connect' APP";
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(3) Teenagers: Universities provide online live broadcasts of "Yuelu Science and
Innovation Lecture Hall", vocational schools open offline experiences of "Intelligent
Manufacturing Workshop", and communities organize "Little Engineers" competitions,
forming a closed loop of "Theory - Practice - Innovation".

4.2.2 Construct a "Virtual-Real Fusion" Learning Environment

(1) Offline Scenario: Build "Smart Maritime Learning Stations" in communities of
cities along the Yangtze River such as Changde and Yueyang, connect with the ship
simulation system of Hunan Transportation Vocational College, and provide
opportunities for port workers to enhance their digital operation skills;

(2) Online Scenario: Develop a VR cooking class for "Xiang Cuisine Masters",
allowing users to sense oil temperature and knife skills through smart wristbands. Upon
course completion, it can be certified by the Hunan Catering Industry Association.

4.2.3 Establish a dynamic adjustment mechanism for resources based on "two-way
feedback”

Collect learning demands through community intelligent terminals and grid workers'
visits every quarter. Utilize natural language processing technology to analyze frequent
words and guide universities and vocational schools to adjust course offerings.

Introduce third-party evaluation institutions and incorporate class attendance rates
and career conversion rates into the resource allocation model. Eliminate inefficient
courses.

4.3 Innovation: "Domestic Cultivation + Flexible Mobility" Model for Teacher
Recruitment and Training

4.3.1 Establish a "Library of Mentors for Three Schools of Thought in Huxiang"

Classify and include three types of teachers: "Silver-haired Professors" from
universities, "Skill Masters" from vocational schools, and "Eminent Individuals" from
communities.

Implement the "Flexible Teaching System", allowing teachers to accept orders
online through the "Xiangxue Tong" platform. The teaching hours can be converted
into social service credits for university teachers and enterprise practice hours for
vocational school teachers.

4.3.2 Implement the "Dual-Teacher Empowerment" Special Plan

(1) Enhancement of Digital Competence: Relying on the Smart Education Research
Center, 1,000 community teachers will be trained annually. They will focus on
mastering skills such as Al course design and learning data analysis. Those who pass
the assessment will be awarded the "Hunan Digital Mentor" certification.

(2) Strengthening Local Practical Competence: Organize university teachers to
participate in the "Community Fieldwork Program", requiring each person to stay in a
community for no less than 2 weeks each year and produce 1 teaching case with Hunan
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flavor. For example, develop an "English for Tourist Service in Scenic Areas" course
by integrating the tourism industry of Zhangjiajie.

4.3.3 Improve Incentive Mechanism and Career Development Pathways

Establish the "Special Allowance for Community Education in Hunan Province",
providing a certain subsidy per class hour to teachers involved in the "3ToE"
collaboration, and giving priority to recommending them for provincial-level teaching
achievements awards.

Open up the channels for professional title evaluation for community teachers and
school teachers, allowing community education work experience, course development
achievements, etc. to be converted into teaching workload equivalently, thereby
enhancing career attractiveness.

4.4 Deepening the Integration and Innovation of "Community Governance + Lifelong
Learning"

4.4.1 Incorporating the Construction of Learning Communities into Urban Renewal

In the renovation of old residential areas in Changsha, a "15-minute Smart Learning
Circle" was concurrently constructed. For instance, the Chaozhong Street Community
in Kaifeng District transformed an old building into the "Hunan Provincial Intangible
Cultural Heritage Learning Hall", integrating the digital resources of Hunan Institute of
Fine Arts to achieve the combination of cultural inheritance and community building.

4.4.2 Develop the "Community Governance Minor Program"

Collaborating with public administration colleges of universities and property
management majors of vocational schools to cultivate "Building Residents'
Representatives" and "Members of the Owners' Committee", the courses include
"Formulating the Owners' Covenant", "Operation of the Smart Community Platform",
etc.

4.4.3 Innovation: "Learning Points + Community Service" Linkage Mechanism

Residents can exchange their "Xiangxue Points" accumulated through learning for
community services, such as free use of the community shared kitchen and priority
participation in cultural activity registration. At the same time, the volunteer service
hours will be rebalanced as learning points, forming a "Learning - Service - Learning"
virtuous cycle.

In the community of Jiuhua Economic Development Zone in Xiangtan, the "Skill
Exchange" program was piloted. Industrial workers could obtain points by teaching
"CNC Lathe Operation", which could be exchanged for after-school tutoring for their
children and elderly care courses, promoting the redistribution of community resources.
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4.4.4 Cultivating "Self-Organizing" Learning Communities

Support the establishment of "learning autonomous groups" within communities. For
instance, the "Craftsmen Learning Society" was spontaneously organized by retired
engineers to develop practical courses such as "Maintenance of Household Electrical
Circuits" and "Renovation of Old Household Appliances". The government provides
equipment subsidies and online promotion.

Organize a series of activities under the theme of "Hunan Learning Festival",
including the "Community Skills Competition" in Changsha, the "Senior Digital Talent
Show" in Yueyang, and the "Newcomer Entrepreneurship Sharing Conference" in
Chenzhou. This aims to create a learning atmosphere for all citizens.

5. Conclusion

The practice of the "3ToE" collaborative empowerment of a learning-oriented
community in Hunan Province indicates that regional characteristics constitute the core
competitiveness, digital and intelligent technologies act as catalysts, and mechanism
innovation serves as a breakthrough point. By aligning with the "Three Highs and Four
New" strategies, converting the demands of industries such as construction machinery,
tourism, culture, and health care into community education content, and leveraging
technologies like blockchain and VR to address resource mismatches, the precision and
effectiveness of lifelong education services can be effectively enhanced.

Accelerate the formulation of the "Regulations on Lifelong Education Promotion of
Hunan Province", set aside a special fund, and promote the legalization and
normalization of the "3ToE" collaboration. In the industrial clusters such as the green
chemical industry in Yueyang and the non-ferrous metals industry in Chenzhou, pilot
projects of "Community Industrial Colleges" have been carried out to achieve the goal
of "admission means recruitment, classes mean on-the-job training, and graduation
means employment". Based on the Maolanshan Video Cultural and Creative Park,
developing the "Virtual Community University" metaverse platform, create scenarios
such as "Immersive Red Education" and "Virtual Skill Training", and expand the
coverage of high-quality resources. Build the "Xiangxue" series of community
education brands, such as "Xiangcai Master Classroom", "Xiangnu Domestic Service
College", and "Xiangye Craftsmen Workshop", to form a distinctive Hunan model. The
construction of learning communities in the digital and intelligent era is essentially
driven by educational form innovation to upgrade urban governance. Hunan should
continue to leverage its advantages of abundant "three types of education" resources
and distinctive industrial characteristics, making lifelong learning an endogenous
driving force for urban development, and providing replicable "education-strong
province" construction experiences for the central region and the whole country.
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Design and Evaluation of an Intelligent
Teaching Platform Integrating Virtual
Reality and Large Model Technologies
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Guangdong University of Foreign Studies, Guangzhou, China

Abstract. This study designs an advanced teaching platform and assess its
effectiveness using a new evaluation system. The study constructs a framework for
an experimental teaching intelligence platform based on VR Large Model
technology. The framework includes six parts: presentation, skill, function,
application, technology, and infrastructure. This research also proposes a new
teaching evaluation system. This system integrates students, teachers, and
enterprises as the three core evaluation subjects. It also improves students’ learning
ability, and optimizes their learning process. The systematic enhancement and
promotion of this platform offer valuable insights for effectively advancing learning
and teaching quality in China.

Keywords. VR, Large Model, Experimental Teaching, Intelligent Platform

1. Introduction

In the era of rapid globalization and digitization, the field of education faces
unprecedented challenges and opportunities. For most learners, the traditional education
model has issues such as a monotonous learning experience and an inability to effectively
stimulate interest and initiative in learning. The teaching model designed for the
intelligent experimental teaching platform built upon the VR large model technology is
precisely developed to address these issues. New technologies and platforms such as
virtual reality (VR), artificial intelligence, and intelligent education provide efficient and
convenient teaching means and tools for teaching model reform. Based on advanced
technologies and combined with high quality teaching staff, the new teaching model
helps guide and innovate teaching concepts.

Scholars have begun to explore how to combine VR technology with theory to design
an experimental teaching programme that can arouse students' interest and improve their
learning efficiency. Sholihin Mahfud (2020) explored the design of a virtual
experimental platform for economics and management [1]. Manuel Brunner et al. (2020)
utilized VR-related technologies to study the relationships between producers and
customers, successfully retaining existing customers and identifying potential ones [2].

1 Corresponding Author: Qiaorui Lin, School of Journalism & Communication, Guangdong University
of Foreign Studies, Guangzhou, China; Email: 1585382661(@qq.com.

This study is financially supported by the Undergraduate Innovation Training Project of Guangdong
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In recent years, Al has been widely used in the field of education, highlighting the
great potential it holds. Nauman Khan et al. found that interest in academic research
increased explosively after ChatGPT emerged [3]. Georgios Lampropoulos of the
Department of Applied Informatics, Faculty of Information Sciences, University of
Macedonia, provided an overview and mapping of the existing literature on the
convergence of Al with VR and AR technologies. The reviews indicated the future
directions of Al research [4]. Ikpe Justice Akpan et al. of Kent State University, Kent,
Ohio, USA, investigated emerging conversational and generative Al (CGAI/GenAl) and
human-like chatting bots [5]. Henriikka Vartiainen of the University of Eastern Finland
revealed how design ideas for concrete digital artifacts emerge in the ongoing
relationship between human and non-human actors [6]. Anass Bayaga from the
University of the Western Cape explored the role of Al on the behavioural intentions and
practical use of educators and students, emphasizing the importance of the theory of
technology adoption in user perception and ease of use [7]. Eduardo Lérias assessed the
Al literacy of teachers at PPU and argued that it is desirable to implement strategies to
develop teachers' competence in teaching with Al [8].

2. Design and Evaluation of an Intelligent Teaching Platform Integrating Virtual
Reality and Large Model Technologies

The intelligent teaching platform for experimental teaching based on VR Large Model
technology consists of six aspects: presentation, skill, functional, application, technical,
and infrastructure layers. It is designed base on an existing model. Users can flexibly
utilize virtual learning spaces combined with Al through the intelligent teaching platform.
The design of the platform system framework is shown in Figure 1.

message notification aggregation fixed-point roamin, i i
Bressntation 154 ggrega mmﬁ’:l mndelg Situation awareness
Layer management identity
workbench switch historical model display Safety early warning
i Data-driven course Modifiable Intelligent Intelligent
Skill Layer = -
improvement courses teaching assessment
Functional Course resource VR course VR teaching Teaching Mobile intelligent
layer management and sharing design resources design Wisdom training supervision
Application Student learning Human-computer interaction teaching School
layer analysis resources management
Teacher evaluation  teaching-learning interaction allocation decision-making
Technical VR teaching 3D spatial Al Virtual learning Biometric
layer Deep learning modeling technology space recognition
Big data services Basic services Hardware facilities
Infrastructure dat 2 head-mounted interactive
HURE CHiR elastic computing display devices controllers
process data distributed caching 3D spatial sound effect headphones

Figure 1. "Al+Virtual Learning Space" Smart Teaching Platform System Framework Design
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Presentation Layer. The presentation layer is mainly responsible for presenting
visualized interfaces and information to users, while realizing the display and use of the
VR model of the platform at the same time. The former consists of a management
workbench, identity switch, message notification aggregation, etc., and the latter
includes a fixed-point model, roaming model, and historical model display. In terms of
platform interface information, users can choose a specific usage mode by switching
their self-identity after logging in. The VR model of the platform contains three more
specific models. The fixed-point one is the basic model for a specific situation designed
by the virtual learning space designer. Designers will not change its data within a short
period of time. It is usually used for setting the overall environment of the situation. It
has a smaller amount of data storage and occupies less storage space. The roaming model
captures data freely and in real-time. It will detect elements within the specified virtual
scenario environment on a three-day cycle, capture changing elements that significantly
impact the simulated scenario. Then it will make modifications based on the fixed-point
model to ensure the virtual environment better aligns with reality. The combination of
the fixed-point and roaming model is conducive to the efficient and rapid construction
of learning scenarios that fit the actual problem.

Skill Layer. The skill layer embodies the technology that integrates the smart
teaching platform with Al technology to achieve relevant goals. Personalized learning
will customize learning paths for students based on their specific performance and
proficiency in applying knowledge. Modifiable courses include course production skills
and technical application skills. The platform needs to ensure that the VR courses can be
re-edited to guarantee the timeliness and advancement of VR teaching. Intelligent
teaching uses Al virtual teachers to assist human teachers in teaching activities. It will
analyze the students' learning performance during each period of time. Based on the
feedback, it can provide the key points for the human teachers' tutoring. In this way, the
smart teaching platform can improve the teaching efficiency through the mode of
"consolidation by Al teachers + reinforcement of weaknesses by human teachers". Data-
driven course improvement provides the necessary data to optimize the further courses.
Intelligent assessment evaluates the learning effect of students and the teaching effect of
teachers, promoting subsequent enhancements.

Functional layer. The functional layer focuses on the function of the teaching
platform. Al technology can manage and share teaching resources by uploading course
resources to the intelligent cloud platform of the public education system. VR course
design includes learner characteristics and learning content analysis, ensuring teaching
objectives, teaching media selection, etc. It can guide teachers in curriculum design while
coordinating the overall course schedules of each user through algorithms. Furthermore,
VR teaching resources design is an in-depth design of existing and planned research. It
concludes elements like design principles, basis, objectives, and so on. Teaching mobile
intelligent training and supervision ensures the teaching quality.

Application layer. The application layer is the specific application of the functional
layer in educational scenarios. Student learning analysis can reliably intervene and
correct students’ behaviours while dissecting their learning situations and providing
corresponding teaching resources. Human-computer interaction and teaching-learning
interaction follow the application process of "multi-party information input through
multiple channels, cross-analysis of information, result feedback and adjustment, and
accurate information output". This process help achieve the purpose of information
exchange and teaching training between human and computer, as well as teachers and
learners. Teacher evaluation assesses teachers teaching behaviours. It will record and
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archive classroom teaching irregularly, and rate the classroom teaching content, teaching
methods and classroom interactions.

Technical layer. The technical layer is composed of technologies that support the
realization of platform functions. Based on the developments of VR models, VR teaching
and the construction of VR models are the basis of VR immersive teaching. It provides
a real-like situational environment for virtual VR immersive teaching to ensure the
smooth progress of the courses. Real-time 3D spatial modelling platforms represented
by Unity 3D facilitate the realization of immersive virtual environments. Al technology
provides computing power for programs such as behavior decoding and element analysis.
The virtual learning space ensures that learners can carry out learning and practice in a
virtual space that is as close as possible to the real situation. Additionally, deep learning
is utilized for training teaching models and mining user data. Computer vision is also
employed for designing the platform interface and processing images. Ul is a significant
part of it which can design the layout, color, images, and so on. An excellent Ul design
can enhance users' usage experience and increase the value of the platform.

Infrastructure. Infrastructure provides the basic services and supporting
environment for the platform operation. Big data services store and further process the
collected data. Basic services such as elastic computing and distributed caching ensure
the platform’s basic operation. Hardware facilities such as head-mounted display devices,
interactive controllers, and 3D spatial sound effect headphones ensure the feasibility and
teaching quality of VR teaching. The basic services cover computing, storage,
networking, backup, and security, ensuring the platform’s operation.

In the overall structure of this platform, the infrastructure layer provides underlying
hardware support for the technology layer. The application layer supplies relevant data
and corresponding application scenarios for the functional layer. The functional layer
offers teaching resources and functional support for the skills layer. The skills layer
provides specific content and achievements for the presentation layer, and the
presentation layer feeds back the current status of the platform and excavates more
demands and information.

3. A diversified and multi-dimensional teaching evaluation system

The teaching evaluation system with diversified evaluation subjects, methods, and
dimensions can provide a continuous driving force for developing economics and
management courses with the theory-reality-virtuality trinity teaching mode (see Figure
2). The theory-reality-virtuality trinity teaching model integrates theoretical knowledge
learning, practical project operations, and virtual simulation exercises. It evaluates from
multiple subjects and diagnoses teaching from multiple dimensions to construct a big -
data - based teaching evaluation system, thereby promoting the cyclic improvement of
teaching processes. The newly constructed theory-reality-virtuality trinity teaching
model of economics and management courses is the basis of this project. The established
evaluation system is shown in Figure 2.
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Figure 2. Theory-Reality-Virtuality Trinity Large Data Teaching Evaluation System

In specific practice, this system integrates students, teachers, and enterprises as the three
core evaluation subjects and jointly participates in project diagnosis and improvement
through teacher evaluation, student self-evaluation, intra-group and inter-group peer
evaluation, and evaluation by related enterprises. It promotes the closed-loop evaluation
process of "goal setting—path exploration—current situation verification—effectiveness
verification" and ensures continuous improvement and reflective practice.

