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Abstract. The global market for Augmented Reality (AR) and Virtual Reality (VR) has been growing
rapidly in recent years. The use of these technologies for educational purposes has become important,
because AR and VR can be experienced using the tablet computers deployed at each school. In order
to use AR and VR in education, the development of teaching materials conforming to compulsory
educational guidelines is necessary. We have developed AR and VR teaching aids that are suitable for
middle school science education in each grade.

1. Introduction

The introduction and diffusion of Information and Communication Technology (ICT) within the
sphere of education is now an important subject globally [1]. With respect to the broader context of
this subject, commentators frequently mention the revolution that is currently occurring within
manufacturing and industry. Driving this new industrial revolution, referred to as “Industry 4.0,” are
three innovative technologies: Artificial Intelligence (Al), the Internet of Things (IoT), and Big Data
(BD). Together, they promise to self-reliance industry even further [2, 3]. It is estimated that in ten to
twenty years from now, approximately half of all jobs that until today have been done by human beings
will be taken over by self-reliance machines making use of this combination of Al, the IoT, and BD
[4]. For this reason, the children of today will work in jobs that as of yet have not been created, and,
indeed, they will be the ones who will go on to create those very jobs. For this reason, the introduction
of ICT into the education curriculum is increasingly necessary to develop the talents of individuals
who will go on to utilize Al, the IoT, and BD, and create new jobs in the process.

As part of the process of fostering ICT education, the Japanese government has set the goal of
ensuring that by 2020 there will be a tablet available for every child for compulsory education classes.
The aim is to establish a learning environment where children use tablets as yet another tool to help
them learn. Although there has been an increase in opportunities for teachers to use tablets when
conducting lessons, all that this has effectively amounted to is the display of digital contents. That is,
such tools have not as yet been properly incorporated into the education of Al, the IoT, and BD. In
regard to the [oT in particular, it is possible to use the sensors that current tablets are equipped with in
classes that observe scientific phenomenon. For example, educational methods utilizing sensors for
measuring have already been developed for use in teaching about mechanics, and Real-time
measurement by way of sensors has been shown to have a positive effect on learning [5]. In recent
years, it has become possible to allow learners to more directly and intuitively understand the results
of such sensor measurements by way of technology that also uses sensors, known as Augmented
Reality (AR) and Virtual Reality (VR) [6-8].
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As I shall introduce in this paper, as part of my investigation into using tablets in a future IoT, I
have developed a teaching aid that carries its own sensors. In particular, I will discuss the development
of a teaching aid for middle school science classes that allows for the visualization, by way of AR and
VR, of scientific phenomena that are not visible to the naked eye, such as sound waves and
electromagnetic induction.

2. Development of Teaching Aids

For our tablets, we utilized the Nexus 7 (2013) by Asus. Among other things, this tablet comes
equipped with standard sensors that include a camera, speaker, microphone, magnetometer, gyroscope,
accelerometer, global positioning system (GPS), and near field communication (NFC). (Fig. 1).
Using these sensors, we developed AR and VR teaching aids that would be suitable for science
education in each grade of middle school. For first'year middle school students, we developed an AR
teaching aid that would render in visual form the process of the transmission and reception of sound
waves. For second-year middle school students, we developed a teaching aid that uses NFC to show
how non-contact power supplies work in order to demonstrate the uses of electromagnetic induction.
In order to help teach the principles of electromagnetic induction, we also developed an AR teaching
aid which would allow for visualization of magnetic lines in a virtual coil. For third-year middle school
students, we developed a VR teaching aid that would help them learn about the diurnal motion of
celestial objects. In the following sections, I will introduce some of the details for each of the teaching
aids. In each case, software development was conducted in Unity.

