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If we look at an overview of technology education
in the world, we realize that technology education in
professional education, as well as in ordinary educa-
tion, plays an important role in supporting the idea
of a technology-intensive Japan. This study focused
on the trend of technology education in compulsory
education in Japan. Compared to technology educa-
tion in advanced countries, fewer class hours are spent
on technology education in compulsory education in
Japan. However, various attempts have been made
with robots and programming, mostly under the sub-
ject “technology and home economics,” at junior high
schools. In particular, the future development of pro-
gramming education implementation can be expected.
At the same time, schools face multiple problems, in-
cluding class hours and a lack of full-time teachers.
These problems must be solved to enhance technology
education.
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1. Introduction

In the progress of globalization, Japan is currently fac-
ing a large change due to low birthrate, longevity, and de-
population. In this situation, the education of the children
of the next generation, who will support society after 20
to 30 years, has become more important. In particular, ar-
tificial intelligence (AI) and robot technology impact so-
ciety not only in job employment and industry structure,
but also in educational problems. The problem is how we
should acknowledge, appropriately use, and control these
technologies that are progressing with increasing speed.
This is a problem not only for experts of each type of
technology, but also for ordinary people. In the USA, the
ability to understand, use, and control these technologies
is called “technological literacy” [a]. Technology educa-
tion, not as a type of professional education to nurture
engineers, but within ordinary education, aims to develop
the technological literacy of every average person.

As science communication for ordinary people has at-
tracted attention in recent science studies, the importance

of developing the technological literacy of ordinary peo-
ple has also been enhanced. This importance was pointed
out by Sakurai [1] as well as in the Japan Society of Tech-
nology Education [b]. Technological literacy has thus
greatly influenced the idea of incorporating technology
education into ordinary education in Japan. Categorizing
technology education not only as professional education
but also as ordinary education is important to maintain
the status of a technology-intensive nation.

The author of this paper is specialized in technology
education and has been involved in management and ex-
amination in robotics competitions in junior high schools
and technical colleges. The author has thus seen tech-
nology education in both forms as ordinary and profes-
sional education. In this paper, we focus on technology
education as ordinary education from the viewpoint of the
above-mentioned problem. In particular, focus is placed
on technology education in compulsory education and its
corresponding trends, as most people do not know about
the current educational situation. We examine the current
situation of technology education in compulsory educa-
tion and its educational content regarding the latest tech-
nologies, including robotics.

2. Current Situation of Technology Education
in Compulsory Education in Japan

2.1. Overview of Technology Education in Japan

Many people who took part in the technology com-
ponent of compulsory education in Japan may recall the
junior high school subject “technology and home eco-
nomics” (hereinafter referred to as Technology Subject).
Technology education courses in foreign countries are
shown in Fig. 1, which was created by the Japan Soci-
ety of Technology Education [c]. As seen in the figure,
the Technology Subject for junior high school students is
the only opportunity for technology education as ordinary
education in Japan. Primary schools have a subject of Art
and Handicraft, but it is actually a part of art education.

On the other hand, technology education as ordinary
education in foreign countries begins in an elementary ed-
ucation stage and is widely conducted into the secondary
education stage. For example, the UK has a subject called
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Fig. 1. Examples of technology education in the world, ex-
tracted from Ref. [c].

“Design & Technology,” which runs from primary schools
through high schools, and also a subject called “Comput-
ing,” to learn information technology [2]. Thus, many
countries conduct technology education in a relatively
early stage of education, while technology education class
hours in Japan are insufficient. In addition to the problem
of class hours, there are various problems such as the lack
of a full-time teacher for the Technology Subject and the
lack of a budget. In particular, the lack of full-time teach-
ers is a critical problem for technology education. The
current situation and history (consisting of the change in
education content and the change to coeducation of male
and female students) of the Technology Subject have been
reported by Moriyama and Muramatsu [3] and schools’
opinions have been reported by Sato [4] and others.

