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Abstract

In this reflection on a teaching practice, we present how we implement project-based
transdisciplinary teaching and learning in the Bachelor of Environmental Science (hereafter
BSc) course ‘Tackling Environmental Problems’ (‘Umweltproblemlésen’ in German,
abbreviated as UPL hereafter) at ETH Zurich. First, we focus on the question of how
stakeholders are involved in transdisciplinary higher education courses. Then, we present
which stakeholders we involve in UPL and which roles they take. A (non-exhaustive) literature
review of transdisciplinary courses in other institutions has shown that it is often not explicitly
described which stakeholders, and especially in which roles, they are involved in a project-
based transdisciplinary course. In UPL, we distinguish between stakeholders at the course
level of the case study and stakeholders at the project level who are approached by the
students for development of their sustainability projects. Finally, we discuss why we integrate
stakeholders in our course and link this to the development of transdisciplinary competences.
We conclude with a reflection on the challenges and opportunities of the stakeholders,
lecturers and students, as well as experiences, reflections, and feedback from eight years of
running this course.

Introduction

For many environmental issues, students who enter the Bachelor of Environmental Sciences
at ETH Zurich might be convinced that 1) the problems are clearly defined, 2) the solutions
ready to be implemented, and 3) the missing link is (political) will. Our goal is to fundamentally
challenge these assumptions. To do so, we use the concept of wicked problems as the starting
point in our course ‘Tackling Environmental Problems’ (UPL). According to Rittel and Webber
(1973), wicked problems lack a clear definition and have multiple reasons. Therefore
consequently, they do not offer a unique solution, but rather multiple solutions. In contrast, the
way a problem is described already defines the space of possible solutions. Furthermore, the
problem may appear differently to various stakeholders involved, some may not see a problem
at all, whereas for others an action is required immediately.

We let students experience the diverse perceptions of wicked problems by including
stakeholders from diverse societal sectors throughout our course. We involve relevant
stakeholders from early on in identifying and framing specific problems, as experts for local
knowledge during problem analysis and when students develop and test solutions. Students
thus experience the wickedness of problems through their own interactions with stakeholders
from a specific case area.

At the beginning of their studies, students often encounter disciplinary foundations. It is crucial
for them to understand from the outset that today’s complex challenges cannot be solved by a
single discipline alone. Instead, they require the collaboration of multiple disciplines, as well as
knowledge and perspectives from practical experience.
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UPL is a first-year course in the Bachelor of Environmental Sciences at ETH Zurich. According
to the study guide, ‘we equip the students with the ability to tackle today’s environmental
problems at local, regional, and global levels. The students will learn to analyse
environmentally relevant issues using scientific methods, develop solutions, and evaluate
them’ (translated from Departement Umweltnaturwissenschaften, 2024, p. ii). ‘Tackling
Environmental Problems’ aims to bridge the gap between science and practice while fostering
transdisciplinary competences among students. These include for instance method-specific
competences like problem solving and imagining solutions and their consequences, social
competences like communication and teamwork as well as personal competences like
systems thinking and reflection. Through a project-based and self-organised teaching format,
students are confronted with real-world problems and learn how they can contribute to their
solutions.

This manuscript addresses the question of which stakeholders and how they are involved in
transdisciplinary higher education courses. First, we describe general reasons for involving
stakeholders in transdisciplinary courses. We provide examples of other courses and
institutions as well. Then we outline why we involve stakeholders in our course. We are
convinced that by directly applying learned methods in a real-world context and with directly
affected stakeholders, students are much more likely to acquire new competencies than if they
were to learn them purely theoretically. To cover different perspectives and local knowledge,
we involved stakeholders who performed different roles. Depending on the course phase, we
lecturers work with an advisory group as well as practical experts. Additionally, students
independently contact other societal stakeholders relevant to their respective projects. We
explain how collaboration and exchange with stakeholders helps students to develop
transdisciplinary competences. Finally, we discuss the challenges and opportunities that arise
in this process for stakeholders, lecturers and students.

Our work is based on a non-exhaustive overview review of the literature, previous work and
our experiences, reflections and feedback from eight years of running this course.

