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Abstract

In response to the current situation where advanced mathematics is characterized by dense knowledge
points and complex hierarchical progression, yet is often taught in a linear, chapter-by-chapter and
fragmented manner, this study constructed a course knowledge graph for advanced mathematics
covering six chapters and 75 knowledge points, with nodes connected by three types of relation-
ships: parent-child, prerequisite-successor, and association relationships. Based on this graph, a
three-stage teaching model of “pre-class autonomous learning - in-class internalization and con-
struction - after-class consolidation and extension” was designed, supported by a “locate-intervene-
re-locate” assessment scheme driven by node-level learning analytics. A one-semester controlled
teaching experiment was conducted in the course Advanced Mathematics A (1) at Beijing University
of Civil Engineering and Architecture, with an experimental class of 109 students and a control
group of 2051 students taught by 17 teachers. A unified final examination showed that the experi-
mental class achieved a mean score of 74.40, which was 11.34 points higher than that of the control
group (63.06); its pass rate was approximately 19 percentage points higher, its excellence rate was
2.6 times that of the control group; and its standard deviation (15.20) was lower than that of the
control group (21.29), indicating a convergence in score dispersion. The mean scores of the student
questionnaire were no lower than 4.50 in all dimensions, including knowledge structure presenta-
tion, understanding of conceptual connections, support for autonomous learning, and overall learn-
ing assistance. Within a control sample of nearly two thousand students, the model of integrating
the course knowledge graph throughout the entire teaching process demonstrated positive ef-
fects, showing an improvement in overall academic performance and a narrowing of achievement

gaps.
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Figure 1. Knowledge graph of advanced mathematics course (Partial)
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