Even in this situation, there are several advanced activ-
ities in Japan. For example, in Suwa city, Nagano Pre-
fecture, a new subject, “Manufacturing” was established
more than 10 years ago. It was added to the Technol-
ogy Subject for students from the first grade of elemen-
tary schools to the third grade of junior high schools [5].
In particular, it does not aim simply at the manufactur-
ing process but at manufacturing with the user in mind, in
other words, manufacturing from a user’s viewpoint. In
addition, an attempt has been made to introduce the Tech-
nology Subject to elementary schools within the frame-
work of an experimental school system of the Ministry of
Education, Culture, Sports, Science, and Technology [d].
Private schools also have made a variety of efforts. For
example, Ritsumeikan Elementary School established a
“Robotics Course” for the first to fourth grade students
more than 10 years ago and accumulates experiences
of the advanced education [6]. However, such an ad-
vanced education is conducted only at a limited number of
schools. For the technology education in compulsory ed-
ucation, it is necessary to examine students’ achievements
on an academic basis and extend the advanced education
across the country.

2.2. Overview of Educational Course of the Tech-
nology Subject

The organization of the educational courses of ele-
mentary and junior high schools is based on the Course
of Study designated by the Ministry of Education, Cul-
ture, Sports, Science, and Technology. It is revised every
10 years, and the latest one was released in March 2017.
In addition, a detailed manual of the Course of Study was
also issued, which is used as a guideline to organize the
educational courses at schools throughout the country.

The Technology Subject changed its direction from the
previous central idea that emphasized usefulness in our
life, namely lifestyle technology, to an idea similar to the
above-mentioned technological literacy, with an emphasis
on development of not only the relationship between tech-
nology, society, and the environment, but also the ability
and attitude to evaluate and use the technology appropri-
ately. In the 2017 revision, the Technology Subject ex-
panded, and the content was enhanced in a new direc-
tion [7] (Fig. 2). Qualifications and abilities that should
be nurtured by the Technology Subject include “ability to
find technology-related problems from daily life and so-
ciety,” “ability to create a design in a concrete shape by
making a prototype, evaluating, and improving through
practice,” and “ability to solve problems.” The fact that
the ability to create an idea and design it, as well as to
be able to evaluate and improve upon it, are emphasized,
is important. It means that there is a focus on more es-
sential technology. As for robotics technology, for exam-
ple, the Technology Subject widely covers not only “pro-
gramming for measurement and control” but also “pro-
gramming of contents” and “cybersecurity” for networks
which can be connected to the internet of things (IoT), as
well as intellectual properties. As for “evaluation of tech-
nology,” the Course of Study requires more than just man-
ufacturing, but says, “Let students realize the optimization
process of technologies by focusing on social demand,
safety, environmental burden, and the economy” [8]. Of
course, it is difficult to teach this rich content within
the current framework of the Technology Subject of 87.5
class hours (8.6% of a total of 1,015 class hours in ju-
nior high school), and ingenious efforts of school teachers
must be expected.

2.3. Programming Education at Elementary
Schools

Compulsory programming education at elementary
schools is now attracting attention. In the current situa-
tion with the progress of AI and increasing demand for
human resources in IT, foreign countries have begun in-
troducing programming education as a part of compul-
sory education. The theme “Computer Science is for All
Students!” [e] from the White House in the USA is sym-
bolic. In Japan, the 2017 Course of Study of the Technol-
ogy Subject made the programing for measurement and
control in junior high school education compulsory ear-
lier than in other foreign countries, but not in elemen-
tary school education. However, after the Sixth Industrial
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Fig. 2. Comparison courses of study for Technology Subject. Created by the author of Ref. [8].

Competitiveness Council in 2013 advocated for the im-
portance of programming education, discussions center-
ing on programming education began for Declaration on
the Creation of the World’s Most Advanced IT Nation in
2014. An expert panel [9], which discussed programming
education for elementary school students led by the Min-
istry of Education, Culture, Sports, Science, and Technol-
ogy, examined detailed directions and the framework. The
Course of Study for elementary schools released in 2017
finally dictated compulsory programming education at el-
ementary schools, giving some examples of the program-
ing education conducted in subjects such as mathematics,
science, and comprehensive lessons [f].

