
The Open Design education approach - an 
integrative teaching and learning concept for 

management and engineering 

Ruud Binnekamp  
Department of Materials, Mechanics, 

Management & Design  
Delft University of Technology  

Delft, Netherlands 
r.binnekamp@tudelft.nl

A.Rogier.M. Wolfert
Department of Materials, Mechanics, 

Management & Design  
Delft University of Technology  

Delft, Netherlands 
r.wolfert@tudelft.nl

Maria Nogal
Department of Materials, Mechanics, 

Management & Design  
Delft University of Technology  

Delft, Netherlands 
m.nogal@tudelft.nl

Omar Kammouh 
Department of Materials, Mechanics, 

Management & Design  
Delft University of Technology  

Delft, Netherlands 
o.kammouh@tudelft.nl

Abstract— Construction Management and Engineering 
students need to acquire managing skills for solving real-world 
problems that are complex, rarely straightforward and lack 
‘one right answer’. For this, they need to become ‘open 
designers’, capable to be reflective, integrative and creative in- 
and on action with dynamic and new situations.  In this paper, 
the so-called Open Design Learning Circle (ODLC) will be 
proposed as an innovative educational concept in which 
engineering-, management- and pedagogic sciences are 
integrated. Within this concept the students ‘dialogue’  with: 1) 
an objective open glass box model covering engineering 
products and management processes (outer) and, 2) their 
subjective open human threefold, reflecting their personal 
learning (inner). The integration of both human and model 
dialogues is essential for the emergence of new knowledge and 
creative insights for open designs, which is essentially distinct 
from more traditional learning concepts. To enable this 
emergence, a self-chosen system of interest is the ‘experiential 
vehicle’ that forms the basis for a self-created textbook and 
model. Thereby, the ODLC forms the fundamental basis for 
creating ‘open and persistent learners’. In this paper, it also 
will be shown how the ODLC can be operationalized into a 
learning cycle and how it has been implemented in an example 
course on systems engineering management within the MSc 
Construction Management & Engineering curriculum at the 
TU Delft. Finally, some preliminary student findings and next 
steps for further research are discussed. 

Keywords— Construction Management and Engineering; 
Experiential Learning; Co-reflecting, co-creating and co-
sensing, Problem Solving; Integrative Education; Open Design 
Learning Circle/ Cycle, Management Process/Engineering 
Product/Learning Person; System of Interest. 

I. INTRODUCTION

The scientific field of Construction Management and 
Engineering (CME) involves the application of engineering 
skills and scientific knowledge to asset and project 
management of infrastructures and buildings. While 
engineering focuses on design and construction of physical 
assets (bridges, tunnels, buildings, offshore facilities, etc.), 

managing is concerned with overseeing the actual 
construction process and related (human) activities 
(planning, budgeting, organizing, information, risk & safety 
etc.). CME often represents a blend of both disciplines, 
integrating engineering service-life design and management 
of projects and asset operation. CME is educated at several 
universities all over the world.  

The Dutch 4TU Master in Construction Management and 
Engineering (MSc CME) anticipates the growing need in the 
construction industry for coping with future solutions in a 
multi-disciplinary setting. The students in this program, who 
will work in this multi-disciplinary setting, need not only 
develop their engineering, problem-solving skills, but also to 
acquire managing skills in how to solve problems in ‘real-
world’ environments which are complex, rarely 
straightforward and lack ‘one right answer’. In the 
curriculum, typical courses are offered to, for example, cope 
with engineering asset management, systems engineering 
management and/or information systems topics. For this, 
they also need skills to assess the consequences for the entire 
construction process and its organization. CME students, 
therefore, require education on the edge of managing and 
engineering geared towards preparing them for dealing with 
the actual multi-faceted problems in their profession and 
preparing them for generating new solutions for future 
problems. Therefore, students who will become CME 
practitioners will need to have problem-solving skills rather 
than (only) problem-oriented skills both for the engineering 
and the management part of the problems. Finally, this all 
results in delivering unique CME masters with a so-called ζ-
profile, integrating β- and γ-skills 1  in a proper and 
individually balanced manner. 