Stakeholders in transdisciplinary courses

The involvement of stakeholders is a core feature of transdisciplinary research and teaching.
They can be involved to fulfil many objectives and principles (Schmidt et al., 2020). In UPL, we
mainly focus on the principles ‘Improvement of the quality of research’ (in our case teaching),
and ‘Stimulating processes of social learning to better understand and solve the problem’
(Schmidt et al., 2020, p.3). The stakeholders offer the diversity of perspectives of those who
are concerned by the wicked problem.

The transdisciplinary research process explicitly connects the realm of science with the realm
of practice (see Figure 1). ‘The transdisciplinary process consists of the stages of framing the
problem, analyzing the problem, and exploring the project’s impact’ (Pohl et al., 2017, p. 44).
Stakeholder groups from society (Figure 2) are integrated either in the realm of science
(academia) or practice (administration, business, and civil society). In our manuscript, we have
further assigned the stakeholders to the course level or project level. We will discuss this in
more detail later.

https:/learningteaching.ethz.ch | ISSN 2624-7992 (Online)



145 ETH Learning and Teaching Journal, Vol 5, No 1, 2025

realm of science, rigor, TRANSDISCIPLINARY RESEARCH: realm of practice,
and understanding functional-dynamic relevance, and desi%n
(is it true?) collaboration of disciplines (does it work?)
and societal actors
to investigate and handle
sustainability issues

framing

problem

\1f

science SOCi
investigates anagzing handles
sustainability problem sustainability

issues issu

J 1\

exploring
impact

Figure 1: The transdisciplinary research process - Join Problem Framing and Solving
between the realm of science and the realm of society as described in Pohl et al., 2017, p. 44.

In our course, we distinguish between four types of stakeholders as described in Figure 2. We
have a main partner, an advisory group, practical experts and societal stakeholders. It will be
further described below when they appear in the UPL process and what their roles are.

Main Societal stakeholders
Partner (from administration,

business, academia
and civil society)

Figure 2: The different types of stakeholders of the
BSc course ‘Tackling Environmental Problems’.

In our short (and non-exhaustive) review (see Figure 2), we discover that stakeholders are
mainly integrated as ‘practitioners’ in other programmes. This means that the details of the
stakeholder engagement are not usually described. There is no or very little distinction between
1) the different types of stakeholders, 2) when they are involved and in which part of the
transdisciplinary process, and 3) the role they perform. As explained in our programme, we
have four different types of stakeholders who perform different roles at different stages of the
transdisciplinary research process.

Name of the Type

Roles Institutions Source
Programme Stakeholder
Bachelor of Creative | Industry - Challenges University of Baumber,
Intelligence and Partners Provider (co- Technology, 2022
Innovation (BCII) creation) Syndney

- Transfer of
knowledge and
Perspectives
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Bachelor of Industry - Challenges University of Baumber,
Technology and Partners Provider (co- Technology, 2022
Innovation (BTi) creation) Syndney
- Transfer of
knowledge and
Perspectives
Diploma in Industry - Challenges University of Baumber,
Innovation (Diplnn) | Partners Provider (co- Technology, 2022
creation) Syndney
- Transfer of
knowledge and
Perspectives
‘The sustainable Not specified | - Co-creation University of Balsiger,
development Geneva 2015
indicator exercise
(SDIE)’, graduate-
level seminar
‘Transformative Local - Not specified Not mentioned Bernert et
Innovation Lab’, Practice al., 2022
MSc learning course | Partners
developed and
tested at 2 German
universities
the ‘Sustainability Society - Co-creation 4 Universities of | Biberhofer
Challenge’, a - Transfer of Vienna & Rammel,
learning knowledge and | (Regional 2017
environment for Td Perspectives Centre of
learning and Expertise on
teaching Education for
Sustainable
Development,
which includes
City of Vienna,
UN EP and
others)
‘Transacademic Community - Not specified School of Brundiers et
case study’ Partners Sustainability at | al., 2010
Arizona State
University
Certificate Program | Not specified | - Collaboration Ludwig- Hoil3, 2020
‘el Mundo - ESD in Maximilians-
university level University
teacher education’ Munich
Undergraduate Society - Co-creation Grand Valley Lake et al.,
course ‘Wicked - Transfer of State University, | 2016
Problems of knowledge and | USA
Sustainability’ Perspectives
- Feedback
‘the NYC office of Society - Co-creation Parsons School | Penin et al.,
Public Imagination’, of Design, USA | 2015

studio course,
Transdisciplinary
design MFA
Program
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ETH Certificate of Society - Challenges ETH Zurich Rapo et al.,
Advanced Studies in Provider (co- 2024
Climate Innovation creation)

