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This research investigated embodiment methods of programs with three
dimensional entity using a 3D printer in order to enhance learners® interests in programming and
promote learners® understanding of abstraction which is important in programming. We also studied
programming environments where both materialized program components and virtual program components
can be used by utilizing mixed reality technologies.

Moreover, we developed a behavior classification method and indoor positioning methods which are
needed to analyze actions of programming learners in virtual and mixed reality environments indoors.
The behavior classification method is based on movements of both hands. The developed indoor

positioning method integrates radio fingerprinting and dead reckoning differently from conventional
ones.
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