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Abstract

Traditional analytical chemistry experimental teaching is dominated by confirmatory experiments,
in which students often follow recipes mechanically, resulting in insufficient cultivation of innova-
tive thinking and practical skills. To address these issues, this paper, grounded in Outcome-Based
Education and Constructivist Learning Theory, proposes a “three-stage progressive” graded teach-
ing model for design-oriented experiments. Taking the determination of mixed alkali composition as
the instructional vehicle, the model divides the experimental course into three tiers: basic verification,
semi-design, and full design. By gradually removing learning scaffolds, it guides students from execut-
ing prescribed protocols toward independent design. The paper systematically compares this model
with existing approaches such as inquiry-based teaching and Problem-Based Learning, elaborating on
the teaching objectives, implementation procedures, and assessment strategies for each tier. It also an-
alyzes practical feasibility and key operational issues, and proposes supporting teaching tools and an
evaluation plan for effectiveness. This model offers a transferable and actionable framework for the
design-oriented reform of analytical chemistry laboratory courses.
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Table 1. Overall architecture of the “three-stage progressive” gradient model
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Table 2. Comparison of this model with existing representative teaching models
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Table 3. Design guide table for mixed alkali determination
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Table 4. Weight distribution of each stage in formative assessment
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Table 5. Structured scoring sheet for experimental design phase
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