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Abstract

The School of Graduate Studies,
The Open University of Japan

Michiko ITO

The Effects of PBL in Engineering Education
at the National Institute of Technology “KOSEN”

1) Background

In 2004, the National Institute of Technology and its colleges, “KOSEN,”
concretized their objective from “developing skills necessary for the job” to
“developing creative talents.” They were among the earliest in the education
landscape to engage in the two PBLs (Problem-based Learning [henceforth,
Problem-BL] and Project-based Learning [henceforth, Project-BL]), making
full use of the benefits of creative education starting as early as the age of 15.

The National College of Technology education system was established
during high economic growth due to strong requests from industry. The
system provides a five-year integrated program for graduates of junior high
schools to develop practical technological skills in preparation for becoming
part of the labor force. The regular program runs for five years, while a
bachelor’s degree requires an additional two-year advanced course.
Graduates from these technology colleges constitute more than 10% of the
total number of engineering graduates in Japan. They have been active in
diverse fields working as technicians, engineers, and academic researchers in
recent years, and they also continue to receive high praise from the
international community.

However, there are some issues regarding PBL education in engineering
education, including KOSENs in Japan.

Some reports have found that engineering education focuses on teaching



academic theory and experiments, which is less sensitive to insights from the
learning sciences. A survey of articles submitted to the Journal JSEFE
(Japanese Society for Engineering Education) shows that the two kinds of
PBLs were frequently subjected to interpretations, according to authors’
convenience, and very often, the theme-setting remains unclear. In addition,
studies on PBL in Asian countries pointed out several issues in the case of
Japanese engineering education, such as the weak theoretical foundation for
PBL, the questionable quality of group work activities, and its incompatibility
with organizations and the curriculum. In the case of Japan, PBL in
engineering education was not as advanced as has been recognized elsewhere

in the world as successful case studies of PBL curriculums.

2) Circumstances leading to the study

Although Japan advocates for an approach to nation-building based on
creating new science and technologies, the momentum for such an approach
has stalled. In 2020, out of 63 countries and regions, Japan ranked 34th on
the global competitiveness ranking scale. The data from the four major
categories, which define competitiveness, show that Japan’s competitiveness
continues to decline year by year in terms of its science and technology
infrastructure, including education.

There is a debate about what an innovative education that creates new
societal value should look like in response to this. In recent years, documents
from the Ministry of Education, Culture, Sports, Science and Technology and
the Ministry of Economic, Trade, and Industry, advocating the reform of
engineering education, also raised the specific pedagogical methods that
should be adopted, and PBL was strongly recommended.

At the same time, similar discussions about how to develop innovative
human resources are also happening elsewhere in the world. A global review
of future trends in engineering education, published by the Massachusetts
Institute of Technology (MIT) in 2018 (Graham, 2018), (hereafter referred to
as the Graham Report), interview results with 178 experts in world-class
engineering education were published, together with case studies of excellent
education chosen by 50 experts, and also case studies on innovation education
established by developing countries. The Graham Report provides a sense of
what engineering education in the future should look like, and many of its
case studies are from countries that ranked highly in terms of international
competitiveness.

The Graham Report argues that a traditional curriculum aimed at the



systematic acquisition of knowledge is a factor that inhibits the development
of innovative talents. In contrast, the report proposes a new curriculum that
incorporates, in a holistic fashion, environmental, social, and technical issues,
which are central themes for the twenty-first century. It also proposes a
coherent education program on student-centered.

Since the above-discussed criticisms of PBL in Japanese engineering
education are consistent with the author’s understanding, the author believes
that it 1s necessary to develop an education program that overcomes the

criticisms to nurture individuals capable of answering the call for innovation.

3) Purpose and research questions

The purpose of this study is to develop a coherent educational program that
integrates a new structure that holistically engages with the environmental,
social, and technological issues of the twenty-first century with student-
centered learning approaches and to contribute to new curriculum toward the
next era. This will be achieved by applying the Aalborg PBL model (project
organized problem based learning) from Denmark— one of the most
mnovative countries 1n the world, with world-class international
competitiveness— to KOSEN education. This model was also introduced in
the Graham Report.

In other words, this study seeks to develop, implement, and verify the
effectiveness of a coherent PBL education program that emphasizes Problem-
BL for the development of creative human resources in engineering education
at KOSEN. The main research question is, “will the introduction of a coherent
PBL-based program which holistically engages with environmental, social,
and technologies issues in engineering education at KOSEN be effective?”
sub-research questions include:

(DIs PBL suitable as a learner-centered education strategy in KOSEN

education?

@ Is it feasible and realistic to implement a new curriculum structure that
integrates environmental, social, and technological issues holistically by
this PBL program it developed with ?

@ What kind of effects can be observed in the PBL education program
developed in this study?

4) Methods
First, the significance behind introducing PBL education into KOSEN

education was re-examined, and a clearer image of the kind of human



resources to be nurtured is obtained. This was done by considering the
historical background in the plan of introducing Problem-BL not Project-BL
into KOSEN education, and by existing today's situation.

