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Abstract
Purpose – Approaches to solving sustainability problems require a specific problem-solving mode,
encompassing the complexity, fuzziness and interdisciplinary nature of the problem. This paper aims to
promote a complex systems’ view of addressing sustainability problems, in particular through the tool of
network science, and provides an outline of an interdisciplinary training workshop.
Design/methodology/approach – The topic of the workshop is the analysis of the Sustainable
Development Goals (SDGs) as a political action plan. The authors are interested in the synergies and trade-
offs between the goals, which are investigated through the structure of the underlying network. The authors
use a teaching approach alignedwith sustainable education and transformative learning.
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Findings – Methodologies from network science are experienced as valuable tools to familiarise students
with complexity and to handle the proposed case study.
Originality/value – To the best of the authors’ knowledge, this is the first work which uses network
terminology and approaches to teach sustainability problems. This work highlights the potential of network
science in sustainability education and contributes to accessible material.

Keywords Sustainability, Higher education, Complex systems,
Education for sustainable development, Sustainable development goals (SDGs),
Workshop development

Paper type Research paper

Introduction
Sustainability problems are without doubt among the main concerns of the present, and cover
almost every aspect of society. Such class of socio-ecological dilemmas is well-recognised as
wicked problems (Rittel and Webber, 1973). Wicked problems are complex issues, which lack
clear definition and which may not be solved through traditional modes of decision-making.
They are not necessarily morally wicked, but problematic as their solutions resist usual
attempts to solve them and bring further, often unforeseen, implications, with them. One may
want to contrast them to tame problems, for which our scientific knowledge and common
procedures have been developed (Brown et al., 2010; Rittel and Webber, 1973). Sustainability
problems are a well-known example of wicked problems; they show difficulties in problem
formulation, may have multiple, but not compatible solutions, are unique, consist of competing
objectives, and are described by open-ended timeframes (Lotz-Sisitka et al., 2015; Seager et al.,
2012). Thus, a challenge has arisen for educational institutions to equip students with the
necessary skills to comprehend and solve problems of such nature.

An education, which trains students to handle multidisciplinarity, critical, as well as
systems thinking, and interpersonal skills has frequently been illustrated as a path forward in
the field of sustainability education (Filho and Dahms, 2018; Hermann and Bossle, 2020;
Hoffmann and Siege, 2018; Iwaniec et al., 2014; Wals, 2012; Warburton, 2003). Warburton
argues that, inter alia, students should spend time on the illustration of interconnections and
dependencies and should learn to work with dynamic, rather than static, structures and
processes (Warburton, 2003). Fenner et al. follow a similar line of argumentationwhen outlining
that for sustainability in engineering education, understanding complexity and its relationships
should be the starting point (Fenner et al., 2005). Breadth, alongside depth, of study will make
the formulation of holistic approaches possible and an engineer will be required to learn:

� handling of ill-defined problems;
� team-work and communication skills; and
� critical evaluations (Fenner et al., 2005).

Perdan et al. outline in their work that the Sustainable Development Panel has advised to
integrate sustainable development into specialist courses, which differs from the
aforementioned multi-disciplinary approaches (Perdan et al., 2000). Allen-Gil and co-workers
recognise the problems that a multi-disciplinary education may bring about; for example,
that many environmental studies programs suffer from a lack of curricular coherence,
shallow and too diverse thematic foci, and a lack of program vision and planning.
Consequently they solve the problem through bringing together the curricula with a
community project (Allen-Gil et al., 2005). Pappas et al. outlined their approach to teaching
sustainability based on the Bloom’s Taxonomy of Educational Objectives. Students
gradually understand and apply complex thinking and move higher through the
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educational objectives (Pappas et al., 2013). Some works highlight the importance of
including sustainability competencies in the education of educators (Albareda-Tiana et al.,
2018; Bourn et al., 2017; Mulà et al., 2017), while another focus is the pedagogic approach to
develop sustainability competencies (Lozano et al., 2019; Seatter and Ceulemans, 2017).
Altogether, educators must continue working for an educational paradigm, which prepares
students for the new challenges faced (Davidson et al., 2010), as future leaders, teachers, and
experts in multiple disciplines in our society (Bartels and Parker, 2012; Bauer et al., 2018).

