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Abstract

Real-world laboratories have emerged as research settings where scientists and

practitioners collaborate on sustainability challenges through experiments in real-

world contexts. While real-world laboratory research is recognized for developing

action-oriented knowledge, its role in advancing scientific practice itself has been

less researched. This cumulative dissertation presents how research in real-world

laboratories can enrich and foster transformative sustainability science. Based on

long-term transdisciplinary engagement in three closely connected real-world labora-

tory projects, I have developed five research articles that illuminate how real-world

laboratories function as incubators for scientific innovation. The findings reveal

methodological innovations including a case reporting approach for knowledge trans-

fer across contexts, a dual research design connecting local solutions with broader

knowledge production, and a modular evaluation approach for complex real-world lab-

oratory processes. Practice innovations encompass collaborative learning approaches

and design principles for integrating transformative learning with research. Ontologi-

cal transformations involve reconceptualizing scientific impact through ”emergent

impacts” from long-term collaboration processes. These innovations emerged through

engagement with productive tensions that characterize real-world laboratories as

boundary spaces between scientific and societal domains. By navigating such tensions

between contextual specificity and generalizability, rigor and relevance, and knowledge

production and action, real-world laboratories create conditions under which scientific

practices can be reimagined. The research shows that real-world laboratories fulfill a

dual function: they are not only settings for applying established approaches, but

spaces where new scientific practices emerge. This positions real-world laboratories

as crucial infrastructures for advancing transformative sustainability science.
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Zusammenfassung

Reallabore haben sich als Forschungsumgebungen etabliert, in denen Wissenschaft

und Praxis gemeinsam an Nachhaltigkeitsherausforderungen arbeiten und mit Ex-

perimenten in realweltlichen Kontexten neue Ansätze erproben. Während Reallabor-

forschung vor allem für die Entwicklung handlungsorientierten Wissens anerkannt

ist, ist ihr Beitrag zur Weiterentwicklung wissenschaftlicher Praxis bisher wenig

untersucht. Diese kumulative Dissertation zeigt, wie Forschung in Reallaboren die

transformative Nachhaltigkeitswissenschaft bereichern und voranbringen kann. Sie

basiert auf langjähriger transdisziplinärer Zusammenarbeit in drei eng miteinander

verbundenen Reallaborprojekten und bündelt fünf Forschungsartikel, die aufzeigen,

wie Reallabore als Inkubatoren wissenschaftlicher Innovation wirken. Die Ergeb-

nisse verdeutlichen methodische Neuerungen wie einen Case-Reporting-Ansatz zum

Wissenstransfer zwischen unterschiedlichen Kontexten, ein duales Forschungsdesign

zur Verknüpfung lokaler Lösungen mit übergreifender Wissensproduktion sowie ein

modulares Evaluationskonzept für komplexe Reallaborprozesse. Auf Praxisebene

entstanden kollaborative Lernansätze und Gestaltungsprinzipien, die transforma-

tives Lernen mit Forschung verbinden. Ontologische Neuerungen betreffen eine

Neubestimmung wissenschaftlicher Wirkung durch ”emergente Impacts”, die sich aus

langfristigen Kooperationsprozessen ergeben. Diese Innovationen entwickelten sich

aus dem Umgang mit produktiven Spannungen, die Reallabore als Grenzräume zwis-

chen wissenschaftlichen und gesellschaftlichen Handlungsfeldern kennzeichnen. Indem

Spannungen zwischen Kontextgebundenheit und Verallgemeinerbarkeit, zwischen

wissenschaftlicher Strenge und praktischer Relevanz sowie zwischen Wissensproduk-

tion und Handeln produktiv genutzt werden, schaffen Reallabore Bedingungen, unter

denen wissenschaftliche Praktiken neu gedacht werden können. Die Arbeit zeigt,

dass Reallabore eine doppelte Funktion erfüllen: Sie sind nicht nur Orte zur An-

wendung etablierter Ansätze, sondern auch Räume, in denen neue wissenschaftliche

Praktiken entstehen. Damit werden Reallabore zu zentralen Infrastrukturen für die

Weiterentwicklung einer transformativen Nachhaltigkeitswissenschaft.
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Chapter 1

Introduction

Sustainability challenges such as climate change, biodiversity loss, social inequity, and

resource depletion confront humanity with unprecedented complexity and urgency.

These problems transcend disciplinary, spatial, and temporal boundaries, reflecting

fundamental tensions between current development pathways and the long-term

viability of social-ecological systems. Addressing these issues requires a transformative

change in the way societies organise, produce, consume, and interact with natural

environments (Clark & Harley, 2020; Kates, 2011; Kates et al., 2001).

1.1 Transformative transdisciplinary sustainabiltiy

research: an emergent field of research

Transformative sustainability research and transdisciplinarity

Transformative sustainability research has emerged as a distinctive research field that

explicitly aims to contribute to sustainability transformations (Horcea-Milcu et al.,

2024; T. R. Miller et al., 2014; Wiek & Lang, 2016). Unlike traditional research,

which focuses primarily on understanding and explaining phenomena, transformative

research is actively engaged in developing, testing, and implementing potential

solutions through collaborative processes with societal actors (Caniglia et al., 2020;

Schneidewind et al., 2016).

Central to this approach is transdisciplinarity–a research mode that transcends

disciplinary boundaries and integrates diverse forms of knowledge through collab-

oration between academic and non-academic actors (Hirsch Hadorn et al., 2006;

Lang et al., 2012). This collaborative mode brings together scientific expertise with

practical knowledge to co-produce solutions that are both scientifically credible and

socially robust, representing a fundamental shift from traditional research approaches

that maintain boundaries between academia and other knowledge domains (Caniglia

et al., 2023; Nowotny et al., 2001; Pohl & Hirsch Hadorn, 2007).