For research in this interdisciplinary construction 
engineering and management field, a clear distinction is 

1 In the Netherlands, Beta’s (β) graduate from the technical 
engineering science universities (e.g. TU Delft) and Gamma’s (γ) graduate 
from the social science universities (e.g. Erasmus University Rotterdam).  
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made between: 1) managing and related processes, and 2) 
engineering and related products. For this CME research, the 
research approach for the management processes needs to be 
congruent with the engineering products (design) approach. 

 
Fig. 1. The Open Design integrative research approach. 

Figure 1 shows such an integrative and congruous 
research concept called the ‘Open Design’ approach. It 
shows how the concept of the notion of an ‘open ended’ 
process [1] is used as a model for management and its related 
processes. Here, the solutions are multiple rather than unique 
and are dependent on the chosen boundary conditions. The 
concept of the notion of an ‘open space’ [2] is used as a 
model for engineering (design) of products. Here, the 
solutions are derived from an integral systems and multi-
stakeholder oriented approach where solutions are dependent 
on the optimization constraints. The notion of an ‘open glass 
box’2 modelling approach is used as a common thread to link 
the congruent notions of the open-ended process and open 
space engineering product design. Here, the linked solutions 
are quantitative, objective and model- and/or simulation-
based so that the black-box character of the integrated 
multifaceted problem has been removed and clarified, 
resulting in Open Designs. This research concept and its 
application have been extensively described further in [3]. 

It is important to note three major characteristics of this 
Open Design research approach: 1) both engineering and 
management are considered to focus on problem-solving (vs. 
problem-oriented and/or empirical), i. e., engineering 
management systems improvement and synthesis; 2) the 
acknowledgment that both engineering and management 
have to deal with real-life (physical) situations that limit the 
amount of degrees of freedom, i. e. reality provides feedback 
on human interventions to improve situations such that 
feasibility is of major importance; and 3) integrated 
management and engineering problems will have to be 
solved quantitatively modelled in order to recommend 
objective CME results (e.g., dynamic programming; systems 
dynamics, combinatorial simulation, structured expert 
judgment, artificial intelligence, etc.). 

II. GOAL 
The Open Design research approach has proven its 

usefulness for research on construction management and 
engineering [3], however, its potential for also supporting 
CME education has not been properly addressed yet. Since 
the Open Design research approach is based on problem-
solving related to real-life CME situations, we need a 
congruent educational approach. In other words, an 

                                                           
2  As opposed to a ‘closed black-box’. 

educational concept where engineering products, 
management processes and a learning person are integrated 
so that new insights and future solutions will emerge. In this 
paper, the so-called Open Design Learning Circle (ODLC) 
will be proposed as such an innovative educational concept 
in which elements of engineering, management and (societal) 
pedagogic sciences are integrated. Moreover, it will be 
shown how this can be operationalized by means of a weekly 
learning cycle integrating all ODLC aspects implemented in 
an example course on systems engineering management, 
including the weekly student and teacher course interactions. 
Finally, some preliminary findings, conclusions and further 
research are discussed. 

III. THE OPEN DESIGN LEARNING CIRCLE (ODLC) 
Many critics of management education argue that 

graduates are not prepared to respond to work situations in 
ways for which employers are calling [4]. Management 
education has been regularly criticized on the grounds that 
graduates are not equipped with appropriate problem-solving 
skills. In other words, they are too alienated from the 
managerial workplace [5,6]. A weakness perceived by the 
industry is that business management schools currently focus 
more on problem-orientation than on problem-solving, 
creating novel approaches to problem solution and risk-
taking [7]. On the other hand, traditional engineering schools 
are mostly rigidly organized in disciplinary silos and produce 
disciplinary programs. Engineering students will therefore 
often be trained in mono-disciplinary unique problem-
solving and are not familiar with a multi-faceted systems 
orientation approach [8].  