One of the main challenges for the educator is finding appropriate means that lead to the
diverse set of required skills.Within this work, we pose and answer the question if mathematical
methods of complex systems study are beneficial for education for sustainable development
(ESD). We present a workshop, where network science is used to investigate a relevant
sustainability case study, the complexity and interdependence of Sustainable Development
Goals (SDGs). Our work concisely outlines consideration about the term and the concept of
sustainability, but is based on the understanding of sustainable development established in Our
Common Future (World Commission on Environment and Development, 1987).

2. Contextual background
In this section, we provide background information on network science, we introduce the
SDGs andwe argue their suitability as a case study.

2.1 Network science
A street network, the brain, a social network, food webs and the internet –we find networks
everywhere. Our understanding of networks is still incomplete, however most important to
comprehend today’s problems (Barab�asi and Bonabeau, 2003).

Network science, broadly speaking, means analysis of problems through the study of their
graph representations. While the exact history of network science may be contestable (Barab�asi,
2016; Barnes and Harary, 1983), the closeness to the discipline of graph theory, a subfield of
mathematics, is widely recognised, yet not often discussed in detail (Barnes and Harary, 1983).
Network science deals with complex graphs, exhibiting non-trivial patterns, whereas in graph
theory the focus is on graphs with more defined structures (Derrible and Kennedy, 2011). As
complexity governs many natural, social, or technological systems, network science is a highly
interdisciplinary research field (Börner et al., 2007). One of the key findings in network science is
that common organising principles form the structure of many real-world complex systems
(Barab�asi, 2016), thus amutual set ofmathematical tools can be beneficial.

A graph consists of vertices, commonly associated with subjects or objects of interest,
and edges, commonly associated with a relationship between the subjects/objects. In
literature, the expressions graph and network, as well as vertex and node, and edge and link,
are commonly used interchangeably (Barab�asi, 2016). Both graph units may have additional
properties. An edge, for instance, can be directed or undirected, adding information on the
nature of the interaction between the vertices. It can also be weighted to provide information
about the strength of the relationship. Vertices can be of a certain type, offering information
on the nature of the represented subject/object.

Furthermore, the wiring of a network often contains information about the system.
Considering, for instance, a friendship network, it is common that your friend’s friend is also
your friend. This phenomenon can be measured through the clustering coefficient of the
friendship network (Wang and Chen, 2003). Another example is an especially uneven
connectivity pattern. If we study for example air transportation networks (Guimerà et al.,
2005; Xu and Harriss, 2008), chemical networks (Bishop et al., 2006; Jacob and Lapkin, 2018;
Weber et al., 2019), or the internet (Page et al., 1999; Wang and Chen, 2003), we will find a
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relatively small set of key elements of the system. The most simplistic way of looking at the
patterns is by the degree of vertices, i.e. the number of edges at every vertex, and its
distribution. There exist many more properties of graphs which are used to understand a
network and its complexity. For a more comprehensive view, we refer the reader to further
literature (Barab�asi, 2016; Boccaletti et al., 2006).

Network science offers a common language to deal with complexity, and it provides both
mathematical formalisms and data-driven computational tools to quantify features and
behaviours of a complex system (Barab�asi, 2016). Understanding concepts of networks has
become a relevant part in people’s everyday life, which renders education for it even more
essential (Sayama et al., 2017).