Programming education in other countries “aims to
develop abilities of abstraction, problem analysis, algo-
rithm, data usage, evaluation, and cooperative work under
the idea of computational thinking, which includes pro-
gramming education” [10]. Here, computational thinking
has been translated by Nakajima [11] to mean “thinking
with computational theory. It is a way of thinking to solve
a problem using computer with an emphasis on the cor-
rect understanding of the problem so that the computer
can solve the problem easily.”

On the other hand, in programming education in Japan,
“an ability of logical thinking, for example about what
kind of combination of actions is necessary to realize
a series of intended activities, how symbols that repre-
sent the actions should be combined, and how the com-
bination of the symbols should be improved to make the
actions closer to the intended activities” is presented as
programming-like thinking [9]. There is an argument
about programming-like thinking that places more em-
phasis on operability than on computational thinking. Re-
gardless, it was a large step to make programming educa-
tion compulsory for elementary school students; technol-
ogy education-like content has clearly been introduced to
elementary schools, although there are practical problems
such as the training and nurturing of teachers, environ-
mental development, and budget.

2.4. STEM Education and Inter-Subject Linking
Many advanced countries have put political efforts be-

hind Science, Technology, Engineering and Mathemat-
ics (STEM) education in addition to programming edu-
cation. STEM aims to develop education by integrating
these fields. Elementary and secondary curricula using
robot educational materials are often conducted as a part
of STEM education. As shown with robotics, various aca-
demic fields can be linked or integrated to advanced tech-
nologies. Therefore, it will become more important to
develop links and integrate multiple subjects beyond the
existing subject system.

It is actually difficult to develop STEM education in a
Japanese education course where the framework of the ex-
isting subjects is very strong. However, the 2017 Course
of Study introduces a concept called curriculum manage-
ment that focuses on the mutual relationship between the
contents of various subjects and organizes, implements,
and evaluates the education course from a cross-subject
viewpoint. It also shows some examples of collabora-
tion of the Technology Subject with “science” and “arts
and crafts” in elementary schools. From the viewpoint
of STEM education, technology education must cooper-
ate with other subjects. This cooperation is ongoing in
Japan, including an attempt for inter-subject cooperation
in the aforementioned experimental school system. This
is another challenge for technology education.

3. Implementation of Technology Education in
Compulsory Education in Japan

3.1. Implementation of Robots by Using Education
Let us consider education using robots. The term

“robot” includes not only the mechanism but also an au-
tomatic control unit in an engineering sense. However, in
general, the term is used in a wider sense. For example,
an educational material that works with a motor is called a
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robot-using educational material. Therefore, we first will
give an overview of education using a manually controlled
robot.

Education for development of robots in the Technol-
ogy Subject began around 1991, triggered by Robocon, a
robot competition for technical colleges. At first, only a
limited number of schools participated in the robot com-
petition convention, but it began attracting attention and
became popular. Currently, the largest public competition
is a national convention held by the National Junior High
School Technology and Home Economics Institute of Ed-
ucation, an academic group of teachers who teach tech-
nology and home economics [g]. The first convention was
held in 2000, and currently, there are local conventions in
each prefecture, a semi-national convention in each dis-
trict, and a national convention. It consists of various sec-
tors ranging from an introductory sector to an application
sector, and many junior high school students participate
in the conventions. Besides such public robot competi-
tion conventions, many other conventions and competi-
tions are held in various areas. Since these are for junior
high school students, the technology level is not as high
as that for technical colleges. However, the junior high
school students make elaborate robots using limited mate-
rials and manufacturing technology under limited regula-
tions. Their attitude for the competition gives a strong im-
pression to visitors. In particular, an in-school robot com-
petition at a public junior high school in Hachinohe City,
Aomori Prefecture, attracted attention for its high creativ-
ity and technology level [12]. Muramatsu [13], along with
many other studies, reported on the current situation and
educational effect of robot-using education.

