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Abstract. In response to the prevalent problems in teaching the core course Web-
site Development Technology for the Software Engineering major, such as frag-
mented knowledge points, low student engagement, and monotonous teaching
methods, this study introduces knowledge graph technology into course instruc-
tion. Centered on the core idea of "Knowledge Graph +Website Development
Technology+ Project-driven" and taking the project development process as the
main thread, a hierarchical knowledge system and a visualized knowledge graph
are constructed. On this basis, a three-stage teaching model of "pre-class graph-
guided learning — in-class graph-driven instruction — post-class graph-based
expansion" is proposed. This model stimulates students' learning interest and in-
itiative throughout the entire pre-class, in-class, and post-class process, signifi-
cantly enhancing classroom interactivity and instructional precision.
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1 Introduction

In 1965, Price, constructed a citation network of scientific papers, which is widely rec-
ognized as an early prototype of the knowledge graph. The term Knowledge Graph
itself was formally popularized by Google in 2012. Knowledge graphs typically store
information in graph databases and present it intuitively as graph structures. As a sig-
nificant branch of artificial intelligence, knowledge graphs integrate multidisciplinary
achievements from semantic technologies, data mining, graph theory, and other fields
to construct associative networks of cross-domain knowledge!!l.

As a core course of the Software Engineering major, Website Development Tech-
nology urgently needs to update its teaching content and methods to keep pace with the
times. Traditional instruction relies primarily on classroom lectures with abstract con-
tent and exhibits notable deficiencies: knowledge points are fragmented and lack sys-
tematization, student engagement is low and learning initiative is insufficient, and the
teaching method is monotonous, making it difficult to accommodate the personalized
learning needs of different students. Moreover, the course involves numerous concepts
such as front-end, back-end, and databases, which makes it challenging for students to
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form a systematic knowledge framework during the learning process, thereby directly
affecting learning outcomes!?.

As an emerging approach to knowledge representation and organization, knowledge
graphs can organize and present knowledge points in the form of graphs, effectively
facilitating knowledge integration and comprehension!®!. Centering on the core concept
of "Knowledge Graph +Website Development Technology+ Project-driven",
knowledge graph technology can be leveraged to systematically construct the course
with projects as the driving force, build a course knowledge system, optimize teaching
content, enhance teaching interactivity, and thus comprehensively improve teaching
quality*3],

This paper aims to take project-driven learning as the main thread, integrate
knowledge graphs into the Website Development Technology course, transform ab-
stract concepts into visual knowledge structures, help students form clear knowledge
threads, achieve dynamic presentation of knowledge points, stimulate learning interest,
and increase classroom participation!®”). This exploration not only taps into students’
potential for cognitive development and cultivates their innovation and problem-solv-
ing abilities, but also helps promote the transformation and upgrading of traditional
teaching models, offering new ideas and approaches for the pedagogical reform of the
software engineering discipline.[®1.

2 Project-Driven Knowledge Graph Construction

2.1  Content Analysis and Knowledge Point Extraction

Ontology design, as a core step in the top-down construction of a knowledge graph,
hinges critically on clarifying the hierarchical structure of course knowledge and the
associative relationships between concepts. Taking the practical project development
process as the main thread, this study systematically conducts ontological modeling of
the core knowledge involved in the Website Development Technology course across
domains such as front-end, back-end, and databases, delineating five first-level sub-
ontologies: Project Fundamentals (encompassing website structure design, develop-
ment environment configuration, version control, etc.), Front-end Technologies (en-
compassing HTMLS5, CSS3, JavaScript, responsive layout, Vue.js, etc.), Back-end
Technologies (encompassing Node.js, Express, databases, API design, etc.), Project In-
tegration (encompassing front-end and back-end integration, deployment and launch,
project documentation, etc.), and Extension and Optimization (encompassing perfor-
mance optimization, security protection, SEO, user authentication, etc.). Each first-
level sub-ontology can be further refined into second-level and third-level concepts; for
example, Front-end Technologies can be decomposed into sub-concepts such as page
structure, style presentation, and interaction logic, thereby forming a logically clear
knowledge framework, as shown in Table 1.
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Table 1. Hierarchical Classification of Knowledge Points for the Website Development Tech-
nology Course