Second, by conducting fieldwork and literature research on the Aalborg
PBL model, which aims to produce talents capable of innovation, the
characteristics of the model were identified, and there was a careful
consideration of the features to be adopted for KOSEN education. The
following six items were identified: (1) the importance of theme-setting, (2)
having a design that focuses on students’ questions, (3) the relationship
between theory and practice/the compatibility of learning content and
experience, (4) embedding opportunities for self-reflection and formative
assessment, (5) interdisciplinarity (the problem-solving process, a global
perspective, and future orientation), and (6) changes in the roles of students
and teachers.

Third, a social implementation course, a form of innovation education, was
designed and implemented as a course that seeks to fulfill KOSEN
education’s objective of developing creative talents. Social implementation is
a kind of education that offers opportunities to fully experience the innovative
process in the industry and learn how technology is put to practical use to use
in real-world society. The target students were first-year students in the
advanced program (equivalent to third-year university students). The
students went to organizations tackling social issues in the local community.
They were involved in creating something that adds value to society while
trying to understand the mission of the workplaces.

This course combines characteristics of the two PBLs: the principles of
Problem-BL. and the learning cycle encourage students to discover and
formulate questions that they find meaningful, make connections between
theory and practice (learning transfer), and promote self-initiated learning.
At the same time, the students acquire scientific literacy based on the
principles of Project-BL.

However, it became clear that there were some issues.

(D Alack of basic PBL skills implies the necessity for providing progressive

training opportunities.

@ Adding or augmenting a new view of learning and ability.

@ Integration with Education for Sustainable Development (ESD) and

other kinds of education.

@ A coherent design and its position in the entire trajectory of the seven

years of study at KOSEN.



(® Problems on the part of the instructor (inadequate understanding of the

necessary theories and methods).

©® The lack of a learning environment conducive to effective teaching and

learning.

To resolve issues 1 to 3, the importance of issue 4 (having a coherent and
consistent new PBL program) became clear. The position of the PBL program
in KOSEN education should be re-designed and implemented. In the new
curriculum, each PBL course needs to be positioned as a subject that
integrates the knowledge, skills, attitudes, etc., that were acquired in other
subjects and assigned to each school year. From the new PBL program
developed in this study, each PBL course was then designed accordingly.

In other words, various subjects related to innovation education and could
address 1ssues 1, 2, 3, and 4 mentioned above were designed. They were
allocated and distributed throughout a student’s study from the first year of

the regular course to the first year of the advanced course.

5) Results and Remaining Issues

The purpose of developing the PBL education program in this study was to
produce creative individuals active in the dJapanese industry. These
individuals would demonstrate their abilities during their time as students
and after they became working adults. Therefore, I conducted both a post-
course survey and a post-graduation survey for students who took the social
implementation course in the first year of the advanced course from AY2005
to 2013. The results show statistically significant differences in the results of
the social implementation course immediately after the course between the
group that received continuous PBL education program from Year 1 to Year 5
and the group that did not. The post-graduation survey also suggested that
this education program is effective, and the conclusion below can be obtained
concerning the research question.

For the sub-RQ1, regarding whether PBL was appropriate as a learner-
centered teaching strategy in technical college education, many positive
opinions affirmed the meaningfulness of PBL courses. PBL has high
compatibility with KOSEN education and students, but there was a strong
dissatisfaction with its evaluation based on traditional thinking.

For the sub-RQ2, it is feasible and realistic to implement a new curriculum
structure that integrates environmental, social, and technological issues
holistically by this PBL program with. I found that it can be realized by
embedding ESD and environmental safety education into this PBL program



structure, designing the course in a way that integrates with other subjects.
A highly interdisciplinary theme makes it impossible not to cooperate with
persons from other fields. In addition, varying the way Problem-BL and
Project-BL: are combined as students progress to higher grades, leading to
more effective innovation education.

As for the sub-RQ3, which is about what kind of learning effects can be
observed in the PBL education program developed in this study, both the post-
course results and the survey results of students who have been graduates
for around 10 years show that this program is effective. Compared to students
who did not participate in this program, those who went through the PBL
program seem to have a higher level of professionalism in their work. They
have stronger general-purpose skills and a higher frequency of self-directed
learning. They have a more active attitude toward problem-solving and make
more connections between social problems and their work. In particular, they
show a higher level of interest in global problems and a stronger desire to
take on future challenges, suggesting that they possess additional qualities
that differ from those of conventional KOSEN graduates.

All in all, it 1s effective to introduce a coherent educational program that
holistically integrates environmental, social, and technological issues into
engineering education at KOSEN. This program can be implemented as a
group of subjects administered within the timeframes over the student’s time
in education. It consists of social implementation subjects and other related
subjects which combine what has been learned from the various subjects,
using a design that appropriately integrates the principles of Problem-BL and
Project-BL.

Future issues that need to be addressed include the problem regarding the
methods needed to measure the program’s effectiveness and the possibility of
extending the program to other technical colleges and universities.
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