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Abstract

The traditional high school biology experiment “Detection of Sugars, Lipids and Proteins in Biological
Tissues” faces challenges such as cumbersome reagent preparation, low operational fault tolerance,
and poor result comparability, which hinder the realization of its core pedagogical value. To address
these issues, this study developed an integrated experimental kit suitable for secondary school
teaching scenarios. Following a “needs analysis-prototype design-pilot teaching-iterative optimiza-
tion” framework, the kit incorporates systematic designs including pre-packaged solid reagents,
standardized biological samples, quantitative plastic consumables, and illustrated procedural guides.
Through three rounds of teaching practice involving a total of 1200 participants, the kit-based ap-
proach reduced teachers’ pre-class preparation time by approximately 85%, decreased student op-
eration error rates by 75%, and improved the average success rate of the core color development
step from 58% to over 92%. The results demonstrate that the kit-based solution is highly effective
in improving teaching efficiency, ensuring experimental safety, lowering resource barriers, and
promoting operational standardization. It effectively supports a smoother transition from verifica-
tion experiments to inquiry-based activities. This study provides a valuable technical pathway and
practical paradigm for “technology downscaling and adaptation” to educational needs, and for pro-
moting standardization and equity in middle school biology experiment teaching.
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Figure 1. Items included in the kit
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