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Abstract: Developing the economic, environmental, and social sustainability of urban environments
is challenging due to the complex and interconnected nature of the context and objectives. In order
to be successful in this challenging environment, professionals working in the urban development
arena should have a holistic understanding of the different pillars of sustainable development, as
well as various competencies and skills. This paper looks at sustainable urban development (SUD)
from the perspective of the skills and competencies required and identifies effective pedagogic
practices that could help educate future professionals. In particular, we explore interdisciplinary
and transdisciplinary learning, reflective thinking, and experiential learning, which are needed for
understanding various aspects of a complex phenomenon, collaborating with professionals from
different fields and coming up with novel and constructive ways of solving complex problems. We
first examine these through reviewing and analyzing relevant literature on education for sustainable
development, with a focus on SUD. Then, we explore the application of these approaches in practice
by describing and analyzing a newly introduced degree program at Tampere University, Finland.

Keywords: education for sustainable development; pedagogy; urban; multidisciplinary learning

1. Introduction

There is an urgent requirement to improve global environmental sustainability, includ-
ing addressing critical challenges such as reducing greenhouse gas (GHG) emissions, water
consumption, biodiversity loss, and accelerating land and resource use [1]. In parallel, a
number of interrelated or unique social sustainability challenges need to be addressed,
including inequity, social cohesion, inclusion, and justice [2]. These challenges must be
faced within the economic and administrative constraints, resulting in social learning and
new forms of social-ecological reflectivity and sustainability governance [3,4].

Urban areas are a natural focus for efforts to improve sustainability. They account
for an increasing majority (54%) of the global population [5] and Gross Domestic Prod-
uct (GDP) (85%); have a disproportionate share of global energy (60–80%) and resource
consumption (75%); produce around 50% of global waste; and emit around 70% of global
GHG emissions [6]. Urban development—defined here as the improvement or expansion
of urban physical, social, administrative, and economic infrastructure—needs to be done in
a sustainable manner in order to help avoid lock-in of unsustainable urban systems. There
are also significant opportunities for sustainable urban development policies to provide
co-benefits for population health and wellbeing [7–9]. However, to-date, very few cities
have had success in meeting either local or global sustainability challenges (e.g., [10]).
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Urban areas are highly complex systems, with feedbacks, interdependencies, and
non-linear linkages between environmental, social, economic, and governance elements
of the urban system. This complexity can lead to so-called wicked problems in planning
and policy that are extremely difficult if not impossible to solve. Addressing complex
societal challenges, such as those targeted for improvement in the Sustainable Develop-
ment Goals (SDGs), cannot be achieved within narrow disciplinary silos, but require a
shift in development practice, and technological, social, and administrative solutions and
innovations. Hence, there is a growing need for integrated skills and knowledge to address
the key challenges of the Anthropocene [11]. Transdisciplinarity as a practice processes
complex, real-life problems by means of methodological cooperation between disciplines,
and between researchers and practical actors, and thus enables integrated learning between
the scientific community and society [12,13].

Education for Sustainable Development (ESD) has a critical role in providing transdis-
ciplinary skills, with universities having an important role as drivers of sustainable change.
However, in education, transdisciplinary teaching of Sustainable Urban Development
(SUD) has not seen significant adoption into the established curricula so far [14] and there
is limited experience on how to develop and facilitate transdisciplinary teaching of SUD in
practice. Therefore, the aims of this paper are to:

(1) Identify the knowledge and skills required for future SUD professionals;
(2) Evaluate current pedagogical practices and limitations of sustainability teaching at

the Higher Education Institution (HEI)—level; and
(3) Illustrate and critically reflect on the practical implementation of SUD education at

the bachelor’s degree level.

To achieve the first two aims, we review and summarize current literature in ESD and
analyze how SUD education has been implemented in HEIs worldwide. To achieve the
third, we describe as a case study the development of a new bachelor’s degree program
in SUD at Tampere University, Finland, which aims to equip future sustainable urban
development technology, social, and administrative professionals with the skills and
holistic understanding to enact sustainable change in a global context. Finally, we reflect
on the degree program, illustrating how learning outcomes and pedagogical practices
identified in the literature review are integrated into the curriculum, as well as exploring
the perspectives of students and practical experiences of lecturers following the programs
first implementation.

2. Methodological Approach

Our paper includes both a literature review and case study. Existing research into ESD
and SUD education has explored the challenges and best practices for educating students
about sustainability whilst providing them with the core competencies to be agents of
sustainable change. However, the extant literature on the topic can be characterized as
fragmented and it is not easy to form a coherent and comprehensive view of key issues
related to ESD, particularly in the context of SUD education. Therefore, in order to frame
current thinking in ESD, a literature search was conducted in Google Scholar and Scopus.
Relevant studies were reviewed to answer the following questions:

• What are the key competencies students of SUD should acquire to make them capable
of addressing key challenges?