- Transfer of
knowledge and
Perspectives

- Consultation
and Feedback

‘Leuphana Semester | Not specified | - Not specified Leuphana Adomfent,
with opening week’, University 2022

for all first year Lineburg

students

‘Complementary Not specified | - Not specified Leuphana Adomfent,
Studies’, selected by University 2022

2" to 3" year Lineburg

students

Table 1: Transdisciplinary Learning Formats offered at different institutions including types and roles of
stakeholder involved (when available). The roles reported are described in Figure 3 (Transfer of Knowledge and
Perspectives, Co-Creation, Coaching & Feedback, Consultation, Grading).

The course ‘Tackling Environmental Problems’

In UPL, we wish students to experience the process of problem solving by means of a concrete
case study. The obligatory course is for first semester students in the Bachelor of
Environmental Sciences and lasts a whole year. Around 120 students attend the course. Every
year we work on a different sustainability topic in Switzerland, e.g. sustainable water
management in the Upper Engadine, regional development in the Jurapark Aargau, or a
climate-positive canton of Uri (cp. Pohl et al., 2018; Pohl et al., 2020; USYS-TdLab, 2024).
This sustainability topic represents the case study under investigation.

The first semester (UPL 1) is about analysing the situation and the case topic. Each case study
is divided into five to six sub-analyses. For instance, for the case study Uri, which we worked
on in 2023/2024, the aim was to explore how mobility, agriculture, energy, consumption or
tourism contribute to a climate positive canton. Four student groups of five to seven members
deal with one of the sub-analyses. They carry out a literature search, a stakeholder analysis
and gain insights as part of an excursion.

The synthesis week takes place after the first semester. The student groups are reshuffled so
that one student from each sub-analysis is represented in a new group. The purpose of the
synthesis week is to bring together all the knowledge from the first semester and to make the
students experience how it is to be an expert. During this block week, students familiarise
themselves with our problem-solving approach — a combination of systems thinking and design
thinking (Pohl et al., 2020). They learn to identify stakeholder needs, formulate problems and
develop solutions that also have an impact in the overall system.

In the second semester (UPL Il), the students independently apply the methods learnt during
the synthesis week in sustainability projects they develop themselves. They draw a rich picture,
formulate an insight and problem statements, develop a qualitative system model, develop
measures, prototype them (Pohl et al., 2020) and present their projects at a public final event,
the ‘market of measures’. The students follow an iterative process, where the contact with and
feedback of stakeholders presents an important part to further develop their projects.

If they wish, they can realise their projects in an optional third semester (UPL IlI).
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We follow ETH’s approach to project-based education (cp. PBLabs, 2024). The practice-
oriented project approach, where students work in self-organised groups, is an integral
component of our course. Particularly in UPL Il and UPL Ill, project work is emphasised.
Students learn the methodological and transferable competences we aim to foster through
direct application. We, as lecturers and our tutors, act as coaches and support students in their
learning processes. When grading groups, we also grade this process and the reflection on it.

Why we integrate stakeholders

UPL aims to bridge the gap between science and practice while fostering transdisciplinary
competencies among students. Through a self-organised teaching format, students are
confronted with real-world problems and learn how they can contribute to their solutions. In
competence-oriented teaching, the focus is not only on imparting knowledge (primarily case-
specific, local, and context-related knowledge in our case) but also on developing skills and
attitudes. This is achieved through a project-based iterative process of application, practice,
and experimentation. In UPL, failure is explicitly allowed and encouraged, if students reflected
upon and use it as a learning opportunity for future applications. The emphasis is strongly on
‘learning by doing’.

The development of competences in our course is based on the ETH competence framework,
which distinguishes between four competence domains: subject-specific competences,
method-specific competences, social competences and personal competences (ETH Zurich,
2023). However, this framework does not encompass all the competences we aim to promote
in transdisciplinary teaching (see Pearce et al., 2018). Therefore, we have supplemented it as
shown in Table 2.