We, therefore, need an educational approach that: 1) 
integrates management processes and engineering products 
in a congruous manner, 2) focuses on the development of 
solutions to engineering management system problems, 3) 
acknowledge the importance of incorporating feedback from 
real experiences, 4) ensure that the engineering and 
management knowledge and concepts can be transformed 
into a situational, sensible and personal system of interest, 
and 5) insights and solutions can emerge in reflective 
processes between the person’s inner and the outer (product 
and process). 

For this, we now first describe different elements of 
existing learning and developing concepts that can be used as 
an educational approach for enabling real-world knowledge 
and insight creation by engagement of students. 

Knowledge/ insight creation and problem-solving 
Both Experiential and Situated Learning Theories have 

been widely used in management learning research and 
practice for over 50 years [9, 10]. Experiential learning is the 
process of learning through experience, and is more 
specifically defined as “the process whereby knowledge is 
created through the transformation of experience. 
Knowledge results from the combination of grasping and 
transforming experience” [11]. Situated learning is a theory 
on how individuals acquire professional skills, extending 
research on apprenticeship into how legitimate peripheral 
participation leads to membership in a community of 
practice. Situated learning takes as its focus the relationship 
between learning and the societal context in which it occurs 
[12].  
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Both of these learning perspectives can be contrasted 
with alternative views of learning. For instance, rather than 
defining ‘learning’ as the acquisition of propositional 
knowledge, learning is considered to emerge from certain 
forms of social co-participation and transform from certain 
forms of experiential co-creation. Rather than asking what 
kinds of cognitive processes and concepts are involved, these 
learning perspectives ask what kinds of social- and 
experience-world engagements provide the proper context 
for learning to take place. Note that both experiential and 
situated learning are distinct from rote or didactic learning, in 
which the learner plays a comparatively passive role. In 
parallel, experiential and situated learning is similar to 
constructivist learning as didactic learning is similar to 
instructivist learning.  

Moreover, we acknowledge that, during experiential and 
situated learning, knowledge and solutions can emerge in a 
reflective process as Schön [13] describes. Schön’s design 
method states that via inner engagement new designs emerge 
via the “system talks back” principle 3 , i. e. transforming 
observations into intuitions and judgments about the present 
object and process state and decisions about the future, based 
on how design is taught and learned. Moreover, we 
recognize that these co-reflective processes form a basic 
learning condition to initiate new insights from co-sensing 
towards co-creating as described in the Theory-U, a theory of 
learning and management, in which development of new 
insights, problem-solving, change and innovation are 
essential [16,17]. Within these theories, the main elements 
are about opening up, dealing with and intentionally 
(re)integrating cognitive intelligence of the mind, the social 
emotion of the heart, and the practical experience of the will: 
the human threefold. 

Finally, the individual learning processes of students, in 
our case of 21 plus years old, should be thoroughly taken 
into account. Here the authors again start from the previously 
mentioned human threefold (mind/heart/will), following 
other (social) pedagogists [18,19,20]. Especially, in the case 
of our MSc students, we are convinced to undertake a top-
down learning approach, in which we start from the 
cognitive mind process of thinking via an individual 
connected system for engaging towards self-created 
deliverables by experiencing and transforming the new 
insights into self-created learning deliverables by linking the 
mind, heart and will. In this internal and external process, 
teachers are assisting the students in the process of co-
sensing, co-creating, and co-reflecting accordingly. Other 
educational researchers e.g., [21,22,23,24,25] also 
acknowledge and/or use this learning view and starting 
points, but from other perspectives, backgrounds and/or 
different student ages (primary, secondary, and higher 
education). Last but not least, it should be noted that the 
typical CME context is rather abstract and conceptual at the 
age of 21 plus years old. This means that integration of 
thinking, engaging and experiencing would have to bring this 
context ‘alive’ so that it will ‘become’ intrinsic and ‘takes 
root’ motivated and forever. 

                                                           
3  This phenomenological diagnosis of the present state principle is 

also known as Goethean sciences-techniques [14] or [15]. 

 
Fig. 2. The Open Design Learning Circle (ODLC). 