• How best to teach SUD in a manner that crosses both disciplinary boundaries, as well
as the boundaries between the HEI and the wider society? What are the key challenges
in doing so? Further, what are the methods of teaching that can provide students with
these key competencies?

• How has SUD has been taught in other HEIs, and what lessons can be learned from
the various approaches?

We then conduct a case study on the development and implementation of a new
bachelor’s degree program, which has been developed using the theoretical basis described
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in the review. The purpose of the case study is not only to illustrate how theory is applied
in practice, but also to highlight the context-specific nature of teaching and learning
SUD, offering a situated account of a dynamic process through which theoretical ideas
are translated into practice. Simultaneously, we add to existing academic discussion on
SUD education by focusing on a less-studied geographical context and education level
(bachelor’s program). Our methods take inspiration from previous educational research
with an ethnographic case study approach (e.g., [15,16]). This approach entails being
immersed in natural environment of the research area and using an insider position
to generate and analyze data. Our knowledge emerges both from previous literature
and our own position as the developers and teachers of the bachelor’s degree program.
Data sources and methods include classroom observations, “field notes” by the lecturers,
reflective discussions and exercises with SUD students assisted by the online mind map tool
Flinga, and analysis of student learning diaries. When analyzing the data, we performed
cross-checks to identify consistent themes and to resolve ambiguities that arose during
some of the discussions. The combination of review and case study provides a useful
way to obtain a comprehensive view of the complex phenomenon we are examining and
provides answers to our research questions.

3. Review of Current Practices in SUD Education
3.1. Contextual Challenges for SUD Education in HEIs

There is a critical need for the knowledge, innovation, and skills to address significant
challenges in sustainable development. HEIs have an important role to play in driving
sustainable change—through the provision of education, skills, and research—and as such,
universities globally have positioned themselves as critical actors in achieving sustainable
development and the SDGs. In Finland this year, universities agreed on a number of theses
intended to move sustainable development and responsibility “from words to actions”.

However, teaching of sustainability poses a multitude of challenges to HEIs, as sus-
tainability problems are inherently multidisciplinary, complex, and require a broad un-
derstanding of issues. Wiek et al. [17] claim that instead of focusing on isolated events,
it is important to gain deep understanding of “sustainability problem constellations” in
order to deal with the root causes of these events. This way of thinking directs attention
to complex and dynamic processes that underlie individual, easily perceptible problems.
These processes take place and interact across multiple scales and are dependent upon
people’s beliefs, habits, motives, and practices.

In addition, HEIs also face the challenge of needing to evolve to meet societal needs [18].
There is a need to change the ways that HEIs function and interact with wider society [19],
including government and industry, in order to help develop the solutions to key environ-
mental, social, and economic sustainability problems. Furthermore, HEI administrative
structures are typically organized around rigid disciplinary frameworks, and integrating a
broader, interdisciplinary subject such as sustainability into such a framework is challenging.

3.2. Key Competencies in SUD

Traditional teaching in HEIs has focused on knowledge specialization, reductionist
thinking, and education within disciplinary silos [20]. However, there is a need to educate
a new generation of professionals capable of analyzing and dealing with complex problems
in sustainable development, and a narrow focus on knowledge acquisition limits the
ability of graduates to gain a holistic, integrated understanding of the issues. In response,
researchers have defined key competencies needed to develop a broad understanding of
sustainability and solve real-life sustainability problems. Rather than focusing on cognitive
learning, competencies focus on developing skills for solving diverse sets of problems,
including effective communication, teamwork, and methododological competencies. The
most widely used set of competencies for sustainable development is perhaps that of
UNESCO [21] (Table 1), which is based Wiek et al.’s [22] synthesizing of key competencies
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in sustainability, and Rieckmann’s [23] research on the key competencies that should be
fostered through university teaching and learning:

Table 1. Key competencies for sustainability according to UNESCO [21].

Competency UNESCO Definition

Systems thinking competency

The abilities to recognize and understand relationships;
to analyze complex systems; to think of how systems are
embedded 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 visions 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
sustainability 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
innovative 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 facilitate collaborative and participatory
problem solving.

Critical thinking competency
The ability to question norms, practices, and opinions; to
reflect on own one’s 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
community 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 develop viable, inclusive, and equitable
solution options that promote sustainable development,
integrating the abovementioned competences.

