
IN DEGREE PROJECT TECHNOLOGY AND LEARNING,
SECOND CYCLE, 30 CREDITS

,  STOCKHOLM SWEDEN 2019

Future perspectives on 
Challenge Driven Education
Challenging how we perceive and engage 
external stakeholders in Tanzania and Sweden 

A Minor Field Study by

JOHAN HEDVALL

HELENA LINDBERG

KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF INDUSTRIAL ENGINEERING AND MANAGEMENT





Future perspectives on
Challenge Driven Education

JOHAN HEDVALL & HELENA LINDBERG

Master of Science in Engineering and Education
Date: August 28, 2019
Supervisor: Lena Gumalius & Anders Rosén
Examiner: Susanne Engström
School of Industrial Engineering and Management
Swedish title: Framtida perspektiv på Challenge Driven Education





iii

Abstract
The engineering education has changed and evolved over decades in harmony
with societies challenges. Today, sustainable development is of great impor-
tance and one way of equipping future engineers with the competencies to
tackle these challenges is through Challenge Driven Education (CDE). CDE
is a relatively new educational concept which brings together universities and
external stakeholders to jointly foster the engineers of tomorrow. The research
focuses on the challenge owner’s perspective, which is a sub-category of ex-
ternal stakeholder. The challenge owner could be a company or organisation
providing the students with challenges and also takes an active role in the stu-
dents path to solve them. Through qualitative interviews in Sweden and Tan-
zania this study investigates some aspects of the CDE concept and develops a
product in the form of a guide.

First, it was investigated which competencies for sustainability that could
be considered important in future engineers, according to interviewees. It was
also investigated which competencies were developed during CDE projects.
Results show that UNESCO’s key competencies correlates well with intervie-
wees views, justifying the legitimacy of the framework. However, some skills
and attributes mentioned in interviews lie outside of UNESCO’s framework
but where still considered important. This implies the need to supplement or
evolve the framework in order to be a more comprehensive tool for improving
CDE and the engineering education.

Secondly, several differences on how CDE is portrayed and executed where
found in the interviews. From the Tanzanian context a somewhat limited view
of the challenge owner was identified and findings show possibilities of broad-
ening the perspective of the challenge owner role. Also, findings shows a need
to emphasise the importance of sustainable development and societal contri-
butions in the future development of CDE.

Lastly, in order to facilitate communication with potential challenge own-
ers in future CDE collaborations in Tanzania, the need for a guide was identi-
fied. Using an iterative design method, a guide based on interviewees feedback
and the findings from this study was created. The main purpose is to present
a widened view of CDE and to inspire potential challenge owners to join.

Keywords: Minor Field Study (MFS), Challenge Driven Education (CDE),
Challenge Based Learning (CBL), Education for Sustainable Development,
UNESCO’s key competencies for sustainability, industry collaboration, soci-
etal contribution, Tanzania
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Sammanfattning
Ingenjörsutbildningen har, i linje med samhälleliga förändringar, ändrats och
utvecklats i årtionden. Idag är arbetet mot hållbar utveckling av hög prioritet
och ett sätt att utrusta framtidens ingenjörer med kompetenser för att ta sig
an dessa utmaningar är genom Challenge Driven Education (CDE). CDE är
ett relativt nytt utbildningskoncept som för samman universitet och externa
intressenter för att gemensamt fostra morgondagens ingenjörer. Studien utgår
från de så kallade challenge owners perspektiv, vilket är en underkatergori till
de externa intressenterna. Challenge owners kan vara företag eller organisa-
tioner som förser studenterna med utmaningar och som även tar en aktiv roll i
studenternas arbete med att lösa dessa. Genom kvalitativa intervjuer i Sverige
och i Tanzania undersöker denna studie några aspekter av CDE-konceptet och
utvecklar en produkt i form av en guide:

Först undersöktes vilka nyckelkompetenser för hållbar utveckling var rele-
vanta för framtida ingenjörer enligt intervjupersonerna. Det undersöktes även
vilka kompetenser som utvecklades under CDE-projekt. Resultaten visar att
UNESCO’s nyckelkompetenser korrelerar väl med de intervjuades syn på vad
som behövs, något som ger legitimitet till ramverket. Dock visar resultaten
att några färdigheter och egenskaper som ansågs viktiga ligger utanför UNE-
SCO’s ramverk. Det antyder att det finns ett behov att komplettera eller ut-
veckla ramverket för att göra det till ett mer heltäckande verktyg i syfte att
förbättra CDE och ingenjörsutbildningen i stort.

I intervjuerna identifierades sedan flera variationer i hur CDE beskrivs och
tillämpas. Från den tanzanska kontexten identifierades en något begränsad syn
på vad en challenge owner är och resultaten visar på möjligheten att bredda sy-
nen på challenge owner-rollen. Resultaten visar också på vikten av att betona
hållbar utveckling i CDE-projekt samt att CDE kan bidra till samhällsutveck-
lingen. Något som ansågs viktigt för att utveckla och ta CDE-konceptet vidare.

Slutligen identifierades ett behov att underlätta kommunikation med po-
tentiella challenge owners i framtida CDE-samarbeten i Tanzania. Genom att
använda en iterativ design metod skapades en guide. Guiden är baserad på
feedback från intervjudeltagarna samt resultat och slutsatser från denna stu-
die. Det övergripande syftet med guiden är att presentera en breddad bild av
CDE samt att inspirera potentiella challenge owners att engagera sig i CDE.

Nyckelord: MFS, Utmaningsdriven utbildning, Utbildning för hållbar utveck-
ling, UNESCOs nyckelkompetenser för hållbar utveckling, industrisamarbete,
samhällsbidrag, Tanzania
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Preface
This report is the outcome of a Master of Science in Engineering and Master
of Science in Secondary Education (M.Sc.) thesis at the Department of Learn-
ing in Engineering Sciences at KTH Royal Institute of Technology. The report
represents 30 hp (credits) which corresponds to 20 weeks full time work and
is an advanced level report.

The study has been carried out within the framework of the Minor Field Studies
Scholarship Programme (MFS) which is funded by the Swedish International
Development Cooperation Agency (SIDA). The minor field study was carried
out in Dar es Salaam, Tanzania during eight weeks.

This report was co-written by Johan Hedvall and Helena Lindberg. The au-
thors mainly worked together throughout the entire process while having a few
divided areas of responsibility:

Johan Hedvall: Chapter 2.1, 2.3, 2.5, 2.6, 2.9, 2.10, 4.1, 4.2, 5.1
Helena Lindberg: Chapter 1, 2.2, 2.4, 2.8, 5.2, 5.3, 5.4, 5.5

Chapter 3. Aim and research questions, Chapter 6. Result, Chapter 7. Discus-
sion, Chapter 9. Conclusions, Chapter 8. Designing a guide and Chapter 10.
Limitations and further research are all the result of collaborative discussions.
To describe any of the authors as more or less responsible for these would be
both misleading and irrelevant. Just like in the Challenge Driven Education
concept, collaboration and common discussions have been a key element in
this thesis work. Not only between the authors but also with the supervisors
and other people involved.

Johan Hedvall & Helena Lindberg
August, 2019
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Chapter 1

Introduction

To achieve sustainable development is one of the greatest challenges of our
time. To educate and foster the professionals of tomorrow, to understand the
consequences of our current life style and to always bear sustainability in mind
is of high priority. In the jointly agreed 2030 Agenda - The sustainability goals
presented by the United Nations (UN) in 2015, Education for Sustainable De-
velopment (ESD) was specifically addressed (United Nations, 2015). United
Nations Educational, Scientific and Cultural Organisation (UNESCO) have
also, using shared knowledge from several researchers in the filed of ESD, de-
veloped a framework called key competencies for sustainability. ”Key compe-
tencies represent cross-cutting competencies that are necessary for all learners
of all ages worldwide...” (UNESCO, 2017, p.10) and are specifically address-
ing the attributes, knowledge, capacities, skills, motives and affective dispo-
sitions an individual needs for action and self-organisation with special focus
on problems and challenges related to sustainable development. Wiek et al.
(2016) states that key competencies have reached an increasing amount of at-
tention in recent years and that the concept is more frequently considered when
developing curriculum in various educational levels.

The importance of sustainable development and the tools that have been
created along the development of education, such as key competencies, have
influenced the engineering education. Challenge Driven Education (CDE)
is an educational concept that stems from the evolution of ESD, UNESCO’s
key competencies, and pedagogical concepts such as Problem Based Learning
(PBL). It brings new collaborative elements into the engineering education by
stepping away from the traditional student-teacher learning situation. Instead,
external stakeholders are introduced as a third actor along side students and
teachers, providing new learning opportunities. Rosén, Vasell, et al. (2019)

1



2 CHAPTER 1. INTRODUCTION

describes the stakeholder from a CDE context as follows (expressed from a
university perspective):

Any individual or organization with:

• a direct interest in our activities, outputs or intended outcomes.

• knowledge, resources or skills that are crucial for our activities, outputs,
or intended outcomes.

• a position to support, enforce or limit our activities or intended out-
comes, and the uptake of our outputs.

(Rosén, Vasell, et al., 2019, p.11)

A sub-category of stakeholders are the challenge owners. The challenge owner
could be a company or organisation providing the student with challenges and
also takes an active role in the students path to tackle them. Due to the impor-
tance of the challenge owners in CDE, as well as absence of previous research
taking this perspective, this study has focused on the perspective of the chal-
lenge owner including their needs and motives for joining CDE.

An overall aim of the study is to increase the knowledge about CDE and
to contribute to the further development of the concept. By using a qualitative
approach, the study investigates which competencies for sustainability that are
considered especially important from the perspective of external stakeholders
and teachers. The study also highlights the challenges and possibilities with
CDE, using the perspective of teachers and challenge owners previously in-
volved in CDE projects.

Further, by using an iterative design method, the results and conclusions
from the study was used as the foundation for designing a guide for potential
external stakeholders. The aim with the guide is to guide teachers and chal-
lenge owners in order to learn from previous experiences and provide a basis
of incentive for future collaborations where the CDE concept can evolve.



