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: The principal investigator has conducted several recent

projects centered on "makerspace" or "immersive
technology, " and discovered that few previous projects have
focused on addressing problems with makerspaces. This
research approaches three major aspects: (1) the gap
between the number and manpower of makerspaces; (2) the
lack of educational functions in makerspaces; (3) the lack
of individualization in makers’ learning needs and
processes. To solve this problem, this research utilizes
mixed reality technology to transform existing makerspaces
into "makerspace educational spaces" that provide
"meaningful, adaptive" learning.

The research is conducted over three years. In the first
year, elements of integrating MR into makerspace education
are inventoried. Metadata analysis is used to understand
the patterns of MR-assisted learning, and interviews with
expert makers and novices are conducted. Based on the
interview results, a STEAM-based adaptive MR makerspace
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learning system architecture is proposed. In the second
year, mixed reality virtual objects, interaction modes, and
learning functions are developed, and makerspace learning
materials are expanded. In the third year, a quasi-
experimental method is used to validate the effectiveness
of the developed "makerspace assisted learning system" with
mixed reality. Results show that using this system can
significantly improve the quality of makers’ works,
performance, and safety self-efficacy.

In the first year research results, the principal
investigator reviewed literature from 2009-2022 on applying
mixed reality technology to education, analyzed the current
status of mixed reality education technology, and explored
factors affecting learning outcomes. Research retrieved 123
articles from 4 databases after setting literature
inclusion criteria. Results showed a moderate overall
effect size of 0.60 for mixed reality education,
outperforming traditional teaching. Literature analysis
found that mixed reality education is moderated by "course
learning duration", "device use frequency', "teacher
assistance" and other factors, demonstrating differences in
learning outcomes. This study analyzes the development
trends and influencing factors of applying mixed reality
technology to education, and provides evidence-based
recommendations. In the experimental research results, this
study demonstrates the feasibility and effectiveness of
applying mixed reality technology to makerspace education.
Not only does it reduce teacher burden, but enhances
innovative thinking and practical abilities of students.
Future work can expand experiment subjects and time to
investigate the impact of mixed reality on different
difficulty levels in makerspace education, providing an
innovative and safe STEAM teaching model.

makerspace, STEAM, meta-analysis, mixed-reality, maker
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% 6 Trim and fill 3 4 /% 2% %

Duval and Tweedie’s Trim and fill

Fixed-Effect Random Effects O Value
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Trimmed Estimate limit limit Estimate  limit limit
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0.58 0.50 0.66 0.60 0.30 0.91 316.97
values
Adjusted
7 0.77 0.69 0.84 0.92 0.61 1.23 488.53
values
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t’,'; 7l

7
#1% (p=.003) - Levene # T4 g Rl Tk (p=.147)> # & ANCOVA 4 45
e K o H F]F & RS P T J..é'_Fé*T' tiF LR (F(1,37)=9.776,p=.003) > ¥ * %
SIRE- BT FEHRES ez BT I B AN ES (THE R (1) = -406, p
003) ] TG AN R T E R e n] i B T e o B B T Adrdl s
RGP EFLE o

LOORIEE 2 p Asci A

g P g it
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