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Abstract— This Research Full Paper explores different
implementations of and teachers’ experiences from challenge-
driven education and similar learning approaches in
engineering education and other higher education contexts.
Through an action research approach key concerns among the
teachers and similarities and differences between the studied
courses can be identified. The study highlights the potential in
these learning approaches, as means for breaking and going
beyond the traditional boundaries of higher education,
enhancing and cross-fertilizing engineering education with
other disciplines, and empowering students both as
professionals and humans. It also indicates potential barriers
and in-built tensions that are crucial to handle for successful
implementation. The study further shows on great opportunities
for mutual learning and collaboration between teachers from
diverse contexts and backgrounds. The findings are discussed in
relation to research within domains such as sustainability
education, transformative learning, and futures studies, and
opportunities for further research and development are
outlined.
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L INTRODUCTION

There is a growing interest in learning approaches where
students are collaborating with other students across or
beyond disciplines, interacting with external stakeholders, in
open-ended projects that are addressing complex real-world
challenges, often related to sustainable development or
sustainability transformations of society. Such approaches can
be referred to as challenge-driven education ‘CDE’ (e.g. [1]),
challenge-based learning ‘CBL’ (e.g. [2]), or problem- and
project-based learning ‘PPBL’ (e.g. [3]). They can also be
associated with concepts and terms such as experiential
learning, service learning, community-based learning,
inquiry-based learning, value-driven learning, and hybrid
learning (e.g. [4]). The situation is complicated further by each
of these terms and concepts being interpreted and
implemented in many different and sometimes even
contradictory ways (e.g. [5], [6]). There are also many
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implementations of these kinds of learning approaches that are
not explicitly associated with any of these terms or concepts,
for example because they are rooted in ‘regular’ problem-
based, project-based, or design-based, learning (e.g. [7])
within a specific discipline but have then evolved to concern
more complex projects, sustainability, closer interaction with
external stakeholders, and opening up for enrolment of
students from different disciplines.

Hence, it can be described as somewhat of a jungle. A
question is whether this ‘definitional muddying’ and varied
range of approaches and frameworks presents problems for
practitioners and researchers, [5]? Or do we have to, and
would we even prefer to, staying with the trouble of multitude
and ambiguous terms, and instead focus on how we can live
and act co-creatively in this jungle of ideas and intentions?

In the study presented in this research full paper we have
taken the second question as a starting point and narrowed it
down to: What are the opportunities of and conditions for
mutual learning and collaboration, between teachers who are
working with different implementations of challenge-driven
education and similar learning approaches in different higher
education contexts? To explore this question, and to bring
further light to these learning approaches (which we hereafter
for simplicity are referring to as CDE), we have used an action
research approach where two researchers and five teachers
have come together to share, discuss, and analyse experiences
and key concerns.

II.  RESEARCH SETUP AND APPROACH

The aims behind this study were two-fold. First, the idea
was to create opportunities for mutual learning and
educational development among teachers and researchers
around CDE. Second, it was to do research on the mutual
learning among teachers and educators.

Action research is a useful framework for projects that are
not only about conducting research but that also seek to
develop practices. Reference [8] describe different topics in
action research projects in education, and in this case we use
action research mainly for teacher’s and researcher’s



development. Action research is commonly targeting one
specific object, in education it can for example be one specific
course or module. Unique with this study is, however, that it
targets four different courses and five teachers in parallel, with
the aim of both stimulating development of these courses
through experience sharing and exploring new ways of mutual
learning and collaboration.

Action research is typically done in several cycles of
planning, acting, observing, and reflecting, [9]. Each cycle
should integrate practice and research. The present paper
presents a first cycle of action research, [10], in which we
initiate a mutual learning process exploring shared interests
and questions and researching the different experiences that
are brought into dialogue. We also outline potential
continuations following this first circle.

The study was initiated by two researchers in the fields of
engineering and computing education (the two first authors).
With the intention of gaining diverse perspectives, they
invited five teachers from three universities with experiences
from four different courses, to participate in the study and also
contribute as co-authors. These four courses have been
identified to implement many of the features that are generally
considered to be central in CDE, CBL, etc (e.g. as outlined in
[11]). The study is biased towards engineering, with three of
the courses rooted in engineering and the teachers having
engineering backgrounds, however, the fourth course and one
of the teachers also provide social science and other
perspectives. Some global perspectives are also considered in
that all four courses involve international students from
basically all corners of the world. The two researchers also
have engineering backgrounds and extensive teaching
experience. The second author has for example earlier been a
teacher in the course at Uppsala University that is included in
this study. The first author has extensive experience from
teaching in project-based and transdisciplinary courses and
has been collaborating with and supporting CDE teachers
through Openlab’s working group, the KTH Global
Development Hub, and teacher training.

