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Abstract: Current K-12 artificial intelligence (AI) education is progressively shifting toward regularized, project-based
instruction. However, pedagogical practices still suffer from obscured learning paths, insufficient perception of cognitive
processes, and a lack of high-order reflection. Meanwhile, the routine use of large language models (LLM) in basic educa-
tion often tends to be outcome-oriented, providing direct knowledge outputs. To some extent, this may reduce students’
opportunities for autonomous trial and error as well as their space for cognitive construction, thereby constraining the de-
velopment of their self-regulated learning (SRL) abilities. As a core metacognitive factor that supports the solving of com-
plex engineering problems, the healthy development of SRL abilities directly determines students’ capacity for strategy
transfer and higher-order thinking in uncertain technological contexts. To address these challenges, an LLM agent-driven
support framework for self-regulated learning was proposed embedded within the infrastructure of a parallel teaching

laboratory. Synthesizing the planning-performance-reflection cycle of SRL, the framework operationalized complex Al
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projects into structured, node-based task spaces monitored by multi-role agents. Under the artificial systems, computa-

tional experiments, and parallel execution (ACP) approach, the framework leveraged artificial systems to capture multi-

modal process logs, conducted computational experiments to infer students’ strategic deviations and cognitive obstacles,

and utilized parallel execution to deliver heuristic prompts and teacher-facing evidence. Finally, a design-oriented case

study was presented grounded in the Intelligent Mobility Al Laboratory and the school-based “Al+” curriculum at Tianjin

No. 2 High School, illustrating the integration paths across various experimental projects and establishing a systemic foun-

dation for subsequent empirical studies driven by fine-grained process data.

Key words: K-12 education, artificial intelligence courses, self-regulated learning, large language models, digital human,

parallel intelligence, parallel teaching laboratories
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