Chapter 29

Problem-Based and Project-Based Learning

for Sustainable Development

Ron Corvers, Arnim Wiek, Joop de Kraker, Daniel J. Lang, and Pim Martens

Abstract Universities hold a crucial responsibility and role to contribute to sus-
tainable development, also in their education task. The concept of competencies for
sustainable development and the idea of using real-world sustainability issues in
education are promising approaches to transform sustainability programmes at uni-
versities into student-centred learning environments. Especially the educational for-
mats of problem-based learning and project-based learning foster such a process of
educational innovation towards student-centred learning. Moreover, hybrid forms
of problem-based and project-based learning offer added value, but challenges for

PPBL courses in sustainability remain salient.
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1 Introduction

Given the educational and research capacity, the external partnerships, and the posi-
tion of higher education as an influential voice in society, there is ample opportunity
for universities to help shift societal norms, practices, products, and services towards
sustainability (Cortese 2003; Rowe 2007). Universities therefore hold a crucial
responsibility and role to contribute to sustainable development within their scope
of Community engagement, Operations, Research, and Education; the so-called
CORE activities (Jenssen 2012). However, in practice only few universities excel in
meeting this challenge as most universities lack a systematic approach to implement
sustainability in their CORE activities (Ferrer-Balas et al. 2008; Jenssen 2012; Lang
and Wiek 2012). Right now, sustainability is treated by many as an add-on, as
another item on an already full plate.

In this chapter we focus on the education task of universities. In particular, we
discuss the concept of competencies for sustainable development and the idea of
using real-world sustainability issues to transform sustainability study programmes
at universities into student-centred learning environments. The educational formats
of problem-based learning and project-based learning foster such a process of edu-
cational innovation by viewing learning as a student-centred, experiential, interac-
tive, situated, and social process, instead of a unilateral process in which the teacher
imparts knowledge on the students.

2 Competencies in Sustainability

Given the challenges of sustainable development and the need for policy and behav-
ioural change, Rowe (2007) and others argue that universities need to reconsider the
competencies students are expected to acquire. The emphasis needs to shift from
descriptive-analytical knowledge, logical reasoning, and critical thinking alone to
the inclusion of normative competence and effective change-agent skills. This
implies a re-emphasis on the role of universities in not only educating academics
and professionals, but in educating responsible citizens and decision makers. And
even the profile of academics needs to get revisited and revised. For moving forward
to a sustainable world, Martens and Rotmans (2012) argue that it is time for many
(more) scientists to become ‘scientivists’ (scientists-activists): individuals and
groups that are engaged in systematic knowledge acquisition and generation (the
scientist part), as well as in promoting and directing societal change (the activist
part). See Box 29.1 on the roles of sustainability experts (academics and
professionals).

» Task: Give pros and cons for the statement that sustainability scientists should be
‘scientivists’. In your answer you should also reflect on the variety of roles sus-
tainability experts can fulfil in modern society amidst other actors such as
representatives from the government, business community, non-governmental
organisations, and citizens.
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Box 29.1: Roles of Sustainability Experts

Sustainability experts (academics and professionals) work at the interface
between science, policy, and society when helping to solve problems of sus-
tainable development. However, the roles they perform differ depending on
the nature of the problem and the type of knowledge needed to solve it, as well
as on the institutional setting of their work and their personal and professional
values. The latter implies that, to some extent, it is up to the individual profes-
sional to choose a role. Despite the variety of roles, certain patterns can be
distinguished. Here we present five different roles of sustainability experts:

1. The pure scientist, who restricts himself to explaining the state of affairs.
The pure scientist delivers the facts, but does not interpret them in the light
of a policy question.

2. The arbiter, who tries to provide the best available knowledge to answer
policy questions, with the aim to inform, not to advise. Arbiters typically
communicate their expertise in the form of ‘if-then’ statements.

3. The advocate, who uses knowledge to argue for a specific course of action.
The advocate goes a step further than the arbiter and adopts a normative
position.

