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Abstract

According to the results of a survey on science teaching in 2016, the percentage of students who answered that they
like science is lower than other subjects. However, more than 80% of students said that they like experiments and
observations. In addition, a 2019 survey on smartphone penetration showed that about 90% of students are familiar
with the technology. Also, XR technology has made remarkable progress in recent years. Based on the above, |
conducted this research because | thought that creating a simulation application using XR technology with
smartphones would change the way we think about science classes. In this paper, we have developed a simulation
application for science experiments. The subjects were asked to experience the created application and answer a
questionnaire. As a result, the average score was 4 out of 5, which was not a bad result. At the same time, however,
we found a problem. The problem was that since this was a simulation application, the user experience was not very
good. So we wanted to make it a little easier to use. While improving the problems, | would like to create applications
for other fields as well.
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is lower than other subjects.! However, the percentage of

1. Introduction N .
elementary and junior high school students who

In the materials related to science surveyed by the answered "I like experiments and observations" exceeds
Science Working Group in 2016, it was found that the 80%.2

percentage of high school students who answered "I like However, not enough science experiments are being
studying science™ and "It is important to study science” conducted. The main reasons for not conducting science
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experiments are lack of time, equipment, and space for
preparation and cleanup.®

In addition, a survey of smartphone penetration in 2019
showed that about 90% of students have one.* Most
schools have PC classrooms. In addition, each classroom
is equipped with a computer for teachers. Under these
circumstances, it is believed that the educational effects
can be further enhanced in various classes.

In light of the above, the purpose of this research is to
contribute to education by creating a science simulation
application using VR technology to solve the current
situation where science experiments are not sufficiently
conducted.

Fig. 1. Example of an English conversation learning application
that supports VR®

2. Physics experiment application

In this study, we attempted to simulate the physics of
"projectile motion" and "falling body motion".

In the initial state, the selection screen shown in the figure
below is displayed, and by selecting a button object, you
can move to the "Projectile Motion" and "Falling Body
Motion" screens. After transitioning to each screen, the
screen transition to the selection screen is made by
selecting "Return to Selection Screen”.

Fig. 2. The start screen | created

Since these experiments require large experimental tools
and it is sometimes difficult to obtain accurate values, we
thought it would be suitable to conduct them in a virtual
environment.

2.1. Development environment

This survey was conducted in the environment shown in
Table 1.

Operating system
Programming language C#

Software Unity 2019.2.15f1
Table. 1. Development environment

Windows10

2.2. Projectile motion

Projectile motion moves from the initial position. After
deciding the angle and speed and pressing Start Button,
the object will be fired and the distance will be displayed.
If it is difficult to check the current situation, you can
zoom in and out on the ball with the zoom below.

365# 1 0.00m

Fig. 3. Created projectile motion application

2.3. Falling exercise

I made a slope that controls the falling speed by rolling
the ball while changing the angle of the slope. Determine
the angle of tilt and press Start to start spinning the sphere.
The tilt angle, ball speed, and ball position are displayed.
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Fig. 4. Created falling exercise application

3. Chemistry experiment application

In this study, we tried to create a prototype chemical
experiment simulation of the "flame color reaction" and
the "silver mirror reaction".

In the initial state, the selection screen shown below is
displayed, and by selecting the button object, you can
move to the "Flame Color Reaction" and "Silver Mirror
Reaction" screens. After moving to each screen, selecting
"Back" will move the screen to the previous screen.

Fig. 5. The start screen | created

These experiments require a lot of solutions and
experimental tools, which can be difficult to prepare and
clean up, and the experiments take a long time, so we
thought this would be a good solution to the lack of class
time.

3.1. Development environment

This survey was conducted in the environment shown in
Table 2.

Operating system Windows10

Programming language C#

Software Unity 2019.2.15f1
Blender 2.81

3.2. Flame color reaction

First, select an aqueous solution. There are seven types
of aqueous solutions. From left to right: lithium chloride
solution, sodium chloride solution, potassium chloride
solution, calcium chloride solution, strontium chloride
solution, barium chloride solution, and copper (II)
chloride solution.

Basic Research on The

Fig. 6. Created flame color reaction application

When you select an aqueous solution, a flame color
reaction occurs. Lithium chloride aqueous solution is red,
sodium chloride aqueous solution is yellow, potassium
chloride aqueous solution is purple, calcium chloride
aqueous solution is orange, strontium chloride aqueous
solution is beni, barium chloride aqueous solution is
yellowish green, and copper(ll) chloride aqueous
solution is green.

Fig. 7. Created flame color reaction application

3.3. Silver mirror reaction

The process of silver precipitation is shown with the
chemical reaction equation.
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Fig. 8. The first stage of the application of the silver mirror
reaction that | made

Fig. 9. The final stage of the application of the silver mirror
reaction made

4. Evaluation experiment

An evaluation experiment was conducted to verify
whether the developed science experiment simulation
application was useful. We conducted a questionnaire to
10 people, including students in the laboratory, and
evaluated the usefulness and usability of the system. The
contents of the questionnaire are the following four
points.

