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Abstract: This study addresses the challenges in cultivating interdisciplinary thinking, engineering practice, and innovation abilities in the construction of new engineering disciplines. Taking the "Web Front-End Technology Fundamentals" course as an example, it explores innovative teaching practices based on knowledge graphs. Grounded in constructivism, connectivism, cognitive structure theory, and adaptive learning theory, the research constructs an integrated teaching system of "Knowledge Graph-Problem Graph-Competency Graph," achieving organic integration of knowledge points, real-world problems, and competency elements. On this basis, it proposes a four-layer architecture teaching application model integrating "teaching, learning, evaluation, and management," comprising five core modules: knowledge organization and guidance, learning progress recommendation, engineering problem solving, competency integration and enhancement, and AI-assisted optimization. 
Teaching practice (based on a one-semester comparative experiment, incorporating multidimensional data such as project completion rates, unified testing, questionnaires, and follow-up surveys) demonstrates that this model effectively promotes knowledge integration and transfer. Specifically, key indicators such as project completion rates and average scores of the experimental class students significantly outperformed those of the control class (e.g., a 14-percentage-point lead in completion rate and 15% higher in average scores), with notable improvements in systematic engineering thinking, digital tool application awareness, and career competitiveness. This indicates that the model not only addresses the issue of knowledge fragmentation but also significantly enhances students' engineering practice abilities, cultivates digital literacy and professional competitiveness, thereby providing an empirically supported and replicable paradigm for the reform of new engineering courses.
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1. Introduction
Emerging technologies represented by artificial intelligence, big data, and the Internet of Things have become core forces driving social transformation and economic development. The deep integration of these technologies is driving society toward comprehensive digitalization and intelligence. In 2017, China's Ministry of Education launched the "New Engineering" education reform action plan, focusing on emerging industries, new technologies, and new interdisciplinary specialties. Adhering to the principles of "building specialties based on industry needs, updating content with technological development, and establishing standards aligned with international frontiers," the plan promotes reforms in teaching paradigms and methods, stimulates students' innovation potential, strengthens their ability to solve complex engineering problems, and enables them to quickly adapt to future industrial development needs [1].
In the construction of new engineering disciplines, there are challenges in cultivating interdisciplinary thinking abilities, engineering practice abilities, and project research and development capabilities [2,3]. Various schools and new engineering course groups attempt to address these issues through different levels, approaches, and methods. This study takes the "Web Front-End Development Fundamentals" course offered in new engineering majors such as software engineering and data science and big data technology as an example, applying knowledge graphs to course teaching practice. It conducts teaching reforms from multiple perspectives, including knowledge system construction, problem formulation and resolution, and engineering practice ability enhancement, aiming to improve students' innovation capabilities and professional competence.
2. Theoretical Foundations and Educational Value of Knowledge Graph Construction
A knowledge graph is a semantic network that uses graph structures to describe entities, concepts, and their relationships in the real world [4]. It can transform massive, heterogeneous, distributed, and fragmented information into structured and networked knowledge according to certain rules, ultimately presenting a vast knowledge collection containing underlying knowledge associations and patterns [5,6].
2.1 Theoretical Foundations of Knowledge Graph Construction
2.1.1 Constructivist Learning Theory
Constructivist learning theory holds that knowledge is not instilled in students by teachers but is actively constructed by students themselves through participation in specific contexts, with the help of others and necessary learning materials. It emphasizes learner agency, situational dependency, and social interaction [7]. Knowledge graphs can visually and intuitively display the composition and internal connections of knowledge content, presenting students with a clear knowledge structure. This facilitates students' autonomous meaning construction in learning, assimilating new knowledge with existing cognitive structures to build systematic knowledge structures [8]. Knowledge graphs can connect knowledge points with real problem contexts (problem graphs), creating a "learning by doing" atmosphere for students and making learning contextual and practical. Knowledge graph-based learning environments can support collaborative learning, where students discuss and communicate around a problem or project, achieving shared knowledge construction through mutual interaction.