The researchers planned and facilitated a three-hour online
workshop for co-construction of knowledge on CDE. The
guiding principle in the planning of the workshop was that it
should be open and allow and stimulate the teachers to bring
up issues that they found most important. The teachers were
asked to prepare short 4-5 minutes presentations of their
respective courses, for sharing some basic information and
experiences. These presentations were the starting point for
the workshop, and after a first round of presentations there
were several following rounds where the teachers were
encouraged to respond to each other’s presentations and bring
up additional concerns. In the second part of the workshop all
participants, including the researchers, reflected individually
on the first part, documenting their thoughts on sticky notes
on a digital whiteboard. The researchers here also included
research  perspectives on education, sustainability,
engineering, and computing. The participants were then asked
to share their individual reflections by putting forward and
explaining the sticky notes, and successively either building
clusters by adding notes to existing or suggesting new topics
to build on. In the fourth and concluding part of the workshop,
impressions of the workshop process were shared and ideas of
joint as well as individual ways ahead were discussed.

The workshop was audio recorded and the digital
whiteboard was saved. The researchers transcribed the audio

recordings and made an initial thematic analysis of the
transcription and the digital whiteboard, identifying key
concerns and their relationships. This initial analysis was then
shared with the teachers for feedback and refinement, and
opportunities for continuing joint development and research
were outlined.

III.  RESULTS

As described, the involved teachers come from different
educational contexts and some of them had never met before
the workshop. Still, there were lively conversations, and the
teachers could easily relate to each other's experiences. They
had many experiences and questions in common, but there
were also some significant differences. Four interlinked
themes that capture the teachers’ key concerns could be
identified, as illustrated in figure 1.
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Fig. 1. Identified key concerns.

A. CDE in Different Educational Contexts

The workshop confirmed some common key
characteristics of the studied courses that can be seen as
framing CDE, some of which are indicated in Table 1. All
courses are for example highly student-centred, action-
oriented, large (15-22.5 ECTS credits), and project-based,
where student teams are interacting with various external
stakeholders in projects that in different ways are related to
complex real world societal challenges.

The courses A, B, and C are similar in that they are
originally rooted in specific engineering disciplines, however
with some significant differences. The teacher in course A for
example described that this kind of learning approach, with
complex real-world challenges in collaboration with external
stakeholders, has long traditions within urban planning
education. On the contrary, the teachers in courses B and C
shared experiences of how they have been confronting and
breaking several barriers when establishing and evolving
these courses beyond the mechanical engineering (B) and ICT
engineering (C) education traditions. Such barriers can be
related to preconceptions and expectations from university
management, external stakeholders, colleagues, as well as
students, of what an engineer is and what engineering
education should include. The teacher in course B for example
described that traditional mechanical engineering capstone



TABLE 1 SOME KEY CHARACTERISTICS OF THE FOUR COURSES INCLUDED IN THE STUDY. SEE MORE INFORMATION THROUGH THE COURSE TITLE LINKS.

Course name

A) Project Sustainable Urban

B) Innovation and Product

Planning

Development)

C) IT in Society

D) Challenges for Emerging
Cities

University KTH KTH Uppsala University Openlab (KI, KTH, SH, SU
collaboration)®

Education level MSc MSc MSc MSc

Disciplinary Civil engineering Mechanical engineering Computing Transdisciplinary

roots

Course extent

15 ECTS credits over one
semester

22.5 ECTS over one semester

15 ECTS credits over one
semester

15 ECTS credits over one
semester

students in
project teams

work in one project

Students’ Swedish as well as Swedish as well as Swedish as well as Swedish as well as
backgrounds international students, mainly international students, mainly international students, from international students, from
from the KTH MSc program from the KTH MSc program different computing any education at any of
Sustainable Urban Planning Integrated Product Design® programmes such as Openlab’s four partner
and Design® Computer Science, IT universities>?
Engineering, Sociotechnical
Systems Engineering (STS)
Number of 3-6 5-7 all students (ca 17 in average) | 5-8