Chapter 2

Background & previous research

2.1 Sustainable development goals
Today’s society faces a range of global challenges including economic, social
and environmental problems. A globally shared view of these major chal-
lenges were the base when the Sustainable Development Goals (SDG) were
established in the United Nations (UN) 2030 Agenda in 2015 (United Nations,
2015). There are 17 SDGs and 169 targets that represent the areas of critical
importance for the planet and humanity over a 15 year period (United Nations,
2015). In order to handle the present and future global challenges such as end-
ing poverty and counteracting climate change, it is of great importance that we
provide the engineers of tomorrow with the necessary competences. Educa-
tion for Sustainable Development (ESD) is specifically addressed in the SDG
target 4.7: “By 2030, ensure that all learners acquire the knowledge and skills
needed to promote sustainable development..”. (United Nations, 2015, p.17)

2.2 From Brundtland to competencies for
achieving sustainable development

Ecological factors have been of great concern through the history of mankind.
The industrialisation was no exception, leading to an enormous increase in
population accompanied with industrial pollution. Problems like hazards of
pollution, deforestation and land degradation was of great concern (Mebratu,
1998). Not until the late 1980s focus switched from environmental concerns
to a broader definition as a result of the Brundtland report. In 1987 the re-
port Our Common Future, more informally called the Brundtland report was

3
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published, defining sustainable development as “development that meets the
needs of the present without compromising the ability of future generations
to meet their own needs” (World Commission on Environment and Develop-
ment (WCED), 1987). The report stated that sustainable economic growth
is dependent on environmental and social sustainability, linking the three of
them together. It constituted a major political turning point for the concept of
sustainable development and the definition is still widely accepted worldwide.
(Mebratu, 1998)

Since the Brundtland report, several defining steps have been taken to-
wards the concept of ESD that is present today. In 1992, the United Nations
Conference on Environment and Development in Rio de Janeiro recognised
education as critical for the promotion of sustainable development, and that
humanity needs to educate in order to reach the capacity to address develop-
mental and environmental issues. (United Nations, 1992)

10 years later, at the World Summit on Sustainable Development in Johan-
nesburg, the UN decided to start the UN Decade of Education for Sustainable
Development (DESD) from 2005. Since then, the UN decided to further the
implementation of sustainability in education beyond DESD, launch a Global
Action Programme for ESD and include ESD into both the Muscat Agreement
and the SDGs (UNESCO, 2014 Roadmap Education for Sustainable Devel-
opment). Today the United Nations Educational, Scientific and Cultural Or-
ganisation (UNESCO) states that “ESD has been integrated into many global
frameworks and conventions related to key areas of sustainable development.“.
(UNESCO, 2014, p.11)

Several researchers, including Wiek et al. (2016) states that a large-scale
educational transformation is needed to address challenges relating to sustain-
able development. In this process it is important to equip the professionals
of tomorrow with the right competencies to be able to meet and tackle future
sustainability problems. In recent years, competencies for sustainable devel-
opment have received an increasing amount of attention and is today a grow-
ing factor in the development of curricula and courses at all educational levels
(Wiek et al., 2016). Multiple definitions of what a competence is can be found.
UNESCO has defined competencies as follows:

Competencies describe the specific attributes individuals need for
action and self-organization in various complex contexts and sit-
uations. They include cognitive, affective, volitional and motiva-
tional elements; hence they are an interplay of knowledge, capac-
ities and skills, motives and affective dispositions.
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(UNESCO, 2017, p.10)

2.3 Team-work and external challenges in higher
education

Sharma, Steward, Ong, and Miguez (2017) looked into the opportunities and
barriers that emerged when multidisciplinary engineering classes formed teams
to try and solve challenges in an Sustainable Engineering and International
Development course at Iowa State University. When interviewed, the par-
ticipating students expressed “...working in multidisciplinary teams to be ex-
tremely beneficial. It helped them improve communication and time manage-
ment skills” (Sharma et al., 2017, p.4036). The authors conclude that although
there is room for improvement in the concept, multidisciplinary engineering
courses involving multidisciplinary teams have a good potential to bring a sus-
tainability perspective into the students future practice. Conclusions from the
study even go as far as stating that the authors cannot see engineers being prop-
erly trained in sustainability in a context that is strictly disciplinary. (Sharma
et al., 2017)

The general concept of providing students in higher education with chal-
lenges provided by, or in collaboration with, non-academic collaborative part-
ners, can be found in a few different versions across Sweden’s Universities
and Colleges. Falk (2019) describes that the challenges all have in common
that they are real and complex, although the scope can range from local to
global. Both Stockholm School of Economics and Chalmers University have
implanted such challenges into their education under the labels ”Global chal-
lenges” and ”Challenge lab” respectively. In Stockholm, KTH, Karolinska
institutet, Stockholm Univesity and Södertörns högskola have a joint collabo-
ration with Stockholm municipality provide some challenge based courses via
OpenLab. According to Falk (2019), the ”Global challenges” can be traced to
a report by the Carnegie foundation and OpenLab’s seems to be inspired by
Stanfords designschool (d-school). (Falk, 2019)

One educational concept used at OpenLab is Challenge Driven Education.

2.4 Challenge Driven Education
Challenge Driven Education (CDE) is a relatively new concept, still in evolu-
tion. CDE can be seen as an extension or evolution of PBL to connect external
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stakeholders with university students aiming to gain experience by introduc-
ing actual societal challenges in their full complexities. To implement diversity
within student groups and to form multidisciplinary teams have been an im-
portant factors since the beginning of CDE and the more or less synonymously
denoted Challenge based learning (CBL), see for example the early contribu-
tion from Apple; Nichols and Cator (2008). The challenges are open ended
and requires knowledge and skills in multiple areas, and therefore provides an
opportunity for students to acquire key competencies for sustainability. CDE
projects focuses on all aspects of sustainability aiming for environmental, eco-
nomic and socially sustainable solutions. The CDE context is international,
preferably with a high cultural diversity. (Rosén et al., 2018)

CDE involves external stakeholders in the form of industry, governmental
organisations and non governmental organisations (NGOs) to create collabora-
tive relations with students, providing them with real world challenges to solve
(Rosén et al., 2018). Everyone connected to the project can be considered
a stakeholder, but one specific sub-category of stakeholder is the challenge
owner. The definition of CDE is not fully agreed upon in literature, but for this
study one interpretation was chosen as a reference and can be found below. It
is a summary of interpretations by Högfeldt, Gumaelius, Lantz, and Lujara
(2018), Malmqvist, Kohn Rådberg, and Lundqvist (2015) and Norell Bergen-
dahl, Rosén, Vasell, and Wyss (2018), which is used at KTH. From this point
on these characteristics will be referred to as the KTH interpretation of CDE.

Challenge driven education is characterised as:

• Being a learning activity where learning takes places through the iden-
tification, analysis and design of a solution-oriented proposal to a so-
ciotechnical problem.

• Handling a challenge which is typically multi- and trans-disciplinary
and involves ”Challenge owners”-actors that have an active interest in
the solution to the challenge- as well as various stakeholders such as
citizens and end users.

• Being an activity that develops a propositional of solution to the chal-
lenge which aims at being environmentally, socially and economically
sustainable.

• The learning activity is most likely designed in a way that students take
on the project:
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– by working collaboratory in teams,

– by analysing the challenge in dialogue with the Challenge owners,
being assessed formative and summative by student peers, teachers
and stakeholders throughout the project, and

– by training competencies needed for being able to act towards a
sustainable society

Malmqvist et al. (2015) are highlighting some unique characteristics of
CDE compared to PBL, for example training of self awareness and self-leadership
combined with teamwork that requires problem solving, societal concerns as
well as an entrepreneur mindset and working method. In addition to devel-
oping important skills and competencies Malmqvist et al. (2015) states that
CDE projects provides students with a meaning with their education. When
interviewed, students participating in CDE projects at the University of Dar
es Salaam (UDSM) expressed a greater room for creativity when teachers no
longer acted as “feeders of material”, and that the nature of the project became
more driven by student ideas (Rosén et al., 2018).

Högfeldt et al. (2018) evaluated the same CDE course as Rosén et al.
(2018) at UDSM after 1,5 years, involving Master and PhD students. Through
questionnaires, interviews and action research, the authors presented the per-
spectives of the students, teachers as well as the external stakeholders. Find-
ings are plenty, but one in particular is what the different parts gain from par-
ticipating in a CDE project. Students report a better understanding of the po-
tential of their fellow peers and surroundings, teachers see the potential of
their students as well as themselves in a supportive rather than teaching role.
And finally, stakeholders report being surprised by the potential that lies in the
collaboration. Furthermore, the authors state an important motivating factor
for challenge owners was that students, in comparison to their own staff, had
more time for research and development on some of their critical challenges.
The overall collaboration from the stakeholders perspective proved to be re-
warding and comments like “triggered us to study our systems thoroughly”
and “we got new ideas and we were challenged too” where made (Högfeldt et
al., 2018). Based on the same findings as Högfeldt et al. (2018), Rosén et al.
(2018) conclude that CDE was highly appreciated by all parts, in other words
stakeholders, teachers and students (Rosén et al., 2018).
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2.5 KTH
The KTH Royal Institute of Technology in Stockholm is Sweden’s largest in-
stitution for research in technology. Since its founding in 1827, KTH has be-
come one of Europe’s leading technical universities. (KTH, 2018a) In 2016
the total number of full time students were 13 063 (KTH, 2018b). The de-
partment of learning in engineering sciences are working with didactics at all
levels of educations and is responsible for the research on CDE at KTH. It is
also the department associated with this study. The university works actively
to implement CDE courses and projects to be available for all students. The
KTH development plan 2018-2023 states that ”Elements of challenge-driven
education must increase in all study programmes.” (KTH, 2018c, p.10)

2.6 UDSM
The University of Dar es Salaam (UDSM) started in 1961 as a college of the
University of London. The first faculty was within law. The University has
expanded during the years and have established numerous faculties, institutes
and colleges. In the academic year 2016/2017 the total number of students ad-
mitted to UDSM was 12 268 (University of Dar es Salaam, 2017). The College
of Information and Communication Technologies (CoICT) was established in
2011. Presently, 1200 students are attending the CoICT and it is employed by
116 staff members. (CoICT, n.d.)

Tanzania and Sweden have a far-reaching collaboration within research
through funding from the Swedish International Development Cooperation
Agency (SIDA). USDM and KTH have collaborated for many years, and since
2016 CDE has been one of the joint areas of research. UDSM has since the
beginning practiced a traditional lecture based form of education, which made
the implementation of CDE in parts of the engineering education an opportu-
nity for both parts to study its effects. (Högfeldt et al., 2018)

2.7 Global Development Hub
The Global Development Hub (GDH) is an organised education and inno-
vation platform established by KTH, where collaborative models are created
to face local challenges. The initiative aims to inspire and enhance capaci-
ties of all partners and create a mutual innovation capacity in order to face
today’s social challenges and promote an interdisciplinary arena for research



CHAPTER 2. BACKGROUND & PREVIOUS RESEARCH 9

and stakeholders. GDH involves training programs to favor entrepreneurship,
innovation and creativity for both teachers and students as well as implement-
ing CDE in practice. (KTH, 2018d)

Partner universities in GDH are University of Dar es Salaam, Strathmore
University in Nairobi, Addis Ababa Institute of Technology, University of
Rwanda and Botho University. The activities and collaboration within GDH
are ongoing and dynamic, where new partnerships may be established in the
future. (KTH, 2017)

This study was made possible thanks to the partnership created between
KTH and UDSM and their joint efforts to further research CDE. In addition
to continue developing the CDE concept the study also aims to encourage an
exchange of experiences and create incentives for future collaboration within
the GDH.

2.8 Development of engineering education
Engineering education had a practical orientation up until the 1950’s when a
modernisation led to a shift towards a more scientific base (Rosén et al., 2018).
By the 1980’s the dissociation from the practice of engineering was discussed
more frequently, not least by the industry in the United States (Crawley, Lucas,
Malmqvist, & Brodeur, 2011). The need to close the gap between engineering
education and practice was taken into account in several initiatives in the late
1990’s and early 2000’s. These initiatives include the Bologna process in the
EU and the reform of the accreditation system of the Accreditation Board for
Engineering and Technology (ABET) in the United States (Rosén et al., 2018).
Further development and expansion of the ABET reform resulted in the CDIO
Syllabus, the cornerstone of the CDIO initiative (Crawley et al., 2011).