2.1.2 Connectivist Learning Theory
Connectivist learning theory, proposed by George Siemens, is a new learning theory that understands learning as a process of connecting specific nodes or information sources. In this process, knowledge exists in the network. Because knowledge growth and updates are very rapid in the digital era, it is impossible for one person to learn all knowledge. What matters is the ability to effectively connect to knowledge sources and obtain and use knowledge when needed [9]. Connectivism believes that "knowing where" is more important than "knowing what" and "knowing how." Knowledge graphs connect knowledge points, learning resources, experts, and communities in the course into a vast knowledge network. Students can freely explore and connect different knowledge nodes through graph navigation, thereby constructing their personal learning networks. Therefore, connectivism provides theoretical guidance for knowledge graphs in building open, dynamic, and connected learning environments [10].
2.1.3 Cognitive Structure Theory
Jerome Bruner believed that learning is the organization and reorganization of cognitive structure. He stated that the fundamental principles of any discipline can be taught to anyone at any age in some way, with the key being to structure and systematize knowledge [11]. "Knowledge graphs are designed according to the logical structure of the discipline itself and the cognitive laws of student learning. By sorting out the logical relationships between knowledge points (including prerequisite relationships, dependency relationships, similarity relationships, etc.), the 'basic structure' of a discipline or course is clearly displayed." This helps students grasp the overall picture of knowledge and understand the internal relationships between knowledge points, achieving the goal of knowledge transfer and application.
2.1.4 Adaptive Learning Theory
Adaptive learning theory advocates for targeted teaching activities based on individual student characteristics, learning abilities, and learning styles to achieve optimal learning outcomes. "Teaching students according to their aptitude" is its essential connotation [12]. Knowledge graph technology can accurately locate students' learning status by collecting and mining learning trace information in the knowledge graph (including clicks, viewing, training, testing, etc.), providing real-time understanding of each student's learning progress, ability, and knowledge mastery. It can also provide personalized learning path and resource recommendations for students [13]. Knowledge graphs can provide adaptive testing services, automatically adjusting question difficulty and content based on students' response information, thereby better assessing student abilities.
2.2 Educational Value of Knowledge Graphs
Based on knowledge graphs, three types of applications can be realized: establishing visual course knowledge networks to provide students with clear knowledge contexts and solve the problem of scattered knowledge; formulating personalized learning plans by pushing corresponding learning resources and guiding autonomous learning paths based on student learning status; guiding the transformation of knowledge into ability by combining knowledge points with competency points and guiding students to comprehensively apply relevant knowledge in the process of completing real tasks. This can effectively implement the teaching philosophy of new engineering disciplines emphasizing "competency-oriented, student-centered, and multidisciplinary integration" [14].
3. Course Knowledge Graph Construction
The "Web Front-End Development Fundamentals" course focuses on the field of web front-end development, taking the three core technologies of HTML5 for structure building, CSS3 for style definition, and JavaScript for interaction implementation as the main line. It systematically cultivates students' abilities in web interface construction and interactive logic implementation, laying a foundation for them to engage in web front-end development and grow into composite engineering talents.
3.1 Knowledge Graph
[bookmark: _Hlk218345734]The Knowledge Graph (K-Graph) is the foundation of the entire system. Based on the course syllabus and industry standards, we conduct ontology design, defining core concept classes including "HTML5," "CSS3," "JavaScript," and "Responsive Layout," and then set corresponding "knowledge points." Through relationship properties such as "dependency," "prerequisite," "containment," and "similarity," scattered knowledge points are connected. Through the graph, students can intuitively explore the full picture of knowledge and association paths [15]. Course resources such as videos, discussions, and test questions are reorganized in a standardized manner and intelligently associated with graph nodes. Through learning status-driven personalized delivery, students are supported in autonomous exploration along knowledge paths, constructing intelligent learning paths and systematically consolidating front-end knowledge foundations.
