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Abstract

The integration of 3D visualization technologies in chemistry education is an effective tool
for teaching spatially demanding topics. These technologies offer two visualization modes:
static 3D imaging and active 3D imaging, with the latter enabling students to manipulate
molecular views for greater engagement. However, the impact of active 3D visualization on
metacognitive processes remains underexplored. This study investigated its effect on
comprehension monitoring and time management in learning molecular spatial structures. A
total of 130 students with no prior chemistry knowledge were randomly assigned to one of
three groups: 2D, static 3D, or active 3D. The research was conducted in the Open University
laboratory through Qualtrics software. Participants studied a presentation on molecular
structures, completed related questions, and self-reported their confidence and interest levels.
While performance outcomes did not differ significantly across groups, the active 3D group
demonstrated higher efficiency, completing tasks more quickly. However, this group
reported lower confidence and interest compared to the 2D and static 3D groups and exhibited
under-confidence, in contrast to the well-calibrated confidence of the 2D group. These
findings suggest that although active 3D visualization facilitates faster learning without
compromising accuracy, it may undermine learners' confidence and interest. Future research
should investigate factors contributing to these effects to optimize the use of active 3D
imaging in education.
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