In terms of evaluation dimensions, researchers subdivide this system into five major
dimensions: knowledge mastery, skill proficiency, process participation, quality
improvement, and the degree of learning value-added. Emphasis is placed on assessing
students' comprehensive ability to solve real-world problems, aiming to drive a leap in
students' learning outcomes. In implementation methods, multiple strategies have been
adopted: online tests, written assignments, and so on. Researchers also use real project
operations and virtual simulation exercises to precisely detect the level of students'
knowledge mastery. High score in this aspect indicates better knowledge grasp. The
system evaluates the skill proficiency of students is mainly based on their performance
of practical project operations and virtual simulation exercises. This system judges the
process participation from personal development trajectory records and participation in
practical projects, volunteer services, etc. And regular and deep participation shows
higher engagement. It will conduct a comprehensive and multi-dimensional assessment
of the learning value-added of students from multiple dimensions, such as personal
development trajectory records and participation in professional-related volunteer
service activities. In implementation methods, multiple strategies have been adopted:
online tests, written assignments, and so on. It will conduct a comprehensive and multi-
dimensional assessment of the learning value-added of students from multiple
dimensions, such as personal development trajectory records and participation in
professional-related volunteer service activities.
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4. Conclusion

The design of the intelligent experimental teaching platform based on VR large model
technology focuses on the organic combination of the intelligent experimental teaching
platform, VR large model technology, and a multi-dimensional teaching evaluation
system. It aims to provide students with better learning methods, tools, and feedback.
The intelligent platform for experimental teaching is the operational basis and carrier of
VR large model technology and multi-dimensional teaching evaluation systems. The VR
large model technology has expanded and optimized the teaching model of the intelligent
experimental teaching platform, thereby facilitating the construction of multi-
dimensional teaching evaluation systems. In turn, the multi-dimensional teaching
evaluation systems provide real-time feedback on the teaching achievements of VR large
model technology and the intelligent experimental teaching platform, which ensures the
innovativeness, timeliness, and effectiveness of both.
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Abstract. With the advancement of information technology, Al has provided new
means for the inheritance and protection of intangible cultural heritage. This article
aims to explore how Al can promote the inheritance and innovation of intangible
cultural heritage in the basic education stage. Through literature review and case
analysis, this paper discusses the role and specific implementation strategies of Al
technology in the inheritance of intangible cultural heritage, such as building a
professional education system, inviting intangible cultural heritage inheritors to
campus, as well as the challenges faced, such as the difficulty of technology
popularization and unequal distribution of educational resources, and proposes
corresponding solutions. The empirical results indicate that the rational use of Al
technology can not only strengthen the protection and inheritance of intangible
cultural heritage, but also enhance young people's interest and understanding of
traditional culture.

Keywords. Al technology, Intangible cultural heritage, Elementary education,
Cultural inheritance

1. Introduction

In the context of globalization, the protection and inheritance of intangible cultural
heritage, as a common spiritual wealth of humanity, are particularly important [1].
However, traditional methods are unable to meet the rapidly changing needs of modern
society, especially among young people. How to effectively spread and inherit these
valuable cultural heritages has become an urgent problem to be solved.

In recent years, with the rapid development of artificial intelligence technology, new
ideas and methods have been provided for the inheritance of intangible cultural heritage.
By applying Al technology, not only can teaching content and forms be enriched, but
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students' interest and participation in learning can also be increased, thereby promoting
the protection and development of intangible cultural heritage [2]. In addition, the use of
Al technology can create personalized learning experiences, providing customized
educational programs tailored to the interests and needs of different students, further
enhancing learning effectiveness [3]. Therefore, exploring the practical path of Al
empowering intangible cultural heritage in basic education and the challenges it faces
has important theoretical significance and practical value. This method not only
contributes to the preservation of cultural heritage, but also provides a new way for the
younger generation to come into contact with and understand traditional culture.

2. Al empowers the inheritance and innovation of intangible cultural heritage
2.1. Theoretical framework of AI empowering intangible cultural heritage education

This study constructs a theoretical framework on how artificial intelligence (AI) can
promote the inheritance and development of intangible cultural heritage in basic
education based on personalized learning theory, immersive experience theory, and
mobile learning theory. Firstly, personalized learning utilizes Al technology to analyze
students' learning preferences, knowledge levels, and interests, tailoring learning paths
for each student to improve learning outcomes. Secondly, immersive experiences utilize
virtual reality (VR) and augmented reality (AR) technologies to create an immersive
learning environment, allowing students to personally experience the unique charm of
intangible cultural heritage and deepen their understanding and identification with
traditional culture. Finally, the application of mobile technology makes it possible to
access intangible cultural heritage educational resources anytime and anywhere, which
not only broadens learning channels but also enhances the flexibility and convenience of
learning. This theoretical framework lays the foundation for further exploration of the
specific applications of Al in the recording, preservation, education popularization, and
innovation of intangible cultural heritage.

2.2. The application of Al in recording and preserving intangible cultural heritage

Al technology can achieve digital preservation of cultural heritage by learning from large
amounts of data to record, organize and analyze intangible cultural heritage materials.
For example, image recognition technology can accurately capture and record the entire
production process of handicrafts such as embroidery and ceramics, from raw material
preparation to finished product completion [4]. This technology not only helps to record
every step of traditional skills in detail, but also continuously provides students with
visual teaching materials. Meanwhile, natural language processing technology can assist
in interpreting ancient texts, folklore, and other forms of written records, transforming
difficult to understand language into modern language, and extracting valuable cultural
information from it [5]. In addition, voice recognition technology and motion capture
technology can be used for the inheritance of music and dance, accurately recording the
rhythm and melody of traditional music as well as the steps and postures of dance,
ensuring that these unique art forms are fully preserved [6]. These application scenarios
are shown in Table 1:
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Table 1. Application examples of Al technology in the recording and preservation of intangible cultural
heritage

Tool Name Technical Overview/Function Introduction Teaching Application Example
Image recognition Automatically analyze and understand image Through comparative analysis of painting classes,
system content through computer vision technology student participation has increased by 40%

Text analysis Through comparative analysis of Chinese language

NLP for Semantic & Keyword Analysis classes, students' comprehension speed has
platform X
increased by 50%
Sound and motion Through comparative analysis of music classes,

Audio-Motion Capture for Performing Arts

capture system students' music rhythm scores have increased by 25%

2.3. Utilizing Al technology to enhance the popularization of intangible cultural
heritage education

Al technology is not limited to recording and preserving intangible cultural heritage, it
can also greatly improve the popularization of intangible cultural education. Firstly, a
stratified sampling method is adopted to conduct a questionnaire survey among 450
students aged 7-18, analyzing the differential characteristics of different age groups
across three dimensions: cognitive level (exposure to Al technology), attitude tendency
(acceptance of the technology), and participation behavior (willingness to use tools).
Secondly, 10 urban and rural schools are selected for a quasi-experimental study,
randomly divided into an experimental group (with Al tools introduced) and a control
group (using traditional teaching methods). Through comparison, students' mastery of
intangible cultural heritage knowledge (assessed via a 20-question objective test) and
changes in interest (measured by a 15-item scale) are evaluated. Independent sample tests
using SPSS are conducted to strengthen the scientific basis of the research conclusions.
Shown in Table 2.

Table 2. Application Examples of Al Technology in the Popularization of Intangible Cultural Education

Application scenarios Technical means Example Description
Interactive learning AL Ed Software Provide personalized lea.rnmg paths to enhance learning
interest
Virtual experience ~ VR/AR technology Immersive experience of intangible cultural heritage
Online platform Social Media AT Support work sharing and feedback, promote cultural

exchange

2.4. The role of Al in promoting innovation in intangible cultural heritage

In addition to recording and education, Al also plays an important role in promoting the
innovative development of intangible cultural heritage. Leveraging Al technology, artists
can produce innovative works that integrate traditional and modern elements. For
example, machine learning algorithms can be employed to design culturally distinctive
patterns, while neural audio synthesis techniques can transform historical audio data into
contemporary musical compositions, thereby reinterpreting ancient melodies through a
modern lens. In addition, Al can also help designers achieve real-time verification of
creativity through rapid prototyping tools, greatly accelerating the product development
process [7]. It not only enriches the connotation of intangible cultural heritage, but also
injects new vitality into traditional culture, promoting the prosperity and development of
cultural diversity. This enables intangible cultural heritage not only to be passed down,
but also to shine with new brilliance in today's globalized world, attracting more attention
and participation from young people.
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Table 3. Application Examples of Al Technology in Intangible Cultural Heritage Innovation

Application area Technical means Example Description

Machine learning

algorithms Automatically generate new pattern designs

Design innovation

Synthesize new music works based on historical

Musical composition ~ Data synthesis technology audio data

Rapid prototybin CAD/CAM Systems and Accelerate the design and manufacturing of
piép yping Al intangible cultural heritage products

3. Inheritance and Innovation Strategies of Intangible Cultural Heritage in Basic
Education

3.1. Building a professional intangible cultural heritage education system

In order to better integrate intangible cultural heritage into basic education, it is necessary
to establish a systematic education system. This system not only covers various stages
from kindergarten to high school, but also designs corresponding curriculum content for
students of different age groups. For example, in primary school, students can learn about
local intangible cultural heritage projects through storytelling; In middle school, field
trips or hands-on practical activities can be organized to deepen students' understanding
and experience [8]. By selecting folk literature as the main content in intangible cultural
heritage, we explore an interdisciplinary project-based teaching model based on Al as
shown in Figure 1.

Teaching Objectives Understanding Innovation Application

[ Outcome Presentation

— ¢

[ Teaching Activities ]

[ Renection Summary

Teaching Scaffolds I'echnical Support Resource Provision

Figure 1. Interdisciplinary project-based teaching model based on Al

3.2. Inviting inheritors of intangible cultural heritage to campus

Direct contact is widely recognized as one of the most direct and effective ways to
understand intangible cultural heritage. Therefore, schools should regularly invite
inheritors of representative intangible cultural heritage projects to enter the classroom
and share their skills and experiences. This type of interaction not only enhances students'
intuitive understanding of intangible cultural heritage, but also helps to stimulate their
interest and love for traditional culture. For example, in an educational practice, primary
school students show strong interest and high enthusiasm in participating in Paper
Cuttings art activities, as shown in Figure 2. This teaching method reflects an effective
way to integrate intangible cultural heritage into basic education, while also providing
an opportunity for the younger generation to experience traditional art up close.



W. Huang / Al Enhanced Intangible Cultural Heritage Education in Basic Education 507

Figure 2. Intangible Cultural Heritage Enters Campus activity
3.3. Innovation of Al based intangible cultural heritage inheritance methods

In addition to traditional teaching methods, Al technology can also be used to explore
new ways of inheriting intangible cultural heritage. For example, developing interactive
learning software based on VR/AR technology, allowing students to feel as if they are in
the birthplace of intangible cultural heritage [9]; Or create an online platform for teachers
and students to exchange experiences and showcase works, in order to create a good
learning atmosphere, as shown in Figures 3.

Figure 3. Al based online classroom management platform

4. The challenge of inheriting and innovating intangible cultural heritage
4.1. Difficulty in popularizing technology

Despite significant achievements in various fields, the application of Al technology in
the protection of intangible cultural heritage is still in its early stages. The difficulties
faced by technology promotion are mainly reflected in the fact that remote areas lack
sufficient funding, resulting in outdated hardware facilities and inability to provide
necessary technical support, which limits the application scope of Al; Meanwhile, the
low level of local economic development and lack of private investment interest further
exacerbate the problem of resource scarcity. Therefore, in order to lower the
technological threshold and improve the popularization rate, it is necessary to increase
funding for cultural projects in remote areas and encourage diversified financing
channels; At the same time, policy implementation and targeting should be strengthened
to ensure the effective implementation of various measures. By improving infrastructure
conditions and optimizing policy environment, promote the widespread application and
development of Al technology in the field of intangible cultural heritage.
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4.2. Unequal distribution of educational resources

The uneven distribution of educational resources is also one of the important factors
restricting the inheritance and innovation of intangible cultural heritage. On the one hand,
high-quality educational resources are often concentrated in big cities or developed areas,
while students in some underdeveloped areas find it difficult to access educational
resources of equal quality. On the other hand, even within the same region, differences
in economic and technological conditions between schools can lead to uneven levels of
education. This imbalance not only affects students' learning experience, but also hinders
the widespread dissemination and in-depth understanding of intangible cultural heritage.

4.3. The difficult problem of integrating tradition and modernity

Balancing the relationship between tradition and modernity is a highly challenging task
in the process of inheriting and innovating intangible cultural heritage. On the one hand,
intangible cultural heritage carries profound historical heritage and unique national spirit,
emphasizing faithful inheritance of tradition. For example, traditional wood carving
techniques have been passed down for hundreds of years, and every carving and pattern
design contains the wisdom and emotions of our predecessors. Once changed arbitrarily,
it may lose its original cultural value. On the other hand, the rapid development of
modern society requires intangible cultural heritage to keep pace with the times and
incorporate new elements to maintain vitality [10]. If intangible cultural heritage remains
stagnant and does not integrate with modern technology and aesthetics, it will be difficult
to attract the attention of the younger generation and may ultimately be eliminated by the
times.

5. Conclusion

This article explores the application and challenges of Al technology in basic education
of intangible cultural heritage. Research has shown that Al efficiently records and
preserves intangible cultural heritage through digital means, and enhances cultural
identity and participation among adolescents through interactive learning and VR/AR
experiences. However, the difficulty of popularizing technology, the imbalance of
educational resources, and the integration of tradition and modernity remain the main
challenges. Future research will continue to explore more effective strategies and
technological solutions, and make reasonable use of Al technology to continuously
enhance the attractiveness and vitality of intangible cultural heritage, in order to
strengthen the effectiveness of intangible cultural heritage in basic education.
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Abstract. With the increasing emphasis on the protection and inheritance of
intangible cultural heritage, how to effectively integrate these precious cultural
resources into basic Chinese language education has become an important issue.
However, traditional teaching methods are difficult to meet the personalized
learning needs and the requirements for efficient dissemination of intangible cultural
heritage. This study utilizes big data technology to explore its role in information
preservation, cultural dissemination innovation, and educational resource
development, and analyzes the contribution of big data to the optimization of
Chinese language teaching evaluation and curriculum integration. Research has
shown that big data technology not only significantly improves the preservation and
dissemination of cultural heritage, but also promotes personalized learning in
Chinese language teaching, enhancing students' cultural identity and social
responsibility. This study provides a new perspective for the integration of cultural
heritage protection and basic Chinese language education, demonstrating the
important practical significance and promotional value of big data technology in this
field.

Keywords. Big data technology, Intangible cultural heritage, Innovation in Chinese
Language Teaching

1. Introduction

In the context of globalization and informatization, intangible cultural heritage, as a
living carrier of national memory and cultural genes, is facing unprecedented challenges
in its inheritance and development [1]. At the same time, as a key area for cultural
inheritance and value shaping, basic Chinese language teaching urgently needs to
innovate its teaching mode and resource system through technological innovation [2].
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Big data technology, with its powerful data collection, intelligent analysis, and
precise dissemination capabilities, provides unprecedented opportunities for the
protection of intangible cultural heritage and innovation in Chinese language teaching.
In recent years, significant progress has been made in the digital protection of intangible
cultural heritage based on big data, such as achieving permanent preservation and global
sharing of cultural resources through technologies such as stereoscopic scanning and
cloud storage; Research in the field of education has revealed the enormous potential of
big data in personalized teaching, learning behavior analysis, and interdisciplinary
resource integration [3].

This article is based on cutting-edge research results, systematically analyzing the
application path of big data technology in intangible cultural heritage information
management, precise dissemination, and educational scene innovation, providing
theoretical support and practical paradigms for the modernization of traditional cultural
education.

2. The Application of Big Data Technology in the Inheritance of Intangible
Cultural Heritage

2.1. Big data technology optimizes the preservation of intangible cultural heritage
information

Big data technology plays a crucial role in the digital preservation of intangible cultural
heritage. For instance, in the case of Beijing Opera, big data technologies such as
stereoscopic scanning and cloud storage have been employed to create high-definition
digital archives of performances and costumes. These archives not only preserve the
intricate details of traditional opera but also ensure that these resources can be accessed
globally. This process involves using specialized software like Autodesk ReCap Photo
for image stitching and cloud services like AWS S3 for secure storage, thereby enhancing
both the security and accessibility of these invaluable cultural assets.

