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研究成果の概要（和文）：本研究では、学校の生徒の批判的思考や創造的思考を育成するためのデザイン活動を
教師が開発・実施する際の指針となるフレームワークを開発することを目的としています。フェーズ1では、ア
ジア・オセアニアの中学・高校を対象に、デザイン活動を通じて批判的・創造的思考をどのように育むことがで
きるかを研究しました。フェーズ2では、PaulとElderによる批判的思考モデルを採用し、デザインプロセスにお
ける正当な理由を評価するために、関連する知的基準を文脈に沿って明確にしました。本研究のフェーズ3で
は、調査結果の一部を統合し、批判的で創造的な思考を育むために、日本の高校教育にパイロットデザイン活動
を導入しました。

研究成果の概要（英文）：The study aims to develop a framework to guide teachers in developing and 
implementing design activities to develop critical and creative thinking in school students. In 
Phase 1, a study was conducted in Asian and Oceania secondary schools to study how critical and 
creative thinking can be developed through design activities. The iterative cycles between the 
identification of problems and manufacturing of the proposed prototype during the process of 
designing is crucial to the development of critical and creative thinking. In Phase 2, adopting the 
critical thinking model by Paul and Elder, the study contextualized and articulated relevant 
intellectual standards to evaluate good reasonings during the design process. This method of 
evaluating critical thinking can be used as guidelines to develop critical thinking. Phase 3 of the 
study integrated some of the findings to implement pilot design activities into a Japanese high 
school education to develop critical and creative thinking.

研究分野： Design Education

キーワード： design education　critical thinking　creativity　design and technology　technology
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研究成果の学術的意義や社会的意義
This study explored and provided a effective method to evaluate critical thinking in design process.
 The findings in this study may provide important insights that may provide teachers in Japanese 
schools to develop children in critical thinking and creativity at a young age. 

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 
In 21st century, students need to be systematically educated with skills to be creative and 
innovative to confront future problems that are unpredictable and complex. Design education 
like Design and Technology (D&T), also call Technology Education, develops critical thinking 
and creativity, which are important skills required for innovation. D&T is commonly offered 
in secondary schools in Europe, America, Hong Kong, Singapore, Taiwan and China. For 
Japan, although similar subject like Technology is available in junior high school, but creative 
problem solving through design is not much focused in the subject. Up till now, thinking skills 
development in D&T has been explored under various themes like design and problem 
solving, complex thinking, analogical reasoning and etc. But frameworks for the development 
of critical thinking and creativity through design activities is not clarified. 
 
２．研究の目的 
The current study aims to develop an educational framework to guide teachers to improve 
developing, planning and teaching of design/D&T related lessons that develop critical and 
creative thinking. 
 
As a broad impact, the framework will be robust, yet flexible enough to be implemented 
across different context in different countries. At local impact, important insights may 
provide insights for teachers in Japanese elementary, junior high and high school to develop 
children in critical thinking and creativity at a young age, and as a form of human resource 
development to build the foundations for future innovations in Japan.  
 
 
３．研究の方法 
The main research questions set for this study are as follow: 
- What are the different appropriate pedagogies that facilitate student development in critical 
thinking and creativity through design activities? 
- How can learning experience in design activities be designed to promote critical thinking 
and creativity? 
- How can the learning environment be set to stimulate learning and development of critical 
thinking and creativity? 
- What are appropriate assessment methods to evaluate and provide feedback to improve the 
development of critical thinking and creativity? 
- What are relevant and meaningful content that provides authentic learning for students? 
 
As D&T and Technology subject is widely offered in overseas and local schools at secondary 
and junior high level, this study will use D&T education in Asian countries such as Singapore, 
Hong Kong and Taiwan as a study target. A qualitative approach will be used to develop case 
studies using established D&T education in Asian secondary schools such as in Singapore, 
Hong Kong and Taiwan so as identify effective models of critical and creative thinking can 
be elucidated. 
 
The study will be conducted in 2 main phases. 
In Phase 1, an overseas study to clarify the current status of developing critical thinking and 
creative thinking through D&T and Technology subject will be clarified. 
 