3.2 Problem Graph
The Problem Graph (P-Graph) serves as the bridge connecting theory and practice. Real-world problem requirements from enterprise projects, competition questions, etc., are transformed into a series of gradient and contextualized learning tasks, forming a "problem tree." Each task is broken down into multiple sub-problems and clearly mapped to knowledge graph nodes. For example, the problem "How to design image hover interaction effects" is broken down into four design processes: "layout structure," "initial state design," "hover animation effects," and "smooth transition," and then associated with knowledge points such as HTML5 image tags, float positioning, CSS3 rotation, CSS transitions, etc. Guided by the problem graph, students take problem-solving as the orientation to actively retrieve and integrate knowledge, completing the transformation from "learning knowledge" to "using knowledge" and achieving the shift from passive reception to active exploration [16].
3.3 Competency Graph
The Competency Graph (C-Graph) indicates the outcome direction of course teaching. Based on the "Engineering Education Accreditation Standards" and front-end development job requirements, competency elements such as basic coding skills, coding standards, engineering awareness, and continuous improvement are extracted. Each competency is described behaviorally, making it observable and quantifiable, and is linked in real-time with the knowledge graph and problem graph [17]. The "Competency-Knowledge-Problem" relationship table allows the system to track and record students' project completion status, practice status, and testing status, drawing individual competency radar charts for each student and conducting process-based and value-added evaluation.
3.4 Relationships Among Knowledge-Problem-Competency Graphs
The Knowledge Graph (K-Graph) serves as the "semantic base," stored in the form of "<knowledge unit, attribute, relationship>" triples, supporting SPARQL queries. The Problem Graph (P-Graph) adds a semantic layer of "problem context-constraint conditions-evaluation indicators" on top of the K-Graph, forming the "task ontology." The Competency Graph (C-Graph) introduces the "indicator-evidence-weight" evaluation ontology, connecting to O*NET and engineering education accreditation graduation requirements. The three graphs are based on URI unified naming and RDF/OWL description, supporting "cross-graph semantic retrieval" and "dynamic association reasoning." For example: if a student cannot complete the evaluation of the "CSS Grid Layout" node, the system reaches the superior node of "Box Model" along the K-Graph, calls the "Responsive Card List" problem scenario in the P-Graph, and then locates to the "Complex Layout Ability" indicator through the C-Graph, generating an integrated intervention plan of "knowledge supplementation + scenario redo + competency reassessment," forming a closed loop of K → P → C.
4. Knowledge Graph-Based Teaching Application Model and Practice
4.1 Teaching Application Model Framework
To effectively apply the "Knowledge-Problem-Competency" three-level graph system to the teaching of the "Web Front-End Technology Fundamentals" course, a knowledge graph-based integrated teaching application model of "teaching, learning, evaluation, and management" is proposed. Specifically, the knowledge graph serves as the core data foundation, the problem graph as the teaching-driven engine, and the competency graph as the training goal orientation, combined with artificial intelligence technology to achieve intelligence and personalization. The entire model can be mainly divided into four layers: data layer, support layer, application layer, and user layer.
4.1.1 Data Layer
The data layer serves as the foundation of the entire model, mainly containing the course's knowledge graph, problem graph, competency graph, and related multimodal teaching resource libraries (courseware, videos, code, cases, etc.). Graph databases are used to store and manage the above data and support the data needs of upper-layer applications.
4.1.2 Support Layer
The support layer is the technical center of the model, including knowledge graph construction and maintenance engines, learning behavior data collection and analysis engines, intelligent recommendation engines, natural language processing engines, etc. They provide upper-layer applications with key technical capabilities such as automatic knowledge point extraction and association, student profile construction, personalized learning path planning, and intelligent question answering.
4.1.3 Application Layer
The application layer refers to the operable functions of the model for users, including five major components: knowledge organization and guidance, learning progress management and push, engineering modeling and solving, comprehensive training and enhancement, and artificial intelligence and optimization, forming a complete learning application scenario covering the pre-class, in-class, and post-class teaching process stages.
