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ABSTRACT

The CDIO approach to engineering education has reformulated higher education in scientific,
technical and technological disciplines, through the promotion of active learning in connection
with the conception, development, implementation and operation of real engineering products,
processes and systems. The model is already making a transformative impact worldwide in
more than 120 universities that collaborate and learn together. However, spreading the model
is a challenging issue as, in spite of the verified clear benefits of shifting to CDIO-related
teaching-learning methodologies and of the efforts of CDIO members, for continuously
supporting potential new partners in their endeavors, transforming engineering education and
motivating professors to change their way of teaching is always a complex and extremely
multifaceted process. The CDIO standards provide a comprehensive set of aspects, which
should be tackled when trying to incorporate the CDIO model to an already existing
engineering degree or set of degrees, or when trying to design a new programme accordingly.
The workshops from the CDIO conferences and the published papers of the CDIO proceedings
also constitute a relevant source of information and inspiration. Nevertheless, in some cases,
professors wishing to conceive, design, implement and operate new courses, based on the
CDIO model, may possibly feel overwhelmed by the required dedication or even find difficulties
when facing the process of reinventing or creating a course following the model. Reluctance
of professors to change and their doubts when trying to create CDIO-related courses are
among the common factors that can limit the further expansion of the CDIO model.Trying to
develop a systematic approach to “the CDIO cycle of innovative CDIO courses” we present a
set of creativity promotion canvases (one for each stage of the process) adapted to the
strategic planning of novel engineering courses following the CDIO approach. The “conceive”
canvas helps professors to match the learning objectives of the course with the type of
engineering products, processes or systems to be developed. The “design” canvas guides
professors through a process of matching outcomes with topics and activities and supports
through the analysis of requirements for the application projects. The “implement”’ canvas
focuses on the resources needed for developing the projects and connects topics and lessons
with the steps of the project to be developed. The “operation” canvas concentrates on key
processes during the real implementation of the course, including group formation, teamwork
promotion, conflict solving, coordination of participants, including professors, and evaluation.
The application of these user-friendly creativity promotion canvases is explained through a real
case study and its potential illustrated by the results of their application to strategically planning
a set of CDIO courses with a group of 30 professors in a Spanish university.
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INTRODUCTION

The CDIO approach to engineering education has reformulated higher education in scientific,
technical and technological disciplines, through the promotion of active learning in connection
with the conception, development, implementation and operation of real engineering products,
processes and systems (Crawley, 2007). The model is already making a transformative impact
worldwide in more than 120 universities that collaborate and learn together. However,
spreading the model is a challenging issue. In spite of the verified clear benefits of shifting to
CDIO-related teaching-learning methodologies and of the efforts of CDIO members, for
continuously supporting potential new partners in their endeavors, transforming engineering
education and motivating professors to change their way of teaching is always a complex and
extremely multifaceted process. The CDIO standards provide a comprehensive set of aspects,
which should be tackled when trying to incorporate the CDIO model to an already existing
engineering degree or set of degrees, or when trying to design a new programme accordingly.
The workshops from the CDIO conferences and the published papers of the CDIO proceedings
also constitute a relevant source of information and inspiration.

In fact, according to our experience, becoming member of the International CDIO Initiative and
fostering CDIO-related methodologies within a university is a much more straightforward
process than those linked to getting engineering programmes of study accredited by most
international accreditation agencies and boards. Nevertheless, in some cases, professors
wishing to conceive, design, implement and operate new courses, based on the CDIO model,
may possibly feel overwhelmed by the required dedication or even find difficulties when facing
the process of reinventing or creating a course following the model. Reluctance of professors
to change and their doubts when trying to create CDIO-related courses are among the
common factors that can limit the further expansion of the CDIO model. Since the incorporation
of UPM to the International CDIO Initiative in 2015, our team has been involved in the creation
of several CDIO courses in 5 engineering programmes (Diaz Lantada, 2014, 2015, 2016,
Lumbreras Martin, 2015, 2016). We have also taken part in different seminars, workshops and
international design competitions and schools, in which we have supported colleagues to get
familiar with the basics of the CDIO model and to plan project-based learning courses in varied
fields of engineering. In this period, we have understood that innovative methodologies are
attractive and rewarding. However, in some cases, easy-to-use resources for training
engineering educators may help to expand innovative methodologies.