In Phase 2, the study will develop case studies to clarify effective models for critical and 
creative thinking development.  
 
In Phase 3, the study hopes to implement and test some of the findings into the Japanese 
school context. 
 
 
 
 
 
 
 



４．研究成果 
 
Phase 1 
 
In Phase 1, a network was able to be established for research in Asia and Oceania. The 
iterative cycles between the identification of design problems and the manufacturing of the 
proposed prototype during the process of designing is crucial to the development of critical 
thinking skills. During the process of designing, skills such as interpretation, analysis, 
evaluation, inference, ability to clarify, decision-making and problem solving are deeply 
involved. Such skills are key to the development of a critical thinker.  
 
In Australia, the current Australian curriculum was implemented in 2014. Since the 
implementation, is was understood that until just recent years, teachers, in secondary schools 
at large, were still focusing on making and skills development rather than incorporating 
design to provide a structure for creative problem solving. But, a trend could be seen where 
more design emphasized projects have been developed and implemented into the school 
curriculum. In Taiwan, TE, also known as Living Technology, has undergone a transition 
from Industrial Arts, to Technology focus and in the last one year, moving into a more design-
based curriculum in anticipation for the new TE curriculum implementation in 2019. Though 
learning through design has been incorporated, the Taiwanese TE can be characterized by a 
more engineering-based creative problem-solving approach. While D&T in Australia can be 
characterized by a product design approach towards creative problem solving. A common 
trend can also be observed where the Makers’ approach towards the design and rapid 
prototyping through using more advance manufacturing systems like 3D printers, laser 
cutters and CAD are gaining more traction in students project and learning experience. In 
Singapore, D&T was first implemented in 1986, has all along been envisioned to be a subject 
that engages students through product designing and prototyping of ideas with the mind and 
hands. Though technology knowledge such as mechanism, structures and electronics had 
been taught as part of the curriculum, these knowledges play a more supportive role in the 
realization of the working prototype. Unlike, Taiwan and Australia, the manufacturing of 
prototypes are mostly based on manual manufacturing. 
 
Based on study in Phase 1, some key points may be concluded: 1) While design has been a 
major focus in D&T learning in Singapore, a trend can be observed in Australia and Taiwan 
where the shift from the emphasis on making and concepts of technology, to a more design-
based learning in recent years. 2) The type of design activities can be distinctively different 
where TE in Taiwan has a slant towards engineering design; whereas D&T in Singapore and 
Australia has a slant towards product design. 3) Despite the different focus on design 
activities in the three countries, it is evident that students are heavily involved in designing 
activities where critical thinking skills can be heavily involved. 4) D&T and TE are in prime 
position to systematically develop students with important 21st CC skills such as creativity, 
innovative and communication skills, that are considered necessary for students to navigate 
the uncertain future. 
 
At the moment, the common issue for all three countries includes that inconsistent quality 
of D&T and TE across secondary/ junior high schools at national level. The speculated current 
challenge for all three countries will be to strengthen research and development for the 
subject, creating a local and international network for research and development of common 
educational contents and Teaching and Learning tools and strengthening teachers’ in-service 
development to achieve a common high standard in delivering D&T and TE nationwide. 
 
Phase 2 
 
The main concept of critical thinking process revolved around the process of reasoning. With 
this assumption, the critical thinking model by Paul and Elder provided a clear structure to 
unpack reasoning into parts. Without the need for a standardized critical thinking 
assessment test, Paul and Elder had also created a model to allow the quality of reasoning to 
be assessed using the intellectual standards, through questioning techniques. Furthermore, 
this model is flexible in application across different subject areas and provides a great 
potential for the application in this study. With above considerations, the current study 
adopts the definitions of critical thinking conceptualized by Paul and Elder, and at the same 
time, attempts to apply the concept of elements of reasoning and intellectual standards to 
contextualize and articulate relevant intellectual standards that be used to evaluate good 



reasonings during the design process. 
 