4.1.4 User Layer
The user layer refers to the people who use the model, namely teachers and students. Teachers can use the model for course design, teaching resource management, learning analysis, and teaching evaluation. Students can use the model for autonomous learning, personalized practice, project practice, and competency assessment.
4.2 Core Module Functions
The core functions of the teaching application model are collaboratively realized by five modules, each undertaking specific teaching tasks and jointly supporting the entire teaching process.
4.2.1 Knowledge Organization and Intelligent Guidance Module
This module mainly presents the course's knowledge graph visually to students, providing multiple views such as knowledge maps, knowledge trees, and learning path diagrams. At the same time, students can click on corresponding nodes in the graph to access in-depth explanations of knowledge points, obtaining information about resources and prerequisite dependencies for the corresponding knowledge points. This allows students to understand the overall knowledge system of the course at the macro level and delve deeper into specific knowledge points at the micro level. Additionally, this module can implement intelligent navigation functions, automatically providing optimal learning paths for students under the guidance of learning objectives, preventing knowledge blind spots and learning direction deviations.
4.2.2 Learning Progress Coordination and Recommendation System
Big data technology is used to record and analyze students' learning processes on the platform (such as video playback time, practice scores, and forum discussions), forming student profiles and competency radar charts. Based on student profiles, diagnoses are made of students' weak links and knowledge gaps, providing personalized learning resources (micro-lectures, exercises, readings) and learning suggestions. Furthermore, this module can provide teaching adjustment suggestions to teachers based on the overall class learning situation, achieving dynamic adjustment of teaching progress.
4.2.3 Engineering Problem Formulation and Solving Module
This module drives the entire teaching process based on the problem graph. Teachers publish a set of engineering problems or projects ranging from simple to complex. Students, in groups or individually, conduct the engineering practice process of "problem analysis-design planning-programming implementation-debugging and improvement" under the guidance of the problem graph. This module provides functions such as online programming platforms, source code management, and version management, supporting students' collaborative development and project practice. In the process of solving practical problems, students are encouraged to actively retrieve the knowledge graph, apply knowledge, and deepen understanding through practice.
4.2.4 Competency Integration and Enhancement Module
The competency integration and enhancement module is associated with the competency graph, conducting process-based and comprehensive competency assessments of students' learning outcomes, such as tests and exams, project work scoring, code quality scoring, and teamwork situations. Based on students' performance on the problem graph, their radar charts are updated, visually presenting the achievement degree in various aspects. For insufficient competency areas, corresponding training tasks are provided for students' autonomous learning to remedy competency gaps, thereby completing the process of knowledge transfer to competency.
4.2.5 Intelligent Support and Enhancement Services
Artificial intelligence methods are employed to support teaching activities. For example, developing LLM-based AI learning companions to answer students' questions online at any time, providing code debugging and program design ideas, etc. Deep analysis is conducted on collected teaching process data using artificial intelligence methods to explore and discover teaching patterns, providing references for teachers' teaching reflection and improvement, and continuously optimizing teaching.
5. Knowledge Graph-Based Teaching Applications
5.1 Course Content Reconstruction Based on Knowledge Graphs
Traditional Web front-end technology fundamentals content is generally developed in the order of HTML → CSS → JavaScript, showing a linear progressive relationship. Although clearly structured, this approach can easily cause disconnection between prior and subsequent knowledge, failing to form a complete system. Therefore, in teaching design guided by knowledge graphs, the original content is first reorganized. Work process-based teaching design takes work tasks as the main line, distributing knowledge points to various development stages and different functional parts. For example, HTML semantic tags are introduced in the process of "building page structure," CSS selectors, box model, and layout methods are introduced in the process of "beautifying page effects," and JS DOM operations and event mechanisms are introduced in the process of "implementing page dynamics." Knowledge graphs clearly express the dependency and collaboration relationships among the above knowledge points. For instance, JavaScript DOM operations must be performed on the basis of understanding HTML document structure. This project-oriented, knowledge graph-guided content reconstruction method makes teaching content more aligned with real development processes, helping students establish systematic and networked knowledge systems and solving the problem of knowledge fragmentation.
