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Ay A e — M BV ENRR L - SRR
RES 22 ANARAY s> 2ERE - DI E A A
AMREEYRE T 2R B > 4018 TAIES -

= HIRIE
( )n\HEIH@E/JﬁEU _ K%g Xn/ Iziﬁ/ﬁl I%M
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(%R ) (-3.3) (3.3)
NBHEET 59 41 100
=7 : A% MIchi-squareJIHxR
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B o WG RERA RS AR H AV ER SR AR F 4
Btz T RNEIRAE A LR S e G - WA T
EL¥T -

ARy 7> 3 P B2 B B 5 — YR
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[Gu, Z.-R. (2013). A4 comparative study of the effects of static and dynamic visualization teaching

methods on elementary school students’ science achievement and motivation to learn science

[Unpublished master thesis]. National Hsinchu University of Education.]
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FARESE ~ #R5AE(2018) - JEFI R S B SR A g BL 6 B SR A =0 /& o AR VE R RGRIE 2 45
WA ETET - BHFRE ANHEZET] > 4(3) » 67-89 - https://doi.org/10.6587/
JTHRE.201803 4(3).0004

[Chou, H.-J., & Lin, H.-C. (2018). Applying virtual reality application with 6E instructional model
in living technology at high school: A case study of construction design. Keji yu Renli Jiaoyu
Jikan, 4(3), 67-89. https://doi.org/10.6587/JTHRE.201803_4(3).0004]

§T—12(2018) - ERELE FHENS B i 2 SRR SR BB B T 5 — DU/AKRIT B2 E B -
FRENIIRBEELSTEAT > 10(1) > 32-38 © https://doi.org/10.29465/IJ]DMD.201806 10(1).0004

[Hsu, Y.-C. (2018). A study on learning motivation and learning effectiveness of students using

augmented reality—A case study of eight planets learning. International Journal of Digital
Media Design, 10(1), 32-38. https://doi.org/10.29465/1JDMD.201806_10(1).0004]

FREFSCAESE (2021) - (EARIEREERTES “MHEREE) @I - /F# -

[Kang Hsuan Educational Publishing. (2021). Ziran kexue guomin zhongxue dierce beike yongshu.
Author. ]

IR ~ TRFELDEE(2004a) - MEHEOK ML SUBERST S AR B2 FHVER - RIBRER
FJ > 12(3) > 365-398 - https://doi.org/10.6173/CJISE.2004.1203.05

[Yang, K.-Y., & Changlai, M.-L. (2004a). Literature review of genetics misconceptions and its im-
plications on instruction. Chinese Journal of Science Education, 12(3), 365-398. https://doi.
org/10.6173/CJSE.2004.1203.05]
PR ~ SRIEYDEL(2004b)  SFRAIEH — B2l T B A b — 4 2R 2 B S
i - REBZKEET > 12(1) > 107-131 - https://doi.org/10.6173/CISE.2004.1201.05
[Yang, K.-Y., & Changlai, M.-L. (2004b). Development and application of a two-tier diagnostics
instrument to assess seventh grade students’ alternative conceptions of genetics. Chinese
Journal of Science Education, 12(1), 107-131. https://doi.org/10.6173/CJSE.2004.1201.05]

Bl ~ 75 - DI3R00(2011) - AW)E2AliE X R Ealm AZEE G TR AT - BH2HE
BT > 342 > 9-19 - https://doi.org/10.6216/SEM.201109 (342).0002

[Yang, K.-T., Wang, T.-H., & Chiu, M.-H. (2011). Shengwuxue xibao fenlie zhuti zhi zixun
rongru jiaoxue sheji yuanze. Science Education Monthly, 342, 9-19. https://doi.org/10.6216/
SEM.201109 _(342).0002]

2~ MEEIE(2017) - EEHBEEREEN B RE E S EE ZEH - IR
64(6) > 12-18 ° https://doi.org/10.6224/JN.000078



AR HEE R BRI 21

[Hsieh, M.-C., & Lin, Y.-H. (2017). VR and AR applications in medical practice and education.
The Journal of Nursing, 64(6), 12-18. https://doi.org/10.6224/JN.000078]

Amiati, A. (2019). The effect of virtual reality laboratory on conceptual understanding in electro-
lytes and non-electrolytes. Journal of Education and Learning (Edulearn), 13(3), 362-369.
https://doi.org/10.11591/edulearn.v13i3.13572

Ausburn, L. J., & Ausburn, F. B. (2004). Desktop virtual reality: A powerful new technology
for teaching and research in industrial teacher education. Journal of Industrial Teacher
Education, 41(4), 1-16.