Parallel with the increased practical focus in engineering education a shift
from a lecturer and teacher oriented environment to a more student centered
and participant directed learning took place. Rethinking the teacher role as
well as an emphasis on learning by doing and focus on hands-on problem solv-
ing was some of the incentives that lead the way to the development of PBL -
Problem Based Learning (Kolmos, Du, Egelund Holgaard, & Jensen, 2008).
PBL attracted attention in the late 1990’s and early 2000’s and is still a fre-
quently used method in elementary school as well as in higher education. Both
the education of engineers as well as the competencies needed from engineers
have shifted from the early 2000’s and new challenges like sustainable devel-
opment have emerged (Rosén et al., 2018). As the SDGs were formulated in
2015 education is defined as one of the main 17 goals with multiple sub targets
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aimed at achieving sustainable development (United Nations, 2015).
The concept of CDE is a result of both the need to close the gap between

engineering education and practice as well as the change of focus from how
to teach towards how to learn. CDE also clearly addresses sustainable de-
velopment, aiming to develop key competences for sustainability among the
participating students. CDE can therefore be described as a development of
PBL but that also addresses challenges regarding sustainable development as
well as societal challenges (Rosén et al., 2018).

Cooperation between academia and industry is strong in Sweden and other
developed countries compared to low-income countries (Chen, Li, & Batchu-
luun, 2012). In Tanzania, education including engineering education is prac-
tised primarily using traditional approaches (Ibwe, Kalinga, & Mvungi, 2018).
Ibwe et al. (2018) states that “...in developing countries the industry consider
academia as a place for academic and not a partner for addressing societal
challenges.” (Ibwe et al., 2018, p.5). The reason is a lack of trust from soci-
ety as well as industry in that universities can deliver technical and scientific
solutions addressing the challenges they are facing (Ibwe et al., 2018). How-
ever, new approaches in teaching are currently being implemented in Tanzania
including the concepts of PBL and CDE. Cooperation between academia and
industry using CDE have been realised with positive results and researchers
see potentials in the concept. See for example Högfeldt et al. (2018).

2.9 Stakeholders role in university education
Stakeholders, for example from the industry, can be involved in university ed-
ucation in numerous ways such as internships, guest lectures, summer school
and common projects. In the conclusions of their case study at a large research-
intense Swedish university, Pantoz, Gumaelius, Buckley, and Pears (2019)
highlights the benefits of student-industry activities like internships and sum-
mer schools. In line with previous research they state that students develop
more practical-oriented knowledge like interpersonal skills and communica-
tion and that students are given the opportunity to see what a potential work
situation could look like (Pantoz et al., 2019). However, they also emphasise a
lack of collaboration between the three actors; university, students and indus-
try. The study also indicated that industry - student interaction does not always
relate to the education and the courses the students are participating in making
the collaboration irrelevant to students. Pantoz et al. (2019) proposes more in-
teraction between students and the companies R&D departments, something
that seems to affect the motivation of the students in a positive way.
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At Northumbria University the method of student work placement were
evaluated by Davidson, Glaves, Kotter, and Wilkinson (2016). The study fo-
cuses on the Geography Environment program student work placements from
the perspective of learning as well as building partnerships between universi-
ties and sustainable development stakeholders. The authors conclude that “...
this mode of engagement with our partners effectively fosters understanding
of sustainability and workplace environments through a reflective process of
student learning and assessment of the nature of environmental, social and
economic challenges in promoting more sustainable practices in cities and so-
cieties.” (Davidson et al., 2016, p.94). Although several improvements to the
concept are noted, the overall experience on all parts are positive and students
report realising the importance of their work placements later in their educa-
tion or even as late as alumni’s. Also, the authors state that host organisations
and communities benefit from the capacity building of sustainable develop-
ment in a local, national and international context. (Davidson et al., 2016)

Hanning, Abelsson, Lundqvist, and Svanström (2012) evaluated how en-
gineering universities educate for sustainable development as well as industry
demands regarding sustainable development competencies. They conducted
a case study comprising 70 courses on environment and sustainable develop-
ment at the Swedish technical university Chalmers. Hanning et al. (2012) used
several methods including course document analysis, questionnaires to student
and alumni as well as interviews and focus group interviews with Swedish
companies and organisations. The interviews and focus group discussions
covered companies work with sustainable development, interviewees’ view
on sustainable development education and competencies as well as their view
on the future development. Results shows that companies ask for engineers
with a higher general competence regarding sustainability than what is cur-
rently provided. Companies requires both a higher level and a broader range
of competencies and important areas are not only environmental, which was
found to be a main focus on Chalmers, but also areas like sustainable business
development, societal aspects and communication. The report also states a po-
tential lack of integration of sustainable development into courses at Chalmers.
A general conclusion is that Education for Sustainable Development (ESD)
should be provided to all engineering students to be able to meet industry’s
needs.

To focus on the perspective of the external stakeholders is important con-
sidering that key competencies must be adapted to and operationalised to spe-
cific professional activities. Wiek et al. (2016) argues that different profes-
sional settings requires emphasis on different key competencies. Further, re-
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search on the adaption of key competencies for sustainability for professional
profiles could help compare features of the operationalisation in professional
versus educational settings (Wiek et al., 2016).

In Tanzania, university - stakeholder collaborations appears to face chal-
lenges at an initial stage in the process. According to Ibwe, Kalinga, Mvungi,
Kelati, and Dhaou (2017), there is a lack of trust towards the academia from
the industry. Academia’s solutions to the stakeholders challenges are thought
to be overly theoretical, creating a stigma. Seemingly, the end product pro-
duced by students is perceived as difficult to realise by potential stakeholders
and therefore the first stage for CDE or CBL in Tanzania is to build a trust-
profile between stakeholder and academia (Ibwe et al., 2017). The challenge
of building this trust is in the hand of academia since, according to Ibwe et al.
(2018), the industry cannot be expected to approach the academic institutions.
The industries level of confidence towards academia must be gradually built in
a tactical manner. Ibwe et al. (2018) describes how CBL became a successful
method of generating this trust while at the same time having other positive im-
pacts. Not only was there a strengthening effect on the relationship between
academia and the stakeholder, but the stakeholders also had an accelerating
effect on students creativity and knowledge during the process. Students also
appear to see a greater value in multidisciplinary teamwork when working
with real-life challenges. These results, among others, lead Ibwe et al. (2018)
to conclude that implementation of CBL was successful from the stakehold-
ers, students and academia’s point of view, and that such corporations can be
very befitting and productive for all stakeholders.

Högfeldt et al. (2018) and Rosén et al. (2018) both evaluates the same
stakeholder collaboration as Ibwe et al. (2017) & Ibwe et al. (2018), and results
point to them finding the collaboration to be fruitful and rewarding as well.
External stakeholders hold a key role in the CDE concept and it is important
to provide potential future external stakeholders with arguments as to what can
be gained from taking part.

2.10 Guides on CDE and similar concepts
Concepts such as CDE and CBL could at first glance seem complicated. For-
tunately, there are comprehensive guides available for each. One attempt to
conceptualise CDE can be found in Guide to challenge driven education - ECE
Teaching and Learning in Higher Education no 1 by Magnell and Högfeldt
(2015). Numerous examples of previous projects are provided with different
setting and outcomes. At roughly the same time, Nichols, Cator, and Torres
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(2016) published their Challenge Based Learning Guide. The concepts are
rather similar, however a few differences can be noted. Research regarding
CDE as well as the guide corresponding to it originated from KTH. Being a
major technical university, KTH mainly focuses on higher education. CBL on
the other hand is a framework initiated by Apple Inc, who seemingly played
an important role in the evolution of CBL and many of the previous projects
(Nichols et al., 2016). Examples ranges from Primary to University level.

However, there seems to be a lack of comprehensive material aimed at po-
tential stakeholders. None of the above mentioned guides nor any other ma-
terial could be found within the literature review of this study that are specif-
ically made to attract new stakeholders. Speaking from the CDE perspective,
“The aim is to inspire teachers, students and ‘challenge owners’ to jointly de-
velop solutions to technical, societal and sometimes very complex problems,
in a way that incorporates demands on higher education quality.” (Magnell
& Högfeldt, 2015, p.88). The importance of inspiring challenge owners is
of apparently great importance, yet no information specifically for potential
stakeholders could be found. This fact is the basis on which the idea of a
comprehensive stakeholder guide emerged.
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Aim and research questions

This study aims to contribute to the field of research regarding CDE by in-
creasing our knowledge in how the concept can be improved with focus on the
following topics; looking at ways to improve the CDE concept and clarifing
the need of future competence in engineers to work towards sustainability. By
providing an insight into these topics the aim is to contribute to the under-
standing of CDE both in the sense of general improvements and especially the
stakeholders point of view. Since challenge owners play an important role in
CDE, more knowledge about how potential challenge owners interest can be
caught is important.

In order to fulfill the above mentioned aim, the study addresses the follow-
ing questions:

• Which competencies for sustainability do potential challenge owners
and teachers see a need for in future engineers?

• What challenges and possibilities emerges from teachers, previous chal-
lenge owners and potential challenge owners perception of CDE?

Further, a need to inspire potential challenge owners to join CDE has been
identified. Therefore, based on the data gathered in this study as well as pre-
vious research, a guide was developed. The purpose of the guide is to provide
potential challenge owners with incentives to take part in a CDE collaboration.

14
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Theoretical framework

4.1 Defining key competencies for
sustainable development

Different pedagogical approaches provide different opportunities for students
to gain competencies. Lozano, Merrill, Sammalisto, Ceulemans, and Lozano
(2017) tries to link twelve competencies for sustainable development with dif-
ferent pedagogical approaches, such as lecturing, interdisciplinary team work
and case studies. The authors conclude that Problem Based Learning (PBL),
if appropriately planned, have the potential to cover all twelve competencies.
(Lozano et al., 2017)

Rieckmann (2012) emphasises the adaption of the key competencies. But
in this case the focus is on regional and cultural particularities. Rieckmann
(2012) shows that competencies were considered to be of different importance
in different parts of the world (in this case Europe and Latin-America). This
study relates to his discussion, in other worlds how key competencies have
different relevance and meaning in various context including a North-South
perspective as well as an external stakeholder-academia perspective.

In a later report, Rieckmann (2018) lists some of the attempts that have
been made to categorise key competencies for sustainability. Some examples
of these are:

• OECD’s key competencies by Rychen in 2013

• Gestaltungskompetenz (shaping competencies) by de Haan in 2010

• Key competencies for sustainable development from a Delphi study
by ESD experts from Chile, Ecuador, Germany, Mexico and the United

15
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Kingdom

• Sustainability competencies by Wals in 2015

• Key competencies in sustainability by Wiek et al in 2016

• Sustainability core competencies by Glasser and Hirsh in 2016

(Rieckmann, 2018, p.42)

The above mentioned researchers, among others, have tried to categorise what
competencies future generations will need to enable sustainable development.
Despite them having their individual reasoning and methods for categorising
key competencies, they pose many similarities. Some of these researchers have
inspired UNESCO to define their framework as below (UNESCO, 2017). Sev-
eral of the mentioned researchers agree that key competencies for sustainable
development need to further be implemented in our curriculums on several
levels.

4.2 UNESCO’s key competencies for sustain-
ability

UNESCO provides their definition of key competencies for sustainability as
follows:

Key competencies represent cross-cutting competencies that are
necessary for all learners of all ages worldwide (developed at
different age-appropriate levels). Key competencies can be un-
derstood as transversal, multifunctional and context-independent.
They do not replace specific competencies necessary for success-
ful action in certain situations and contexts, but they encompass
these and are more broadly focused.

(UNESCO, 2017, p.10)

UNESCO disclosed eight key competencies for sustainability. These com-
petencies were chosen to be the defining framework of competencies for this
study, and are described in Table 4.1.
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Table 4.1: UNESCO’s key competencies for sustainability. (UNESCO, 2017,
p.10)

Competence Description

Systems thinking competency

The abilities to recognize and understand relationships; to
analyse complex systems; to think of how systems are em-
bedded within different domains and different scales; and
to deal with uncertainty

Anticipatory competency

The abilities to understand and evaluate multiple futures –
possible, probable and desirable; to create one’s own vi-
sions for the future; to apply the precautionary principle; to
assess the consequences of actions; and to deal with risks
and changes.