Typical key

A municipality (kommun) in

Manufacturing industry,

The academic hospital in

The City of Stockholm or the

Rainwater management

industry tools
Mitigate hospital acquired
infections

hospital, for example “What
should primary health care
look like in 20307

external the Stockholm area sometimes public institutions, | Uppsala Region of Stockholm
stakeholders sometimes students come up (Openlab partners)

with project ideas themselves
Typical projects Public transport Second life opportunities for Various challenges within the | How to create a more secure

public transport
How to reach out with
diabetes care to immigrant

groups

1) Running in parallel with the course Challenge Driven Innovation for Sustainable Development which also enrolls students with other disciplinary backgrounds.
2) Karolinska Institutet, Royal Institute of Technology, Sodertdrn University, and Stockholm University, all located in the Stockholm area.
3) Sometimes also students from KTH Global Development Hub partner universities: Strathmore University in Kenya, UDSM in Tanzania, and Botho University in Botswana.

courses generally concern well-specified projects where the
students should design some technical product, system, or
component. They have however gradually evolved course B
towards more complex open-ended projects where sometimes
neither the problem nor the context is possible to specify
clearly, and the students can address the challenge in many
different ways, for example by developing a product, a
service, some kind of intervention, or just a better
understanding of the challenge and possible approaches to
tackling it. The teachers here want the students to become
capable of doing something else, which renders those courses
as somewhat odd in their traditional contexts. Doing
something else lifts these courses as special, but it also
marginalises or puts them under threat, as expressed by the
teacher in course B:

“Is this really mechanical engineering we do? It is a
question of legitimacy, I would say. There are many, including
myself, that think: ‘This is not mechanical engineering! It is
more industrial management’. It plays a role in the financing
of the courses. Technology is ranked higher than social
science or the humanities. It plays a role in how many courses
we may have; we must have a certain share of mechanical
engineering in our programs.” (teacher in course B)

The teacher in course C recognised the experiences
described by the teacher in course B and argued that CDE
should be seen as natural part of computing and engineering.
This is something he repeatedly needs to argue for:

“Yes, that which you talk about is what I am so tired of

and frustrated about, that people say that this is not really
engineering. As if engineers only work with technical things.
Then you get solutions correspondingly. As if engineers only
get instructions on what they should do. We need to fight to
get people to understand that this is a part of engineering!”
(teacher in course C)

The teachers in courses B and C also emphasised the
importance of enhancing the social science and humanities
perspectives in engineering education, but also here shared
experiences of barriers.

The courses A and B are mandatory capstone courses
towards the end of two MSc programmes, whereas C and D
are elective. Course C enrols students from several different
ICT programs. In contrast to the other courses, course D does
not have any disciplinary roots. It is a transdisciplinary course
that has been developed in collaboration within the Openlab
initiative, between four different universities and the City of
Stockholm and the Region of Stockholm (two different levels
of the local public administration). It involves teachers from
all four universities and students with a bachelor’s degree
from any education at any of the four universities (including
engineers from KTH).

Some of the similarities and consequences of the
educational context differences between the four courses are
elaborated further in the following subsections.

B. The Challenge

The challenge that the students engage in is central in CDE
as it constitutes the target for the project and the context for
the learning. Finding and shaping challenges that are feasible
as grounds for CDE projects, was something that the teachers
brought up as crucial but also difficult, and they reflected on
and discussed what characterises a feasible challenge. In all
courses, the students are supposed to contribute to societal
development. The teachers shared several challenges their
students have worked with, where some examples are listed in
Table 1.

The teacher in course D pointed to real societal challenges
that the city or municipality may encounter. Improving the
elevators in a hospital is, for example, not a feasible challenge
because it is an optimisation problem at a specific hospital



rather than a societal challenge. The teacher in course C
pointed out one “especially fun project” where the students
were confronted with a change in legislation that gave patients
access to their medical records. The hospital merely told the
students to “look at that”, and they did that for one whole
semester.

The teachers in the context of mechanical engineering and
computing (courses B and C) pointed out that CDE challenges
are very different from the assignments in the rest of the
education. As reflected in the previous section, these teachers
oppose dominant structures arguing that working with wicked
problems give students opportunities to develop competences
not gained in regular engineering education. The teacher in
course A also recognised the discussion from her own
education and pointed out that all people should realise that
the students very likely will have to deal with “wicked
problems” in their future career. She gave an example from
the field of urban planning where course A is situated. After
graduation, students will work with developing society,
dealing with great complexity and uncertainties, taking into
account many different local and international actors as well
as different fields of knowledge. She also pointed to her
university’s guidelines that include that students should be
prepared to work with wicked problems.