Using the problem identification process in the design activities as an example, the 
intellectual standards for good reasoning skills in the problem identification processes such 
as, problem exploration, understanding the design problem and design specifications, and 
problem selection can be articulated respectively. To be able to develop critical thinking to 
achieve the standards for good reasoning during the problem identification process the 
following suggestions may be presented. 
 
When exploring problems in the design process, to achieve depth, accuracy and unbiased 
understanding of the problem, students need to research information and data from different 
sources to triangulate the problem. Secondly, it is necessary for students acquire necessary 
background knowledge in order to conceptualize problems accurately and clearly. Thirdly, the 
development of intellectual standards for reasoning relevant to the design process in D&T 
may be a potentially useful strategy for teachers to explicitly develop critical thinking skills 
in D&T. 
 
When understanding the design problem towards determining appropriate design 
specifications, background knowledge generated by research in a minimal of three areas such 
as environment, users and products, with respect to the design problem, is necessary. 
Secondly, to enhance research authenticity and accuracy for the benefit of learning, it is 
important for students to engage in a problem where field visits and interview with target 
users and/or stakeholders can be conducted. 
 
When choosing the design problem, the use of decision-making tools does not necessary 
enable students to achieve quality reasoning. While students may be able to articulate clearly 
and logically their choice of the problem, but in most cases, their decisions are mainly based 
on assumptions which may not be well justified. Thus, a more systematic process of 
information or evidence gathering is necessary. Secondly, the selection criteria for choosing a 
problem should be formed early in the problem identification process, before students engage 
into problem exploration. By doing this, students may be able to know the selection criteria 
in advance, this will sharpen students search for information to understand the problem 
better and in turn form important background knowledge that are necessary to perform 
quality reasoning during the problem selection process. Thirdly, the process of choosing 
problems may be a good opportunity to touch on students’ ethical and emotional 
considerations towards the problems. Thus, when forming the selection criteria to choose a 
problem, it is suggested that students should focus on factors such as ethical, significance, 
reasonability, relevance, emotions and achievability. Finally, the current study may provide 
curriculum developers with some fruits for thoughts on the possibilities to develop relevant 
assessment standards that may be useful in evaluating and developing quality critical 
thinking in design-based learning. 
 
In addition, skills such as observation skills are helpful for students to develop critical 
thinking skills during the problem identification process. Observation skills can be developed 
during the early years of secondary education. To develop observation skills at lower 
secondary level, observation skills needs to be scaffolded as students are generally lacking in 
design experience. To enhance observations, questioning techniques has the potential to 
sharpen clarity and purpose of observations. In addition, actual site observations are 
important learning experience that cannot be replaced by looking at images and videos from 
social media. More importantly, observation skills support critical thinking and social 
emotional learning. Lastly, a set of characteristics for skilled observer for problem 
identifications can be suggested and presented in Table 1. 
 
Table 1. Student outcomes for observation skills in problem identification 
 
 
 
 
 
 
 
 
 
 

Characteristics of a skilled observer in problem identification:  
• purposeful in observation 
• clearly and accurately report what is observed 
• logical in interpreting the observations 
• unbiased so as to observe different aspects of the problem 
• unbiased in reporting observations 
• make observations using different senses 
• meticulous in observation 
• clear about the questions to be answered through 

observation 
 



Phase 3 
 
This phase of the study integrated some of the findings in Phase 1 and 2 to implement into 
high school education in Japan. Using Fukusho High School in Fukuoka city, Japan, as a case 
study to pilot a design programme for Year 1 students in the Global Management Programme 
the research outcomes may be presented as follow. From this pilot design program, design 
education can be positioned as a form of problem-based learning (PBL) to integrate into the 
Japanese high school education that is not structured for design learning. Design education 
also provides another way of learning for students to engage in solving real-world problems 
that are different from other subjects. The design activities also allowed high school students 
to develop 21CC and SEL such as critical thinking, creativity, collaborative and 
communication skills, and hearing other points of view. As a form of education for sustainable 
development (ESD), the current study has the potential to enhance awareness of sustainable 
development goals (SDGs) and sustainable issues in the local community. 
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