2.2 Sustainability and sustainable development goals
The well-known concept of sustainable development formulated in Our Common Future states
that “sustainable development is development that meets the needs of the present without
compromising the ability of future generations tomeet their own needs” (World Commission on
Environment and Development, 1987). However, contradictions between economic growth and
ecological conservation, power relations supporting unsustainable development (Sneddon et al.,
2006), and the difficulties that long time horizons and inter-generational moral bring about have
been noted critically (Pearce and Atkinson, 1998). Dictionary definitions state that
sustainability describes activities/actions that can be sustained. Such definitions are considered
problematic concerning the time-frame over which systems are to be sustained and also
ecosystems abilities to adapt to changes and therewith sustain (Johnston et al., 2007). It appears
to be common knowledge that the term “sustainability” lacks a clear definition, i.e. more than
300 definitions of sustainability have been estimated in 2007 (Johnston et al., 2007), and is often
interpreted in especially favourable ways, possibly leading to an abuse of the word (Morelli,
2011). The problem is not novel though; in 1994, Allen and Hoekstra argued that “[. . .]
sustainability is an immature notion. It conjures up different images for each environmental
scientist and manager, although there is a common, general understanding” (Allen and
Hoekstra, 1994). Different perspectives from different societies, the importance of spatial and
temporal scales, as well as social, ecological and economic perspectives, have been
acknowledged by Brown et al. (1987) in the same year asOur Common Futurewas published.

Considering representations of sustainability, we recognise a useful simplification of the
concept of sustainability in the Three Pillar Model of Sustainability where we rediscover the
previously mentioned perspectives: Economy – Society – Environment, indicating that
sustainable solution must advance performance in the three pillars. A typical representation
shows interlinking circles, while further forms of representation are actual pillars, or a
concentric approach (Purvis et al., 2019). This indicates that there are still various
understandings of the relationships between the fields. Almost all societies value a
combination of economic development, environmental awareness and social inclusion, while
there exist different objectives in the global context but also within a society (Sachs, 2012).
The conceptions of sustainability and sustainable development are complex and not
unambiguously representable or agreeable; nevertheless, they are the guidelines for our
future (Sachs, 2012) and the basis for current policymaking.

The major international guidelines for sustainable policymaking are the United Nations
SDGs, which were articulated in theUN 2030 Agenda for Sustainable Development and aim
to address systematic barriers to sustainable development. They are a successor of the
Millennium Development Goals (MDGs) and are seen as an important step forwards by
many (Costanza et al., 2016; Vladimirova and Le Blanc, 2015, 2016). However, Cummings et
al. argue that the SDGs fail in taking local knowledge and individual backgrounds into
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account (Cummings et al., 2018). On the contrary, Swain reasons that the goals, in particular
their measurability and monitoring, are governed by each nation individually, making an
effective execution difficult (Swain, 2018). Additionally, the underlying neoliberalism, on
which basis the MDGs and SDGs were built, is seen not to be suitable for sustainable
development after all (Briant Carant, 2017).

There are 17 SDGs with 169 sub-targets, which are monitored through a set of global
indicators complemented by indicators on the regional and national level (Desa, 2016). The
goals are designed as an integrated policy framework, functioning as a whole rather than
isolated targets (King, 2017). They apply to developing as well as developed countries and
are thought to spark systematic change on local and global levels by the year 2030 (Axon
and James, 2018; Costanza et al., 2016). The goals are outlined in Figure 1.

To guide action and to reach a more sustainable society by 2030, the scientific
community stresses that a better understanding of the connections between targets is
necessary (Kroll et al., 2019; Lu et al., 2015).

Implicit in the SDG logic is that the goals depend on each other – but no one has specified exactly
how (Nilsson et al., 2016).

Vladimirova and Le Blanc state that the recognition of interdependencies, trade-offs,
synergies and their implementation within the goals is crucial (Vladimirova and Le Blanc,
2015, 2016). Constanza et al. discuss the lack of clear guidance within the goals as well as the
deficiency of explanation about the connection between the goals (Costanza et al., 2016).
According to Le Blanc, the negative effects of insufficient understanding of the connections
between the goals have already lead, among others, to incoherent policies (Le Blanc, 2015)
and Spaiser et al. come to the conclusion that the SDG agenda will fail if inconsistencies
remain unaddressed (Spaiser et al., 2017). Pradhan et al. criticises that a systematic and data-
driven evaluation of the connections between the SDGs is lacking (Pradhan et al., 2017).

