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Abstract: This study proposes an experiential learning system using Mixed Reality (MR) with HoloLens
2 to support the understanding of fractal structures and the Fibonacci sequence through nature observation.
Although Japanese students maintain high mathematical literacy compared to other countries, international
surveys such as TIMSS 2019 and PISA 2022 indicate that they have fewer opportunities to relate
mathematics to daily life, resulting in relatively low motivation toward mathematics learning. To address
this issue, this study integrates MR technology, which enables spatial visualization and embodied
interaction with abstract concepts, with Kolb’s experiential learning model. Furthermore, the system
incorporates a Large Language Model (LLM) based conversational agent that not only generates
explanations of observed objects but also poses reflective questions to learners. These prompts encourage
learners to attend to structural features, articulate their observations, and connect concrete experiences with
abstract mathematical concepts. A comparative experiment was conducted against traditional text-based
learning to evaluate learning effectiveness, intrinsic motivation, and experience satisfaction. The results
showed significant differences in intrinsic motivation factors, particularly interest and enjoyment, and
perceived pressure, indicating that the MR-based experiential learning environment enhanced learners’
voluntary engagement. In addition, qualitative responses suggested that learners in the MR condition more
frequently referred to self-similarity and connections between numerical patterns and natural phenomena,
indicating deeper conceptual understanding. These findings suggest that the combination of MR-based
spatial interaction and LLM-driven reflective questioning supports the experiential learning cycle,
especially reflective observation and abstract conceptualization, and promotes meaningful connections
between mathematical concepts and real-world contexts. The proposed approach demonstrates the potential
of integrating MR and conversational Al to foster intrinsically motivated and conceptually grounded
mathematics learning.
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