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Summary: Global plastics production has grown rapidly in recent decades and is leading to an increased discharge of  plastic 
waste into the environment, presenting a complex socio-ecological problem. The southern North Sea and its tributaries are 
affected by plastic pollution due to dense population, industrial use, as well as tourism and recreational activities. A paradigm 
shift is necessary to reduce the outflow of  plastic waste from rivers and inland waters into the North Sea. In order to foster 
a socio-ecological transformation, one opportunity is to involve stakeholders from all sectors, who regulate, produce, trade, 
use, recycle and dispose plastic products, through a transdisciplinary process. Real-world laboratories as a science-practice 
interaction approach are conceptualised to produce robust knowledge to solve real-world environmental and societal chal-
lenges. The aim of  this study is to determine how the design and early implementation phases of  real-world laboratories 
should be executed to achieve socio-ecological transformation. We assessed the case study of  an inaugural regional stake-
holder meeting of  the real-world laboratory ‘Plastic-FREE-sia’ in Northwest Germany by in-event observations and a 
subsequent participant survey. Our findings of  this stakeholder workshop highlight the significance of  involving diverse 
stakeholders from multiple sectors in the real-world laboratory process and emphasise the need for balanced representation. 
The interests, benefits and goals of  individual stakeholders must be identified from the outset and aligned with the socio-
ecological problem setting, in order to prevent conflicting objectives. Concluding recommendations for the design and early 
implementation phases of  future real-world laboratories are formulated.
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1	 Introduction

The marine environment is of global impor-
tance in terms of the provision of oxygen, food, 
and energy. Several economic sectors, such as 
trade, transport of goods, and tourism, depend on 
a healthy marine environment (Visbeck et al. 2014, 
Fleming et al. 2019). However, it is severely affect-
ed by anthropogenic activities such as habitat de-
struction, environmental pollution and, of course, 
climate change (Hoegh-Guldberg & Bruno 2010, 
Duarte 2014, Wittmer et al. 2021). Anthropogenic 
litter in particular is reported worldwide as a major 
threat to marine and coastal ecosystems (Wilcox 
et al. 2015, Canals et al. 2021, MacLeod et al. 
2021), with plastic generally making up the larg-
est proportion of litter found in the oceans and 
in coastal areas (Barnes et al. 2009, Lebreton & 
Andrady 2019). Land-based input of plastic waste 
into the seas is a global challenge that is predomi-
nately linked to the quality of waste management 
systems – or lack thereof ( Jambeck et al. 2015). The 
North Sea is also not exempt by the above-men-

tioned influences (Schöneich-Argent & Freund 
2020, Roscher et al. 2021, van der Molen et al. 
2021). The urgency of this problem has been ac-
knowledged by the world community and manifests 
in transnational agreements and initiatives, such as 
the formulation of the Sustainable Development 
Goals (SDG) of the 2030 Agenda for Sustainable 
Development, e.g. SDG 14 ‘life below water’ and 
SDG 12 ‘responsible consumption and reduction’ 
(United Nations General Assembly 2015). The 
current negotiations of a United Nations Plastics 
Treaty and the proclaimed United Nations Decade 
of Ocean Science for Sustainable Development 
(2021-2030) also highlight the importance of the 
problem and the pronounced dedication to address 
it (UNESCO-IOC 2021, March & Winton 2025). 
In this context, the EU Interreg North Sea project 
‘TREASURE’1) (Targeting the reduction of plastic 
outflow into the North Sea) aims to reduce plas-
tic waste from rivers and inland waters into the 

1) Project duration: 2023–2026. Lead-partner: Carl von 
Ossietzky University of Oldenburg
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North Sea through transnational cooperation. The 
collaboration between various organisations from 
Belgium, Denmark, France, Germany, and the 
Netherlands targets the development of solutions 
in the following four interlinked dimensions: ‘gov-
ernance & policy’, ‘prevention & behaviour change’, 
‘data collection & analysis’ and ‘removal of plastic 
waste’. Previous studies have demonstrated that the 
majority of marine litter in coastal areas is deposit-
ed near its place of use (Willis et al. 2017, Stanev & 
Ricker 2019, Schöneich-Argent & Freund 2020). 
Building on these findings, region-specific solutions 
should be developed within each country to address 
all four dimensions. In order to achieve this, the 
‘TREASURE’ project consortium aimed to apply 
a transdisciplinary process. A potential approach 
includes engaging regional stakeholders from all 
sectors that are involved in regulation, production, 
trade, use, recycling, and disposal of plastic prod-
ucts through real-world laboratories (RwL). RwLs 
are conceptualised as science-practice interaction 
approach, designed to produce robust knowledge 
with the aim of solving real-world environmental 
and societal challenges (Luederitz et al. 2017). Yet, 
a standardised definition of RwLs remains elusive 
(Schäpke et al. 2017). It is currently unclear to what 
extent RwLs can be scaled and where their limita-
tions lie regarding participation and geographical 
scope. Consequently, the question arises whether 
RwLs can be utilised to co-create innovative solu-
tions to large-scale socio-ecological problems, such 
as the influx of plastics into the North Sea. 

Therefore, the aim of this study is to assess the 
suitability of RwLs for large-scale socio-ecological 
problems and to generally identify how design and 
early implementation phases must be realised in or-
der to successfully develop suitable solutions. The 
inaugural stakeholder workshop of the German 
RwL ‘Plastic-FREE-sia’ was investigated as a case 
study to address the following research questions:
•	 What are success factors for the effective design 

and early implementation phases of RwLs to ad-
dress large-scale socio-ecological problems?

•	 How does the sectoral composition of stakehold-
ers impact RwLs?

•	 What are main stakeholder motivations for par-
ticipating in RwLs?	

It is not our objective to outline an ideal-typical 
design of a RwL structure, but rather to derive rec-
ommendations based on our experience to provide 
support for those who plan and set up future RwLs 
with a similar scope. 

2	 Theoretical framework

2.1	 Plastic pollution as socio-ecological problem

Global plastic production has increased rapidly 
from 1.7 million tonnes per year in 1950 (Plastics 
Europe 2013), reaching up to 413.8 million tonnes 
per year by 2023 (Plastics Europe 2024). Due to 
its low price and versatile application, plastic has 
become one of the most widely used materials and 
forms a significant part of municipal waste (Panda et 
al. 2010). According to Borrelle et al. (2020: 1), in 
2016 alone, approximately 19 to 23 million tonnes of 
plastic waste entered aquatic systems. An estimated 
4.8 to 12.7 million tonnes of plastic litter entered the 
oceans from global coastlines in 2010 (Jambeck et al. 
2015). Additionally, riverine systems as a source of 
marine litter must not be underestimated. Over 1,000 
rivers contribute around 80% of annual ocean plastic 
emissions (Meijer et al. 2021). On the North Sea lev-
el, the river Elbe alone discharges up to 75.5 million 
items of anthropogenic litter per year into the ma-
rine environment, with the highest proportion being 
plastic (Schöneich-Argent et al. 2020). Moreover, 
a sharp increase of mismanaged and discharged an-
thropogenic litter is forecasted if no effective preven-
tion strategies are applied (Jambeck et al. 2015). 

Thus, plastic pollution in inland and marine sys-
tems represents a complex socio-ecological problem 
(Farrelly et al. 2025, Horton et al. 2025). Applying 
a socio-ecological lens can facilitate a more structured 
understanding of complex social-economic-environ-
mental challenges. This allows for a transdisciplinary 
conceptualisation of the dynamic interaction between 
humans and the environment (Binder et al. 2013). 
Fundamental human needs - such as food security or 
transportation of goods and services - are among the 
key drivers of marine plastic pollution, since plastics 
are being extensively used across various economic 
sectors and anthropogenic activities. These activities 
contribute significantly to the resulting pressures on 
the marine environment, with various impacts on 
the entire socio-ecological system, e.g. environmen-
tally through contamination and bioaccumulation, 
ecologically via plastic ingestion or ghost nets, and in 
terms of ecosystem services such as diminished sea-
food supply (Abalansa et al. 2020). As de Salas et al. 
(2022: 2) highlight, restoring and maintaining ocean 
health is a complex challenge that demands a multi-
faceted approach, one that considers individual, or-
ganisational, cultural, societal, and structural factors, 
and is adaptable enough to support context-specific 
solutions and drive meaningful change. Therefore, 
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to solve the plastic crisis - as one of the foremost 
socio-ecological problems of our time - holistic and 
transdisciplinary approaches are imperative (Holzer 
et al. 2018, Horton et al. 2025), since complex prob-
lems cannot be solved through a single-disciplinary 
approach (Binder et al. 2013).

2.2	 Socio-ecological transformation and transdis-
ciplinary research 

In order to tackle major societal challenges, such 
as climate change or global plastic pollution, and to 
ensure a sustainable future, socio-ecological transfor-
mations are increasingly being advocated for funda-
mental changes to societal systems (United Nations 
General Assembly 2015, Brand & Wissen 2017, 
Holzer et al. 2018, Köhler et al. 2019). According 
to the German Advisory Council on Global Change 
(WBGU 2011: 1), transformation involves far-reach-
ing changes in the areas of infrastructure, production 
processes, regulatory systems, and lifestyles. Hence, a 
reformed interaction between politics, society, busi-
ness, and science is required (WBGU 2011). The sci-
entific community seeks to fulfil its social responsi-
bility (Cornell et al. 2013) amidst increasingly com-
plex societal challenges (Fazey et al. 2018). Therefore, 
new research formats have been established in both, 
the environmental and sustainability sciences, and 
in socio-ecological research (Cornell et al. 2013). 
Horton et al. (2025: 3) stress the essential need for 
cooperation of scientists from both, environmental 
and social disciplines. Transdisciplinary research fol-
lows this imperative and offers the potential to anal-
yse intricate, real-world problems, in order to devel-
op practical solutions (Jahn et al. 2012, Lang et al. 
2012, Caniglia et al. 2021, Hölscher et al. 2021). As 
current research shows, the integration of knowledge 
from different disciplines and social practice has the 
potential to strengthen the social impact of research 
(Bergmann et al. 2021). Pohl & Hadorn (2017: 1) 
define three phases of transdisciplinary research: 
problem identification as well as structuring, problem 
analysis, and implementing research in practice-ori-
ented solutions. The phases are not a linear set of 
steps, in fact learning processes take place both in 
the retrospective and prospective directions (Pohl 
& Hadorn 2017). Similarly, the model for trans-
disciplinary research process by Bergmann & Jahn 
(2017:  1) defines the phases ‘problem constitution’, 
‘knowledge integration’ and ‘participation of social 
actors’. It is suggested that the implementation of 
practical solutions requires a successful cooperation 

between scientists and practitioners from different 
disciplines (Lang et al. 2012, Horton et al. 2025). 
With the aim to bridge ‘science’ and ‘practice’, this 
study follows the understanding of the transdisci-
plinary research process as outlined in Pohl et al. 
(2017: 44-45), who recognise the process as an ef-
fort of connecting two systems of knowledge pro-
duction, namely the societal and the scientific pro-
cess. The former process contains actors aiming to 
understand and address a specific societal problem 
based on practicability, while the latter focusses on 
the scientific design and research on the said prob-
lem (Pohl et al. 2017). In this context, RwLs have 
emerged as a science-practice interaction approach 
to produce robust knowledge with the aim of solv-
ing real-world environmental and societal challenges 
(Luederitz et al. 2017). 

2.3	 Real-world laboratories

RwLs are based on transdisciplinarity (Parodi et 
al. 2016) and are rooted in urban planning and trans-
formative design within cities (Hossain et al. 2019). 
They can be characterised as a specific setup of re-
search infrastructure or an area in which scientists and 
other stakeholders invent and carry out experiments 
to generate knowledge for a more sustainable devel-
opment of society (Schneidewind et al. 2018). The 
research premise in RwLs consists of transdisciplinary 
cooperation between actors from science, politics, 
business, administration, and civil society. Despite the 
increased use of RwLs and the growing scientific de-
bate in German-speaking countries, there is still no 
clear standardised definition (Schäpke et al. 2017).

However, there is consensus among the scientif-
ic community regarding main components of a RwL 
(Renn 2018, Schäpke et al. 2018, Singer-Brodowski 
et al. 2018, Wanner & Stelzer 2019): 
•	 Direct contribution to sustainability transfor-

mation: This should be implemented by using 
a transdisciplinary research approach and ex-
perimental research methods (e.g. real-world 
experiments)

•	 Implementation of scientific learning, social 
learning and reflexivity

•	 Long-term orientation
•	 Possibility of scalability and transferability of 

results

There are different approaches concerning the 
definition and use of RwLs in various thematic ar-
eas of society (Grunwald 2015, Schäpke et al. 2017), 
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with hardly any restrictions in terms of thematic fo-
cus and geographical scope. It is therefore possible 
that RwLs cover a whole region, a city, or just indi-
vidual neighbourhoods. Also, it is conceivable that 
RwLs are not localised at any physical location and 
instead relate to sectors or value chains (MWK 2013, 
Meyer et al. 2021). 