In the process of information collection, big data technology can process massive
amounts of data and comprehensively understand various aspects of intangible cultural
heritage, such as historical background, technical characteristics, and inheritance lineage,
through data mining and pattern recognition, providing important references for
subsequent research and inheritance work. Take Beijing Opera, Kunqu Opera, Paper
Cuttings, calligraphy and other intangible cultural heritage projects as examples [4].
These cultural heritage carries rich historical and cultural information, but faces the risk
of loss. Big data technology uses digital methods such as stereoscopic scanning, image
and text scanning, and digital photography to preserve intangible cultural heritage
materials in an authentic, comprehensive, and convenient manner. The application of
technologies such as magnetic media storage and optical media storage has improved the
security and stability of intangible cultural heritage data.

Using big data technology to establish an intangible cultural heritage database and
online display platform not only enriches the public's cultural resource experience, but
also provides convenient tools for professionals, as shown in Table 1:
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Table 1. Comparison of Intangible Cultural Heritage before and after Digital Preservation

Attributes of Preservation Method Before Digital Preservation After Digital Preservation
Storage Format Paper, Physical Objects Digital Files
Security Prone to Damage High Security
Accessibility Limited Global Access
Storage Cost High Low

2.2. Innovation in the dissemination of intangible cultural heritage based on big data
technology

Big data technology provides strong support for the dissemination of intangible cultural
heritage by analyzing users' browsing behavior and interest preferences. Using data such
as users' browsing records, search history, and social media interactions on the Internet,
big data technology can accurately grasp users' interests and needs for intangible cultural
heritage. For example, an analysis conducted by our team on the online behavior of
Kunqu Opera enthusiasts revealed that over 70% of users aged between 18-35 prefer
short video formats for learning about traditional operas. Based on this insight, we
developed a series of engaging short videos featuring young actors performing classic
scenes from Kunqu Opera. These videos were distributed via popular platforms like
Douyin and Kuaishou, resulting in a significant increase in engagement rates, with likes
and shares increasing by 45% within the first month of release.

Compared to dissemination methods based on big data technology, traditional
offline activities have limited audience reach and higher costs [5]. Big data technology
can efficiently expand the audience by analyzing users' network usage habits and
selecting suitable online platforms for efficient dissemination, such as social media, short
video platforms, etc. For example, targeting young people who love Peking Opera, big
data technology analysis can accurately locate the target audience, select the most
suitable communication channels and methods, such as social media platforms, online
live streaming, etc., effectively improving the dissemination efficiency and acceptance
of intangible cultural heritage [6].

According to market research data, the contribution of different communication
channels to the dissemination of intangible cultural heritage is shown in Figure 1.

Distribution of channels for the dissemination
of intangible cultural heritage
9
g% 2%
M social media platform
M Online live streaming
platform
45% Offline activities

educational services

B other

30%

Figure 1. Distribution of channels for the dissemination of intangible cultural heritage
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2.3. Big data technology promotes the development and utilization of intangible
cultural heritage education resources

Big data technology can not only effectively collect, organize, and analyze intangible
cultural heritage educational resources from various sources, including written records,
images, and videos, but also form a structured database through classification and
tagging processes [7]. For example, in developing educational materials for Paper
Cutting Art, we utilized machine learning algorithms to automatically categorize and tag
thousands of historical documents and skill demonstration videos. This automated
system significantly reduced manual labor and improved accuracy, allowing teachers and
students to easily access comprehensive learning materials tailored to their specific needs.
As a result, student engagement increased by 30%, and feedback indicated a deeper
understanding and appreciation of paper cutting traditions.

Big data technology has promoted the innovation of intangible cultural heritage
education models, supported the development of personalized teaching plans, and made
the presentation of intangible cultural heritage education resources more vivid and
interesting through modern technological means. With the help of big data technology,
learners' interest preferences and specific needs can be deeply explored, and the content
and activities of intangible cultural heritage education that are more suitable for students'
needs can be designed. For example, Paper Cuttings, Kunqu Opera and shadow play can
be integrated into modern multimedia teaching, and learning modules with strong
interaction can be produced, as shown in Table 2.

Table 2. Application Examples of Big Data Technology in Intangible Cultural Heritage Education

Intangible Cultural Heritage Big Data Technology Educational Development
Project Application Outcome
Paper Cuttine Art Data-driven demand analysis, Increase students' interest and
P & VR interactive courses hands-on ability
Kunau Opera Social media data analysis, Attract more students to
qutp customized course design participate in Kunqu learning
Student feedback data collection - .
S . . Optimize teaching resources,
Shadow Play and analysis, interactive teaching - hi i
~oftware improve teaching quality

3. The Application of Big Data Technology in Innovative Chinese Language
Teaching in Primary and Secondary Schools

3.1. Big data technology optimizes the evaluation method of primary school Chinese
language teaching

Traditional evaluation of primary school Chinese language teaching often focuses on
outcome indicators such as exam scores, neglecting attention to the entire learning
process of students [8]. After introducing big data technology, it is possible to obtain
more comprehensive data support and achieve accurate evaluation by tracking students'
learning trajectories throughout the process. This kind of teaching evaluation based on
big data technology can not only reflect students' knowledge mastery, but also reveal
their thinking habits, interests and hobbies, and help teachers develop more targeted
teaching plans, improve teaching quality and learning effectiveness.
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3.2. Inviting inheritors of intangible cultural heritage to campus

The application of big data technology has enriched Chinese language teaching resources
in primary and secondary schools and improved teaching efficiency. For example, when
explaining calligraphy art, teachers can use big data technology platforms to integrate
high-quality educational resources and design teaching plans that meet students'
personalized needs [9]; The online evaluation system can provide real-time feedback on
students' learning status, making it easier for teachers to adjust teaching strategies in a
timely manner; Using multimedia teaching methods makes the classroom more lively
and interesting, stimulating students' interest in learning [10].

3.3. Big data technology supports innovative practices in Chinese language teaching in
primary and secondary schools

Big data technology has not only changed the traditional teaching mode, but also brought
more possibilities for Chinese language teaching. Through big data technology, teachers
can gain a deep understanding of students' learning preferences and needs, and design
teaching activities that are more tailored to students' characteristics based on this. For
example, when teaching articles about shadow puppetry, combining multimedia to
showcase actual performances of shadow puppetry allows students to appreciate literary
works while experiencing the charm of traditional culture [11].

4. Big Data Technology Facilitates the Integration of Intangible Cultural Heritage
with Primary and Secondary School Chinese Language Teaching

4.1. Integrating Intangible Cultural Heritage into Chinese Language Teaching Content
in Primary and Secondary Schools

Incorporating intangible cultural heritage into the Chinese language teaching system for
primary and secondary schools is one of the effective ways to inherit and promote
excellent traditional Chinese culture. For example, by using big data technology to
analyze and understand students' interests in Peking Opera, a series of colorful teaching
activities can be carried out around these themes, such as holding special lectures on
Peking Opera culture, organizing experience classes on handmade facial makeup, etc.,
in order to stimulate students' love for local culture [12], as shown in Figure 2.

Figure 2. Holding a Special Lecture on Beijing Opera Culture
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4.2. Utilizing big data technology to enhance the teaching effectiveness of intangible
cultural heritage

In order to better evaluate the actual effectiveness of teaching intangible cultural heritage,
it is necessary to use big data technology to track and analyze students' learning behavior.
By comparing the changes in students' performance before and after participating in the
course, teachers can identify existing problems and take corresponding measures to
improve them. At the same time, big data technology can also recommend intangible
cultural heritage learning resources suitable for each student's personal development
based on their characteristics, provide multi-dimensional diagnostic evaluation, and truly
achieve personalized teaching, as shown in Figure 3.
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Cultural Background

Individual Differences Learning Performance Engagement

Collaboration Skills

Problem Solving

Innovation Ability

Multi dimensional

diagnostic evaluation

Curriculum Design Knowledge Mastery
Skill Development
LEmotional Attitude
Comprehensive Literacy

School Achievements Learning Quality

I'eacher Resources

Resource Support
Social Impact

Figure 3. Multi dimensional Diagnostic Evaluation System for Students

4.3. Innovative Model for Integrating Intangible Cultural Heritage with Chinese
Language Teaching in Primary and Secondary Schools

With the support of big data technology, explore the establishment of a new teaching
model that combines intangible cultural heritage with Chinese language teaching in
primary and secondary schools. This model emphasizes student-centered approach,
focusing on cultivating their comprehensive literacy and sense of social responsibility.
By integrating various teaching resources, adopting diverse teaching methods and
technological means, students can learn knowledge in a relaxed and enjoyable
atmosphere, while deeply experiencing the unique charm of excellent traditional culture,
as shown in Figure 4.
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Figure 4. Integration Model of Intangible Cultural Heritage and Chinese Language Teaching in Primary and
Secondary Schools
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5. Conclusion

This article explores the innovative integration model of intangible cultural heritage and
Chinese language teaching in primary and secondary schools based on big data
technology. Analysis shows that in Chinese language teaching, big data technology can
accurately evaluate students' learning trajectories and interest preferences, provide
personalized teaching guidance, and improve teaching quality; By integrating intangible
cultural heritage into Chinese language teaching content and adopting forms such as
multimedia interactive classrooms, students' cultural identity and social responsibility
have been significantly improved. This not only enriches teaching resources and methods,
but also provides new paths and perspectives for traditional cultural education, which
has important practical significance and promotion value.
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Abstract. This paper aims to explore the pathways for protecting and inheriting
intangible cultural heritage (ICH) within the context of China's rural revitalization
strategy. By examining its significance, existing challenges, and successful practices
in the process of rural cultural revitalization, the study proposes a three-dimensional
inheritance framework centered on community participation, digital innovation, and
educational promotion. Specifically, it investigates the roles of policy guidance and
grassroots engagement, the application of digital technologies in ICH preservation,
as well as the popularization of ICH-related education and the development of a
lifelong learning system. The research seeks to offer both theoretical insights and
practical references for achieving sustainable protection and intergenerational
transmission of ICH throughout the rural revitalization process.

Keywords. The rural revitalization strategy, ICH, Digital technology, Lifelong
education

1. Introduction

Against the backdrop of national and international policies jointly committed to
revitalizing rural communities, the rural revitalization strategy has emerged as a key
measure to promote rural modernization in the new era. ICH encompasses folk customs,
handicrafts, festivals, traditional music, and oral traditions, forming the core of rural
culture. It not only carries rich historical memory and national spirit, but also plays a
crucial role in enhancing cultural identity in rural areas and promoting economic
sustainability [1].

However, in the current process of rapid modernization, the protection and
inheritance of ICH face multiple challenges, including population aging, weakened
cultural interest caused by the migration of the younger generation to cities, lack of
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formal and informal systematic learning pathways, and threats to the authenticity and
integrity of ICH from market and commercialization pressures. Such challenges
underscore the urgency of establishing effective mechanisms for the preservation and
intergenerational transmission of ICH under the framework of rural revitalization.

In view of this, this article aims to explore the protection and inheritance path of
ICH that meets the needs of the new era, and particularly emphasizes lifelong education
as a key tool in this process. By delving into the concept of ICH and its importance in
promoting sustainable social, cultural, and economic development, this article will
conduct a detailed analysis from three dimensions: policy support, digital technology
innovation, and education popularization based on a lifelong learning system. Particular
attention is paid to how to strengthen the safeguarding and transmission of ICH through
educational means in order to build a sustainable ecosystem of ICH. In addition, this
article will also discuss strategies for integrating government, community, school, and
family forces, providing practical guidance and theoretical basis for the protection and
inheritance of ICH in rural revitalization.

2. The role of policy guidance and community participation in safeguarding ICH
2.1. Construction of Government Role and Policy Support System

Governments play a crucial role in safeguarding ICH. Firstly, the formulation and
improvement of relevant laws and regulations, such as the Law of the People's Republic
of China on ICH, provide legal protection for the protection of ICH. Secondly, provide
financial support and establish special funds to support activities such as recording,
preserving, and inheriting ICH projects. In order to support the protection of ICH, the
central government has allocated approximately 826 million yuan for the protection of
ICH in 2024. In addition, establish a system of ICH list to recognize and protect ICH
projects with significant value. These measures together form a solid foundation for the
protection of ICH, as shown in Table 1.

Table 1. 2024 National Non-material Cultural Heritage Protection Fund Budget (Unit: Ten Thousand Yuan)

Serial Number Province Key Projects General Projects
1 Fuyjian 3081 1988
2 Henan 2910 1836
3 Shandong 1297 2547
4 Sichuan 1467 2355
5 Yunnan 1467 2258

2.2. Innovation and Practice of Community Participation Mechanism

As the core subject of ICH inheritance, the role of the community cannot be ignored. For
example, the Old Town of Lijiang in Yunnan Province has attracted a large number of
domestic and foreign tourists by organizing traditional Dongba culture exhibitions,
handicraft exhibitions and various folk activities [2]. Xijiang Qianhu Miao Village in
Leishan County, Guizhou Province is one of the largest Miao ethnic settlements in China.
It focuses on ICH such as Miao silver jewelry making skills and Miao embroidery, and
has launched a series of cultural tourism experience projects. Active participation of
community members in the organization and promotion of ICH activities to enhance the
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vitality and impact of ICH [3]. Many rural areas in China have begun to promote and
apply these models, with typical cases shown in Table 2.

Table 2. Typical Practices and Effectiveness Evaluation Results of Protecting ICH in Villages and
Communities

Village/Community ICH Projects Unique Practices Achievements
. Dongba Culture, . .
Lijiang Ancient Handicraft Exhibitions, Regular cultural festivals,  Attracts tourists, enhances local

Town, Yunnan encouraging local participation identity, boosts tourism

Folk Activities

Xijiang Qianhu Miao  Miao Silver Ornaments Workshops on craft making, Increases young generation's

Village, Guizhou Craft, Miao Embroidery traditional festival celebrations, }nterest,'promot‘es living
cultural museums heritage, raises regional profile
. Traditional Rice Cake AnnualPreserved Duck Boosts sales of local specialties,
Anchang Ancient . . . .
.. Making, Preserved Duck  Festival, hands-on experience  strengthens community bonds,
Town, Zhejiang . .. .
Display for visitors promotes cultural tourism
. . . Enhan lic knowl f
. Sichuan Opera Face- Multiple ICH demonstration ances public knowledge o
Jinli Street, Chengdu, . . - . Sichuan culture, attracts
. Changing, Paper-Cutting, spots with interactive L. .
Sichuan AR . numerous visitors, stimulates
Sugar Painting experiences

local commerce

2.3. Exploration of Cross Regional Cooperation and Resource Sharing Models

Cross regional cooperation helps to expand the influence of ICH, promote cultural
exchange and resource sharing between different regions. By establishing a nationwide
platform for sharing ICH resources, not only can geographical boundaries be broken and
scattered ICH resources be integrated, but also regional exchanges of ICH can be
strengthened, providing new opportunities for the protection, inheritance, and
development of ICH projects. Cross regional talent exchange mechanisms, such as
organizing seminars and training courses, not only promote the inheritance and
development of ICH skills, but also inject fresh blood into rural revitalization.

Table 3. Forms and Main Achievements of Cross regional Cooperation

Non-Heritage Project Collaboration Form Participating Parties
Traditional Crafts Seminars Culture Dept., Ed. Inst., Local Gov.
Folk Music & Dance Workshops Arts Groups, Unis., Community Orgs.
Traditional Festivals Heritage Exhibitions Museums, Tourism Bureaus, Media
Local Cuisine Cultural Products Ag. Cooperatives, Food Assocs., Designers
Ancient Building Architecture Schools, Historic Preservation

Research Projects

Restoration Orgs., Local Gov.

Craft Skills Exchange Visit Programs Craftsmen, Industry Assocs., Local Gov.

3. The Application of Digital Technology in the Inheritance of ICH
3.1. Digital recording and preservation technology

By utilizing technologies such as 3D modeling and image recognition, digital collection
of ICH techniques such as embroidery, wood carving, and ceramics is carried out, and a
dynamic database is established. For example, developing an "Al embroidery pattern
generator" to generate innovative designs by analyzing traditional pattern patterns
through algorithms [4]. Develop Al based virtual interactive experiences, utilizing
augmented reality (AR) and virtual reality (VR) technologies to create immersive
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cultural experience environments, allowing visitors to experience the unique charm of
ICH through smart devices or virtual platforms. For example, embedding an AR
navigation system in the protection and restoration of ancient cities allows tourists to
scan building components and trigger virtual scenes, restoring the teaching scene of the
Confucian Palace in Haiyang County during the Song and Yuan dynasties. Through
digital preservation, even if the original items are damaged or lost over time, their data
form can still be preserved for a long time, ensuring the continuity and accessibility of
cultural heritage. An example of Al empowering the inheritance of ICH [5], as shown in
Figure 1.

