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[Abstract]

This study investigates how guidance type (text-based vs. Al agent) and support structure conditions influence learners’ sense
of presence, perceived usability, and cognitive workload in a VR-based 3D printing learning environment. Using a 2x2
mixed-factorial design with 30 university students, the results demonstrate consistently high levels of presence and usability across
all conditions, thereby confirming the pedagogical viability of the VR environment. Although overall workload did not differ
markedly between conditions, Al agent guidance significantly reduced learners’ perceived effort, thereby enhancing cognitive
efficiency. In contrast, text-based guidance was associated with higher perceived performance, despite requiring greater mental
exertion. A significant interaction effect on performance suggests that the presence of support structures moderates the
effectiveness of guidance types. These findings provide empirical evidence that structured procedural guidance plays a critical role

in ensuring cognitive stability and fostering a sense of achievement among novice learners in immersive learning environments.
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(a) Text-based Guide
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Fig. 1. Visual implementation of guidance type conditions

(b) With Support Structure

(a) Without Support Structure

“The text of the content is written in Korean to convey enough
information.
J8 2. XX|cf 7= =

Fig. 2. Support structure conditions
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