According to Defila & Di Giulio (2019: 3), 
RwLs ideally pursue the following three objectives: 
the production of new findings/new knowledge (re-
search objectives), the initiation of transformation 
processes (practical objectives) and the support of 
individual and collective learning processes (edu-
cational objectives). These objectives are illustrated 
by the typical process carried out in RwLs. Within 
a RwL, a transdisciplinary team proceeds through 
three phases: co-design, co-production, and co-eval-
uation. In the co-design phase, a common under-
standing of the problem, goals and relevant questions 
must be defined. The co-production phase consists 
of the co-developed ideas which are translated into 
concrete, solution-orientated experiments. Finally, 
the co-evaluation phase exists of the diffusion of 
developed knowledge in practice and science. These 
phases are characterised by continuous reflection and 
documentation of the processes and interim results 
(Wanner et al. 2018). Many researchers see equality 
among all participating interest groups as a key pre-
requisite for the successful implementation of a RwL 
(Engels & Rogge 2018, Renn 2018, Schneidewind 
et al. 2018, Singer-Brodowski et al. 2018). It is there-
fore essential that participating scientists are familiar 
with the research and project context (Renn 2018). 
This requires a certain amount of process openness 
and reflexivity (Rose et al. 2017, Singer-Brodowski 
et al. 2018). However, this does not mean, that the 
various players are forced to adopt a common point 
of view. Rather, understanding and accepting differ-
ent perspectives should lead to successful collabora-
tion (Engels & Walz 2018). Stakeholder participa-
tion can be organised differently depending on the 
process phase, area, and objective (Stauffacher et 
al. 2012). This includes, for example, workshops or 
bilateral agreements with key players (Pregernig et 
al. 2018). Also, various methods of action research 
are suitable for the implementation and realisation 
of RwLs (Scholl et al. 2018). Here, participation for-
mats such as world-café, open space or fishbowl, are 
mentioned in literature (Borner & Kraft 2018).

In the last few years, new RwL approaches 
have also been implemented in the marine context. 
Topic-specific RwLs in Germany can be mentioned 
here: ‘Good Coast Lower Saxony’ (“Gute Küste 

Niedersachsen”), ‘Knowledge Creates Living Space’ 
(“Wissen Schafft Lebensraum”) and ‘Eckernförde 
Bay 2030’ (“Eckernförder Bucht 2030”). The aim of 
the ‘Good Coast Lower Saxony’ project for example 
is to establish coastal protection that strengthens 
the ecosystem. Through the ‘Knowledge Creates 
Living Space’ project, a model region for sustain-
able food production at the coastal region around 
the harbour city of Bremerhaven should be estab-
lished. The ‘Eckernförde Bay 2030’ project aims 
to reduce the nutrient inputs from agriculture into 
the Baltic Sea. While the project objectives of the 
‘Good Coast Lower Saxony’ and the ‘Eckernförde 
Bay’ were more clearly defined from the outset, the 
project objectives for the ‘Knowledge creates living 
space’ were not defined in advance, not only to take 
account to the different interests of the approxi-
mately 50 stakeholders, but also because the overall 
objective was broader and to avoid that the involved 
stakeholders being spectators rather than co-cre-
ators (see Franke et al. 2023).	  

3	 Methods and materials

3.1	 Case study – RwL ‘Plastic-FREE-sia’

The RwL ‘Plastic-FREE-sia’ was set up to tar-
get the reduction of plastic outflow into the North 
Sea by co-creating solutions with practitioners in 
Northwest Germany. The RwL was designed follow-
ing the cyclical concept approached by Wanner et 
al. (2018: 12), whereby all actors as part of the trans-
disciplinary team proceed through the co-design, 
co-production, and co-evaluation phases. Since the 
subsequent phases build upon a successful initiation 
of the RwL, the scope of this research addresses the 
design and early implementation phases of the RwL 
‘Plastic-FREE-sia’, building up a transdisciplinary 
team and further develop and carry out real-world 
experiments to reduce plastic outflow into the North 
Sea (Schäpke et al. 2018, Schneidewind et al. 2018, 
Wanner et al. 2018). Similar to the ‘Knowledge cre-
ates living space’ project, a pre-formulation of con-
crete project goals was avoided to keep the transfor-
mative process within the RwL ‘Plastic-FREE-sia’ 
as open as possible (see Franke et al. 2023). It was 
important to build up an interdisciplinary project 
research team that consists of scientists and practi-
tioners with several backgrounds (Lang et al. 2012, 
Horton et al. 2025), such as economic and environ-
mental scientists, geographers and experts in policy 
and governance. Our common starting point was 
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the identification of a study area that would allow 
for the implementation of a RwL with a broad range 
of stakeholders from several stakeholder groups in 
order to build up a transdisciplinary setting to car-
ry out actions in all four ‘TREASURE’ project di-
mensions (‘governance & policy’, ‘prevention & 
behaviour change’, ‘data collection & analysis’ and 
‘removal of plastic waste’) and therefore, to reduce 
plastic outflow into the North Sea. There are no uni-
form recommendations regarding the spatial scope 
of a RwL (MWK 2013, Meyer et al. 2021). According 
to Rose et al. (2019: 5), the extent to which the spa-
tial scope influences the implementation of a RwL 
remains unclear. To cover all four project dimen-
sions, we defined the following requirements for the 
geographical scope of our regional RwL: the study 
area should encompass not only the municipal lev-
el, but also urban and rural districts, as well as state 
authorities that can be integrated into the RwL-
process. A broader study area would allow us to cov-
er a larger spectrum of potential stakeholder groups 
and therefore, increase the possibility of knowledge 
production, also because not all relevant stakeholder 

groups can be found on the municipal level alone. 
Considering the overall project goal and its focus on 
riverine systems, it was pivotal that at least one major 
river of the wider Weser-Ems Region - our focus area 
in which the RwL was originally planned for - is cov-
ered by our study area. Ultimately, the identification 
of our study area was also contingent on its ability to 
incorporate municipalities participating in the mod-
el region Wadden Sea Biosphere Region of Lower Saxony 
(Biosphärenregion Niedersächsiches Wattenmeer), 
a hub for sustainable development initiatives in the 
wider Weser-Ems Region. Based on these criteria, 
we identified the study area for the regional RwL 
‘Plastic-FREE-sia’ shown in Fig. 1. 

The study area of the RwL ‘Plastic-FREE-sia’ 
covers the urban district Wilhelmshaven, as well 
as the rural districts Friesland and Wesermarsch. It 
consists of urban and rural landscapes, tidal influ-
enced creeks, drainage ditches, the Jade Bight and 
the tidal river Weser. In addition, several industries 
are located within the region, above all the service 
sector including tourism (IHK 2023a, IHK 2023b, 
IHK 2023c). The study area is of particular inter-

Fig. 1: Spatial scope of  the German regional RwL ‘Plastic-FREE-sia’ on the East Frisian peninsula in the Weser-
Ems Region in Lower Saxony, Northwest Germany. Wadden Sea Biosphere Region of  Lower Saxony Municipalities 
(WSBRLS) outlined in ochre. Geodata Sources: Flanders Marine Institute 2018, ESRI 2023, LGLN 2024.
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est for the implementation of our regional RwL, as 
it allows us to leverage a well-developed network 
of stakeholders who have been engaged in prede-
cessor projects. As a result, there is already a high 
level of awareness regarding the issue of plastic 
pollution among various actors within the study 
area, creating a strong foundation for our initiative 
(Meyerjürgens et al. 2023). 

3.2	 Stakeholder identification

The involvement of various regional stakeholder 
groups is crucial for the implementation of the RwL 
‘Plastic-FREE-sia’, to establish a transdisciplinary 
setting and to co-create solutions for the reduction 
of plastic outflow into the North Sea (Lang et al. 
2012, Arnold & Piontek 2018, Singer-Brodowski 
et al. 2018). We could build up on extensive knowl-
edge and experiences working with regional stake-
holders in the study area due to predecessor projects 
dealing with plastic pollution (Meyerjürgens et al. 
2023). To ensure effective transdisciplinary cooper-
ation throughout the RwL-process, which involves 
actors from science, politics, business, administra-
tion, and civil society, we have taken a comprehen-
sive approach to identify relevant stakeholder groups 
and sub-groups (Schäpke et al. 2017). Due to the 
fact that we address four different project dimen-
sions and based on analyses from predecessor proj-
ects and our project research team’s expertise, we 
have identified essential stakeholder groups for the 
RwL ‘Plastic-FREE-sia’ as outlined in Tab. 1.

We engaged with stakeholders all over our study 
area and therefore, within all administrative divi-
sions of the regional RwL ‘Plastic-FREE-sia’ (Fig. 1). 
During the stakeholder mobilisation process, we 
tried to cover all stakeholder groups (Tab. 1), yet not 
all of them are equally distributed among our study 
area. We started from our existing stakeholder net-
works within the spatial delimitation of our study 
area and made use of snowball sampling, whereby 
contacted stakeholders were shortly interviewed for 
further organisations which should be involved into 
the RwL-process accordingly. Furthermore, we took 
advantage of the municipality network Wadden Sea 
Biosphere Region of Lower Saxony (Biosphärenregion 
Niedersächsiches Wattenmeer), as well as of the 
certificate ‘Nationalpark Partner’ awarded by the 
Lower Saxon Wadden Sea National Park (Nationalpark 
Niedersächsisches Wattenmeer). We assumed that 
partner municipalities and certified organisations 
are more willing to participate in our RwL. It was 

not always possible to identify several stakeholders 
of each group. To tackle this limitation, chambers 
or associations who represent a certain stakeholder 
group were considered instead (Eckart et al. 2018). 
In cases where stakeholders operated outside but in-
fluenced the study area, they were still considered. In 
total, we identified 132 potential organisations in 18 
groups (Tab. 1). All stakeholders were contacted by 
phone or e-mail. If possible, first contact was made 
via phone. We reached out and pitched the overall 
project at first and invited them to participate in the 
RwL-process. In total, 68 organisations agreed to 
participate, whereby 39 of them joined the first re-
gional stakeholder meeting.

3.3	 Regional stakeholder meeting

Co-design workshops with numerous stakehold-
ers are especially important for the beginning of a 
RwL-process to generate ideas for potential solu-
tions and to achieve an open exchange (Bergmann 
et al. 2021). A regional stakeholder meeting was car-
ried out to build up a transdisciplinary team and to 
generate a common problem definition among the 
participating stakeholders (Wanner et al. 2018). In 
total, 54 individuals from 39 organisations joined 
the meeting (Tab. 1). The event was divided into 
two parts (Fig. 2): the first half of the event served 
the elaboration of a common problem definition be-
tween participants. Selected practitioners presented 
their experiences on the topic of plastic reduction. 
To cover a diverse setting of presenters, we invited 
experts from education, art and culture, maritime in-
dustry, nature protection, public administration, and 
science to share their perspective on the problem of 
plastic outflow into the environment. The second 
half of the regional stakeholder meeting consisted 
of a stakeholder workshop to foster knowledge pro-
duction and therefore, to generate ideas for poten-
tial solutions, the so-called ‘real-world experiments’ 
(Wanner et al. 2018). To translate the ideas from the 
RwL into practice, a transfer of stewardship has been 
proposed, involving the initiation and implementa-
tion of identified main actions by key players within 
their respective areas of competence. Our additional 
objective was therefore to identify key stakeholders 
who would assume decisive leadership and respon-
sibility for the project implementation of the re-
al-world experiments, specifically regarding the fact 
that the capacities of the project management team 
are limited and that the project covers four different 
dimensions.
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In the first part of the workshop, a best-practice 
mapping was conducted. While this method does 
not claim to identify the definitive best case within 
the study area (Bretschneider et al. 2005), it served 
as source of inspiration by highlighting existing ini-
tiatives in the region to inform the development of 
potential real-world experiments. Therefore, name 
tags of all attending stakeholders were assigned to 
specific colour codes: rural district Friesland (blue), 
rural district Wesermarsch (green), urban district 
Wilhelmshaven and stakeholders that are located 
outside the spatial boundaries of ‘Plastic-FREE-sia’ 
(yellow). As part of the mapping exercise in the first 
workshop phase, all stakeholders were asked to in-
dicate known initiatives for reducing plastic waste 
in their region on a map (Fig. 3). Every group (blue/
green/yellow) had their own identical map and in-
dividuals made use of the exercise to exchange and 
create knowledge within their group. The purpose 
of this exercise was to foster collaboration and in-
spiration about what has been already done within 

the geographical boundaries of the RwL ‘Plastic-
FREE-sia’ regarding the topic of plastic waste 
reduction.

The second and main part of the workshop fo-
cused on transdisciplinary knowledge production 
and on the development of potential future re-
al-world experiments. The world-café format pre-
sumed to be an appropriate method for a mixed 
researcher-practitioner setting and is well suited to 
exchange perceptions and to identify current issues 
which were our main needs for the co-design phase 
(Silva & Guenther 2018). The approach helps to 
build personal relationships and to foster collabora-
tive learning (Fouché & Light 2010). In the second 
phase of the workshop, stakeholders self-assigned to 
one of four discussion tables - ‘Behaviour Change’, 
‘Leisure & Recreation’, ‘Maritime Industry’, and 
‘Waste Disposal & -Reduction’ - based on their inter-
ests and expertise (Fig. 2). These thematic tables were 
defined in advance by participants using an online 
collaboration tool during the stakeholder meeting. 