Finding feasible challenges was described as a process that
teachers, students, and external stakeholders, can be involved
with in different ways. Interestingly there are quite large
differences in how challenges are chosen and how the
students’ projects are shaped, not only between the courses but
also from project to project within the same course. Some of
the courses for example have established long term relations
with one or a few external key stakeholders, who provide
concerns and contexts within or related to their organizations
and activities as grounds for identifying challenges and
shaping projects. In contrast, one of the courses instead invites
different key stakeholders from year to year and for differ
projects. In courses A and C, identifying and framing the
challenge and shaping the project is given a substantial
amount of the project time. The teacher in course A explained
that the project also depends on what the students can do and
would like to develop within, as well as their analysis of the
municipalities’ situation. During the first three weeks of the
course, the students prepare proposals for projects that evolve
from their analysis. These are then discussed and decided
upon by all involved (students, teachers, and external
stakeholders). The students have a lot of agency and
independence in this course. Similarly, also the students in
course C spend several weeks learning about the challenge and
identifying or clarifying the issues they want to work with. In
course D, the students usually spend as much as half of the
project time on understanding the challenge through analysis
and reframing. A difficulty in this early process of defining
the challenge is getting access to the right persons in the
external stakeholder organisation to comprehend the issues
and possible ways to approach them in a project. In course B
it happens that students pitch their own ideas for projects and
different external stakeholders can be engaged through the
project.

Another issue mentioned was that the students narrow or
close down the project, reducing too much of the complexity
(teacher C). In that case, the role of the teacher may be to
increase the complexity of the challenge. The opposite can be
the case, that the students have difficulties specifying the

challenge, struggling with too broad or high-level questions
such as ‘How fo solve poverty?’ (teacher in course D). In such
a case, the teacher can stimulate the students by asking “Isn’t
there at least something that you can do?”.

What was also seen as important is that the challenge and
project should allow the students to build on their previous
experiences and give them opportunities to develop in new
ways. The project should allow the students to apply
competencies in a real professional context and experience
that they can make a real and valuable contribution to society.

In summary, choosing and defining the challenge is seen
as an important and also difficult part of CDE. The following
quote shows some of the many questions that were raised at
the workshop:

“Should it be one societal actor that the project should be
relevant for, or should it be of a different complexity? That I
think is thrilling, how to define the challenge. How many
stakeholders should be involved? How much should it be
about societal benefits? Should the students solve an unsolved
problem or is it enough that they contribute with a little mini
piece of the puzzle? Or should it be a bigger part of the
puzzle?” (teacher in course B)

The teacher in course B also reflected on that many
teachers may think that they do CDE but in fact they do not.
There may be many interpretations. Considering the earlier
discussions of disciplinary identity, we should also be aware
that socialisation, disciplinary identity and disciplinary
decadence affect how we formulate or see challenges and also
make decisions on what to include or not include in the
problem descriptions. When thinking about what a good
challenge is, then we should consider the outcome we want to
achieve, the teacher in course B reflected.

C. Outcomes

One of the teachers’ key concerns during the workshop
was the outcomes of CDE, and the experience sharing and
discussions in the workshop evolved around: 1) project
outcomes, i.e. the solutions or deliverables resulting from
CDE projects; 2) learning outcomes for the students; and 3)
other gains or changes.

Regarding project outcomes, the teachers discussed what
it should not be. The teacher in course D for example talked
about “the app trap”, referring to that it is common that
students suggest developing yet another app as a solution to
the addressed challenge, when what actually is needed might
be changes in behaviour, communication, or organisation. The
teacher exemplified with a challenge that concerned senior
citizens who are living alone and suffering from isolation and
loneliness, and that they are probably not helped by another

app.

The teacher in course C added that students should realise
that the interactions in a real context are complex and involve
many different stakeholders. Even challenges that seem
straightforward to begin with, grow in complexity if engaged
with in more depth. When the challenge is a complex societal
issue, it generally cannot be solved by one single solution.
However, engineering students are generally not good at
contributing with anything but concrete solutions, the teacher
in course C reflected. It happens that CDE projects result in
solutions that can be taken further for implementation with a
direct impact on the addressed challenge. However, more
commonly impacts from CDE projects are indirect, for



example through the development or emergence of new
insights and new perspectives on the challenge. The students
can contribute to new understandings with their new and
different ways of looking at the challenge (teachers in courses
A and C). The teacher in course A expressed that an external
stakeholder that has provided a challenge might not apply the
results all the way, but they can gain new ideas, and shared the
following example:

“A few years ago, a group of students worked on public
transport for [the municipality that provided the challenge].
They explored whether it would be a good idea to replace a
bus line with a tram line. It is politically interesting with
trams. The students however quite quickly understood that it
is probably a very bad idea. But they continued with all kinds
of tests and investigations, and finally concluded that a tram
line in this case would be much more costly, requiring
demolition of houses, and resulting in fewer passengers. And
this is a very good project outcome, because what intuitively
seemed to be a good solution to the politicians turned out to
be a quite bad solution.” (teacher in course A)

The teacher in course B described how they encourage
their students to focus on what values could be created in
relation to the needs they identify in the challenge, and to see
the products or services or whatever it is they are developing
in their projects, more as examples of how these values can be
realised rather than as some final solutions.