1
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Recent developments in the field have further articulated the distinctive character

of transformative sustainability science. As Augenstein et al. (2024) argue, transfor-

mative sustainability science or transformative transdisciplinary research (TTDR)

is characterised by two core aspects: it contributes to solving complex real-world

sustainability problems through collaboration between diverse actors, and it adopts

an enabling approach that focuses on creating contexts and capacities that empower

individuals and communities to act for transformative change.

Real-world laboratories as transformative research settings

Real-world laboratories (RwLs) have emerged as concrete settings where transfor-

mative transdisciplinary research approaches are enacted. RwLs create designated

spaces where scientists, civil society actors, businesses, and government representa-

tives collaborate to generate solution-oriented knowledge through experimentation

in real-world contexts (McCrory et al., 2020; Schäpke et al., 2018).

RwLs exemplify transformative sustainability research in practice through a

number of distinctive characteristics (Schäpke et al., 2018; Wanner et al., 2018).

They adopt a clear normative orientation toward sustainability transformations,

guiding both research questions and intervention development. Their long-term

orientation and collaborative structure involves diverse actors who co-design and

implement research processes, creating shared ownership of both problems and

solutions (Bergmann et al., 2021). Their experimental methodology explores potential

solutions in real-world settings, acknowledging complexity and context-specificity

while facilitating learning from both successes and failures (Caniglia et al., 2017;

Parodi et al., 2024).

A defining aspect of RwLs is their function as boundary-spanning entities con-

necting scientific and societal domains in novel ways (Schneidewind et al., 2018).

By creating spaces where traditional roles and relationships are renegotiated, RwLs

enable mutual learning and knowledge co-production across disciplinary, sectoral,

and epistemological boundaries. This boundary-spanning function positions RwLs

as potential incubators for new scientific approaches–spaces where researchers can

experiment not only with sustainability solutions but also with the actual research

approaches.

The concept of RwLs has evolved alongside similar approaches such as living labs,

urban transition laboratories, and transformation labs. Collectively, these represent

an important shift in sustainability science practice–moving from isolated academic

inquiry towards engaged, solution-oriented research conducted through partnerships

between diverse societal actors (McCrory et al., 2020).

2 Chapter 1
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1.2 Research gap and question

Research motivation

My engagement with RwLs began with early work on establishing such settings in

Lüneburg, Germany (Bernert et al., 2016). Initially focused on creating appropriate

institutional frameworks for transdisciplinary collaboration and experimentation,

this work provided valuable insights into the practical challenges and opportunities

of establishing RwLs as research settings. Over subsequent years, I contributed to

several transdisciplinary RwL-related research projects: Zukunftsstadt Lüneburg

2030+ (later Lüneburg. Die Zukunftsstadt), GLOCULL, and the Transformative

Innovation Lab (TIL).

These projects allowed me to engage deeply with transdisciplinary research

through collaborative RwL processes, designing and implementing experiments and

developing diverse learning activities with numerous undergraduate and master’s

students at Leuphana University. Through this extended engagement, my research

interests evolved towards methodological and conceptual questions about how RwL

settings can advance transformative research processes and outcomes–reflecting

broader developments in the field, where the initial enthusiasm for the RwL approach

was complemented by a growing focus on methodological rigour and conceptual

clarity.

Research gap, research question, and dimensions of inquiry

Although a substantial volume of literature addresses the contributions made by

RwLs to specific sustainability transformations, there is a significant gap in the

understanding of how research practices within these settings might advance trans-

formative sustainability science itself. RwLs are not merely venues for applying

established approaches, but spaces where new scientific practices can emerge and

develop, potentially transforming sustainability science as a field.

Specifically, the potential for RwLs to serve as spaces where new approaches to

transformative science can be developed, tested, and refined remains underexplored.

The current literature tends to focus on RwLs as settings for generating knowledge

about specific sustainability problems and solutions, but rarely examines how RwL

research practice could advance transformative sustainability science as a scientific

field and foster a transformative research orientation in other fields.

Several key aspects of this gap deserve particular attention. First, transformative

sustainability science faces significant methodological challenges, including the need

to bridge context-specificity with generalisability and to balance scientific rigour

with practical relevance (Ferraro & Agrawal, 2021; Lang & Wiek, 2022; Luederitz

Chapter 1 3
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et al., 2017). How RwL research practice addresses these challenges and potentially

advances novel methodological approaches remains an open question. Second, while

RwLs emphasise knowledge co-production within specific contexts, less is known

about how knowledge transfer occurs across contexts (Adler et al., 2017; Wuelser

et al., 2021) and how educational practices integrating research with transformative

learning could emerge. Third, fundamental scientific concepts, such as impact, are

often understood in linear, intervention-based terms, raising questions about whether

RwL practice could foster alternative conceptualisations that better capture complex

transformation processes.

This dissertation addresses these gaps by examining how research practices

developed within RwLs can advance transformative sustainability science. The

central research question guiding this work is:

How can research in real-world laboratories inform and foster

an emergent transformative sustainability science?

To address this overarching question, I explore my research contributions along

three dimensions of transformative sustainability science:

• RwL research as a driver of methodological innovation - examining

how research practices within RwLs advance novel methodological approaches

for transformative sustainability science

• RwL research as a catalyst for transformative practice - exploring how

RwLs generate new research practices that integrate knowledge production,

transfer, and capacity-building for sustainability transformations

• RwL research as a source of ontological transformation - investigating

how engagement in RwLs fosters new ways of understanding the relationship

between science and societal change, as well as clarifying its underlying concepts

Building on these dimensions, I approach RwLs as settings where transformative

science is not only applied but also developed through intentional–and often creative

and experimental (Wahl, 2023)–research practice. They acknowledge the agency of

researchers in advancing methodological and conceptual approaches while recognising

the emergent nature of transformative science as a field.