Trying to develop a systematic approach to “the CDIO cycle of innovative CDIO courses” we
present a set of creativity promotion canvases (one for each stage of the process) adapted to
the strategic planning of novel engineering courses following the CDIO approach. The
“conceive” canvas helps professors to match the learning objectives of the course with the
type of engineering products, processes or systems to be developed. The “design” canvas
guides professors through a process of matching outcomes with topics and activities and
supports through the analysis of requirements for the application projects. The “implement”
canvas focuses on the resources needed for developing the projects and connects topics and
lessons with the steps of the project to be developed. The “operation” canvas concentrates on
key processes during the real implementation of the course, including group formation,
teamwork promotion, conflict solving, coordination of participants, including professors, and
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evaluation. The application of these user-friendly creativity promotion canvases is explained
through a real case study, linked to a course on “Design and manufacturing with polymers”,
and its potential illustrated by the results of their application to strategically planning a set of
CDIO courses with a group of 30 professors in a Spanish university.

CREATIVITY PROMOTION CANVASES FOR THE CDIO OF CDIO COURSES

In order to support the systematic promotion of the CDIO model, a set of creativity promotion
canvases or templates has been developed for the conception, design, implementation and
operation of CDIO courses. One canvas is designed for each stage of the process, according
to main questions, unknowns and challenges that typically arise during the creation of project-
based and CDIO-related teaching learning experiences. The canvases help developers
(higher education professors in this case) to systematically consider the key aspects of the
challenge being tackled (new CDIO courses). These templates operate in a similar way to
other design or creativity promotion canvases from different engineering disciplines, such as
those used in the well-known business model generation methodologies (Osterwalder, 2010).
According to our experience with novel CDIO courses, the most straightforward approach to
the CDIO of CDIO experiences relies on systematically planning the teaching-learning
experience. From the very beginning (and in parallel) one should consider, both the desired
learning objectives, professional outcomes and topics of the course, together with the
engineering project that will help to articulate the experience, to apply the acquired knowledge
and to promote the objective professional skills. Table 1 summarizes the driving questions that
have helped in the design of the creativity promotion canvases. We consider such questions
to be the more relevant one can ask, for the straightforward and reliable conception, design,
implementation and operation of innovative CDIO courses. In our view, systematically
considering and answering such questions, before the first implementation of a new CDIO
course (and counting with the support of the CDIO canvases explained in the following section),
helps to successfully replicate the model.

Table 1. Summary of questions and challenges that typically arise in new CDIO experiences

Stage Questions linked to the Questions linked to the
CDIO course related CDIO project
-Which are the learning objectives -Which engineering systems benefit
c of the course? from the course?
-Which is the social and industrial -Which engineering system are the
context of the course? students going to project?

-Which are the professional
outcomes we would like to

D promote?

-Which are the thematic blocks of
the course?

-Which contents should be included | -How do the contents explained relate

-Which are the requisites for the
CDIO projects and for students?
-How do the CDIO project stages
relate to the thematic blocks?

I in the course programme? to the stages of the projects?
-Which contents support the -Which are the human and material
projects to be developed? resources required?
-Which are problems may arise and | -How can we make the CDIO projects
o how can we solve them? and experience sustainable?
-How is the course assessed and its | -How can we monitor and mentor the
progress monitored? CDIO project to keep them in pace?
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The four CDIO canvases, developed according to Table 1, are presented in the following pages
(Figures 1-4) and illustrated by showing their application to a CDIO course on “Design and
manufacturing with polymers”. In such course, students work in groups for designing toys with
different polymeric components and following design for injection molding principles and for
developing the production tools (molds) used for manufacturing such toys (Diaz Lantada,
2017). The course is taught at UPM (Master’s of Science in Industrial Engineering) since 2005.
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Figure 1. Creativity promotion canvas for the “Conceive” stage: Application to course on

“Design and manufacturing with polymers”.
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Figure 2. Creativity promotion canvas for the “Design” stage: Application to course on

“Design and manufacturing with polymers”.
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Figure 3. Creativity promotion canvas for the “Implement” stage: Application to course on

“Design and manufacturing with polymers”.
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Figure 4. Creativity promotion canvas for the “Operate” stage: Application to course on