Recent works have investigated clusters of SDGs (Le Blanc, 2015; Costanza et al., 2016;
Stockholm Resilience Centre, 2017) material balances connecting the goals (Mahaffy et al.,
2019), the directions/weights/or other attributes of the interactions (Le Blanc, 2015;

Figure 1.
An outline of the
United Nations

sustainable
development goals

based on the Agenda
2030Source: Desa (2016), United Nations Department of Public Information (2020)
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Vladimirova and Le Blanc, 2015, 2016), most connected goals (Le Blanc, 2015; Vladimirova
and Le Blanc, 2015) as well as areas of low connectivity (Vladimirova and Le Blanc, 2015).
Nerini et al. focused on the synergies and trade-offs concerning SDG7 (Nerini et al., 2018),
while Vladimirova and Le Blanc focused on connections of SDG4 (Vladimirova and Le
Blanc, 2015). For a more comprehensive view on studies about SDG interdependencies, we
suggest the reader further literature (Breuer et al., 2019).

Despite mentioned criticism (Briant Carant, 2017; Cummings et al., 2018; Swain, 2018), we
recognise SDGs as broadly agreed global sustainability dimensions and the network of SDGs
as an applicable case study, as it outlines connections between the dimensions, is of high
relevance, and offers a relatively small network size to be suitable as a teaching example.

3.Workshop development
In this section, we reason about the educational paradigm and content to design the
sustainability workshop. Sustainability workshops based on peer-learning are applied for
diverse sets of target groups and sustainability aspects in Germany, e.g. the student-led
project Wellenschlagen at the University of Kiel[1], regional peer-to-peer learning groups to
develop, finance and implement renewable energy and climate action plans[2], and the
UNECE Environmental Performance Review Program focusing on SDGs in Eastern Europe
[3]. To the best of our knowledge, the complex systems approach has not been a focus yet.

3.1 Educational paradigms
According to Orr (1994), many of the worlds’ problems are not due to a lack of education but
rather results from an education which “fragments instead of unifies” and which “separates
feelings from intellect” (Orr, 1994). The education sector has become governed by neoliberalism,
as some state (Huckle and Wals, 2015; Jickling and Wals, 2008; Sterling, 2017), with a global
“education industry” of $5.0tn and its main purpose to deploy a certain workforce (Sterling,
2017). In the neoliberal context, “the default pedagogy is “delivery” by experts (and) values, ethics,
emotions, and intuition have little or no place in education” (Sterling, 2017).

Sustainability concepts are difficult to comprehend at present and will most likely evolve
over time (Jickling and Wals, 2008), rendering it impossible for educators to decide on the
“one” solution. Rather, education should be the mean to create true democracy and
emancipation, by supporting learners to develop their potential in a joint manner for
collective reshaping of the future (Huckle, 1991). Furthermore, education should provide a
platform for feelings, values and ethics. As Jickling states (Jickling, 2017):

[. . .] the success of the 2030 agenda will likely fail if nation states and their citizens do not care – about
poverty, hunger, equity, or more-than-the-human world. [. . .] the [. . .] point about caring is prescient.

Transformative learning, which Sterling characterises as deeply touching and with the
potential to change deep levels of values and beliefs, answers raised questions (Huckle and
Wals, 2015; Lotz-Sisitka et al., 2015; Sterling, 2010). Huckle and Wals describe necessary
dimensions for ecopedagogy to strive for transformative ESD (Huckle and Wals, 2015),
while Lotz-Sisitka et al. outline four streams of transformative learning for disruptive
capacity-building instead of resilience (Lotz-Sisitka et al., 2015). Transformative learning
may be fostered through a combination of ESD paradigms (Sterling, 2010). For the full
outline of the paradigms, we refer the reader to (Sterling, 2010).

