H B R 2CE 585 TN
5018, 12(1), 141158 [REFHEX

D7) v & —%FM L 7 NS ©
1=V 7)) ABMORFE L £ OBFEMROWG

o EEE T - g /R - A Bl BT

Educational Effects of Miniature Human Skull Replicas
Produced Using 3D Printing Technology

Chieko Uchiyama, Takahiro Yamanoi, Masaharu Takemura

Abstract
In accordance with current curriculum guidelines, upper secondary school
students learn human evolution in biology class. Many teaching practices about
human evolution have been reported, where many teaching materials have
been developed. However, teaching this unit with these practices is actually
quite difficult because they require expensive teaching materials such as human
skull replicas. In most practices mentioned above, educational effects have not
been confirmed. For this study, we produced miniature replicas of human skulls
(Australopithecus afarensis, Paranthropus boisei, Homo erectus, Homo sapiens, and
Gorilla gorilla) using three-dimensional (3D) printing technology, which is
widely used recently. For human evolution lessons, we used miniature replicas
of human skulls to teach human evolution to 66 students of third grade in three
upper secondary schools: two private schools and a public school. Results of
pre/post tests suggest that this study program incorporating miniature replicas
contributed to student recognition of skull structures, student formation of
hypotheses about human life at that time, and student recognition that humans
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have evolved through repeated speciation and extinction. Additionally, results
showed that this study program can promote student understanding of human
evolution effectively, even without receiving the idea of orthogenesis.
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