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Abstract: Against the backdrop of education's digital transformation and the construction of emerging engineering
disciplines, this study addresses critical challenges in current Web front-end instruction, including outdated curricula,
insufficient intelligent resources, lack of digital-intelligence empowerment in teaching models, and weak AI
competencies among faculty. We propose a five-dimensional strategy for deep integration to achieve seamless fusion of
AI throughout the entire teaching process. This approach significantly enhances the capabilities of both students and
instructors, offering a replicable paradigm for the digital transformation of programming-related courses.
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1 INTRODUCTION

The vigorous rise of the digital economy marks humanity's entry into a new era of comprehensive digital transformation.
As a core component of national strategy, educational digitization is driving profound reforms in higher education. The
Ministry of Education's Action Plan for Educational Digitization (2023–2025) explicitly calls for deep coupling
between cutting-edge technologies—such as artificial intelligence (AI) and big data—and educational practices to
reshape talent cultivation models and nurture high-quality professionals suited for the digital age[1]. Concurrently, the
advancement of emerging engineering disciplines demands that computer science programs in universities closely align
with industrial trends, iteratively upgrading curriculum systems and pedagogical approaches to strengthen students'
digital skills and interdisciplinary competencies.
Web front-end programming serves as a pivotal hub connecting digital technologies with user interactions. Its
technological evolution and application scenarios highly resonate with the characteristics of the digital transformation
era. With the explosive growth of generative AI tools like ChatGPT, CodeGeeX, and Adobe Sensei, the front-end
development ecosystem is undergoing reconstruction. Industry standards for talent have shifted from mere coding
proficiency to a composite competency model encompassing "AI tool mastery + front-end engineering practice + digital
innovation thinking"[2]. However, current university-level Web front-end instruction has yet to achieve substantive
integration with AI technologies. Persistent issues such as outdated content, low levels of resource digitization, and rigid
teaching models result in a significant mismatch between talent cultivation and industry demands.
In light of these challenges, this paper focuses on the context of digital transformation, using Web front-end courses as a
carrier to explore innovative pathways for deeply integrating AI into course instruction. By comprehensively reforming
curriculum systems, teaching resources, implementation models, management norms, and faculty development, we aim
to construct a new digital-intelligence teaching ecosystem. This endeavor seeks to realize intelligent upgrades
throughout the teaching process, enhance talent cultivation quality, and provide theoretical support and practical
references for the digital transformation of programming courses in higher education.

2 CURRENT CHALLENGES IN FRONT-END COURSE INSTRUCTION

Amid accelerating digital transformation and iterative AI advancements, Web front-end courses in universities reveal
numerous shortcomings in teaching adaptability and technological empowerment, constraining improvements in talent
cultivation quality. Based on investigations and reflective practices across majors such as Computer Application
Technology and Software Engineering, key issues are summarized as follows:

2.1 Outdated Curriculum Systems Disconnected from Industry Demands

Traditional front-end curricula remain anchored in foundational technology stacks like HTML/CSS, JavaScript, and
basic frameworks, lacking incorporation of emerging modules such as AI-assisted development, human-machine
collaborative design, and digital product thinking. Course designs fail to promptly respond to new requirements for
composite competencies demanded by the digital economy era. Practical teaching often remains at the level of
superficial code training, lacking in-depth exercises based on real-world digital projects. Due to the absence of dynamic
adjustment mechanisms, course content struggles to align with emerging industry technologies and standards, resulting
in evident gaps between students' skill structures and actual job requirements.
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2.2 Monotonous Resource Forms and Weak Digital-Intelligence Support

Existing teaching resources update slowly, predominantly consisting of traditional courseware, recorded videos, and
static exercises. There is a severe shortage of advanced digital-intelligence resources such as hands-on tutorials for AI
tools, digital development case libraries, and virtual simulation training projects. Furthermore, resource platform
construction lags behind, forms is monotonous and poor sharing mechanisms. An intelligent resource ecosystem
integrating "teaching, learning, practicing, assessing, and evaluating" has not yet been established[3]. The scarcity of
digitally developed resources through school-enterprise collaboration fails to meet students' personalized and
autonomous learning needs and cannot provide solid support for teachers' digital-intelligence instruction[4].

2.3 Outdated Teaching Models Lacking Digital-Intelligence Empowerment

Current instruction remains dominated by offline models centered on "lecturer delivery + code demonstration,"
suffering from low demonstration efficiency, slow case updates, and monotonous interaction formats. Applications of
digital means are mostly limited to simple resource delivery, failing to achieve deep integration of AI technologies
throughout the entire teaching process[5]. Blended learning designs lack digital-intelligence thinking, unable to leverage
AI for analyzing learning conditions and constructing learner profiles, leading to absent personalized teaching.
Instructors struggle to accurately grasp student learning statuses, incapable of precise content delivery, leaving untapped
the advantages of AI in situational evaluation and adaptive learning.