First, from instrumental ESD, Sterling advises to adapt the recognition of urgency, and
the need for content especially on resilience theory and systems concepts (Sterling, 2010).
Our workshop focuses on the delivery of content on systems concepts. Most importantly
from intrinsic ESD, adapting the need for critically aware, reflexive and autonomous leaders
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is key (Sterling, 2010). Our workshop provides a safe space for reflections and autonomous
work tasks. Thirdly, from the concepts of resilient learner and development theory, Sterling
suggests that individual resilience and adaptability should be valued as essential qualities
(Sterling, 2010). We confront learners with constantly changing situations and the failure of
parts of their systems throughout the workshop. Ultimately, Sterling regards social learning
and resilience theory and advises using the ideas of participative learning and dynamic
systems concepts (Sterling, 2010). Our workshop touches on dynamic systems and is
throughout based on peer-learning.

3.2 Workshop content
The extracurricular workshop covered 15 h with a group of 17 participants and took place in
Germany. The participants were from varying disciplines and stages of undergraduate and
graduate courses, as well as professionals from different sectors of industries.

During the workshop, each participant presents a methodological concept of network
theory and one SDG, which they prepared prior to the workshop. Discussions and/or
practical tasks follow each presentation, making it a problem-based workshop to enhance
understanding and increase discussions. Walking through the network methodology, the
different hypotheses about the network of SDGs evolve, are questioned and further
redefined. Figure 2 illustrates some possibilities of the connectivity between the SDGs and is
an example of possible workshop outcomes.

The workshop consists of four main topics. First, an introduction to sustainability and its
relation to complexity is given; second, concepts of network science as a tool to work with
complexity are discussed; third, questions about sustainability are posed and worked on
from a network perspective; and fourth, a comparison to other works is discussed and
reflections about the workshop are gathered and exchanged (see the slide deck in the
Electronic Supplementary Information).

Session 1a: Introduction to sustainability and sustainable development
Participants are asked to present common concepts of sustainability, such as the

sustainability definition fromOur Common Future, theThree PillarModel, and to discuss system
thinking in the context of sustainability. The discussion focuses on critical opinions about the
models and is followed by various short presentations to introduce previously assigned SDGs.

Session 1b: Sustainability and complexity
The workshop session explores the connection between sustainability and complexity

from different perspectives. The participants review two scientific articles and discuss the
authors’ views. The first article introduces complexity as a human strategy of problem-
solving and elucidates its historical context (Tainter, 2006). Problem-solving institutions are
characterised with three different outcomes: resilience due to simplification, collapse and
continuity through energy subsidises, which allow for growing complexity. Sustainability,
as in to sustain, is not a rather passive consequence of consuming less, but an active
condition of problem-solving (Tainter, 2006). The second article describes both social and
natural systems through a complex panarchical structure of adaptive cycles and explains
phases of creation and destruction in the model (Holling, 2001). The adaptive cycles exist on
different levels, in nature, e.g. from single plants to entire landscapes, and in human
systems, e.g. from individual decisions to law constitution and culture. Changes may
propagate through the levels (Holling, 2001).

Session 2a: Introduction to network science
The historic Königsberger Bridge Problem and Leonhard Euler’s solution are presented,

as well as two fundamental concepts of network science: edges and nodes. All participants
are asked to represent SDGs as a first version of a network, initiating discussions on types of
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Figure 2.
Network
representations of
SDGs

(a) (b)

(c) (d)

(e)

Notes: Note that links are drawn arbitrary with the sole purpose to exemplify the

network methodologies: (a) and (b) show regular networks, (c) shows an irregular

network structure with hub nodes and graph components, whereas (d) illustrates

weights for more important interactions and directed links for unilateral interactions.