Stakeholder group
Contacted  

organisations

Participating organisations at  
‘Plastic-FREE-sia’  

stakeholder meeting

Administration & Politics 30 13

Municipalities 17 6
High Level Authorities/State Authorities 7 4
Rural Districts 2 2
Urban District 1 1
Water & Drainage Boards 3 0

Education, Art & Culture 13 8

Cultural/National Park Centres & Museums 11 6
Schools 2 2

Industries 67 10

Agriculture & Fisheries 5 0
Industry Representatives 3 1
Logistics & Packaging 7 1
Maritime Industry 8 2
Retail & Trade 4 0
Waste Management 3 1
Tourism & Recreation 37 5

Tourism Organisations (7) (2)
Hotel Businesses (14) (2)
Wadden Sea Guides (4) (0)
Sailing Clubs & Marinas (12) (1)

Ngo‘s/Civil Society 22 8

Total Organisations 132 39

Tab. 1: Overview of  the number of  organisations which were identified/contacted and of  those that have participated dur-
ing the RwL ‘Plastic-FREE-sia’ regional stakeholder meeting
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The four discussion tables featured a diverse range 
of participants, with a total of 5 to 13 stakeholders 
from various sectors. The discussions at each table 
were moderated by experts of our project research 
team, while the overall goal of this exercise was to 
collect ideas about possible actions and solutions on 
the reduction of plastic waste that could be further 
developed along future real-world experiments, cov-
ering all four project dimensions in the best case. All 
suggestions and ideas were collaboratively collected 
and clustered on paper (Fouché & Light 2010).	  

3.4	 Data collection

3.4.1 Workshop observation

Throughout both phases of the regional stake-
holder workshop (Fig. 2), data was collected through 
an open and participant observation. The method is 
suitable to empower quality of data that is obtained 
throughout the research process and to enhance the 
quality of the interpretation of data and therefore, it 
can be used universal as part of data collection and 
analysis (Dewalt & Dewalt 2011). Prior to the re-
gional stakeholder meeting, an observation template 
for both workshop phases was developed to observe 
and record behaviour and interactions of stake-
holders (Tab. S1). According to Evans et al. (2015: 
1), it can be beneficial for applied sustainability is-

sues to involve students in the collaborative process. 
Throughout the co-design phase of our regional 
RwL, we worked closely with a group of university 
students and collaboratively developed the observa-
tion template and integrated them into the regional 
stakeholder meeting. The participant observation 
was carried out by two students and one research-
er per group during both workshop phases. The 
stakeholders were observed for a total of 20 minutes 
during the best-practice mapping exercise, and for 45 
minutes during the world café exercise. The observa-
tion of the event was communicated with the partic-
ipants beforehand. The collected data is confidential 
and will not be shared publicly.

3.4.2 Online survey 

Two online surveys were conducted for an in-
depth evaluation of the inaugural stakeholder work-
shop and the co-design phase of the RwL-process. 
The surveys were designed to answer the research 
questions, addressing the success factors for the ef-
fective design and early implementation phases of 
RwLs to address large-scale socio-ecological prob-
lem settings. Primary data collection through sur-
veys was ideal for our purpose, since we wanted to 
gather both, quantitative and qualitative data, from 
all participating organisations (Taherdoost 2021). 
Questionnaire A (Tab. S2) was developed for all stake-

RwL Plastic-FREE-sia – Regional Stakeholder Meeting

Knowledge Production
Workshop Phase I - Best-Practice Mapping Exercise

Knowledge Production
Workshop Phase II – Production of  Real-World Experiments

Maritime Industry

Behaviour Change
Leisure & 
Recreation

Waste Disposal & 
-Reduction

World Café

Common Problem Definition
Presentations by Practitioners & Scientists

Fig. 2: Course of  the RwL ‘Plastic-FREE-sia’ regional stakeholder meeting: I) common problem definition among 
participants and II) two workshop phases for knowledge production
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holders who were attending the regional stakeholder 
meeting, while questionnaire B (Tab. S2) was slightly 
adapted for those that could not attend the event but 
still wanted to participate in the RwL ‘Plastic-FREE-
sia’. Both questionnaires were identical in structure, 
with the exception that questionnaire A includ-
ed additional questions related to the stakeholder 
event, specifically the workshop. Questionnaire A 
was distributed among 39 representatives from all 
39 participating organisations. Additionally, to cov-
er the scientific perspective, two experts from our 
project team, were selected for the survey, since they 
attended the stakeholder meeting and are equal par-

ticipants of the RwL-process. Questionnaire B was 
forwarded to 29 representatives from 29 organisa-
tions. We contacted only one individual per organ-
isation and considered them as representative, even 
sometimes more than one individual per organisa-
tion attended the stakeholder meeting or took part in 
the RwL-process. Over the four-weeks runtime, 29 
individuals responded on questionnaire A, resulting 
in a response rate of ~74%. Two individuals provid-
ed incomplete responses and were therefore exclud-
ed from further analysis. 14 individuals responded 
on questionnaire B, resulting in a response rate of 
~48%. Similarly, two individuals provided incom-

¯
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Fig. 3: Results of  the best-practice mapping exercise. Spatial scope of  the German 
regional RwL ‘Plastic-FREE-sia’. The icon shape indicates the type of  initiative for 
plastic waste reduction. Geodata Sources: ESRI 2015, LGLN 2024. 
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plete responses and were therefore also excluded 
from further analysis. Accordingly, 27 responses on 
questionnaire A (N=27) and 12 responses on ques-
tionnaire B (N=12) were considered relevant for data 
analysis. The collected data is confidential and will 
not be shared publicly. 

3.5	 Data analysis

Data was analysed using R Studio Version 4.2 
(R Core Team 2024). To reduce dimensionality, we 
performed a Principal Component Analysis (PCA) 
using the R packages ‘prcomp’, ‘FactoMineR’ (Lê et 
al. 2008), and ‘factoextra’ (Kassambara & Mundt 
2020). PCA is a widely used statistical technique in 
various fields to identify underlying patterns and re-
lationships in multidimensional data, e.g. in studies 
on urban sustainability (Nevens et al. 2013, Lilai et 
al. 2016) and analyses of public perceptions on cli-
mate change (Howe et al. 2015). To assess non-lin-
ear relationships between variables in questionnaire 
A, distance correlation was calculated using pack-
age ‘energy’ (Rizzo & Szekely 2024), allowing to 
capture dependencies that traditional Pearson or 
Spearman correlations might miss. To compare the 
two questionnaires A and B (Tab. S2), a Tukey’s 
Honest Significant Difference (HSD) test using 
package ‘stats’ was applied.

4	 Findings

The main results of the participant observation 
and the subsequent online surveys are summarised 
below. The sector distribution of respondents from 
both questionnaires, A and B, is outlined in Tab. 2.	 

Tukey HSD comparison between the two ques-
tionnaires revealed a difference of -0.058 (95% Ci: 
-0.1370.021, p* =0.14), indicating no significant vari-
ation between groups. While the lack of significance 
suggests that the two groups share similar perspec-
tives, this finding is particularly relevant when con-
sidering the alignment of ideas and motivations. 
Participants of questionnaire B, despite not attend-
ing the regional stakeholder meeting, expressed sim-
ilar views on sectoral inclusion, shared goals such as 
addressing plastic pollution, and equality in collab-
orative processes. This alignment suggests that the 
workshop’s themes and objectives resonate beyond 
those directly involved in the event, highlighting a 
broader consensus on the key factors that motivate 
participation and engagement. The PCA revealed 

two main dimensions (Dim1 and Dim2) that explain 
most of the variability in the data set (Tab. 3). These 
dimensions represent clusters of variables that influ-
ence different aspects of participant perceptions and 
attributes. 

Most influential components were related to 
satisfaction with the workshop as well as perceived 
benefit for the organisation and sectoral distribution 
(Fig. 4). The PCA revealed data patterns and correla-
tions between PCA dimensions. Participants who 
perceive long-term benefits for their organisation 
(QA12) also report higher satisfaction with workshop 
outcomes (QA20). Also, there was a strong correla-
tion between shared problem understanding (QA9) 
and the suitability of RwLs to solve societal issues 
(Q7). The involvement of stakeholders from own 
sector (QA24) and Q7 was negatively correlated. A 
moderate positive correlation was observed between 
QA17 (Equality among participants) and QA26 
(Involvement of business sectors) (Rd = 0.596). 
Similarly, moderate positive correlations (Rd = 0.565) 
were noted between QA26 and Q2 (Importance of 
plastic pollution in professional or voluntary work), 
and between QA8.10 (Involvement of Nature 
Protection in RwLs) and QA26 (Rd = 0.365). Strong 
positive correlations (Rd = 0.862) were found be-
tween Q7 (Suitability of RwLs to solve societal is-
sues) and QA12 (Long-term benefit for organisa-
tion), and between QA12 and QA20 (Satisfaction 

Stakeholder Group
Questionnaire 

A
Questionnaire 

B

Administration & Politics 8 (29.63%) 1 (8.33%)

Education, Art & Culture 6 (22.22%) 1 (8.33%)

Industries

Agriculture & Fisheries 1 (3.70%) 2 (16.67%)

Logistics & Packaging 1 (3.70%) 0

Maritime Industry 1 (3.70%) 2 (16.67%)
Waste Management 1 (3.70%) 0

Tourism & Recreation 0 4 (33.33%)

Nature Protection 4 (14.81%) 1 (8.33%)

Science 2 (7.41%) 1 (8.33%)

N/A 3 (11.11%) 0

Total Responses 27 12

Tab. 2: Total amount of  responses to both questionnaires, A 
and B, per stakeholder group. Three respondents have not 
provided information about their sectoral affiliation.
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with workshop outcomes) (Rd = 0.596). A moderate 
correlation (Rd = 0.453) was also identified between 
QA28 (Cooperation of various stakeholders from 
different sectors) and QA10.4 (Networking as reason 
for participation). Participants’ perceptions of equal-
ity were negatively associated with QA16 (Relevant 
discussion table during the workshop) (Rd = -0.694). 
Conversely, participants who prioritised QA26, re-
ported higher equality perceptions.

The majority of respondents participate in ‘Plastic-
FREE-sia’ because of the solution-oriented character 
of RwLs (Questionnaire A: 24/27; Questionnaire B: 
11/12). This was followed in questionnaire A by co-
operation with other stakeholders (17/27) and net-
working (16/27). In questionnaire B, personal interest 
(5/12) was followed equally by taking influence (4/12) 
and stakeholder cooperation (4/12). Our workshop 
observation revealed that regional stakeholders were 
often aware of initiatives that are carried out with-
in their own sector, e.g. awareness raising campaigns 
highlighted by educational organisations. Most of the 
participating stakeholders are already sensitised to 
plastic waste reduction and have a common ground 
due to their regional affiliation, know each other and 
initiatives that were mentioned during the best-prac-
tice mapping exercise, to a great extent. Related sec-
tors are already cooperating with each other on plas-

tic reduction, partly also cross-sectoral. During the 
second workshop phase, a heterogeneous composi-
tion of stakeholders at all discussion tables (Fig. 2) was 
observed. All other tables were mixed as well and no 
accumulation of sectors was documented. A notable 
exception was perceived among educational organi-
sations at the table ‘Behaviour Change’. Responses to 
QA24/QB11 (Involvement of stakeholders from own 
sector) were diverse, while six people strongly agreed, 
ten somewhat agreed, six somewhat disagreed, four 
strongly disagreed and eight were neutral. Further, 29 
out of 39 respondents strongly agreed with QA26/ 
QB13 (Involvement of business sectors), while 24 out 
of 39 respondents strongly agreed to QA28/QB15 
(Cooperation of various stakeholders from different 
sectors).	 

