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Music as an Interdisciplinary Entry Point:

University STEAM Curriculum Design
and the Transformation Experience for
Elementary School Implementation

Huei-Ying Ho" *, Tze-Kuang Lee?

'Department of Science Education, National Taipei University of Education
’Department of Music, National Taipei University of Education

*Corresponding author: hueiying@mail.ntue.edu.tw

Abstract

This paper examines the design and implementation of a STEAM curriculum focused on music, aimed
at fostering interdisciplinary learning. Inspired by the Theremin, two professors—one in physics and
the other in musicology—collaborated to develop a curriculum centered on it, integrating its unique
sound production principles with its circuit structure (an RLC oscillating circuit). This curriculum was
incorporated into university courses such as "General Physics," "General Physics Experiments," and
"Calculus," guiding students from theoretical derivation to practical application. Additionally, this paper
discusses how the curriculum was adapted for elementary school use and successfully implemented
in the Taipei Elementary School Science Creativity Camp and Taipei Science Day activities through
modular teaching materials and distance learning models. Finally, drawing from this interdisciplinary
and collaborative learning experience, this paper provides age-appropriate thematic development
recommendations for K-12 education: elementary schools should focus on fostering students’
motivation and intuitive understanding of conductivity; junior high schools should emphasize variable
control and quantitative data analysis; and senior high schools should concentrate on engineering
design and the development of non-contact sensors.

Keywords: STEAM Education, Theremin, Interdisciplinary Curriculum
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The First Mile of STEAM Education at
Minquan Junior High School

Hsu, Ya-Chung & Tsuei, Chien-Ken

Principal; Information Technology Teacher, Taipei Municipal Minquan Junior High School

Abstract

Minquan Junior High School is taking its “first mile” in STEAM education by developing school-based,
interdisciplinary courses in response to the initiative of the Taipei City Department of Education.
The program is built on the idea of turning knowledge into practice, helping students move from
understanding theories to applying them through hands-on activities. The school aims to develop
essential future skills such as creative problem-solving, collaboration, technological creativity, and
lifelong learning.

The curriculum combines design thinking and computational thinking and follows the learning process
of “teacher guidance—student inquiry—interdisciplinary extension.” Seventh graders join the “Drone
Soccer” module to explore flight principles and creative field design, while eighth graders engage in
themes such as sound, energy, optics, electricity, and programming. Al, 3D printing, Python, and SDGs
topics further help students expand from local issues to global perspectives.

A key feature of this first mile is the use of teacher-designed learning tools, including PCB boards, AloT
modules, and 3D-printed parts. For example, in the module “The Sound You Cannot Hear—Saving
the Dolphins,” students apply acoustic formulas, linear equations, and sensor technology to build a
microcontroller-based device for detecting marine animals. The STEAM club also supports creativity
through projects like audio-guide devices and simple Al applications.

Through this first mile of STEAM development, Minquan Junior High School connects local topics
with technology, art, and real-life experiences, helping students learn by doing and build integrated
thinking and innovative skills. The school will also begin international exchanges with a partner school
in Singapore, giving students opportunities to share their projects globally and develop stronger
international awareness.
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Abstract

This study trip to Japan visited three junior high schools—Tawaramoto, Hyogo University of Education
Affiliated Junior High School, and Doshisha Junior High School—to explore their approaches to STEAM
education. Supported by the GIGA School initiative, students routinely use personal digital devices,
enabling flexible, technology-enhanced learning. Each school showcased distinct features: Tawaramoto
focuses on real-life problem solving with Al-generated micro:bit programming; Hyogo offers a
systematic progression from task-based learning to authentic problem solving; and Doshisha promotes
creativity, interdisciplinary projects, and global awareness. Overall, Japanese STEAM education
emphasizes real-world issues, hands-on design processes, interdisciplinary integration, and effective
use of Al tools. For us, the visit highlights the need to strengthen curriculum coherence, local issue-
based inquiry, Al literacy, and teacher collaboration. The key insight is that STEAM is driven not only by
technology, but by students’ ability to observe, design, and solve meaningful problems.
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Development and Classroom Practice of
Mechanism-Based Teaching Materials
in Japanese Junior High School
Technology Education

Konomi FURUTA

Faculty of Education, Nara University of Education, Japan,
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Abstract