1.3 Dissertation structure

This cumulative dissertation comprises five papers. Although originally published

to address their own specific research questions, these papers are examined here

4 Chapter 1
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as a collective body of work addressing the central question of how research in

RwLs can inform and foster an emergent transformative sustainability science. This

approach allows me to synthesise insights from these publications and extract broader

implications for the field.

Following this introduction, chapter 2 presents the theoretical background un-

derpinning the dissertation, exploring transformative sustainability research as an

emergent field and RwLs as distinctive research settings that operate at the bound-

aries of conventional scientific practice. This chapter establishes the conceptual

foundation for understanding RwLs as potential incubators for scientific innovation.

Chapter 3 outlines the research approach, describing the case studies that form

the empirical foundation of this work and the methodological approaches used in

the five papers. This chapter also includes reflections on my own position as a

transdisciplinary researcher engaged in RwL processes, acknowledging how this

engagement has shaped both the research process and its interpretation.

Chapter 4 presents the five papers in their original published or draft forms.

Although each paper has its own specific focus and research question, I examine

them collectively as contributions to understanding how RwLs inform and foster

transformative sustainability science across the three dimensions of inquiry identified

above: methodological advancements, transformative science in practice, and shifts

in understanding and ontologies.

Chapter 5 offers a synthesis that explicitly examines the papers through the

lens of the central research question, how RwL research advances transformative

sustainability science across methodological, practical, and ontological dimensions.

This chapter also reflects on the limitations of the research and identifies promising

directions for future investigation.

The dissertation concludes by considering the broader implications of this work for

the ongoing development of transformative sustainability science and its contribution

to addressing urgent sustainability challenges.

Chapter 1 5



Chapter 2

Theoretical background

2.1 Transformative sustainability research: an emer-

gent field pushing boundaries

This chapter develops a deeper theoretical understanding of transformative sustain-

ability research as an emergent scientific field that pushes the conventional boundaries

of academic practice. I organise this exploration around three key dimensions of

transformative sustainability science: methodological approaches, transformative

practice, and ontological understandings. These dimensions provide a framework for

exploring how research in RwLs can inform and foster transformative sustainability

science.

Epistemological foundations and normative orientation

Transformative sustainability research represents a fundamental epistemological shift

from traditional scientific approaches. While conventional science often operates

within a positivist framework that emphasises objectivity and distance between

researcher and subject, transformative research acknowledges the socially constructed

nature of knowledge and the impossibility of value-free inquiry (Fazey et al., 2018;

Funtowicz & Ravetz, 1993; Gibbons et al., 1994; C. A. Miller & Wyborn, 2020; Popa

et al., 2015). It supports an explicitly normative orientation, acknowledging that

sustainability challenges are inherently value-laden (Jerneck et al., 2011; Kates et al.,

2001; T. R. Miller et al., 2014; Van Der Hel, 2018).

The approach challenges conventional epistemological boundaries by suggesting

that the integration of multiple ways of knowing is crucial to address complex

sustainability problems (Caniglia et al., 2020; Cash et al., 2003; Lam et al., 2020;

C. A. Miller & Wyborn, 2020; Nowotny et al., 2001). It recognises that no single

discipline or knowledge system can adequately address sustainability challenges, and

emphasises the need to draw on diverse forms of expertise to find effective solutions.

6
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The epistemological pluralism manifests itself in several ways. First, transfor-

mative research typically adopts a transdisciplinary mode: it integrates knowledge

across scientific disciplines, bringing together insights from the natural sciences, social

sciences, and humanities (Hirsch Hadorn et al., 2008; Lang et al., 2012; Scholz &

Steiner, 2015). Second, it values non-academic knowledge, including practical ideas,

local knowledge, and indigenous knowledge systems (Caniglia et al., 2023; Cornell

et al., 2013; Raymond et al., 2010; Tengö et al., 2017). Third, it acknowledges

that different types of knowledge–system, target, and transformation knowledge–are

needed at different stages of the research process (Hirsch Hadorn et al., 2006; Pohl

& Hirsch Hadorn, 2007).

The normative dimension of transformative research requires careful attention to

power dynamics. When research aims not only to understand but also to transform,

questions surrounding who decides what transformations are desirable and who

benefits become central (Brandt et al., 2013; Chambers et al., 2022; Fazey et al.,

2018; Turnhout et al., 2020). As Temper et al. (2019) emphasise, transformative

approaches must engage with questions of whose knowledge counts and whose visions

of transformation are being pursued, acknowledging the inherent power dynamics in

sustainability transformations.

2.2 Three dimensions of transformative sustain-

ability science

Building on the work of Horcea-Milcu et al. (2024), I organise my understanding

of transformative sustainability science around three interconnected dimensions:

methodological approaches, transformative practice, and ontological understandings.

Dimension 1: Methodological approaches

The first dimension concerns the methodological innovations that characterise trans-

formative sustainability science. Traditional research methodologies, rooted in

disciplinary specialisations and aimed primarily at producing generalisable knowl-

edge, often prove inadequate to address complex sustainability challenges that span

social, ecological, and technological domains (Horcea-Milcu et al., 2024; Lang &

Wiek, 2022; Wiek, 2007). In response, transformative researchers have developed

novel methodological approaches that better align with the field’s normative and

solution-oriented goals.