First-level Second-level Concepts Third-level Knowledge Points (Examples)
Sub-ontology

. . . . Website structure design
Project Funda-  Project planning, environment setup, ver-

. Development environment configuration
mentals sion management

Version control
Front-end Page structure, style presentation, interac- HTML5. CSS3 responsive layout. JavaS-

Technologies tion logic, front-end frameworks cript. Vue.js
Back-enc.i Server-side framev.vork, back-end f.rame- Nodejs. Express. Database. API design
Technologies work, data persistence, API design
Proiect Inte System integration, deployment and Front-end and back-end integration. De-
Jration maintenance, engineering standards, per-  ployment and launch. Project documenta-
& formance improvement tion
. Performance enhancement, security rein- Performance optimization
Extension and . L . .
. forcement, search engine optimization, Security protection
Optimization N .
user authentication User authentication

(In the table, the first-level sub-ontologies are arranged according to the sequential dependencies of the
project development process; second-level concepts within the same sub-ontology exhibit parallel or syner-
gistic relationships, while implicit semantic associations such as prerequisite, inclusion, and dependency re-

lationships exist between different sub-ontologies.)

2.2 Knowledge Graph Construction

After completing the hierarchical organization and knowledge point extraction of the
Website Development Technology course content, this study employs the py2neo mod-
ule in Python as a bridge to interact with the Neo4j graph database. Leveraging the
flexibility and rich ecosystem of the Python language, a series of graph data operations
— including node creation, relationship definition, attribute assignment, and batch im-
port — are performed on the Neo4j database. This process automatically transforms the
aforementioned ontology model into a structured knowledge graph, thereby enabling
graph-based storage and semantic association of course knowledge.

Taking the Library Book Borrowing Website as an example, this paper illustrates
the design of the knowledge matrix (Table 2) and the resulting knowledge graph (Fig.
1), in which the names are abbreviated. With the knowledge graph designed around the
practical project development process, students can progressively transition from fun-
damental theories to technological frontiers, which not only consolidates their profes-
sional foundation but also cultivates innovative thinking, aligning with the cognitive
patterns of different learning stages and the demands of the industry.

Table 2. Knowledge Matrix of the Library Book Borrowing Website Project

First-level Sub-ontology Second-level Con- Third-level Knowledge Points
cepts

. . Requirement analysis, functional module design, da-
Project planning . .
. tabase ER diagram design, etc.
Project Fundamentals .. . . . . .

Node.js installation, Git repository initialization, edi-

Environment setu . .
P tor configuration
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Version manage-
ment
Page structure

Style presentation

Front-end Technologies . .
Interaction logic
Front-end frame-
work
Server environ-
ment
Back-end frame-

Back-end Technologies
work

Data persistence
API design

System integration

Deployment and
maintenance
Engineering stand-
ards

Project Integration

Performance en-
hancement

Security protection
Extension and Optimization
User authentication

User experience

Git branch management

HTMLS page skeleton
CSS3 beautification, responsive layout adaptation for
mobile devices
Form validation, AJAX request encapsulation, DOM
manipulation

Vue.js component-based development

Node.js runtime environment

Express route definitions
(Book query, Borrow, Return)
Database design (Book table, User table, Borrowing
Record table)
RESTful API
(GET /books, POST /borrow)
Front-end and back-end API integration, cross-origin
handling, integration testing
Project packaging, cloud server deployment,
process guarding (PM2)
API documentation (Swagger), Project README,
coding standards
Optimization Book list pagination and caching, data-
base index optimization
Password encryption (berypt), SQL injection preven-
tion, XSS filtering
User registration/login, JWT authentication, permis-
sion control (Admin/Reader)
Autocomplete for book search, real-time borrowing
status reminders, mobile adaptation

3 Design of the Teaching Model Based on Knowledge

Graph

Upon completing the construction of the knowledge graph for the Website Develop-
ment Technology course, instructors can draw upon the knowledge structure and asso-
ciative logic embodied in the graph to systematically reorganize teaching resources.
Subsequently, throughout the entire teaching process, the associative characteristics
and dynamic feedback capabilities of the knowledge graph can be fully leveraged to
create a curriculum system that integrates personalization, openness, and precision.
During instruction, instructors formulate clear teaching objectives based on the course
syllabus, organically integrate the knowledge graph into every phase of classroom
teaching, and center on the three stages of "pre-class graph-guided learning — in-class
graph-driven instruction — post-class graph-based expansion" to construct an innova-
tive project-driven teaching model architecture grounded in the knowledge graph.
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Fig. 1. Knowledge Graph of the Library Book Borrowing Website Project

