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Abstract

Cognitive offloading in human-AlI collaborative teaching in a building materials course can conserve
cognitive resources but may also weaken students’ independent judgment and transfer ability. Draw-
ing on literature analysis, backward instructional design, and an “objective - task - evidence” alignment
review, this study uses a coastal low-carbon concrete mix-design project to define Al permissions and
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students’ cognitive responsibilities. It proposes a five-stage regulatory sequence comprising “inde-
pendent prediction - bounded reasoning - professional verification - scaffold removal - Al-free trans-
fer”, together with baseline, process, and endpoint checks. Assessment indicators cover independ-
ent transfer, dependence gaps, verification quality, confidence calibration, and delayed retention. Ra-
ther than excluding Al, the framework selectively offloads secondary activities such as information
retrieval and repetitive calculation while retaining students’ core cognitive responsibility for prob-
lem formulation, mechanism explanation, standards-based judgment, and engineering decisions to
balance tool effectiveness with the development of students’ abilities. Its effectiveness requires fur-
ther validation with authentic classroom data.
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Figure 1. Two cognitive offloading pathways following Al intervention
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Table 1. Boundaries of cognitive offloading, Al permissions, and regulatory evidence
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Figure 2. “Five-stage and three-check” instructional sequence for regulating cognitive oftloading
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Figure 3. Implementation process of the coastal low-carbon concrete mix-design project
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Table 2. Assessment indicators and interpretations for cognitive offloading regulation
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