Central to transformative methodologies is the emphasis on collaborative knowl-

edge production, particularly through transdisciplinary approaches that integrate

diverse forms of expertise (Bergmann et al., 2021; Jahn et al., 2012; Lang et al.,

Chapter 2 7



Advancing Transformative Science Through Research in Real-world Laboratories

2012; M. Reed et al., 2014). This collaboration aims not only to incorporate different

perspectives but also to co-produce knowledge that is both scientifically sound and

practically useful.

Experimental approaches in real-world contexts represent a key methodological

innovation (Caniglia et al., 2017; Luederitz et al., 2017; Sengers et al., 2016; Wall

et al., 2017). Unlike controlled laboratory experiments, these real-world interven-

tions acknowledge the complexity and unpredictability of social-ecological systems.

They require methodological approaches that can balance experimental rigour with

contextual sensitivity and ethical responsibility.

Systems thinking applied to sustainability challenges shifts the focus from ele-

ments to interrelationships to understand complex sustainability challenges while

emphasising the importance of contextualisation (Abson et al., 2017; Horcea-Milcu

et al., 2024; Meadows, 1999; M. S. Reed et al., 2018). Systems thinking shifts the

focus from elements to interrelationships and allows researchers to identify leverage

points for intervention, while contextualisation recognises that sustainability problems

and solutions are highly dependent on specific social, ecological, and institutional

contexts.

Dimension 2: Transformative practice

The second dimension focuses on the practical aspects of doing transformative

research–how transformative science manifests itself in concrete research practices

and contributes to real-world change. At the heart of transformative practice is

the desire to go beyond the observation and analysis of the status quo to enact

change towards desirable states (Clark et al., 2016; Fazey et al., 2020; Moser, 2016;

Schneidewind et al., 2016).

An important aspect of this interventional approach is the development of the-

ories of change that articulate how and why particular interventions contribute to

transformative outcomes (Schneider et al., 2019; Westley et al., 2013). These theories

help researchers explain how change might happen within their projects and can

serve as living monitoring, evaluation, and learning tools (B. M. Belcher et al., 2020;

Wiek & Lang, 2016).

Transformative practice also emphasises the importance of learning and reflexivity,

seeing co-learning as a necessary premise for reflexive collaboration (Bartels &

Wittmayer, 2018; Brandt et al., 2013; Horcea-Milcu et al., 2024; Pohl et al., 2017;

Popa et al., 2015; Wittmayer & Schäpke, 2014). Learning is not treated as a by-

product of research but as an intentional outcome, with research designs actively

creating and fostering opportunities for learning.

Another aspect of transformative practice involves explicit engagement with

questions of agency, power, and decolonisation. Transformative research recognises

8 Chapter 2
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the limitations of traditional science-society relationships and seeks to dismantle

existing hegemonies (Horcea-Milcu et al., 2024; Leach et al., 2018; Levin et al., 2012;

Schneider et al., 2019). This includes critically examining who has the power to

shape research agendas, whose knowledge is valued, and how research processes

might reproduce or challenge existing power dynamics.

Dimension 3: Ontological understandings

The third dimension concerns the fundamental conceptual understandings and

ontological assumptions that underpin transformative sustainability science. Trans-

formative science challenges conventional understandings of the relationship between

knowledge and action. Traditional models often assume a linear pathway from

knowledge to action, where scientific understanding leads to technological innovation,

which is then applied to solve societal problems. Transformative approaches, in

contrast, recognise the complex, non-linear relationships between knowing and doing,

suggesting that knowledge and action are mutually constitutive rather than separate

domains (Caniglia et al., 2020; Fazey et al., 2020; West et al., 2019).

As Caniglia et al. (2020) suggest, transformative research involves reframing the

relationship between knowledge and action for sustainability to ’knowledge becomes

action’ or ’knowledge is action. This ontological shift has profound implications for

how we think about the role of science in sustainability transformations (Lotz-Sisitka

et al., 2016; O’Brien & Sygna, 2013).

Another ontological aspect involves explicit engagement with values and normativ-

ity. While traditional scientific approaches often claim value neutrality, transformative

approaches acknowledge that sustainability challenges are inherently normative and

that addressing them requires explicit engagement with values (Abson et al., 2017;

T. R. Miller et al., 2014; Raworth, 2017; Van Der Hel, 2018).

Beyond these shifts, transformative research fundamentally reimagines impact

and quality in scientific practice. Traditional scientific approaches often focus on

academic impacts measured through metrics such as publication counts and citation

rates. Transformative approaches call for the broader understanding of impact, to

include societal outcomes such as improved community relationships, social learning,

trust building, and capacity-development (Bergmann et al., 2021; Horcea-Milcu et al.,

2024; Luederitz et al., 2017; Williams & Robinson, 2020).
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2.3 RwLs: transformative research settings in the

fringe zone

Building on the foundational understanding of RwLs as outlined in the introduction,

I now explore their theoretical underpinnings and position them as operating in the

fringe zones of conventional scientific practice.

Theoretical foundations and distinguishing features

RwLs draw on diverse theoretical traditions, including transdisciplinary research

(Lang et al., 2012), transition management (Loorbach, 2010; Loorbach et al., 2017),

and action research (Bartels & Wittmayer, 2018; Reason & Bradbury, 2008). Rather

than simply applying these frameworks, RwLs serve as spaces where theoretical

approaches converge and evolve through practice. This hybrid theoretical approach

allows RwLs to transcend the limitations of any single framework while maintaining

coherence through their normative orientation towards sustainability (Nevens et al.,

2013; Schäpke et al., 2018).

The development of RwLs as a distinct methodological approach is evident in their

increasing institutionalisation. Since their conceptual introduction around 2012, the

volume of RwL projects has grown significantly: particularly in the German-speaking

context, where there is an established network of over 80 active and completed RwLs

and a vibrant transdisciplinary community emerging around this approach (Parodi

et al., 2024; Schäpke et al., 2018, 2024).