Rear-facing camera(l)

Speaker(l)
NFC & Wireless charging coil(ll)

Magnetometer(ll)
Gyroscope(lll)

Fig. 1. Nexus 7 (2013) model. Each sensor is used as an AR or VR teaching aid for 7
grade students (1), 8" grade students (1) and 9" grade students (llI)

2.1 Sound Visualization by AR (for first-year middle school students)

To help first-year middle school students study about sound waves, we used AR to create a teaching
aid that would render sound waves visible (Fig. 2). With this teaching aid, we used the sensors denoted
by “I” in Fig. 1. The sine wives transmitted from the tablet originate from the AR marker over the
speaker on the left side of Fig 2. Using AR, the changes in air density caused by transmission of the
sound waves are shown in red (high density) and blue (low density). The passing of time in the AR
space was set to 1/1000 of real time, so that the students could study the process of transmission of
compressed waves. The students were able to change the amplitude and frequency and by doing so,
change the AR visualization as well. Furthermore, as a method for visualizing the process by which
transmitted sound waves are received, we enabled the AR display of the oscilloscope waves taken from
observation of the phenomenon. These were displayed over the Microphone AR marker on the right
side of Fig 2.
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In the preceding research concerning the visualization of sound-waves using AR, sound-waves were
displayed in AR as circular waves, and teaching aids for studying the transmission process were
developed [9]. With the teaching aids developed for this research, however, we focused on the dynamic
visualization of the reception process, rather than on the sound-wave transmission process. This
approach enables students to study the dynamic process by which oscilloscope waveforms are drawn.

Volume —.—
Density Change

Pitch -.—

Fig. 2. Screenshot of the sound-visualizing AR teaching aid using the rear-facing camera
and the speaker

2.2 Magnetic Lines Visualization by AR (for second-year middle school students)

To help second-year middle school students study of electromagnetic induction, we used an NFC coil
to demonstrate wireless charging (Fig. 3(a)). We also developed a teaching aid that would enable the
visualization of the principle behind the occurrence of an induced current (Fig. 3(b)) [10]. For this
teaching aid, we used the sensors noted by (II) in Fig 1. In recent years, many smartphones and tablets
come equipped with an NFC coil that transmits at a frequency of 13.56 MHz. With our teaching aid,
students were able to use this coil in order to study electromagnetic induction while the device was in
use. With the NFC coil, we created a virtual coil that would flash with an LED. Furthermore, we
wished for students to be able to receive an intuitive understanding of the principle guiding the
occurrence of electromagnetic induction in the coil. For this purpose, we used a magnetometer inside
a tablet, so that if a magnet is moved about in relation to the virtual coil, which is displayed on the
tablet screen, the direction and number of magnetic lines of force within the displayed coil would
change. We designed this system so that when the magnetic flux density changed, the LED shown in
the photo would light up.

In the preceding research, an AR teaching aid was developed that would display magnetic lines of
force in 3D [11]. In this research, we developed a teaching aid that would also use a tablet in order to
help students actually experience wireless charging.
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Fig. 3. Application example of a wireless power supply usi an NFC coil (a). Visualization
of magnetic lines with AR using the magnetometer (b)

2.3 Visualization of Diurnal Motion by VR (for third-year middle school students)

To help third-year middle school students study the diurnal motion of stars, we developed a teaching
aid that uses VR (Fig. 3). For this teaching aid, we made use of the sensor noted by (III) in Fig. 1.
There have been many VR teaching aids created for the purpose of studying celestial objects [12].
What is unique about the teaching aid we created, however, is that students are able to grasp the tablet
in their hand and use their own physical movement to help them develop an understanding of the
movement of the stars.
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Fig. 4. Screenshot of VR diurnal motion of the stars using the gyroscope

3. Conclusion

In this research, we investigated the utilization of tablet ICT for education purposes. By using the
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sensors available in a tablet, we were able to develop teaching aids that would enable students to
intuitively understand scientific phenomena via AR and VR. The use of AR and VR in tablet-based
education is quickly expanding globally, but without the development of an adequate number and
variety of teaching aids [13]. In Japan, however, as the use of tablets in compulsory education is being
actively promoted, it is particularly important to develop teaching aids that meet the needs of learners.
At present, there are still few AR or VR teaching aids that can actually be used in school. Our intention
in this research, therefore, was to develop teaching aids that would serve the needs of compulsory
education classes for each of the different year groups at a middle school. Going forward, it will be
necessary to carry out in-class testing of each of the teaching aids in order to verify their educational
effectiveness. Furthermore, it will be necessary to develop AR and VR teaching aids for non-science
classes.
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