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Abstract: Driven by the dual forces of “Al + Education” and the development of Emerging Engineering Education,
electrical engineering courses face challenges characterized by intensive interdisciplinary knowledge, strong engineering
orientation, and heightened demands for personalization. Electrical Machinery, as a core foundational course for
electrical engineering majors, features a complex knowledge system and requires tight integration of theory and practice.
Traditional teaching methods struggle to meet the needs for structured knowledge presentation, resource integration,
and personalized guidance. Based on its specific characteristics, this study constructs a multimodal knowledge graph
to achieve networked associations between disciplinary knowledge and engineering resources. By employing machine
learning to collect and analyze student data related to theory, practice, and engineering tasks, a multi-dimensional learning
evaluation model is established and integrated throughout the blended learning process. Practice has shown that this
model strengthens students’ systematic understanding of knowledge, enhances their ability to apply theory and engage in
engineering practice, assists teachers in precise instruction and dynamic resource iteration, provides an operable pathway
for the deep integration of Al and electrical engineering courses, and holds promotional value for the intelligent reform of

engineering-oriented courses.
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1. Introduction

In recent years, the rapid development of artificial intelligence technology has profoundly transformed teaching
methods and talent cultivation models in higher education. Policies such as the “Education Power Construction
Plan Outline (2024-2035)” explicitly require deepening the integration of intelligent technology and teaching.
Meanwhile, the continuous advancement of Emerging Engineering Education construction and technological
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changes in the electrical industry place higher demands on the systematic knowledge construction, personalized
learning support, and practical ability cultivation for electrical engineering professionals, making information
technology-enabled curriculum reform an inevitable trend !". As the core carrier of talent cultivation, electrical
engineering courses generally feature interdisciplinary integration and high requirements for the closed loop
connecting theory, practice, and engineering. This necessitates that students not only master solid mathematical
and physical foundations and professional theory but also possess systems thinking, engineering innovation
capability, and adaptability to technological iteration, making information technology-enabled curriculum reform
essential for the high-quality development of electrical engineering majors .

The Electrical Machinery course, as an important foundational course for electrical engineering majors,
contains numerous knowledge points, long derivation chains, and intertwined mathematical and physical
concepts, which students generally find difficult to understand. The traditional linear lecture model struggles to
present relationships between knowledge points, making it hard for students to build systematic understanding;
significant differences in learning foundations also make it difficult for teachers to promptly identify learning
bottlenecks, hindering personalized teaching implementation. Issues such as long content update cycles and
fragmented resources further affect teaching quality ™. The application of artificial intelligence technology in
education offers new pathways to solve these problems. Knowledge graphs can construct course knowledge
networks "*), learning analytics can capture learning behaviors and states, and machine learning methods can
support learning diagnosis and personalized support. This study aims to construct a course knowledge graph
integrating resources such as textbooks, lectures, experiments, and typical exercises; build a learning evaluation
model based on learning analytics and machine learning; and explore personalized learning paths, providing

practical experience for the intelligent teaching of engineering courses.

2. Teaching reform design philosophy and pathways

Against the backdrop of Emerging Engineering Education, the teaching reform of electrical engineering courses
needs to achieve three transitions: from knowledge transmission to ability cultivation, from classroom-centric to
engineering-practice-centric, and from unified teaching to personalized adaptation. Al technology development
provides a new technical foundation for teaching innovation, enabling courses to achieve visualizable knowledge
structures, measurable learning processes, and customizable learning paths " Centering on the knowledge
characteristics and teaching needs of the Electrical Machinery course, this study constructs an intelligent teaching
model with knowledge graphs and machine learning at its core, specifically comprising three dimensions.

2.1. Discipline-engineering dual-oriented structuring philosophy centered on knowledge
graph

The knowledge system of electrical engineering courses exhibits characteristics of vertical disciplinary
connections, horizontal interdisciplinary crossover, and deep integration with engineering scenarios. Traditional
Electrical Machinery teaching unfolds linearly based on textbook chapters, failing to reflect internal connections
with subjects like circuits and electromagnetic fields, or highlight application logic in engineering scenarios
such as new energy power generation and smart manufacturing. This leads to fragmented student understanding
and difficulty in knowledge transfer and application. In the context of Emerging Engineering Education, the
cultivation of electrical engineering talents requires strengthened systems thinking and engineering thinking.

Course content organization must shift from linear knowledge listing to a restructured discipline-engineering
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dual-oriented framework. Knowledge graph technology provides the theoretical basis and technical support
for this restructuring. By extracting entities from core course concepts, principles, formulas, characteristic
curves, typical operating conditions, and experimental content, and constructing relationships such as causality,
subordination, and derivation, course knowledge can be restructured into a networked, visualizable framework.
The knowledge graph helps students locate specific knowledge within the overall structure and clarify its
prerequisite knowledge and subsequent applications, forming a deeper understanding framework . Consistent
with existing research indicating that “knowledge networks can reduce cognitive load and promote transfer,” the
restructuring of the course framework lays the foundation for intelligent teaching.