In (e) we show the SDGs in different layers (here, according to the Stockholm

resilience model (Stockholm Resilience Centre, 2017), which allow for inter-

and intralayer linkage
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interactions. A further presentation explains directions and weights of edges, the concept of
degrees and neighbours, and shows various examples of applications of network science.
The main considerations are focused on the type of networks and attributes of edges
required to represent interactions between SDGs.

Session 2b:More about network science
Methodological inputs in this session explain the adjacency matrix and global network

metrics, such as size, density, clustering coefficient, the number of components and the network
diameter. Participants are asked to evaluate their network representation and identify some of
the metrics. Furthermore, the group is asked to find out if the network could be clustered or
broken into different components. Sub-groups based on links or based on content are discussed.

Session 2c: Network types
Participants explain and discuss the concepts of degree and average distance

distribution functions. Their knowledge evolves from Erdös-Rényi graphs and regular
graphs to scale-free graphs, preferential attachment and small-world graphs. Here, the
importance of the underlying network structures becomes evident and participants start to
discuss wiring of the SDG network. Additionally, more special network forms, such as
multipartite or multilayer networks, are reviewed. With the introduction of these network
forms, participants are allowed to include additional information, for example through a
second layer or different node types, into the SDG network, leading to a discussion about the
desired level of simplification.

Session 2d:Measuring the importance of nodes
A node’s significance is often examined by its centrality in the network structure.

Participants are asked to relate centralities of SDGs (incoming links, outgoing links and total
amount of links) back to the political framework. What are the implications of a high or a
low centrality of SDGs within the framework? Furthermore, we focus on interesting
substructures in the network, such as loops and circular structures and their utilisation.

Session 3a: Measuring sustainability through network science
This session focuses on work about the utilisation of network metrics to assess the

sustainability of socio-ecological systems (Gonzalès and Parrott, 2012). In their work,
Gonzalès and Parrott hypothesis that a sustainable system is a resilient system and that
resilience may be described through the robustness of a network. A variety of network
metrics and how they can influence robustness are discussed (Gonzalès and Parrott, 2012).
As a practical exercise, participants are confronted with hypothetical scenarios about the
deletion of specific nodes in their network and have to investigate the robustness of their
networks regarding potential node failures.

Session 3b: Practical session about trade-offs
Up to this point, the focus of all investigations had been on positive effects of influence

and synergies. In this additional session, participants are asked to conceptualise an
additional network describing trade-off effects between SDGs. Can fulfilling certain goals
lead to a problematic situation for other goals? Similar questions as previously discussed are
posed, e.g. about highly connected nodes, clusters and loops in the trade-off network.

Session 3c: Simulations in networks
We focus on a relatively simple simulation framework in which the group can work

without programming. Petri Nets as a modelling tool are explained, discussed and
introduced with the aid of online software. Participants are asked to construct an SDG
network as a Petri Net and follow the synergy or trade-off flows through the network.

Session 4a: Final comparison
This session aims to allow the participants to compare their models and insights with

approaches from the literature. The study of Le Blanc performed very similar investigations
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of the connectedness of SDGs and found areas with high and low connectedness (Le Blanc,
2015). Pradhan et al. investigated synergies and trade-offs within the SDGs based on SDG
indicator data (Pradhan et al., 2017). Participants can compare the links drawn in the
literature with their own understanding developed throughout this workshop. We also used
the Stockholm resilience model for comparison (Stockholm Resilience Centre, 2017).