“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 understood as transversal, multifunctional and context-
independent.” [21]

All eight UNESCO competencies are highly necessary to tackle problems—wicked
or otherwise—in sustainable development. In addition, all students need to be taught
methodological competences like traditional project management techniques, planning and
decision-making methods [24], skills to work across national, geographical, and cultural
boundaries [25], and generic working life skills required for their future careers [26], as
well as specialist skills and competencies related to their field of study. For example,
technology graduates should have strong analytical and computer literacy skills. In social
sciences, basic methodological, reading, writing and presentation skills are essential to
understanding social scientific concepts and theories, as well as their relevance in making
sense of everyday life [24]. These skills support the development of effective citizenship,
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enabling graduates to navigate in a politically polarized social climate and transform
existing soci(et)al structures and patterns of behavior, including, inter alia, sexism, racism,
and colonialism [25].

3.3. Key Themes in SUD Education

SUD is a problem- and solution-oriented field that operates in a complex environment
of various communities of knowledge, non-academic stakeholders, and citizens. SUD
education is not only about learning and producing knowledge, but also about goals,
norms and visions of transition and transformation [27]. Therefore, we describe three
interlinked themes that are vital in SUD education: transdisciplinary, reflective thinking
and transformative learning. All these approaches demand the capability to think of
problems, solutions, and their framing from multiple perspectives in various contexts.

3.3.1. Interdisciplinarity and Transdisciplinarity

Successful development of sustainable solutions in urban areas requires integrating
knowledge and skills from multiple perspectives, and so a common theme for all compe-
tencies is the ability to think across disciplinary and institutional boundaries. The concepts
of interdisciplinarity and transdisciplinarity are often referred to in ESD literature. Interdis-
ciplinary education aims to teach students subjects from multiple perspectives, developing
students’ abilities to synthesize knowledge from different disciplines, change perspectives,
and cope with complexity [28]. Transdisciplinary education extends this further, entailing
solution-oriented collaboration between academics and non-academic actors [20,27,29] and
bringing the world outside of the HEI into student education [20]. Lang et al. [27] define
transdisciplinarity in broad terms as follows:

“Transdisciplinarity is a reflexive, integrative, method-driven scientific principle
aiming at the solution or transition of societal problems and concurrently of
related scientific problems by differentiating and integrating knowledge from
various scientific and societal bodies of knowledge.”

As there is no single discipline that would cover the various aspects of SUD, interdis-
ciplinary and transdisciplinary approaches—rather than monodisciplinary—are important
(see, e.g., [30–32]). As a result, inter-/transdisciplinary education and research have started
to become more commonplace although the monodisciplinary tradition still dominates
HEI teaching practices. Indeed, a number of studies have discussed the importance of HEI
teaching of sustainability aiming for transdisciplinary problem-based learning instead of
the accumulation of discipline-based knowledge [33], and evidence suggests that it can
improve course outcomes [34].

3.3.2. Reflective Thinking

Reflective or critical thinking refers to evaluating one’s own thinking patterns whilst
trying to solve problems in order to learn how to be able to think better in such situa-
tions [35,36]. It is an ability to think critically about practices, opinions, and norms, but
also a capacity to reflect on your own values, perceptions, and actions [37] and understand
external views. Pragmatist philosopher John Dewey defined reflective thinking:

“Active, persistent and careful consideration of any belief or supposed form of
knowledge in the light of the grounds that support it, and the further conclusions
to which it tends, constitutes reflective thinking.” [38]

Reflective thinking is hard to reduce to the definable learning outcomes traditionally
used by HEIs. As Rodgers [39] has pointed out reflective thinking is not end itself, but
rather a tool to transform an experience into meaning filled theory that is grounded in
practice, informed by existing theory, and serves a bigger purpose of making society
better. It is an iterative, progressive process from experience to theory and from theory to
experience, with a similar form to scientific inquiry. While reflective thinking is central to
HEI education, few educators actively teach students how to think critically.
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3.3.3. Transformative Learning

The key challenges of the Anthropocene demand transformative changes to society. In
the field of sustainable development one faces uncertainty, poorly defined circumstances,
and conflicting interests and realities. Still, these unknowns of the future need to be coped
with a creative transformative commitment, rather than inaction [40].

Transformative or “experiential learning”, as UNESCO [41] terms it, aims to challenge
the core assumptions and values that teachers, students and as society hold. The teaching
of SUD in HEIs should be transformative [35,42], focusing on the topics that are needed
the most for societal transformation [43]. It shifts attention from the teacher to the student
and emphasizes immediate experiences and close interaction with local communities [44].
Experiential learning can be further divided to several distinct—and partly overlapping—
approaches. Some of these emphasize students’ contribution to meeting the needs of local
communities (e.g., service learning), while others focus on bridging scientific knowledge
and practice by developing evidence-based solutions to real-life problems (e.g., problem-
based learning and solution-oriented learning), and still others focus on empowering
students to acknowledge their capacity to make a difference (e.g., participatory action learn-
ing) [33,45–47]. Practical forms of learning and teaching associated with these approaches
include project-based courses, studios, and workshops. The common denominator in these
approaches is that they put significant emphasis on “how” to teach instead of focusing on
“what” questions or the accumulation of knowledge related to SUD [19].