2.2. Learning analytics-driven personalized adaptation philosophy

The Electrical Machinery course features high abstraction levels and long reasoning paths, leading to significant
individual differences among students. Traditional methods relying on teachers’ experiential judgment make
effective “teaching according to aptitude” difficult to achieve. In recent years, the application of learning analytics
and machine learning in education has continuously deepened. Collecting and analyzing learning behavior
data to identify learning patterns and predict learning performance, it provides a verifiable technical path for
personalized learning. Based on this, this study constructs a whole-process support system covering “pre-class,

in-class, and post-class” ¥

, introducing students’ learning behaviors such as learning duration, chapter completion
rate, answer accuracy, response time, and repeated error points into the model. Machine learning methods build a
learning evaluation system to identify learning bottlenecks, predict learning progress, and dynamically generate
personalized learning paths. The core of this philosophy is not “technology replacing teaching” but using data to
reveal the true state of student learning, enabling teaching to shift from “experience-driven” to “evidence-driven.”
Practical results prove that data-supported personalized learning is more targeted than simple stratified teaching
and can mitigate the decline in teaching efficiency caused by learning differences .

2.3. Feedback philosophy integrating teaching, research, and production

The electrical industry undergoes rapid technological updates and iterations. New technologies, such as new
energy power generation, smart grids, and digital twins, continue to emerge, requiring electrical engineering
courses to maintain synchronous updates with industry technologies. However, in traditional teaching models,
long update cycles of teaching content and disconnection between teaching/research and industry lead to course
content lagging behind engineering practice. Unlike the traditional model focused primarily on classroom
teaching with relative separation of research and teaching, this study emphasizes continuous improvement
through the “teaching-data-model-teaching” cycle. During the teaching process, student behavior data serves
as an important source for model training, helping teachers identify weaknesses in teaching and reflect on
instructional design rationality. Simultaneously, new technologies, resources, and algorithms explored by teachers
in the research process can immediately feedback into teaching, and course content can be promptly updated
through the knowledge graph and personalized learning system, achieving dynamic evolution of teaching

1
resources [ 0].

3. Construction and implementation of the AI-supported blended learning model

After clarifying the knowledge structure and personalized strategy, this study integrates them into an online-
offline blended learning model, forming a complete teaching plan covering “pre-class, in-class, and post-class”
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phases. The overall structure and operation process of this model are shown in Figure 1.

Before class, students use the knowledge graph to understand the structure of the upcoming learning module
and its connection to existing knowledge. The platform pushes preview tasks and key concepts based on students’
historical data, laying the foundation for classroom learning. Unlike traditional preview methods relying solely
on pre-reading or watching videos, the preview content in this model is differentiated and targeted.
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Figure 1. “Al+” Blended Teaching Closed-Loop Model.

During the classroom teaching phase, teachers adjust teaching priorities and difficulties in time based on
feedback from the learning analytics model. For example, when most students show cognitive deviations on
a certain knowledge point, the teacher can arrange key explanations or demonstrative training in advance; for
modules where students overall have high mastery levels, lecture time can be reduced, and application-oriented
discussions or experimental demonstrations can be increased. Furthermore, using the knowledge graph to
visually display relationships between key concepts in class helps students understand micro-level reasoning
processes within the macro structure. After class, the system updates the student’s learning profile based on their
performance in class and exercises and generates personalized consolidation tasks. This process not only provides
continuous feedback to students but also helps teachers accurately grasp learning status and improve the next
stage’s teaching arrangement. The entire teaching mechanism forms a closed loop of “data-diagnosis-teaching-
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feedback,” achieving intelligent, dynamic, and continuous teaching optimization """,

4. Practical effectiveness

In teaching practice, the intelligent teaching model based on knowledge graphs and learning analytics has been
continuously applied in the Electrical Machinery course for two semesters. Selecting Class Electrical 20-1
(traditional teaching) and Class Electrical 22-1, Class Electrical 23-1 (after implementing this research method) as
comparative samples, and through multidimensional evidence such as pre-class preview data, classroom activity
performance, online assignment completion, final assessment, and special ability questionnaires, an effectiveness
analysis was conducted from five core dimensions: knowledge mastery, ability development, learning attitude,
cooperative communication, and inquiry innovation. The specific results are shown in Figure 2.

The figure shows that after implementing the “Al+” model, students’ performance in all dimensions has
improved. Although the improvement in innovation ability is slightly less pronounced, it will continue to be
targeted for improvement in subsequent reforms. It must be pointed out that the introduction of the intelligent
teaching model has also brought new reflections. For example, students’ acceptance of personalized paths varies;
some students were initially uncomfortable with algorithm-recommended learning tasks and needed further
learning guidance and motivation. Additionally, the accurate and continuous collection of learning data still
depends on students’ usage habits and platform interaction frequency, requiring the teaching team to continuously
optimize resource presentation methods and enhance the human-computer interaction experience to integrate
technology more naturally into the learning process. Overall, the intelligent teaching model proposed in this study
has shown strong results in improving the student learning experience, enhancing knowledge mastery quality,
and promoting precise teaching by teachers.
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Figure 2. Teaching Reform Effectiveness Radar Chart.
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5. Conclusion

This study, centered on the teaching characteristics of the Electrical Machinery course, constructed an intelligent
teaching model based on knowledge graphs and learning analytics and applied it in course teaching. The reform
results indicate that the knowledge graph helps students clarify the course structure and understand knowledge
relationships, the learning analytics model supports learning state diagnosis and learning path optimization, and
blended learning promotes the overall synergy of teaching activities. Overall, this model has achieved positive
results in improving student learning efficiency, enhancing classroom targeting, and promoting the iteration of
teaching resources. In the future, we will further improve the knowledge graph content and model parameters,
expand cross-course application scenarios, and promote the deep integration of intelligent technology in

engineering courses.
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