Session 4b: Reflection
The last session is used for reflections about the teaching method, the knowledge gained

and network science as a tool to handle sustainability problems.
In conclusion, Network science was chosen to provide skills on systems theory and to

provide a common language for all disciplines. Building links between dimensions of
sustainability fosters a systems view and follows Sterlings argument to go against the
conventional reductionist technique (Sterling, 2004). Links between SDGs (directions and
weights) are applied to describe and quantify relationships between dimensions. The
network density and the degree distribution allow to inspect the connectivity of the political
action plan. Node centralities (hubs) show the importance and influence of certain
dimensions. Network science elucidates well and loosely embedded SDGs and helps to
quantify their relationships. With regard to wicked problems, network science helps to
investigate various present and future scenarios. We can inspect possible outcomes and
contradictions, which helps to work with ill-defined problems. Last, but not least, the
complex systems approach answers a part of the ESD dilemma as it familiarises students
with complex interactions, dynamic changes and systems thinking.

4. Reflection
We present a qualitative evaluation of the covered content (Section 4.1) and teaching method
(Section 4.2), as well as the limitations of the workshop (Section 4.3). Quotes of participants
are included in this section.

4.1 Content
We noticed most criticism from the group about the presented literature on complexity and
sustainability (Session 1b). First, the group discussed the framework of social complexity
and sustainability as well as the concept of affording sustainability. They questioned the
lessons learned about sustainability in human systems formulated by Tainter (2006) and
suggested that the understanding of sustainability in human systems at present might have
changed. Second, Hollings concept of the adaptive cycle and the panarchie was critically
discussed by the group, in particular, the communication between different levels was
argued to be idealistic (Holling, 2001).

Concerning the SDGs, the participants focused on the sub-goals to define an interaction.
The task of building clusters or graph components was controversial as participants
experienced high connectivity of the SDG framework (Session 2b). After the introduction of
the various types of networks (Session 2c), the participants noticed the growing complexity.
The discussion formed the opinion that a simplistic directed network is most suited for now.
In Session 2d, significant progress wasmade as participants found uneven linkages between
goals, resulting in hub nodes, based on either their in-degree or out-degree. Hence, some
goals were more influential while others were more receiving. This finding was later on
compared with Le Blanc’s thorough investigation (Le Blanc, 2015). Further discoveries
included loops in the graph, e.g. better education leads to even better education, and cycles,
where improvements in one goal might lead to an improvement in others, which ultimately
influences the initial goal again. The environmental subsystems of SDG13, SDG14 and
SDG15was discussed in this regard.
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The uneven linkages were of importance for the robustness of the system (Session 3a);
when hub nodes were removed, the network structure became fragile. The evaluation of
network structures, e.g. which are robust concerning node failure, or which allow for
efficient flows in the network, was discussed on the basis of the work by Gonzalèz and
Parrott (Gonzalès and Parrott, 2012). In Session 3b, an active approach was made to better
understand the trade-offs between certain goals. A link from A to B only exists if A may
potentially be harmful for B. Participants discovered uneven linkages and linkage
directions. While some SDGs were potentially more harmful, others were found to be more
in danger and dependent on the success of others.

It (Network Science) made me realise that the fulfilment of some SDGs depends on the realisation of
others, but that proceeding in one SDG could also negatively impact the progress of another one.

Moreover, network theory also points out the subjectivity in mapping these interlinkages among
the goals. Not only in existing literature (e.g. Le Blanc, 2015) but also in our workshop, the
approaches to map the complexity and the relations within the SDGs differed largely.

The comparison of outcomes reached by the participants with those available in the
literature leads to two conclusions: The approximate clustering of the Stockholm Resilience
model (Stockholm Resilience Centre, 2017) was not found in the workshop as the use of
network science led to the discovery of many links between goals of different pillars.
However, each group could recognise some of their considerations in the work by Pradhan
and co-workers (Pradhan et al., 2017). This indicates that the workshop has enabled
participants to compare their understanding of a topic previously novel to them with
international experts in the field in only three days.

Finally, the group concluded that network science was an appropriate tool to investigate
the integration of SDGs as it allowed for communication between the disciplines. However,
they saw limitations when it came to simplification of problems:

Using network science made it possible to see through the complexity of the connections between
the SDGs and reduce it to a manageable level.