Monkey
King

Figure 1. Artificial Intelligence Creating Digital Shadow Puppetry Collectibles

3.2. Leveraging Big Data for Enhanced Cultural Heritage Management and
Personalized User Engagement

The application of big data analytics offers transformative potential in the management
and promotion of ICH, enabling more effective audience engagement and personalized
user experiences. By collecting and analyzing vast amounts of data from social media
interactions, online museum visits, and educational programs, we can gain valuable
insights into audience preferences and engagement levels. This information is crucial for
tailoring personalized learning experiences and optimizing cultural heritage projects. For
example, big data analytics can be used to monitor visitor interactions with digital
shadow puppetry collectibles across different demographics and regions. Insights gained
from this analysis help cultural institutions design more engaging exhibitions and
interactive experiences that resonate better with diverse audiences. Furthermore,
predictive analytics enabled by big data can forecast trends in visitor behavior, helping
heritage managers allocate resources efficiently and plan future events strategically.

Moreover, integrating big data with machine learning models allows for the creation
of recommendation systems tailored to individual users' interests. These systems suggest
specific ICH projects or events based on past behaviors and preferences, thereby
increasing participation rates and fostering a stronger sense of cultural identity among
community members. Such targeted approaches not only enhance the visibility and
accessibility of ICH but also contribute to its sustainable development within the
framework of rural revitalization.

3.3. Digital Dissemination and Education Platform Construction

The Internet opens new avenues for the dissemination of ICH. Online museums, online
courses, and other forms have significantly enhanced the public's awareness and
enthusiasm for participating in ICH. Social media and short video platforms have widely
spread the production process and stories of ICH, such as Tencent's "Digital Scripture
Cave" which uses VR technology to immerse users in the restoration of Dunhuang
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murals [6]; Luoyang Tang Sancai uses 3D scanning to generate NFTs and sells them in
limited quantities to attract young audiences [7]; Tiktok initiated the "Partnership
Program for ICH", which supported more than 2000 inheritors of ICH to create short
videos [8]. Among them, face changing of Sichuan Opera, guqin performance and other
contents were broadcast more than 10 billion times, which not only improved the
influence of ICH, but also promoted cross-cultural communication and understanding.
CCTV's "China in ICH" showcases the cultural stories behind the skills in the form of
"ICH+plot interpretation", combining education and entertainment to make it easier for
audiences to accept ICH. Through these innovative methods, ICH has regained new
vitality in the digital age and rapidly spread with the widespread coverage and
interactivity of online platforms. The digital dissemination of ICH is highly popular
among young people, as shown in Figure 2.

Figure 2. Tourist Experience in the "Search for Dunhuang" Project
3.4. Digital Innovation and Marketization of ICH Products

E-commerce platforms and digital games provide new opportunities for the marketing of
ICH products. For example, the successful experience of online experiential sales of
Miao silver jewelry through virtual reality technology demonstrates the potential of
digital technology in the marketization of ICH products. In addition, the development of
innovative forms such as ICH themed games has not only attracted the attention of young
consumers, but also injected new vitality into the inheritance of ICH. According to
Taobao data, in 2022, the number of inheritors of ICH on the platform increased by 34%
annually, and the sales of good ICH products increased by 668% year-on-year. The
annual transaction volume of ICH related products has exceeded 100 billion yuan for the
first time, reaching 107.32 billion yuan, a year-on-year increase of 37.7%, which is more
than five times the growth rate of total retail sales of consumer goods during the same
period [9].

The consumption of ICH is showing an overall growth trend, and the consumption
of ICH is increasingly closely linked to people's better lives. The consumption circle of
ICH is forming, and the brands and industrial belts of ICH are continuously developing.
The annual overview of e-commerce consumption for ICH is shown in Figure 3.
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Analysis of the Growth Trend of Intangible Cultural Heritage
Consumption Transaction Amount from 2020 to 2023
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Figure 3. Overall Growth Trend of ICH Consumption

4. Popularization of ICH Education and Construction of Lifelong Learning
System

4.1. Integration of School Education and ICH Curriculum

Incorporating ICH education into the school curriculum system is crucial for cultivating
students' sense of cultural identity and inheritance consciousness. Some regions have
already started experimenting, such as developing school-based textbooks and inviting
inheritors into classrooms. These practices not only allow students to understand the
local traditional culture, but also stimulate their interest and love for ICH. In addition,
schools can organize on-site inspection activities to lead students into ICH workshops or
museums, and personally experience the charm of traditional skills. At the same time,
combining modern technological means to make the teaching of ICH more vivid and
interesting. This not only deepens students' understanding of ICH, but also enhances their
practical abilities, laying the foundation for future inheritance work.

4.2. Community Education and Lifelong Learning Platform Construction

Building a lifelong learning platform within the community, encouraging the elderly to
impart skills to young people while also learning new skills, is one of the effective ways
to inherit ICH. By organizing various forms of training courses to meet the learning needs
of different age groups, cultural exchange and inheritance within the community have
been promoted. The community can regularly hold exhibitions of ICH skills, inviting
experts and inheritors to give on-site demonstrations and explanations, attracting
residents to participate and experience. In addition, establish an online learning resource
library to provide rich learning materials on ICH, making it convenient for everyone to
access and learn at any time. This combination of online and offline not only enriches
the cultural life of community residents, but also provides new ideas and methods for the
inheritance and development of ICH.
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4.3. Cultivation and incentive mechanism for inheritors of ICH

In order to attract more young people to participate in the inheritance of ICH, it is
necessary to establish an effective mechanism for cultivating and motivating inheritors.
Establish various incentive measures such as scholarships and entrepreneurship support
to provide necessary support for inheritors. In addition, the power of the media can be
utilized to publicize the deeds of the inheritors of the ICH, raise the awareness of society
as a whole of the value of the ICH, and create a favourable atmosphere in which society
as a whole pays attention to and supports the protection of the ICH. Through these
comprehensive measures, we aim to ensure the sustainable inheritance and development
of ICH in the context of the new era.

5. Conclusion

Under the strategy of rural revitalization, the protection and inheritance of ICH is a
systematic project that requires joint efforts from the government, communities,
inheritors, and all sectors of society. A comprehensive approach integrating policy
support, digital innovation, and educational outreach contributes significantly to the
preservation and transmission of ICH, while also providing cultural impetus for the
revitalization of rural areas. To meet the demands of the new era, continued emphasis
should be placed on enriching theoretical research and expanding practical applications
in the field of ICH protection. Establishing a more systematic and sustainable protection
mechanism will ensure that ICH remains vibrant and relevant in modern times.
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Abstract: The integration of "posts-courses-competitions-certificates" is an
important way to achieve in-depth integration of industry and education which is
highly conducive to cultivating high-quality technical and skilled talents. Taking
the Mechatronics Technology Major of Qingyuan Polytechnic as an example, the
practice process of "Post-Course-Competition -Certificate" integration is
elaborated based on an in - depth analysis of the ideas of such integration. The
content includes the construction of an integrated curriculum system for
"post-class-competition-certification”, the educational model of "three
stages-multiple venues- three cycles”, and the establishment of a four-in-one
evaluation system encompassing "course teaching-skill competitions-industry
certification-corporate assessment". Meanwhile, an analysis and discussion were
conducted on how to deepen the integration of industry and education, strengthen
the construction of teacher teams, and improve institutional guarantees in the
practical process, as well as the corresponding solutions.

Keywords: higher vocational college; “post-course-competition-certificate”;
mechatronics technology; personnel training mode; teaching reform

1 Introduction

The core mission of vocational education is to nurture highly skilled technical
professionals in accordance with industrial advancements. The launch of pilot
initiatives for the 1+X certificate system was formally initiated in 2019, as outlined in
the National Implementation Plan for Vocational Education Reform. In October 2021,
Vice-Premier Sun Chunlan emphasized the necessity to further refine the
“three-teaching reform” (Teachers, Textbooks, and Teaching Methods) and
“post-course-competition-certificate” comprehensive education framework to enhance
the caliber of education during the National Conference on Vocational Education. In
that same year, the State Council promulgated the Opinions on the Promoting the
High-Quality Development of Modern Vocational Education, in which it emphasized
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the necessity of enhancing the integration between education and industry, fostering
collaborative partnerships between educational institutions and enterprises, and refining
the “post-course-competition-certificate” comprehensive education mechanism. Since
then, a substantial amount of theoretical and practical exploration on the integration of
the “post-course-competition-certificate” has been carried out by vocational colleges
and universities across the country, yielding specific results. Nevertheless, as the
research remains in its infancy, there remain a number of unresolved issues [1-6]. It is
therefore imperative to undertake a comprehensive investigation into the curriculum
system, educational approach, and evaluation system within the context of the
“post-course-competition-certificate” integration.

2 Meaning of “Post-Course-Competition-Certificate” Integration
2.1 Improve students’ technical skills

The integration of the “post-course-competition-certificate” represents the
incorporation of both “competition” and “certificate” into the conventional integrated
“post-course” curriculum system. The integration of skill competition standards into
the curriculum system, alongside the establishment of a multi-level skill competition
platform spanning “department, school, city, province”, has the potential to
significantly enhance students’ technical skill levels, which is achieved through a series
of competition activities, including full participation in departmental competitions, with
30% participation in school-level competitions, and selective participation in city and
provincial competitions. Concurrently, the integration of vocational skill level
certificate standards into the curriculum system, encompassing certification training,
certification selection, formal certification, and other mechanisms, serves to further
enhance the cultivation of students’ core competencies for post.

2.2 Deepen the integration of industry and education

The integration of the “post-course-competition-certificate” represents a significant
enhancement and augmentation of the integration of the “post-course”. The assessment
standards for skill competitions and the standards for vocational skill level certificates
frequently derive from the core competencies required in typical job positions within
industry enterprises, with an emphasis on cultivating fundamental professional abilities
and significant technical skill levels. Consequently, the integration of
“competition-certificates” can be regarded as a conduit for the integration of industry
and education, which is of paramount importance for the cultivation of highly skilled
technical professionals that are well-suited for professional posts.

2.3 Improve students’ enthusiasm and sense of achievement

The organization of skills competitions and certification represents a significant
element of the integration of “post-course-competition-certificate”. The organization of
a series of competitions at the department, school, city, and province level will allow
students to produce their works while awarded certificates and prizes in commendation
meetings, thereby enhancing their enthusiasm and sense of achievement. Furthermore,
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it is anticipated that the award certificate of the skill competition, as well as the
vocational skill level certificate, will confer an advantageous position to students when
engaging in the process of securing internship and employment opportunities, thus
enabling them to identify high-quality enterprises and further enhance their sense of
accomplishment.

3 Concept of “Post-Course-Competition-Certificate” Integration

In order to realize the profound integration of the “post-course-competition-certificate”
paradigm, it is imperative to carry out a comprehensive reform of the curriculum
system, the educational mode, and the evaluation system. The concept of
“post-course-competition-certificate” integration is illustrated in Figure 1.

Skill Tmprove
competition skill level
standards

Post

competence
requirements Construction of the

“post-course-
competition-certificate”
— curriculum system
Post skill
levels

Course teaching

ersonnel training in stages

and directions Skill competition

“Three-phase, multi-
facility, three-cycle™
educational model

Strengthen th
. St h Corporate
Indu:js_tr:.‘ co:ngt - function of * evaluation
certificate “« i

" competitiol
standards competencies « cfmﬁcate » Industry

@
=
=)

certification

Figure 1. The concept of “post-course-competition-certificate” integration

In the first instance, it 1is essential to establish an integrated
“post-course-competition-certificate” curriculum system. The professional curriculum
system of vocational colleges and universities is customarily derived through a
thorough analysis of post-specific competencies. However, this system does not always
align with the criteria of skill competitions or vocational skill levels. Consequently, a
crucial step that involves the standardization of evaluation criteria for professional skill
competitions and the vocational skill level certificate, and the integration of relevant
knowledge and skill components into the existing curriculum system should be
conducted. Secondly, the integration of the “post-course-competition-certificate” must
lead to a reform of the personnel training mode. The prevailing personnel training
mode places considerable reliance on conventional classroom teaching for the
dissemination of knowledge and the development of skills. In contrast, the integration
of the “post-course-competition-certificate” is expected to fulfil a complementary and
reinforcing function of “competition-certificate”, augmenting the effectiveness of
classroom teaching. In addition, it is imperative to refine and enhance the existing
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system for evaluating students’ academic performance. The prevailing paradigm of
academic evaluation, predicated solely on examination results, is deemed inadequate
when viewed from the vantage point of this multifaceted integration of
“post-course-competition-certificate”. Instead, an evaluation and assessment system
that is diversified and considers all aspects of student evaluation is recommended,
including those aspects related to post, competition, and certification.

4 Implementation Path of “Post-Course-Competition-Certificate” Integration
4.1 Construct a course system integrating “post-course-competition-certificate”

A summary of the core knowledge and skill-related points required for
mechatronics-related skill competitions, such as “CAD Mechanics Design”,
“Mechatronics Technology”, “Digital Twin Simulation and Troubleshooting”, “Digital
Transformation of Manufacturing Units”, ‘“Numerical Control Maintenance and
Assembly”, “Modern Electrical Regulation”, and so on, is presented in Table 1:
Analysis Table of Knowledge and Skill-related Points in the “Skill Competition” of
Mechatronics Technology Profession (taking the “CAD Mechanics Design”

competition as an example).
Table 1. Analysis Table of Knowledge and Skill-related Points in the “Skill Competition”

Competition

Core Knowledge and Skill-related Points References
Name

Competition 5-1. Master the knowledge of machinery and national

standards for mechanical drawing.

Competition 5-2 Familiar with ISO drawing standards and industry

standards;

Competition 5-3. Master the structural characteristics, working principle

and specific application of typical mechanical transmission mechanism in

enterprise production practice;

Competition 5-4. Familiar with the working principle and characteristics of

commonly used components and their connection relationship with each

part;

Competition 5-5. Familiar with the national standards of geometric

accuracy of mechanical parts;

Competition 5-6. Master the limits and fits, geometric tolerances and their

labelling methods; CAD

“CAD Competition 5-7. Familiar with the materials of parts and know their Mechanical
Mechanics  common heat treatments; Design

Design” Competition 5-8. Familiar with the machining methods of parts and their Competition

process flow, and know the surface structure of parts and their application ~ Regulations

requirements in production;

Competition5-9. Be able to draw mechanical engineering drawings on

computer for typical components or parts;

Competition 5-10. Be able to carry out quality inspection of parts for

typical components or parts;

Competition 5-11. Be able to optimize a product for typical components or

parts;

Competition 5-12. Be able to perform three-dimensional modelling for

typical components or parts;

Competition 5-13. Be able to carry out three-dimensional assembly for

typical components or parts;

Competition 5-14. Be able to perform motion simulation animation and

explosion animation for typical components or parts;
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Subsequently, the core knowledge and skill-related points required for the X
certificate in Industrial Robot Integration Applications, Programmable Controller
System Applications, Machine Vision System Applications, Motion Control System
Development and Applications, and for the Draftsman Vocational Skill Level
Certificates, Electrician Vocational Skill Level Certificates, and other relevant areas
were systematically arranged and analyzed to establish the “X Certificate” knowledge
and skill-related point analysis table for the mechatronics technology profession, as
illustrated in Table 2 (taking the industrial robot integration application X certificate as
an example).

Table 2. “X Certificate” knowledge and skill-related point analysis table

Certificate

Core Knowledge and Skill-related Points References
Name

Certificate 1-1. Be able to read and understand the system integration
programme manual;

Certificate 1-2. Be able to read and understand the system integration
operation manual;

Certificate 1-3. Be able to read and understand the system integration
maintenance manual;

Certificate 1-4. Be able to complete the assembly and adjustment of
the mechanical parts of the system according to the specification of
the mechanical assembly drawings;

Certificate 1-5. Be able to complete the assembly and adjustment of
the pneumatic part of the system tuning according to the specification
for pneumatic schematic;

Certificate 1-6. Be able to complete the assembly and adjustment of

the electrical part of the system according to the specification for Vocational Skill
Industrial Robot elect.rical schematic; . ) . Level Stand.ard
Integration Certificate 1-7. Be gble to develop simple system integration for Industrial
Applications Programmes according to production tasks; Robot
PP Certificate 1-8. Be able to perform common equipment selection Integration and
based on production tasks; Application
Certificate 1-9. Be able to perform 3D modelling based on production
tasks;

Certificate 1-10. Be able to construct virtual integration systems based
on production tasks;

Certificate 1-11. Be able to perform robot production line process
flow planning;

Certificate 1-12. Be able to perform virtual commissioning and beat
optimization of a robot production line;

Certificate 1-13. Be able to perform advanced programming of robots
and peripheral equipment, etc.;

Certificate 1-14. Be able to develop a variety of integrated
applications such as product processing and manufacturing, handling
and assembly according to production tasks.