Operating at the boundaries of science and society

A defining characteristic of RwLs is their position at the intersection of scientific

and societal domains–what I call the fringe zone of conventional scientific practice.

In this boundary space, RwLs deliberately create permeable interfaces between

science and society, enabling exchange and the integration of different knowledge

systems and practices (Frantzeskaki et al., 2018; Sengers et al., 2016). This mirrors

the development of what Cash et al. (2003) call ”boundary objects”–concepts,

tools, or practices that are meaningful across different domains and can facilitate

communication between them.

This boundary-spanning function creates distinctive tensions that can drive

both innovation and transformation. RwLs must navigate tensions between scientific

standards of rigour and societal demands for relevance, between knowledge production

and action, and between different temporal scales–from immediate experimental

outcomes to longer-term transformative processes (Pohl & Hirsch Hadorn, 2007;

Schäpke et al., 2018; Von Wirth et al., 2019). Rather than viewing these tensions
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as problems to be solved, RwLs embrace them as productive dynamics that can

generate novel approaches and insights.

Within this fringe zone, RwLs serve as creative spaces where the very practice of

science itself can evolve. They challenge traditional notions of scientific objectivity by

embracing closer engagement between researchers and research subjects (Turnheim

et al., 2015; Wittmayer & Schäpke, 2014). They foster methodological innovation by

creating conditions in which researchers can test new approaches to data collection,

analysis, and interpretation in real-world contexts (Caniglia et al., 2017; Heiskanen

et al., 2018). They also encourage conceptual development by bringing together

diverse knowledge systems and disciplinary perspectives (Bergmann et al., 2021;

Charli-Joseph et al., 2018).

Navigating these tensions requires what scholars have called ”caring transdisci-

plinary research practice” (Sellberg et al., 2021)–approaches that acknowledge the

relational and affective dimensions of collaborative research and are attentive to

the well-being of all participants. This emphasis on care is a distinctive feature of

transformative research in RwL settings, distinguishing it from more conventional

research approaches that prioritise objectivity and distance.

2.4 RwLs as incubators to advance transformative

sustainability science

Building on the preceding sections, I propose a novel conceptualisation of RwLs as

incubators to advance transformative sustainability science itself. While the existing

literature primarily frames RwLs as settings for developing and testing specific

sustainability solutions, they also serve a broader role in the evolution of scientific

practice. Through their unique characteristics and boundary-spanning functions,

RwLs create conditions in which new scientific approaches can emerge, develop, and

potentially transform how sustainability science is conducted (Pereira et al., 2020).

This incubator function operates across the three dimensions previously intro-

duced: methodological approaches, transformative practice, and ontological under-

standings. RwLs serve as laboratories for methodological innovation, where new

methods, tools, and approaches can be developed and refined in response to the

challenges of real-world experimentation (Schäpke et al., 2024).

The collaborative orientation of these boundary-spanning space make RwLs

catalysts for transformative practice, creating spaces where researchers can experiment

with new roles, relationships, and modes of engagement (Hilger et al., 2021; Wahl,

2023; Wittmayer & Schäpke, 2014). These practices go beyond conventional research

activities to include facilitation, boundary spanning, and change agency–roles that
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require different skills and competencies to traditional academic research.

Additionally, the experimental methodology of RwLs encourages ontological

shifts in how we understand the relationship between research and transformation.

By challenging traditional distinctions between knowledge production and action,

between researcher and research subject, and between science and society, RwLs

create opportunities for new conceptualisations of what science is and how it relates

to societal change (Fazey et al., 2020; Nagy et al., 2020; Schäfer et al., 2021; Williams

& Robinson, 2020).

A critical aspect of the incubator function of RwLs is their nature as shared spaces

co-inhabited by researchers and practitioners. As Parodi et al. (2024) emphasise,

the design of RwLs as long-term infrastructures rather than temporary projects

creates environments where the traditional boundaries between research and practice

become increasingly permeable. Within these spaces, the lines of ”who does what”

often blur–scientists may engage in practical implementation while practitioners

contribute to knowledge production–without compromising the dual orientation

toward sustainability and rigorous knowledge generation.

2.5 Framing the inquiry: from sustainability trans-

formations to transformative science

The theoretical perspectives presented above provide a foundation for understanding

how RwLs can serve as incubators to advance transformative sustainability science.

While discussions about RwLs have primarily focused on their contributions to specific

sustainability transformations (McCrory et al., 2020; Parodi et al., 2018; Schäpke

et al., 2018), a logical extension of this work involves examining how research practice

within these settings advances the field of transformative sustainability science itself.

This perspective follows directly from the concept of RwLs as boundary spaces

or fringe zones where scientific practice evolves through engagement with complex

sustainability challenges. If RwLs foster methodological innovation, catalyse trans-

formative practices, and enable ontological shifts–as suggested by the theoretical

foundations explored above–then they not only contribute to specific transformations

but also to the development of transformative science as a field.

This framing recognises transformative sustainability science as inherently emer-

gent–developing through practice, reflection, and theoretical elaboration in response

to concrete challenges. The boundary-spanning nature of RwLs creates conditions

where tensions between different knowledge systems, demands for both rigour and

relevance, and evolving roles can drive this emergence, potentially transforming how

sustainability science is conceptualised and conducted.
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Figure 1: RwLs as transformative research settings located in a fringe zone of
scientific and societal practice (own illustration)

The presentation of my research is structured around the three dimensions out-

lined above and illustrated in Figure 1: methodological approaches, transformative

practice, and ontological understandings. These dimensions provide a framework

for examining how research practice within RwLs contributes to advancing trans-

formative sustainability science. Through this examination, I aim to contribute to

our understanding of how science itself evolves to more effectively address complex

sustainability challenges.
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Chapter 3

Research approach

The research approach of this dissertation reflects my direct engagement with three

interconnected RwL settings. Through this engagement, I encountered various

challenges–practical, methodological, and conceptual–that existing approaches could

not adequately address. Responding to these challenges led to the development of

the contributions presented in this dissertation, which span methodological, practical,

and ontological dimensions of transformative sustainability science.