5.2 Visual Knowledge Navigation and Path Planning
One of the greatest advantages of knowledge graphs is the ability to achieve excellent visualization effects. We present the constructed "Web Front-End Technology Fundamentals" knowledge graph using interactive network diagrams, where each point represents a knowledge point, and the connections between points represent their relationships. Students can navigate through the entire knowledge system by zooming, dragging, and clicking. For example, when a student clicks on the "Box Model" node, prerequisite knowledge points (such as "div and span," "standard document flow") and related knowledge points (such as "float positioning," "position positioning," "page layout") are visually presented, allowing students to understand the origin, development, and structure of knowledge at a glance, greatly reducing cognitive burden. Additionally, the system has intelligent path planning functions. When a student selects a learning goal (for example, "learning responsive layout"), the system plans an in-depth learning path for them, highlighting all required knowledge point nodes and providing learning sequence prompts. The intelligent path planning function allows each student to find the most suitable learning path according to their situation, achieving efficient and autonomous learning.
5.3 Student Profiling and Personalized Recommendation
Accurate student profiling provides the premise for personalized learning recommendations. On the knowledge graph-based teaching platform, the platform comprehensively collects student learning data through system instrumentation, such as course video playback progress and duration, online practice completion status and time consumption, forum questions and answers, and project assignment submission and iteration status. This information is mapped to knowledge graph knowledge points in real-time. Based on statistical analysis of the above information, multi-dimensional student profiles can be formed, including each student's practice accuracy rate for each knowledge point and task completion status.
With accurate student profiles, the teaching platform can provide personalized learning paths and learning resource recommendation services for each student based on their learning situation. For example, when a student has a weak understanding of the "JavaScript Function Calls" knowledge point, the system will push corresponding learning resources for that knowledge point. Moreover, recommendation results differ for different students. For instance, if the student prefers watching videos, the system will mainly push video resources related to "JavaScript Function Definition" and "JavaScript Fundamentals"; if the student prefers doing exercises, the system will push a series of programming questions with gradually increasing difficulty, along with corresponding solution processes and source code explanations. Such precise recommendations based on knowledge graphs and student profiles greatly enhance learning effectiveness and specificity, allowing every student to progress effectively at their own pace.
5.4 Engineering Problem Formulation and Solving
To exercise students' engineering practice abilities, PBL teaching methods based on problem graphs are adopted. The knowledge points of this course are transformed into challenging development tasks and projects in real scenarios, and projects are graded based on difficulty and comprehensiveness, from simple to complex: single-row multi-column layout → multi-row multi-column layout → multi-row multi-column responsive layout → designing campus homepage. Each project specifies required prerequisite knowledge, required technology stack, expected function list, and evaluation criteria. In the teaching process, teachers lead students to select projects from the problem graph and guide students on how to break down a large project requirement into a series of small, executable tasks. In the process of completing tasks, students need to actively look up the knowledge graph, understand relevant knowledge points, and apply this knowledge to solve problems. This problem-oriented teaching method integrates the knowledge learning process into the problem-solving process, greatly improving students' learning enthusiasm and effectively exercising their systematic engineering thinking and complex problem-solving abilities.
5.5 Competency Integration and Enhancement
The competency graph is an important goal and reference standard for teaching evaluation. Teaching evaluation based on the competency graph emphasizes formative and achievement evaluation. Student learning output data is collected in the form of project results, programming assignments, online test questions, classroom questions, etc., and this data is then mapped to relevant competency points in the competency graph. For example, a student's work can be used to evaluate their "framework usage ability," "engineering ability," and "problem-solving ability"; their uploaded code can evaluate their "code standardization" and "team collaboration ability." By processing this data, the system creates a competency radar chart for each student, visually displaying their achievement level in each competency. Such visual assessment results not only help students understand their strengths and weaknesses but also provide teachers with accurate teaching information for targeted teaching.