Finally, the core knowledge and skill-related points, as outlined in the Analysis
Table of Knowledge and Skill-related Points in the “Skill Competition” and “X
Certificate” Knowledge and Skill Point Analysis Table of Mechatronics Technology
Profession, will be incorporated into the existing curriculum system, thus establishing
the Comparison Table for Integrating Knowledge and Skill-related Points of
“Competition” and “Certificate” into the Curriculum of mechatronics technology
profession. The core knowledge and Skill-related Points will be integrated into the
original curriculum system, forming a comparison table of the knowledge and
Skill-related Points integrated into the curriculum of electromechanical integration
technology, as shown in Table 3 (taking the Electricity and Electronics Technology
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course as an example). In instances where the pertinent knowledge and skill-related
points cannot be incorporated into the existing curriculum, consideration may be given
to undertaking this as professional elective courses or professional development
courses. As per the Comparison Table for Integrating Knowledge and Skill-related
Points of “Competition” and “Certificate” into the Curriculum of mechatronics
technology profession, there is a necessity to optimize the standard of the professional
curriculum, and improve the teaching materials such as lecture plans and teaching
plans.

Table 3. Comparison Table for Integrating Knowledge and Skill-related Points of “Competition” and
“Certificate” into the Curriculum

Integration into Knowledge and Skill-related Points of Knowledge and Skill-related
the Curriculum “Competition” Points of “Certificate”

Competition 1-18. Be able to select correct Certificate 6-3. Master the principle

components such as relays, contactors, of arc extinguishing and

switches and buttons, and pneumatic common methods, master the
components; structure and working principle of
Competition 1-25. Be able to select electrical ~ vacuum high-voltage circuit breaker
and electronic components; and the protection device thereof;
Competition 4-1. Be able to select the correct  Certificate 6-4. Master the principle
components based on task requirements; of differential protection and

Competition 4-12. Be able to analyze device  high-voltage leakage protection

Electrical and faults according to the problem and detect the devices, understand the types and

clectronic qual.ity of the device.; ) . ) hazards o.f qver-VQItage gnd the )

technology Certificate 4-4. Familiar with all kinds _of characteristics of insulating m‘edla,
common sensors and be able to select, install master the structure and working
and apply them; principle of the high-voltage

bridge and testing transformer;
Certificate 6-5. Master NAND
circuits, logic algebra and
simplification, truth tables, drive
equations for JK and D flip flops,
state transition diagrams for decimal
and octal counters, truth tables, and
oscillograph;

4.2 Practice the “three-stage, multi-facility, and three-cycle” educational model

Figure 2 illustrates the “three-phase, multi-facility, three-cycle” educational model,
oriented towards the demand for “post-course-competition-certificate”. The entire
learning process is divided into three phases: basic competence training, special
competence training and comprehensive competence training. The initial phase,
designated as basic competence training, corresponds to the first academic year. This
phase is predominantly characterized by theoretical instruction in the classroom and
practical training in the training room, which aims to ensure the learning and mastering
of fundamental knowledge. In the subsequent academic year, the focus shifts to honing
special competencies, characterized by an emphasis on ‘“competition” and the
acquisition of recognized credentials. This phase entails a spiral cycle of training,
competing and assessment, encompassing various settings such as the training room,
the skills competition venue, and the X certificate vocational skill appraisal
examination room. This cycle is designed to facilitate the refinement and mastery of the
professional core abilities. The stage of comprehensive competence training is
primarily aligned with the third academic year, with an emphasis on cultivating “post”
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comprehensive ability. Students are expected to rotate between workshops and offices.
In the fifth semester, the programme simulates actual enterprise production, aligning
with enterprise positions, and encompasses five production training projects such as
mechanical product design and processing, intelligent production line assembly,
operation and maintenance. In accordance with the results of the skill competition, X
certificate examinations, and interests and hobbies, students select one of the above
five projects. They are then trained in different directions and positions. In the sixth
semester, the students complete actual production projects in enterprises through a dual

tutor-led and student-centered approach, which is a modern apprenticeship
work-learning mode.
Competency Requirements for the “Post-Competition-
Certificate” for the Mechatronics Technology Profession
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Figure 2. “Three-stage, multi-facility, and three-cycle” educational model

4.3 Construct an evaluation system that integrating “post-course-competition-
certificate”

The  curriculum  system, as it pertains to the integration of
“post-course-competition-certificate”, involves numerous factors, including post,
course, skill competition and industry certificate. It is imperative to incorporate the
elements of post assessment, skill competition results and industry certificate
assessment  results  into  the  evaluation  system. The  integrated
“post-course-competition-certificate” personnel training mode has been implemented in
our school’s mechatronics technology profession. A joint evaluation of personnel
training quality has been introduced via “course teaching-skill competition-industry
certification-enterprise evaluation”. Furthermore, a personnel training evaluation
system has been constructed, guided by the achievements of the
“post-course-competition-certificate” paradigm. The evaluation results are then used to
identify and address any issues that arise in the personnel training process, ensuring a
dynamic and cyclically adjusted personnel training mode. The evaluation system that
integrates the “post-course-competition-certificate”, is illustrated in Table 4.
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“post-course-competition-certificate”

academic performance that

531

integrates

Indicators Connotation of Indicators Calculation Method of Score Scoring Basis
1. If the grade given in the internship
Examine students’ evaluation form is a specific mark, that Evaluation
. comprehensive practical mark will be counted directly; scores of

Job  practice S . . . . . .

(15%) abilities such as profeSS}onal 2. If the mtems_hlp evaluation form is enterprlse.
knowledge, professional based on a grading system, 100 points masters in the
skills and vocational will be awarded for excellence, 85 internship
qualities. points for good, 75 points for average, appraisal form

Examine students’ mastery

60 points for pass, and 0 points for fail.

C . . Transcripts
ourse grades of public courses, basic
o . Average score of all course grades on exported from
(55%) professional courses, # .
. . transcript. the  academic
professional skills courses, .
etc affairs system
1. 100 points for winning the first prize
at either the national or provincial level.
2. 90 points for the second prize and 80 .
. . N .. Skills
. , points for the third prize in provincial .
. Examine students .o competition
Competition rofessional expertise in a <o b ctitions award
results (15%)  PrO'C P .2 3,90, 80 and 70 points for the first, !
certain area or certain . . . . certificates  or
second and third prizes in municipal .
aspects. - . public
competitions respectively. documents
4. 80, 70 and 60 points for the first,
second and third prizes in school-level
competitions respectively.
Examine the mastery of 1. 100 points for obtaining 1 vocational
. vocational competence in a skill level certificate (senior and above);
Examination . - . .. . . .
- type or certain types of work 2. 80 points for obtaining 1 vocational Vocational skill
performance . . . . L .
(15%) corresponding to the skill level certificate (intermediate); level certificate
students’ professional 3. 60 points for obtaining 1 vocational
positions skill level certificate (junior).

5 Difficulties and solutions in the process of “post - course - competition —
certificate” integration practice

5.1 Deepen the integration of industry and education based on the “post”

Vocational education has a fundamental role to play in equipping individuals with the
necessary skills to support industrial and enterprise development, so it is crucial to
carry out deep integration of industry and education. However, enterprises often neglect
their responsibilities for the integration of industry and education due to difficulties in
retaining personnel. In order to realize in-depth industry-education integration, it is
necessary to solve the dilemma of “retention difficulty”. To address this challenge, our
school has initiated a series of practices, yielding notable outcomes. Firstly, in
collaboration with enterprises, our school has established an intelligent manufacturing
industry college. Each enterprise is expected to contribute 1-2 technical personnel as
part-time faculty members on a semester basis, who are tasked with imparting students’
understanding of the enterprise. Secondly, enterprises participate in skill competitions
on campus in the capacity of sponsors, and the school and enterprises collaborate in the
formulation of test questions, the organization of competitions, and the award of
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certificates, with a view to fostering stronger ties between students and enterprises.
Finally, in the fifth semester of the “three-stage, multi-facility, and three-cycle”
educational model, the actual production of enterprises is simulated, with the students
docking with the positions of enterprises and carrying out five production training
projects, such as mechanical product design and processing, intelligent production line
assembly, operation and maintenance etc. Each enterprise is assigned one of these
projects, and students select their preferred project based on a variety of criteria,
including their skill competition results, X-certificate examinations, and personal
interests. The training is diversified, with students being instructed in different
directions and positions, with a view to decreasing the likelihood of frequent
job-hopping after graduation.

5.2 “Strengthen teacher team building with the aid of “competition and certificate”

A comparison of the traditional personnel training mode with the personnel training
mode under the integration of the “post-course-competition-certificate” reveals that the
latter puts forward more and higher requirements for the teacher team. The success of
the implementation of the personnel training mode under the integration of the
“post-course-competition-certificate” is contingent upon the capacity to establish a
high-quality and high-efficiency teacher team. Our mechatronics technology profession
is structured into three specialization tracks, namely mechanical design and
manufacturing, automatic production line assembly, and mechanical and electrical
equipment maintenance based on courses, skill competitions, and skill certification
projects. Each team is overseen by a highly qualified and educated teacher, such as a
doctor or a professor, and its members consist of backbone teachers, newly qualified
teachers, and teaching assistants. The team leader is responsible for the macro
coordination of the work of the whole team, while the backbone teachers are tasked
with the implementation of specific team affairs in accordance with the arrangements
of the team leader. The newly qualified teachers provide assistance to the backbone
teachers in carrying out their responsibilities, and the teaching assistant assist in
completing the venue set up, accounting and other logistical work. The team is
composed of teachers from different levels and with distinct specialisms, thus ensuring
that the team is divided into clearly defined roles, thereby mitigating the issue of
teachers facing challenges independently.

5.3 Performance guarantee to optimize and improve institutional construction

In the personnel training mode that integrates “post-course-competition-certificate”,
teachers are obligated to engage in skill competitions and skill certification
concurrently with classroom teaching. Consequently, their workload has increased
substantially. Therefore, it is imperative to further refine and enhance the performance
guarantee system to achieve “distribution according to work” and expand the scope of
workload accounting to fully stimulate the enthusiasm of teachers and students. In
terms of teaching faculty, our school has introduced a revised approach to the
management of skill competitions and the accounting of workloads. The revised
approach has resulted in an enhancement of the compensation for teachers, with their
remuneration now being increased to 1.5-2 times the original amount. Concurrently, the
school has instituted a new policy that considers the participation in skill certifications
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and competitions as a critical component of the evaluation of their merits and titles,
which has led to a marked increase in teachers’ enthusiasm for participation.
Conversely, students are encouraged and supported from a range of perspectives,
including recognition through awards (certificates), credit exchange, second classroom
results, and favorable consideration in various merit assessments, thus fostering their
voluntary and active engagement in skill competitions and skill certification.

6 Practical effectiveness of “Post-Course-Competition-Certificate” Integration

The employment rates of graduates of mechatronics technology major in the past five
generations are 82%, 90%, 94%, 99%, and 100%, respectively. The employment rate
has been increasing year by year, and the employment rate of the 2023 graduates has
reached 100%. The trend change chart of employment rate is shown in Figure 3. The
monthly salaries of the last five graduates are 4006 CNY, 4534 CNY, 4779 CNY, 5119
CNY, and 5437 CNY, respectively. The average monthly salary is 4775 CNY, which is
6.91% higher than the national average monthly salary of 4466.2 CNY in vocational
colleges. The Comparison of Monthly Salary of Graduates is shown in Figure 4. The
professional matching rates of the past five graduates are 66%, 60%, 82%, 60%, and
73%, respectively. The average matching rate is 68.2%, which is 8.95% higher than
that of the national average. (The data is sourced from the MyCOS Report)
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Figure 3. The trend in the employment rate of graduates || Figure 4. Comparison of Monthly Salary of Graduates

7 Conclusion

The integration of ‘“post-course-competition-certificate” represents a significant
initiative within the context of vocational education reform. This paper employs the
Mechatronics Technology Profession of Qingyuan Polytechnic as a case study to
explore and discuss the practical implementation of this integration and has achieved
certain results. However, the exploration of personnel training modes for the
“post-course-competition-certificate” integration remains a continuous process of
optimization and refinement. Notwithstanding, numerous issues persist, including an
overreliance on competitive equipment in provincial and above-level skill competitions
for engineering majors, the fairness of competitions, and the excessive number of
categories of vocational skill level X certificates. In the future, we will continue to
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explore the integrated education model of "Post-Course-Competition-Certificate" from
the following aspects:

a. Continue to deepen the integration of industry and education through initiatives
such as industry-academy colleges, industry-education alliances, and mobile enterprise
workspaces, thereby enhancing the alignment between talent cultivation and corporate
needs.

b. Regularly conduct job research in enterprises and sort out changes in skills
competitions and certification projects, optimizing the established curriculum standards
of “post-course-competition-certificate” integration.

c. By optimizing and improving the incentive mechanism, we can further enhance
the enthusiasm of teachers and students to participate in the integration practice of
"Post-Course-Competition-Certificate".
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Abstract. In the current world situation, enterprises have unique technological
innovation means in order to gain cutting-edge advantages in fierce competition and
promote sustainable development. Enterprise technological innovation is an
important way to influence regional and global innovation development, and a key
source of cutting-edge innovation. Enterprise technological innovation has received
widespread attention from scholars and the market, and related research has become
a hot trend in the field of enterprise and technological development research. As a
supplement to the qualitative review of research on technological innovation in
existing enterprises, based on the retrieval of relevant literature from two major
domestic and foreign literature databases (Web of Science database and CNKI
database), CiteSpace scientific software was used to visually analyze the Chinese
and English literature related to technological innovation research in domestic and
foreign enterprises from 1993 to 2023. Through bibliometric and knowledge
spectrum analysis methods, the basic research status of the country distribution,
institution distribution, author distribution, and keyword clustering of literature in
the field of technological innovation in domestic and foreign enterprises in the past
thirty years was sorted out. The domestic and foreign research development stages
and future hot trends in this field were summarized, providing reference and future
research development for improving the more efficient development of
technological innovation and entrepreneurship in Chinese enterprises.

Keywords. Enterprise technological innovation; Literature search; Visual analysis;
Development trend

1. Introduction

As the core entity of technological innovation and achievement transformation,
enterprises serve as the key driver for regional economic upgrading and national
competitiveness enhancement. Large European and American corporations have
propelled global industrial advancement through technological breakthroughs,
demonstrating the pivotal role of enterprises in innovation ecosystems. Amid shifting

! Corresponding Author: Wanli Lou, louwl@stvc.org.cn.
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global dynamics, the urgency to overcome “bottleneck technologies” and achieve
scientific autonomy underscores the strategic imperative of reinforcing enterprises’
innovation leadership. Technological innovation not only boosts corporate efficiency and
scale but also drives trade growth, regional industrial synergy, and employment stability
through spillover effects, fostering socio-economic sustainability. China’s 2015 “mass
entrepreneurship and innovation” policy ignited grassroots creativity, accelerated
resource integration, and established a collaborative “government-industry-academia-
application” ecosystem, injecting sustained momentum into innovation-driven
development [1, 2]. In technological innovation, enterprises serve as the core investment
entities, responsible for coordinating both funding and talent allocation. They act not
only as fundraisers but also as managers and utilizers of innovation capital, while talent
investment should focus on systematic team-building rather than individual researchers,
enhancing innovation efficiency through optimized talent structures. Scientific
innovation is characterized by high investment and risk, yet under China’s current system,
governments and research institutions bear partial risks, hindering the full establishment
of enterprises as the core innovation entities. Challenges such as delayed
commercialization of technological achievements and market disconnection have
dampened corporate innovation incentives. Reconstructing the innovation ecosystem
requires balancing government, market, and societal roles, addressing market and
government failures, and solidifying enterprises’ position as the primary innovators.
Driven by both market demand and national strategies, this approach will propel
technological leapfrog development and comprehensively elevate China’s innovation
capacity.