These contributions arose from a convergence of factors: concrete needs within the

specific RwL contexts; gaps in existing literature and practice; collaborative explo-

ration with research partners; and a shared commitment to advancing transformative

sustainability research. Rather than examining RwLs from an external perspective,

this work evolved organically through active participation in these settings, where

the limitations of existing approaches became apparent through practice.

The five papers that form the empirical foundation of this dissertation represent

responses to different aspects of the central research question: how research in RwLs

can inform and foster an emergent transformative sustainability science. They draw

on three interconnected case studies, each representing a different RwL context in

which I was directly involved as a transdisciplinary researcher. Table 1 provides an

of the papers with the specific challenges and the methods used.

3.1 Interconnected case studies as settings for

methodological innovation

Zukunftsstadt Lüneburg 2030+: a long-term urban real-world laboratory

The Zukunftsstadt Lüneburg 2030+ project (subsequently known as ”Lüneburg.

Die Zukunftsstadt”) represents the most extensive and long-term RwL engagement

in this dissertation. Initiated in 2015 as part of a national funding programme by

the German Federal Ministry of Education and Research, this urban RwL evolved
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through three distinct phases: (1) a participatory visioning process using structured

stakeholder engagement methods (2015-2016) (Bernert et al., 2016; Wiek & Iwaniec,

2014); (2) the collaborative development of sustainability solutions (2017-2018); and

(3) the implementation of 15 real-world experiments across various thematic areas

(2019-2023).

Throughout these phases, the RwL involved close collaboration between Leuphana

University Lüneburg, the city administration, and various civil society organisations

(Kampfmann et al., 2024). This long-term collaborative process created a compre-

hensive umbrella environment that provided continuity and integration between

various sustainability initiatives in the city, following a cyclical understanding of

transdisciplinary RwL processes (Lang et al., 2012; Wanner et al., 2018).

Among the distinctive features of Zukunftsstadt Lüneburg was its consistent

integration of higher education throughout the project phases. Students from various

programmes were involved in diverse tasks, from supporting participatory workshops

and documentation to conducting transdisciplinary research projects and developing

real-world experiments. This integration created valuable learning opportunities

while contributing to the project’s capacity to simultaneously address multiple

sustainability challenges.

The extended timeframe of Zukunftsstadt Lüneburg revealed important limi-

tations in existing approaches to impact assessment and evaluation. Traditional

frameworks, focusing on direct intervention effects measured over shorter periods,

were inadequate for capturing the full range of impacts emerging from long-term

collaborative processes. This recognition prompted us to explore alternative ways

of conceptualising and documenting the impacts of extended RwL processes that

would better capture their transformative potential.

GLOCULL: urban living labs at the food-water-energy nexus

The GLOCULL (Globally and Locally Sustainable Food-Water-Energy Innovation

in Urban Living Labs) project involved a network of seven urban living labs across

Europe, Africa, and North America. Funded under the JPI Urban Europe pro-

gramme from 2018 to 2021, the project provided a unique opportunity to examine

transformative research practices across diverse cultural, institutional, and thematic

contexts centered around the Food-Water-Energy Nexus (Dalla Fontana et al., 2020;

Wahl et al., 2021).

Rather than establishing an entirely new laboratory in Lüneburg, GLOCULL built

upon the existing Zukunftsstadt infrastructure, creating a more focused experimental

space within this broader context. This integration allowed for more experimental

approaches with different degrees of public involvement, concentrating on specific

sustainability challenges at the food-water-energy nexus.
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As a member of the research team for the Lüneburg living lab within GLOCULL, I

was involved in developing and implementing real-world experiments in collaboration

with local businesses and community organisations. This included a collaboration

with Avenir Café and Roastery, where we developed and tested experiential marketing

interventions to foster sustainable consumption behaviour (Paper 2; Weber et al.,

2021). Our approach followed established experimentation methods in sustainabil-

ity science (Caniglia et al., 2017), specifically employing a field experiment with

participatory control.

The international character of GLOCULL created unique challenges for knowledge

transfer and learning across the seven different Urban Living Lab contexts. Each lab

operated in a distinct cultural, institutional, and thematic setting, making it difficult

to share insights and experiences across the cases in ways that were both contextually

rich and comparable. This challenge required us to develop new approaches to

structuring and documenting research experiences that could facilitate cross-context

learning while respecting contextual differences.

Transformative innovation lab: integrating higher education learning and

real-world lab research

The Transformative Innovation Lab (TIL) represented a unique integration of edu-

cation and research with a RwL focus. Developed and implemented from 2018 to

2020 as a collaboration between Leuphana University Lüneburg, Freie Universität

Berlin, and the Wuppertal Institute, the TIL was designed as a learning module to

enable master’s students to develop and implement their own real-world experiments

in collaboration with local partners (Wanner et al., 2021).

The TIL in Lüneburg was located in the Zukunftsstadt 2030+ environment,

creating opportunities for students to develop their projects within an established

RwL context. Students were encouraged to engage with local sustainability challenges

and to draw on the relationships and infrastructures already established through

Zukunftsstadt, although they were also free to develop projects in other contexts.

This approach built on existing research on learning in RwLs (Beecroft, 2018; Singer-

Brodowski et al., 2018) and transformative learning for sustainability (Rodŕıguez

Aboytes & Barth, 2020).