Azuma, R. T. (1997). A survey of augmented reality. Presence: Teleoperators and Virtual
Environments, 6(4), 355-385. https://doi.org/10.1162/pres.1997.6.4.355

Bahar, M. (2003). Misconceptions in biology education and conceptual change strategies.
Educational Sciences: Theory & Practice, 3(1), 55-64.

Banet, E., & Ayuso, E. (2000). Teaching genetics at secondary school: A strategy for teaching
about the location of inheritance information. Science Education, 84(3), 313-351. https://doi.
org/10.1002/(SICI)1098-237X(200005)84:3%3C313::AID-SCE2%3E3.0.CO;2-N

Barak, M., Ashkar, T., & Dori, Y. J. (2011). Learning science via animated movies: Its effect on
students’ thinking and motivation. Computers & Education, 56(3), 839-846. https://doi.
org/10.1016/j.compedu.2010.10.025

Bimber, O., & Raskar, R. (2005). Spatial augmented reality: Merging real and virtual worlds. A K
Peters/CRC. https://doi.org/10.1201/b10624

Burdea, G. C., & Coiffet, P. (2003). Virtual reality technology (2nd ed.). John Wiley & Sons.
Cai, S., Chiang, F.-K., Sun, Y., Lin, C., & Lee, J. J. (2017). Applications of augmented reality-

based natural interactive learning in magnetic field instruction. Interactive Learning
Environments, 25(6), 778-791. https://doi.org/10.1080/10494820.2016.1181094

Chen, S.-Y., & Liu, S.-Y. (2020). Using augmented reality to experiment with elements in a chem-
istry course. Computers in Human Behavior, 111, Article 106418. https://doi.org/10.1016/
j-.chb.2020.106418

Chi, M. T. H. (2005). Commonsense conceptions of emergent processes: Why some misconcep-
tions are robust. Journal of the Learning Sciences, 14(2), 161-199. https://doi.org/10.1207/
s15327809j1s1402 1

Chiang, T. H. C., Yang, S. J. H., & Hwang, G.-J. (2014). An augmented reality-based mobile learn-
ing system to improve students’ learning achievements and motivations in natural science in-
quiry activities. Educational Technology & Society, 17(4), 352-365.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Routledge.
https://doi.org/10.4324/9780203771587



22 ORSCH  RESCE FHfE L%

Cooper, A., & Poinar, H. N. (2000). Ancient DNA: Do it right or not at all. Science, 289(5482),
1139. https://doi.org/10.1126/science.289.5482.1139b

Dalgarno, B., Hedberg, J., & Harper, B. (2002). The contribution of 3D environments to conceptual
understanding. In O. J. McKerrow (Ed.), Winds of change in the sea of learning: Proceedings
of the 19th annual conference of the Australasian Society for Computers in Learning in
Tertiary Education (Vol. 1, pp. 149-158). UNITEC, Institute of Technology.

Dunleavy, M., Dede, C., & Mitchell, R. (2009). Affordances and limitations of immersive partici-
patory augmented reality simulations for teaching and learning. Journal of Science Education
and Technology, 18(1), 7-22. https://doi.org/10.1007/s10956-008-9119-1

El Sayed, N. A. M., Zayed, H. H., & Sharawy, M. 1. (2010). ARSC: Augmented reality student
card. In IEEE (Ed.), 2010 International Computer Engineering Conference (ICENCO) (pp.
113-120). IEEE. https://doi.org/10.1109/ICENCO0.2010.5720437

Field, A. (2009). Discovering statistics using SPSS (3rd ed.). Sage.

Fisher, K. M., Wandersee, J. H., & Moody, D. E. (2002). Mapping biology knowledge. Springer.
https://doi.org/10.1007/0-306-47225-2

George, D., & Mallery, P. (2003). SPSS for Windows step by step: A simple guide and reference,
11.0 update (4th ed.). Allyn & Bacon.

