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Abstract

Background/Objectives: In this paper, we propose a
case study in which teachers apply AR education contents
to STEAM education by using free applications without ac-
quiring additional specialty or expert knowledge.

Methods/Statistical Analysis: In this study, we used
the PDIE model proposed by Kim as the methodology to
develop an effective STEAM class incorporating AR tech-
nology. Students use the Aurasma app to view a master-
piece pre-uploaded by the teacher, who explains the scope
of AR. Next, they gain basic knowledge for making conver-
gent artwork that reinterprets the art by utilizing Arduino,
LED, servo motor, sensor, etc. with an AR e-book.

Findings: This study proposes the use of the ‘Aurasma’
application and its contents to the STEAM teaching-learning
method to further promote AR technology. Augmented Re-
ality has the potential to increase learning efficiency in class-
rooms by providing valuable information. Students will be
able to interact with diverse digital content through AR
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class materials that are geared to enhance imagination and
creativity. When the ‘Aurasma’ app recognizes a portrait
of Millet, ‘Potato Planters’ (Millet, 1862), or an Arduino
image, respectively, ‘Aurasma’ overlays the information of
the artist, ‘Potato Planters’ Art production methods onto
the original image.

Improvements/Applications: Follow-up research will
require teachers to apply AR to various materials and fields
of study such as AR books, AR gaming, discovery-based
learning, and 3D object modeling.

Key Words : Augmented Reality, AR, STEAM Edu-
cation, Arduino, Information Technology.

1 Introduction

Due to the recent cutting edge ICT development, IT has become
more accessible from homes to communities as people rush rapidly
embrace diverse lifestyle changes. In 2016, Augmented Reality(AR)
technology was under public spotlight as ‘The Pokemon GO’ game
powered by AR technology gained mass popularity. The Pokemon
GO game gained its popularity because one of the most compelling
factors of AR is the fact that users can manipulate virtual objects
while interacting with real-world surroundings in real time 1,2. Aug-
mented Reality is a cutting-edge technology that affects important
elements of the education system, including the advantages of en-
hancing the level of interest, immersion, and situational awareness
3,4. Due to such media characteristics, augmented reality is at-
tracting attention as a tool that enables ‘learning by doing’ and
authentic learning with an ever-increasing application 5.

Following the trend of such dynamic technology developments,
the paradigm of education is shifting towards cultivating human re-
sources structured with creative problem solving ability to meet the
current digital era.Thus, the Korean government has been promot-
ing STEAM, an education system which integrates Science, Tech-
nology, Engineering, Art, and Mathematics studies and aims to
raise creative talents to lead the future society 6. The philosophy
of STEAM integrated education is to provide students who are al-
ready accustomed to advanced technology, with creative education,
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including cutting-edge technology, so that they do not lose interest
in learning when it is unable to keep up with the pace of technology
7.

STEAM education research using advanced technology was con-
ducted through various studies, of which a number report the in-
crease of teaching-learning methods using AR technology 8−10. Stud-
ies that have adopted AR technology in class have witnessed posi-
tive effects in actual improvement of academic achievement and at-
titudes.Therefore, in this paper, we propose a case study in which
teachers apply AR education contents to STEAM education by us-
ing free applications without acquiring additional specialty or ex-
pert knowledge.

2 Theoretical Framework

2.1 Educational use case of augmented reality

AR applications combine various virtual objects such as text, audio,
and video with the 3D real world environment 11,12. AR is a field of
virtual reality which enables a user to view the real world with var-
ious visual information in conjunction with a virtual world with its
respective host of information all in one scene 1,8,9. Presently, there
are growing number of cases where various fields of education have
adapted AR. Table. 1 shows the cases of AR utilized in education.

The STEAM class materials presented in this study are AR
books used as student textbooks which emphasize the process of
creating convergent artworks using masterpieces. These significant
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teaching-learning materials promote authentic learning materials
using open source AR software and offers learners the opportunity
to interact with the learning materials.

2.2 Augmented reality in STEAM Education

AR is a technology which enables the integration, collaboration,
and real-time interaction of real and virtual objects into reality.
Educators support that applying the advantages of AR techniques
to education can facilitate 4 facets of learning: practical, experien-
tial, active, and cooperative 4. Since the 1990s, AR has been used in
advertising and for educational purposes in some large companies.
Recently, cases of AR used in educational environments showed a
steady increase due to improved processing capabilities of smart
devices and display devices 5,11,13. Considering the facts herein, we
have summarized the characteristics of AR application adaptable
in the classroom environment in Table. 2.

In this study, we selected ‘Aurasma’ as the most appropriate AR
software for classroom lessons and conducted the research 14. The
benefits of AR technology are applied to STEAM education with
the goal of improving interest and involvement in science by using
cutting-edge technology. In addition, AR is highly valuable for
activity-centered STEAM education because it can assist learner-
centered activities and help learners increase scientific knowledge
and understand concepts.
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3 Methodology

3.1 STEAM instruction design using AR

To fully utilize AR as a learning resource, the systematic instruc-
tional design for successful learning is important. In this study,
we used the PDIE model proposed by Kim as the methodology to
develop an effective STEAM class incorporating AR technology 7.
The PDIE model is a systematic instructional design process that
structures student-centered learning and can be applied to develop
diverse STEAM classes. Figure. 1 shows the structuring process a
STEAM class using AR.

3.2 Composition of STEAM class contents based
on augmented reality

This study was designed for a STEAM class of 6th graders at an
elementary school. The emphasis of this STEAM class was science-
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art convergence with the use of an AR application. Table. 3 shows
example of how the STEAM class plans to adapt augmented reality.
Students use the Aurasma app to view a masterpiece pre-uploaded
by the teacher, who explains the scope of AR. Next, they gain basic
knowledge for making convergent artwork that reinterprets the art
by utilizing Arduino, LED, servo motor, sensor, etc. with an AR
e-book. Finally, the motion image of the completed convergent
artwork will be overlayed with the existing image of the masterpiece
into an AR content with Aurasma.

4 STEAM Class Application Example

of Augmented Reality Contents

This study posits that students can appreciate convergent artwork
reinterpreted from an existing masterpiece through augmented re-
ality using a mobile app called ‘Aurasma’. Kim proposed the con-
vergent artwork comprising Arduino, various sensors and actuators,
and an Android-based control system 15. Students were found to
enjoy examples of renowned artworks presented in textbooks as AR-
based convergent art. Figure 2 shows the study examples of AR-
based instructional materials to be used in STEAM classes. When
the ‘Aurasma’ app recognizes a portrait of Millet, ‘Potato Planters’
(Millet, 1862), or an Arduino image, respectively, ’Aurasma over-
lays the information of the artist, ‘Potato Planters’ Art production
methods onto the original image. This paper proposes a method
of constructing a marker image of the AR-based STEAM class and
its augmented reality contents in Table. 4.
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5 Conclusions

As IT technology becomes an integral part of classroom instruc-
tion, teachers and researchers strive to utilize cutting-edge tech-
nology to introduce efficient and engaging teaching and learning
methods. Much research is conducted on AR, one of the most ad-
vanced technologies in the field of educational applications, in order
to analyze its effect in learning by learners in diverse research envi-
ronments. This study proposes the use of the ‘Aurasma’ application
and its contents to the STEAM teaching-learning method to fur-
ther promote AR technology. Augmented Reality has the potential
to increase learning efficiency in classrooms by providing valuable
information. Students will be able to interact with diverse digi-
tal content through AR class materials that are geared to enhance
imagination and creativity. Future research will require teachers
to apply AR to various materials and fields of study such as AR
books, AR games, discovery learning, and 3D modeling.
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