A previous type of robot-using education was mostly
conducted as an elective Technology Subject (schools
were allowed to introduce elective subjects in addition
to the Technology Subject). However, owing to the in-
fluence of the reduction in the number of elective sub-
jects designated by the 2007 Course of Study, it be-
came difficult to continue and develop the previous type
of robot-using education. The introductory sector re-
quires easier robot-making techniques so that students
can make robots in limited class hours. For the appli-
cation sector, where participants are required to make
medium or large robots, most schools use extracurricu-
lar activities, not class hours. In addition to this trend,
the robots being made in this type of education are chang-
ing from manually-controlled ones to those automatically
controlled by a computer, partly due to the relationship
with programming education mentioned below.

3.2. Implementation of Programming Education
As shown in Section 2.2, the 2007 Course of Study

made programming for measurement and control compul-
sory in the Technology Subject, which had a large impact.
The rate of students taking a programming-related subject
was less than 20% before this change, but significantly
increased after the change. An even larger effect is seen
in the price decrease of educational materials for control

systems. The educational material market expanded after
the Technology Subject was made compulsory, and many
manufacturers lowered the prices of robot-controlled cars
and LED light control educational materials so that stu-
dents could buy them. Backed up by the spread of these
materials, many schools could conduct programming ed-
ucation for measurement and control in a short period of
time. Experiences have been accumulated through the ex-
ecution of this education. At first, students worked on
problems like escaping from a maze. However, program-
ming education is now conducted with more advanced
problems, including problems related to life, and the ef-
fects of the education are being studied [14].

The impact of making the programming education
compulsory has been significant for elementary schools.
Since the target of the programming education extended
to elementary schools, various groups including NPOs
and the education industry, including crammers and so-
cial education organizations, began intensive activities.
In addition, a number of programming competitions, not
only domestic but also international, such as RoboCup Ju-
nior [h] and WRO [i], are being held. The Ministry of Ed-
ucation, Culture, Sports, Science, and Technology and the
Ministry of Economy, Trade, and Industry have launched
multiple projects to support programming education. It is
just a bubble of programing education.

A wide range of programming educational materi-
als and robotics educational materials are now expand-
ing. The robotics educational materials are becoming
more diversified than in other countries and use easily
programmable UI or innovative programming languages.
Easy-to-use educational computer boards for a more mod-
erate price, such as Arduino and Raspberry Pi, have been
developed. Most programming languages were once pro-
cedural language, such as BASIC, but now are block
object-oriented language, such as Scratch, which was de-
veloped by the Scratch Team of MIT [j]. Related books,
such as the one by Abe et al., have been published more
often in recent years [15, 16].

In foreign countries, students in the lower grades in el-
ementary schools learn a programming procedure using a
robot or puzzle, students of higher grades in elementary
schools learn to make a program that contains bifurca-
tion and repetition using a visual language, and students
of junior high and high schools learn using a text lan-
guage [10]. At present, studies and execution of the pro-
gramming education have begun in various places in this
rapid growth of programming education. Schools face
many practical problems such as those associated with the
training and nurturing of teachers, educational materials,
and the educational environment; however, it is expected
that high-quality sophisticated execution of programming
education will begin after several years, similar to what
we have seen with the Technology Subject. At the same
time, a major problem of technology education is how
to develop continuity and cooperation among the school
stages of elementary school, junior high school, and high
school using programming education.
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4. Summary

In this paper, we provide an overview of the current
trend of technology education in compulsory education in
Japan from a viewpoint of the importance of technology
education not only as professional education but also as
ordinary education. We established that the number of
class hours for technology education in compulsory edu-
cation in Japan are lower than in other advanced countries,
but that various activities relating to robots and program-
ming are being conducted. In particular, future develop-
ment of the execution of programming education can be
expected, which will significantly depend on the intense
class and materials studies being undertaken by school
teachers and other involved people. The class studies by
Japanese teachers are known as “lesson studies” and are
highly rated in foreign countries [17]. However, an exces-
sive dependence on teachers’ efforts is a problem not just
of the educational society, but also for Japanese-type man-
agement. On the basis of the ongoing programming edu-
cation, we should work to solve many challenges for tech-
nology education such as class hours, education courses,
public budget and development, support, teacher nurtur-
ing, and teacher employment. Support and collaboration
from many people who are involved in engineering are
necessary to enhance the technology education.
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