Current research on enterprise technological innovation globally revolves around
three dimensions: policy environment, enterprise capabilities, and individual innovators.
Policy studies emphasize national incentives like subsidies and tax benefits driving R&D
investment. Enterprise-level analyses highlight resource constraints in SMEs
necessitating collaborative innovation, while large firms leverage high R&D expenditure
for breakthroughs [3, 4]. Individual-focused studies explore traits of innovators and
industry-academia collaboration, exemplified by Huawei and Alibaba DAMO
Academy’s open ecosystems attracting top talent. Empirical findings reveal: Hilmersson
et al. [5] found SMEs’ innovation pace accelerates international expansion, though
founding time weakens this effect; Ndzana et al. [6] demonstrated via PSM that
integrating technical and non-technical innovation enhances performance; Huy-Cuong’s
Vietnam data showed R&D investment and formal training drive innovation, while
financial/policy barriers shape activity choices [7]. These studies unveil complex
interactions among multidimensional factors, offering theoretical foundations for policy
making and corporate strategies. Existing studies on enterprise technological innovation
lack systematic cross-country comparisons and dynamic evolution analysis [8]. Amid
global geopolitical shifts, knowledge graph-based quantitative bibliometrics (e.g., U.S.
dominance in core Al patents vs. China’s application-layer focus) can reveal
transnational innovation patterns, offering visual analytics to advance theoretical
frameworks and policy alignment.

To systematically map the research landscape of enterprise technological
innovation across global and domestic contexts, this study employs bibliometric analysis
and the visualization tool CiteSpace. Building on prior research, we systematically
analyze literature from the Web of Science (WOS) Core Collection and China National
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Knowledge Infrastructure (CNKI) databases. The analysis examines fundamental
characteristics such as country distribution, institutional collaboration, keyword co-
occurrence, and burst detection in academic publications from 1993 to 2023. This
approach reveals the evolution of research themes, highlights cross-regional disparities
(e.g., Western focus on innovation ecosystems vs. China’s policy-driven models), and
identifies theoretical frontiers. The findings provide a data-driven framework for
advancing research and informing evidence-based policy making, contributing to both
theoretical and practical advancements in enterprise innovation studies.

2. Research Methods and Data Sources

With the advancement of global technology, the hotspots and priorities of scientific
research evolve dynamically. These shifts can be analyzed by examining publicly
available literature through systematic approaches. Bibliometrics, as a discipline, applies
mathematical and statistical principles to quantitatively describe and analyze the quantity,
structure, and evolution of scholarly publications. It enables the identification of
disciplinary development patterns, prediction of research trends, and revelation of
evolutionary mechanisms underlying scientific activities. This methodology provides
evidence-based support for scientific management and policy-making, offering critical
insights into the growth dynamics and future directions of academic fields.

CiteSpace is a scientific knowledge mapping tool based on dynamic network theory.
Built on the Java programming language, it enables structural, trend, and evolutionary
analysis within scientific fields through bibliometric methods. By processing domain-
specific literature, the tool visualizes research paradigms and developmental trajectories
of disciplines, aiding in the identification of emerging trends, key contributors, and
intellectual dynamics in academic domains [9, 10].

This study constructed a bibliometric database focused on enterprise technological
innovation. For English literature, 1,423 SSCI articles (1993-2023) were initially
retrieved from Web of Science using keywords like “Enterprise technological
innovation,” followed by manual screening and supplementary searches in authoritative
journals, resulting in 661 refined papers. Chinese literature was sourced from CNKI with
keywords “Enterprise technological innovation” and “Technological innovation” filtered
by Peking University Core Journals and CSSCI standards, yielding 488 articles after
removing irrelevant entries. All abstracts and keywords were formatted per CiteSpace
requirements to build the data pool for subsequent knowledge mapping and trend
analysis.

3. Visualization Analysis of Technological Innovation in Global and Domestic
Enterprise

3.1 Annual and Quantitative Distribution

Analysis of annual publication trends from 1993 to 2023 (Figure 1) reveals a sustained
growth in corporate technological innovation research. Before 2000, global publications
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remained sparse, with fewer than 10 articles annually. Rapid expansion began post-2001,
surging after 2010 and peaking at 154 articles in 2023, marking a 48.1% increase from
2022. Domestically, research initially paralleled international efforts, dominating 68.8%
of total publications in 2001 and maintaining leadership until 2016 (except 2011),
aligned with China’s innovation-promoting policies. However, domestic output declined
post-2017, plummeting to 12 articles in 2023, while international publications surged to
142. This divergence reflects China’s academic evaluation policies incentivizing
researchers to prioritize international journals, significantly reducing domestic
contributions.

Analysis of the publication volume on enterprise technological innovation from
1993 to 2023 indicates that this field has become a focal point in technological innovation
research, drawing significant attention from scholars and industry practitioners. However,
a notable disparity exists between domestic and international publication outputs. A
systematic synthesis of global and local research hotspots is imperative to align with
cutting-edge trends, uncover emerging topics, and provide actionable insights for
Chinese researchers to publish high-quality studies in this domain.
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Figure 1. The number and trend chart of published papers on enterprise technological innovation research in

domestic and foreign journals from 1993 to 2023.
3.2 Country/Region Distribution

National political-economic environments and policy frameworks critically shape
enterprise technological innovation research trends. Bibliometric analysis via CiteSpace
reveals China's dominance with 316 publications (47.73% of global output) and the
highest centrality (0.83), while the U.S. (76 articles) and U.K. (73 articles) follow (Table
1). Europe collectively contributes 194 papers, reflecting regional collaboration, and
Asia shows vitality in China, South Korea, and India. Despite China’s later entry, its
ascendancy stems from two drivers: policy ecosystems—post-reform legal frameworks,
incubators, and tax incentives fostering innovation—and industry-academia synergy—
exemplified by Huawei and Tencent’s alliances with universities to commercialize
research. Europe sustains activity through corporate diversity, while the U.S. leverages
capital and regulatory agility. The study underscores that stable governance, legal
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enforcement, and resource integration define a nation's innovation research leadership,
with China’s model offering a “policy-industry-academia” paradigm for emerging
economies [6, 11].

Bibliometric research employs tools like CiteSpace to visualize collaboration
networks, revealing patterns and trends. Author co-occurrence maps identify core
research groups. This study analyzes collaboration dynamics in enterprise technological
innovation using CNKI and WOS data, decoding academic synergy evolution.

Table 1. Distribution of enterprise technological innovation research in countries/regions and institutions

worldwide.

Ranking  Country/Region  Quantity/article Percentage/%  Centrality  Year of first publication

1 China 316 47.73 0.83 1998
2 America 76 11.48 0.35 2000
3 Britain 73 11.02 0.43 1997
4 Italy 51 7.70 0.34 2002
5 Spain 36 5.44 0.18 2008
6 France 26 3.93 0.13 1996
7 Australia 21 3.17 0.08 1999
8 Republic of Korea 21 3.17 0.06 2014
9 Germany 18 2.72 0.10 2005
10 Canada 17 2.57 0.05 2001
11 India 16 2.42 0.07 2000

3.3 Analysis of literature keyword

Keyword co-occurrence maps via CiteSpace reveal “performance” and “innovation” as
core high-frequency nodes in global enterprise technological innovation research,
forming dense network structures (Figure 2a). The tight linkage between innovation and
corporate performance underscores its role as a key growth metric. Robust connections
among high-frequency terms and minimal isolated nodes validate the systematic
theoretical framework, spanning R&D, management, and marketization, demonstrating
innovation's holistic impact on enterprise development.
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Figure 2. Co-occurrence map of keywords related to enterprise technological innovation research in
international (a) and Chinese (b) journals from 1993 to 2023.
The co-occurrence map of Chinese journals (Figure 2b) highlights “technological
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innovation”, “scientific innovation”, and “SMEs” as core nodes with high centrality.
However, numerous isolated nodes and sparse connections between high/low-frequency
terms indicate fragmented themes. While a foundational framework has emerged,
systematic integration remains under development, underscoring the need for broader
theoretical scope and interdisciplinary synergy in domestic research.

Bibliometric analysis via CiteSpace reveals high-frequency keywords in global
enterprise technological innovation research (=23 occurrences) cluster into three themes,
which are innovation performance (efficacy evaluation and competitive enhancement),
R&D dynamics (knowledge spillovers and empirical modeling), and production
innovation (process optimization and smart manufacturing), reflecting a focus on
quantifiable outcomes (Table 2). In contrast, Chinese studies prioritize institutional
innovation, private enterprises, and collaborative innovation, emphasizing policy
integration and localized practices, yet lack systemic theoretical frameworks compared
to international research (Table 3).

Table 2. High frequency keywords for research on technological innovation in foreign journal enterprises.

Keyword Frequency Centrality Keyword Frequency Centrality
Performance 191 0.12 Enterprise 36 0.05
Research and development 180 0.11 Determinants 36 0.10
Technological innovation 146 0.12 Industry 35 0.05
Innovation 83 0.12 Technology 34 0.05
Impact 82 0.03 Dynamic capacity 32 0.01
Firms 76 0.05 Foreign direct-investment 28 0.03
Absorptive-capacity 70 0.09 Multinational-enterprises 28 0.04
Growth 65 0.03 Firm 27 0.05
Knowledge 59 0.09 Collaboration 27 0.06
Strategy 57 0.06 Investment 26 0.03
Firm performance 54 0.04 Empirical evidence 26 0.03
Capacity 49 0.12 Innovation performance 25 0.01
Product innovation 47 0.05 Spillovers 25 0.04
Management 44 0.09 Product development 25 0.07
Productivity 38 0.00 Business 24 0.04

Chinese research on enterprise technological innovation centers on three themes:
“technology innovation”, “SMEs” and “scientific innovation”. High-frequency terms
like “collaborative innovation” reflect SMEs’ reliance on regional partnerships to
mitigate risks due to limited independent R&D capacity. Keywords such as “innovation
funds” highlight policy dependency for financial support. Compared to global studies,
China’s keyword frequency and diversity are lower, attributed to fewer publications and
a policy-centric focus. While “technological innovation” is the sole overlapping top
keyword internationally, foreign research emphasizes performance-R&D linkages,
contrasting with China’s policy-ecosystem priorities.

Table 3. High frequency keywords for research on technological innovation in domestic journal enterprises.

Keyword Frequency  Centrality Keyword Frequency Centrality
Technological innovation 169 0.78 Financial technology 7 0.04
Small and medium-sized enterprises 37 0.14 System innovation 6 0.01
Technology innovation 35 0.13 Technology finance 6 0.01
Enterprise 18 0.04 Incubator 6 0.01
Innovate 11 0.04 Innovation performance 6 0.03
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Innovation ability 10 0.02 Cooperative innovation 5 0.02
Collaborative innovation 7 0.01 Efficiency 5 0.01
Innovation fund 7 0.02 Enterprise innovation 5 0.07

4. Research Evolution

Keyword burst analysis identifies sudden frequency shifts in thematic terms to reveal
research trend evolution. From 1993 to 2023, international journals showed 13 bursts
(Figure 3a), while Chinese journals had 12 (Figure 3b). Based on visual bibliometric
analysis of international and domestic journals focusing on corporate technological
innovation literature, this study identifies research priorities across different periods
through high-frequency keywords. The analysis reveals distinct phases and research
emphases in global and domestic academic circles. From 1993 to 2023, 13 burst
keywords emerged in international journals, while 12 burst keywords were identified in
domestic journals. The start and end years of these burst keywords in the detection graph
indicate their sustained prominence as research hotspots during specific periods. The
intensity metric reflects the citation frequency of each keyword, quantifying its academic
influence. This temporal mapping demonstrates evolving research trends, with
international studies showing longer burst durations (average 6.2 years) compared to
domestic research (average 4.8 years). Key thematic shifts include early focus on
innovation management (1990s), transitioning to open innovation (2000s), and recent
emphasis on digital transformation and sustainability (post-2010s).
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Figure 3. International (a) and Chinese journal (b) keyword emergence chart from 1993 to 2023.

4.1 Evolution of Research Abroad

Based on CiteSpace keyword burst detection and bibliometric analysis, international
research on corporate technological innovation can be divided into three phases. The first
stage is the Initial Stage (pre-2001). Studies in this period focused on the foundational
role of technological innovation in multinational enterprises under globalization, with
core themes including “multinational enterprises”, “globalization” and “organization”.
Despite limited publications, this phase established innovation as a key driver for
efficiency enhancement, cost reduction, and global competitiveness, particularly in
resource allocation and production optimization. Then, the following stage is the Steady
Development Phase (2001-2016). Research shifted toward systematic analysis with
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keywords like “knowledge spillovers”, “empirical evidence” and “systems”. The Porter
Hypothesis emerged as a central framework, positing that well-designed environmental
regulations stimulate innovation rather than hinder competitiveness. Empirical studies
confirmed the positive correlation between stringent policies and corporate R&D
investments, laying groundwork for dynamic cost-offset models. After 2016 (Rapid
Expansion Phase), investigations were deepened into regulatory mechanisms and
interdisciplinary integration, highlighted by keywords “moderating role” and “Porter
Hypothesis”. The dynamic interplay between environmental regulations and green
innovation became pivotal, demonstrating how compliance costs could be offset through
eco-efficient technologies. Concurrently, the significant contribution of Chinese scholars
in international journals reflect domestic policy emphasis on sustainable innovation,
showcasing a blend of global collaboration and localized practices.

4.2 Evolution of Domestic Research

Due to the relatively small number of published papers in China compared to foreign
countries, the emerging keywords continue to focus on individual research topics.
Therefore, the author combines manual sorting and discrimination to divide the research
on technological innovation in domestic enterprises into the following three stages.
®  Conceptual Exploration Phase (pre-2000): Driven by post-WTO accession
policies, early studies focused on state-owned enterprises, emphasizing the
strategic role of innovation but lacking empirical data.
®  Steady Development Phase (2000-2007): Rapid growth in enterprise numbers
and market reforms spurred increased publications. Keywords like
“Institutional innovation” and “private enterprises” highlighted localized
policy integration and collaborative innovation practices.
® Transition Phase (after 2007): Research shifted toward systemic models,
integrating global theories with Chinese contexts. Keywords such as
“knowledge management” and “fintech” indicated deeper analytical focus.
While Chinese scholars prioritized international journals for cross-border
validation, domestic journals faced challenges in theoretical cohesion.

5. Conclusions and Research Prospect

Studies on enterprise technological innovation emerged simultaneously worldwide.
While Chinese publications dominated international journals from 2001-2016, foreign
outputs surged thereafter. Half of global contributions involve Chinese authors, yet
systematic collaboration among core scholars remains limited. International journals
exhibit broader systemic insights due to cross-border academic exchanges and localized
theoretical adaptations. In contrast, domestic studies in Chinese journals are fragmented,
lacking cohesive theoretical frameworks. Early Chinese research focused on qualitative
case studies but shifted to quantitative methods with increased global engagement.
Despite declining domestic outputs due to overseas publication preferences, recent
policy support highlights potential for developing China-specific innovation theories.
Future studies should focus on optimizing incentive models and performance
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evaluation systems for enterprises of varying scales, balancing R&D input-output
efficiency, and mitigating risks to achieve sustainable development. Ecosystem-Based
Systemic Research: Innovation research must shift from linear approaches to dynamic,
multi-level ecosystems involving enterprises, universities, governments, and financial
institutions. Emphasis should be placed on localized applications to adapt to complex
socio-economic environments. Talent-centric innovation is critical. Systematic studies
are needed on how education, corporate practices, and policy incentives synergize to
cultivate innovation capabilities at individual and team levels. Last but not the least,
investigating causes of innovation failures (e.g., funding gaps, market misalignment)
across development stages will enhance enterprises’ adaptive capacity and
competitiveness.
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Abstract. This study investigates challenges in developing foreign language 'dual
teacher' teams in Yangtze River Delta vocational colleges, using survey data from
186 teachers. Results reveal gaps in teacher morality, practical teaching skills, and
enterprise collaboration. Policy recommendations include strengthening incentive
mechanisms, optimizing training, and deepening college-enterprise partnerships.

Keywords. Dual teacher, integration of industry and education, Vocational foreign
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1. Introduction

In the context of the vigorous development of vocational education, the construction of
a "dual teacher" teaching team has become a core element in improving the quality of
vocational education [1]. As the forefront of China's economic development, the
development of vocational education in the Yangtze River Delta region is of great
significance in promoting regional industrial upgrading and economic transformation.
Compared with Germany’s dual vocational system, double qualified teachers in our
country not only need to possess solid professional theoretical knowledge, but also need
to have rich practical experience and proficient professional skills. They should be able
to integrate the latest industry trends and practical operational experience into the
teaching process, and cultivate high-quality technical and skilled talents that meet market
demand. In order to gain a comprehensive understanding of the actual situation of the
construction of the foreign language"dual teacher" team in vocational colleges in the
Yangtze River Delta region, we have carefully designed and conducted the questionnaire.
Through in-depth analysis of the survey data, we hope to accurately grasp the current
situation, identify existing problems, and propose practical and feasible targeted
suggestions.

