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Abstract

Subject-specific comics can represent abstract physics processes through sequential images, but re-
sources stored as whole pictures lack panel-level knowledge, pedagogical functions, and links to
assessment items. This limits precise retrieval, diagnosis, and feedback. Using literature analysis,
system design, and prototype development, this study proposes a framework of contextual repre-
sentation, semantic structure, and learning regulation. It develops a two-level annotation model for
comic units and individual panels and implements a junior high school physics learning companion.
The prototype decomposes 245 nine-panel comics into 2205 addressable panels and organizes
3430 questions. Reading, review, closed-book assessment, prompts, retries, and panel-specific review
are connected through traceable data relationships. Structured annotation can therefore turn static
comics into locatable, retrievable, and diagnosable learning resources. The prototype demonstrates
the operability of the data chain and business rules; improvements in learning outcomes still re-
quire classroom-based evaluation.
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