Normative competency

The abilities to understand and reflect on the norms and
values that underlie one’s actions; and to negotiate sustain-
ability values, principles, goals, and targets, in a context
of conflicts of interests and trade-offs, uncertain knowledge
and contradictions.

Strategic competency
The abilities to collectively develop and implement innova-
tive actions that further sustainability at the local level and
further afield.

Collaboration competency

The abilities to learn from others; to understand and respect
the needs, perspectives and actions of others (empathy); to
understand, relate to and be sensitive to others (empathic
leadership); to deal with conflicts in a group; and to facili-
tate collaborative and participatory problem solving.

Critical thinking competency
The ability to question norms, practices and opinions; to
reflect on one’s own values, perceptions and actions; and to
take a position in the sustainability discourse.

Self-awareness competency

The ability to reflect on one’s own role in the local commu-
nity and (global) society; to continually evaluate and further
motivate one’s actions; and to deal with one’s feelings and
desires.

Integrated problem-solving
competency

The overarching ability to apply different problem-solving
frameworks to complex sustainability problems and de-
velop viable, inclusive and equitable solution options that
promote sustainable development, integrating the above-
mentioned competences.



Chapter 5

Method and Material

5.1 Participants
A total of 11 interviewees participated. The role of an interviewee is, in this
study, defined from a CDE perspective. Present in the study are the roles
of potential/previous challenge owners, teachers with experience from CDE
courses and previous CDE participating students. In three cases, interviewees
had experience from both teacher and student perspective. They where PhD
students and had both taught and participated in CDE courses. Further in-
formation about the interviewees are found in the form of their current pro-
fession, workplace and academic background, providing a brief overview of
their experiences. Professions range from hospital advisor to ICT professors.
A complete list of interviewee information are presented in Table 5.1.

5.2 Method of data collection
To gain a deeper understanding of the role of the challenge owners as well as
teachers and students within CDE projects, a qualitative approach was used.
Hence why the interviews were conducted in a semi-structured manner. The
semi-structured interview follows an interview guide but provides more lee-
way for the interviewee’s replies than a structured interview (Bryman, 2012).
This to allow room for interpretation of the interviewee’s answers while at
the same time evaluating and improving the interview guide. The interview
guide consisted of questions as well as sub questions divided into thematic
categories. The questions were mainly open-ended.

The interviews lasted between 30 and 65 minutes. The interview guide
where continuously developed by removing questions generating overlapping

18
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Table 5.1: Participating interviewees

Role Code Profession Workplace Background

Sw
ed

en

Potential chal-
lenge owner C1

Environmental
sustainability
specialist

Government
connected
company

Chemical
Engineer

Potential chal-
lenge owner C2 Human rights

specialist

Government
connected
company

Human rights

Potential chal-
lenge owner C3 Department

manager
Real-estate
company Civil Engineer

Potential chal-
lenge owner C4 Human resources

manager
Real-estate
company

Business
Administration

Previous chal-
lenge owner C5

Head educational
advisor & respon-
sible for first aid
training

Hospital Nurse

Ta
nz

an
ia

Teacher T1 Professor University ICT
Teacher & Stu-
dent T2 PhD student University ICT

Teacher & Stu-
dent T3 PhD student University ICT

Teacher & Stu-
dent T4 PhD student University ICT

Teacher T5 Professor University ICT

Teacher T6 Teacher &
Post.doc University ICT
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or irrelevant answers in relation to the research questions. The interviews con-
ducted in Sweden were held in Swedish and the interviews conducted in Tan-
zania were held in English. All interviews were consensually recorded and all
relevant parts were transcribed completely, that is to say word by word.

5.2.1 Interview questions
An interview guide was created in order to address the research questions for
this study. All interviewees were provided with UNESCO’s definition of a
competency, as seen in section 2.2 and also shown the SDGs which all inter-
viewees confirmed to have seen before. Interviewees where not told about the
individual key competencies, but instead an analytical approach was chosen to
map the interviewees answers to corresponding key competencies. The guide
was divided into main topics where one main question was asked and several
sub-questions where listed, but not necessarily asked, in order to gather data in
a fulfilling manner. Some questions where unique to interviewees with CDE
experience and some questions where unique to potential challenge owners.
Following are the main topics:

Common questions:

• Let’s start by having you introduce yourself and describe what you do
here.

• What would you say is the most important competence future engineer-
ing students need to acquire?

• What competencies do you think is important to work towards the SDGs?

Specific to those with CDE experience:

• What is your experience and impression of CDE-projects?

• What competencies do you think engineering students evolved during
the project(s)?

• Would you be interested in further collaboration in CDE-projects? Why?
Why not?
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5.3 Method of analysis
An overall inductive approach to the research questions have been taken. A
thematic analysis have been conducted for the transcribed data. In general the
themes identified do not have a strong connection to the interview questions
nor the researcher’s theoretical interest, hence the approach is data-driven and
can therefore be classified as inductive (Braun & Clarke, 2006). However, the
eight UNESCO key competencies were initially used as themes. UNESCO’s
key competencies are of theoretical interest to the researchers and this part of
the coding process can be said to be more analyst driven. Hence, this part of
the coding process can be classified as theoretical (Braun & Clarke, 2006).
Braun and Clarke (2006) are summarising the differences between an induc-
tive and theoretical approach as follows: “You can either code for a quite spe-
cific research question (which maps onto the more theoretical approach) or
the specific research question can evolve through the coding process (which
maps onto the inductive approach)” (Braun & Clarke, 2006, p.84). Thus, in
the analysis process, both approaches have been applied but with an empha-
sis on the inductive one. Something important to note according to Braun
and Clarke (2006), and something which has also been taken into considera-
tion in this analytical process is that even though applying an overall inductive
approach, researchers can never free themselves completely from theoretical
interests and focus of research. “...data are not coded in an epistemological
vacuum” (Braun & Clarke, 2006, p.84).

The themes identified all contributes with information relating to one or
several of the research questions. There is no quantitative factor as to what
classifies as a theme, some themes consist of many data items and some themes
just consists of few sentences from one or a few interviews. This is consistent
with the definition provided by Braun and Clarke (2006): “...the ‘keyness’
of a theme is not necessarily dependant on quantifiable measures - but rather
on whether it captures something important in relation to the overall research
question” (Braun & Clarke, 2006, p.82).

There are several reasons why the method of thematic analysis was chosen.
It is a well-established, widely used method for qualitative analysis (Braun &
Clarke, 2006). Further, it is a flexible and accessible form of analysis and com-
pared to other methods it is suitable for beginners (Braun & Clarke, 2006). The
process of analysis has followed the phases of thematic analysis presented in
Braun and Clarke (2006, p.87). Initially the transcribed interviews were colour
coded with different colours for each theme or potential theme. The main cate-
gories were then formulated in line with the research questions from the colour
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coded material. Sub-themes were chosen by sorting the different colour coded
parts into different documents and from there forming sub-themes in relation
to the main categories as well as the research questions.

5.4 Method for developing the guide: the de-
sign process

When developing the guide for challenge owners and other potential stake-
holders, an iterative design process has been applied, strongly inspired by the
design process described by Wikberg Nilsson, Ericson, and Törlind (2017,
28-33). The four process steps described in Wikberg Nilsson et al. (2017) are:

• plan the project

• explore the content

• create ideas

• prototype concept

The iterative approach means the process steps have been repeated several
times and not always necessarily in the order mentioned here (Wikberg Nilsson
et al., 2017).

According to Wikberg Nilsson et al. (2017), the main aim to iterate is to
always keep the users need in focus, in this case the potential external stake-
holders. To do so, three questions stated by Wikberg Nilsson et al. (2017) have
been helpful when designing according to the iterative design process:

• What is the intention, what will the new solution (in this case the guide)
contribute to?

• What is the actual problem with existing solutions? What does the users
say, what do they want?

• What are the incentives of the users? Why do they want a new solution?
What will they gain from it?

(Wikberg Nilsson et al., 2017, p.31)
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5.4.1 Method of data collection for the design process
The method of data collection for this design process, and ultimately for the
guide developed, have been performed at the same occasions and in the same
fashion as the previously mentioned data, see section 5.2. The difference in
this data collection compared to the previously mentioned is the main aim
to assure the requirements and needs and of the user Wikberg Nilsson et al.
(2017). Therefore, the interview questions for this part can be seen as part of a
market investigation rather than interview questions aiming to gather material
to answer the research questions.

The user interview questions related to the market investigation were:

• What information do external stakeholders need to consider a collabo-
ration?

• We are creating a guide for potential external stakeholders. How can we
make CDE more interesting for them?

5.5 Ethical considerations
This study follows the requirements stated by the Swedish research Council
(Vetenskapsrådet). The requirements have been summarised in eight general
ethical rules:

1. You shall tell the truth about your research.

2. You shall consciously review and report the basic premises of your stud-
ies.

3. You shall openly account for your methods and results.

4. You shall openly account for your commercial interests and other asso-
ciations.

5. You shall not make unauthorised use of the research results of others.

6. You shall keep your research organised, for example through documen-
tation and filing.

7. You shall strive to conduct your research without doing harm to people,
animals or the environment.

8. You shall be fair in your judgement of others’ research.
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(Swedish Research Council, 2017, p.10)

Before interviewing participants for this study, they were all informed about
the aim and purpose of the study as well as their personal contribution to it.
They all gave their consent be be recorded. They were also informed that the
recording was only to be used for this study. The study did not encounter any
ethical dilemmas or special considerations.
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Results

The thematic analysis process of the data gathered initially resulted in two
overarching categories which reflected the two research questions. These main
categories are defined as “Data relating to key competencies” and “Experi-
ences and suggested improvements of the CDE concept & engineering educa-
tion”. Each of these categories contains multiple sub-themes.

The interviewees in Tanzania and Sweden are not matching pairs. The
Swedish interviewees are potential challenge owners as well as one previous
challenge owner. The Tanzanian interviewees are all staff members of UDSM,
currently or previously engaged in a CDE course. The results of this study are
not intended for comparison between Sweden and Tanzania. The data repre-
sents two groups of interviewees and are not necessarily valid in other settings.

6.1 Data relating to key competencies
When using UNESCO’s key competencies as an analytical framework when
structuring data, two sub-themes emerged. “Competencies needed in future
engineers” and “Competencies developed during CDE”. When analysing the
transcribed interviews, the key competencies appeared to be found in these
different settings. Hence why the chosen sub-themes.

6.1.1 Competencies needed in future engineers
Both Swedish and Tanzanian interviewees reflected upon what competencies
future engineers will need according to them. This was done both in a general
context and in relation to the SDGs. The statements have been matched with
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UNESCO’s key competencies and are to be found summarised in table 6.1 and
table 6.2.

Data could be matched with all UNESCO’s key competencies except for
integrated problem-solving in the Tanzanian interviews. A wide range of wanted
or needed competencies were found. Some findings are very concrete, like the
ability to form teams and to work together. Other findings are broader and
more abstract, like the importance of individual attitude and social responsi-
bility or to see the big picture and not just what is profitable right now.