Overall, 97.44% of all respondents acknowledge 
plastic pollution as societal issue (Q6). Responses 
to questionnaire A show that, for Q7 (Suitability of 
RwLs to solve societal issues), 45.5% of public sector 
respondents agreed, while 50% were neutral. Among 
private sector respondents, 54.6% agreed. For QA9 
(Shared problem understanding), 63.2% of public 
sector respondents agreed, while 25% of private sec-
tor respondents somewhat disagreed, and 75% were 
neutral. For QA12 (Long-term benefit for organi-
sation), 38.9% of public sector respondents agreed, 

Dimension Variable Description Contribution

Dim1 QA16 Relevant discussion table during workshop 0.991
Dim1 QA22 Rating of  world café format 0.988
Dim1 QA13 Interest in continued participation 0.987
Dim1 QA12 Long-term benefit for organisation 0.987
Dim1 QA9 Shared problem understanding 0.986
Dim1 QA17 Equality among participants 0.986
Dim1 QA19 Incorporating and developing personal ideas 0.986
Dim1 QA20 Satisfaction with workshop outcomes 0.984
Dim1 Q4 Fields for plastic reduction 0.306
Dim1 Q1 Personal experiences regarding plastic pollution 0.283

Dim2 QA8/QB8 Sectoral relevance in RwL-process 0.998
Dim2 QA14 Reasons for disengagement 0.989
Dim2 QA15 Reasons for potential disengagement 0.989
Dim2 QA18 Additional information regarding equality among participants during workshop 0.989
Dim2 QA21 Reasons for dissatisfaction with workshop outcomes 0.989
Dim2 QA23 Potential improvements of  knowledge production 0.989
Dim2 QA16 Relevant discussion table during workshop -0.081
Dim2 QA22 Rating of  world café format -0.080
Dim2 QA13 Interest in continued participation -0.080
Dim2 QA12 Long-term benefit for organisation -0.080
Dim2 QA17 Equality among participants -0.080
Dim2 QA19 Incorporating and developing personal ideas -0.080

Tab. 3: The two dimensions, Dim1 and Dim2, explain most of  the variability in the data set



278 Vol. 79 · No. 3/4

compared to 25% of private sector respondents. 
Following suggestions for improvement were made: 
defining tasks and expectations of participants more 
clearly, stringent discussion management, observing 
time, stricter monitoring, and implementation of 
approached ideas. General reasons for dissatisfac-
tion regarding the overall workshop outcomes were 
among others: unclear overall concept and goal of 
the workshop, incomplete documentation and dis-
cussion of results, general lack of time, as well as 
a partly unprofessional moderation. Main reasons 
to drop out of the RwL-process are: lack of time, 
finger-pointing against private sector, if implemen-
tation is being delegated too heavily to volunteers 
and does not remain with actors who have time and 
decision-making power, followed by the fact that 
the RwL is too theoretical or abstract. The missing 
leadership from the project research team and the 
transfer of responsibility to the practitioners by the 
project management team were also criticised several 
times. The observation confirmed the stakeholders’ 
unwillingness to take on more responsibility or a 

leading role during the process. The lack of thematic 
links to their own work and the fact that other key 
stakeholders were perceived to show a lack of inter-
est in participation during the process were named as 
further reasons to drop out of the process.  

5	 Discussion	 

This study investigated how the sectoral com-
position of practice partners and their motivation 
affects the implementation of RwLs, as part of the 
regional RwL ‘Plastic-FREE-sia’, in order to provide 
general recommendations for the design and early 
implementation phases of future RwLs.

5.1	 Sectoral composition of  stakeholders

Scientists and practitioners frequently encoun-
ter similar challenges when initiating the research 
process, as diverse interests of multiple stakeholders 

Fig. 4: Clusters of  variables in the PCA dimensions, highlighting connections between workshop satisfaction, per-
ceived organisational benefits, and sectoral/geographical distributions. Most influential variables within Dim1 and 
Dim2 are listed. Overlaps represent interrelationships. The central goal, reduction of  plastic outflow into the North 
Sea, connects these thematic areas.
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must be balanced in the context of complex trans-
formation processes (Kanning et al. 2021). Our 
selection of practice partners and their associated 
stakeholder groups are largely in line with recom-
mendations of RwL and transdisciplinary research 
literature (e.g. Schäpke et al. 2017). The consensus 
among several scientists underpinned the selection 
of practice partners for the transdisciplinary cooper-
ation and the deployment of the RwL ‘Plastic-FREE-
sia’ (see Lang et al. 2012, Beecroft 2018, Eckart et 
al. 2018, Wanner et al. 2018, Behrens & Keil 2019, 
Franke et al. 2023). Ensuring the inclusion of a suf-
ficient quantity and broad diversity of stakeholders 
was critical to the RwL-process (Arnold & Piontek 
2018, Singer-Brodowski et al. 2018). According to 
Lang et al., it “requires the selection of a sufficient 
number and diversity of stakeholders with a legit-
imate stake in the process, be it, for instance, be-
cause they are negatively affected by the problem 
or because they are responsible parties” (2012: 36). 
Our study supports the scientific consensus that a 
diverse range of practitioners should be involved, 
as stakeholders emphasised their preference for a 
broad stakeholder setting from different sectors and 
indicated that sector-specific collaboration was not 
a primary concern. Our analysis highlights inter-
related patterns among variables, emphasising the 
nuanced dynamics of workshop evaluation and sec-
toral perceptions. The moderate positive correlation 
between QA17 (Equality among participants) and 
QA26 (Involvement of business sectors) suggests 
that stakeholders perceiving equality among partici-
pants also associate this equality with inclusive sec-
toral representation. Similarly, the moderate positive 
correlation between QA26 and Q2 (Importance of 
plastic pollution in professional or voluntary work) 
indicates that participants who perceive plastic pol-
lution as critical in their professional or voluntary 
work are more likely to value the involvement of 
various sectors. Moreover, our observation suggests 
that while stakeholders are well-informed about ini-
tiatives and organisations within their own sector, 
they tend to be less aware of initiatives beyond their 
sectoral scope, highlighting the importance of a di-
verse stakeholder setting. The weaker correlation 
between QA8.10 (Involvement of Nature Protection 
in RwLs) and QA26 reflects a less pronounced but 
still present connection between identifying spe-
cific relevant sectors and the broader inclusion of 
sectors in addressing plastic pollution. This result 
may imply that while participants recognise certain 
sectors as relevant, this recognition does not strong-
ly align with broader sectoral inclusion perceptions. 

The involvement of stakeholders from own sector 
(QA24) and the suitability of RwLs to solve socie-
tal issues (Q7) was negatively correlated, suggesting 
that participants believe that a collaborative effort 
across multiple sectors is essential for addressing 
societal issues through RwLs. The private sector 
seemed reluctant to contribute to the debate about 
the effectiveness of the RwLs in addressing societal 
challenges, which may be related to their underrep-
resentation at the stakeholder meeting and due to 
finger-pointing by public sector actors. Overall, the 
stakeholder composition, including an underrepre-
sentation of private sector within the RwL ‘Plastic-
FREE-sia’, does not seem to have been a hindrance 
to the RwL-process.

5.2	 Stakeholder motivation

In addition to the composition of stakeholders, 
the question of stakeholder motivation is also of 
crucial importance for the implementation of RwLs. 
The high correlation between Q7 (Lab suitabili-
ty for societal issues) and QA12 (Long-term ben-
efit for organisation) highlights the importance of 
perceived relevance. Participants who find the RwL 
format suitable for addressing societal issues, such 
as plastic pollution, are also more likely to perceive 
long-term organisational benefits through their 
participation. Additionally, the moderate positive 
correlation between QA12 and QA20 (Satisfaction 
with workshop outcomes) indicates a direct relation-
ship between satisfaction and perceived benefits. 
Participants who report high satisfaction with work-
shop outcomes are also likely to perceive long-term 
advantages for their organisations, linking immedi-
ate satisfaction to broader organisational impacts. 
Practitioners primarily focus on the direct benefits 
of the RwL rather than the more abstract contribu-
tion to sustainable development (Rose et al. 2019). 
It can therefore be assumed that some participants 
left the process when they perceived no benefit for 
their organisation, whereas some did not see any 
long-term benefit but are still open to the process. 
Interests, benefits, objectives, roles, and expecta-
tions of all involved stakeholders should therefore 
be clarified as early as possible (Rose et al. 2017, 
Eckart et al. 2018, Hilger et al. 2018, Pregernig 
et al. 2018, Scholl et al. 2018, Siebenhüner 2018, 
Ober et al. 2019). In general, participants criticised 
the lack of time and moderation skills, especially 
during the knowledge production phase as part of 
the world café format. This criticism can be part-
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ly explained by the fact that in RwLs, the research 
team often has to manage numerous tasks simulta-
neously. In some cases, these roles range from pro-
cess organisation, moderation, and observation to 
advising and implementing interventions (Pohl et 
al. 2010, Wittmayer & Schäpke 2014, Wagner & 
Grunwald 2015). The co-design phase of our RwL 
approach aimed to empower practitioners by taking 
responsibility for real-world experiments. This was 
criticised and, in return, a long-term involvement of 
political decision-makers and scientific actors was 
desired. In addition, the aspiration to work on a the-
matically concrete defined framework and the fre-
quently mentioned lack of time capacities can also 
lead to the situation that actors do not want to take 
a leading role in the project (e.g. missing leadership 
from the project research team and the transfer of 
responsibility to stakeholders was criticised several 
times). Literature recommends externalising activi-
ties that are less related to specific research activities 
(Wiek 2007, Schauppenlehner-Kloyber & Penker 
2015). Other RwLs have established specific roles 
for coordination and steering (Rose et al. 2017). The 
higher the importance of plastic pollution in profes-
sional or voluntary work (Q2), the more important 
is the involvement of business sectors (QA26) and 
therefore, the higher the equality among partic-
ipants (QA17) was considered to be. This may be 
due to the fact that stakeholders involved are already 
aware of the transdisciplinary setting of the RwL. 
They may already have experience or are receptive 
to collaborative and participatory approaches. The 
underrepresentation of the private sector during 
the regional stakeholder meeting highlights once 
more the need for an equal representation of various 
sectors as key prerequisite for the successful imple-
mentation of RwLs (Engels & Rogge 2018, Renn 
2018, Schneidewind et al. 2018, Singer-Brodowski 
et al. 2018). The transformative changes needed in 
plastic production and processing, which necessitate 
industry involvement, may explain the heightened 
interest in engaging business stakeholders in the 
RwL-process.

5.3	 Recommendations for future real-world lab-
oratories

Since global plastic pollution presents a com-
plex socio-ecological problem, it should be ad-
dressed transdisciplinary and transnationally, in 
order to develop effective solutions (Holzer et al. 
2018, Horton et al. 2025). RwLs have emerged as 

science-practice interaction approach for the pro-
duction of robust knowledge to solve real-world 
environmental and societal challenges (Luederitz 
et al. 2017). However, our experiences show that 
the successful implementation of RwLs to tackle 
large-scale socio-ecological problems, can be chal-
lenging. This might be due to the fact that RwLs 
are rooted in small-scale urban planning and trans-
formative design within cities (Hossain et al. 2019). 
While it is a promising instrument, it appears to be 
highly dependent on the scale of the socio-ecolog-
ical problem it is aiming to address. Based on our 
experiences within the RwL ‘Plastic-FREE-sia’ and 
the results outlined above, we propose recommen-
dations for the design and early implementation 
phases of future RwLs as outlined in Fig. 5.

We experienced that if the scope - both geo-
graphical and thematic scope - is too large or com-
plex, actors lose motivation to participate and the 
sense of individual responsibility to actively en-
gage in the RwL-process. Similar to the project 
‘Knowledge creates living space’ (see Franke et 
al. 2023), we omitted the predefinition of specific 
objectives to allow for an unobstructed co-design 
phase, which was criticised by survey participants. 
This deliberate open process paired with the already 
complex and large-scale nature of the problem set-
ting within the ‘TREASURE’ project (four themat-
ic project dimensions), hindered the creation of 
meaningful and lasting engagement of participants. 
Therefore, we suggest to break down broad goals 
within socio-ecological problem settings into more 
manageable dimensions, each with their own objec-
tives. As described by Defila & Di Giulio (2019: 
3), RwLs address three objectives: the production of 
new findings/new knowledge (research objectives), 
the initiation of transformation processes (practical 
objectives) and the support of individual and col-
lective learning processes (educational objectives). 
All objectives should be therefore covered within 
each dimension and thus, the co-design phase, and 
all subsequent phases as outlined above, should be 
also carried out in each of these (Fig. 5). 

Within each dimension, key stakeholders should 
be identified from the outset based on an equal het-
erogenous representation between all relevant areas 
of research and practice, as stressed within trans-
disciplinary literature (e.g. Lang et al. 2012, Pohl et 
al. 2017, Horton et al. 2025). Since RwLs consist of 
transdisciplinary cooperation between actors from 
science, politics, business, administration, and civ-
il society (Schäpke et al. 2017), building up a ro-
bust transdisciplinary team along the RwL co-de-
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sign phase is fundamental. Our results suggest that 
commitment and active engagement is fostered, if 
stakeholders perceive direct or indirect benefits for 
themselves or their organisation through involve-
ment in the RwL. In order to maintain high levels 
of motivation among actors, we therefore recom-
mend to clearly identify the involved stakeholders’ 
benefits, and to align objectives, roles, and sectoral 
needs with their interest as early as possible (Fig. 5).

Due to the complexity of the socio-ecologic 
problem which is addressed in our RwL, defining 
a manageable geographical scope in which partic-
ipants can co-create, co-produce and co-evaluate 
effective solutions might be a challenge. Ultimately, 
it depends on the thematic focus of each dimen-
sion. Therefore, we suggest identifying key stake-
holders first, after which a concrete and targeted 
study area can be jointly co-defined by the careful-
ly selected stakeholders within each dimension. In 
terms of the spatial scope, it yet remains unclear to 
which extent it influences the implementation of a 
RwL (Rose et al. 2019). Based on our experience, 
we strongly advise to keep the spatial scope in a 
manageable perimeter and adapt it to each dimen-
sion. Hence, we argue that the geographical scope 
is highly dependent on the specific objectives of 
each dimension, as sector representation varies be-
tween location, and should preferably be selected 

after identifying key stakeholders. Thus, the iden-
tification of ‘caretakers’ – participants who would 
assume decisive leadership and responsibility for 
the implementation of real-world experiments – 
must be considered when selecting stakeholders, if 
the overall RwL-process is expected to outlast the 
project duration (Fig. 5).