These forms of learning and teaching can be supported by teaching strategies that fos-
ter open-mindedness and open-ended trajectories, enabling and encouraging both teachers
and students to confront hegemonic or conventional ideas, think about alternatives, and
acknowledge different or opposing positions as well as underlying value. For example,
interdisciplinary team-teaching brings together teachers from multiple faculties, schools,
or disciplines to collaborate in planning and delivering courses [48]. This practice may
be beneficial, not only because it encourages teachers to seek integration of different ap-
proaches and viewpoints, but also because it breaks existing boundaries. As Brewer [49]
has noted, “the world has problems, but universities have departments”. Thus, chal-
lenging or changing the institutional context in which knowledge is being (re)produced
may ultimately enable universities to flexibly and effectively respond to the real-world
sustainability problems.

3.4. Teaching of SUD in Practice

The above perspectives on competencies, teaching, and learning aim to equip students
with the knowledge and skills to go beyond traditional empirical understanding (“what”
and “why” questions) to knowledge synthesis, normative questions, and ethical analysis
(“how and “should” questions).

Urban areas are at the center of many of the key sustainability challenges and are
where the complexity of these challenges becomes manifest. As such, cities are prime
examples of the multifaceted nature of sustainability challenges, which do not neatly
follow the disciplinary boundaries of traditional HEI departments (see [49]). Instead, they
call for various forms of collaboration that extend beyond existing institutional structures.
Therefore, urban issues are often the focus in ESD curricula [45–47]. Urban areas offer
abundant real-world learning settings where students can obtain first-hand observations
and experiences of sustainability challenges, combine scientific knowledge with local
knowledge, and engage in collaboration and co-creation of solutions with stakeholders and
experts from various fields. These settings encourage active, student-centered learning,
critical, inter- and transdisciplinary thinking and flexible application of different problem-
solving frameworks, which are integral to acquiring key sustainability competencies and
contributing to sustainability-oriented societal transformations [35,46].

As global interest in sustainable development has increased, so have the number
of higher education institutions offering degree programs on SUD [28,50–53]. However,
often, the teaching of sustainability is integrated into existing curricula without a suitable
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pedagogical framework based on ESD [19,54], and many existing programs—for example
in urban studies and urban planning—are facing the challenge of embedding sustainability
in their teaching [55]. While there is general agreement of the value of inter- and transdis-
ciplinarity in addressing sustainability problems, integrating sustainability into new or
existing courses and programs can be challenging and there can be multiple barriers [56].
For example, challenges remain as to how collaboration between disciplines can and should
be fostered in practice. Coordinating teaching between different schools and disciplines
while fostering interaction with the wider society entails balancing commitments to re-
search, service, and teaching in various study programs, overcoming administrative and
institutional challenges, and negotiating working definitions of “sustainability” and ways
of assessing of student work [48,57].

Developing transdisciplinary curricula in practice is not without its significant chal-
lenges [58]. Teachers in HEIs have typically not been educated in an inter- or transdisci-
plinary manner themselves and lack the training to use such approaches in their teach-
ing [59,60]. It requires close collaboration between academics from different disciplines,
designing course learning objectives, curricula, lectures, and workshops. It also requires
that academics have the time to learn about sustainability issues within their own fields, as
well as an appreciation for the perspectives and knowledge of their academic collaborators.
However, without embedded inter- or transdisciplinary approaches, sustainability is taught
within disciplinary silos without broader perspectives.

In response to this, many institutions are opting to develop new interdisciplinary
programs in SUD (e.g., [28,51–53]), while there are fewer but increasing numbers of trans-
disciplinary courses (e.g., [61]). This trend is also apparent in the field of urban studies,
which has witnessed the emergence of new master’s and bachelor’s degree programs. So
far, research on inter- and transdisciplinary learning and teaching in the urban context has
mostly focused on individual university courses (e.g., [45,46,48,62]) or their institutional
settings [19] instead of entirely new study programs in SUD. The majority of existing inter-
and transdisciplinary SUD degree programs are at postgraduate level, and there are a
limited number of undergraduate degree programs on sustainable urban development
that can provide students with different perspectives on sustainable development prior to
establishing their disciplinary expertise.

4. Case Study—SUD at Tampere University

The above review highlights the critical need for transdisciplinary in sustainability
teaching at HEIs, and that—to be successful—transdisciplinarity needs to be embedded in
the core of the teaching curricula. In addition, there are core skills that future sustainability
professionals must have, and different pedagogical approaches to help students develop
these skills. There are therefore opportunities to offer undergraduate degree programs on
SUD that include transdisciplinarity and effective pedagogical practices at the very core of
the program.