In the Swedish interviews a majority of data could be matched to the self-
awareness as well as the systems thinking-competence. One interviewee stated
for example the importance to understand your role and be able to relate that
to the larger context:

And it’s very different if you’re at a small company with four em-
ployees owned by a person also working there with you, or if
you’re in a multinational company with sites worldwide. Or if
you’re in a listed Swedish company, or a smaller one. In these
different settings, you would act differently. I think that when you
have graduated, you are like, so sure of (indoktrinerad) what you
will do. And suddenly you end up somewhere and sees that people
do things in a different way. You may think that’s not right since
you learned it differently. To, like understand that you’re part of
a context. That’s what I think.

C3

When answering the question if he/she as a challenge owner, in a fulfilled CDE
project, was looking for curiosity and commitment this answer followed:

Yes I do. Almost like Sherlock with a magnifying glass and at the
same time with a overview perspective (helikopterpespektiv) try
and understand why these things [the problems the students are
trying to find] happens.

C5

In the Tanzanian University staff member interviews a preponderance of data
relating to collaboration and strategic competence was found. Several intervie-
wees raised the question about learning from other disciplines and to acquire
multidisciplinary competence. This to perform better and see the bigger pic-
ture in a company but also to trigger the development of the society by starting
new businesses and companies.
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Most of the problems that they contact [encounter], they need a
lot of expertise. Not only the problem near in sight, but from the
area of application. So I think the engineers need something like
multidisciplinary competence. To learn things not just from their
profession, but from the other people they encounter in the field.
That’s important.

T5

As they [the students] learn, as they process. Because mostly [...]
the students, they are learning engineering to look for employ-
ment. And that attitude here has to change. Having to be that
issue of becoming an entrepreneur but also an innovator. As an
integral part of the training.

T1

6.1.2 Competencies developed during CDE
In this sub-theme, data relating to competencies students developed during
CDE projects is presented. Data relating to system thinking-, collaboration-
and integrated problem-solving competency was found in the Swedish ex-
ternal stakeholder interviews. For example, one previous Swedish challenge
owner described how students gathered their data and developed their systems-
thinking competency in the process:

They [the students] used multiple methods to reach different kinds
of conclusions. So they didn’t choose just one method, they didn’t
just do interviews and settled for that, but they looked at multiple
ways to gather information and multiple ways to process the data
they gathered. That gave the impression of them trying to be as
objective as possible.

C5

In the Tanzanian University staff member interviews data relating to strategic-
, collaboration- and self-awareness competency was found. One Tanzanian
interviewee saw more practical strategic competency being developed:

[The students] come up with really really practical solutions. Not
something abstract or imaginary that cannot be implemented, but
something that is really down to the ground.
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Table 6.1: Competencies needed in future engineers

Competencies needed in future engi-
neers according to Swedish external
stakeholders They need to:

Competencies needed in future engi-
neers according to Tanzanian university
staff They need to:

Sy
ste

m
st

hi
nk

in
g

• possess in-depth expertise within their field but also an
understanding of the context

• understand the bigger business
• be able to think in different steps
• be “like Sherlock with a magnifying glass and at the

same time with an overview perspective”
• understand what you know and how to fit it into a con-

text, because it won’t be useful on its own

• understand the environment in which solutions are im-
plemented

• understand that not only one solution can fit all SDGs
• be able to develop adaptive solutions

An
tic

ip
at

or
y • have competences in sustainability and the future. The

past is the past, but what comes next
• have competence in business thinking. That it’s con-

nected - What’s short-term isn’t good for us in the long-
term either

• feel responsible for the future, rather than only the solu-
tion they see the need for now

• be very very socially responsible. Not only building so-
lution or to do something which is good now, just to
address the near future

No
rm

at
iv

e

• integrate sustainability.
• think sustainably in each subsequent part

• don’t forget about the issue of sensitivity to environment
• have a dynamic awareness for the environment regard-

less of work place

St
ra

te
gi

c

• be innovative

• be efficient and propose resourcefully responsible solu-
tions

• be modern in their innovation
• to think outside the box
• be broad
• have innovative skills in the sense of knowing how to use

processes to transform knowledge into useful products,
services or technologies

• be an entrepreneur but also an innovator
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Table 6.2: Continuation of Table 6.1. *Integrated Problem-Solving

Competencies needed in future engi-
neers according to Swedish external
stakeholders They need to:

Competencies needed in future engi-
neers according to Tanzanian university
staff They need to:

Co
lla

bo
ra

tio
n

• adapt
• strive towards improving projects management skills.
• be able to lead groups of people
• interact in a working context
• be good at explaining what he or she needs
• know how to collaborate and work with others
• know how to forward information and make people un-

derstand it

• form teams
• share skills, when you have a company you need multi-

ple skills.
• work together to become successful
• have multidisciplinary competence. To learn things not

just from their profession, but from the other people they
encounter in the field.

• have communication skills. To communicate your in-
ventions and innovations to your audience.

• have the softer skills to be able to communicate with
future customers

• be able to work with people from the other disciplines
and be able to work as a team

Cr
iti

ca
lt

hi
nk

in
g

• be willing to gain new perspectives

• observe and learn through critical thinking and reason-
ing

• to come up with ideas and convert it to something which
others have not seen

• individual attitude and social responsibility, to be criti-
cal towards unsustainable technical solutions

Se
lf-

aw
ar

en
es

s

• have some kind of empathy [...] to see the bigger picture
and not just what’s profitable for me at this instant

• be able to say: ”I know this, how can I apply it within
this organisation? How can my knowledge help to find
a way forward?”

• be brave, to dare to bring in fresh knowledge from the
University

• have some courage and say ”but I could do this and that
as well” or ”I could do this differently” or ”Why don’t
we do it like this?”

• understand one’s role in a group
• to see the applications of what you are learning
• to understand that one is part of a context
• be literate and interested in what other companies are

doing.

• believe in sustainable development
• have the mindset of a social responsible engineer
• be free to choose a career with passion and motivation
• be focused and follow one’s interests

IP
S* • to face a challenge by opening it up and then break it

down
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Table 6.3: Competencies developed during CDE. *Integrated Problem-
Solving

Competencies developed during CDE
according to Swedish external stake-
holders They developed the comptence to:

Competencies developed during CDE
according to Tanzanian university staff
They developed the comptence to:

Sy
ste

m
st

hi
nk

in
g • handle and clarify data

• find aspects of softer values
• process thinking, to optimise more strategically
• look at multiple ways to gather information and multiple

ways to process the data gathered

St
ra

te
gi

c • make solutions that are relevant and needed
• come up with really practical solutions. Not something

abstract or imaginary that cannot be implemented, but
something that is really down to the ground.

Co
lla

bo
ra

tio
n

• reach conclusions that the group believed in together
• gain a better understanding of others ways of approach-

ing challenges

• collaborate to achieve relevant solutions
• to work as a team
• collaborate with the stakeholders

Se
lf-

aw
ar

en
es

s

• to understand the context of the applications of one’s
solutions

• to see how one’s solutions can benefit society

IP
S* • use different methods to try and clarify the problem

T5

Noteworthy is that only three out of the eight key competencies developed dur-
ing CDE were seen per interview group. Data from Swedish challenge own-
ers relates to the system thinking- and the integrated problem-solving compe-
tency. The Tanzanian university staff members brought up competencies more
related to strategic- and self-awareness competency. The collaboration com-
petency where seen both in Tanzanian and Swedish interviews. A summary
of statements relating to the key competencies are to be found in table 6.3.
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Table 6.4: Attributes and skills needed in future engineers

Attributes and skills needed in future engi-
neers according to Swedish external stake-
holders They need to:

Attributes and skills needed in future en-
gineers according to Tanzanian university
staff members. They need to:

• know their facts
• be able to learn new things
• be curious and committed
• be driven
• be creative
• be interested in taking initiatives
• be interested and willing to learn and understand

• learn entrepreneurship
• be focused in their area
• understand the big picture
• understand the perspective of the industry and be able to

work closely with them
• become business people, willing to start a company or a

business
• be adaptive to changing requirements. Flexible
• be efficient
• be expressful
• know marketing strategies
• have endurance
• acquire very good knowledge in one’s domain

6.1.3 Attributes and skills outside UNESCO’s
framework

The interviewees described a number of wanted or needed attributes and skills
from graduated engineers that were not possible to match with the existing
UNESCO framework. These include for example curiosity, commitment, en-
durance, the importance of having fact-based knowledge and an ability to learn
new things. All data within this theme is summarised in table 6.4.

6.2 Challenges and opportunities of the CDE
concept and engineering
education

Data from both Tanzanian and Swedish interviewees contains experiences
from CDE projects and/or engineering education in general. Suggested im-
provements to the CDE concept was also found. Sub-themes emerged from
these findings: “A need to better prepare future engineers for employment”,
“A need to build trust between academia and industry”, “Positive attitudes to-
wards CDE”, “Advantages with CDE” and “CDE improvement areas”. The
latter two sub-themes include further categorisation.
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6.2.1 A need to better prepare future engineers for
employment

This jointly emerged sub-theme from both Tanzanian and Swedish interviews
states that engineers are not prepared for employment after their university
education and that there is a need for university to prepare them better.

...these students of ours, when they get to the actual market they
have to be trained again. And in fact, they have to be trained heav-
ily… You are not expecting a student to be a competent engineer
and fixing radios in the towers [i.e a telecom network tower] if
he or she has never seen one, has never touched one, don’t even
know the regulations or the safety measures to use, to take, when
you are climbing up the tower. He or she is just visualizing it from
the pictures we are drawing in the board. But she has never seen
one. She has never prototyped one. She has never configured one.
So, that’s a real problem.

T6

Other findings include that it is important for future engineers to be able to
understand the context and adapt to the conditions of a specific company. One
interviewee expressed that some courses in engineering education might not
be relevant for the future career and that these courses could be replaced by
practical training.

If I think about my own engineering education. How much use did
I get from that statistics course, of learning about different rocks,
ecology… you see my point. I mean, some of the stuff you learn
might not be useful, so maybe you can use that time to talk about
what it’s like [to work instead].

C3

6.2.2 A need to build trust between academia and
industry

Data from Tanzanian University staff member interviews includes information
of previous and current conditions for collaboration between academia and
industry. It is stated that industry does not trust the academia and their locally
produced solutions. Also, industry consider the solutions from university to
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be too theoretical. Findings shows that building trust and confidence is seen
as important among the Tanzanian interviewees.

The first thing is to build trust. The trust from the industry. Be-
cause we have been working apart for a long time. Industries
they don’t even know we exist in terms of offering solutions to
them. What they know is we only offer them the skills they can tap
in terms of employment. So our relationship is only because they
hire people from the university to work for them. But they cannot
bring their problem to the university and say ”hey let’s sit down
and see if we can solve it together”. That is not happening a lot.
It means, it has something to do with the trust. What we do for
them to trust us, as university or as academicians. That is one of
the things I believe.

T4

6.2.3 Positive attitudes towards CDE
All interviewees were unanimously positive to the overall CDE idea and con-
cept. The interviewees previously or currently engaged in CDE projects were
all positive to further engagement. One interviewee expressed CDE as an ob-
vious choice if you want to make applicable solutions:

You can spend a lot of time developing solutions that are not ap-
plicable in the industry. You can’t do that, you don’t have a lot
of resources. The best way is to go to the industry and see what
problems are there and then solve those problems. Using what
you have. So you can’t say skip that one. You can’t say skip CDE
or a CDE approach. We’ve done a lot of research in the university
here… But they just end up in the library, they don’t implement
them. Which I think is a loss. The best is to go there, look at the
problems and then develop solutions from there. So you can’t say
skip that one [the CDE approach]. That’s my thinking.

