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Since its establishment in 1974, Aalborg University (AAU), in Denmark, has rooted its
pedagogical foundations in the Problem-Based Learning (PBL) model. PBL is an inherently
interdisciplinary pedagogical model, aimed at addressing ill-defined, multi-faceted and
complex, henceforth wicked, problems. Recognising this imperative, the Institute for
Advanced Study in Problem-Based Learning (IAS PBL), a cross-faculty research and
competence development unit in AAU, aims to strengthen the quality and development of
PBL research and practice in novel ways.

This case study examines |AS PBL’s evolving approach to research and develop tools that
transcend single disciplines to advance cross-disciplinary collaboration and ultimately
integrate it into AAU’s institutional fabric, a goal central to AAU's 2022-2026 strategy.

PBL 2.0 for cross-disciplinary
integration and collaboration

IAS PBL's approach is fundamentally anchored in PBL philosophy, where learning starts with
a problem'. And what is a problem other than a disruption of routine thinking, triggering
reflection and the quest for new knowledge? The more complex a problem becomes, this
quest for knowledge necessitates looking beyond disciplinary boundaries. IAS PBL’s
research teams are striving to achieve this cross-disciplinarity through a framework that
integrates social sciences and humanities (henceforth, SSH) and natural and technology-
oriented sciences (henceforth, STEM). This SSH-STEM integration model is the running
engine of AAU’s Mega -Projects, i.e., projects integrating multiple disciplines in analysing
and solving the SDG challenges, which have been used as the testbeds for the research and
practice of cross-disciplinary collaboration.? 3
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Launched in 2019, Mega-Projects represent a significant institutional effort to operationalise complex, interdisciplinary project work
aligned with societal grand challenges (SDGs), through large-scale thematic umbrella projects spanning over 2-3 years. Mega-Projects
challenge undergrad/postgrad student groups across AAU’s faculties and programmes to contribute diverse disciplinary perspectives to
a shared complex problem. Throughout the projects, students are guided into developing key transversal skills, such as systems thinking
- the ability to reject mono-disciplinary approaches to solve a wicked problem. #

Transcending disciplinary boundaries and turning students into such boundary spanners is easier said than done. IAS PBL is undertaking
this endeavour by implementing a flexible skill progression pathway that guides students from multidisciplinarity to interdisciplinarity and
ultimately to transdisciplinarity, to gain exposure to, interact with and connect, with the different disciplines. The scaffolded
implementation of the SSH-STEM integration model within the Mega-Projects allows the IAS PBL teams to distinguish the different stages
of knowledge interconnection from siloed to collaborative and finally to transcending.®*

It's relevant to acknowledge that the multi-, inter- and transdisciplinarity terms at the heart of IAS PBL’s model are often used
interchangeably and therefore confused in what they achieve. To alleviate this confusion, we will use the allegory of Plato’s Cave, which
explains how people can be freed from a limited way of seeing the world. Imagine people who have lived their whole lives chained inside
a dark cave. They can only see the wall in front of them, where shadows are cast by things passing in front of a fire behind them. Because
they've never seen anything else, they think these shadows are the only reality. When one of them gets free and leaves the cave, they
slowly see the real world with the wealth of its flora and fauna; all illuminated under the sun. This allegory showcases that based on the
perspective one has, their sense of reality expands or shrinks. t’s this expansion of perspectives that the progression from multi- to
inter- to transdisciplinarity offers. With this in mind, let’s dive into the IAS PBL educational approach.
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Pillar 1: Multidisciplinarity for an additive perception of knowledge

In Plato’s Cave, prisoners mistake shadows cast by unseen objects for reality, lacking the context of the complex world outside the
cave. Similarly, when studying for their bachelor’s degree in one discipline, students will put together a fragmented view of reality by
referencing one or more disjoined disciplines. However, this limited worldview may provide them with a solid foundation in their field,
i.e., the insides of a cavern, and only an abstract view of other fields, i.e., the world outside the cave. Multidisciplinarity, as an

educational tool, attempts to close this gap by juxtaposing knowledge from different disciplines, and helping students early on in their
educational journey to project disciplinary different ‘shadows” and analyse them separately to understand their subparts. At AAU,

students are typically taught through this lens early in their bachelor’s studies.