Regarding subject-specific competences, we are not only interested in whether students
understand and can apply specific concepts, but also in their ability to apply these concepts in
diverse real-world contexts. Among the method-specific competences, problem solving is
central to our degree program. In UPL, we also emphasize problem framing, which involves
collaboration with others. Consequently, we have included this aspect. Holistic and future-
oriented problem solving is also important to us. As this is not covered in the ETH competence
framework, we have added the competence ‘Imagining solutions and their consequences’. We
identify two areas within the social competence of ‘communication’: firstly, communicating
one’s own values, and secondly, communicating with stakeholders. In the ETH competence
framework, systems thinking is categorized under ‘critical thinking’. Given its importance to us,
we list it as a separate competence.

In the following Table 2, we describe how the involvement of and exchange with stakeholders
supports students in developing these competences.

The competences ‘Framing and solving complex problems with others’, ‘Imagining solutions
and their consequences’ as well as ‘Communicating with others in different contexts’ apply to
UPL Il only, while the others are embedded both in UPL | and UPL Il

https:/learningteaching.ethz.ch | ISSN 2624-7992 (Online)



ETH Learning and Teaching Journal, Vol 5, No 1, 2025

149

(we)qoud ayy BuisAjeuy)
(we)qoud ayy Bulwely)

‘obenbue| aanjoadsal Jiay),
ul pue Bunooy |enba uo je (0} ‘ssauisng ‘uonedisiuiwupe ‘a@opoeld
‘@ouaios wod) 9jdoad jusisyip YIM 8)edlunwiwod 0} ules] Asyl

"'SanjeA UMO JIay} Uo Jo3|jaJ pue uonsanb 0} sjuapn)s
djay ued siy] "9SISAIp 9Q USYO UED SI9P|OYSXEIS JO MBIAPOM Y|

SJX8JU0d
JUSISHIP Ul SISYI0 yiim
Bunesiunwwoo pue sanjea
umo JnoA Bunesiunwwo)

saoua)odwod
[e100g

(yoedwi Buuojdx3)

‘o|geoiidde Ajjeanoeud osje ale waisAs ayy uo syoedwi [enuaiod Jioyl
Buisiubooal pue suonn|os aAloayd BuidojdAap Ul S||IYS J1BY} Jayidaym
N0 puly ued sspnys ‘siapjoyayels yum abueyoxs sy} ybnouayl

saousnbasuod Jivy)
pue suonnjos Buiuibew|

10edwi Buuojdxg
wajqo.d ay) BuisAjeuy
wa|go.d ay) Buiwel4

‘uonejuswajdwi 1098loid
aAneynoe} ay) ul sisuped Asy aie Aay) ‘sainsesw Jo juswdoljonsp
8y} ul 9jol oAIssed Jaylel B oAey Ajensn siapjoyayels 9JIypa

"o|gejuswajdwi seapl Ji1sy} ayew 0} way}
sd|ay }] ‘sJ1ap|oyde]ls ay} JO Spaau ay} |iyns pue wajqo.d |eal e Bulajos
0] 9)NqIU0D Aj|eaJ sainseaw Jisy) Jayidaym asiubooal 0} syuspnis ay)
S9|qeud SIaP|oYdY ]S By} WO} }oeqpas) siy| ‘sainsesw jo sadAjojoud
J18y] uo Ajo1e10uoo asow ‘sessalbold j0afoid ay) se ‘pue suonn|os
JO syelp |eniul JIdy} U0 MOeqpaes) IO} SIapjoysyels Mse sjuapnis

‘payoIm 8q ued wajqold e Aym asiubooal Aay) Qybisul
ue uo saAnoadsiad juasayip 8say) ybnoly| -paultaouod sidoad sy}
JO Spa@au jualaylp 8y} Jnoge ules| sjuspnis ‘siapjoyayels o} bupyel Ag

sJayjo
yum swajqoud xajdwod
Buinjos pue Buiwel4

saousladwod ol10ads-poyialn

(yoedwi Buuojdx3)
wajqo.d ay) BuisAjeuy

‘'swia|qosd payoIm 0} uoin|os ybu BUO ou S| 318y |
"SI ]X8JU09 |BO0| 8y} JO abpajmouy ay) Juepodwi Moy asijeal sjuapnis
"JOU 1Beym pue sylom jeym abpnl ueo Asyy ‘ebpajmouy |eanoeid pue
[B00| Uo-pjing ‘@dusuadxa Jiay} ybnouy| ‘siapjoysyels yum abueyoxe
ue salinbau pom |eal 8y} ul spoylew pue s}desuod jo uoneoldde ay |

plIOM |eal
oy} ul s)deouod BulA|ddy

sooua)edwod
ol0ads
-100[gng

ssad%0.d
yoleasal pj} jo aseyd

siapjoyayels yum uonoeadjul Aq payuoddng

Tdn ui sasuajadwor

sujewop
aou9jadwon

https:/learningteaching.ethz.ch | ISSN 2624-7992 (Online)