4. The broker, who attempts to open up decision-making processes by explor-
ing multiple perspectives and alternatives and by integrating stakeholders’
concerns with available knowledge. However, the broker takes the primacy
of scientific knowledge over other types of knowledge for granted and
maintains a distinction between knowledge and action.

5. The participatory expert, who engages in participatory knowledge produc-
tion in which the distinction between knowledge and action and between
scientific and lay knowledge is blurred.

In principle, each of these roles can contribute effectively to addressing
sustainability issues, depending on the factors mentioned above.
Source: Broekhans and Turnhout (2012) and Pielke (2007)

The majority of graduates will not work as academics, but will be employed in
government, business, or civil society and will have to deal with diverse challenges
in pursuit of sustainable development. If universities want to prepare students to
contribute to sustainable development in their working life, the key question is:
What competencies are critical to acquire for the upcoming sustainability
professionals?

There is a growing body of literature on competencies for sustainable develop-
ment, but most proposals are lists of isolated competencies, instead of integrated
frameworks (Wiek et al. 201 1a). To overcome this gap, Wiek et al. (201 1a) reviewed
the literature and synthesised a framework of key competences in sustainability
(Fig. 29.1). Competence is defined as ‘a functionally linked complex of knowledge,
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Fig. 29.1 The interplay of five key competencies for sustainability research and problem-solving
(Wiek et al. 2011a)

skills, and attitudes that enable successful task performance and problem solving’
(p. 204). The overarching sustainability competence is being able to mitigate and
solve sustainability problems (through transformational research or professional
practices). Five key competencies are required to get integrated:

— Systems-thinking competence: being able to understand structure and dynamics
of complex system

— Anticipatory competence: being able to anticipate possible and/or sustainable
futures

— Normative competence: being able to differentiate, justify, and apply values and
goals for sustainability

— Strategic competence: being able to create transition and intervention strategies
to enact change

— Interpersonal competence: having communicative and collaborative skills

The interplay of the five key competencies in sustainability enables graduates
and professionals to mitigate and solve sustainability problems (in research and
professional practices).

Other studies largely align or support the concept proposed by Wiek et al.
(2011a). The International Society of Sustainability Professionals (ISSP) surveyed
about 400 sustainability professionals (mainly sustainability consultants and man-
agers working for or in corporations) to find out what they believe are important
competencies for their jobs (Willard et al. 2010). The results indicate that sustain-
ability professionals mainly promote the value of sustainability concepts and deal
with climate change and energy issues. Top skills were considered to have good
skills for communicating with internal and external stakeholders and to be able to
inspire and motivate others (interpersonal competence). Additional skills consid-
ered important are strategic planning, systems thinking, and project management. A
study by the Institute of Environmental Management & Assessment (IEMA)
suggests that leadership (for change) is a key competence for working in environ-
mental or sustainability professions (IEMA 2011).
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In summary, we see emerging agreement on key competencies of sustainability
that bridges the often existing gap between sustainability education and profes-
sional practice. A key factor is that mitigating and solving complex sustainability
problems becomes the common goal across the community of sustainability aca-
demics, students, and professionals.

* Task: In the discussion on competencies for sustainable development, interper-
sonal competence plays an important role (e.g. leadership, good communication,
strong teamwork, effective networking). To what extent do you think that this
competence can be acquired through formal training, and how much is ‘natural
talent’? Justify and illustrate your answer.

3 Problems and Projects: Learning through Real-World
Sustainability Issues

As indicated in the previous section, the complexity of sustainability challenges
asks for experts (academics and professionals) who are able to ‘cross borders’: to
work with colleagues from different backgrounds, to judge the value of different
types of knowledge, to participate in multi-stakeholder processes, to analyse a prob-
lem from a systemic perspective, to envision sustainable future states, and to gener-
ate evidence-based solution options (De Kraker et al. 2007; Wiek et al. 2011b). The
development of such competencies requires learning environments that combine
actual practice (‘learning by doing’) and explicit reflection on what and how to learn
from that practice (‘learning by reflection’).