Learning objectives: Recognising the value of other fields and beginning to see the limitations of a purely disciplinary view by 1)
strengthening students’” understanding of their own discipline's constitution, characteristics, strengths, and limitations, and following this
2) The development of knowledge and appreciation of the strengths and relevance of other disciplines.

Implementation: Activities within this pedagogical pillar include, but are not limited to:

» Parallel projects across different programmes, allowing students to work in parallel with different disciplines on the same problems,
apply knowledge and methods from other disciplines and challenge each other's disciplinary approach,

« Short teaching sessions, supporting project collaboration for students from different programmes, with integrated PBL workshops
and lectures on issues addressed by/from different disciplines, e.g., Leonardo lectures

« Student conferences with presentations of projects, poster sessions, and roundtable discussions where the students from different
programmes take stock of the same topic from different perspectives, pitches, etc.
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Pillar 2: Interdisciplinarity for interaction between disciplines

Interdisciplinarity is often conflated with multi- and transdisciplinarity, but its defining feature is /interaction. For disciplines are
intertwined through dialogue, revealing how their methods and assumptions shape knowledge. The prisoners in Plato’s Cave
discovered that shadows are cast by objects interacting with fire, and in a similar way students realise that disciplinary conflicts arise
from the /nterplay of perspectives, not fixed truths. IAS PBL's model exposes students to concepts of interdisciplinarity late in their
bachelor's study programmes.

Learning objectives: Developing collaborative skills to work across disciplines to solve problems requiring integrated approaches by 1)
gaining competence in participating in interdisciplinary collaboration and 2) developing the ability to understand, utilise, and integrate
insights from other disciplines into problem-solving.

Implementation: Activities within this pedagogical pillar that can support the development of interdisciplinary competencies include:

* Micro-projects where students from different disciplines work together in intensive formats on concrete problems, and in which the
competences of the various disciplines are brought into play equally, e.g., Solution Camp and User Driven Creative Academy

« Joint (across programmes) short teaching sessions supporting project collaboration, with incorporated mandatory PBL workshops,
centred around common issues, e.g., WeekShop

* Pre-defence courses, where students act as opponents for each other across disciplines, after submission of the semester project,
but before their examinations.
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Pillar 3: Transdisciplinary for a holistic integration of knowledge

Once, one of Plato’s Cave captives is at last free, and able to see the sun, they get a better perspective of the complexity of the living
world. In IAS PBL’s model, the educational journey is complete by achieving transdisciplinarity, which parallels the sun in dissolving
disciplinary boundaries entirely, integrating academic and non-academic knowledge. In this learning stage, students can achieve the
highest level of argumentation that covers the many moving pieces of a system, as well as , the necessary trade-offs that the involved
stakeholders have to commit to, for the system to function sustainably. IAS PBL's model implements this holistic knowledge synthesis
that deeply integrates knowledge and methods from academic and non-academic, at the master’s study programme level.

Learning objectives: Equipping students with competencies to work in integrative teams tackling complex problems that transcend
disciplines, explicitly involving external stakeholders and non-academic knowledge by developing competencies in 1) in transdisciplinary
teamwork for integrated problem-solving involving external actors and 2). in reflecting on and communicating the process and outcomes
of transdisciplinary collaboration.

Implementation: Activities within this pedagogical pillar that can support the development of transdisciplinary competencies include:

* Integrative projects where students work together with other students across disciplines to solve problems or shed light on
academic issues, e.g., DADIU game production

* Micro projects in which students collaborate with students from other disciplines, as well as external stakeholders (compared to the
integrative projects) to solve problems or shed light on academic issues that stakeholders face, e.g., Hackathons and LeadENG

 PBL Missions, which AAU defines as concrete goals that students can engage in, linked to key AAU research and in collaboration with
external stakeholders, e.g., missions in sustainability where, with external partners, students from across AAU jointly solve identified
problems/disciplinary issues.
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Challenges, learnings and
a path forward

IAS PBL's models design and experimentation highlight both the necessity and the difficulty
of evolving cross-disciplinary collaboration; the aspiration for cross-disciplinary research
and practice has to reckon with the practical realities of institutional structures, assessment
regimes, and student/supervisor preparedness. Some of the major challenges that the IAS
PBL teams faced and the learnings they took are summarised below.