5.6 AI Assistance and Optimization
Based on LLM AI companions, students can ask any questions to the AI companion anytime and anywhere, whether it is understanding a certain knowledge point concept, debugging a piece of code, or designing a certain project. The AI companion can provide timely and accurate answers. The AI companion's answers not only come from its rich knowledge base but can also combine with the course knowledge graph to provide students with relevant knowledge point links, code examples, and extended materials. Such intelligent Q&A greatly reduces teachers' Q&A pressure and meets students' real-time personalized learning needs.
Additionally, AI learning companions can also play the role of learning partners, engaging in dialogic learning with students, guiding them to think and explore, thereby enhancing the interest and depth of learning.
6. Teaching Effectiveness Presentation and Analysis
6.1 Teaching Effectiveness Evaluation System
To ensure comprehensive and objective evaluation of the knowledge graph-based teaching reform, a multi-faceted teaching effectiveness evaluation indicator system is established. While focusing on examining students' knowledge learning effectiveness, it places greater emphasis on evaluating students' abilities and qualities. Mainly examined from the following aspects:
First, ideological and political education: evaluating the improvement of students' values, professional competence, and social responsibility during the learning process.
Second, engineering competency: evaluating students' ability to apply learned knowledge to solve practical engineering problems, including requirements analysis, system design, coding implementation, testing and debugging, etc.
Third, digital intelligence literacy: evaluating students' learning abilities in digital and intelligent environments, including data analysis, information retrieval, and using AI tools to assist learning.
Fourth, professional competency: evaluating students' professional skill levels and employment competitiveness, including code standards, team collaboration, communication skills, project management, etc.
Fifth, innovation ability: evaluating students' innovation awareness and innovative practice abilities, including participation in innovation projects, subject competitions, and published works.
Specific and measurable evaluation indicators are set for each dimension. For example, under the "engineering competency" dimension, evaluation indicators include project completion rate, code quality score, and function implementation completeness. Under the "innovation ability" dimension, evaluation indicators include competition award numbers, innovation project establishment numbers, and patent application numbers.
6.2 Data Collection and Analysis Methods
Evaluation data is mainly collected through the following methods:
First, platform data: learning platforms automatically collect student learning behavior data, such as video viewing progress, practice completion status, project submission records, and forum interactions.
Second, work evaluation: students' project works are evaluated from multiple dimensions, with evaluation experts including course teachers, industry mentors, and peer students.
Third, competency assessment: standardized competency assessments are conducted on students before and after the course to quantify their competency improvement.
Fourth, questionnaire surveys: questionnaire surveys are used to understand students' satisfaction with the course, learning experience, and self-perceived competency changes.
Fifth, interviews and observations: in-depth interviews are conducted with some students, combined with classroom observations, to obtain more in-depth qualitative data.
This study uses a combination of qualitative and quantitative methods to process the collected data. The quantitative part is expressed using statistics and charts, while the qualitative part uses thematic analysis for summarization, presenting the true effects of teaching reform more objectively and in detail.
6.3 Teaching Effectiveness
6.3.1 Teaching Design Integrating Ideological and Political Elements into Graphs
In the design of knowledge graphs, ideological and political elements are integrated into knowledge points and project cases as much as possible. For example, when introducing "network security" knowledge, the "Cybersecurity Law" is mentioned to cultivate students' good cybersecurity awareness and legal consciousness. For project cases, themes with patriotic feelings and traditional culture promotion are selected, such as "Red Culture Website," "Chinese Huai Opera," etc. This allows students to not only master technical knowledge but also be influenced by ideological and political education invisibly, achieving the effect of subtle influence.