Evaluation item 1: Was it easy to operate?

Evaluation item 2: Was the result of the experiment easy
to understand?

Evaluation item 3: Was it easy to imagine a physical
phenomenon?

Evaluation item 4: Opinions and points to be improved
(free description)

Evaluation items 1 to 3 will be evaluated on a scale of 1
to 5 points, and evaluation item 4 will be freely described.

4.1. Experimental result

Questionnaire results

5 4.8
45 4.4 4.4
4
3.5
3
Evaluation Evaluation Evaluation
item 1 item 2 item 3

Fig. 10. Questionnaire average score

The average score of 4.4 was obtained for the evaluation
items 1: Was it easy to operate? and 2: Was the result of
the experiment easy to understand? from this result, we
can say that the application is easy for anyone to use.

For the third question, " Was it easy to imagine a physical
phenomenon?”, the average score was 4.8. From this
result, we can say that it is easy to visualize the
phenomena in science.

In response to evaluation item 4, " Opinions and points
to be improved (free description)", the following
comments were given as good points: "It was good that
the sound showed that the gravitational acceleration is
constant in the vertical direction,”" and "It was easy to
understand the trajectory of the sphere.

On the other hand, the following comments were made
as "improvements": "It would be easier to understand the
difference between the new object and the previous one
if the distance of the previous object is displayed," "It
would be easier to operate if the speed and angle can be
input by the experimenter,” "It would be easier to
understand if the trajectory of the ball is connected with
a line," and "It would be easier to understand how far the
object actually flew if there is a memory in the

background.
T A RARAREEEEEESESES————

Fig. 11. Examples of questionnaire improvement points

5. Consideration

We asked five people to help us evaluate the application
through a questionnaire, and the results show that the
application was useful. The results show that the
application is useful, but there are a few things that could
be improved.
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First of all, the distance measurement was done when the
object was completely stopped. However, the problem of
oblique projection in high school physics often involves
finding the distance to the part of the object that lands on
the ground, so | think we need to devise a way to make a
physics experiment simulation application that is closer
to the kind of material that students actually use on a
regular basis.

Regarding evaluation item 4, there were many opinions
about the expansion of functions. Extension to VR was
also mentioned as an extension of the function. With
regard to expansion to VR, effects such as immersive
feeling and easy image of physical phenomena can be
expected. However, since VR-specific equipment is
required, I think we must devise ways to make it easy for
anyone to use.

6. Future tasks

If we can create a simulation application that is similar to
the teaching materials that students usually handle, we
can support education not only in science but also in
various subjects. Also, before creating an application,
you need to think about what kind of application can
support student education.

This time, it could not be expanded to VR. If it is possible
to expand to VR, it will be possible to realize a more
immersive feeling by actually expressing the sound and
science room during the experiment, so this is a future
issue.

7. Summary

As mentioned at the beginning, VR technology has
grown remarkably in recent years. In this research, we
tried to create an application that can perform science
experiments using virtual reality, but as mentioned in
future tasks, special equipment is required to reproduce
VR. It has become a trial of only CG images. However,
from the results of the evaluation experiment, it was
found that a useful application was created. Ultimately, |

396

Basic Research on The

think it is to create a system that will help support
education.
Fig. 12. Extension to VR

References

1. Curriculum Subcommittee Science Working Group
"Materials on Science", February 5, 2016.
https://www.mext.go.jp/b_menu/shingi/chukyo/chukyo3/
060/siryo/__icsFiles/afieldfile/2016/02/19/1367079_7.pdf

2. National Academic Achievement / Learning Situation
Survey, 2015.
https://www.nier.go.jp/15chousakekkahoukoku/hilights.p
df

3. "Results of the 2012 Survey on the Status of Science
Education in Junior High Schools (preliminary report). "
https://www.jst.go.jp/cpse/risushien/secondary/cpse_repo
rt_016.pdf

4. "[Latest version] The smartphone penetration rate in 2019
is released to the public by age group, region, and age
group! It's a smartphone-only era! | predicted how
marketing should change in the future." Marketing
Research Camp.
https://marketing-rc.com/article/20160731.html

5. "AEON provides VR English conversation app .."
Hospitality "simulated experience improves ability".
https://resemom.jp/article/2017/07/18/39278.html

Authors Introduction

Mr. Kodai Miyamoto

He is a master student at Department
of Computer Science and System
Engineering, University of Miyazaki.
His current research topic is a
fundamental study on educational
support using VR technology.

He is a master student at
Department  of  Computer
Science and System
Engineering,  University  of
Miyazaki. His current research
interests are computer graphics,
entertainment computing, and

SO on.