Through the implementation of the TIL, we encountered a significant gap in

existing approaches to sustainability education. While many approaches focused

either on theoretical understanding or practical skills development, few effectively

combined transformative learning with engagement in transdisciplinary research

processes. This led us to develop a more integrated educational approach that could

simultaneously foster knowledge development and practical capacity for sustainability

transformations. A practical guide detailing the Transformative Innovation Lab
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Figure 2: Research papers included in this dissertation and their location within the
three interconnected cases; Paper 1: Cross-case knowledge transfer, Paper 2: Bridging
local solutions and broader knowledge, Paper 3: Impacts beyond experimentation,
Paper 4: Design principles for transformative learning, Paper 5: Modular evaluation
approach (own illustration)

module was published in as a handbook (Wanner et al., 2020).

3.2 Methodological responses to practice-based

challenges

Each of the three case studies presented unique challenges that existing methods

and approaches could not adequately address. These challenges occurred at different

levels–practical, methodological, and conceptual–and responding to them led to

the development of the innovations presented in this dissertation. In the following

section, I describe the approaches we developed to address the five key challenges

encountered in our research practice. The connection of the resulting research papers

to the cases is illustrated in Figure 2.

Addressing the challenge of knowledge transfer across contexts

The international character of GLOCULL highlighted the challenge of learning across

different RwL contexts. Traditional case study approaches either provided rich

context-specific information that was difficult to compare across cases, or overly

simplified frameworks that lost important contextual nuances. To address this

challenge, I co-led the development of a structured case reporting approach with

Darin Wahl through an iterative co-development process involving researchers from

all seven participating Urban Living Labs.
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This development process began with collaborative workshops to identify the key

aspects of each lab that should be captured in a reporting scheme. We then developed

a logic model distinguishing between context, lab, and experiment levels, building on

insights from existing frameworks and the specific experiences of participating labs.

The resulting reporting scheme was tested and refined through multiple iterations,

with feedback from all consortium members informing each revision.

The case reporting approach enabled us to document more systematically the

experiences from each Urban Living Lab in a format that supported cross-context

learning. By providing a common structure that addressed key aspects of RwL

research while allowing flexibility in how each aspect was described, the approach

facilitated more meaningful knowledge exchange across the diverse GLOCULL con-

texts. This not only improved our ability to learn from each other’s experiences

within the project but also provided a framework for documenting our work in a way

that could be valuable for other researchers and practitioners.

Bridging the gap between context-specificity and generalisability

The collaboration with Avenir Café in GLOCULL revealed the tension between

developing contextually appropriate interventions and generating more broadly

applicable knowledge. To address this challenge, we developed a dual-setting research

design that combined a field experiment embedded in the specific context of the local

business with a parallel online study testing the same underlying mechanisms in a

more controlled setting.

This approach was developed through a collaborative process involving researchers

from Leuphana University and Avenir Café staff. Following a transdisciplinary

co-design process, we created experiential marketing interventions tailored to the

specific context and needs of the café. These interventions were then tested in a

field experiment with café customers. In parallel, we developed an online study that

replicated the conceptual mechanisms of these interventions in a more controlled

setting with a broader pool of participants.

This dual-setting approach allowed us to develop contextually appropriate inter-

ventions that addressed the specific needs of our practice partner and validate the

underlying mechanisms in a way that could inform broader application. It helped

us navigate the tension between contextual specificity and generalisability that is

inherent in transformative research, providing a more nuanced understanding of how

experiential marketing interventions could foster sustainable consumption in different

contexts. The published paper comprises both this methodological approach and the

empirical findings.
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Developing a modular approach to evaluating complex RwL processes

In all the case studies, but particularly in Zukunftsstadt Lüneburg, we encountered

the challenge of how to evaluate the complex, multi-layered processes of RwLs.

Traditional evaluation approaches focused either on specific interventions or on

overall programme outcomes, without adequately addressing the distinctive structure

of RwLs as settings encompassing multiple experiments and activities.

To address this challenge, we developed a modular evaluation approach through

a comprehensive scoping review of evaluation studies across multiple disciplines.

Teresa Kampfmann took the lead in conducting the empirical literature review and

writing the paper, while I was involved in the conceptual development of the research

design and contributed to the theoretical framing of the modular approach.

The resulting modular evaluation typology distinguishes between evaluation

approaches suited to different targets–interventions, experiments, or lab processes–and

provides guidance for selecting appropriate evaluation methods based on the specific

focus and purpose of the evaluation. This approach helped us to evaluate the diverse

activities and processes within our RwL contexts more effectively, allowing for the

more nuanced assessment of their contributions to sustainability transformations.

Integrating transformative learning with research

In the Transformative Innovation Lab, we faced the challenge of how to effectively

integrate transformative learning with transdisciplinary research practices. This

challenge reflects a recognised gap between educational and research approaches in

sustainability contexts. To address this challenge, we developed design principles for

transformative learning through research by synthesising insights from sustainability

learning literature and transformative research literature, which were the basis of

our practical application in the TIL.

The development of these principles involved first reviewing relevant literature

from both sustainability education and transformative research fields to identify

the key elements that support both learning and research objectives. These initial

principles were then tested and refined through two iterations of the TIL with distinct

student cohorts, with feedback from students and observations of learning processes

informing revisions.

This integrated approach enhanced our ability to create educational experiences

that not only increased the students’ knowledge of sustainability issues, but also

developed their capacity to contribute to real-world change through transdisciplinary

research. It helped bridge the gap between theoretical learning and practical engage-

ment, creating more transformative educational experiences that prepared students

to be effective change agents in sustainability contexts.
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Reconceptualising impact beyond interventions

In the Zukunftsstadt Lüneburg project, we observed that many significant effects of

the RwL process were not directly attributable to specific interventions or experiments,

but rather emerged from the long-term collaborative process itself. Traditional impact

frameworks focused on linear cause-effect relationships could not adequately capture

these emergent effects. To address this challenge, we developed the concept of

”emergent impacts” through a process of long-term case analysis and conceptual

development.