Yet, and the workshop has shown this as well, there are limits to the extent a network can
reproduce the plethora of factors [. . .] in the actual world. Therefore, network science is not the
one-size-fits-all solution to ’simply’ calculating how to solve the obstacles to successful SDG
implementation.

Additionally, having learned much about the single goals and their sub-targets as well as
about the integrated policy framework was positively highlighted by the participants.

This new perspective helped me to understand [. . .] the role they (SDGs) play in promoting
sustainability.

4.2 Educational framework
It was noted critically that being an advocate of one specific SDG (Session 1a) brings about
bias into the discussion and that the group size was too large for practical tasks with the
entire group. Shortly outlining every SDG required much time, and we suggest to revise the
format for this task, e.g. limiting it to one minute or three key phrases per SDG.
Alternatively, a more active atmosphere could be created by discussing them in smaller
groups. We recommend to separate the group into two or more subgroups and finish with
respectively two or more network representations as this showed to facilitate group
dynamics and prevent SDG bias. Furthermore, results were seen with caution as the group
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viewed the problem from a very homogenous perspective, neglecting cultural differences
and diverse global consequences.

Besides this, the feedback was mainly positive. The reflection part revealed that the
workshop’s content has a good mixture of theory and practical tasks.

[. . .] (this) embeds [. . .] learnings much better in [. . .] memory and improves the learning curve.

The challenge of having to explain methodological input to an interdisciplinary group was
also positively noted. The learning itself might be seen as deeper and more integrative. The
variety of formats, from whole group discussions, to smaller groups syndicate sessions and
presentations, as well as the use of diverse materials, was positively recognised.
Interdisciplinary learning as well as critical thinking were enabled:

I really appreciated both the team-work and the interdisciplinary approaches as it pushed me to
question and explain my point of view.

Based on expectations as well as reflections, it was noticeable that knowledge about
network science and SDGs was both desired and attained.

4.3 Workshop limitations
The workshop was limited to one sustainability case study; the connectedness of SDGs and one
tool from complexity science; network science. We understand that every sustainability
problem bears unique challenges; hence, the approach may be more suitable for some than for
others. Furthermore, we focused on basic network metrics, which bring about a rather static
picture of the system.We recognise that a more holistic assessment of sustainable development
requires dynamic concepts and associations of flows within the network. We touched only
shortly on dynamics in the network through the notion of Petri Nets. Ultimately, the evaluation
of the workshop is based on qualitative feedback from interactions with the participants. If it
were repeated for a larger group of participants, a quantitative evaluation would be desirable.

5. Conclusions
Sustainability education is a challenging field as educators cannot know what exact skills
are required for solving both current and future sustainability challenges. In this work, we
have suggested one possibility of handling sustainability problems, by approaching them
with a complex systems approach: network science, see Figure 3.

Network science supports the highly relevant systems view, stressed in the ESD
literature. We provided an educational framework which embedded network science in
a peer-based, problem-oriented and transformative learning approach. We found that
the workshop familiarises non-experts from different fields to jointly work with
complex systems, which is required for wicked problems, in a short amount of time.
The positive resonance of the workshop was more than expected and highlights that
both content and teaching approach were well received by the learners. The study is
limited to a purely qualitative assessment of the teaching method and content on
mainly static network metrics. We introduced network science for sustainable
education as a novel approach, and we strongly recommend to educational institutions,
corporate trainings, or other stakeholders in the education landscape to integrate
similar concepts, as it is a widely applicable and easily reproducible, yet highly
effective teaching approach. Furthermore, this work highlights the importance of
complex systems approaches for sustainable development research.
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Notes

1. Find project details: www.wellenschlagen.org/seminar

2. Find project details: https://h2020prospect.eu

3. Find project details: www.umweltbundesamt.de/sites/default/files/medien/1411/beratungshilfe/info_51-
90_en_0.pdf
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