T5

6.2.4 Advantages with CDE
CDE for building trust and respect between academia and industry

According to the Tanzanian university staff members, participating in CDE
projects have facilitated the trust and confidence building between university
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and industry. Findings show that both academia and industry have changed
the perception of the other in a positive way during a CDE collaboration.

Industry knows that we are collaborating with them and in a dif-
ferent way, different approach, with different results. You know,
you even build respect within the industry. When I meet some of
them… I can see that trust, respect, created in that process. And
that’s why it is satisfying too.

T1

Interviewees are also emphasizing that this trust building is unique and revo-
lutionary, it is fundamentally changing how academia can and will collaborate
with the industry in the future, it’s “a game changer” (Interviewee T3). An-
other interviewee expressed that CDE allowed for breaking new barriers:

You see history wise, actually we are revolutionaries. We are
breaking those barriers. We are kind of breaking that stigma
of industry should trust academia. Industry should work with
academia. So, we are the first to break that barrier.

T6

CDE provides stakeholders with custom-made solutions

One advantage with CDE from the stakeholders view is, according to a Tan-
zanian interviewee, the fact that the end product is custom-made. Solutions
brought in from foreign companies does not necessarily fit the needs of the
local environment as well as when the local students create it.

this CDE is solely and entirely dedicated to solve their problems.
Not anyone else but theirs … the solution which we will propose to
them will in no way fit, even if it exists, in the Stockholm environ-
ment or Stockholm network. So, we will be kind of proposing and
developing a solution which is ideal to our environment. Exact
fitting to our environment. That’s how I see it.

T6

6.2.5 CDE improvement areas
Both Swedish and Tanzanian interviewees expressed drawbacks with the CDE
concept but also thoughts of how to improve it, which is displayed in the fol-
lowing section. Sub-themes within this category are presented below.
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Engaging in student projects can be time consuming for external
stakeholders

Swedish external stakeholders highlighted that collaborating with students,
both in CDE projects and other settings can be very time consuming for them.

It feels like it is difficult for companies to introduce new people.
It’s partly because you have so much work and it’s difficult to find
time. It’s a lot of fun bringing in five interns but you can’t just do
that. They need a lot of supervision and coaching, otherwise it’s
meaningless.

C3

The Swedish external stakeholder, previously engaged in a CDE project, thought
the process was very time consuming, especially initially when students needed
to be provided with a lot of information. One suggested improvement is that
the course administrators should be clear from the beginning how much time
the involvement will take.

Also, clarify what’s expected of you. If you don’t, I think there’s a
risk that people won’t dare doing it since they don’t have the time.
But if you say ”we expect 20 hours of your time over 15 weeks”,
you can probably live with that. But if you get the impression that
it’s 20% over 15 weeks, then you won’t have the time. So just the
fact that you don’t know might make you pass the opportunity.

C5

Difficult not to be bias in supervision

The difficulty and importance of the external stakeholder not imposing their
own bias on the students during the CDE project was highlighted by the Swedish
interviewee previously engaged in CDE.

And one of the most important aspects was that I was not to in-
tervene. My task was to supply them with data without affecting
them. I was not to give them the answer, because that’s the main
issue. That we have often already answered the question before
we asked it, without knowing if its the right answer. We just sup-
pose it’s right. If I have understood service design (tjänstedesign)
right, then we try to be open to our preconceived notions being
wrong.



36 CHAPTER 6. RESULTS

C5

Data also shows that external stakeholders might not get provided with enough
information on how to avoid bias, neither how to formulate the challenges.

I had to realise myself that I shouldn’t influence the students too
much. Maybe I hadn’t listened to or hadn’t received that informa-
tion, but my experiences was that I was not provided with a clear
frame of reference such as ”this is how it works when you present
a challenge”, ”these are the conditions”, ”these students are from
these professions”. But things like ”as a challenge provider you
should not give them the answer to what you think is the problem”
would have helped facilitate my work. Things like; how to think
when formulating the challenges. Because a challenge has to be
very direct, to make it into a broader more open challenge isn’t al-
ways easy. You can easily ask questions that hints towards what
you’re looking for, and I think that if the purpose of the project
was to formulate open ended problems then I would have asked
for more support in doing so.

C5

CDE problematic for PhD/research

CDE has been implemented in all levels of education at UDSM. It turns out
that PhD level courses using the CDE approach have been problematic for the
students. Due to the mission the PhD students have of contributing to the gen-
eral knowledge of the scientific community, it proves to be difficult to combine
this task with developing a solution in collaboration with a stakeholder.

The problem [with CDE] is bringing that into research at PhD
level, in particular. M.Sc, I must say it is easier sometimes be-
cause it is a shorter period. But PhD, something else.

T1

We are trying to show the stakeholder that we are contributing to
their problem. To the solution of their problem. And also trying
to find something to share with the academia. Something to con-
tribute to the academia. So, we are doing two things at the same
time.
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T2

PhD students face additional challenges unlike undergraduate or graduate stu-
dents, who are only being challenged by challenge owners. The solutions
needed by the challenge owners does not necessarily require new knowledge
to be brought forth, which is not a problem for the lower educational levels.
PhDs however express difficulties justifying their scientific contributions in
CDE projects.

For undergraduates I think it’s perfectly fine and postgraduates
as well. But for PhD somehow, maybe something need to done
to improve it. Because in CDE we are solving problems which
at first relate to society, maybe local society. In PhD, of course
you doing CDE and you have to solve that problem, but in the end
you have to have a contribution to the knowledge. The group of
knowledge, the general knowledge. So you might find that ”ok, I
can do this and that and that [...]” But that solution is already
there, maybe somewhere else, so what is your contribution?

T2

Interdependencies are delaying CDE projects

The collaborative nature of CDE appears to sometimes create problems with
students being interdependent of each other, as being expressed by Tanzanian
interviewees. When there is a situation of one student being dependant on the
input of another student, this could potentially create problems if one student
is slower or not as knowledgeable. It is a common scapegoat for students to
use.

...when they are doing this type of projects with the approach we
are using it is collaborative. Because you are solving one prob-
lem, and each is just solving one particular component. So, you
are providing an input to another student. So you tend to become
interdependent. And then of course the challenge is that some
work is hard and the other one is sluggish and that kind of things.
But those things are manageable...

T1
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I find that the students are struggling to finish their research ac-
tivities because of the interdependencies. You know, in the CDE
the approach is for the students to solve a common goal, so the
interdependencies – if one of the students is kind of slow or lack-
ing some skills to making sure that his or her tasks are complete,
so that he or she can feed the sub second guy, the sub second sec-
tion, feed with the proper information to the other person who is
maybe making a platform to present or to kind of visualize what is
happening within the network …. If this person is slow, ultimately
this other person will not know what type of data to present or go-
ing to process and make graphical user interface for them. So, the
interdependence is a problem .… if a student is lacking a certain
skill, it is taking very very long time for him or her to accomplish
his task. So, automatically he is delaying others in that chain. I
found that it be a very very big issue. I don’t know, many many
projects which are using CDE, they use that scapegoat.

T6

6.3 Information and arguments for potential
external stakeholders

This theme is the main result used when creating the guide for potential chal-
lenge owners and other stakeholders. It is the result of the market investigation
and aims to present the answers to the following questions:

• What information do external stakeholders need to consider a collabo-
ration?

• We are creating a guide for potential external stakeholders. How can we
make CDE more interesting for them?

Both Tanzanian and Swedish interviewees brought lots of ideas regarding how
to engage potential stakeholder in CDE and also what information deemed ini-
tially necessary to consider a possible collaboration. As mentioned, the inter-
viewees have different roles in the CDE with the Swedish being stakeholders
and the Tanzanian being university staff members. Nevertheless, their experi-
ences and thoughts on how to establish new collaborations are presented here
to provide an overview, not comparison, on how to further develop CDE on
this matter.
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6.3.1 Tanzanian University staff members view
Following is a summary of what Tanzanian interviewees think is important
from the stakeholders point of view:

• engage the challenge owner in workshops, meetings and visits

• show off success examples from previous CDE collaborations

• make sure that the challenge owner knows:

– about credited collaborative partners such as other companies and
universities

– that their solutions will be custom-made

– they will own the solution

– they can minimise cost

– they can solve their problem in a cheap way

– they will compete well

– they will become more efficient

– it will help them with their business

– that they are able to do research through CDE which they other-
wise might not have the time or resources for

– they can gain new knowledge

6.3.2 Swedish external stakeholders view
Following is a summary of what Swedish interviewees think is important from
the challenge owner point of view:

• it is important to consider which competencies a company might need
in the future. CDE could be a way of broadening the capacity of com-
petencies

• make sure that the challenge owner knows:

– it is good for trademarking & networking

– it is a way to question why you do things in a certain way

– they get a fresh set of eyes
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– they can get a kick start to tackle a challenge

– how many students will participate

– If it cost money or if it is just time and engagement that you invest
in this

One potential stakeholder expressed a number of important questions that needed
to be specified;

I think it’s important to know ”why should I spend time on this?”,
”what will I gain?” and ”why should I work with you specifi-
cally?”. Why you can do it better than we can ourselves...I think
there are many organisations (verksamhet) that have their own in-
ternal improvement boards (förbättringsgrupper) that work with
similar things. So it’s important to clarify what you can bring to
the table (vad ni kan komma med). ”What you do?”, ”what’s your
method to reach a good solution”, ”are you making a product?”,
”does it involve softer values like mapping a culture”, or ”what
can I expect to get at the end?”

C5
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Discussion

Data from this study show a range of interesting findings. For this chapter,
two main topics was chosen in order to reflect the previously stated aim and
research questions. Section 7.1 mainly addresses the research question: Which
competencies for sustainability does potential challenge owners and teachers
see a need for in future engineers?, and section 7.2 subsequently addresses
the following question: What challenges and possibilities emerges from teach-
ers, previous challenge owners and potential challenge owners perception of
CDE?.

7.1 Which competencies will be important for
future engineers

The first research question to be posed in this study regards which competen-
cies where found in the interviews to be needed in future engineers. Almost all
of UNESCO’s key competencies were mentioned in both interviewee groups.
This can be interpreted as UNESCO’s key competencies for sustainability be-
ing relevant to use in engineering education. Further, the results show that
UNESCO’s key competencies are applicable and useful within CDE courses
and also have the potential to highlight inadequacies and contribute to improve
and evolve the CDE concept, and in the extension the engineering education.

All competencies were mentioned except for the integrated problem-solving
competency which was only mentioned in the Swedish interviews. The inte-
grated problem-solving is the eighth UNESCO competence, defined as inte-
grating the other seven competences. According to Rosén, Edström, et al.
(2019), this means that the competence has a different role and character than

41
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the other ones. In their study, Rosén, Edström, et al. (2019) describes and
handles integrated problem-solving as an over-arching competency. Also the
CDIO Syllabus contains an overarching and integrated competency named en-
gineering, which shares similarities with the UNESCO integrated problem-
solving competency (Rosén, Edström, et al., 2019). The different role of the
integrated problem-solving competency compared to the other competencies
may be one reason for the few findings in the data. The overarching character
of the integrated problem-solving competency may have resulted in data being
matched with other, more obvious competencies instead.