From the above learning and developing starting points 
we developed a new educational concept, called the Open 
Design Learning Circle, see Fig. 2. This concept is a 
framework that serves as the core instrument for developing, 
executing and/or improving several CME courses 4  at TU 
Delft. From the Open Design research approach, it takes the 
notions of an Open space, Open end, and Open glass box 
(see their meanings in the Introduction). From the 
educational learning and development concepts, it takes the 
notions of the threefold Open mind, Open heart and Open 
will. Here, Open mind stands for a cognitive approach in 
which (existing) concepts and knowledge are retrieved 
and/or generated by thinking/analyzing; Open heart stands 
for a connected approach in which (existing) concepts and 
knowledge are transformed into an individual engagement by 
feeling/sensing; Open will stands for an experiential 
approach in which (new) concepts and knowledge are 
created and/or modelled by doing/working. The 
internalization of new insights and knowledge generation is 
done by a top-down and interactive integration of these three 
domains.  

At the center of the Open Design learning circle are what 
we called the ‘Open designs’ that emerge in a dialogue 
between the inner ego (personal learning development) and 
outer eco (engineering product and management process). To 
enable this, a self-chosen system of interest (SOI) is the 
‘experiential vehicle’ that forms the basis for a self-created 
textbook and/or model in which self-transformed concepts 
and knowledge are assimilated with the person’s actual 
world and interests. The need for an intrinsic motivation as a 
fundamental basis for persistent learning is also shared by 
others in the field of primary, secondary, and higher 
education, see [20,26,27,28]. 

                                                           
4  The following courses of our research & education group are/will 

be ODLC based: CIE4381/CME4300 Engineering Asset Mngt.; 
CIE4481/CME4400 Systems Eng. Mngt.; CIE4120/CME4100 Information 
Systems; CME 2210 Open Design & Construction Mngt; CIE 4391 
Quantitative Asset Modelling. 
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The link between the outermost circle notions of an Open 
space, Open end, Open glass box, Open mind, Open heart, 
and Open will and between the innermost circle of the Open 
designs is established through the mechanisms of co-sensing, 
co-creating and co-reflecting, as depicted by the dotted 
circle. This circle resembles the multiple interactions 
between the student’s inner self and the outer engineering 
management system, in dialogue supported by the teacher. In 
other words, from the left-hand part of the ODLC, the system 
‘dialogues’ via an objective and quantitative open glass box 
model covering products and processes. Conversely, from 
the right-hand part of the ODLC, the human ‘dialogues’ via 
his/her subjective and qualitative inner person. The 
integration of both human and model dialogues is essential 
for the emergence of new knowledge and creative insights 
for Open designs. In the next section, we describe the Open 
Design learning cycle, i. e. how the Open Design learning 
circle can be operationalized by means of a weekly cycle 
integrating all aspects of this learning circle. 

IV. ODLC IMPLEMENTATION 
To implement the Open Design Learning Circle, a 

repetitive session schedule which is clear to the students has 
been developed. This is the so-called Open Design learning 
cycle which is essential for the integrative processing of the 
concepts resulting in individual learning deliverables, see 
Fig. 3. It is a broad outline which can be tweaked to better fit 
the practical and/or typical characteristics of other 
engineering & management courses. In this section, the cycle 
will be further elaborated for the MSc course on Systems 
Engineering Management (TUD-CIE4481). It is a ten weeks 
course in which there are seven weeks reserved for 
interactive sessions (two sessions of at least two hours per 
week). 

 
Fig. 3. The weekly Open Design learning cycle. 

Every first session of the week (Sa) the teachers 
introduce and explain the new concepts for that week. The 
information will be shared in a rather traditional format of a 
presentation (sending information, max. 45 min). This allows 
students first of all to think about and conceptualize these 
concepts. 

Between the first and the second session (Sb), students 
are required to further familiarize themselves with the new 
concepts. For guiding the students, a concise reader is used 
indicating relevant chapters in existing course books (e.g. the 
systems engineering books of [29,30]). These books 

primarily serve as a reference book enabling the students to 
navigate through the necessary theories with their self-
chosen System of Interest (SOI) in the back of their mind. 
This is where students co-reflect and co-sense concepts and 
get engaged with these. It is important to note that they can 
do so without already entirely connecting the new concepts. 