3.1 Pre-class Graph-guided Learning

During the pre-class stage, drawing upon the course knowledge structure presented by
the knowledge graph and the project-driven hierarchical task system, the instructor
carefully designs a pre-class learning task list that integrates teaching content, instruc-
tional objectives, and discussion topics. This task list is no longer a simple enumeration
of isolated knowledge points; instead, it takes Project Fundamentals and other main
threads in the graph as the central axis, embedding foundational knowledge such as
website structure design, development environment configuration, and version control
into project contexts, thereby forming a preview map with inherent logical connections.
Based on the task list requirements, students purposefully watch online instructional
videos corresponding to the graph nodes and, guided by the knowledge graph, complete
study notes and online quizzes. In this process, the knowledge graph provides students
with a visualized cognitive scaffold: through the graph, students can intuitively perceive
the position of currently learned knowledge points within the entire project develop-
ment workflow, their pre- and post-requisite relationships, and their connections with
subsequent front-end and back-end technologies. Consequently, they not only develop
a holistic understanding of the course content but can also accurately pinpoint key
learning points and difficulties, thereby initially accomplishing the foundational-level
learning tasks within the knowledge system.
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3.2 In-class Graph-driven Instruction

During the in-class teaching implementation stage, this study uses the knowledge graph
as a structured map, intuitively projecting the complete project-driven development
path into a visualized sequence of nodes. It guides students along the technological
evolution mainline of “static page construction —interaction logic addition—back-end
service integration—database connection—project deployment and launch” ,enabling
them to progressively accomplish the core learning tasks of the Website Development
Technology course. The design of this pathway is grounded in the hierarchical associ-
ations of “Front-end Technologies — Back-end Technologies — Project Integration”
within the knowledge graph, transforming the abstract development process into an ob-
servable and trackable learning trajectory and helping students maintain a clear aware-
ness of their position and direction within the overall project.

This graph-driven instructional adjustment upgrades traditional experience-based
lecturing into dynamic and precise teaching informed by learning behavior data, effec-
tively shortening the students’ transformation cycle from confusion to mastery. Mean-
while, instructors can draw upon the difficulty weights of individual nodes in the
knowledge graph to timely integrate ideological and political education elements into
the curriculum. For instance, they may discuss information security and professional
ethics at the User Authentication node, and emphasize engineering standards and re-
sponsibility awareness at the Deployment and Launch node, thereby achieving a syn-
ergy between knowledge impartation and value guidance!'?,

Through the in-class graph-driven project advancement model, the teaching of the
Website Development Technology course succeeds in condensing scattered knowledge
points into a logical knowledge network that takes the project as its carrier. In the pro-
cess of learning by doing, students continuously establish deep connections among
front-end, back-end, database, and other knowledge domains, while instructors, aided
by the knowledge graph, realize a role transformation from teaching knowledge to guid-
ing projects. This substantially enhances instructional precision and students’ compre-
hensive application abilities, laying a solid foundation for subsequent evaluation opti-
mization and competency expansion.

3.3  Post-class Graph-based Expansion

During the post-class expansion and project integration stage, the navigation and scaf-
folding functions of the knowledge graph extend from the classroom to extracurricular
settings, guiding students to deeply internalize knowledge and comprehensively en-
hance their abilities centered on project objectives. Building on the completion of the
main in-class development tasks, and in accordance with the module dependency rela-
tionships and functional hierarchies indicated in the knowledge graph, students inde-
pendently advance the development of the remaining project modules — for example,
supplementing expansion modules such as the comment system and user profile center
after implementing the core functionalities. This process is not merely a superficial
stacking of content, rather, it requires students to draw upon the associated knowledge
from multiple nodes in the knowledge graph, such as front-end interaction, back-end
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data processing, and API design, and to carry out cross-module integration and com-
prehensive application in authentic project contexts. This deepens their understanding
of the holistic nature of the course knowledge system and enables a capability leap from
being able to implement individual functions to being able to complete a full project.