In response, Tampere University has developed a new SUD Bachelor’s Degree Pro-
gram, jointly delivered by the faculties of Social Sciences, Administrative Sciences, and the
Built Environment. This program aims to provide students with an inter- and transdisci-
plinary education on sustainable urban development, with the opportunity to study three
streams: administrative sciences, social sciences, and technology. While each stream has
courses specific to the disciplines, all students participate in common courses on sustain-
able development. It is an international program, taught in English to local and overseas
students, and with both a local and global perspective.

4.1. Program Development

The development of the SUD program began in 2018 when two universities in the
city of Tampere—University of Tampere and Tampere University of Technology—were
preparing a merger. There were many drivers for the merger but an important one was
the belief that the new structure would provide better opportunities for interdisciplinary
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research and education. The merger was completed in 2019, and the merged university
was named Tampere University. In order to support the merger process and facilitate
interdisciplinary collaboration, pilot projects were identified and given financial resources.
SUD education was selected as a pilot project because of the societal relevance, and because
there was an existing research collaboration between the scholars of the merged universities.

The planning of the SUD program took two and a half years. During the first year,
several seminar events were held, during which the theme and the idea of the program was
discussed and developed by urban development practitioners and scholars. Based on these
seminars, it was decided that the new program would be at bachelors’ level, delivered by
three collaborating faculties. The faculties and disciplines were chosen based on relevance
to the theme, the existing research connections, and participants’ engagement in planning.

The first year of program development was challenging because the new interdisci-
plinary and multi-faculty program did not fit existing institutional structures, and it was
not clear how it would be connected to existing programs or their resources. It took time to
develop a model that was acceptable to key stakeholders. A key decision was to develop
an international English language bachelor’s program—novel in contrast to the existing
bachelor’s programs at the participating faculties that were all in Finnish.

The second year of planning involved detailed discussions of the learning objectives
and content, mainly by a team representing the three participating faculties, but with
several events for faculty members and stakeholders, e.g., representatives of the City of
Tampere, to provide feedback and ideas. Substantial iterations were required to develop a
curriculum that would cover both the common SUD learning objectives, discipline-specific
postgraduate eligibility, and various administrative and other requirements from the three
faculties. At the end of the second year, three lecturers were recruited to take over the final
planning and launch. The first intake of students was admitted during Spring 2020, and
teaching began in August 2020. Detailed planning is still being undertaken as the new
courses are being developed and delivered.

4.2. Theoretical Basis of the Tampere SUD Program

The development of the program has been framed by current research, outlined in
the review above. It is designed to overcome some of the limitations of current ESD
teaching by:

• Developing students core competencies, as framed by UNESCO, as well as addi-
tional competencies in intercultural communication and languages, and discipline-
specific knowledge.

• Teaching sustainability at the undergraduate level, prior to the development of stu-
dents’ discipline identity and enabling them to learn transdisciplinary thinking at an
early stage. This is in contrast to many of the current existing degree programs that
are at master’s level only.

• It is designed for interdisciplinary teaching of sustainability from the outset, rather
than as an add-on to existing degree programs, and the structure allows students the
opportunity to learn from different perspectives and interact with other students from
different streams during workshops and projects throughout their studies.

• It provides opportunities for engagement with stakeholders outside of the university
during transdisciplinary project-based courses.

The degree structure and curriculum can be seen in Figure 1. The degree program
has learning outcomes for all students, as well as outcomes for specific streams. All
students will graduate with a holistic understanding of the key concepts, interlinkages,
actors, questions, conflicts, and solutions in the field of sustainable urban development
globally, as well as the core discipline-specific skills that are required by employers or to
continue on to masters level. Those in the technology stream will also gain a foundational
knowledge of mathematics, physical sciences, and computer science as they relate to the
urban environment. Students in administrative sciences will be able to understand the
administrative, political, and economic phenomena in cities, as well as the key concepts
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in administrative sciences. Finally, students in the social science stream will understand
the key theories, concepts and methods in social sciences, and the societal significance
of social research. The curriculum has been designed with core courses on sustainability
throughout the degree, bringing together the students in the separate streams for these
common interdisciplinary and/or transdisciplinary courses in each year of study.

• Introduction to
Sustainable Urban
Development

• Information
Technology

• Language and
Communication
Studies

• Urban Economics

• Economic
Renewal of Cities
and Regions

• Organisational
Change Dynamics
and Management

• Engineering
Geology

• Water Services
• Introduction to

Transport
Systems

• Urban Physics
• Urban Labs
• Bachelor’s thesis

• Elective Studies
• Civil Engineering

• Elective Studies

• Elective Studies

• Research
Methods

• Mathematics
• Physics
• Chemistry

• Research
Methods

• Social Order
• Urban Studies
• Politics of

Sustainable
Development

• Optional Studies

• Research
Methods

• Urban Studies
• Politics of

Sustainable
Development

• Optional Studies

General Studies
35 Credits

Basic Studies
50 Credits

Intermediate
Studies 70 Credits

Additional
Studies 25 Credits

Technology

Social Science

Administrative Science

Figure 1. Degree structure and curriculum.