ETH Learning and Teaching Journal, Vol 5, No 1, 2025

150

‘Juswidojansp Jisy) spoddns siapjoyaxels yim Lonoriajul 8y Moy pue Jdn ul seadusjadwo)) :Z 8jqe]

(yoedwi Buuo|dx3)
(wsjgold ay) Buiwel )

"JNOIABYS( pue saAldadsiad J1ay) 1dadoe pue puejsiapun
Japaq pue ajdoad Jayjo 0} us)si| 0} uies| Aay "ol sessauyeam pue
syibua.s Jisy) aloym asiubooal pue SMaIA UMO JIdy} UO 109|}8J 0} Way)
djay ueo siy| "malA Jo sjulod Jualayip mouy o} 1eb syuspnis ‘dnoub e
ul Buppom ybnouyy osje Jnq ‘siapjoyayels yum abueyoxs ayy ybnoay

sJay)o
pue J|as 1noge Bunosjiey

(yoedwi Buuo|dx3)
(wsjgold sy BuisAjeuy)
(wsjgo.d ay) Buiwel )

"sjoeduwl o1W8)SAs 0] piebal Yim Os|e ‘asuas ayew sainsesw
yolym asjenjeAe Ajleonuo 1snw Asy| ‘sainsesw ajgejuswajdwi
dojeAsp 0] JBpIO Ul S824N0S JUBJIBNIP BSISBYIUAS pue uoNElapISuod
oul yjog 8ye) Isnw Asy] ‘"slepjoysyels Jo suoluido |euosied
8y} woJy sjoe} oynusIds ysinbunsip o) Ayjiqe ayy dojarsp syuspns

Bupjuiyy sweaisAg

BUBIUIL [8ON1ID

sooua}adwod |euosiad

1oedwi Buuojdx3
wajqoud ay) BuisAjeuy
wajgo.d ay) Bulwel4

‘uiebe aduo pappe SI |9A9] SIY} ‘SIap|OyYdNe}S YIm

uoljBIOgR||02 BS0JD Ul || 1dN Ul syosloud s1ayy dojaasp syuapnis Usypn
‘dnoub umo Jisyl yyim abueyoxa ul ||e anoge aousiadwod siy)

dojanap sjuapn}S “)oeqpas) AIJONIISU0D SAIB pue Jay)o yoes ajenjeas
0] uies| Aay] ‘dnoisb ayy uiyum syibusaiis pue 8|01 |ENPIAIPUL JIBY)
uo Jo9jjal ‘|eapl dnolb Jisy) sulyep Aay | (SOBPIA JO SBLIJUS LOYS YJIM)
[eudnol Buluies| Apjoam e ul ssaso.ad yiom JIsy) pue uoleloqe||od dnoib
JIoyy uo 1o09ja1 Aay] ‘sdnolb ul yiom sAemie suspnis ‘“1dn Buung

ylomuwes) pue uoneladoo)

https:/learningteaching.ethz.ch | ISSN 2624-7992 (Online)



151

ETH Learning and Teaching Journal, Vol 5, No 1, 2025

Which stakeholders we integrate and how

The involvement of stakeholders in different phases of the transdisciplinary process and with
different roles is a core element of our course. We distinguish between two levels: the course
level and the project level. With reference to Figure 3, the course level (left) is therefore about
the respective sustainability case study as such, while the project level (right) concerns the
individual student group projects. The figure links these two levels with the transdisciplinary
research process in the centre. In the following, we explain how this works in detail.

Roles at the course level Roles at the project level

in collaboration with lecturers i i i
( ) Td process (in collaboration with students)

———— | Framing the :_
o problem
J Transfer of knowledge

'

Transfer of knowledge
and perspectives

|_ Co-creation | and perspectives

5

|./ Coaching & feedback T Analysing the —_—
) : problem it s ___--————--;_ Feedback )

Course advice

— Consultation )
Grading |___ 7|
. STTT—

- Co-creation |

p.