“Design and manufacturing with polymers”.
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CDIO CANVASES APPLIED IN A WORKSHOP FOR SPREADING THE CDIO MODEL
Once the CDIO canvases of Figures 1-4 were conceived and proven useful for summarizing
the key aspects of CDIO courses and related CDIO projects, as illustrated before with the
example of the “Design and manufacturing with polymers” course, they were further applied to
mentoring colleagues with the CDIO of new CDIO experiences. To cite an example of how the
CDIO model can be spread with the support of these creativity promotion tools, we summarize
here the results from a workshop organized in 2019 in a Spanish university, with the objective
of explaining the fundamentals of the CDIO model and of mentoring a group of interested
colleagues, along the planning of new CDIO experiences and courses. The workshop lasted
for two days (10 hours) and counted with the participation of 30 colleagues from different
engineering disciplines. Empty CDIO canvases, to be filled in during the workshop, were
provided at the beginning of the workshop sessions.

The following presentations (1 hour each) were given during such workshop:

- Introduction to the International CDIO Initiative and to the CDIO model.

- Two case studies linked to the creation and teaching of CDIO courses.

- Assessment of courses employing active learning methodologies.

- Management of a set of CDIO courses: Common problems & operative advices.

The following hands-on activities and debates were also carried out:

- Guided application of the “Conceive — Design — Implement — Operate” canvases to different
potential new courses. Around 45 minutes were devoted for interacting with each canvas

- Discussions linked to main challenges and common solutions for the different stages of
project-based learning courses. One-hour closing debates, one per day, helped to promote
creativity along the workshop.

During the workshop, interesting ideas for creating new courses or reformulating ongoing ones,
so as to follow the CDIO model and to promote active learning, were put forward by participants
with the support of the provided tools and as a result of guided discussions. The most
interesting courses and the related CDIO projects, which may help to involve students in the
active application of the knowledge and skills acquired are listed in Table 2. Direct inspection
of Table 2 helps to understand the multidisciplinary nature of the CDIO model and its valid
application to almost all engineering disciplines. If the adequate driving questions are asked
and if mentoring from colleagues throughout the CDIO community is promoted the model can
further spread and reach many more universities and countries in a sustainable way.

Table 2. Summary of CDIO courses and related projects, proposed after an introductory
workshop to CDIO, in which the developed canvases were employed.

Engineering course or area Potential topic for CDIO projects
Electronics Development of a control for a deposit
Electronics PCB for analogic digital converter
Informatics Design of websites
Theory of machines and mechanisms Development of positioning mechanisms
Biomechanics Devices for improving mobility
Materials Science and Engineering Design of appliances using composites
Electricity Project of a remote sustainable installation
Mechanical systems Development of a laser dartboard
Theory of vehicles Design of a testing bench for vehicles
Transport methods Development of a transporting chain

Proceedings of the 16" International CDIO Conference, hosted on-line by Chalmers University of Technology,
Gothenburg, Sweden, 8-10 June 2020 243



CONCLUSIONS

CDIO has already transformed engineering education but its impact can be even larger if the
model is further spread in a systematic way, so that additional countries, universities and
engineering programmes may use CDIO as backbone for their scientific-technical higher
education systems. Based on experiences by our team, a set of straightforward creativity
promotion tools for the conception, design, implementation and operation of project-based
teaching-learning experiences following the CDIO model has been developed. These tools
take the form of “CDIO canvases”, with which professors can interact, for answering driving
questions and for considering main challenges, linked to the creation of innovative CDIO
teaching-learning experiences.

This study has presented the CDIO canvases, as tools for spreading CDIO, illustrated their
use by summarizing the most relevant aspects of a successful CDIO-PBL course and
highlighted their potential for rapidly ideating new CDIO initiatives by presenting the results of
an introductory workshop to the CDIO methodology performed with colleagues from several
engineering disciplines. We expect that these tools may support creativity in education, as
other canvases have proven useful for innovating in business and for start-up creation.

Finally, we would like to highlight that, in order to train colleagues with the use of these
creativity promotion canvases, apart from presenting and explaining their use in current study,
a related workshop for the CDIO of CDIO courses has been proposed by our team for the 16th
International CDIO Conference in Thailand (2020). In such workshop, we expect colleagues
to work in reduced groups for generating, analyzing and discussing ideas for innovative CDIO
experiences. We hope that it may contribute to the systematic promotion of CDIO model’s
spreading.
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