RwLs as an instrument within transdisciplinary 
research might not guarantee to foster a socio-eco-
logical transformation for large-scale problems but 
they can create incentives. RwLs show the potential 
to co-produce small and local solutions that can be 
scaled up or taken up by future adopters – for exam-
ple municipalities outside the RwL scope - to possi-
bly achieve a larger impact over a longer period of 
time. Under those circumstances, RwLs show great 
potential for tackling large-scale socio-ecological 
problems of our time, and should be adopted for 
future projects. For that reason, the ‘TREASURE’ 
project is planning on utilising the transnational co-
operation to synthesise the experiences and results 
from all five project regions in Belgium, Denmark, 
France, Germany and the Netherlands, in order to 
develop a RwL ‘blueprint’ that allows future adopt-
ers to build on the lessons-learnt and implement re-
al-world experiments to develop long-lasting solu-
tions for the reduction of plastic outflow into the 
North Sea.

Fig. 5: Comparison between the design and early implementation phases of  the regional RwL ‘Plastic-FREE-sia’ and of  
recommendations for future RwLs based on our findings
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5.4	 Study limitations

The collected data represents the specific con-
text of our regional stakeholder meeting and may not 
be fully applicable to other RwL settings. Moreover, 
not all stakeholders participated in our survey, which 
means that the opinions of certain sectors are not rep-
resented in our results. Regarding our RwL itself, this 
study has only focused on the design and the early im-
plementation phases, and recommendations therefore 
only comprise the initiation of RwLs. Consequently, 
the proposed recommendations have a limited scope 
and cannot be applied to the entire RwL-process. The 
imbalanced participation of stakeholders from the 
private sector compared to actors from administra-
tion & politics and from the civil society during the 
inaugural regional stakeholder meeting, potentially 
caused an underrepresentation of industry sectors. A 
stakeholder mapping could have been carried out, in 
order to select the most suitable group of targeted and 
motivated actors. For the purpose of this study, atten-
tion was paid to a broad rather than targeted delin-
eation of stakeholders, which could be improved for 
future RwLs and related projects. Further, it remains 
unknown to what extent the answers of stakeholders 
were representing their sector or rather their personal 
opinions. This was particularly difficult for the ad-
ministration & politics group, as we engaged with var-
ious stakeholders from a wide range of departments 
within authorities. Our sample was relatively small, 
and it would have been desirable if even more stake-
holders had taken part in the survey, especially in the 
context of questionnaire B. The small sample size also 
influenced the statistical analysis and its interpretive 
strength, with larger sample sizes and feedback from 
more participants generally yielding more reliable re-
sults. More informative statistical methods, such as 
generalised linear models, could not be implemented 
due to the small sample size, as the results would like-
ly have been inaccurate. Therefore, robust methods 
such as factor reduction and correlation analysis were 
implemented. Furthermore, the questionnaires were 
not validated prior to their utilisation, which may have 
impacted their clarity and suitability. Nevertheless, we 
believe that our findings reflect a general consensus 
among the participants and could offer insights to en-
hance RwLs in socio-ecological problem settings.

6	 Conclusion

For the first time in the North Sea Region, we 
have applied the RwL approach to develop solutions 

for the reduction of plastic outflow into the marine 
environment. We evaluated the inaugural region-
al stakeholder meeting of the RwL ‘Plastic-FREE-
sia’, so as to formulate recommendations for future 
RwLs on success factors for the design and early 
implementation phases of RwLs in socio-ecological 
problem settings. Our findings indicate that involv-
ing diverse stakeholders from multiple sectors in the 
RwL-process is crucial. This is particularly import-
ant when the overall goal is too broad and requires 
further development, as in the ‘TREASURE’ project, 
where practitioners intended to develop real-world 
experiments across the dimensions of ‘governance & 
policy’, ‘prevention & behaviour change’, ‘data col-
lection & analysis’, and ‘removal of plastic waste’. It is 
important to strive for a balanced representation be-
tween actors in administration, business, civil soci-
ety, politics, and science, in order to achieve equality 
among participants. We experienced that if the scope, 
both geographical and thematic, is too large or com-
plex, actors lose motivation to participate and the 
sense of individual responsibility to actively engage 
in the RwL-process. Therefore, we suggest to break 
down broad goals within socio-ecological problem 
settings into more manageable dimensions, each 
with their own objectives. Thus, the co-design phase, 
and all subsequent phases of the RwL, should be car-
ried out within each dimension, and key stakehold-
ers should be identified from the outset, based on an 
equal heterogenous representation between all rele-
vant areas of research and practice. To maintain high 
levels of motivation among actors, we recommend 
to clearly identify the involved stakeholders’ benefits, 
and to align objectives, roles and sectoral needs with 
their interest as early as possible. Potentially, this 
could lead to a more meaningful involvement of key 
stakeholders and subsequently to a stronger motiva-
tion for participation. Conflicting objectives of indi-
vidual stakeholders should be recognised to a greater 
extent. To overcome this challenge, it is essential to 
clarify roles within the transdisciplinary team from 
the beginning. The identification of ‘caretakers’, par-
ticipants who would assume decisive leadership and 
responsibility for the implementation of real-world 
experiments, must be considered when selecting 
stakeholders, if the overall RwL-process is expect-
ed to outlast the project duration. Even if it remains 
unknown how the spatial scope of a RwL may im-
pact its implementation, a large study area can hinder 
collaboration. Hence, smaller and more manageable 
perimeters might be more favourable in fostering 
meaningful cooperation. Our study has shown that 
our RwL was thematically too broad and the overall 
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topic is too challenging to address it in one single 
project. While transdisciplinary collaboration is es-
sential for solving the socio-ecological problems of 
our time, applying a RwL approach might be chal-
lenging in such broad context and therefore not be 
the best possible approach for the thematic scope of 
the ‘TREASURE’ project. However, the potential 
of RwLs to develop long-lasting solutions within 
socio-ecological problem settings is evident and fol-
lowing the study’s proposed recommendations could 
possibly further support the effectiveness of RwLs to 
contribute to meaningful and long-lasting solutions. 

Acknowledgements 

This research was supported as part of 
TREASURE, an Interreg North Sea project co-fund-
ed by the European Union. The authors would like 
to thank Carolina H. Golisch, Dr. Markus Prinz 
and Nicoletta Lahanas for assistance, as well as all 
students of the Carl von Ossietzky University of 
Oldenburg that have participated and supported us 
to carry out the regional stakeholder meeting as part 
of the RwL ‘Plastic-FREE-sia’. 	  

References 

Abalansa S, El Mahrad B, Vondolia GK, Icely J, Newton 
A (2020) The marine plastic litter issue: A social-eco-
nomic analysis. Sustainability 12: 8677. https://doi.
org/10.3390/su12208677 

Arnold A, Piontek FM (2018) Zentrale Begriffe im Kon-
text der Reallaborforschung. Defila R, Di Giulio 
A (eds) Transdisziplinär und transformativ forschen: Eine 
Methodensammlung: 143–154. Wiesbaden. https://doi.
org/10.1007/978-3-658-21530-9_8

Barnes DKA, Galgani F, Thompson RC, Barlaz M (2009) 
Accumulation and fragmentation of  plastic debris in 
global environments. Philosophical Transactions of  the Royal 
Society B: Biological Sciences 364: 1985–1998. https://doi.
org/10.1098/rstb.2008.0205

Beecroft R (2018) Embedding higher education into a re-
al-world lab: A process-oriented analysis of  six transdis-
ciplinary project courses. Sustainability 10: 3798. https://
doi.org/10.3390/su10103798

Behrens M, Keil A (2019) Wuppertal – städtische Transfor-
mation auf  der Maßstabsebene des Quartiers. Niermann 
O, Schnur O, Drilling M (eds) Ökonomie im Quartier. Von 
der sozialräumlichen Intervention zur Postwachstumsgesellschaft: 
191–215. Wiesbaden. https://doi.org/10.1007/978-3-
658-23446-1_11

Bergmann M, Jahn T (2017) A model for the transdisci-
plinary research process. GAIA - Ecological Perspectives for 
Science and Society 26: 304-304. https://doi.org/10.14512/
gaia.26.4.3

Bergmann M, Schäpke N, Marg O, Stelzer F, Lang D 
J, Bossert M, Gantert M, Häuß Ler E, Marquardt 
E, Piontek FM, Potthast T, Rhodius R, Rudolph M, 
Ruddat M, Seebacher A, Suß Mann N (2021) Trans-
disciplinary sustainability research in real-world labs: 
success factors and methods for change. Sustainability 
Science, 16: 541–564. https://doi.org/10.1007/s11625-
020-00886-8

Binder CR, Hinkel J, Bots PWG, Pahl-Wostl C (2013) 
Comparison of  frameworks for analyzing social-ecolog-
ical systems. Ecology and Society 18: 1–19. http://www.
jstor.org/stable/26269404 

Borner J, Kraft AH (2018) Konzeptpapier zur Reallabor-
Methode im ENAVI-Projekt. Kolleg für Management und 
Gestaltung nachhaltiger Entwicklung. Berlin. https://kmgne.
de/wir-machen/publikationen-liste/publikationen-im-
enavi-projekt/ 

Borrelle SB, Ringma J, Law KL, Monnahan CC, Lebret-
on L, McGivern A, Murphy E, Jambeck J, Leonard 
GH, Hilleary MA, Eriksen M, Possingham HP, de 
Frond H, Gerber LR, Polidoro B, Tahir A, Bernard 
M, Mallos N, Barnes M, Rochman CM (2020) Predict-
ed growth in plastic waste exceeds efforts to mitigate 
plastic pollution. Science 369: 1515–1518. https://doi.
org/10.1126/science.aba3656

Brand U, Wissen M (2017) Social-ecological transforma-
tion. Richardson D, Castree N, Goodchild MF, Ko-
bayashi A, Liu W, Marston RA (eds) International encyclo-
pedia of  geography: people, the earth, environment and technology: 
1-9. Malden. https://doi.org/10.1002/9781118786352.
wbieg0690

Bretschneider S, Marc-Aurele FJ, Wu J (2005) “Best 
practices” research: A methodological guide for the per-
plexed. Journal of  Public Administration Research and Theory 
15: 307–323. https://doi.org/10.1093/jopart/mui017

Canals M, Pham CK, Bergmann M, Gutow L, Hanke G, 
van Sebille E, Angiolillo M, Buhl-Mortensen L, Cau 
A, Ioakeimidis C, Kammann U, Lundsten L, Papatheo-
dorou G, Purser A, Sanchez-Vidal A, Schulz M, Vin-
ci M, Chiba S, Galgani F, Langenkämper D, Möller 
T, Nattkemper TW, Ruiz M, Suikkanen S, Woodall 
L, Fakiris E, Jack MEM, Giorgetti A (2021) The 
quest for seafloor macrolitter: A critical review of  back-
ground knowledge, current methods and future pros-
pects. Environmental Research Letters 16: 1–29. https://doi.
org/10.1088/1748-9326/abc6d4

Caniglia G, Luederitz C, Von Wirth T, Fazey I, Martín-
López B, Hondrila K, König A, von Wehrden H, 
Schäpke NA, Laubichler MD, Lang D J (2021) A 

https://doi.org/10.3390/su12208677
https://doi.org/10.3390/su12208677
https://doi.org/10.1007/978-3-658-21530-9_8
https://doi.org/10.1007/978-3-658-21530-9_8
https://doi.org/10.1098/rstb.2008.0205
https://doi.org/10.1098/rstb.2008.0205
https://doi.org/10.3390/su10103798
https://doi.org/10.3390/su10103798
https://doi.org/10.1007/978-3-658-23446-1_11
https://doi.org/10.1007/978-3-658-23446-1_11
https://doi.org/10.14512/gaia.26.4.3
https://doi.org/10.14512/gaia.26.4.3
https://doi.org/10.1007/s11625-020-00886-8
https://doi.org/10.1007/s11625-020-00886-8
http://www.jstor.org/stable/26269404
http://www.jstor.org/stable/26269404
https://kmgne.de/wir-machen/publikationen-liste/publikationen-im-enavi-projekt/
https://kmgne.de/wir-machen/publikationen-liste/publikationen-im-enavi-projekt/
https://kmgne.de/wir-machen/publikationen-liste/publikationen-im-enavi-projekt/
https://doi.org/10.1126/science.aba3656
https://doi.org/10.1126/science.aba3656
https://doi.org/10.1002/9781118786352.wbieg0690
https://doi.org/10.1002/9781118786352.wbieg0690
https://doi.org/10.1093/jopart/mui017
https://doi.org/10.1088/1748-9326/abc6d4
https://doi.org/10.1088/1748-9326/abc6d4


284 Vol. 79 · No. 3/4

pluralistic and integrated approach to action-oriented 
knowledge for sustainability. Nature Sustainability 4: 93–
100. https://doi.org/10.1038/s41893-020-00616-z

Cornell S, Berkhout F, Tuinstra W, Tàbara JD, Jäger 
J, Chabay I, de Wit B, Langlais R, Mills D, Moll P, 
Otto IM, Petersen A, Pohl C, van Kerkhoff L (2013) 
Opening up knowledge systems for better responses 
to global environmental change. Environmental Science 
& Policy 28: 60–70. https://doi.org/10.1016/j.envs-
ci.2012.11.008

Defila R, Di Giulio A (2019) Wie Reallabore für Heraus-
forderungen und Expertise in der Gestaltung transdiszi-
plinären und transformativen Forschens sensibilisieren 
– eine Einführung. Defilia R, Di Giulio A (eds) Trans-
disziplinär und transformativ forschen - Eine Methodensamm-
lung: 1–30. Wiesbaden. https://doi.org/10.1007/978-3-
658-27135-0

de Salas K, Scott JL, Schüz B, Norris K (2022) The super 
wicked problem of  ocean health: A socio-ecological and 
behavioural perspective. Philosophical transactions of  the 
Royal Society B: Biological Sciences 377: 1–14. https://doi.
org/10.1098/rstb.2021.0271

Dewalt KM, Dewalt BR (2011) Participant observation: A 
guide for fieldworkers. Lanham.

