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Abstract

Aiming at the problems of traditional intelligent tutoring systems, such as a lack of dynamic adapt-
ability, neglect of students’ psychological states, and insufficient teacher-student interaction, this
paper proposes a personalized teaching system based on multi-agent reinforcement learning. The
system realizes the dynamic adjustment of teaching strategies through the collaborative optimiza-
tion of student agents and teacher agents. The student agent, based on the Q-Learning algorithm,
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constructs the agent state and action space by comprehensively considering multidimensional states
including knowledge mastery, motivation, and fatigue level, and independently selects the optimal
learning action; the teacher agent integrates heuristic rules and reinforcement learning to formulate
personalized teaching rhythm, difficulty level, and strategies according to students’ states; the evalu-
ation agent is responsible for in-depth diagnosis of learning effects and interpretable feedback. The
system can effectively improve students’ knowledge mastery and enhance the quality of teachers’
teaching. Meanwhile, the system integrates the DeepSeek large language model to realize the gener-
ation of personalized learning reports and provide users with an immersive, interactive experience.
The work of this paper provides a new idea for the design of intelligent tutoring systems, with good
theoretical value and application prospects.
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Figure 1. Technical architecture of multi-agent base on teaching optimization system
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Figure 2. Schematic diagram of learning logic for student agent
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Figure 3. Model report generation and modular data processing flowchart
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Figure 7. System front-end page—teacher strategy suggestions
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