This study addresses the shortage of mechanical instruction in Japanese junior high school technology
education, which is often neglected due to limited class hours.To resolve this, the author developed
automata and ‘assembly-type’ teaching materials utilizing laser-processed parts that require no gluing.
These materials allow students to quickly construct and explore mechanisms, such as cams and friction
wheels, shifting the focus from time-consuming fabrication to understanding mechanical principles.
The paper details the development of these materials and their implementation in classrooms. Results
indicate that these tools successfully stimulate students' intellectual curiosity and facilitate efficient,
enjoyable learning within the constrained curriculum.
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Development and Classroom Practice of Mechanism-Based Teaching Materials in Japanese Junior
High School Technology Education

1. Introduction

This study introduces the development of teaching materials for Japanese technological
education. The primary objective of our teaching materials was to facilitate enjoyable learning about
these mechanisms for students.

In Japan, technology education is offered only in middle schools. The annual number of class
hours was 70 for both the first and second grades and 35for the third grade, which is a remarkably low
number. In technology education (MEXT, 2018), teaching on the following four contents is required
within these limited classes: “materials and their processing, ”

” ¢

‘nurturing living things,” “energy
conversion,” “information processing.” Because of the large amount of content and the limited
number of class sessions, teachers find it difficult to address all four content areas in creative activities.
In addition, the fact that teachers have discretion over the selection of learning content in creative
activities further contributes to the tendency of many schools to implement creative activities with
restricted content.

In energy conversion creation activities, instruction rarely addresses the mechanical field, with
most attention devoted to the electrical field. This imbalance results primarily from two factors:
many teachers feel uneasy teaching mechanical topics, and appropriate teaching materials for the
mechanical field remain insufficient. In recent years, the use of the teaching material "Tech-Mirai" has
contributed to improvement in this area (Tech Mirai, 2024). However, its high cost makes it difficult for
each student to purchase the material. Learning content in the mechanical field is essential for creating
moving objects, making the development of teaching materials that address these challenges an urgent
priority.

Based on these considerations, two primary needs can be identified. First, there is a need to
enhance teaching materials for the mechanical field. Second, there is a need for materials that can be
produced in a short time and at low cost. Accordingly, we present the teaching materials developed to
meet these requirements.

2. Development of Teaching Material in Mechanical Field

The central focus of our research was the development of educational materials that facilitate
the understanding of mechanisms such as friction wheels, and cam mechanisms. In the mechanical
field of junior high school technology education, students acquire knowledge regarding various types
of mechanisms, movements, and methods for altering these movements. Therefore, it is necessary
to understand the motion achieved by this mechanism. Recently, it has become easier to observe the
movements of various mechanisms using GIF images. However, we believe that not only observation
but also experiential learning through hands-on interaction and exploration by changing parameters
plays an important role in learning. This chapter presents the teaching materials developed based on
the aforementioned points.
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2.1. Development of Automata-Based Teaching Materials

The first automata teaching material that we developed is shown in Figure 1 (Furuta and
Matsunaga, 2020). The developed teaching material was made of 2.5 mm-thick MDF board that was
processed using a laser cutting machine. This automaton was assembled by placing together parts that
were cut out by laser processing without an adhesive. The dolphin and wave movements are driven
by slider-crank mechanisms. This teaching material was not developed to allow students to explore
mechanisms; therefore, activities involving mechanism design and construction were not possible.

Next, we improved the automaton teaching material using wires for mechanical parts, aiming
for its use in junior high school technology classes (Furuta and Matsunaga, 2022). We have revised the
manufacturing methods and teaching materials that were developed in a previous study, aiming for
easier production. Figure 2 shows the improved teaching material. We conducted classroom practice
using this teaching material with junior high school students. In the analysis of practical activities, some
students understood the mechanisms and problems that were solved during the creation. However, the
process of creating these mechanisms was quite difficult. Additionally, although the base was provided
pre-cut and pre-drilled for this teaching practice, enabling its utilization in class, students must
fabricate the materials themselves in actual classroom settings. This requirement presents a challenge
because the fabrication process is time-consuming.