2.4 Insufficient Faculty Competencies and Adaptability

University front-end instructors predominantly specialize in traditional technical domains, possessing inadequate
familiarity with frontier technologies and AI tools under digital transformation. They lack capabilities to integrate AI
into curriculum design and experience operating digital-intelligence platforms. Coupled with the absence of specialized
training programs focusing on AI and digital teaching for faculty, their digital-intelligence awareness and competencies
fall short of meeting educational transformation requirements, becoming a critical bottleneck constraining deep
curriculum integration[6].

2.5 Absent Management Norms and Emerging Application Risks

The introduction of AI technologies has triggered new ethical and managerial challenges in teaching, such as students'
over-reliance on AI-generated code, rampant plagiarism in assignments, and instructors mechanically adopting AI-
generated lesson plans. Currently, front-end courses have not established classroom rules adapted to digital-intelligence
environments. Boundaries for AI tool usage, operational norms, and assessment criteria remain ambiguously defined.
Effective content review and supervision mechanisms are lacking, making it difficult to mitigate negative impacts
arising from technology misuse, thereby compromising teaching fairness and effectiveness.

3 INNOVATIVE STRATEGIES FOR DEEP INTEGRATION OF AI AND FRONT-END COURSES

Adhering to the principles of "industry orientation, technological integration, and whole-process empowerment," this
study constructs an implementation system for deep AI-front-end course integration across five dimensions: curriculum
system, resource development, teaching models, rule formulation, and faculty building.

3.1 Reconstructing Modular Curriculum Systems Aligned with Industry Maps

Breaking traditional disciplinary barriers, we develop a four-dimensional modular curriculum system comprising
"Professional Foundations + Core Technologies + AI Integration + Digital Practicum" (see Table 1), grounded in
competency models shaped by digital transformation[7]. This system emphasizes progressive layering and cross-
boundary integration, aiming to simultaneously elevate students' front-end engineering abilities, AI application skills,
and digital innovation thinking.

Table 1Modular Curriculum System for Integrating AI and Front-End Courses under Digital Transformation
Module Core Content Learning Objectives

Professional
Foundations

HTML5/CSS3, Responsive Layout, Computer
Networks, Introduction to Digital Product Design

Solidify front-end technical foundations, master multi-
terminal adaptation skills, cultivate digital design

thinking

Core
Technologies

Advanced JavaScript Programming, Mainstream
Frameworks (Vue/React), Front-End Engineering

Systems

Master core development technologies, independently
build and develop small-to-medium front-end projects

AI Integration
Generative AI Tools (ChatGPT/CodeGeeX), AI-
Assisted UI Design, AI Code Debugging &

Optimization

Proficiently apply AI tools throughout the development
lifecycle, master new human-machine collaborative

development modes
Digital

Practicum
AI+Front-End Comprehensive Projects, Enterprise

Digital Project Training, Cross-Platform
Independently complete full-cycle project development
assisted by AI within authentic enterprise scenarios,
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Development possess composite job readiness

During implementation, a dynamic iteration mechanism for course content is established to continuously absorb
emerging industry technologies and standards. Authentic enterprise digital projects are introduced to ensure alignment
among "course content with industry technologies, teaching processes with project development, and talent cultivation
with job requirements."

3.2 Co-Building Intelligent Resource Ecosystems to Strengthen Digital-Intelligence Support

Aligning with national standards for premium online courses, we construct an intelligent shared resource library labeled
"AI + Front-End," creating a comprehensive digital-intelligence resource support system covering the entire teaching
cycle:
1. Full-Cycle Resource Coverage: Integrate job standards, core courses, AI tool tutorials, digital cases, virtual
simulations, and evaluation systems to form a closed-loop resource ecosystem spanning "teaching, learning, practicing,
assessing, and evaluating."
2. Diversified Resource Formats: Employ varied formats including MOOCs, micro-courses, virtual simulation
experiments, and interactive coding platforms. Special emphasis is placed on developing hands-on cases for AI-assisted
development and digital project libraries to satisfy personalized learning needs.
3. School-Enterprise Collaborative Construction: Engage industry experts and enterprise technicians to transform real
projects and technical standards into teaching resources. Enhance inter-university cooperation to facilitate cross-
regional sharing of high-quality resources.
4. Intelligent Precision Delivery: Leverage AI platforms to analyze student behavioral data, enabling smart
recommendation and personalized matching of resources, providing precise resource services for both instructors and
learners.

