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Abstract

This study develops an RtD(Research through Design)-informed model showing how technical
limitations in 3D printing can be reframed as strategic variables in a niche-market context, rather
than reducing 3D modeling education to satisfaction or performance metrics. Conducted in a
15-week undergraduate 3D modeling course, the case boundary was the airsoft customization
niche. Seven PLA-based FDM/FFF accessories (M1-M7) were treated as epistemic artifacts and
analyzed through embedded artifact-level comparison using a chain of evidence (planning records,
slicing Ul captures, modeling data, and photographs). Using PMF-6R and interpreting it via
Aesthetic Complexity Gating (ACG) and Configuration Labor (CL), the study proposes an ACGxCL
hybrid model linking market expectations (color/finish, defect salience) with user experience
(choose-swap-attach). Findings suggest monochrome-use norms can reduce the perceived
“criticality” of FDM layer lines (ACG), while setup completion behaviors can amplify psychological
ownership (CL); a prior SLA “valley of death” vignette also indicates time-dependent material
stability as a boundary condition. The study argues for shifting educational goals from high-fidelity
outputs to Strategic-fidelity—judging viable quality thresholds under market and risk constraints—
and provides a 15-week module and an assessment rubric.
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