Figure 1. Assembly-type automata Figure 2. Wire-type automata

Third, we developed automaton teaching materials using cardboard for the mechanical parts
(Furuta and Matsunaga, 2024). Figure 3 shows the developed teaching materials. Using a square prism
(10 mm sides) as the rotating shaft, students could explore various mechanical motions without
gluing mechanisms. The cardboard (1 mm thick) used for the mechanism parts was prepared with
a hole precut using a laser cutting machine to match the shape of the rotating shaft. (However, it is
also possible to use a hole punch or cutter.) The utilization of this cardboard allows for the creation of
mechanisms that are designed according to the method shown in Figure 4. In addition, we conducted
classroom practice using this material with junior high school students. The utilization of cardboard as a
mechanism proved to be a suitable method for students who could create it without teacher assistance.
Moreover, the easy improvement of the mechanism's shape, even after creation, encouraged students'
inquiry activities. However, this teaching material also faced the challenge of the puppets on stage
required a significant amount of time.

Table 1 lists the strengths and weaknesses of each automaton, as revealed by the above content.
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Figure 3. Cardboard-type automata Figure 4. Method for fabricating driver components

Table 1. Advantages and Limitations of Automata Teaching Materials

Advantages Limitations
Assembly-type (Figure 1) Short production time Mechanisms cannot be designed
Wire-type (Figure 2) Mechanisms can be designed O [POEILE e e

mechanisms are difficult to fabricate

Mechanisms can be designed;

CalelealeRgpe [Fpe 2 mechanisms are easy to fabricate

Long production time

2.2. Development of Assembly-Based Teaching Materials

Based on the strengths and weaknesses of automata developed in previous studies, we inferred
that teaching materials incorporating the following elements are necessary:

- Short production time

- Opportunities for students to create the mechanism themselves

- Ease of mechanism creation and modification

Furthermore, we considered it essential to incorporate exploratory elements and therefore
developed the teaching materials shown in Figure 5 (Furuta, 2024, 2025). Two types of teaching
materials were developed: cam mechanisms and friction wheels. The developed teaching material
was made of 2.5 mm-thick MDF board that was processed using a laser cutting machine. This teaching
material was assembled by placing together parts that were cut out by laser processing without an
adhesive. The time required to assemble the teaching materials was approximately 30 min to 1 h. Some
cams and friction wheels were prepared as accessories (Figure 6); however, it was also possible to
create them using cardboard, as previously mentioned (Figure 7). The rotational axis of this teaching
material is cross shaped; therefore, a piece of cardboard must be prepared with punched holes to
match the shape. In this study, we used a laser cutting machine to cut the cardboard.
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We conducted classroom practice using these teaching materials with university and graduate
students. Analysis of the practice revealed the exploratory learning content described below:

[Cam Mechanisms]

- Activities involving calculation of the base circle diameter and lift amount based on cam shape,
as well as drawing cam curves

- Design and creation of cams suited to specified motions

[Friction Wheels]

- Methods to increase the rotation of the driven wheel per revolution of the driving wheel
- Relationships between the position of the driving wheel and torque

- Changes in transmitted rotation when the material of the driven wheel is altered.

(a) Cam Mechanism (b) Friction Wheel

Figure 5. Assembly-type teaching material Figure 6. Cam accessory parts

-9-00:-00-0

Figure 7. Fabrication method for driver components (assembly-type teaching materials)

2.3. The Educational Value of Automata and Assembly-Based
Teaching Materials

We consider automata teaching materials effective at capturing students' interests because of
the puppets' stage movements. However, one must engage in activities that help them understand
the movements they aim to achieve and the corresponding mechanisms before proceeding with
automata-making. Furthermore, knowing the conditions under which a puppet moves and those
under which it does is important for solving problems. Therefore, we anticipated that effective learning
could be achieved by handling the teaching materials in the following sequence: First, we acquired the
fundamental knowledge of the mechanisms using assembly type teaching materials. Next, we applied
this knowledge to make cardboard automata teaching materials.

Based on current annual teaching hours, only activities using assembly type teaching materials are
expected to be implemented. However, we hope to improve automaton teaching materials so that they
can be produced in less time. This would enable the creation of automata.
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3. Conclusion

We have developed various teaching materials to address challenges in mechanism instruction
within technology education. In particular, assembly-based teaching materials show strong potential
for classroom use because they overcome limitations associated with conventional automaton
teaching materials. Classroom practice is currently underway in middle schools, and we aim to clarify
the educational effects in detail. We also aim to accumulate examples of classroom implementation to
lower barriers for teachers adopting these teaching materials.

Moreover, we will continue developing teaching materials that stimulate children's intellectual
curiosity, with an emphasis on "observing," "touching," and "exploring."
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