Duarte CM (2014) Global change and the future ocean: A 
grand challenge for marine sciences. Frontiers in Marine Sci-
ence 1: 1–16. https://doi.org/10.3389/fmars.2014.00063

Eckart J, Ley A, Häussler E, Erl T (2018) Leitfragen für 
die Gestaltung von Partizipationsprozessen in Realla-
boren. Defila R, Di Giulio A (eds) Transdisziplinär und 
transformativ forschen – Eine Methodensammlung: 105–135. 
Wiesbaden. https://doi.org/10.1007/978-3-658-21530-
9_6

Engels F, Rogge J-C (2018) Tensions and trade-offs in 
real-world laboratories - The participants’ perspective. 
GAIA - Ecological Perspectives for Science and Society 27: 28–
31. https://doi.org/10.14512/gaia.27.S1.8

Engels A, Walz K (2018) Dealing with multi-perspectivity 
in real-world laboratories: Experiences from the trans-
disciplinary research project urban transformation labo-
ratories. GAIA - Ecological Perspectives for Science and Society, 
27: 39–45. https://doi.org/10.14512/gaia.27.S1.10

ESRI (2015) Light Gray Canvas. [Basemap]. Producer: 
Esri, TomTom, Garmin, FAO, NOAA, USGS, © Open-
StreetMap contributors, and the GIS User Community. 
https://www.arcgis.com/home/item.html?id=979c-
6cc89af9449cbeb5342a439c6a76

ESRI (2023) World Administrative Divisions. [Shapefile]. 
Producer: Garmin International, Inc. https://hub.arc-
gis.com/datasets/esri::world-administrative-divisions/
about

Evans J, Jones R, Karvonen A, Millard L, Wendler J 
(2015) Living labs and co-production: University cam-

puses as platforms for sustainability science. Current 
Opinion in Environmental Sustainability, 16: 1–6. https://
doi.org/10.1016/j.cosust.2015.06.005

Farrelly T, Brander S, Thompson R, Almroth BC (2025) 
Independent science key to breaking stalemates in global 
plastics treaty negotiations. Cambridge Prisms: Plastics 3: e6. 
https://doi.org/10.1017/plc.2025.2

Fazey I, Schäpke N, Caniglia G, Patterson J, Hultman J, 
van Mierlo B, Säwe F, Wiek A, Wittmayer J, Aldunce 
P, Al Waer H, Battacharya N, Bradbury H, Carmen E, 
Colvin J, Cvitanovic C, D´Souza M, Gopel M, Gold-
stein B, Hämäläinen T, Harper G, Henfry T, Hodgson 
A, Howden MS, Kerr A, Klaes M, Lyon C, Midgley G, 
Moser S, Mukherjee N, Müller K, O’Brien K, O’Con-
nell DA, Olsson P, Page G, Reed MS, Searle B, Silves-
tri G, Spaiser V, Strasser T, Tschakert P, Uribe-Calvo 
N, Waddell S, Rao-Williams J, Wise R, Wolstenholme 
R, Woods M, Wyborn C (2018) Ten essentials for ac-
tion-oriented and second order energy transitions, trans-
formations and climate change research. Energy Research 
& Social Scienc, 40: 54–70. https://doi.org/10.1016/j.
erss.2017.11.026

Flanders Marine Institute (2018) IHO Sea Areas, version 
3. [Shapefile]. https://doi.org/10.14284/323

Fleming LE, Maycock B, White MP, Depledge MH (2019) 
Fostering human health through ocean sustainability in 
the 21st century. People and Nature 1: 276–283. https://
doi.org/10.1002/pan3.10038

Fouché C, Light G (2010) An invitation to dialogue: ‘The 
World Café’ in social work research. Qualitative Social Work 
10: 28–48. https://doi.org/10.1177/1473325010376016

Franke A, Peters K, Hinkel J, Hornidge A-K, Schlüter 
A, Zielinski O, Wiltshire KH, Jacob U, Krause G, Hil-
lebrand H (2023) Making the UN Ocean Decade work? 
The potential for, and challenges of, transdisciplinary re-
search and real-world laboratories for building towards 
ocean solutions. People and Nature 5: 21–33. https://doi.
org/10.1002/pan3.10412

Grunwald A (2015) Transformative Wissenschaft - eine 
neue Ordnung im Wissenschaftsbetrieb? GAIA - Ecologi-
cal Perspectives for Science and Society 24: 17–20. https://doi.
org/10.14512/gaia.24.1.5

Hilger A, Rose M, Wanner M (2018) Changing faces - Fac-
tors influencing the roles of  researchers in real-world 
laboratories. GAIA - Ecological Perspectives for Science and So-
ciety 27: 138–145. https://doi.org/10.14512/gaia.27.1.9

Hoegh-Guldberg O, Bruno JF (2010) The impact of  climate 
change on the world´s marine ecosystems. Science 328: 
1523–1528. https://doi.org/10.1126/science.1189930

Holzer JM, Carmon N, Orenstein DE (2018) A methodol-
ogy for evaluating transdisciplinary research on coupled 
socio-ecological systems. Ecological Indicators 85: 808–819. 
https://doi.org/10.1016/j.ecolind.2017.10.074

https://doi.org/10.1038/s41893-020-00616-z
https://doi.org/10.1016/j.envsci.2012.11.008
https://doi.org/10.1016/j.envsci.2012.11.008
https://doi.org/10.1007/978-3-658-27135-0
https://doi.org/10.1007/978-3-658-27135-0
https://doi.org/10.1098/rstb.2021.0271
https://doi.org/10.1098/rstb.2021.0271
https://doi.org/10.3389/fmars.2014.00063
https://doi.org/10.1007/978-3-658-21530-9_6
https://doi.org/10.1007/978-3-658-21530-9_6
https://doi.org/10.14512/gaia.27.S1.8
https://doi.org/10.14512/gaia.27.S1.10
https://www.arcgis.com/home/item.html?id=979c6cc89af9449cbeb5342a439c6a76
https://www.arcgis.com/home/item.html?id=979c6cc89af9449cbeb5342a439c6a76
https://hub.arcgis.com/datasets/esri::world-administrative-divisions/about
https://hub.arcgis.com/datasets/esri::world-administrative-divisions/about
https://doi.org/10.1016/j.cosust.2015.06.005
https://doi.org/10.1016/j.cosust.2015.06.005
https://doi.org/10.1017/plc.2025.2
https://doi.org/10.1016/j.erss.2017.11.026
https://doi.org/10.1016/j.erss.2017.11.026
https://doi.org/10.14284/323
https://doi.org/10.1002/pan3.10038
https://doi.org/10.1002/pan3.10038
https://doi.org/10.1177/1473325010376016
https://doi.org/10.1002/pan3.10412
https://doi.org/10.1002/pan3.10412
https://doi.org/10.14512/gaia.24.1.5
https://doi.org/10.14512/gaia.24.1.5
https://doi.org/10.14512/gaia.27.1.9
https://doi.org/10.1126/science.1189930
https://doi.org/10.1016/j.ecolind.2017.10.074


285Real-world laboratories as an approach for reducing plastic outflow into the North Sea2025

Horton AA, Henderson L, Bowyer C, Courtene-Jones 
W, Garrard SL, Kulsum NM, McKay D, Manikarach-
chige I, Sreekumar S, Stanton T (2025) Towards a 
‘theory of  change’ for ocean plastics: A socio-oceanog-
raphy approach to the global challenge of  plastic pol-
lution. Microplastics and Nanoplastics 5: 1–12. https://doi.
org/10.1186/s43591-025-00127-8

Hossain M, Leminen S, Westerlund M (2019) A system-
atic review of  living lab literature. Journal of  Cleaner 
Production, 213: 976–988. https://doi.org/10.1016/j.
jclepro.2018.12.257

Howe PD, Mildenberger M, Marlon JR, Leiserowitz 
A (2015) Geographic variation in opinions on climate 
change at state and local scales in the USA. Nature Cli-
mate Change 5: 596–603. https://doi.org/10.1038/ncli-
mate2583

Hölscher K, Wittmayer JM, Hirschnitz-Garbers M, 
Olfert A, Walther J, Schiller G, Brunnow B (2021) 
Transforming science and society? Methodological les-
sons from and for transformation research. Research 
Evaluation, 30: 73–89. https://doi.org/10.1093/re-
seval/rvaa034

Jahn T, Bergmann M, Keil F (2012) Transdisciplinarity: 
Between mainstreaming and marginalization. Ecological 
Economics 79:1–10. https://doi.org/10.1016/j.ecole-
con.2012.04.017

Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman 
M, Andrady A, Narayan R, Law KL (2015) Plastic 
waste inputs from land into the ocean. Science 347: 768–
771. https://doi.org/10.1126/science.1260352

Kanning H, Richter-Harm B, Scurrell B, Yildiz Ö 
(2021) Real-world laboratories initiated by practitioner 
stakeholders for sustainable land management - Char-
acteristics and challenges using the example of  Ener-
gieavantgarde Anhalt. Weith T, Barkmann T, Gaasch 
N, Rogga S, Strauß C, Zscheischler J (eds) Sustainable 
land management in a European context: 207–226. Cham. 
https://doi.org/10.1007/978-3-030-50841-8_11

Kassambara A, Mundt F (2020) factoextra: Extract and vi-
sualize the results of  multivariate data analyses (Version 
1.0.7) [R package]. https://Cran.R-project.org/pack-
age=factoextra

Köhler J, Geels F W, Kern F, Markard J, Onsongo E, 
Wieczorek A, Alkemade F, Avelino F, Bergek A, 
Boons F, Fünfschilling L, Hess D, Holtz G, Hyysa-
lo S, Jenkins K, Kivimaa P, Martiskainen M, Mc-
Meekin A, Mühlemeier MS, Nykvist B, Pel B, Ra-
ven R, Rohracher H, Sandén B, Schot J, Sovacool 
B, Turnheim B, Welch D, Wells P (2019) An agenda 
for sustainability transitions research: State of  the art 
and future directions. Environmental Innovation and So-
cietal Transitions 31: 1-32. https://doi.org/10.1016/j.
eist.2019.01.004

Lang DJ, Wiek A, Bergmann M, Stauffacher M, Mar-
tens P, Moll P, Swilling M, Thomas CJ (2012) Trans-
disciplinary research in sustainability science: Practice, 
principles, and challenges. Sustainability Science 7: 25–43. 
https://doi.org/10.1007/s11625-011-0149-x

Lê S, Josse J, Husson F (2008) FactoMineR: An R package 
for multivariate analysis. Journal of  Statistical Software: 25: 
1–18. https://doi.org/10.18637/jss.v025.i01

Lebreton L, Andrady A (2019) Future scenarios of  global 
plastic waste generation and disposal. Palgrave Commu-
nications 5: 1–11. https://doi.org/10.1057/s41599-018-
0212-7

LGLN (Landesamt für Geoinformation und Landesvermes-
sung Niedersachsen) (2024) ALKIS Verwaltungsgren-
zen. [Shapefile]. https://ni-lgln-opengeodata.hub.arcgis.
com/documents/lgln-opengeodata::alkis-verwaltungs-
grenzen/about

Lilai X, Yuanrong H, Wei H, Shenghui C (2016) A 
multi-dimensional integrated approach to assess flood 
risks on a coastal city, induced by sea-level rise and storm 
tides. Environmental Research Letters 11: 1–12. https://doi.
org/10.1088/1748-9326/11/1/014001