© The 2022 International Conference on Artificial Life and Robotics (ICAROB2022), January 20 to 23, 2022


https://www.mext.go.jp/b_menu/shingi/chukyo/chukyo3/060/siryo/__icsFiles/afieldfile/2016/02/19/1367079_7.pdf
https://www.mext.go.jp/b_menu/shingi/chukyo/chukyo3/060/siryo/__icsFiles/afieldfile/2016/02/19/1367079_7.pdf
https://www.mext.go.jp/b_menu/shingi/chukyo/chukyo3/060/siryo/__icsFiles/afieldfile/2016/02/19/1367079_7.pdf
https://www.mext.go.jp/b_menu/shingi/chukyo/chukyo3/060/siryo/__icsFiles/afieldfile/2016/02/19/1367079_7.pdf
https://www.nier.go.jp/15chousakekkahoukoku/hilights.pdf
https://www.nier.go.jp/15chousakekkahoukoku/hilights.pdf
https://www.nier.go.jp/15chousakekkahoukoku/hilights.pdf
https://www.nier.go.jp/15chousakekkahoukoku/hilights.pdf
https://www.jst.go.jp/cpse/risushien/secondary/cpse_report_016.pdf
https://www.jst.go.jp/cpse/risushien/secondary/cpse_report_016.pdf
https://www.jst.go.jp/cpse/risushien/secondary/cpse_report_016.pdf
https://www.jst.go.jp/cpse/risushien/secondary/cpse_report_016.pdf
https://marketing-rc.com/article/20160731.html
https://marketing-rc.com/article/20160731.html
https://marketing-rc.com/article/20160731.html
https://marketing-rc.com/article/20160731.html
https://marketing-rc.com/article/20160731.html
https://marketing-rc.com/article/20160731.html
https://resemom.jp/article/2017/07/18/39278.html
https://resemom.jp/article/2017/07/18/39278.html
https://resemom.jp/article/2017/07/18/39278.html

Prof. Makoto Sakamoto

He received the Ph.D. degree in
computer science and systems
engineering from Yamaguchi

University in 1999. He is
presently a professor in the
Faculty  of Engineering,

University of Miyazaki. His
first interests lay in
hydrodynamics and time series
analysis, especially the directional wave spectrum.
He is a theoretical computer scientist, and 2. his
current main research interests are automata theory,
languages and computation. He is also interested in
digital geometry, digital image processing, computer
vision, computer graphics, virtual reality, augmented
reality, entertainment computing, complex systems
and so forth. He has published many research papers
in that area. His articles have appeared in journals
such as Information Sciences, Pattern Recognition
and Artificial Intelligence, WSEAS, AROB,
ICAROB, SJI, IEEE and IEICE (Japan), and
proceedings of conferences such as Parallel Image
Processing and Analysis, SCI, WSEAS, AROB and
ICAROB.

Prof. Masahiro Yokomichi

He is an Associate Professor of
Faculty of Engineering at
University of Miyazaki, Japan. He
received his D. Eng. degree in
Precision Enngineering from
Hokkaido University in 1995. His
research interest is Robotics and
Computer Vision.

Prof. Satoshi Ikeda

m He received PhD degree from
Hiroshima University. He is an
associate professor in the Faculty of
Engineering, University of
Miyazaki. His research interest
includes graph theory, probabilistic
algorithm, fractal geometry and
measure theory.

Kodai Miyamoto, Taketo Kamasaka, Makoto Sakamoto, Masahiro Yokomichi, Satoshi Ikeda, Amane Takei, Tsutomu Ito, Takao Ito

Prof. Amane Takei

He is working as Associate
Professor for Department of
Electrical and systems Engineering,
University of Miyazaki, Japan. His
research interest includes high
performance computing for
computational electromagnetism,
iterative methods for the solution of
sparse linear systems, domain
decomposition methods for large-
scale problems. Prof. Takei is a
member of IEEE, an expert advisor of The Institute of
Electronics, Information and Communication Engineers
(IEICE), a delegate of the Kyushu branch of Institute of
Electrical Engineers of Japan (IEEJ), a director of Japan
Society for Simulation Technology (JSST).

Prof. Tsutomu Ito

He is an assistant professor in
department of business
Administration, Ube  National
college of technology. He has
published many papers in refereed
journals and proceedings,
particularly in the area of industrial
management, and computer science.
His current research interests include
internet of things (1oT), mechanical engineering, artificial
intelligence (Al), automata theory, quantitative analysis of
Japanese Keiretsu. He was one of the winners of the Best
Paper Award in the International Conference on Atrtificial
Life and Robotics (ICAROB) in 2015and 2016. Dr. Ito
earned his Doctor degree of Engineering from Hiroshima
University, Japan in 2018.

Prof. Takao Ito

He is Professor of Management of
Technology (MOT) in Graduate
School of Engineering at
Hiroshima University. He is
serving concurrently as Professor
of Harbin Institute of Technology
(Weihai) China. He has published

numerous papers in refereed
journals and proceedings,
particularly in the area of

management science, and computer science. He has
published more than eight academic books including a
book on Network Organizations and Information
(Japanese Edition). His current research interests include
automata theory, artificial intelligence, systems control,
quantitative analysis of inter-firm relationships using
graph theory, and engineering approach of organizational
structures using complex systems theory.

© The 2022 International Conference on Artificial Life and Robotics (ICAROB2022), January 20 to 23, 2022

397