The sub-theme “competencies gained during CDE” finds three competen-
cies represented per interview group. The lack of data on some competen-
cies in the sub-themes does not necessarily mean that they are not seen as
important, it merely states that further research is needed to gain a deeper un-
derstanding of these categories. What can be concluded however, is that some
data did not fit into UNESCO’s framework regarding some attributes and skills
future engineers need. Personal traits such as being driven, being curious and
taking initiative where deemed important by Swedish external stakeholders.
Similarly, Tanzanian university staff mentioned being flexible, being efficient
and having endurance. Tanzanian university staff also mentions attributes and
skills such as entrepreneurship, business and marketing. This correlates with
the findings of Hanning et al. (2012), where further competencies regarding
sustainable development in future engineers are needed by the industry, as
well as the need for skills and attributes outside of the environmental aspect
such as economics and sustainable business development. Another important
similarity seems to be the need for a broader range of competencies in future
engineers. In industry interviews conducted by Hanning et al. (2012), it was
stated that “... as several company interviewees have mentioned, a majority
of the students should still be SD [sustainable development] generalist engi-
neers with specialist strength in an area other than SD.” (Hanning et al., 2012,
p.314), where similarities can be seen in Tanzanian interviewees statements
regarding future engineers need of understanding the big picture and acquir-
ing key competencies for sustainability while staying focused in one’s area.

Unlike UNESCO’s framework, the CDIO syllabus list a subset of personal
skills called “Attitudes, Thought and Learning (2.4)”, which include “...gen-
eral character traits of initiative and perseverance, the more generic modes of
thought of creative and critical thinking, and the skills of self-awareness and
metacognition, curiosity and lifelong learning and educating, and time man-
agement.” (Crawley et al., 2011, p.7). This selection of personal skills includes
several of the attributes and skills found in table 6.4. The CDIO syllabus also
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contains an extension specifically for leadership and entrepreneurship which
is: “provided as a resource for programs that seek to respond to stakeholder ex-
pressed needs in the areas of Engineering Leadership and Entrepreneurship”
(Crawley et al., 2011, p.10 Appendix B). This section captures some of the
attributes and skills needed in future engineers according to Tanzanian inter-
viewees regarding entrepreneurship. The extension lists factors like innovative
product marketing, business plan development and company founding.

Seemingly, the CDIO syllabus agrees more with interviewee data on some
topics, but not all, when compared to UNESCO’s key competencies. It is
unsurprisingly better tailored for the engineering education than UNESCO’s
framework due to it being developed for that purpose. However the current
CDIO syllabus does not address sustainability in the same way as UNESCO’s
framework. Rosén, Edström, et al. (2019) show many similarities between
the key competencies and the CDIO syllabus, although there are some im-
portant differences. For example, the authors see a weak mapping in CDIO
sections like “Enterprise and Business context ” and “Entrepreneurship” to
the key competencies, which is in line with findings from this study. Rosén,
Edström, et al. (2019) argues that the CDIO syllabus should evolve from its
currents state, where sustainability is treated as an add-on, to be inspired by
the key competencies and further integrate sustainable development into the
curricula and philosophy, which would improve relevance and motivate both
students and teachers.

7.2 CDE challenges and possibilities
The general perception of CDE was positive according to all interviewees, in
line with previous studies. What is worth noticing are some of the suggestive
improvements and feedback towards the CDE concept provided by intervie-
wees. Student interdependencies are mentioned by Tanzanian university staff
as a problem for the workflow in CDE projects. Högfeldt et al. (2018) inter-
viewed students on this matter and found that students in some cases felt like
they were made to struggle to not be seen as a burden by the group, and that
one fails to deliver then the whole group fails. Some students expressed CDE
as motivating but stressful, and although the benefits of their teamwork was
appreciated by both teachers and the students themselves, the dynamics of the
group based on how well the students know each other’s knowledge were of
importance along with factors like selfishness. (Högfeldt et al., 2018)

However, this contrast to the interpretation of CDE compiled by KTH (see
section 2.4) where students are supposed to work and collaborate in teams.
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This highlights the differences in perspectives found in the KTH interpreta-
tion and the perspective identified in Tanzanian interviews. Focus in CDE
projects in the Tanzanian context at CoICT, is to some extent aimed at de-
livering products in accordance with the challenge owners demands as if the
students were consultants. As seen in the results of this study, providing the
challenge owner with solutions to their problem is of great importance to Tan-
zanian interviewees. One Tanzanian interviewee mentioned “The best way is
to go to the industry and see what problems are there and then solve those prob-
lems”. Similar mindset are found in multiple places in the data. This is not
the actual idea behind CDE nor its purpose according to the CDE perspective
of this study. The KTH interpretation of CDE states that challenge owners
are involved and has an active interest in the solution, but the very founda-
tion of CDE is to provides students with a rich learning environment where
they take on real societal challenges, aiming for a more sustainable society,
and not necessarily to be direct profitable to an external stakeholder. In fact,
the involvement of challenge owners are of equal importance as the relation
to the SDGs and the solution being profitable for society as well as “being
environmentally, socially and economically sustainable” (section 2.4). Con-
sequently, there could be a risk in interpreting the role of a challenge owner
more or less synonymously to a customer, in the sense of limiting the possi-
bilities and potentials in learning outcomes and use of the end products. An-
other consequence of this interpretation could be the problems with PhD level
CDE projects, as found in the data. Several Tanzanian interviewees mention
concern about PhDs facing a challenge when trying to justify their scientific
contribution while at the same time having a fruitful collaboration with the
challenge owner. Again, this situation could stem from a limited view of the
challenge owner role and the overall purpose of CDE. With a more widened
view of the challenge owner as well as what to expect as an outcome from a
CDE-project, the two purposes might be compatible.

It becomes apparent that Tanzanian interviewees are thinking of CDE as
more of a platform for allowing students to learn how to deliver custom-made
solutions. As it may be, this is still a useful experience for students, but not
fully in line with the ideas behind CDE according to the KTH interpretation
of CDE. The vast majority of suggestions from Tanzanian interviews involved
providing cheaper, tailored and more effective solutions. Swedish intervie-
wees focused more on long term values like trademarking and new insights.
In contrast, Swedish interviewees seemed less focused on product develop-
ment and ownership in favour of acquiring students attention.

Noticeable is that no interviewees, neither Tanzanian nor Swedish, men-
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tioned the possibility of contributing to fostering environmentally responsible
engineers, which is a central part of the CDE concept according to the KTH in-
terpretation of CDE. Instead they highlighted advantages with CDE connected
to for example trademarking, networking, bringing in new innovative ideas,
creating opportnities for new collaborations and producing solutions that is
applicable and therefore will be used in the industry. These arguments have
little or non obvious coupling to the SDGs, a framework that all interviewees
confirmed they were aware of and to some extent had worked with. This does
not mean that the interviewees are not interested in or do not want to foster
engineers with a high sustainability focus. However, the results may indicate
this is not a top priority for the interviewees. Another possible interpretation
is that the connection to sustainability and the SDGs within CDE is not clear
enough for previous and potential CDE participants. It is also possible that the
coupling to the SDGs and sustainable development was perceived as obvious
by the interviewees, and therefore not mentioned.

The reasons for these different views and approaches to CDE can be many
and, of course, complex. Conditions and work climate differs a lot between
developed and developing countries. In line with Ibwe et al. (2017) & Ibwe
et al. (2018), the findings show a lack of trust between Tanzanian academia
and industry creating a stigma. Ibwe et al. (2017) states that the cooperation
between universities and the industry in low-income countries is weak or even
unexisting. Universities in developed countries have the resources to identify
and use industry collaboration as a strategic tool and as a platform for work-
ing towards economic growth as well as to tackle social and even global chal-
lenges. In developing countries solutions from academia is by industry seen
as too theoretical and difficult to implement, something according to Ibwe et
al. (2017) need to change. Benefits with industry collaboration that have been
obvious for the world-class research institutions for a long time, like access
to external funding and the opportunity to work on ground-breaking research,
could be the reality also in low-income countries. But there are obstacles to
overcome in order to achieve that. According to Ibwe et al. (2017), trust being
the main one. However, the Tanzanian interviewees in this study as well as
Ibwe et al. (2017) & Ibwe et al. (2018) consider CDE a good approach to cre-
ate the trust and confidence needed for successful collaborations. “The link
between academia and industry in developing countries is weak. The use of
CBL [synonymously denoted with CDE] has demonstrated the potential to fa-
cilitate industries to collaborate with academia in using research to address
societal and industrial challenges.” (Ibwe et al., 2018, p.8).

Another way to understand the dissonance in interpretations of CDE is to
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consider the main actors: students, university and industry and how connected
they are. According to Pantoz et al. (2019), it is important to have a fruitful
collaboration between students, university and industry in order to have a pos-
itive effect on students motivation. However, Pantoz et al. (2019) shows a
disconnection when stating that some industry-related activities might not be
relevant to the students’ courses at university. Conversely, interviewees in this
study expressed that some of the courses in engineering education might not
be relevant in a future career, this was especially visible in the Swedish inter-
views. Further, the dissonance in interpretations of CDE can also be seen as a
result of a disconnection between the above stated actors.



Chapter 8

Designing a guide

This study has identified the need for a guide that makes information about
CDE more accessible for potential challenge owners, see section 2.10 for the
full context. This chapter presents how the design process was conducted and
presents the reasoning behind what was included in the guide based on the
results of this study as well as previous research. This chapter also includes
design criteras for the guide as well as the intended usage. The guide itself is
the result of this process and can be found in the appendix.

8.1 Design procedure
As mentioned in section 5.4 an iterative process using planning the project,
exploring the context, creating ideas and prototyping concept was applied.

• Planning the project. The design process was initiated when a need to
provide information, on the right basis, to potential external stakehold-
ers was identified. This inspired the process of creating some kind of
product.

• Exploring the context. Interviews provided the data to explore the con-
text. One example of this process being iterative was that the interview
questions were modified from the first interviews to the later ones to gain
a better understanding of the needs of the user, in this case the potential
external stakeholders.

• Creating ideas. To create ideas for the guide, the authors were inspired
by the data, results, discussion as well as previous research. After dis-
cussions and inputs from people involved in CDE research, new ideas
emerged.
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• Prototyping concept. At this phase, the ideas were compiled into a
guide which was tested and evaluated in a Swedish research context.
First, the authors focused on what the Tanzanian external stakeholders
seemed to demand. But, during the iterative process, including feedback
from Swedish researchers, more attention was payed towards attracting
the external stakeholders on the right basis, that is to see the more long-
term favours with CDE. The guide has not yet been tested in a Tanzanian
context or external stakeholder context.

8.2 Reasoning behind the content of the guide
As stated in the discussion, all stakeholders involved in CDE projects seem
solely positive towards the concept. Especially the interviewed Tanzanian
stakeholders saw great opportunities in collaborations with the industry, mainly
regarding building trust and confidence between the university and the local
industries. However, as discussed, the interviewees present a picture of the
collaboration that does not entirely harmonise with the KTH interpretation of
CDE. A similar situation was encountered when they gave motives for new
challenge owners to join CDE projects. From the perspective of the Tanza-
nian university staff members, potential stakeholders want and need arguments
about how CDE can improve their business, make them more efficient and
competitive. According to the interviewees, it was also important to clearly
state that the stakeholder will receive a custom-made solution in the end and
that they would be the owner of this solution.

For potential stakeholders the most important is, they are doing
business. So the information they need to hear is that with CDE
they can minimise cost or they can solve their problem in a cheap
way. That is the big information that they need to hear.

T2

They could benefit from us by assigning part of their research and
development funds to research development and training funds.
For research. Cause this CDE is solely and entirely dedicated to
solve their problems. Not anyone else but theirs.