True integration between disciplines

The IAS PBL teams observed that a key challenge in the journey from multi- to inter- and
transdisciplinarity was the inability of student groups to deeply collaborate and integrate
cross-disciplinary knowledge in their process, rather than merely coordinate by sharing
information and designs. As a result of this, micro-projects within Mega-Projects often
remained largely independent and didn’t provide holistic solutions to the overarching
missions.

IAS BL researchers and pedagogues largely attribute this to the structural pitfalls of the SSH-
STEM model , for not creating necessary interdependencies between groups that would
demand not only knowledge transfer but deep integration , too. For example, for a deep
integration, instead of mere coordination, educators would take into consideration
knowledge integration models for eliciting and introducing new ideas to students and
encouraging them to develop intellectual criteria for critically evaluating these ideas.® A key
learning for PBL lies in implementing genuine inter- and transdisciplinarity that moves
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beyond simply mixing students from different fields but demands careful structural design, explicit learning objectives, aligned
assessment, dedicated resources, and significant faculty development.

The challenge of assessing systems thinking

Through testing and experimentation, IAS PBL researchers and pedagogues revealed another model weakness: students often skipped
deep problem analysis, defaulting to disciplinary introductions rather than rigorously defining the complex, interdisciplinary nature of the
problem. Additionally, when it came to assessing students' problem analysis skills, formal assessment remained tied to individual
programme and/or semester learning objectives. The limitation of formal assessment tools, which rarely explicitly value or measure
cross-disciplinary integration or collaboration skills, reduced students’ incentive for deep engagement beyond one's core discipline.

The key learning here includes that developing valid methods to assess interdisciplinary collaboration, integration, and transdisciplinary
synthesis is essential to incentivise and recognise cross-disciplinary work.

Support faculty’s development to enable cross-disciplinary learning

Faculty, as much as students, need explicit training in skills like cross-disciplinary communication, epistemological awareness, managing
team conflict in diverse groups, integrative thinking methods, and multi-stakeholder engagement. Moving beyond single-discipline
teaching requires supporting faculty in developing new pedagogical skills, collaborative teaching practices, and potentially evolving
professional identities.

The key learning includes revisiting institutional structures for education, e.g., timetables, physical spaces, funding models, and
administrative systems, which often remain discipline-bound, creating friction for cross-disciplinary initiatives.
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Conclusion

Aalborg University's case illustrates a deliberate and evolving strategy to harness its
core PBL pedagogy to meet the demands of the 215t century . By conceptualising
and implementing a progression from multidisciplinary awareness through
interdisciplinary collaboration to transdisciplinary integration, IAS PBL iterates
frameworks, models and tools to equip graduates with the essential competencies
to navigate complexity, integrate diverse knowledge, collaborate effectively across
profound differences, and co-create solutions with societal stakeholders.

If multidisciplinarity is the additive accumulation of knowledge, and
interdisciplinarity its interactive intertwining, then transdisciplinarity is the holistic
integration of knowledge, approaching wicked problems as more than the sum of
their disciplinary aspects, more as a complex web of conflicts and trade-offs,
requiring knowledge co-creation across an eclectic set of stakeholders. The
process of designing and implementing activities that can transmit such
competencies to students is a difficult one, and as the IAS PBL teams realised one
that often requires “two steps forward, and one step back”.

Nonetheless, the IAS PBL’s teams, continue designing educational models to guide
students in overcoming the ignorance and isolation that comes with mono-
disciplinary education. In the words of Paulo Freire, the Brazilian pedagogue and
activist, holistic knowledge “guides humanity from ignorance to the knowledge of
knowing that you know and knowing that you don't.” ¢ In other words, excelling in
your fields and knowing when to step up and ask for help from other disciplines.
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