Ibafiez, M.-B., Di-Serio, A., Villaran-Molina, D., & Delgado-Kloos, C. (2015). Augmented reality-
based simulators as discovery learning tools: An empirical study. /EEE Transactions on
Education, 58(3), 208-213. https://doi.org/10.1109/TE.2014.2379712

Jacobson, R. (1993). After the “virtual reality” gold rush: The virtual worlds paradigm. Computers
& Graphics, 17(6), 695-698. https://doi.org/10.1016/0097-8493(93)90120-X

Kancherla, A. R., Rolland, J. P., Wright, D. L., & Burdea, G. (1995). A novel virtual reality tool
for teaching dynamic 3D anatomy. In N. Ayache. (Ed.), Computer vision, virtual reality, and
robotics in medicine (pp. 163-169). Springer. https://doi.org/10.1007/978-3-540-49197-2 18

Kock, N. (2006). Book review: Virtual reality technology. International Journal of e-Collaboration,
2(1), 61-64.

Lazarowitz, R., & Penso, S. (1992). High school students’ difficulties in learning biology concepts.
Journal of Biological Education, 26(3), 215-223. https://doi.org/10.1080/00219266.1992.965
5276

Lewis, J., & Wood-Robinson, C. (2000). Genes, chromosomes, cell division and inheritance—Do
students see any relationship? International Journal of Science Education, 22(2), 177-195.
https://doi.org/10.1080/095006900289949

Limniou, M., Roberts, D., & Papadopoulos, N. (2008). Full immersive virtual environment
CAVE™ in chemistry education. Computers & Education, 51(2), 584-593. https://doi.
org/10.1016/j.compedu.2007.06.014



AR HEE R BRI 23

Makransky, G., & Petersen, G. B. (2019). Investigating the process of learning with desktop virtual
reality: A structural equation modeling approach. Computers & Education, 134, 15-30. https://
doi.org/10.1016/j.compedu.2019.02.002

Milgram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual displays. /EICE
Transactions on Information and Systems, E77-D(12), 1321-1329.

Mintz, R., Litvak, S., & Yair, Y. (2001). 3D-virtual reality in science education: An implication for
astronomy teaching. Journal of Computers in Mathematics and Science Teaching, 20(3), 293-
305.

Nasharuddin, N. A., Khalid, N. A., & Hussin, M. (2021). InCell VR: A virtual reality-based appli-
cation on human cell division for mobile learning. International Journal of Interactive Mobile
Technologies, 15(2), 55-71. https://doi.org/10.3991/ijim.v15102.18049

Novak, J. D., & Gowin, D. B. (1988). Aprendiendo a aprender. Martinez roca.
Ozcan, T., Yildirim, O., & Ozgur, S. (2012). Determining of the university freshmen students’

misconceptions and alternative conceptions about mitosis and meiosis. Procedia—Social and
Behavioral Sciences, 46, 3677-3680. https://doi.org/10.1016/j.sbspro.2012.06.126

Ozmen, H. (2011). Effect of animation enhanced conceptual change texts on 6th grade students’
understanding of the particulate nature of matter and transformation during phase changes.
Computers & Education, 57(1), 1114-1126. https://doi.org/10.1016/j.compedu.2010.12.004

Oztap, H., Ozay, E., & Oztap, F. (2003). Teaching cell division to secondary school students: An

investigation of difficulties experienced by Turkish teachers. Journal of Biological Education,
38(1), 13-15. https://doi.org/10.1080/00219266.2003.9655890

Papagiannakis, G., Singh, G., & Magnenat-Thalmann, N. (2008). A survey of mobile and wireless
technologies for augmented reality systems. Computer Animation and Virtual Worlds, 19(1),
3-22. https://doi.org/10.1002/cav.221

Parong, J., & Mayer, R. E. (2018). Learning science in immersive virtual reality. Journal of
Educational Psychology, 110(6), 785-797. https://doi.org/10.1037/edu000024 1

Rojas-Sola, J. I., & Aguilera-Garcia A. (2018). Virtual and augmented reality: Applications for the
learning of technical historical heritage. Computer Applications in Engineering Education,
26(5),1725-1733. https://doi.org/10.1002/cae.22039

Schneps, M. H., Ruel, J., Sonnert, G., Dussault, M., Griffin, M., & Sadler, P. M. (2014). Con-
ceptualizing astronomical scale: Virtual simulations on handheld tablet computers re-
verse misconceptions. Computers & Education, 70, 269-280. https://doi.org/10.1016/
j-compedu.2013.09.001

Schnotz, W., & PreuB, A. (1999). 7 Task-dependent construction of mental models as a basis for
conceptual change. Advances in Psychology, 128, 131-167. https://doi.org/10.1016/S0166-