6.3.2 Cases of Student Value and Professional Competence Improvement
After one semester of teaching practice, students' values and professional competence have significantly improved. For example, after completing the "Agricultural Assistance Service Platform" project, students have basically mastered front-end development technologies and have gained some understanding of how front-end technologies can serve national strategies and agricultural and rural development. Many students wrote in their course summaries that through this project, they experienced the sense of responsibility and mission of future engineers. At the same time, through requirements for code standards and teamwork, students' professional competence was well cultivated, developing good programming habits and communication and collaboration skills.
6.3.3 Engineering Competency Improvement
The project completion status of experimental classes is much better than that of control classes. After using knowledge graphs for teaching, students have higher project completion rates and better work quality. The table clearly shows that the average project completion rate of experimental classes reaches 92%, while control classes only achieve 78%. In terms of project quality, experimental class students outperform control classes in project function implementation, program code quality, page design quality, and human-computer interaction quality. This demonstrates that project-based teaching based on knowledge graphs can effectively transform knowledge points into skill points and improve students' practical engineering development abilities.
To further objectively examine students' engineering problem-solving abilities, after the course, we conducted unified tests on students, testing both experimental and control groups, and compared the scores of the two groups. The test question was a moderately difficult real-life web development case. Results showed that experimental group students significantly outperformed the control group in requirements analysis, technology selection, solution design, and coding phases. Especially in the two aspects of "systematic thinking" and "problem-solving methods," the average scores of experimental class students were more than 15% higher than those of control class students. This indicates that problem graph-based teaching methods can effectively cultivate students' systematic engineering thinking and problem-solving abilities.
6.3.4 Digital Intelligence Literacy Cultivation
In the knowledge graph teaching model, students are constantly exposed to data, such as viewing their own learning behavior data and their competency radar charts. In this learning environment, students' data analysis awareness and abilities are subtly developed. Many students consciously use the data analysis functions provided on the platform to diagnose their own learning status and provide personalized learning plans. Additionally, during project development, students are encouraged to use data visualization methods to present their project results, which also trains their data processing and visualization skills.
Students can communicate effectively with AI learning companions. In the process of interacting with AI, they establish awareness of using AI to assist learning, learn how to ask questions to AI, how to understand AI's answers, and use it as an auxiliary tool for their own learning and problem-solving. In the questionnaire survey, more than 76% of students believe that AI is useful for their learning and expressed that they will continue to use such AI tools in the future. Such human-machine collaboration ability is a digital intelligence literacy that future engineers should possess under new engineering disciplines.
6.3.5 Professional Competency Development
According to follow-up surveys of graduates, experimental class students have good employment prospects and are well-received by employers in internships and employment. Many companies report that these students have solid professional foundations and can independently complete work according to project needs. This indicates that the knowledge graph-based teaching reform has obvious effects in improving students' employment abilities and employment levels.
7. Conclusion
This paper addresses the problems of scattered knowledge points, weak engineering competency training, and unmet personalized needs in the teaching of Web front-end technology fundamentals under the background of new engineering disciplines. It explores and implements new teaching methods based on knowledge graphs and has achieved certain results. However, there are still some shortcomings: for example, the current knowledge graph is still manually constructed and updated, with insufficient intelligence levels, and the universality of the teaching reform plan needs to be further tested in more courses and on a larger scale.
In the future, we will conduct in-depth research from the following aspects:
First, research on automated knowledge graph construction and updating: using artificial intelligence technology methods such as LLMs to automatically generate relationships between large amounts of unstructured data and update them, thereby intelligently constructing and updating knowledge graphs.
Second, expanding the application scope of the teaching model: promoting the teaching model proposed in this study to other computer courses and even other engineering disciplines, exploring its applicability and effectiveness in different subject areas.
Third, promoting deep integration of AI and education: exploring more accurate learning analysis, more effective resource delivery, and more precise personalized guidance with AI assistance, creating truly intelligent adaptive learning spaces.
Fourth, conducting follow-up research: conducting follow-up surveys of graduated students to understand the impact of this model on their career development, providing more objective data support for further improving course teaching in the future.
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