The second session (Sb) is meant for connecting the new 
concepts to their self-chosen SOI. In these sessions, the 
teachers co-create and co-sense with students the self-created 
learning deliverables based on their SOI. All the concepts are 
the starting points for the individual ‘colorization’ of their 
self-created textbooks. The majority of concepts can be 
directly linked to the self-developed (computer) open glass 
box models that depict open space and open-ended solutions. 
In this process, the students co-reflect with both the teacher 
and their SOI. An important aspect of these practical sessions 
is that the model ‘talks back’ to the students; they experience 
how reality limits their open designs (solutions and new 
insights) that are geared towards different optimization 
criteria. Finally, the students process these open designs 
together with the more qualitative concepts into their self-
created textbooks. 

Between the second session (Sb) and the first session of 
the next week (Sc), students can reflect individually on the 
concepts, their model and textbook and send in dialogue 
questions on these open designs and their relation with their 
SOI. This is where they reflect on action and transform 
insights into their (intermediate) learning deliverables.  

The first part of the session of the new week (Sc) is 
where students and teachers internalize concepts and new 
insights in an interactive dialogue session (co-reflection of 
max. 45 minutes). This is the moment where students link 
the cognitive-mind, engaged-heart, and experienced-will 
personal learning processes securing the deliverables into 
their final self-created learning deliverables. The second part 
of the session of the new week equals the start of the 
previous week (Sa) as described above (sending new 
information, max. 45 min). 

Each weekly cycle results in additions to both the self-
created textbook and the self-developed model. At the end of 
the 7 week course, these learning deliverables are partially 
completed. At this moment, the students are presenting these 
to the teachers who assess their individual learning 
outcomes. The teachers also provide feedback for the final 
completion of their learning deliverables in week 10. The 
final grade is based upon the individual assessment in week 7 
and their final deliverable in week 10. So, in our view and in 
line with the ODLC principles, it is adequate to evaluate the 
learning outcomes in this manner instead of having a 
traditional exam. Note that the number of students per course 
might impact this assessment process. Currently, this cycle is 
working for a group of approximately 20-30 students. 

V. PRELIMINARY STUDENT FINDINGS 
As mentioned in the previous section, we are currently 

applying the ODLC to an MSc course on Systems 
Engineering Management (TUD-CIE4481). Some of the 
essential ODLC elements have already been worked into 
other courses, e.g. TUD-CIE4120/CME4100 Information 
Systems and TUD-CME 2210 Open Design & Construction 
Management. However, the entire ODLC has only been 
embedded within one course yet.  
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At the moment of writing this paper, the course is 
roughly halfway. In this section, we will summarize some 
preliminary findings based on student’s feedback that we 
received by means of both an anonymous questionnaire and 
by personal interviews.  

Most students appreciate the provided rudimentary reader 
that acts as a guide for introducing the new concepts. They 
acknowledge that without this reader they would struggle in 
thinking about and conceptualizing the theory and concepts 
from the references course books. 

The freedom to choose their own SOI is appreciated by 
most students as it incites engagement so that engineering-
driven students note that the course concepts even could be 
applied to their specific civil engineering domain. When 
asked for the motivation for choosing their particular SOI we 
notice that most of them indeed base their choice on a true 
‘connect’ with their SOI: e.g., connected to a future 
international internship on power dams in Vietnam or 
connected to a new transportation link between the North 
and South of Amsterdam. Figure 4 shows an example of the 
Vietnam group’s SOI. 

 
Fig. 4. An example of the Vietnam group’s SOI as part of a self-created 
textbook. 

Most students acknowledge that by working on a model 
that represents a real-life situation they experience and learn 
more than by just participating in a traditional lecture. We 
attribute this partly to the objective and quantitative nature of 
these models that limit the degrees of freedom and allows 
that the model ‘dialogues’ with the student. 

They also acknowledge that the combo of: 1) the 
practical experience and simulation session, where they 
develop and work with the model, and, 2) the dialogue 
session, where they reflect with teachers on their posed 
questions (transforming), helps in understanding and linking 
new concepts.   

