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Abstract

To overcome challenges in teaching high school mathematics concepts, this study applied learning
progression theory to the instruction of “Definition of an Ellipse”. The research first defined core
concepts, constructed a teaching model comprising five progression levels—“experience, mapping,
association, system, and integration”—and designed corresponding instructional processes and
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assessment tools. To validate the model’s effectiveness, a quasi-experimental study was conducted.
Results revealed that compared to conventional instruction, the experimental class demonstrated
significantly superior performance in both immediate and delayed assessments, with substantial
effect sizes. This indicates that the learning progression-based instructional model effectively pro-
motes gradual cognitive deepening and long-term knowledge retention, providing empirical sup-
port and actionable pathways for high school mathematics concept teaching.
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Table 1. Five elements for learning progression
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Table 2. Four levels of mathematical concept learning
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Figure 1. A learning progression-based teaching model for the “Definition of an Ellipse”
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Table 3. Advanced dimensions of the “Definition of an Ellipse”
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Table 4. Developmental stages model of scientific concept understanding
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Table 5. Advanced level and learning objectives for “Definition of an Ellipse”
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Figure 2. Teaching example diagram
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Figure 3. Three scenarios of motion point trajectories
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Figure 6. The knowledge system of “Conic Sections”
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Table 6. Key findings of the study
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