The degree program has resulted in the development of several new courses, common
to all SUD students. These courses are intended to integrate across the degree curriculum,
unifying concepts and providing interdisciplinary or transdisciplinary perspectives on
common subject matters. This enables students to make connections and give broader
perspectives on the issues they have been taught in more traditional subject-specific courses.
Common courses have been developed and are delivered by three lecturers, one from
each faculty, using team-based teaching to deliver integrated learning; these lecturers are
provided the resources and support from the university to do so.

While the common integrating courses are intended to provide an interdisciplinary
foundation, a unique element of the SUD degree program is the transdisciplinary teaching
in the two Urban Lab courses. These courses will enable students to engage in real-life
urban development projects in collaboration with public organizations such as the City
of Tampere, or with commercial organizations. Currently, urban lab projects done in
collaboration with Tampere city will make use of a future city district—Hiedanranta—as a
real-life laboratory. Hiedanranta is being developed as a testbed for innovative projects
related to smart and sustainable housing, energy, transportation, and business, providing
ample opportunities for students to engage with actors outside of the university on real-
world projects. These project-based courses also allow for students to collaborate between
streams to get continued experience working with different perspectives.

4.3. Reflections on Tampere SUD Program

Here we present an analysis of the SUD program, mapping elements of the degree
to the reviewed perspectives. The SUD degree aims to enable students to develop key
UNESCO competencies so that they are capable of solving problems with professionals
from different backgrounds. In particular, the degree focuses on systems thinking, strate-
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gic, collaboration, and integrated problem-solving competencies, as well as intercultural
communication. These competencies are strengthened in the common SUD courses, where
students from different streams are asked to work together in group projects, workshops,
or in reading groups. The project work and teaching methods are designed to strengthen
the core competencies, and include problem-based learning, game-based learning, and
team-based learning. The methods of implementing core competencies and inter and
transdisciplinarity into the degree program is summarized in Table 2.

By including common courses for all SUD students throughout the degree program,
it is ensured that students are regularly engaged in interdisciplinary studies, and mixed
groupwork ensures that multiple perspectives are included in each group. This helps
strengthen and facilitate interdisciplinary collaboration. In addition, the Urban Lab courses
provide the opportunity to work on projects outside of the university, promoting transdis-
ciplinary education. By taking a team-based teaching approach, we are able to approach
important topics in sustainability from multiple angles within the same lecture. A key
means of assessing the common SUD courses are student learning diaries, which prioritize
their understanding of concepts across multiple perspectives, and their personal reflections.
From this, lecturers are able to gauge students reflective learning and critical thinking. The
reflections also entail important feedback, which helps both students and teachers to adjust
their behavior and practices to meet the objectives of the program as effectively as possible.

4.3.1. Analysis of the Program from the Student Perspective

The first cohort of 18 SUD students began their studies in Autumn 2020. The students
come from diverse backgrounds, including six different nationalities, and with both recent
high school graduates and more mature students. Initial feedback collected form the
students indicate a mixture of different long-term ambitions, with students hoping for
careers in, for example, research and development or governmental organizations, while
more than half have no clear career ambitions just yet. A key attraction of the program for
the students was the interdisciplinary teaching, providing the students the opportunity to
develop their interests in a subject area that they are passionate about.

To tease out students’ understanding about transdisciplinarity, a reading group session
was organized where the focus was on an article, “Imagining the post-fossil city: why is it
so difficult to think of new possible worlds? [43].” One question that was reflected on in
breakout rooms (with mixed participants from different streams) and together was “Keys
to a post-fossil city: What perspectives or competencies need to be combined to create a
walkable city?” in order to understand how students envision transdisciplinary approaches
in a practical context. The answers varied from a need for a comprehensive understanding
or a vision of sustainable urban development; understanding intended and unintended
policy outcomes; behavioral patterns of humans; the art of nudging; understanding urban
transportation systems; or the dimensions of urban green as social, ecological, and technical.
The benefit of the discussion was that it demonstrated the multiple disciplinary angles
needed when considering SUD.