! Corresponding author, Fengyun WANG, Shanghai Technical Institute of Electronics &
Information, China; Email: wangfengyun@stiei.edu.cn



X. Xiao and F. Wang / Research on Foreign Language “Dual Teacher” Development 545
2. Research Design

At present, the domestic academic community has achieved certain results in the
construction of a vocational education "dual teacher" team. According to the search
results of China CNKI (see Figure 1), research results related to the integration of
industry and education and the construction of a "dual teacher" team have shown a
continuous fluctuation and upward trend since 2000, and reached its peak around 2020.
This indicates that the Chinese Ministry of Education continues to pay attention to the
construction of dual teacher teachers, especially with the release of a series of related
documents that promote active attention from the academic community to this topic.
Among them, teacher team construction, industry education integration, and school
enterprise cooperation are all related hot topics.

Number of publications

2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 1. General research trend
2.1 Research Questions

This research mainly explores the following two questions:
(1) What are the core elements of becoming a foreign language 'dual teacher'?
(2) How can we construct a model to develop foreign language 'dual teacher' teams?

2.2 Research Subject

This survey is aimed at foreign language teachers and administrative staffs from
vocational colleges, secondary vocational schools, and vocational undergraduate
institutions in the Yangtze River Delta region. In the investigation process, we mainly
use an online platform of Questionnaire Star to distribute questionnaires, striving to
cover vocational colleges of different types and scales. After rigorous data screening and
organization, 186 valid questionnaires are finally collected. The survey is comprehensive
and detailed, covering multiple key aspects such as the quality, connotation, evaluation
criteria, training mode, construction difficulties, and suggestions of "dual teacher". In
order to fully collect various types of information, the questionnaire design adopts a
combination of single choice, multiple choice, and free answer modes.

3. Research Results and Discussions
Based on the data and content of the questionnaire, carefully comparing the requirements

of the "Basic Standards for 'Dual Type Teachers' in Vocational Education (Trial)" issued
by the Ministry of Education in 2022 and the "Implementation Rules to Conduct the
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Shanghai Municipal" Dual Type Teachers" Certification Work" issued by D Vocational
College, this report comprehensively analyzes the current state on Foreign Language
"Dual Teacher" Development in Yangtze River Delta Region Vocational Colleges. The
report is on four dimensions from teacher morality, teaching ability, research and
development achievements, to enterprise practice. The final feasible suggestions and
opinions are proposed based on the overall research situation, common problems
commonly existing in different types of colleges, and a few personalized problems.

3.1 Teaching Morality: Insufficient inner motivation for "dual teacher" professional
development
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Figure 2. Reasons for low motivation in applying for "dual teacher"certificate

In practice, some teachers have low enthusiasm in applying for the "dual teacher"
certification, mainly due to a lack of understanding of certification standards (63%),
insufficient practical experience in enterprises (67%), as well as national skill level or
vocational level certificates (57%), insufficient teaching achievements (37%), and other
reasons (see Figure 2).

3.2 Teaching Competence:Difficulty in transformation between practical knowledge
and teaching content

According to research results, the vast majority of teachers encounter problems such as
lack of teaching method guidance (34.48%), limited time and energy (55.17%), and
difficulty in systematically organizing practical knowledge (43.68%) when transforming
practical knowledge into teaching content. The most important factor is that teachers
themselves lack understanding or mastery of the latest technology applications in the
industry (78.16%) (see Figure 3). This data indicates that vocational foreign language
"dual teacher” in the Yangtze River Region often face insufficient abilities and methods
in deconstructing cases and transferring knowledge during the process of knowledge
transformation. Moreover, the daily teaching hours of vocational foreign language
teachers are relatively long, making it difficult to guarantee the time in personalized
teaching case development. Finally, foreign language teachers need a team to guide them
in sorting practical knowledge system and teaching resource base.
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Figure 3. Difficulty in converting practical workplace content into teaching content

3.3 Professional Teaching and Research Achievements: Lack of training mechanism
for "dual teacher"
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Figure 4. "Dual teacher" trainings for vocational college teachers

According to research results, most teachers have participated in lectures on themes of
college-based "dual teacher" training (69%), teaching workshops on the integration of
industry and education (51%), practical training in enterprises (53%), online course
learning (63%), technical training for industry associations (30%), and training for
world-class competitions or high-level competitions (21%) (see Figure 4). This indicates
that most teachers participate sporadically in one or more training forms related to dual
teacher training based on their own interests and a clear "dual teacher" training
mechanism has not yet formed.

3.4 Enterprise Practice Experience: Lack of practical experience in enterprises

According to the questionnaire results (see Figure 5), in the past three years, most foreign
language vocational college teachers have a relatively short period of time in
participating in enterprise practice. For instance, 29.89% teachers have chosen 1-3
months. However, nearly 50% of teachers have hardly participated, which strongly
affects their accumulation of practical experience in new technologies in enterprises and
industries, and thus makes it difficult to combine practical cases in teaching, meanwhile
indirectly affecting the effectiveness of vocational education teaching.
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4. Implications and Suggestions for Foreign Language “Dual Teacher”
Development

To build a high-level foreign language "dual teacher" teaching team for vocational
education in the new era (see Figure 6), we need to combine key points. First, guided by
the concept of standards, the first step is to prioritize moral character, strengthen political
and professional ethics, and enhance the basic literacy of teachers. Secondly, we need to
focus on professional teaching and enhance teaching skills. Thirdly, we need to have a
sense of professional teaching and research, and solidly accumulate achievements.
Finally, enterprise practice needs to be actively participated in to enhance the ability to
transform achievements. Only by this way can we have connotation enhancement to
realize the educational objectives of talent training quality.

Connotation enhancement
T

—
Adllwamnnu

Professional Skills
Basic Quality

Figure 6. Practice path of foreign language “dual teacher” team

%

4.1 Strengthen Teacher Morality

4.1.1 Improve Incentive Mechanism

Vocational Colleges should establish a more comprehensive incentive mechanism,
giving priority consideration and rewards to teachers who actively participate in the "dual
teacher" training and achieve significant results in professional title evaluation,
performance assessment, and excellence evaluation, fully mobilizing the enthusiasm and
initiative of teachers [2-3]. Through the promotion of relevant policies and systems, it is
clear that the construction of a "dual teacher" team is a requirement for the development
of vocational education and an urgent need for future industrial upgrading, enhancing
the professional identity and sense of belonging of foreign language dual teachers [4-5].
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4.1.2 Refine the evaluation criteria to better align with industry needs

A scientific, reasonable, and diversified "dual teacher" evaluation system needs to be
established. In the evaluation system, the weight of indicators such as practical ability
and corporate performance should be significantly stressed, and more emphasis should
be placed on teachers' performance and achievements in routine work [6-7]. For example,
it is suggested to set up a dedicated practical ability assessment section, invite enterprise
experts to participate in the evaluation, and conduct on-site assessments of teachers'
English professional skills and problem-solving abilities. At the same time, the economic
and social effects obtained by foreign language teachers participating in horizontal
scientific research projects or enterprise practices should be included in the evaluation
scope, and the "dual teacher" literacy level of teachers will be comprehensively and
objectively evaluated. In addition, a systematic "dual teacher" career promotion and
development plan should be provided to help foreign language teachers have a clear
mind-map on their career development direction and enhance career development
motivation [8].

4.2 Enhance Teaching Competence

4.2.1 Increase practical cases

Foreign language teachers should be encouraged to introduce more practical cases in
their teaching, such as leading in typical application case analysis and thematic
discussions of Vocational English Test System (VETS, which is a 1+X Practical English
Communication Vocational Skills Certificate Examination), to cultivate students'
thinking and analysis abilities and application innovation abilities in vocational English
scenarios. In addition, foreign language teachers should actively explore college-
enterprise cooperation, strengthen deep cooperation with language service enterprises,
and jointly with enterprises develop customized courses such as "Translation Project
Management", "Translation Technology and Information Retrieval", "Introduction to
Machine Translation", "Al and Language Applications", relying on project-based
teaching methods and modular teaching content to help students bridge the gap between
English skills learning and practical application in workplace projects. In addition,
foreign affairs service projects need to be actively introduced in teaching practice, such
as international exhibition translation services, foreign affairs reception services, to
enhance the practical English application ability. In response to the situation that foreign
language teachers generally face a large number of class-teaching hours, it is possible to
conduct the sorting of foreign language practical knowledge systems and the
construction of resource bases.

4.2.2 Optimize training content

Based on teachers’ personalized needs, the training content for "dual teacher" should be
optimized to ensure the effectiveness of the training content. For example, teachers can
take VETS teacher training to greatly enhance the practicality of professional training
content, through diverse training forms such as online, offline, and on-site observation,
using methods such as visiting enterprises and researching industry technology
development, accurately meeting the needs of enterprises, deepening the implementation
of industry education integration, and improving the professional competence level.
During the training process, teachers need to be arranged to visit relevant language-
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service enterprises for on-site visits and practical operations, to effectively integrate
training content into the teaching process in the classroom [9]. In addition, we should
actively organize skill competitions, industry enterprise competitions and expand
industry skill certificate training, such as workplace English challenges and vocational
English writing competitions, VETS certificate, human resources and social security e-
commerce certificate, to enhance the links between teachers and language service
enterprises, help foreign language teachers consolidate professional skills and techniques.
Moreover, various artificial intelligence tools need to be used to enhance foreign
language teachers' perception of the latest developments in the language service industry,
and gradually improve their professional competence and qualities.

4.3 Promote Teaching and Research Achievements Transformation

4.3.1 Establish a mechanism for scientific research achievements transformation

Special funds at all levels need to be set up to support foreign language teachers in
transforming scientific research achievements into practical teaching application content
to improve the quality of vocational education teaching. For example, a research and
innovation VETS team can be established to apply for "1+X" related teaching research
and reform projects to accelerate scientific research results. In addition, we can build up
interdisciplinary teaching teams according to the industry chain. For instance, we can
combine emerging artificial intelligence and language service industries, say integrating
foreign language teachers' translation technology with courses such as Al and language
applications with natural language processing and computer software applications in the
field of communication, working together to strive for research projects in related fields.

4.3.2 Innovate training mode of cultivating dual teachers

We should innovate the training mode of "dual teacher" team and carry out personalized,
systematic and targeted training based on their different stages of professional
development and skill levels. For instance, we can provide featured trainings from
survival training that focuses on supplementing knowledge and technical weaknesses to
developmental training that focuses on improving personalized abilities, or from
comprehensive training that enhances the overall quality of teachers to specialized
training that meets the personal professional development of teachers. Regarding the
construction of a foreign language "dual teacher" team, vocational colleges can focus on
the 1+X foreign language certificate examination and vigorously build a VETS evaluator
team to enhance "dual teacher" quality of the foreign language teacher team. Finally, we
need to further improve the teacher development mechanism and encourage the
establishment of shared exemplary teacher development centers, such as relying on the
1+X exam and training, actively creating a 1+X practical English communication
vocational skill level certificate model base, and forming a regional shared exemplary
"dual teacher" training base.

4.4 Deepen enterprise practice

4.4.1 Strengthen college-enterprise cooperation from government side

The government should strengthen relevant policy support, increase funding for the
construction of "dual teachers", establish special funds at all levels to support teacher
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training, enterprise practice, and the development of college-enterprise cooperation
projects. By formulating tax preferential policies, certain tax reductions and exemptions
will be given to enterprises actively participating in "dual teacher" training. At the same
time, social honor awards should be established to recognize and promote enterprises
that have made outstanding contributions in "dual teacher" training, and enhance the
social reputation of the enterprises.

4.4.2 Deepen the integration of industry and education from college side

Colleges should actively establish close cooperative relationships with enterprises of
language service, foreign affairs service, foreign trade, and enhance the language
application and technical practice ability of foreign language teachers through college-
enterprise cooperation projects, industry university research combination and other
methods. At the same time, we need to increase the duration of foreign language teachers'
off the job practice in enterprises, and encourage teachers to participate in the actual
project management and operation of enterprises [10]. For example, college-enterprise
cooperation can jointly establish a "dual teacher" practice base, enabling teachers deeply
to participate in the product service process of language services and foreign affairs
services, such as accepting and disassembling tasks, project management, project
delivery, to ensure that enterprise practice teachers can participate in core technologies
and important work processes, and effectively enhance the professional technical
abilities and practical effects of foreign language teachers.

4.4.3 Build a collaborative community between colleges and enterprises

Colleges should concentrate scientific research teams to actively cooperate with
enterprises. Based on enterprise needs, colleges and enterprise experts jointly take
research, tackle enterprise technical problems, enhance enterprise technological
competitiveness, improve social service capabilities and social influence of colleges, and
form a community of shared interests between colleges and enterprises. In addition, in
terms of policy-making and optimizing, both colleges and enterprises should strengthen
communication and trust, establish a sound confidentiality mechanism, eliminate
enterprises' concerns about the leakage of commercial secrets, and achieve a good status
of win-win between colleges and enterprises.

4. Conclusion

This research, through comprehensive and in-depth data collection and analysis, clearly
reveals the achievements and problems in the construction of "dual teacher" teams in
vocational colleges in the Yangtze River Delta region. Although there is a certain
consensus among vocational college teachers in terms of their understanding of the "dual
teacher" quality and connotation, there are still many urgent problems to be solved in
terms of evaluation standards, training models, and construction difficulties.

Through a series of practical measures such as improving the "dual teacher"
evaluation criteria, innovating the "dual teacher" training model, strengthening policy
support, and increasing the participation of language service and foreign affairs service
enterprises, we have reason to believe that the construction of the foreign language "dual
teacher" team in vocational colleges in the Yangtze River Delta region will be further
strengthened, effectively improving the quality of vocational education and continuously
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supplying high-quality technical and skilled talents for the high-quality development of
the regional economy. Only through multidimensional and systematic paths and
solutions, with the cooperation of all levels and departments, and continuous
improvement of relevant evaluation policies and management mechanisms, can the
overall quality of the foreign language "dual teacher" team in vocational colleges in the
Yangtze River Delta region be effectively enhanced, and the healthy development of
higher vocational education be promoted.
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Abstract. This paper focuses on technology-enabled education and the
enhancement of student engagement. It explores a new model of student engagement
based on wireless networks. Using qualitative and quantitative research methods,
with the IPTC course as a case study, the paper analyzes the application paths and
effects of wireless networks in teaching. The study finds that wireless network
technology breaks the limitations of time and space, lowers the participation
threshold for students, and improves teaching quality. At the same time, college
students are more willing to express themselves, and the forms of participation are
more diverse. Moreover, the role of teachers has shifted from being ‘knowledge
transmitters’ to ‘learning guides’. The paper concludes by summarizing innovative
practical experiences, noting that the ‘effectiveness’ and ‘depth’ of student
participation still need to be improved. The integration of teaching design and
technology remains fragmented, and the over-reliance on network tools presents
challenges. It also identifies existing issues, including the need to establish a
systematic teaching design guide, strengthen teacher training and platform
development, and promote a ‘student-centered’ teaching culture, offering scalable

teaching strategies for higher education.

Keywords. Student Engagement, Wireless Networks, Higher Education,

Ideological and Political Theory Courses.

1. Introduction

1.1. Background

With the rapid development of information technology, higher education is undergoing
an information and digital transformation aimed at improving educational quality,
innovating talent cultivation methods, and promoting educational fairness and
modernization. Informationization involves utilizing modern technologies to reform
teaching, management, and research processes, improving the efficiency of educational
resources and service quality. Digitalization, on the other hand, converts educational
resources and services into digital forms, driving innovation in educational content and
methods [1]. Currently, several trends characterize the digital transformation of higher
education: first, online education and blended learning have become mainstream,
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gradually developing into more flexible and personalized learning; second, digital
textbooks and smart classrooms facilitate personalized teaching, using big data analysis
to accurately track student’ learning progress; additionally, data-driven decision support
and the construction of smart campuses continue to improve management efficiency and
campus intelligence.

The application of VR and AR technologies in fields like medicine and engineering
is also advancing immersive learning. However, the digital transformation faces
challenges: outdated technological infrastructure and a lack of skilled teachers, the digital
divide impacting educational fairness, and the urgent need for solutions regarding data
security and privacy protection [2]. In the future, with continued technological
advancements, higher education will become more intelligent and personalized,
international educational resource sharing will become more accessible, and lifelong
learning will become the norm. The digital transformation will profoundly reshape the
structure and functions of higher education, driving social innovation and development.
The widespread use of wireless networks in universities has brought profound changes,
particularly in teaching, management, and campus life. Firstly, wireless networks have
made teaching more flexible, allowing students to access learning materials and
participate in online discussions anytime and anywhere, promoting self-directed and
personalized learning. Teachers can also use mobile devices for real-time presentations
and remote teaching. Secondly, wireless networks have facilitated the sharing of
educational resources, enabling students to easily access digital textbooks, online
courses, and virtual labs, which promotes educational equity.