To meet these challenges De Kraker et al. (2007), Rowe (2007), Brundiers et al.
(2010), and others propose to address real-world sustainability issues in different
educational settings. In this way, it might be possible to develop and renew sustain-
ability education at universities in a fundamental way, ‘from the outside in’.

Recent literature suggests that a student-centred learning strategy is a powerful
setting to building students’ competencies and that it should be based on four learn-
ing principles (Dolmans and Schmidt 2010):

— Constructive learning: students should learn constructing their knowledge base
by connecting new information with existing knowledge (e.g. through
discussion).

— Collaborative learning: students should learn collaborating with each other in
order to maximise learning effects through peer-to-peer teaching (sharing knowl-
edge, challenging, negotiating, etc. in small-group work).

— Contextual learning: students should learn to consider relevant context of cases
and problems in order to be able to transfer and apply insights and knowledge to
different cases (e.g. through real-world problems).
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— Self-directed learning: students should learn to regulate their learning by playing
an active role in planning, monitoring, and evaluating their learning process (e.g.
through elaborations on subject matters of own interest).

The educational models of problem-based and project-based learning incorpo-
rate these four learning principles and have been further developed in direct response
to the calls for innovation and transformation in sustainability education.
Accordingly, sustainability programmes around the world have begun to offer
problem-based and project-based learning courses (Lang and Wiek 2012; Brundiers
and Wiek 2011; Brundiers et al. 2013; Wiek et al. 2014). In these settings, student
learning shifts from passive (course instructors deliver, students receive) to active
(students deliver, course instructors provide feedback), and students work on real-
world problems by engaging in small-group work (ideally in interdisciplinary
teams) and often collaborating with stakeholders on developing solution options to
the identified problems (Brundiers and Wiek 2013). Both educational models have
many features in common, but display also some differences (Fig. 29.2).

» Task: What are the key differences between the educational model of problem-
based learning and project-based learning? Justify and illustrate your answer.

Brundiers and Wiek (2013) argue that in education for sustainability hybrid
forms of problem-based and project-based learning — PPBL courses — offer added
value. First, a hybrid PPBL course adopts the problem inquiry as in problem-based
learning and, in order to develop solution options, the product orientation from
project-based learning. Second, a hybrid PPBL course expands the engagement
structure of problem-based learning, wherein stakeholders are mostly not actively
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Fig. 29.2 Commonalities and differences between problem-based learning and project-based
learning (Brundiers and Wiek 2013)
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involved, to a collaborative process of knowledge generation and critical reflection
with stakeholders, which is much more common in project-based learning (Brundiers
and Wiek 2013). See Box 29.2 for two examples of problem-based learning and
project-based learning courses.

Box 29.2
European Virtual Seminar on Sustainable Development

In this course, students from 12 universities in Europe work together in
international, multidisciplinary teams. The learning objectives are (1) that stu-
dents gain an understanding of the concept of sustainable development and
apply it to a case study in a European context and (2) that students learn to
collaborate with students from other disciplines, countries, and cultures, using
internet technology. The topics of the case studies range from sustainable
urban waste management to sustainable regional tourism and sustainability
communication. The ultimate goal of the case study is to come up with
evidence-based recommendations on the topic. The challenge is to fully uti-
lise the international and multidisciplinary diversity in the group in terms of
different perspectives and expertise among the group members. The case
study groups are responsible for their learning process: keeping the learning
and research process going and delivering integrated group products on time.
Each group is coached by a tutor, who oversees the process, and an expert,
with in-depth knowledge of the case study. Students work in ‘virtual teams’ —
arecent trend in global sustainability education (Wiek et al. 2013). The major-
ity of team members do not meet each other in person. Yet, supported by
Web-based communication tools, such as discussion forums, chat, and tools
for joint document writing, most case study groups develop into well-
functioning teams. Such learning environments offer a diversity of interacting
perspectives that is often difficult to achieve in face-to-face settings (Corvers
and De Kraker 2009).