Regarding learning outcomes, the teachers talked about
different knowledge, skills, and competencies. CDE provides
possibilities for students to further develop, deepen and
contextualise their previously gained knowledge and skills
and develop various competences. The teacher in course B
mentioned knowledge and skills to apply methods such as
dashboards, lean startup, and triple-layered business model
canvas. The students can also learn new methods such as
design thinking (course D). The students also learn a lot about
the particular challenge and context they engage with and
thereby often gain knowledge that goes beyond their own field
of study.

The teacher in course C talked about “professional
competences” that go beyond technical knowledge and skills,
exemplifying communication skills, thinking skills, and
working in teams and with people from different cultures.
Sometimes students believe they cannot develop those skills
(“you either have those skills or not’) but by making them
reflect on the skills and giving them a language to reflect on
their development, they often realise that they can find
methods or tools that help them to learn. The teacher in course
C shared an example of a student who reflected that he was
good at thinking within existing structures but that he was not
good at “thinking outside the box” and would never be able to
develop such a skill. However, he committed to exploring
ways of developing his thinking skills and realised towards the
end of the course that he in fact had learnt strategies for
thinking “in more open ways”. CDE can hence provide
opportunities for students to develop competencies that they
do not develop in other courses. This is something the students
may not realise from the start, having been socialised with
certain disciplinary practices and focuses, as expressed by the
teacher in course C:

“We want them to collaborate in a much broader sense
than they are used to, with different stakeholders and across
disciplinary boundaries. They are not good at that. Their

attitude is often like ‘I will go in and program!’” (teacher in
course C)

The students can also try out new roles, for example being
a leader. The teachers also expressed that the students gain
vocabulary and approaches for reflecting on their learning and
issues such as group dynamics and project processes.

Regarding other gains or changes that emerge through
CDE, the teachers shared various examples. The teacher in
course A has for example experienced that students often have
a high stress level, questioning themselves for not being
competent enough to work professionally. The teachers shared
examples where students were shy and uncertain at the
beginning of the courses but became more self-confident and
aware of their strengths and possibilities to contribute during
the course. The students become more independent and gain
confidence in making decisions themselves and become
comfortable taking on challenges even if there are no clear
models or processes to approach the challenge. When the
students present their results towards the end of the course, get
feedback, and realise that their work is appreciated by the
municipalities or politicians who have provided the challenge,
then their self-confidence grows.

The teachers can support the students’ development by
seeing the individual student and encouraging them to take up
space and contribute. The students can also support each
other's development. The teacher in course B reflected that
students who have limited confidence from the start
sometimes learn that they are appreciated and can contribute
the way they are; they realise it is ok and of value to be
different:

“We had a student, quite introvert, and she got the

feedback from her peers in a team exercise that she needs to

take space and say things because the things she says are very
good. The student reflected a lot on her role in the team and

felt she had to change but towards the end of the course, the

student had accepted herself as introvert and how that
impacted the role she takes in a group. The dynamics of the
group should accept and adjust to different personalities, all
can be different. Sometimes you see great personal
development and that is fantastic.” (teacher in course B)

D. Course Design and Process

The choice and handling of challenges and the intended
project and learning outcomes, that were considered in the
preceding two subsections, constitute major elements of the
course design and process in CDE. In addition, the teachers
brought up several other important issues.

The teacher in course A used the word ‘course
infrastructure’ when describing an underlying and
surrounding scaffolding as crucial for supporting students’
self-directedness in CDE. The teacher in course B agreed on
the importance of such a structure and reflected on difficulties
in creating a structure that works for different students and in
different project phases. The teacher in course C elaborated
further on the intricate balance between, on the one hand
having too much structure that might violate the open-
endedness of the project and the self-directedness of the
students’ learning, and on the other hand having too little
structure with the risk of some students getting lost or
dropping out.