T6
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The guide aims to harmonise the Tanzanian interviewees ideas with the KTH
interpretation of CDE on how to attract potential challenge owners. This stand-
point was chosen as the basis for creating the guide because it combines the
current view with the future direction of CDE. The Tanzanian interviewees
knows, for obvious reasons, what it takes to attract potential challenge owners
today. Hence, for the sake of creating a real contribution towards UDSM’s
future evolvement in CDE, this guide implements the KTH interpretation of
CDE to provide an insight and perspective on how to take CDE further. To im-
plement this while taking into account that Tanzanian industry seems to view
UDSM as too academic and demands consultant-like favours, is a difficult
balancing act. The main question identified in this process was:

How do you convince potential challenge owners or other stake-
holders to join CDE with a more long-term perspective when they
currently are focused and attracted by short-term favours?

8.3 Design criteria
This section presents the information and arguments chosen to be included in
the guide. These are gathered from two different origins to be combined. The
two origins are interviewee answers based on data presented in section 6.3,
Information and arguments for potential external stakeholders, and the other
is based on a continuation of the discussion chapter found in this study. The
design process led to the following interviewee arguments to be included in
the guide.
What to highlight (Why CDE?), based on interview data:

• Trademarking & networking

• Possibility to get a kick start in a new projects, and gain new perspectives

• Question why you do things in a certain way

• Possibility to do research in collaboration with university students

• Gain new knowledge

• Necessary practical information:

– How many students are involved?

– How much time is needed?
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– Will it cost any money?

– What methods are used?

– What will the project result in? for example; end product, mapping
of softer values?

• Solutions will be custom-made

• Possibility to become more efficient

The last two items are, as discussed, problematic. Therefore these two are
instead highlighted as ”Take your business further” in the guide. This to com-
promise the Tanzanian interview data with a widened view of CDE and the
challenge owner role, more in line with the KTH interpretation of CDE.

As a continuation from the discussion there are some topics that have been
chosen as design criteria to address problems identified in the current practise
of CDE. These topics relate to the unutilized potential of CDE projects to con-
tribute to society as well as conduce to sustainable development and the work
to fulfil the SDGs. The guide also aims to make the best use of the positive at-
titudes towards CDE as well as emphasising the potential of using UNESCO’s
key competencies for sustainability. This as a result of them provably being
successful in framing what competencies engineers of tomorrow need to pos-
sess.

What to highlight (Why CDE?), based on discussion:

• UNESCO’s key competencies have been identified to be fruitful in the
CDE context

• All participants independent of role are positive and willing to con-
tinue/join CDE projects

• A more nuanced and widened picture of the challenge owner role and
potential of CDE

• The possibility of contributing to society through CDE

• That working towards sustainable development is a core element of CDE

• The CDE concept enables addressing sustainable development, includ-
ing the SDGs
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8.4 Format and intended usage
As mentioned, this guide is tailored for the Tanzanian context. Its main pur-
pose is to facilitate communication with potential challenge owners based on
the findings of this study and previous research. The guide is available as a
word document. The reason for this is because some information is case spe-
cific to the CDE projects and needs to be completed by the remitter. What
information to add and where to add it is clearly marked in the document. The
document can then be distributed in pdf or printed format.



Chapter 9

Conclusions

This study aimed to contribute to the further development of the engineering
education by gathering more knowledge about CDE. This was done by learn-
ing more about how CDE is implemented and interpreted in different contexts.
Also, teachers, previous challenge owners and potential challenge owners view
on competencies for sustainability was interpreted by using a framework (UN-
ESCO’s key competencies for sustainability).

This study indicates that the interviewees consider all of UNESCO’s key
competencies for sustainability to be needed in future engineers. This legit-
imises the use of the UNESCO framework within CDE courses and research.
However, not all skills and attributes mentioned by interviewees were included
in UNESCO’s framework, implying the need for creating future frameworks
based on a continuous development of the current ones.

The Tanzanian university staff members interviewed states, in line with
previous research, that CDE or the synonymously denoted CBL is a good
concept overall and that applying the concept in particular has been positive
and effective in building bridges and trust between academia and the industry.
This positive attitude towards CDE is also shared with Swedish potential and
previous challenge owners. Concurrently this study clearly finds differences
between interpretations of CDE between universities. The consequences of
some interpretations have been linked to problems found in the data. Espe-
cially the somewhat limited view of the challenge owner role as well as the
overall CDE concept was identified as potentially hindering. Limitations that
could affect both learning opportnities, societal contributions and the overall
capacity of solutions developed during CDE.

The lack of a unified view of CDE as well as other described challenges
could stem from various and complex elements. Two possible explanations
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discussed involves lack of trust as well as disconnections between the main
actors in a CDE collaboration. However, it is important to highlight that all
interviewees, Swedish and Tanzanian, are pleased with CDE and sees multiple
opportunities onwards. To utilize this positive attitude towards the concept
but at the same time be critical and aim for continuous improvements may
not be easy but probably the right thing to do at this stage. Further, the fact
that Sweden and Tanzania are facing very different societal and economical
challenges must not be neglected and to compare the situations between the
countries might therefore not be fruitful. However, there is much to learn from
both contexts. Something which was utilised in the process of making the
guide.



Chapter 10

Limitations and further research

The results from this study are not to be interpreted quantitatively or compar-
atively. The two interviewee groups are both small and holds different roles
and interests towards CDE and in society. Also, the qualitative method used
in this study meant that no two interviews are exactly alike despite the use
of an interview guide. A qualitative approach also involves interpretations,
as mentioned in section 5.3. The researchers did, inevitably, face challenging
decisions when coding interviews in line with Braun and Clarke (2006)’s state-
ment“...data are not coded in an epistemological vacuum” (Braun & Clarke,
2006, p.84). Not all data found is presented, only the data deemed interesting
for either addressing the research questions or to inspire further research.

This study mainly discusses the Tanzanian situation and perspectives of
CDE, which stems from several reasons. From the perspective of analysing
the view of CDE, the data from Tanzanian interviews where more extensive
and accurate compared to data from Swedish interviews. This because the in-
terviewees where all experienced staff members, where the Swedish interviews
only had one interviewee with CDE experience. Also, since the researchers
where Swedish students from KTH the process of analysing the Tanzanian
context became both more interesting and inspiring, maybe more lucid as well
due to seeing the situation from the outside. Hence, the Swedish context is
lacking in comparison and is subject for further research. Since the two inter-
viewee groups are somewhat incoherent it would be fruitful to conduct simi-
lar interviews with Swedish university staff members and Tanzanian potential
challenge owners. This data would provide a better understanding of these
actors as well as a clearer north - south perspective. It would also contribute
to the general understanding and development of CDE.

Another interesting topic that emerged from discussions with Tanzanian
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staff members was to analyse the collaboration between African universities
within the GDH, for example between UDSM and Strathmore University in
Kenya. These universities have different common denominators than UDSM
and KTH and could therefore benefit in different ways from sharing knowl-
edge.
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Appendix A

Guide for potential challenge
owners

Following is the guide that was created as a product of this study. Please note
that some headings are to be filled in by the user, hence why case specific
information such as ”What is the time frame?” is instead noted with some
further explanation as to what information is needed. As mentioned earlier
in this study, this guide is intended to be distributed in word format. For
access to this guide in digital format, feel free to contact hedval@kth.se or
hellindb@kth.se.
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Challenge Driven Education 

Your chance to work with fresh minds 

What is CDE? 
Challenge driven education (CDE) is a new, innovative way to 

connect various external stakeholders (such as industries, 

authorities and other societal actors) and universities such that 

they collectively tackle societal challenges. By engaging the 

fresh minds of university students alongside experienced 

teachers in combination with your expertise, this creates a 

unique platform for creative problem solving.  

CDE projects addresses the challenges your organisation is 

currently facing. The challenges enable many possible 

outcomes and requires knowledge and skills in multiple areas, 

and therefore provides an opportunity for students and 

involved external stakeholders to acquire new solutions and 

experiences together. CDE projects focuses on all aspects of 

sustainability aiming for environmental, economic and socially 

sustainable solutions. The CDE context is preferably 

international, with a high cultural diversity. 

What’s your role? 
As a Challenge Owner you are one out of three main actors, 

along with students and university staff, in unity creating the 

collaboration designated as CDE. You will be providing 

students with challenges that you, and in a wider perspective society, are currently facing. These 

challenges are to be constructed such that solving them requires students to create ingenuitive 

solutions, always with sustainability in mind. Research show that these collaborations allow students 

to develop key competencies for sustainability, something requested by the industry and crucial to 

strive towards United Nations Sustainable Development 

Goals [2030 Agenda] (Hedvall & Lindberg, 2019). As the 

provider of the challenges, you will be a part of the 

student’s education and able to continuously participate 

in the process of creating unique solutions and learning 

opportunities. It is important to highlight that CDE is in 

continuous development and that you as a challenge 

owner will take part in this development and jointly set 

the future direction of CDE.  

Words from previous 
stakeholders 

• • • 

“The project has been really good. 

We got great assistance thanks to 

the students.” 

Swedish Challenge Owner 

“we’ll have a solution that has been 

developed by local people, who 

knows the problem” 

Tanzanian Teacher 

”I think CDE is a good thing and I 

see that there’s much to learn from 

others. I think we’re making a 

mistake if we think we’re the best at 

what we do in any situation [...] To 

dare question yourself in what 

makes you do something the way 

you do!” 

Swedish Challenge Owner 
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What’s in it for your organisation? 
Research on CDE conducted by the University of Dar es Salaam (UDSM) and the Royal Institute of 

Technology (KTH) in Stockholm shows that previous participants report being surprised of the 

potential that lies in the collaboration (Högfeldt et. al, 2018). Similar positive attitudes towards CDE 

was found by Hedvall & Lindberg (2019) whom also points to a number of possibilities with CDE 

from the challenge owner perspective. These include:  

Trademarking and networking opportunities. Students are the workforce of tomorrow and CDE 

projects allows your organisation to gain their interest while establishing important contacts in the 

academic world. It is a platform for your organisation to invest in current and future supply of 

competencies. 

Possibilities for exchange of knowledge. Learning is a key factor in R&D. CDE is a natural platform 

for exchange of knowledge where you can allocate resources and time for doing research. 

Possibility to get a kick start in new projects. Previous challenge owners report CDE to be a way of 

gaining new insights, useful in challenging projects, as well as an opportunity to question why you 

do things in a certain way. 

Take your business further. The unique innovative platform allows students to think and create more 

freely than consultants. This opens up possibilities for ingenuitive locally developed solutions with 

long-term prosperity in mind. 

In addition to the above mentioned, CDE allows you to take 

part in creating long-term contributions for a sustainable 

future. By engaging in collaborations like CDE with a clear 

focus on sustainable development you are actively 

contributing to shaping society for the better. Both in the near 

future by developing innovative solutions, but also in the 

long-term by fostering the engineers of tomorrow. A future 

generation of engineers possessing key competencies for 

sustainable development have the potential to affect societal 

development. 

 

[Below follows a part intended to be filled in separately for each CDE project/potential challenge 

owner] 

Previous projects and collaborative partners 

[example: the Tanesco and Dawasa projects. KTH is one collaborative partner] 
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Practical information 
What is the time frame? 

[When will the project start and end?] 

Roughly how many hours will it require? 

[Roughly how many hours of the stakeholders time is needed. When does the stakeholder need to be 

available? E.g. more time in the beginning and towards the end of the project.] 

Will it cost any money? 

[Will it require any investments other than time and staff?] 

How many students are involved? 

[What is the size of the student group? Which are their areas of expertise?] 

Project specific information/methods 

[example: service design used by OpenLab] 

What will the project result in?  

[example: physical end product? mapping of softer values?] 

Stakeholder Invitation 
[Engage the stakeholders in workshops, meetings and visits] 
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