Sustainability Assessment Project at Maastricht University

Problem-based learning has been at the core of all study programmes at
Maastricht University since it was founded in 1974. Also the Master of
Science programme in Sustainability Science and Policy (which started in
2011) fully embraces this educational model, while its Sustainability
Assessment Project is a hybrid form of problem-based and project-based
learning. In this course students work together in small groups on real-world
sustainability problems (case studies) commissioned by different stakehold-
ers such as local and regional governments, small and medium-sized enter-
prises, multinational corporations, research institutes, and non-governmental
organisations. The course builds on previous courses in the Master of Science
programme and acquired skills are applied to the case. Research is carried out
by student project teams that are coached and assessed by faculty members,
the external client, and, if appropriate, other stakeholders. The project results,

(continued)
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Box 29.2 (continued)

including policy recommendations, are presented live and in project reports.
Examples of sustainability problems examined in 2013 are sustainable car use
and parking in Maastricht (commissioned by Q-Park, an international parking
organisation), a strategy for an energy-neutral Maastricht in 2030 (commis-
sioned by the city of Maastricht), waste management at Maastricht University
(commissioned by Green Office, a student-driven department of the univer-
sity), conflict mineral-free products at Philips (commissioned by the sustain-
ability department of Philips), and sustainable management of the Rijn river
(commissioned by Deltares, an independent research institute).

From a comparative study of six PPBL courses in sustainability programmes at
universities in Europe, North America, and Australia, Brundiers and Wiek (2013)
conclude that three challenges for PPBL courses in sustainability remain salient:

— Define learning objectives that directly and comprehensively aim at the acquisi-
tion of sustainability competencies.

— Design strong transacademic settings that allow meaningful and continuous col-
laboration between students and stakeholders.

— Fully account for key principles such as self-directed learning, advanced team
working, and solution-oriented research with real-world impacts (Brundiers and
Wiek 2013).

Problem-based and project-based learning both foster student-centred learning,
and hybrid PPBL courses can combine the best of both worlds for acquiring compe-
tencies in sustainability. The idea of using real-world sustainability issues in univer-
sity programmes is innovative and powerful for building competencies that are
applicable in professional settings; yet, in practice, it is not always easy to comply
with all guiding principles of problem-based and project-based learning.

» Task: Why is it difficult to design and implement problem-based and project-
based learning that fully embrace all guiding principles discussed? Think about
critical factors such as the prevailing educational model at the university, the
diversity in prior knowledge of students, a potential tension between theory and
practice in the offered content, and the role of course instructors, students, and
stakeholders in the learning process. Justify and illustrate your answer.

4 Conclusions

We summarised competencies in sustainability and offered a brief insight into real-
world learning settings in sustainability programmes at universities in Europe, North
America, and Australia. The educational models of problem-based and project-
based learning, and their hybrid forms, can support universities in changing towards
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student-centred learning and realising a strong sustainability mandate to educate the
next generation of sustainability experts (academics and professionals).
Three issues require further attention:

— An integrated framework of key competencies in sustainability finds more and
more acceptance in academia and professional circles; it can act as a focal point
for education and professional development. There is still more effort required to
fully disseminate and incorporate this framework in academic programmes and
professional settings (Wiek et al. 2011b).

— Sustainability professionals should be competent in the key competencies out-
lined above. There is still more structured and shared experience to be gained in
order to fully understand how these competencies (individually and collectively)
can be acquired through formal training and learning-on-the-job and for design-
ing sustainability education accordingly.

— There is wide agreement that problem-based and project-based learning are pow-
erful settings for sustainability education. Yet, there are still various institutional
inertia and obstacles to fully incorporate these settings in sustainability pro-
grammes around the world; innovative coping strategies have been developed,
but more efforts are needed to fully utilise this potential.
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