One important component in such a structure, or
scaffolding, that all teachers elaborated on, is the way the



intertwined project and learning processes are driven and
managed. Here, there are some significant differences
between the courses that have been touched upon in the
previous sections. Courses A and B have the roles as
compulsory capstones in the third semester of specific
master’s programs. In each of these courses, all students have
quite similar knowledge backgrounds from the first year of the
respective program, which they are supposed to make use of
when organising themselves in project teams and engaging in
their respective projects. There are however generally several
parallel projects in these courses, where different student
teams are working with different challenges and interacting
with different stakeholders. Which particular parts of their
background knowledge and methods that each team chooses
to implement might differ and as a consequence the different
teams might experience quite different project processes as
well as learning processes. Courses C and D, on the other
hand, are elective for students from several different
programmes. Course D enrols students from four different
universities and no previous knowledge in extension to a
bachelor’s degree of whatever kind is required to attend.
Hence, there might be very large differences in background
knowledge among the participants. To manage this diversity
and promote transdisciplinarity, course D is stipulating one
single process - design thinking - that all student teams should
apply and which all students are thoroughly introduced to in
the beginning of the course to establish a common ground.

One teacher emphasised that engineering students in
general are very unused to working with truly open-ended
problems. Another teacher described how design thinking,
and similar methods, can help engineering students avoid their
immediate reaction to start simplifying problems to make
them solvable, and instead staying with the trouble of handling
complexity and uncertainty to better understand also the
deeper layers of the challenge that they are working with.

The teacher in course D described another technique that
they use:

“At the beginning of each working day, we have a meeting
with the students where there is a reserved time called ’back-
channel’, where students can feed in ideas that concern issues
treated in previous days. Sometimes the really good ideas
come from more introverted, thoughtful students who get this
second chance.” (teacher in course D)

This teacher also described how their students have access
to a dedicated maker space, where each team has its own
whiteboard and trolley with various materials. When
exploring challenges, they make use of various techniques
such as storyboards, role plays, and a lot of prototyping using
paper, wire, Lego, and other simple techniques. The teacher
emphasised the usefulness of simple prototypes, since they are
quick and easy to build and communicate to the stakeholders,
and also easier for the stakeholders to criticise than more
advanced prototypes. This is good for idea generation as well
as for testing and validation.

Another component, that all teachers highlighted the
importance of in CDE, is to have the students reflecting both
on their own learning process, on their team dynamics and
project process, and also on the other teams’ processes for peer
learning, peer feedback, and peer assessment. The teacher in
course C for example expressed:

“I think we need these reflections to stimulate the students
to actually think by themselves and also to provide them with
vocabulary to do so.” (teacher in course C)

The teacher in course A described how the students the
first week of the course as part of a formative assessment
assignment, should write a ‘self-inventory’ where they are
elaborating on questions such as:

"What have I studied? What am I capable of? What am [
interested in? What do I want to develop?” (teacher in course
A)

Then as part of the summative assessment towards the end
of the course, the students should write a reflection on

”...their own role in the project, how the team functioned,
what other choices they would have made if they in the
beginning of the project would have had their current
knowledge level ... so it is kind of a meta reflection on what
they have learnt” (teacher in course A)

The teacher in course D described that they have their
students keeping diaries where they after each course meeting
should write very brief reflections about what they have done
and what they have learnt. The students then use these diary
notes as a basis for reflective assignments, one mid-term and
one at the end of the course.

The teacher in course B described how they let the student
teams provide feedback on the other teams’ processes, by
using a technique that they call ‘I like/I wish’. Instead of
expressing what they think the other teams are good or bad at,
they should express what they like and what they wish could
have been different, and there should always be more ‘I like’
than ‘I wish’.

IV. DISCUSSIONS

In this section, we summarise and discuss our findings in
relation to the four identified themes, opportunities and
conditions for mutual learning and collaboration (see Section
1), previous research, and outlines further research and
development opportunities.

One of the teachers’ major concerns was the challenges
that are addressed in the students’ projects and serves as
contexts for their learning. All teachers agreed that a good
challenge should concern a societal issue, for example
problems in the health care or public transport systems, or the
environmental impact of industry products or activities. The
teachers also agreed that the challenge should be ‘wicked’
enough to promote students’ development of abilities to
manage complexity and uncertainty and interdisciplinary or
transdisciplinary perspectives, but on the other hand not too
large in scale and complexity to leave the students in despair.
The teachers described different techniques and processes that
are used in their courses for identifying and framing
challenges through pre-studies, dialogues, and negotiations
between students, teachers, and key external stakeholders.
Reflecting more on and refining the processes of finding and
defining feasible challenges was identified as one possible
continuation of this action research project. Here perspectives
from the ongoing wicked problem discourse could be useful

(e.g. [12], [13], [14]).