Students appreciate that they can immediately apply new 
concepts to the model of their SOI and get a better 
understanding of these new concepts instead of having to 
memorize concepts for taking a ‘classical’ exam. 

Quite a number of students state that this way of learning 
is more intense from the start throughout the course period 
instead of ‘consuming’ along the course and peaking at the 
end. This is due to the use of a self-to-be-developed 
computer model and the related self-to-be-created textbook 
which is significantly new to them. It is also due to the 

requirement of using a real-life SOI from which they have to 
extract the relevant qualitative (used in the self-created 
textbook) and quantitative data (used in the computer 
model). Figure 5 shows both an example of the table of 
contents of a self-created textbook and a snapshot of the 
computer model of the Vietnam group. 

 
 

 
Fig. 5. An example of the content of a self-created textbook, incl. the 
glass-box computer model5 results of the Vietnam group  

The use of computer models for modeling the design 
management process is completely new to the students. We 
notice a curiosity on how to properly model such a process in 
relation to their own SOI. The first weeks are predominantly 
spent on becoming familiar with this new modeling 
technique. However, the aim of this course is to provide 
students with a framework to which they can apply a large 
number of concepts, not to teach students how to create 
elaborate design/decision models (this will be the learning 
goal of TUD-CIE4391 Quantitative Asset Modelling). 

We will also evaluate the course at the end of the 10 
week period in order to gain insight into the required changes 
to improve the course. Future courses to which we will apply 
the ODLC will be evaluated at the start, during and 
directly/amply after the course has ended. Moreover, we 
believe that students should also be evaluated after they have 
graduated when being a CME industrial or researcher.  

                                                           
5 Here a linear programming operations research model has been used for 
the design space optimization. 
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VI. CONCLUSIONS AND NEXT STEPS 

A. Conclusions 
The compound reflective, creative, engaged and process-

product modeling based Open Design Learning Circle 
(ODLC) proposed in this work is innovative and is expected 
to better prepare MSc students for their career in the 
construction management and engineering industry. It 
enables the students to effectively learn the rather abstract 
and conceptual theories at the age of about 21 plus years old. 
It opens design solutions for multi-disciplinary engineering 
management systems via a quantitative glass box modelling 
approach combining process and product. It increases 
learning motivation by connecting the learning deliverables 
to an individual system of interest. It is expected to enhance 
their future problem-solving capabilities for new knowledge 
and insights that emerge in a dialogue between the inner ego 
(personal learning development) and outer eco (engineering 
product and management process). It helps in creating ‘open 
learners’ capable to be reflective, sensible and creative in- 
and on action with dynamic and new situations. Finally, the 
ODLC forms the fundamental basis for creating ‘open, 
integrative and persistent learners’. 

B. Next steps 
Future research will focus on determining the effect of 

this type of education. For this, a five-step evaluation is 
foreseen, i.e. at the kick-off of the course, at mid-term, just at 
the end of the course, after graduation, and last but not least 
after the first three years of their professional career. With 
this evaluation,6 we believe to get insights on how the ODLC 
approach will ‘continuously’ be carried on. Another point of 
our interest is to research whether typical international 
educational cultures/backgrounds will have an influence on 
the adaptation of the ODLC. We will test this impact within 
the rather international CME population at TU Delft. 
Concurrently, we would like the ODLC to become part of an 
international education network so that we can learn from 
and improve it from different perspectives.  

Furthermore, the assessment process within the ODLC 
will have to be adjusted to accommodate courses having 
larger numbers of students. Especially, the individual 
assessment on the learning outcomes might include an open 
self-created textbook exam where students individually have 
to answer questions related to their group’s learning 
deliverables. 

The ODLC approach described in this paper also relates 
to the MSc graduation project of CME students. Students 
graduating on research themes where they need to solve real-
world problems can also use this Open Design approach. 
Further research will focus on how this approach relates to 
MSc graduation processes. 