3.3 Innovating Digital-Intelligence Teaching Models to Empower the Entire Process

Utilizing AI tools such as iFlytek Smart Platform and ChatGPT, we reconstruct a blended teaching scenario combining
"online intelligent empowerment + offline deep interaction":
1. Scenario Reconstruction and Role Transformation: Online, AI parses code demonstrations, intelligently grades
assignments, and provides instant debugging feedback. Offline, instructors transition into "learning mentors," guiding
students through project collaboration and innovative practices to deepen understanding of human-machine synergy.
2. Profile-Driven Personalized Learning: Collect multidimensional data on code complexity, error types, knowledge
blind spots, etc., via big data analytics to construct precise learner profiles. Customize individualized learning paths
accordingly—for instance, recommending targeted CSS training for weak students or AI-assisted coding tutorials for
those struggling with programming—to achieve stratified teaching[8].
3. Whole-Process Intelligent Assistance: Pre-class, utilize AI to assist lesson preparation and extract key difficulties; in-
class, address common issues through intelligent platforms while instructors focus on personalized guidance; post-class,
employ AI for assignment grading and learning analytics to reduce instructor workload and enhance teaching pertinence.
4. Multidimensional Intelligent Evaluation System: Break away from single summative evaluations by constructing a
multidimensional system incorporating "process + summative + diagnostic" components. Dynamically track the entire
learning journey, utilizing AI for personalized diagnostics and remedial suggestions to achieve "evaluation promoting
teaching and learning."

3.4 Establishing Digital-Intelligence Teaching Norms to Guide Rational Application

Addressing potential risks associated with AI applications, clear classroom rules and regulatory mechanisms are
formulated:
1. Define Usage Boundaries: Specify that AI tools may only be used for code debugging, idea expansion, and solution
optimization. Direct copying of AI-generated content as final submissions is strictly prohibited, emphasizing
independent thinking and secondary creation.
2. Establish Review Mechanisms: Instructors must periodically review AI-generated teaching content and code
suggestions to ensure scientific accuracy and standard compliance, establishing dynamic content update mechanisms.
3. Strengthen Process-Oriented Assessment: Incorporate AI tool usage processes, outcomes of independent thinking,
and practical operational capabilities as core assessment criteria, diminishing emphasis on purely result-based
evaluation. This guides students toward correct perceptions of AI tools and fosters innovation capabilities.

3.5 Cultivating Digital-Intelligence Dual-Qualified Faculty to Solidify Integration Foundations

Implement multidimensional faculty enhancement plans to build dual-qualified teams possessing both front-end
technical expertise and AI literacy:
1. Specialized Skills Training: Organize thematic trainings on AI tool applications and digital-intelligence instructional
design, inviting industry experts to deliver lectures and boost instructors' technological application capabilities.
2. Deepen Industry-Academia Practice: Arrange for instructors to undertake temporary positions at AI and front-end
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enterprises to gain insights into industry trends, integrating latest technical standards into teaching[9].
3. Build Teaching-Research Platforms: Conduct inter-university teaching-research exchanges and digital-intelligence
teaching competitions, promoting teaching improvement through competition and sharing integration experiences.
4. Encourage Autonomous Innovation: Support instructors' participation in frontier technology seminars and teaching
reform projects, stimulating their research and innovation vitality in AI-curriculum integration.

4 PRACTICAL EFFECTIVENESS

Applying the aforementioned strategies to Web front-end course reforms in computer-related majors yielded significant
outcomes compared to traditional models:

4.1 Student Level: Dual Leap in Digital Literacy and Professional Competence

The digital-intelligence teaching model significantly stimulated students' intrinsic motivation, increasing classroom
participation and project completion rates by over 35%. Students not only mastered solid front-end technologies but
also acquired AI tool application and human-machine collaborative development capabilities, achieving knowledge and
skill objectives at rates exceeding 40% improvement. In enterprise practicums, students demonstrated independently
developed and optimized capabilities highly recognized by employers, resulting in a 28% year-on-year increase in
employment rates for digital front-end positions.

4.2 Instructor Level: Synchronous Enhancement of Teaching Efficiency and Digital-Intelligence Literacy

AI tool integration reduced repetitive tasks such as lesson preparation and grading by more than 50%, substantially
boosting teaching efficiency[10]. Through systematic training and practice, instructors successfully transformed into
digital-intelligence mentors equipped with composite "AI + Front-End" competencies, designing more targeted
instructional plans. Multiple instructors won awards in various digital-intelligence teaching competitions, markedly
elevating their teaching-research levels.

4.3 Program Level: Continuous Optimization of Talent Cultivation Quality and Construction Standards

The reconstructed curriculum system and resource library ensured program development closely aligned with industry
demands. The formed "digital-intelligence empowerment, industry-education integration" teaching system significantly
improved talent cultivation quality. Meanwhile, enhancements to virtual simulation training platforms and school-
enterprise bases further strengthened the program's social service capacity and sustainable development potential.