The teachers used terms such as ‘clients’ and ‘challenge-
providers’ to refer to the key external stakeholders. In other
contexts, the term ‘challenge-owner’ is also being used (e.g.



[11]). We want to raise concerns about the usage of these
terms. They have certain connotations. For example,
‘challenge-provider’ (and even more ‘challenge-owner’)
renders the external stakeholder as the agent in defining the
challenge as well as the learning, and the teachers and the
students as respondents. The word “client” has economic
connotations with the risk that higher education turns into a
“free” service. Using those terms can affect the dynamics and
diversity of engagement and interactions with different
stakeholders, which teachers, students, and external
stakeholders might be unaware of. Language and discourses
are powerful, shaping how people think and (inter)act and
therefore need to be carefully considered, [15]. Further, if the
purpose of CDE is to empower students to live with and tackle
wicked problems, it is important to consider the multi-
stakeholder perspectives inherent in such problems (e.g. [12],
[16]). However, stakeholder identification and engagement in
problem structuring interventions is an under-researched
issue, [17].

Hence, the selection and framing of challenges, and the
role of and interaction with external stakeholders, are crucial
and complex issues in CDE with opportunities and needs for
further research and development. Reference [5] also indicate
that this is an issue that has been given limited attention in the
literature. Another issue where the teachers could share many
experiences concerned the outcomes of CDE. In more
traditional project-based learning, there are both examples
where the major focus is on the project outcome and other
examples where the teachers merely consider the project as an
instrument for the students’ learning. The teachers in this
study expressed strong concerns for the students learning as
well as for the potential societal impact of the projects, hence
considering the project outcomes and the learning outcomes
as equally important. In addition, yet a third potential outcome
from CDE emerged in the dialogue between the teachers,
which concerned other gains and changes, for example
enhancement of the students’ self-confidence and their sense
of agency and being in and contributing to the world. How the
individual “comes into existence” as a unique human being has
been conceptualised with the term “subjectification”, which in
[18] & [19] is described as one of three purposes of education,
besides qualification and socialisation. Contrary to
socialisation and qualification, subjectification is not about
integration into pre-existing orders but about being, acting,
and growing in ways that are unique as all individuals have
different experiences and identities. Subjectification is seen to
be systematically undermined in contemporary higher
education that has been increasingly standardised and
monitored as an instrument for training of pre-defined
competencies, [20] & [21].

The teachers expressed criticism against the prevailing
dominating focus on and valuing of reductionistic approaches
to problem-solving in contemporary engineering education.
The teachers’ experiences and struggles with the engineering
and computing culture is confirmed by decades of research
that problematise the orientation towards reductionism and
solving technical or mathematic problems in those fields (e.g.
[22], [23], [24]). However, the teacher with social science
background also expressed great appreciation for engineering
students’ pragmatic abilities and attitudes in contrast to
students within social science or humanities who commonly
tend to over-problematize the challenges they are facing. The
teachers described the learning approaches they were working
with as opportunities for counteracting stereotypes and

disciplinary decadence, [25], complementing the prevailing
approaches in higher education, and empowering the students
both as professionals and humans. As described, three of the
four courses included in this study are rooted in engineering,
and most implementations of CDE found in the literature are
also in the context of STEM, [5]. To further broadening the
disciplinary scope, opening up for social science and
humanities perspectives in engineering education and vice
versa, and creating conditions for students to meet and
collaborate across disciplinary, cultural and other borders, as
the teachers in this study are striving for, are areas with great
potential for further development and research.

Regarding the course design, the teachers had common
ideas and experiences of that these learning approaches are
quite different from more traditional project-based learning.
Discussions revolved around the intricate balance in
establishing a scaffolding that on the one hand provide the
students with appropriate structure and guidance and on the
other hand embrace uncertainty and complexity and promote
project-open-endedness and students’ self-directedness. As
observed in [7] in the context of design-based learning, the
present study has highlighted a number of ontological as well
as epistemological tensions inherent in CDE. One example is
this tension between structure and freedom in the students
learning and the potential differences in expectations on the
learning and project outcomes, and even the purpose of
education at large, between students, teachers, and other
stakeholders. Another example is the level of complexity and
wickedness of the addressed challenges in relation to the
students’ abilities and motivations. Such tensions are critical
to handle, but they can also provide interesting opportunities
for learning and research.