Through the graph-based navigation and progressive expansion in the post-class
stage, the project-driven teaching model of the Website Development Technology
course forms a complete closed loop. Within the positive interaction between independ-
ent construction and teacher guidance, students continuously consolidate their
knowledge network and strengthen their engineering practice capabilities, thereby lay-
ing a solid foundation for subsequent specialized course learning and career develop-
ment.

[Pve—c\ass Graph-guided Lealnlng] : [ In-class Graph-driven Instruction J : [F'ost—c\ass Graph-based Expans\on}

: : Independently
Designing Task Lists : . Graph-Based : Completing the

Forming Holistic . Navigation N Remaining Project
Understanding : . Data-Driven Approach : Modules

« Teaching According to

: : Individual Aptitude and
with Graph-Based : Experience-Based to : Engaging in

Questions . Precision-Based : Continuous Iteration

« Entering the Classroom : « Shifting Instruction from

Fig. 2. Innovative Architecture of the Project-Driven Teaching Model Based on Knowledge
Graph

Based on the inherent logic of the three stages outlined above, this study constructs
an innovative teaching model architecture as shown in Fig. 2. With the course
knowledge graph serving as the core support and project-driven learning as the over-
arching thread, this architecture organically integrates pre-class independent preview,
in-class precision teaching, and post-class consolidation and expansion, thereby provid-
ing a systematic and actionable practical pathway for the teaching reform of the Web-
site Development Technology course.

3.4  Teaching Applications and Effects

Classroom participation is one of the important indicators for measuring teaching ef-
fectiveness!''"'2]. In the Website Development Technology course, before the teaching
mode reform, instruction was dominated by teacher lectures, and students had limited
opportunities for speaking, discussion, and hands-on practice, with relatively uniform
modes of participation. Since the implementation of the knowledge graph-based pro-
ject-driven teaching model, students’ classroom participation has significantly in-
creased through components such as pre-class online tasks, in-class problem-driven
learning, and group cooperative inquiry.
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Statistics on students’ classroom performance show that under the traditional teach-
ing model, high-participation students accounted for only 10%, medium-participation
students for 55%, and low-participation students for as high as 35%. In contrast, under
the innovative teaching model, the proportion of high-participation students surged to
45%, medium-participation students accounted for 40%, and low-participation students
decreased markedly to 15%. This set of comparative data strongly indicates that the
knowledge graph-based project-driven teaching model can effectively stimulate stu-
dents’ learning interest and awareness of classroom participation, effectively shifting
them from passive listening to active participation and deep learning.

The knowledge graph-based project-driven teaching model not only enhances stu-
dents’ classroom participation and academic performance but also promotes the devel-
opment of comprehensive learning abilities. Students have shown varying degrees of
improvement in group collaboration participation and the depth of problem-solving.
More importantly, some students with weaker foundations have gradually narrowed the
learning gap with their higher-achieving peers under the new teaching model. This out-
come fully demonstrates that the teaching model can effectively foster the competency
development and academic progress of all students.

4 Conclusion

In the teaching practice of the Website Development Technology course, the deep in-
tegration of the knowledge graph and the project-driven teaching model has brought
about structural transformation to traditional classroom instruction. By constructing a
hierarchical knowledge graph centered on the project development process, instructors
can precisely pinpoint the core knowledge points and teaching difficulties of the course,
with the key concepts and their intrinsic associations at each level — from Project Fun-
damentals to Front-end Technologies, Back-end Technologies, Project Integration, and
Extension and Optimization — clearly mapped within the graph. For students, the
knowledge graph not only serves as a visual cognitive navigation tool that guides them
progressively along the development pathway of "static page construction—interaction
logic addition—back-end service integration—database connection—project deploy-
ment and launch", but also enables them to efficiently and systematically master the
core theories and key skills of website development. Through the complete teaching
closed loop of “Knowledge Graph + Project-driven” ,students can build a solid engi-
neering foundation for subsequent software engineering courses, lay a firm theoretical
and practical groundwork for solving complex software system development problems
in the future, effectively enhance their comprehensive analysis ability, engineering
practice capability, and innovative exploration spirit, and adapt to the severe challenges
and urgent demands posed by the digital-intelligence era for the cultivation of talents
in vocational education .
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