5 REFLECTIONS AND FUTURE PROSPECTS

5.1 Reform Reflections

Despite notable achievements, limitations persist: First, sample coverage remains limited, necessitating broader
validation of generalizability. Second, integration depth requires further exploration, particularly regarding advanced
applications like virtual simulations and intelligent decision-making. Third, some students' psychological dependence
on AI still demands finer guidance and supervision to correct.

5.2 Future Prospects

Future efforts will continue deepening the construction of a synergistic educational ecosystem combining "Human
Intelligence + Artificial Intelligence":
1. Deepen Whole-Process Digital-Intelligence: Explore profound AI applications in virtual simulations, intelligent
decision-making, and personalized recommendations; develop dedicated training platforms to achieve comprehensive
intelligent teaching management.
2. Construct Human-AI Collaborative Ecosystems: Optimize classroom regulations, strengthen cultivation of students'
digital innovation thinking, firmly position AI as an auxiliary tool, and realize synergistic human-machine development.
3. Upgrade Industry-Education Integration Models: Co-establish "AI + Front-End" digital-intelligence industry colleges,
collaboratively develop curricula and projects, achieving seamless alignment between talent cultivation and industry
demands.
4. Disseminate Reform Outcomes: Extend successful experiences to additional majors and universities, verify and
optimize implementation strategies, providing extensive references for the digital transformation of programming
courses in higher education.

6 CONCLUSION

Under the dual contexts of educational digital transformation and emerging engineering discipline construction,
promoting deep integration between AI and Web front-end courses is an inevitable path to enhancing talent cultivation
quality. The five-dimensional innovative strategies proposed herein effectively address pain points in traditional
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teaching, realizing precise AI empowerment throughout the entire instructional process. Practices demonstrate that this
model significantly boosts students' digital literacy and employability, optimizes instructors' teaching efficiency, and
propels the intelligent transformation of front-end courses. Moving forward, it is imperative to further construct new
educational ecosystems featuring human-AI synergy, deepen industry-education integration, and cultivate more
exceptional engineering talents with composite competencies for the digital economy era.

COMPETING INTERESTS

The authors have no relevant financial or non-financial interests to disclose.

FUNDING

This work was supported by the Ideological and Political Teaching Research Project of Zhejiang University of Science
and Technology titled "Curriculum Reform and Practical Research on 'Advanced Front-End Programming' under the
Background of Curriculum Ideology and Politics" (Grant No. 2023-ksj1), and the General Teaching Research and
Reform Project of the same university titled "Front-End Course Teaching Reform and Practice Based on OBE Concept"
(Grant No. 2023-jg35).

REFERENCES

[1] Ministry of Education. Action Plan for Educational Digitization (2023-2025). 2023.
[2] Zhang Y W, Liu Y, Liu H. Teaching reform and practice of web front-end courses based on artificial intelligence.

Vocational Education Research, 2026(3): 137-140.
[3] Zheng Q H. Building a new ecosystem for cultivating outstanding engineering talents through industry-education

integration and science-education convergence. China Higher Education, 2023(21): 22-25.
[4] Wu H T. Exploration of teaching reform paths for computer application technology majors in higher vocational

colleges under the background of the new generation of artificial intelligence ChatGPT. Journal of Shenzhen
Institute of Information Technology, 2023, 21(5): 77-82.

[5] Shi L, Fang H G. Generative artificial intelligence reshaping open education teaching scenarios: Patterns, values,
and practical pathways. Adult Education, 2025, 45(9): 47-54.

[6] Xu Z Y. Application of artificial intelligence teaching systems in higher vocational college teaching: A case study
of computer application technology major. Journal of Liaoning Vocational College, 2023, 25(5): 38-41.

[7] Li X S, Zhou K. Exploration of new engineering teaching reform in computer majors centered on artificial
intelligence and programming abilities. Computer Knowledge and Technology, 2021, 17(2): 130-131+134.

[8] Lu Y W, Zeng B Q. Exploration of artificial intelligence course teaching for students at different levels. Industry
and Information Technology Education, 2024(5): 24-29.

[9] Xie F J, Liu Y. Research on curriculum system integration of information technology education and innovation
and entrepreneurship education: A case study of computer application technology major at Mudanjiang University.
Journal of Mudanjiang University, 2024, 33(4): 81-88.

[10] Sun X, Wang H X, Wang X. A new model for mathematical modeling training based on AI empowerment and
smart teaching. Journal of Shenyang Normal University (Natural Science Edition), 2023, 41(5): 434-440.