Despite the vivid conversations there were several topics
that the participating researchers were prepared to discuss but
that were not or hardly brought up by the teachers. There are
obvious practical reasons for this, considering the multi-
dimensionality of CDE and that the workshop was limited to
three hours. However, it could also indicate areas with
potential or need for further learning, research, and
development.

Sustainability (sustainable development, sustainability
transformations, etc) was immanent in the teachers’
discussions on the role of CDE and what characterizes a good
challenge but was given limited explicit treatment in the
workshop. Related areas for further research and development
could for example be: the perceptions of and attitudes towards
sustainability among students, teachers, and external
stakeholders; how sustainability is considered in the choice
and framing of challenges, in the students learning and project
outcomes; the underlying ontologies that are influencing the
choice of challenges and decisions made in the projects; and
the sustainability agency of students post-graduation; (e.g.
[26], [27]).

Young people are increasingly concerned and anxious
about sustainability. Education can be a place that allows for
action and “critical hope”, [28]. The unique potential of
education in caring for the future lies in bringing together
diverse actors, imagining and inventing futures, allowing for
the possibility of the impossible not yet imagined, [29]. Such
theories of education have already inspired interventions in
and research on CDE, [30]. Ways of utilising diversity and
allowing for diverse competence development have been
explored, [31]. With this work, we have created conditions to



learnt about and experiment with such ideas in different
courses, contexts, and actors in CDE.

The opportunities with CDE in developing students’
competences, i.e. advanced interplays between knowledge,
skills, attitudes, and values, was something that was touched
upon but not discussed in depth between the teachers.
Communication skills, working in teams, and abilities to deal
with complexity and uncertainties while taking into account
many different stakeholders, were discussed. However, key
competencies for sustainability, such as holistic systems
thinking competencies and normative critical thinking
competences, were not explicitly mentioned in the workshop.
Such key competencies are currently gaining large attention
within the sustainability education discourse (e.g. [32], [33],
[34], [35]). As emphasised by [36], the learning of such
competences requires conscious efforts to working with each
competency’s set of concepts, methods, and skills, not only by
students but also by teachers. However, in addition to
acquiring knowledge and training skills, students and teachers
must also be enabled and empowered to question prevailing
norms and practices as well as their own ways of seeing and
thinking about and acting in the world through transformative
learning (e.g. [33], [34], [37], [38]). As indicated by [39],
transformative learning is however rare in engineering
education. To explore and unleash the transformative learning
potential in CDE is another interesting area for research and
development.

There are urgent calls for transformative systemic change
and rapid far-reaching and unprecedented changes in all
aspects of society to limit global warming and manage other
global as well as local systemic dysfunctions (e.g. [40], [41],
[42]). The growing interest in CDE, CBL, and similar learning
approaches, can be seen as part of a growing concern for
transformations both in and through education. Despite the
differences between and lack of definitional clarity in the
learning approaches they are working with, the teachers
involved in this study could easily share and jointly elaborate
on various key concerns. They all expressed concerns for and
gave examples of opposing and going beyond disciplinary
boundaries. They encourage and enable their students to
explore alternatives to the prevailing reductionistic
approaches to problem solving and make space for and allow
project outcomes as well as learning outcomes that are not
stipulated or even imagined beforehand. Based on the insights
from this study we would like to stimulate further dialogue,
collaboration, and research, by introducing yet another term
that we think more clearly captures the potential in these kinds
of learning approaches: transformation-driving education, i.e.
learning approaches that are driving sustainability
transformations in and through education.

V. CONCLUDING REMARKS

In this study an action research approach has been used for
bringing together five teachers and two researchers to share,
discuss, and analyse experiences from and key concerns in
challenge-driven education and similar learning approaches.
Despite significant differences in educational contexts,
backgrounds, and other preconditions, the teachers could
easily connect with one another’s experiences, concerns, and
ideas. Through thematic analysis four interlinked key
concerns could be identified. The findings have been
discussed with related research in domains such as
sustainability education, transformative learning, and futures

studies, and opportunities for further research and

development have been identified.

The study shows great opportunities for mutual learning
and collaboration between teachers despite differences
between and lack of definitional clarity in the learning
approaches they are working with. In following cycles of
action research, the involved teachers and researchers could
jointly develop interventions related to some of the identified
research opportunities, implement those interventions in the
different courses, and jointly observe, reflected upon, and
compare the outcomes.

In this study, we brought together a handful of teachers
who are experimenting with different ways of breaking and
going beyond the traditional boundaries of higher education.
Processes can be created for involving more teachers from
other courses, and also students and external stakeholders, for
mutual learning and collaboration around ftransformation-
driving education.
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