Figure 3: The roles of stakeholders in ‘Tackling Environmental Problems’ (UPL) in the transdisciplinary research
process (own figure based on Pohl et al., 2017, p. 44).

Stakeholders’ roles at the course level

Every year, we work with an advisory group. Half a year before the first semester starts, we
identify a topic as well as a main partner from a Swiss region. This can be a community mayor,
a head of a cantonal office, an employee of a research institution or a company. Together with
them, we consider an initial draft of the case topic and which other people we can ask to join
our advisory group. Besides the main partner, the group consists of stakeholders of the course
(lecturers and two representatives each of the students and tutors) and stakeholders of the
respective case (representing administration, business, academia and civil society). We
always choose stakeholders from these four areas as we believe they represent important
areas of society and come with different perceptions of, and interest in, the topic. In order to
make well-founded decisions on the case topic and the sub-analyses, it is important for us to
incorporate these perspectives right from the beginning. Two representatives of the lecturers,
tutors and students complete the advisory group. They ensure that the learning objectives and
framework conditions of the course are guaranteed. The tutors and students also make sure
that, for example, questions are understandable for future students and tasks are distributed.

In Figure 3, the roles of the course level on the left-hand side relate to the involvement of the
advisory group and practical experts. The advisory group has an important role in ‘framing the
problem’. Together with them we lecturers determine (and co-create) the respective case topic.
In this way, we want to ensure that we work on a topic that is of regional relevance and that
their different perspectives are considered right from the beginning. The advisory group also
proposes the sub-analyses and practical experts to accompany them. This all happens before
the start of the first semester. Then during the course (UPL | and UPL 1), the stakeholders of
the case support the course, are available to the students as a source of information and
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provide feedback. At the end of the course, they are also involved in grading the student
projects, thus assessing ‘the impact’ of the projects. Over the course of a year and a half, we
meet five times.

Besides the advisory group there are further practical experts for each of the sub-analyses in
the first semester (UPL ). We contact them on the recommendation of the advisory group.
These are, for example, a farmer, forest ranger or representatives of regional, communal or
cantonal offices, energy providers or companies. They contribute their specific regional
expertise to the formulation of the sub-analyses and respective research questions.
Furthermore, they give a short introductory lecture for the students on their sub-analysis topic,
meet once with their four student groups for a feedback discussion and read and assess the
student reports at the end of the semester. Thus, they are less concerned with a joint problem
framing but more with transferring case knowledge and providing feedback in order to support
students in ‘analysing the problem’.

At the course level, i.e. the stakeholders of the respective case study of the advisory group
and practical experts, we work with a total of eight to ten stakeholders.

Stakeholders’ roles at the project level

In addition to the official stakeholders of the course (case study), who are approached by us
lecturers, the students have the task of contacting further stakeholders independently. This
takes place during the second semester, when they work on their projects.

At project level, the entire transdisciplinary process takes place in UPL Il. In order to ‘frame the
problem’, students approach local stakeholders, ask about their knowledge, challenges and
individual perspectives. While ‘analysing the problem’, they conduct research, ask for further
information and seek feedback on their assumptions. ‘Exploring impact’ refers to the
development of proposed solutions and specific measures that are ready for implementation.
The students build prototypes of these measures, which they test with stakeholders and obtain
feedback on. In addition, some groups also involve stakeholders in an in-depth consultation
process and develop and co-create the measures together. The roles of stakeholders are
therefore diverse — they contribute local knowledge and needs, provide hands-on feedback,
but can also become partners in the implementation of the student projects. In the course of a
case study, students contact about 150-200 different stakeholders.

Challenges and opportunities

After eight years of teaching experience in this course, we can report on a variety of challenges
and opportunities. These challenges and opportunities are based on our observations and
feedback from the advisory group, as well as from the students. During our final meeting with
the advisory group, we inquire about their expectations, experiences and challenges. We
gather information from the students through their weekly learning journal entries, where they
reflect on their work process, as well as through their individual reflection reports at the end of
each semester. Finally, we collect information through the responses during oral exams where
the students apply and reflect on what they have learned. Tabl summarises the key challenges
and opportunities for stakeholders, lecturers and students in our course, which we address in
more detail below.
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Challenges Opportunities
Stakeholders |- Resources (time commitment). |- Sharing their local knowledge
(incl. members |- Organising their professional with students.
of the advisory life with course dates and - Their concerns will be heard.
group and activities. - Gaining new and fresh
practical - Possible lack of experience in perspectives from students for
experts) grading students’ work. problems and possible solutions.
- Networking opportunities with
other stakeholders and lecturers.
Students - ldentifying relevant - Being forced to get out of the
stakeholders and establish university bubble.
contacts with them. - Gaining a more comprehensive

- Coordination of stakeholder understanding of specific local
contacts. sustainability issues.