With the continuous development of educational concepts, the central role of
students in teaching is becoming increasingly prominent. Traditional teaching models
emphasized the teacher's leading role, while modern education focuses on the student's
position as the subject, with active participation and self-directed learning becoming key
to improving educational quality. Students are no longer passive recipients of knowledge
but active participants in knowledge exploration. Through self-learning, collaboration,
and critical thinking, they can better master knowledge and develop innovative abilities
and problem-solving skills.

In addition, students’ feedback and opinions play an important role in improving
teaching. Teachers can adjust their teaching strategies based on students’ needs and
feedback, making the teaching process more aligned with students’ actual situations and
interests. With the development of information technology, students can participate in
classroom learning and teaching design at any time through online platforms and
discussions, enhancing interaction and personalization in learning. Therefore, the central
role of students in teaching is reflected not only in learning but also in the transformation
of educational models and the improvement of teaching quality.

1.2. Problem Statement

Despite the continuous development of information technology and the increasing use of
advanced teaching tools and platforms in many universities, issues such as insufficient
student participation and classroom silence still persist. These problems not only affect
teaching effectiveness but also limit the depth of student learning and the expansion of
their thinking. Traditional classroom participation modes, such as raising hands to speak
and group discussions, although promoting student engagement to some extent, have
clear limitations. The hand-raising method often creates a rather one-dimensional
classroom atmosphere, and the number of students who participate is limited, which
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often fails to fully engage all students. While group discussions can enhance interactivity,
they may also be constrained by time and the number of participants.

How to innovate student participation through wireless networks has become an
important issue in higher education reform? Wireless networks provide more flexible
and diverse ways for students to interact, allowing them to participate in class discussions
and learning activities anytime and anywhere. For example, through mobile devices,
students can submit questions in real-time, participate in online polls, answer classroom
questions, and even engage in virtual discussions and collaborative learning, greatly
enhancing the interactivity and participation of the classroom. Additionally, wireless
networks support online classes, live lectures, and educational platforms, offering a more
personalized and differentiated learning experience, allowing students to choose content
and learning methods based on their interests and needs [3].

The widespread use of wireless networks provides students with more opportunities
to participate and offers teachers more teaching tools and strategies. Through innovative
technologies, teachers can monitor students’ learning status and feedback in real-time,
allowing them to adjust teaching content and methods accordingly, fostering more
comprehensive student participation and learning. In conclusion, fully utilizing wireless
networks to innovate student participation is key to improving classroom teaching
quality, enhancing active student learning, and boosting educational effectiveness.

1.3. Research Objectives

Exploring new student participation models based on wireless networks aims to break
the limitations of traditional classroom interactions and stimulate active student
involvement through the support of information technology. With wireless networks,
students can submit questions in real time, participate in online polls, provide instant
feedback, and even engage in virtual discussions and collaborative learning. This new
participation model makes classroom interaction more flexible and diverse, enhancing
student initiative in learning. The application path in teaching includes: teachers using
wireless network platforms to publish interactive tasks, students participating in
discussions and sharing viewpoints via mobile devices, and teachers monitoring
students’ learning progress and feedback in real-time to adjust teaching strategies.

In terms of effectiveness, this method increases classroom participation and
learning interest, promotes personalized and self-directed learning. By summarizing
innovative practical experiences, it can provide higher education with scalable teaching
strategies, such as the use of interactive platforms, real-time feedback mechanisms, and
the design of personalized learning paths, effectively supporting the improvement of
education quality and the overall development of students.

1.4. Theoretical Framework and Literature Review

When exploring new student participation models based on wireless networks, relevant
theories provide theoretical support. Firstly, constructivist learning theory emphasizes
that learning is an active construction process, where learners actively acquire, process
information, and build their knowledge systems through interaction with the
environment [4]. Wireless networks, by providing abundant resources and interactive
platforms, enable students to construct knowledge through self-directed learning and
collaboration, thus enhancing learning outcomes.
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Secondly, Interactive Learning Theory emphasizes that learning is achieved through
interaction. The interaction between students, teachers, peers, and learning materials
collectively facilitates the internalization of knowledge [5]. Wireless networks provide
real-time interaction opportunities, allowing students to ask questions and participate in
discussions at any time, enhancing classroom interactivity, and deepening and
broadening learning. The Technology Acceptance Model (TAM) focuses on users’
acceptance of technology, arguing that the ease of use and usefulness of a system directly
affect its acceptance [6]. In a wireless network environment, the acceptance of
technological platforms by both students and teachers is crucial. Only when students
perceive the technological tools brought by wireless networks as easy to use and helpful
can they be encouraged to participate more effectively.

Finally, Educational Technology Integration Models (such as TPACK and SAMR)
provide frameworks for the effective application of educational technology [7]. The
TPACK model emphasizes the integration of technology, pedagogy, and content
knowledge by teachers [8], while the SAMR model guides how to enhance teaching
quality through technological innovation. The widespread use of wireless networks
provides the technical support for implementing these models, promoting innovation in
teaching methods and improving educational quality.

Research on ‘“Technology to Promote Student Participation’ has gained widespread
attention both domestically and internationally. International studies primarily focus on
how technology enhances interaction and personalized learning to promote student
participation, especially in online learning and blended teaching environments. Research
shows that technology can increase student engagement and facilitate collaboration and
communication among students. In China, research tends to focus more on the
application of wireless networks and information technology in traditional classrooms,
exploring how technological tools can improve the student learning experience and
enhance classroom interaction.

Typical applications of wireless networks in teaching include online quizzes, bullet
screen interaction, and mobile learning platforms. Online quizzes provide real-time
assessments of students’ learning outcomes, increasing classroom interactivity. Bullet
screen interaction, a new form of real-time feedback, allows students to comment and
discuss while watching teaching videos, enhancing the sense of participation in learning
[9]. Mobile learning platforms enable students to access learning resources anytime and
anywhere through wireless networks, supporting personalized and self-directed learning.

However, there are still some gaps and challenges in current research. First,
although the effectiveness of technology in promoting student participation has been
preliminarily verified, how to optimize technology applications based on different
disciplines, teaching content, and student characteristics remains an unresolved issue.
Secondly, the usability of technology platforms and issues related to data privacy
protection are challenges in current research. Finally, how to balance the integration of
technology with traditional teaching methods, ensuring the effectiveness of technology
and educational equity, requires further exploration.

2. Methods

In a wireless network environment, specific ways for student participation include bullet
screens, mobile surveys, real-time voting, and collaboration platforms. Bullet screens
allow students to post comments in real-time while watching instructional videos,



L. Wang and S. Lu / Student Engagement Models Based on Wireless Networks 557

enhancing classroom interaction and a sense of involvement. Mobile surveys and real-
time voting enable immediate feedback from students, helping teachers assess learning
outcomes. Collaboration platforms promote cooperative learning among students
through online discussions and joint tasks, enhancing teamwork skills.

Different modes of participation have varying effects on students’ cognitive,
emotional, and behavioral engagement. Bullet screens and real-time voting can stimulate
emotional involvement, encouraging students to express their views more actively in
class. Collaboration platforms help improve cognitive engagement by promoting the
exchange and collision of ideas.

When designing and guiding these modes, teachers should choose suitable
interaction methods based on the course content and students' characteristics. Through
well-designed tasks and feedback mechanisms, teachers can encourage participation and
critical thinking. For example, in the ‘Ideological and Political Theory Courses’ course,
interactive sessions through wireless network platforms can deepen students’
understanding of the content and emotional connection to the course.

In this paper, we used teaching observation that involves directly observing the
classroom teaching process to analyze student participation, learning performance, and
teaching strategies, in order to assess teaching effectiveness. Then, teaching platform
data analysis utilizes learning data collected from digital platforms, such as students’
online activities, quiz scores, and interaction frequency, to help teachers understand
students’ learning progress and identify issues, allowing them to adjust teaching
methods. Finally, case study involves in-depth analysis of specific courses or teaching
activities to explore their implementation process, effects, and impacts, providing
empirical evidence for teaching practice. For example, by observing the ‘Ideological and
Political Theory Courses’ course and combining platform data analysis, it is possible to
evaluate the specific impact of wireless network interaction modes on student
participation and optimize teaching design and strategies.

3. Result and discussion
3.1. Descriptive Statistics of Self-Perception Across the Four Dimensions

In the course ‘Ideological and Political Theory Courses’, teaching activities will fully
leverage wireless network tools to promote student participation and interaction. Specific
integration methods include (1) Real-time polling and feedback. Through online
platforms (such as classroom assistants or LMS), students can participate in polls, answer
questions, and submit feedback during class. Teachers can quickly adjust teaching
content based on poll results. (2) Bullet screen interaction. During the explanation of
theoretical content, the bullet screen feature will be activated, allowing students to ask
questions or engage in discussions while watching videos, enhancing classroom
interaction. (3) Online surveys and quizzes. After class, online surveys or quizzes will
be distributed via the wireless network to help students consolidate knowledge and assess
learning outcomes. (4) Collaboration platforms. Students can access collaboration
platforms via wireless networks to engage in group discussions, share learning resources,
and complete assignments together.

First, we design concept. The ‘flipped classroom’ model be adopted, where the
teacher is no longer just a knowledge transmitter, but a guide and facilitator. Course
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content will be provided to students through videos, reading materials, etc., and
classroom time will be used for discussion, interaction, and problem-solving.

Then, we processed the teaching process. In the pre-class preparation, students will
learn relevant knowledge through the learning management system (LMS) and complete
online surveys or watch videos before class [10]. In the classroom interaction, teachers
will use real-time polling, bullet screen interaction, etc., to stimulate student thinking and
facilitate class discussions. For the group collaboration, in-class group discussions and
case studies will be conducted, using wireless network platforms to share and exchange
ideas. For the post-class feedback step, the online quizzes and surveys will be distributed
via the platform to assess students’ understanding of the course material and gather
feedback on the teaching process.

Finally, we evaluation the mechanism. From the quantitative evaluation, students’
learning will be assessed through online test scores, poll results, and assignment
completion. From the qualitative evaluation, student participation in interactions, the
quality of discussions, and classroom observations by the teacher will be used to evaluate
cognitive, emotional, and behavioral engagement.

Table 1. Descriptive Statistics of Self-Perception Across the Four Dimensions.

Items N Minimum Maximum Mean Standard
Value Value Deviation
Self-Perception Evaluation of
Cognitive Engagement 3992 300 10.00 6.48 1.267
Self—Pergeptlon Evaluation of 3992 4.00 10.00 6.91 1.553
Emotional Engagement
Self—Perc.eptlon Evaluation of 3992 4.00 10.00 6.19 1.462
Intentional Engagement
Self—Perc'eptlon Evaluation of 3992 5.00 10.00 6.35 1.578
Behavioral Engagement
Valid Cases 3992

We can see, from the Table 1, the mean scores for college students’ self-perception
evaluations of cognitive engagement, emotional engagement, intentional engagement,
and behavioral engagement in ideological and political courses are 6.48, 6.91, 6.19, and
6.35, respectively. All scores are above 6, indicating that students have a relatively high
level of self-evaluation across all dimensions. This suggests that college students in
China currently demonstrate sufficient investment and good performance in ideological
and political courses.

3.2. Practical Process and Observation

Through bullet screens, real-time polling, and other methods, students were able to
actively participate in discussions and provide feedback. They could immediately ask
questions and receive answers from the teacher. Most students showed high enthusiasm
for participation, especially in the bullet screen interaction and real-time polling sessions.
In group discussions, students engaged deeply with the content and actively exchanged
ideas. Teachers adjusted the pace and content of the lesson based on real-time polling
and feedback, ensuring that teaching activities aligned with students’ needs. They also
monitored students’ progress via the online platform and provided targeted teaching
interventions.
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3.3. Analysis of Practical Outcomes

We analysis the course practical outcomes as follows:

Table 2. Predictive Analysis Table of Self-Perception Evaluation on Student Engagement.

ucC SC Collinearity
Statistics
Stan Eigenv
Model g 4 g t Signifi e VIF R F
Erro cance
r
Constant 27;“ 321 85.34 0.13 489 5
CES 094 015 0.9 6.46 0.00 0.05 1.00 8
EES 100 012 0.2 8.36 0.00 0.05 100 022 6.
! IES 087 0.3  0.10 6.87 0.00 0.00 1.00 (3)
BES 1404 045 044 31.52 0.00 0.02 1.00

Note: UC=Unstandardized Coefficients, SC=Standardized Coefficients, CES=Cognitive Engagement Self-Assessment,
EES=Emotional Engagement Self-Assessment, IES=Intentional Engagement Self-Assessment, BES=Behavioral Engagement Self-
Assessment

From the Table 2, we could see R>=0.22, F=286.03, P=0.000, which means the four
dimensions have a positive predictive effect on student engagement in ideological and
political courses for college students.

Firstly, the self-perception evaluation of cognitive engagement has the greatest
influence weight (eigenvalue=0.05), indicating that college students now have a
sufficient understanding of ideological and political courses. Students place a high value
on studying ideological and political theory courses, and mastering these courses is the
first step in enhancing cognitive engagement.

Secondly, the self-perception evaluation of emotional engagement also has a
significant influence weight (eigenvalue=0.05), showing that college students believe
they like ideological and political courses to some extent, are willing to study them, and
have invested a considerable amount of emotion and interest in these courses. Thirdly,
the self-perception evaluation of intentional engagement has the smallest influence
weight (eigenvalue=0.00), suggesting that college students believe that intentional
engagement does not affect their engagement in ideological and political courses, and
that the other three dimensions are the key factors affecting student engagement.

Finally, the self-perception evaluation of behavioral engagement has a relatively
small influence weight (eigenvalue=0.02), indicating that college students have
relatively weak motivation in terms of action towards studying ideological and political
courses and insufficient proactive behavioral engagement. Therefore, in the process of
teaching ideological and political courses, it is crucial to focus on practice. While
enhancing students’ full understanding of ideological theory, efforts should be made to
encourage them to apply the theories they learn to practice, achieving the transformation
from ‘knowing’ to ‘doing’.
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3.4. Changes in Student Participation

First, data from online polling and quizzes showed a 30% increase in participation
frequency and a significant improvement in correct answer rates compared to traditional
classrooms. Second, students’ mastery of knowledge also showed notable improvement.
Classroom discussions were more active, and students presented deeper insights,
especially in bullet screen interactions, demonstrating higher emotional engagement and
intellectual exchange. Finally, teachers expressed high satisfaction with the teaching
results, noting that wireless network tools allowed for real-time understanding of
students’ learning progress and helped effectively adjust teaching strategies. Teachers
also observed a significant increase in student interest and participation in the classroom.

3.5. Problems and Optimization Suggestions

Some students initially struggled with using the technological platforms, leading to some
barriers in participation. Additionally, network issues affected student engagement,
impacting the overall learning experience. More technical training should be provided to
help students become familiar with the online platforms. Also, optimizing the network
environment to ensure stable connectivity will improve participation. Furthermore,
teachers can design a wider variety of interactive tasks to further enhance student
engagement and learning outcomes. Through this practical case, we can observe the
positive impact of wireless network tools on student participation. However, there is a
need to optimize the technological applications and classroom management to achieve
better teaching outcomes.

4. Conclusion

4.1. Research Findings

Studies have shown that the use of wireless networks helps break the limitations of time
and space, lowers the participation threshold, and improves the quality of engagement.
With wireless networks, students can participate in classroom interactions anytime and
anywhere, making it easier for them to speak up and engage in discussions, and providing
more diverse forms of participation, significantly increasing student enthusiasm.
Meanwhile, the teacher’ s role shifts from the traditional ‘knowledge transmitter’ to a
‘learning guide,” focusing more on guiding students to think and participate, creating a
more interactive and dynamic learning environment.
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4.2. Issues and Reflection

Although student participation has increased, the ‘effectiveness’ and ‘depth’ of their
involvement remain challenges. Some students’ participation is superficial, lacking deep
reflection and critical thinking. In addition, there is still a disconnection between teaching
design and the integration of technology, as the use of technological tools sometimes
does not align effectively with teaching goals. Over-reliance on network tools also
introduces new challenges, such as technical failures and unfamiliarity with platform
operations, which may affect teaching outcomes and student engagement.

4.3. Suggestions for Promotion

To better promote the use of wireless network tools in teaching, it is recommended to
establish a systematic teaching design guide to help teachers design interactive activities
and fully utilize technological tools to enhance teaching effectiveness. Moreover, teacher
training and platform development should be further strengthened to ensure that teachers
can effectively use these tools. Additionally, promoting a ‘student-centered’ teaching
culture is essential [10], emphasizing students’ active participation and responsibility in
the learning process to achieve more efficient and comprehensive educational outcomes.
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