Luederitz C, Schäpke N, Wiek A, Lang DJ, Bergmann M, 
Bos JJ, Burch S, Davies A, Evans J, König A, Farrelly 
MA, Forrest N, Frantzeskaki N, Gibson RB, Kay B, 
Loorbach D, McCormick K, Parodi O, Rauschmeyer F, 
Schneidewind U, Stauffacher M, Stelzer F, Trencher 
G, Venjakob J, Vergragt PJ, von Wehrden H, West-
ley FR (2017) Learning through evaluation – A tentative 
evaluative scheme for sustainability transition experi-
ments. Journal of  Cleaner Production 169: 61–76. https://
doi.org/10.1016/j.jclepro.2016.09.005

MacLeod M, Arp HPH, Tekman MB, Jahnke A (2021) The 
global threat from plastic pollution. Science 373: 61–65. 
https://doi.org/10.1126/science.abg5433

March A, Winton S (2025) Unlocking opportunities to ful-
fil the global plastics treaty. Nature Reviews Earth & En-
vironment 6: 435–436. https://doi.org/10.1038/s43017-
025-00689-4

Meijer LJJ, van Emmerik T, van der Ent R, Schmidt C, 
Lebreton L (2021) More than 1000 rivers account for 
80% of  global riverine plastic emissions into the ocean. 
Science Advances 7: 1–13. https://doi.org/10.1126/sciadv.
aaz5803

Meyer K, Esch D, Rabadjieva M (2021) Reallabore in The-
orie und Praxis: Reflexion des Forschungsdesigns im 
Hinblick auf  die nachhaltige Transformation urbaner 
Räume. Raumforschung und Raumordnung. Spatial Research 
and Planning, 79: 366–381. https://doi.org/10.14512/
rur.38

Meyerjürgens J, Ricker M, Aden C, Albinus M, Barrelet 
J, Freund H, Hahner F, Lettmann KA, Mose I, Schaal 
P, Schöneich-Argent RI, Stanev EV, Wolff J-O, Zie-

https://doi.org/10.1186/s43591-025-00127-8
https://doi.org/10.1186/s43591-025-00127-8
https://doi.org/10.1016/j.jclepro.2018.12.257 
https://doi.org/10.1016/j.jclepro.2018.12.257 
https://doi.org/10.1038/nclimate2583
https://doi.org/10.1038/nclimate2583
https://doi.org/10.1093/reseval/rvaa034
https://doi.org/10.1093/reseval/rvaa034
https://doi.org/10.1016/j.ecolecon.2012.04.017
https://doi.org/10.1016/j.ecolecon.2012.04.017
https://doi.org/10.1126/science.1260352
https://doi.org/10.1007/978-3-030-50841-8_11
https://Cran.R-project.org/package=factoextra
https://Cran.R-project.org/package=factoextra
https://doi.org/10.1016/j.eist.2019.01.004
https://doi.org/10.1016/j.eist.2019.01.004
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.18637/jss.v025.i01
https://doi.org/10.1057/s41599-018-0212-7
https://doi.org/10.1057/s41599-018-0212-7
https://ni-lgln-opengeodata.hub.arcgis.com/documents/lgln-opengeodata::alkis-verwaltungsgrenzen/about
https://ni-lgln-opengeodata.hub.arcgis.com/documents/lgln-opengeodata::alkis-verwaltungsgrenzen/about
https://ni-lgln-opengeodata.hub.arcgis.com/documents/lgln-opengeodata::alkis-verwaltungsgrenzen/about
https://doi.org/10.1088/1748-9326/11/1/014001
https://doi.org/10.1088/1748-9326/11/1/014001
https://doi.org/10.1016/j.jclepro.2016.09.005
https://doi.org/10.1016/j.jclepro.2016.09.005
https://doi.org/10.1126/science.abg5433
https://doi.org/10.1038/s43017-025-00689-4
https://doi.org/10.1038/s43017-025-00689-4
https://doi.org/10.1126/sciadv.aaz5803
https://doi.org/10.1126/sciadv.aaz5803
https://doi.org/10.14512/rur.38
https://doi.org/10.14512/rur.38


286 Vol. 79 · No. 3/4

linski O, Badewien TH (2023) Sources, pathways, and 
abatement strategies of  macroplastic pollution: An inter-
disciplinary approach for the southern North Sea. Fron-
tiers in Marine Science 10: 1–7. https://doi.org/10.3389/
fmars.2023.1148714

MWK (Baden-Württemberg Ministry of  Science, Research and 
Arts) (2013) Wissenschaft für Nachhaltigkeit - Heraus-
forderung und Chance für das baden-württembergische 
Wissenschaftssystem. Stuttgart. https://mwk.baden-wu-
erttemberg.de/fileadmin/redaktion/m-mwk/intern/da-
teien/pdf/Wissenschaft_fuer_Nachhaltigkeit/Experten-
bericht_ Rz_ Mwk_Broschuere_Nachhaltigkeit_Web.pdf

Nevens F, Frantzeskaki N, Gorissen L, Loorbach D 
(2013) Urban transition labs: Co-creating transfor-
mative action for sustainable cities. Journal of  Cleaner 
Production 50: 111–122. https://doi.org/10.1016/j.jcle-
pro.2012.12.001

Ober S, Paulick-Thiel C, Köppen E (2019) Einbindung von 
PraxispartnerInnen in transdisziplinären Forschungs-
projekten - Herausforderungen und Empfehlungen. 
Nachhaltiges Wirtschaften - NaWiKo Synthese Working Paper 
4: 1–27. https://doi.org/10.24406/publica-fhg-299431

IHK (Chamber of  Commerce and Industry in Oldenburg) 
(2023a) Landkreis Wesermarsch: Großindustrie prägt 
den Landkreis. Oldenburg. https://www.ihk.de/olden-
burg/geschaeftsfelder/unsereregion/regionalreports/
landkreis-wesermarsch-report-3298044

IHK (Chamber of  Commerce and Industry in Oldenburg) 
(2023b) Landkreis Friesland: Dienstleistungssektor 
wächst. Oldenburg. https://www.ihk.de/oldenburg/ge-
schaeftsfelder/unsereregion/regionalreports/landkreis-
friesland-report-3297850

IHK (Chamber of  Commerce and Industry in Oldenburg) 
(2023c) Stadt Wilhelmshaven: Großindustrie und Ha-
fen prägen die Stadt. Oldenburg. https://www.ihk.de/
oldenburg/geschaeftsfelder/unsereregion/regionalre-
ports/stadt-wilhelmshaven-report-3297690

Panda AK, Singh RK, Mishra DK (2010) Thermolysis of  
waste plastics to liquid fuel: A suitable method for plas-
tic waste management and manufacture of  value added 
products - A world prospective. Renewable and Sustainable 
Energy Reviews 14: 233–248. https://doi.org/10.1016/j.
rser.2009.07.005

Parodi O, Albiez M, Beecroft R, Meyer-Soylu S, Quint A, 
Seebacher A, Trenks H, Waitz C (2016) Das Konzept 
,,Reallabor” schärfen: Ein Zwischenruf  des Reallabor 
131: KIT findet Stadt. GAIA - Ecological Perspectives for Sci-
ence and Society 25: 284–285. https://doi.org/10.14512/
gaia.25.4.11

Plastics Europe (2013) Plastics - the facts 2013. An analy-
sis of  European latest plastics production, demand and 
waste data. https://plasticseurope.org/knowledge-hub/
plastics-the-facts-2013/

Plastics Europe (2024) Plastics - the Facts 2024. https://
plasticseurope.org/knowledge-hub/plastics-the-fast-
facts-2024/

Pohl C, Rist S, Zimmermann A, Fry P, Gurung GS, Schnei-
der F, Speranza CI, Kiteme B, Boillat S, Serrano E, 
Hadorn GH, Wiesmann U (2010) Researchers’ roles 
in knowledge co-production: Experience from sus-
tainability research in Kenya, Switzerland, Bolivia and 
Nepal. Science and Public Policy 37: 267–281. https://doi.
org/10.3152/030234210X496628

Pohl C, Krütli P, Stauffacher M (2017) Ten reflective 
steps for rendering research societally relevant. GAIA 
- Ecological Perspectives for Science and Society, 26(1), 43-51. 
https://doi.org/10.14512/gaia.26.1.10

Pohl C, Hadorn G H (2017) Principles for Designing Trans-
disciplinary Research. Gaia - Ecological Perspectives for Sci-
ence and Society 26: 232–232. https://doi.org/10.14512/
gaia.26.3.3

Pregernig M, Rhodius R, Winkel G (2018) Design junc-
tions in real-world laboratories: analyzing experiences 
gained from the project knowledge dialogue northern 
Black Forest. GAIA - Ecological Perspectives for Science and 
Society 27: 32–38. https://doi.org/10.14512/gaia.27.S1.9

R Core Team (2024) R: A language and environment for 
statistical computing (Version 4.x). R Foundation for 
Statistical Computing. https://www.R-project.org

Renn O (2018) Real-world laboratories - the road to trans-
disciplinary research? GAIA - Ecological Perspectives for Sci-
ence and Society 27: 1 https://doi.org/10.14512/gaia.27.
S1.1

Rizzo M, Szekely G (2024) energy: E-statistics: Multivari-
ate inference via the energy of  data. (Version 1.7-12). [R 
package]. https:// Cran.R-project.org/package=energy

Roscher L, Fehres A, Reisel L, Halbach M, Scholz-Böttch-
er B, Gerriets M, Badewien TH, Shiravani G, Wurpts 
A, Primpke S, Gerdts G (2021) Microplastic pollution in 
the Weser estuary and the German North Sea. Environ-
mental Pollution 288: 117681. https://doi.org/10.1016/j.
envpol.2021.117681

Rose M, Schleicher K, Maibaum K (2017) Transform-
ing well-being in Wuppertal – Conditions and con-
straints. Sustainability 9: 2375. https://doi.org/10.3390/
su9122375

Rose M, Wanner M, Hilger A (2019) Das Reallabor als 
Forschungsprozess und -infrastruktur für nachhaltige 
Entwicklung. Wuppertal Paper 196. https://wupperinst.
org/a/wi/a/s/ad/4947/

Schauppenlehner-Kloyber E, Penker M (2015) Managing 
group processes in transdisciplinary future studies: How 
to facilitate social learning and capacity building for 
self-organised action towards sustainable urban devel-
opment? Futures 65: 57–71. https://doi.org/10.1016/j.
futures.2014.08.012

https://doi.org/10.3389/fmars.2023.1148714
https://doi.org/10.3389/fmars.2023.1148714
https://mwk.baden-wuerttemberg.de/fileadmin/redaktion/m-mwk/intern/dateien/pdf/Wissenschaft_fuer_Nachhaltigkeit/Expertenbericht_ Rz_ Mwk_Broschuere_Nachhaltigkeit_Web.pdf

https://mwk.baden-wuerttemberg.de/fileadmin/redaktion/m-mwk/intern/dateien/pdf/Wissenschaft_fuer_Nachhaltigkeit/Expertenbericht_ Rz_ Mwk_Broschuere_Nachhaltigkeit_Web.pdf

https://mwk.baden-wuerttemberg.de/fileadmin/redaktion/m-mwk/intern/dateien/pdf/Wissenschaft_fuer_Nachhaltigkeit/Expertenbericht_ Rz_ Mwk_Broschuere_Nachhaltigkeit_Web.pdf

https://mwk.baden-wuerttemberg.de/fileadmin/redaktion/m-mwk/intern/dateien/pdf/Wissenschaft_fuer_Nachhaltigkeit/Expertenbericht_ Rz_ Mwk_Broschuere_Nachhaltigkeit_Web.pdf

https://doi.org/10.1016/j.jclepro.2012.12.001
https://doi.org/10.1016/j.jclepro.2012.12.001
https://doi.org/10.24406/publica-fhg-299431
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/landkreis-wesermarsch-report-3298044
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/landkreis-wesermarsch-report-3298044
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/landkreis-wesermarsch-report-3298044
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/landkreis-friesland-report-3297850
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/landkreis-friesland-report-3297850
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/landkreis-friesland-report-3297850
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/stadt-wilhelmshaven-report-3297690
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/stadt-wilhelmshaven-report-3297690
https://www.ihk.de/oldenburg/geschaeftsfelder/unsereregion/regionalreports/stadt-wilhelmshaven-report-3297690
https://doi.org/10.1016/j.rser.2009.07.005
https://doi.org/10.1016/j.rser.2009.07.005
https://doi.org/10.14512/gaia.25.4.11
https://doi.org/10.14512/gaia.25.4.11
https://plasticseurope.org/knowledge-hub/plastics-the-facts-2013/
https://plasticseurope.org/knowledge-hub/plastics-the-facts-2013/
https://plasticseurope.org/knowledge-hub/plastics-the-fast-facts-2024/
https://plasticseurope.org/knowledge-hub/plastics-the-fast-facts-2024/
https://plasticseurope.org/knowledge-hub/plastics-the-fast-facts-2024/
https://doi.org/10.3152/030234210X496628
https://doi.org/10.3152/030234210X496628
https://doi.org/10.14512/gaia.26.1.10
https://doi.org/10.14512/gaia.26.3.3
https://doi.org/10.14512/gaia.26.3.3
https://doi.org/10.14512/gaia.27.S1.9
https://www.R-project.org
https://doi.org/10.14512/gaia.27.S1.1
https://doi.org/10.14512/gaia.27.S1.1
http://Cran.R-project.org/package=energy
https://doi.org/10.1016/j.envpol.2021.117681
https://doi.org/10.1016/j.envpol.2021.117681
https://doi.org/10.3390/su9122375
https://doi.org/10.3390/su9122375
https://wupperinst.org/a/wi/a/s/ad/4947/
https://wupperinst.org/a/wi/a/s/ad/4947/
https://doi.org/10.1016/j.futures.2014.08.012
https://doi.org/10.1016/j.futures.2014.08.012