Finally, the approach described in this paper aims to 
enhance the education of CME students and focuses on 
educating managerial skills with the engineering domain. 
However, we propose that education which is less focused on 
the managerial skills could also benefit from this approach 
whereby the use of an SOI and self-created textbook are 

                                                           
6 For this survey we will make use of a constructive alignment approach in 
which we connect Learning objectives with Evaluation criteria, using 
Bloom’s taxonomy. The goal is to determine whether higher levels of 
cognition have been achieved and whether they have also been achieved 
persistently. Currently, this evaluation is under construction.  

again pivotal for creating ‘open learners’ instead of ‘closed 
specialists’. 

VII. FINAL REMARK 
Finally, the authors would like to remark the following. 

This integrative ODLC approach is unique in itself and is 
distinct from typical engineering education concepts such as 
for example, Case-based learning (CBL), Problem-based 
learning (PBL) and the Conceiving, Designing, 
Implementing and Operating (CDIO) framework, etc. 

CBL is an established approach used across disciplines 
where students apply their knowledge to real-world 
scenarios, promoting higher levels of cognition (see Bloom’s 
Taxonomy). In CBL classrooms, students typically work in 
groups on predefined and/or given case studies. In contrast, 
the ODLC approach incorporates the use of a self-chosen 
‘learning vehicle’ that is their individual System of Interest 
(SOI). Based on this engaged SOI, the students self-
transform existing concepts into their self-created textbooks 
and self-developed models striving for a more intrinsic 
learning motivation to internalize knowledge and insights 
that last longer. 

PBL is a student-centered pedagogy in which students 
learn about a subject through the experience of solving a 
problem found in trigger material. The PBL process does not 
focus on problem-solving with a defined solution, but it 
allows for the development of other desirable skills and 
attributes. This includes knowledge acquisition, enhanced 
group collaboration and communication. The educational 
framework CDIO is partly PBL-based and stresses 
engineering fundamentals set in the context of Conceiving, 
Designing, Implementing and Operating real-world systems 
and products. This approach also uses active learning tools, 
such as group projects and cases, to better equip engineering 
students with technical knowledge as well as communication 
and professional skills.  

The major differences between the CDIO/PBL 
educational approach are that the ODLC does incorporate 
solving of both an open-ended and an open-spaced problem 
while integrating engineering products and management 
processes. Apart from all the aforementioned differences, the 
essential distinction of the ODLC is that it explicitly 
integrates the development process of knowledge and insight 
creation by a person, seen as a human threefold. 

ACKNOWLEDGMENT 
The authors would like to express their gratitude to 

emeritus Prof. Lex van Gunsteren and Dr. Peter-Paul van 
Loon. They were front-runners and early inspirators for some 
of the elements of this new Open Design education approach. 

REFERENCES 
[1] C. Argyris and D. A. Schön. Organizational Learning II, Theory, 

Method, and Practice. Addison-Wesley Publishing Company, 
Reading Mass., 1996. 

[2] R. L. Ackoff. Ackoff’s Best. John Wiley & Sons, New York, 1999. 
[3] R. Binnekamp, L. van Gunsteren, and P. van Loon. Open Design, a 

Stakeholder-oriented Approach in Architecture, Urban Planning, and 
Project Management. IOS Press, Amsterdam, 2006. 

[4] H.P. Boshuizen, R. Bromme, H. Gruber, editors. Professional 
learning: Gaps and transitions on the way from novice to expert. 
Springer Science & Business Media,. 2006. 

978-1-7281-0930-5/20/$31.00 ©2020 IEEE 27–30 April, 2020,  Porto, Portugal
2020 IEEE Global Engineering Education Conference (EDUCON)

Page 761

Pee
r r

ev
iew

ed
 

EDUCON20
20

 pr
es

en
ted

 

to 
be

 pu
bli

sh
ed



[5] R.E. Boyatzis, S.S. Cowen, and D.A. Kolb. Innovation in professional 
education: Steps on a journey from teaching to learning. San 
Francisco: Jossey-Bass, 1995. 

[6] Business-Higher Education Forum. Spanning the chasm: A blueprint 
for action. Washington: Business-Higher Education Forum, 1999. 