24 ORSCH  RESCE FHfE L%

4115(99)80051-X

Sesli, E., & Kara, Y. (2012). Development and application of a two-tier multiple-choice diagnos-
tic test for high school students’ understanding of cell division and reproduction. Journal of
Biological Education, 46(4), 214-225. https://doi.org/10.1080/00219266.2012.688849

Squire, K., Barnett, M., Grant, J. M., & Higginbotham, T. (2004). Electromagnetism supercharged!
Learning physics with digital simulation games. In Y. B. Kafai, W. A. Sandoval, N. Enyedy,
A. S. Nixon, & F. Herrera (Eds.), International Conference of the Learning Sciences 2004:
Embracing diversity in the learning sciences (pp. 513-520). Erlbaum. https://reurl.cc/zAkpN6

Stull, A. T., & Hegarty, M. (2015). Learning with concrete and virtual manipulative models: Are
models scaffolds or crutches? In D. C. Noelle, R. Dale, A. S. Warlaumont, J. Yoshimi, T. Mat-
lock, C. D. Jennings, & P. P. Maglio (Eds.), 37th Annual Meeting of the Cognitive Science
Society (CogSci 2015) (p. 2995). Cognitive Science Society.

Tarng, W., Tseng, Y.-C., & Ou, K.-L. (2022). Application of augmented reality for learning mate-
rial structures and chemical equilibrium in high school chemistry. Systems, 10(5), 141. https://
doi.org/10.3390/systems 10050141

Wang, T.-L., & Tseng, Y.-K. (2018). The comparative effectiveness of physical, virtual, and virtual-
physical manipulatives on third-grade students’ science achievement and conceptual under-
standing of evaporation and condensation. International Journal of Science and Mathematics
Education, 16(2), 203-219. https://doi.org/10.1007/s10763-016-9774-2

Wexelblat, A. (1993). The reality of cooperation: Virtual reality and CSCW. In A. Wexelblat
(Ed.), Virtual reality: Applications and explorations (pp. 23-44). Academic Press. https://doi.
org/10.1016/B978-0-12-745045-2.50010-6

Wojciechowski, R., & Cellary, W. (2013). Evaluation of learners’ attitude toward learning in AR-
IES augmented reality environments. Computers & Education, 68, 570-585. https://doi.
org/10.1016/j.compedu.2013.02.014

Yoon, S., Anderson, E., Lin, J., & Elinich, K. (2017). How augmented reality enables conceptual
understanding of challenging science content. Educational Technology & Society, 20(1), 156-
168.



FHEEZEH 2 Contemporary Journal of Science Education
2023, F=+—HF—H, 1-25 2023, 31(1), 1-25
DOI:10.6173/CJSE.202303_31(1).0001

Effects of a Cell Division Learning System
Combining Virtual Reality and Augmented Reality
on Students’ Conceptual Understanding and
Science Learning Motivation

Wen-Pin Chiu', Wernhuar Tarng’, Yih-Ru Lee' and Tzu-Ling Wang"”*

'Graduate Institute of Mathematics and Science Education, National Tsing Hua University
*Institute of Learning Sciences and Technologies, National Tsing Hua University

Abstract

Virtual reality (VR) and augmented reality (AR) technologies expose learners to new
environments and enhanced experiences. This study aimed to examine the effects of the cell
division learning system combined with VR and AR technologies on junior high school students’
conceptual understanding and learning motivation. This cell division learning system is developed
based on the different characteristics of the individual concepts of the cell division unit combined
with the corresponding advantages of VR and AR. It includes three topics: genetic materials,
homologous chromosomes, and cell division. The participants came from four classes of seventh
grade in a junior high school in Taoyuan City. Two of the classes were the experimental group
with 49 students, who adopted the cell division learning system, and the other two classes were
the control group, with a total of 51 students, who adopted general teaching. This study adopted a
quasi-experimental pretest-posttest design. The teaching time of the two groups was three classes,
each class was 45 minutes, a total of 135 minutes, and the experimental teaching lasted for two
weeks. The research instruments included a two-tier cell division diagnosis test and the science
learning motivation scale. The results showed that students who adopted the teaching of cell
division learning system can promote students’ understanding of the whole unit and individual
concepts of cell division better than those who adopted general teaching. The results also showed
that the teaching of the cell division learning system is significantly better than the general
teaching in promoting students’ science learning motivation. The implication of this study is that
when the characteristics of the concept match the unique advantages of AR or VR, the learning
system can effectively improve the learning effect.
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