- Understanding and being able |- Experimenting and learning by
to assess the needs of doing.
stakeholders in the overall - Being able to implement their
system. project ideas.

- Dealing with diverse
perspectives and sometimes
contradictory information.

Lecturers - Resources (high time - Being forced to get out of the
commitment). university bubble.

- Finding a new case topicand |- Gaining a more comprehensive
new motivated stakeholders understanding of specific local
every year. sustainability issues.

- Coordinating between - Having the possibility to realise
lecturers, tutors, students and our transdisciplinary learning
stakeholders. objectives.

- Networking with regional
stakeholders.

Table 3: Overview of challenges and opportunities of integrating stakeholders.

For stakeholders, a challenge is how they can organize themselves professionally to align with
our course dates. The members of the advisory group and the practical experts are also
involved in the grading. Initially, this responsibility can be quite daunting, and it is difficult for
them to estimate the performance level expected from first-semester students. However, with
the help of clear assessment criteria and our advice, this has never actually been a problem.
Especially when comparing multiple groups they evaluate, they can accurately assess their
performances. However, we also adjust their grades, in case they are much lower or higher
than the grades given by other stakeholders. Though we never change how they grade the
groups relative to each other. The adjustment is to avoid students feeling unfairly treated. The
students’ inquiries can also be challenging for stakeholders — whether due to the sheer quantity
or because they are too general or too detailed.

The greatest challenge for students is in UPL Il to first identify the relevant stakeholders,
understand their needs, relate these to the overall system of their project and then establish
successful contact with them. When they succeed in this, receive helpful responses, and
encounter interest and support, it shows them that they have identified a real demand. This
helps them to make their project more concrete and often provides significant motivation. On
the other hand, it is incredibly frustrating when they do not receive any feedback. However,
this is a translation of working with real-world case studies. Students must learn how to
formulate their inquiries in a way so that they receive responses that are helpful to them. As
all students together can easily contact 200 stakeholders during their project development in
the second semester and we want to avoid one stakeholder being contacted by ten different
students (and possibly being overwhelmed as a result), the students must coordinate their
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contacts. One student is responsible for one stakeholder at a time and forwards enquiries from
other student groups to him or her collectively. However, this also means that students are not
completely free in their requests, have to coordinate well and take other groups into
consideration. This can certainly delay their own process. The contacts are entered
transparently in a table.

In addition, students are confronted with contradictory information and opinions. For example,
they might get different feedback on their work from lecturers and practical experts, as they
have different requirements or prioritise certain aspects differently despite having the same
assessment criteria. Students also sometimes find information in the literature that does not
match the statements of stakeholders. Or stakeholders have contradictory opinions about their
projects - some think it's great, some perhaps unnecessary.

Even if students are given a comprehensive assignment for each semester, it is a challenge
for them to imagine the end product. Dealing with this uncertainty and learning how to cope
with it is a challenge for many.

For us lecturers, the high time commitment is a challenge. Each year, we develop a new case
topic in collaboration with a new main partner, a new advisory group and new practical experts.
This process starts practically with the question of whom we can contact for collaboration and
usually requires several emails and phone calls to convince people to participate in our course.
The total time commitment is approximately 50 hours for the advisory group and 35 hours for
the practical experts. Although we often encounter interest, the time commitment, which we
communicate transparently from the beginning, should not be underestimated. Subsequently,
it takes time to build trust and a shared understanding of the course’s objectives. Dates and
tasks need to be communicated and coordinated. Meetings always take place in the respective
case region to show our interest in the topic and the stakeholders. This is well appreciated. As
our course involves many different aspects (such as introductory lectures, delivery of
milestones, feedback to student groups, optional workshops, an excursion or final events) and
groups of people (stakeholders, lecturer's team, tutors and students), coordination and a
consistent flow of information between them should not be underestimated. One of our
lecturers is responsible for this.