Reflective thinking was encouraged in several ways during our first two courses.
Students analyzed issues in learning diaries, where they reflected the contents of each
lecture in relation to their own experiences. One of the issues of reflection was a debate
exercise facilitated using game-based learning. One student wrote that, “I think that fully
listening what another person is has to say can allow questions to arise, like why this
person in thinking this way. Are there factors like age, culture or the media, that could be
shaping their views? This exercise also showed me that other people’s viewpoints are not
wrong and perhaps I could examine my own.” This quote illustrates the possibilities of
transdisciplinarity, as the co-existence of three the disciplines in SUD demand a continuous
reflection of disciplinary frames.
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Table 2. Analysis of the SUD program.

Integration into Degree Program

Core Competencies

Systems Thinking
Systems thinking workshops in the common courses are used to draw
connections between different elements of urban systems for hypothetical
development scenarios and identify unintended consequences.

Strategic During the Urban Lab courses, students will be expected to collaborate and
develop plans to address sustainability issues of their choosing.

Collaboration

Students from different discipline streams are tasked with collaborating within
groups in workshops and projects in all SUD common courses.
In the Introduction to Social Scientific Research and Academic Writing course,
the Teams-Based Learning tools are used to teach teams of students about how
to read and understand academic articles.

Critical thinking

Game-based learning is used to encourage students discuss and debate topics
from points of view that they personally may not share.
In various courses, students are assigned to reading groups, mixed by degree
stream, and asked to read and reflect on a selection of assigned newspapers
and journal articles and books.
In all social science teaching, students are enabled and encouraged to identify
and question existing soci(et)al structures, norms, worldviews etc.Students use
methodological skills to analyze and interpret urban and societal phenomena.

Integrated Problem
Solving

During the Urban Lab courses, students are divided into groups, with each
group containing students from different streams. In collaboration with the
university lecturers and stakeholders from city government and local business,
they design their own research projects. This provides students with
opportunities for contextual learning and problem-based learning.

Intercultural
Communication

All students are required to study a foreign language. In addition, first year
students attend an intercultural communication course, during which local
and international students work together in groups to learn about
cross-cultural communication patterns.

Disciplinarity

Specific Students attend discipline-specific courses related to their study stream to
obtain relevant knowledge and skills.

Interdisciplinary

A number of interdisciplinary courses are taught throughout the degree
program, which all students attend. These courses are taught by each SUD
lecturer using team-based teaching and are intended to draw together
discipline-specific perspectives on sustainable development.

Transdisciplinary

Two Urban Lab courses require interdisciplinary collaboration between
students from different streams. A key part of the courses is the engagement
with organizations outside of the university on real-world problems using the
city as a “living lab”.

Thinking

Transformative

The Urban Lab courses and some other courses as well are connected to
real-life SUD problems, which the students aim at addressing in collaboration
with groups external to the university. The purpose of these learning events is
to develop understanding on how to make positive changes happen.

Reflective

We aim to promote reflective thinking in several ways. First, three streams
provide different perspectives automatically, second by engaging students into
discussion of possible scientific approaches and ways to construct an argument
through scientific books, journal articles and systematic writing practice and
third, adopting transformative learning.

To understand the views of students on how the degree could support their learning,
we asked students, “How can you become an active agent in sustainable urban develop-
ment?” and “How can university studies support you in this task?” and made an interactive
Flinga mind map to record their responses. Some responses focused on skills such as “learn-
ing to make an argument in layman’s terms” and “integration of technological solutions
and understanding discourses and imageries”. Other students focused on actions such
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as “participating in municipal politics”, “sharing spaces [such as saunas or maker-spaces)
and items and repairing them”, “supporting public transportation”, “getting to know
real life actors in urban development and their relationships”, and “participate in events
available to youth”. The answers to the second question were in line to our thinking about
project-based courses, as students mentioned “Urban Labs” as a possibility to meet real
life SUD actors and networking and gain “knowledge about resources, where to get infor-
mation, what to read and follow”, which we believe is best tackled through co-operation
between the university and real-world development projects. Finally, there was also an
understandable wish to get “knowledge about future career options”. The answers reflect
first, the broad field of SUD a demand for integrative understanding, and second, the fact
that many students are coming straight from high school to the SUD program and their
professional futures are still somewhat uncertain.

4.3.2. Initial Reflections from SUD Lecturers

While the program is relatively new, there have been a number of valuable lessons
learned during its development. Course development and team-based teaching has
required that the three lecturers from different faculties—with their own disciplinary
backgrounds—have had to spend considerable time learning about sustainability issues
of the other two disciplinary fields. This requires a significant time commitment, as well
as a need to be open minded to different teaching traditions, perspectives on topics and
understand the importance of these perspectives for sustainable development. For this
reason, it has been advantageous to recruit new lecturers who are enthusiastic about inter-
disciplinary collaboration, and are aware of the working requirements prior to beginning,
rather than expecting existing staff to take on the extra commitment. It has also required
the commitment from the university administration to provide the lecturers with the time
and support to engage in this “invisible” work.

