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Abstract

At-risk students face educational and emotional challenges that lead to disengagement from
learning, particularly in subjects like mathematics, which require persistence and complex
problem-solving. This study examines the dual role of 3D design and printing technologies:
as a lever for motivating students toward meaningful learning and as a tool for measuring
engagement patterns and perseverance through learning analytics. This case study involved
20 tenth-grade students from a high school for at-risk youth. Students worked with the
Onshape software as part of a year-long program comprising seven learning units aligned
with the mathematics curriculum. Each unit presented a real-life design challenge requiring
mathematical application to solve. Activity data were collected through Onshape's learning
analytics, including dashboards, audit logs, design snapshots for process documentation, and
teacher interviews. The findings revealed three levels of engagement (low — 20% of students,
partial — 25%, and active — 55%) and exceptional patterns of perseverance. Analysis of
individual case studies demonstrated how personally meaningful projects, such as creating
unique objects, enhanced motivation and led to sustained engagement with challenges.
Learning analytics provided researchers with tools to identify engagement patterns through
precise tracking of working times, trial-and-error processes, and students' sequential actions
during the learning process. The study highlights how integrating 3D design and printing can
enhance motivation, engagement, and perseverance in mathematics learning among at-risk
students, offering an innovative methodological tool for assessing learning processes.

Keywords: Learning analytics, 3D design and printing, At-risk students, Learning
motivation, Mathematics learning.
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