In addition to the challenges, there are also various opportunities. Many stakeholders enjoy
sharing their knowledge with young students. They appreciate it when their concerns are taken
seriously and met with interest. Many are also happy to participate in our excursion, where
they can introduce students to their expertise and everyday life. They value the fresh
perspective students bring to problems, the diverse ideas for solutions, and especially when
measures are implemented. Another aspect is the opportunity for networking. Even though
many stakeholders often already know each other, the course and student projects continually
create new contacts or provide the chance to discuss controversial views in a neutral context.
Contacts with stakeholders are also of interest to lecturers. For example, a further research
project for a real-world lab emerged from the collaboration in the advisory group (Department
of Environmental Systems Science, 2022).

The exchange with stakeholders enables both students and lecturers to gain a deeper and
more comprehensive understanding of specific sustainability issues. We step out of our higher
education bubble and learn about diverse regions and what concerns the people there.
Students can experiment with applying their theoretical and methodological knowledge in a
real-world context and understand what it takes to solve wicked problems. While many courses
end with the development of solutions, students here have the opportunity to implement their
measures in an optional third semester. Even if only around 10% do this, the offer is important
and was introduced at the request of former students. This course gives us lecturers the
opportunity to apply our didactic principles and transdisciplinary learning objectives. We
contribute to opening up the universities and taking up concerns from society. In addition,
networking with local stakeholders is a valuable side effect.
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Conclusions

Dealing with wicked problems in the real world requires an iterative and participative approach
of practicing and experimenting. With this teaching practice, we aim to contribute to the current
literature by clarifying the roles and involvement of stakeholders. We do this by illustrating the
exact process of how, why and which stakeholders we involve in our transdisciplinary teaching
and learning process. When we compare the roles of stakeholder in UPL (see Figure 3) with
the other teaching and learning formats described in Table 1, we can see that the roles they
take on are more diverse in UPL. The international examples from the literature illustrate that
the two main roles of the stakeholders are ‘transfer of knowledge’ and ‘co-creation’. In many
cases, stakeholders are referred to as partners with whom the content is co-created. Not all
authors elaborate on the roles of the stakeholders in their respective programs. In the
examples of the University of Technology in Sydney (Baumber, 2022), the co-creation role is
also described as a challenge provider. This does not occur in UPL, as the identification of
challenges is part of the students' task at the project level (see Figure 3). What is also rarely
addressed is the role at the project level of giving students feedback, supporting them in their
project development, or actively contributing to finding solutions. No example addresses the
involvement of stakeholders in grading at the course level, which is the case in both semesters
at UPL.

However, we see differences not only in the roles but also in the types of stakeholders involved
and how exactly they are described. For example, industry partners or society are mostly
mentioned in the international examples (see Table 1). In UPL, we differentiate between our
main partner, the advisory group, practical experts, and further societal stakeholders (see
Figure 2). They come from administration, business, academia and civil society to reflect
different perspectives in society.

We are convinced that the exchange with stakeholders and their local knowledge, expertise
and experience is necessary to promote the development of transdisciplinary competences
among students. It is important to us that 1) not only the students familiarise themselves with
concepts and methods, but 2) that they also apply them in the real world. This is made possible
by working on hands-on projects. Setbacks are also part of this learning experience. Dealing
constructively with failures and how they can learn from them so to develop their project further
is an ability that will also be relevant in later professional life. UPL is all about learning by doing.

Students learn, among other things, how to deal with conflicting views and integrate different
perspectives, critical and systemic thinking, self-organised group work and continuous
reflection on their own role and the work process. We think that the tasks students need to fulfil
and develop over the span of the course should be more robust as they accommodate diverse
perspectives. Additionally, the integration of a various set of stakeholders ensures a higher
likelihood of implementing the projects developed by the BSc students at a later stage. All
parties involved show a higher ownership of the process and outcomes.

In our view, the following success factors are central to the involvement of stakeholders in our

course:

e Project-based work in a real-world context.

e Clear and transparent communication about their time commitment and what they can
expect.

e Honestinterest in the local situation of the stakeholders and joint agreement on topics and
research questions.

e Meetings of the advisory group and the final event for the students always take place in
the case region. This seems trivial, but for many stakeholders it makes a difference that
we lecturers (and students) are travelling to them.
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