The team-based teaching approach and emphasis on student interaction has required
flexibility in teaching schedules, as students may show particular interest in an idea
or perspective which means teaching takes longer and there is less time to cover other
perspectives. The coronavirus situation in Finland in 2020 has meant that teaching began
using hybrid in-person and online methods, enabling students who were not able to
attend to learn remotely. This has, however, provided interesting opportunities to use the
coronavirus as a topic to learn about key sustainability issues globally, such as global urban
connectivity, density, behavior changes, emissions, biodiversity, and human encroachment
into nature.

According to Keeley and Benton-Short [48], one of the challenges of interdisciplinary
team-based teaching is that teachers from different fields do not necessarily agree on what
should be included in a course or even what the definitions of key concepts are. While the
lecturers have spent time in identifying the core content, team-teaching has nevertheless
been an act of balancing between having a shared understanding of the content and goals
of teaching and using heterogeneous views to engage students in exploring the complexity
of inherently interdisciplinary issues. Heterogeneity of voices may be valuable in its own
right, because, as Sennett [63] argues, it encourages ethical practice of communication
based on outward-looking orientation, willingness to listen to others, and cooperation
rather than confrontation. This kind of communication is needed when “coping with
complex realities [of cities] in which finesse and skill replace naked pushiness”.

The hybrid teaching—with students both present in class and online—presented a
number of challenges. Lecturers used Flinga to do groupwork and create discussion with
the whole group with those who were present and who were online. In addition, Mentime-
ter was used to rank and discuss the ideas and themes within topics with the students, and
Kumu was used for mapping systems thinking discussions. Zoom breakout rooms were
utilized for having smaller group discussions and game-based learning activities. These
online tools worked well, especially in finding out how students were reflecting on SUD
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issues. However, the interaction with the students was harder to create than in face to face
situation, and there was mixed success fostering engagement.

5. Discussion and Conclusions

The review of existing teaching of SUD describes the changing relationship between
universities and wider society, and how ESD graduates need to have a set of core compe-
tencies that will enable them to drive sustainable change. It also discusses the importance
of interdisciplinary and transdisciplinary teaching of SUD, and the critical need to students
to experience critical reflection and transformative learning. However, as noted in the
review, such teaching is difficult to integrate into existing degree programs, and many
programs are focused on integrating sustainability into existing degree programs rather
than in pedagogical frameworks developed for ESD. The Tampere SUD program has been
developed in response to this need, incorporating interdisciplinary teaching and learning
from the ground-up, with a pedagogical framework based on available information on best
practice in ESD.

This paper promotes a new line of thinking in educating future professionals on
sustainable development issues. It provides a description of the theoretical framework for
ESD curricula to address SUD and subsequent development of the Tampere SUD program.
It addresses one of the key challenges of sustainable development for HEI teaching at
the moment: How to educate professionals able of addressing economic, environmental,
and social aspects of sustainability in the living environments and global scales, and
capable of developing viable, inclusive, and equitable solutions that promote sustainable
development respectively?

Our paper contributes to ESD curricula by synthesizing extant literature on education
and learning of SUD. It reviews competencies required to tackle wicked problems in SUD
and different pedagogic practices to achieve these competences in an inter- and transdis-
ciplinary teaching program. The synthesis provides a structured overview of relevant
perspectives to be considered and approaches to be used in developing SUD education.
It applies the synthesis of competences and pedagogical practices in SUD education to
describe and analyze a new Tampere SUD Bachelor degree program, contributing a practi-
cal understanding of how to apply ESD curricula to educate future experts on sustainable
urban development issues. The program aims to provide students with the holistic knowl-
edge necessary to consider development problems from multiple perspectives in addition
to providing them with discipline-specific fundamental skills.

Both the literature-based synthesis and the case study provide useful insights for
scholars developing more nuanced understanding of SUD education and for HEI actors
developing SUD education initiatives in practice. While the literature review revealed that
most of the existing SUD education initiatives include individual SUD courses, add-on
elements to existing programs and master’s level programs, the Tampere SUD is an example
of a bachelor level program constructed especially to equip future SUD professionals with
the skills and transdisciplinary understanding to enact sustainable change in a global
context. The planning of Tampere SUD program and first implementation provide an
understanding of how SUD educational approaches can be applied in practice at university
degree programs.

The Tampere SUD program is relatively new, and further research and evaluation
is necessary to determine how students are achieving the program objectives for core
competencies, interdisciplinary thinking, and transformative and critical thought. There
will be opportunities to refine the degree program in coming years using student feedback
and assessments of the achievements of competence objectives. All this will provide
practical knowledge on how to restructure ESD curricula to support learning of sustainable
urban development also in other HEIs and how research should be developed to support
this process.
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