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Abstract

This research focuses on the design and development of
an intelligent adaptive learning system that integrates
the teaching of advanced mathematical concepts and
their practical applications in modeling and predicting
chemical reactions using artificial intelligence. The
proposed system dynamically analyzes each student's
mathematical knowledge level by combining large
language models, advanced knowledge tracing
algorithms, and graph neural networks. Based on this
analysis, it provides personalized educational content-
including concepts such as differential equations,
chemical kinetics, and statistical computations.

The system's core innovation lies in its intelligent
feedback loop, which automatically detects student
errors in predicting chemical reactions and immediately
initiates reteaching of the related mathematical concept.
These concepts are then applied to real chemical
problems, including reaction rate prediction, chemical
equilibrium analysis, and optimization of catalytic
processes.

System evaluation through a controlled experiment with
chemistry students showed that the user group achieved
statistically significant improvement (p < 0.01) in both
chemical modeling skills and wunderstanding of
mathematical concepts. These results indicate that the
proposed approach can effectively bridge the gap
between theoretical mathematics education and
practical applications in chemistry, while providing a
novel framework for science education.

Keywords: Mathematical Adaptive Learning,
Predictive Chemical Modeling, Artificial Intelligence in
Education, Graph Neural Network, Intelligent Feedback
Loop.
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