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Abstract

Afive-phase blended learning model was designed to tackle three long-standing constraints in Mod-
ern Instrumental Analysis and Applications: the theory-practice divide, chronic shortages of instru-
ment time, and assessment practices that rest on single-point examinations. Drawing on Bloom'’s
taxonomy, instruction unfolds through five stages—online self-paced learning, virtual pre-lab re-
hearsal using simulation, flipped classroom debriefing, hands-on bench work, and capstone assess-
ment with open-ended extension. The model was field-tested with transmission electron micros-
copy (TEM) training as the focal content. Data show that coupling virtual and physical modalities
eased pressure on scarce TEM hours and removed safety barriers otherwise associated with high-
risk specimen preparation. Learning analytics drawn from multiple platforms allowed us to track
student progress continuously rather than relying solely on end-of-term exams. Students in the ex-
perimental cohort showed deeper conceptual uptake, fewer procedural errors during live instru-
ment sessions, and more self-directed troubleshooting when faced with ambiguous results.
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Figure 1. Input-layer architecture of the blended teaching model: a dual-stage design of online self-directed learning and
virtual simulation rehearsal
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Figure 2. Transformation-layer architecture: deepened interaction and knowledge-to-competence conversion in the of-
fline flipped classroom
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Figure 3. Output-layer “practical innovation + transfer extension” dual-stage: closed-loop construction from au-
thentic scenario operation to comprehensive competence evaluation
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Figure 4. Process demonstration of the virtual simulation stage: (a) animated principle learning; (b) sample preparation
simulation; (c) operation simulation; (d) standard procedure prompts and recording
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