[7] L.W. Porter, L.E. McKibbin. Management Education and 
Development: Drift or Thrust into the 21st Century? McGraw-Hill 
Book Company, College Division, PO Box 400, Hightstown, NJ 
08520; 1988. 

[8] R. Graham. The global state of the art in engineering education. 
Massachusetts Institute of Technology (MIT) Report, Massachusetts, 
USA, 2018. 

[9] A.Y. Kolb, and D.A. Kolb. Experiential learning theory. 
Encyclopedia of the Sciences of Learning , pages 1215–1219, 2012. 

[10] J. Lave, E. Wenger, et al. Situated learning: Legitimate peripheral 
participation . Cambridge university press, 1991. 

[11] D. Kolb. Experiential Learning . Prentice-Hall, Englewood Cliffs, NJ, 
1984. 

[12] D. Hung. Situated cognition and problem-based learning: 
Implications for learning and instruction with technology. Journal of 
Interactive Learning Research , 13(4):393–414, 2002. 

[13] D. A. Schön. Educating the Reflective Practitioner, Toward a New 
Design for Teaching and Learning in the Professions. Jossey-Bass 
Publishers, San Fransisco, London, 1987. 

[14] I. Oberski, J. McNally. Holism in teacher development: A Goethean 
perspective. Teaching and Teacher Education 23:935–943, 2007.  

[15] S. Gallagher and D. Zahavi. The phenomenological mind. Routledge, 
2013. 

[16] O. Scharmer. The essentials of theory U: Core principles and 
applications. Berrett-Koehler Publishers, 2018. 

[17] Jaworski J. Source: The inner path of knowledge creation. Berrett-
Koehler Publishers; 2012. 

[18] B. Lievegoed. Phases of Childhood - Growing in Body, Soul and 
Spirit Uitgever: Floris Books, 2005. 

[19] B. Lievegoed. Phases: The Spiritual Rhythms in Adult Life Revised 
Edition Publisher:  Revised edition, 1998. 

[20] J. Schieren. The concept of learning in waldorf education. RoSE–
Research on Steiner Education, 3(1), 2012. 

[21] G. Biesta, J. Field, P. Hodkinson, F. J. Macleod, and I. F. Goodson. 
Improving learning through the lifecourse: Learning lives. Routledge, 
2011. 

[22] J. Elliott. Educational Theory, Practical Philosophy and Action 
Research., Reflecting where the action is: The selected works of John 
Elliott. Oxford, New York: Routledge, 2007. 

[23] P. J. Palmer, A. Zajonc, and M. Scribner. The heart of higher 
education: A call to renewal. John Wiley & Sons, 2010. 

[24] M. Rawson. The case for illuminative practitioner research in steiner 
education. RoSE–Research on Steiner Education , 8(2), 2018. 

[25] C. Wiechert  Teaching – the Joy of Profession. Verlag Am 
Goetheanum, 2012. 

[26] N. Campos, M. Nogal, C. Caliz, and A. Juan. Using simulation and 
serious games in STEM education. In Proceedings of the 4th 
International Conference on Civil Engineering Education, EUCEET, 
2018. 

[27] J. Elliott and D. Lukeš. Epistemology as ethics in research and policy: 
The use of case studies. Journal of Philosophy of Education , 42:87–
119, 2008. 

[28] J. Hattie. Visible learning for teachers: Maximizing impact on 
learning. Routledge, 2012. 

[29] B.S. Blanchard, W.J. Fabrycky. Systems Engineering and Analysis. 
Pearson Education Limited, 2014. 

[30] C.S. Wasson. System engineering analysis, design, and development: 
Concepts, principles, and practices. John Wiley & Sons; 2015.  

 

978-1-7281-0930-5/20/$31.00 ©2020 IEEE 27–30 April, 2020,  Porto, Portugal
2020 IEEE Global Engineering Education Conference (EDUCON)

Page 762

Pee
r r

ev
iew

ed
 

EDUCON20
20

 pr
es

en
ted

 

to 
be

 pu
bli

sh
ed