287Real-world laboratories as an approach for reducing plastic outflow into the North Sea2025

Schäpke N, Stelzer F, Bergmann M, Singer-Brodowski M, 
Wanner M, Caniglia G, Lang DJ (2017) Reallabore im 
Kontext transformativer Forschung: Ansatzpunkte zur 
Konzeption und Einbettung in den Internationalen For-
schungsstand. IETSR Discussion Papers in Transdisciplinary 
Sustainability Research 1/2017. http://fox.leuphana.de/
portal/de/publications/reallabore-im-kontext-trans-
formativer-forschung(5afb5202-90f5-465c-ac8c-d8b-
045b0a48a).html

Schäpke N, Stelzer F, Caniglia G, Bergmann M, Wan-
ner M, Singer-Brodowski M, Loorbach D, Olsson 
P, Baedeker C, Lang DJ (2018) Jointly experimenting 
for transformation? shaping real-world laboratories by 
comparing them. GAIA - Ecological Perspectives for Science 
and Society 27: 85–96. https://doi.org/10.14512/gaia.27.
S1.16

Schneidewind U, Augenstein K, Stelzer F, Wanner M 
(2018) Structure matters: Real-world laboratories as a 
new type of  large-scale research infrastructure: a frame-
work inspired by Giddens’ structuration theory. GAIA 
- Ecological Perspectives for Science and Society 27: 12–17. 
https://doi.org/10.14512/gaia.27.S1.5

Scholl C, de Kraker J, Hoeflehner T, Wlasak P, Drage 
T, Eriksen MA (2018) Transitioning urban experiments: 
Reflections on doing action research with urban labs. 
GAIA - Ecological Perspectives for Science and Society 27: 78–
84. https://doi.org/10.14512/gaia.27.S1.15

Schöneich-Argent RI, Freund H (2020) Trashing our 
own “backyard” – Investigating dispersal and accu-
mulation of  floating litter from coastal, riverine, and 
offshore sources in the German Bight using a citizen 
science-based wooden drifter recapture approach. Ma-
rine Environmental Research 162: 105115. https://doi.
org/10.1016/j.marenvres.2020.105115

Schöneich-Argent RI, Dau K, Freund H (2020) Wasting 
the North Sea? - A field-based assessment of  anthro-
pogenic macrolitter loads and emission rates of  three 
German tributaries. Environmental Pollution 263: 114367. 
https://doi.org/10.1016/j.envpol.2020.114367

Siebenhüner B (2018) Conflicts in transdisciplinary re-
search: reviewing literature and analysing a case of  cli-
mate adaptation in Northwestern Germany. Ecological 
Economics 154: 117–127. https://doi.org/10.1016/j.
ecolecon.2018.07.011

Silva S, Guenther E (2018) Setting the research agenda for 
measuring sustainability performance – Systematic ap-
plication of  the world café method. Sustainability Account-
ing, Management and Policy Journal 9: 455–469. https://doi.
org/10.1108/Sampj-06-2017-0060

Singer-Brodowski M, Beecroft R, Parodi O (2018) Learn-
ing in real-world laboratories: A systematic impulse for 
discussion. GAIA - Ecological Perspectives for Science and So-
ciety 27: 23–27. https://doi.org/10.14512/gaia.27.S1.7

Stanev EV, Ricker M (2019) The fate of  marine litter 
in semi-enclosed seas: A case study of  the Black Sea. 
Frontiers in Marine Science 6. https://doi.org/10.3389/
fmars.2019.00660

Stauffacher M, Krütli P, Flüeler T, Scholz RW (2012) 
Learning from the transdisciplinary case study approach: 
A functional-dynamic approach to collaboration among 
diverse actors in applied energy settings. Spreng D, 
Flüeler T, Goldblatt DL, Minsch J (eds) Tackling long-
term global energy problems – the contribution of  social science: 
227–245. Dordrecht. https://doi.org/10.1007/978-94-
007-2333-7_11

Taherdoost H (2021) Data collection methods and tools 
for research. A step-by-step guide to choose data col-
lection technique for academic and business research 
projects. International Journal of  Academic Research in Man-
agement 10: 10–38. https://hal.science/hal-03741847v1

UNESCO-IOC (2021) The United Nations Decade of  
Ocean Science for Sustainable Development (2021–
2030) implementation plan. Paris. https://unesdoc.un-
esco.org/ark:/48223/pf0000377082

United Nations General Assembly (2015) Transforming 
our world: The 2030 agenda for sustainable develop-
ment. New York. https://documents.un.org/doc/un-
doc/gen/n15/291/89/pdf/n1529189.pdf

van der Molen J, van Leeuwen SM, Govers LL, van der 
Heide T, Olff H (2021) Potential micro-plastics disper-
sal and accumulation in the North Sea, with application 
to the MSC Zoe Incident. Frontiers in Marine Science 8: 
607203. https://doi.org/10.3389/fmars.2021.607203

Visbeck M, Kronfeld-Goharani U, Neumann B, Rickels 
W, Schmidt J, van Doorn E, Matz-Lück N, Ott K, 
Quaas MF (2014) Securing blue wealth: The need for 
a special sustainable development goal for the ocean 
and coasts. Marine Policy 48: 184–191. https://doi.
org/10.1016/j.marpol.2014.03.005

Wagner F, Grunwald A (2015) Reallabore als Forschungs- 
und Transformationsinstrument. Die Quadratur des 
hermeneutischen Zirkels. GAIA - Ecological Perspectives for 
Science and Society 24: 26–31. https://doi.org/10.14512/
gaia.24.1.7 

Wanner M, Hilger A, Westerkowski J, Rose M, Stelzer 
F, Schäpke N (2018) Towards a cyclical concept of  re-
al-world laboratories. disP- The Planning Review 54: 94–
114. https://doi.org/10.1080/02513625.2018.1487651

Wanner M, Stelzer F (2019) Reallabore - Perspektiven für 
ein Forschungsformat im Aufwind. In brief 7. Wuppertal. 
https://wupperinst.org/a/wi/a/s/ad/4777/

WBGU (German Advisory Council on Global Change) 
(2011) Flagship report: World in transition – a social 
contract for sustainability. Berlin. https://www.wbgu.
de/fileadmin/user_upload/wbgu/publikationen/
hauptgutachten/hg2011/pdf/wbgu_jg2011_en.pdf  

http://fox.leuphana.de/portal/de/publications/reallabore-im-kontext-transformativer-forschung(5afb5202-90f5-465c-ac8c-d8b045b0a48a).html
http://fox.leuphana.de/portal/de/publications/reallabore-im-kontext-transformativer-forschung(5afb5202-90f5-465c-ac8c-d8b045b0a48a).html
http://fox.leuphana.de/portal/de/publications/reallabore-im-kontext-transformativer-forschung(5afb5202-90f5-465c-ac8c-d8b045b0a48a).html
http://fox.leuphana.de/portal/de/publications/reallabore-im-kontext-transformativer-forschung(5afb5202-90f5-465c-ac8c-d8b045b0a48a).html
https://doi.org/10.14512/gaia.27.S1.16
https://doi.org/10.14512/gaia.27.S1.16
https://doi.org/10.14512/gaia.27.S1.5
https://doi.org/10.14512/gaia.27.S1.15
https://doi.org/10.1016/j.marenvres.2020.105115
https://doi.org/10.1016/j.marenvres.2020.105115
https://doi.org/10.1016/j.envpol.2020.114367
https://doi.org/10.1016/j.ecolecon.2018.07.011
https://doi.org/10.1016/j.ecolecon.2018.07.011
https://doi.org/10.1108/Sampj-06-2017-0060
https://doi.org/10.1108/Sampj-06-2017-0060
https://doi.org/10.14512/gaia.27.S1.7
https://doi.org/10.3389/fmars.2019.00660
https://doi.org/10.3389/fmars.2019.00660
https://doi.org/10.1007/978-94-007-2333-7_11
https://doi.org/10.1007/978-94-007-2333-7_11
https://hal.science/hal-03741847v1
https://unesdoc.unesco.org/ark:/48223/pf0000377082
https://unesdoc.unesco.org/ark:/48223/pf0000377082
https://documents.un.org/doc/undoc/gen/n15/291/89/pdf/n1529189.pdf
https://documents.un.org/doc/undoc/gen/n15/291/89/pdf/n1529189.pdf
https://doi.org/10.3389/fmars.2021.607203
https://doi.org/10.1016/j.marpol.2014.03.005
https://doi.org/10.1016/j.marpol.2014.03.005
https://doi.org/10.14512/gaia.24.1.7
https://doi.org/10.14512/gaia.24.1.7
https://doi.org/10.1080/02513625.2018.1487651
https://wupperinst.org/a/wi/a/s/ad/4777/
https://www.wbgu.de/fileadmin/user_upload/wbgu/publikationen/hauptgutachten/hg2011/pdf/wbgu_jg2011_en.pdf
https://www.wbgu.de/fileadmin/user_upload/wbgu/publikationen/hauptgutachten/hg2011/pdf/wbgu_jg2011_en.pdf
https://www.wbgu.de/fileadmin/user_upload/wbgu/publikationen/hauptgutachten/hg2011/pdf/wbgu_jg2011_en.pdf


288 Vol. 79 · No. 3/4

Wiek A (2007) Challenges of  transdisciplinary research as 
interactive knowledge generation – experiences from 
transdisciplinary case study research. GAIA - Ecological 
Perspectives for Science and Society 16: 52–57. https://doi.
org/10.14512/gaia.16.1.14

Wilcox C, van Sebille E, Hardesty BD (2015) Treat of  
plastic pollution to seabirds is global, pervasive, and 
increasing. Proceedings of  the National Academy of  Sciences 
(Pnas) 112: 11899–11904. https://doi.org/10.1073/
pnas.1502108112

Willis K, Hardesty BD, Kriwoken L, Wilcox C (2017) 
Differentiating littering, urban runoff  and marine trans-
port as sources of  marine debris in coastal and estua-
rine environments. Scientific reports 7: 44479. https://doi.
org/10.1038/srep44479

Wittmayer JM, Schäpke N (2014) Action, research and 
participation: roles of  researchers in sustainability tran-
sitions. Sustainability Science 9: 483–496. https://doi.
org/10.1007/s11625-014-0258-4

Wittmer H, Berghöfer A, Büttner L, Chakrabarty R, 
Förster J, Khan S, König C, Krause G, Kreuer D, 
Locher-Krause K, Moreno Soares T, Muñoz Esco-
bar M, Neumann M, Renner I, Rode J, Schniewind 
I, Schwarzer D, Tröger U, Zinngrebe Y, Spiering S 
(2021) Transformative change for a sustainable man-
agement of  global commons - biodiversity, forests 
and the ocean. Recommendations for international co-
operation based on a review of  global assessment re-
ports and project experience. UFZ-Report 3. https://doi.
org/10.57699/7s83-7z35

Authors 

Yannik Heisel-Sure 
https://doi.org/0009-0008-2005-0263
yannik.heisel-sure@uni-oldenburg.de 

Carl von Ossietzky University of  Oldenburg 
Institute for Chemistry and Biology

of  the Marine Environment  
Carl-von-Ossietzky-Straße 9-11  

26129 Oldenburg  
Germany 

Gisela Kemmner
https://doi.org/0009-0003-8465-0026 

gisela.kemmner@uni-oldenburg.de 
Hana Tebelmann

https://doi.org/0000-0002-0291-061X 
hana.tebelmann@uni-oldenburg.de 

Carl von Ossietzky University of  Oldenburg 
Department of  Biology and Environmental Sciences  

Ammerländer Heerstraße 114-118  
26129 Oldenburg 

Germany 

Antonia Krebs
https://doi.org/0009-0002-7312-0049 

antonia.krebs@uni-oldenburg.de 
Carl von Ossietzky University of  Oldenburg  

Center for Transformations and Sustainable Futures  
Ammerländer Heerstraße 114-118  

26129 Oldenburg 
Germany

https://doi.org/10.14512/gaia.16.1.14
https://doi.org/10.14512/gaia.16.1.14
https://doi.org/10.1073/pnas.1502108112
https://doi.org/10.1073/pnas.1502108112
https://doi.org/10.1038/srep44479
https://doi.org/10.1038/srep44479
https://doi.org/10.1007/s11625-014-0258-4
https://doi.org/10.1007/s11625-014-0258-4
https://doi.org/10.57699/7s83-7z35
https://doi.org/10.57699/7s83-7z35
https://doi.org/0009-0008-2005-0263
https://doi.org/0009-0003-8465-0026
https://doi.org/0000-0002-0291-061X
https://doi.org/0009-0002-7312-0049