This development involved analysing the eight-year evolution of the Zukunftsstadt

Lüneburg RwL to identify effects that emerged outside of specific interventions. We

examined project documentation, meeting minutes, and communication materials,

supplemented by our direct experience as participants in the process. Through

this analysis, we identified three key dimensions of emergent impact: impacts on

education and learning, impacts on governance structures, and impacts related to

the role of the lab as a public actor for sustainability.

This reconceptualisation helped us better understand and communicate the

broader contributions of our RwL work beyond the specific outcomes of individual

interventions or experiments. It provided a more comprehensive framework for

assessing the value of long-term collaborative processes, acknowledging the complex,

emergent nature of sustainability transformations.

3.3 Overview of articles and integration

The five papers included in this dissertation collectively address the central research

question of how research in RwLs can inform and foster an emergent transformative

sustainability science. Each paper examines a different aspect of this question,

focusing on specific innovations or conceptual developments that have emerged from

RwL research (see Table 1).

These papers are interconnected through several common themes and conceptual

frameworks. Together, they provide responses to key challenges in transformative

research practice that emerged from our direct engagement with RwL contexts.

Rather than proposing abstract theoretical frameworks, they offer practical solutions

grounded in specific research experiences.

The papers follow a progression from methodological approaches for documenting

and transferring knowledge across contexts (Papers 1 and 2), to frameworks for

evaluation and assessment (Paper 5), to broader conceptual reframing of impact

and educational practice (Papers 4 and 5). This mirrors the development of my

own thinking and practice through engagement with RwL contexts, moving from
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Paper Challenge
Addressed

Response
Developed

Methodological
Approach

Paper 1: Cross-case
knowledge transfer

Knowledge transfer
across different
RwL contexts while
maintaining
contextual richness

Structured case
reporting approach
with logic model
and reporting
scheme

Collaborative
method
development
through iterative
workshops and
testing across
international case
studies

Paper 2: Bridging
local solutions and
broader knowledge
(manuscript)

Tension between
context-specific
solution
development and
broader knowledge
generation

Dual-setting
research design
combining field and
online studies with
conceptual
replication

Field experiment
with participatory
control coupled
with controlled
online study using
conceptual
replication

Paper 3: Impacts
beyond
experimentation

Limitations of
intervention-
focused impact
frameworks

Concept of
”emergent impacts”
capturing effects
arising from
collaborative
processes

Long-term case
analysis using
process
documentation and
participant
reflection across
multiple project
phases

Paper 4: Design
principles for
transformative
learning

Gap between
educational
approaches and
transdisciplinary
research practice

Design principles
that integrate
transformative
learning with
research activities

Literature synthesis
and iterative
testing through
implementation in
educational
modules

Paper 5: Modular
evaluation
approach

Complexity of
evaluating
multi-layered RwL
processes

Modular evaluation
typology for
different RwL
components

Scoping literature
review across
multiple disciplines
and empirical
assessment of
evaluation practices

Table 1: Overview of the five papers included in this dissertation, showing the
challenges addressed, responses developed, and methodological approaches used.
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practical methodological concerns towards more fundamental conceptual questions

about the nature and purpose of transformative research.

In the following chapter, I present these papers in their original published or

draft form. In the subsequent synthesis chapter, I will examine how the responses

and innovations developed in these papers collectively contribute to advancing

transformative sustainability science along methodological, practical, and ontological

dimensions.
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Chapter 4

Research articles

This chapter presents the five papers that form the core of this dissertation. A

complete overview of the bibliographical detail and my authorship contributions is

included in the Appendix A
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4.1 Paper 1: Cross-case knowledge transfer in

transformative research

Authors

Philip Bernert, Darin Wahl, Henrik von Wehrden, and Daniel J. Lang

Published in

Urban Transformations (2023)
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Abstract 

The field of transdisciplinary sustainability research has brought forward a number 
of approaches aimed at fostering sustainability transformations and generating knowl-
edge through collaborative experimentation in real-world settings. These cases are 
strongly embedded in their local context and thus the transfer of knowledge remains 
a key challenge. In this paper, we propose a case reporting approach that supports 
the structured and coherent reporting of such cases. This scheme is aimed at sus-
tainability-oriented labs, where sustainability solutions are collaboratively developed 
through experimentation. The scheme focuses the reporting on local contexts, lab 
processes, and experiments. It is accompanied by a logic model and a set of four 
principles guiding the reporting procedure. The approach is designed to be general, 
in that it is applicable to diverse contexts and project designs, while its modularity 
allows the scheme to be adapted to the needs and specifics of each cases. The scheme 
was jointly developed and tested by a group of seven Urban Living Labs, each in their 
own unique context. With our approach we aim to contribute to knowledge transfer 
from and across cases of sustainability-oriented labs as emerging approaches in action-
oriented research bridging the divide of case-based research and (meta) comparison.

Science highlights 

• Urban Living Labs and similar sustainability-oriented labs are promising settings 
for exploring sustainability transformations.

• Knowledge transfer across such cases is challenged by the high degrees of context 
specificity.

• We present a reporting scheme that allows for a structured reporting of contexts, labs, 
and experiments.

• Case reporting enables knowledge transfer and cross-case learning in transdiscipli-
nary and transformative sustainability research.
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Policy and practice recommendations
• ULLs and real-world labs are research settings for exploring sustainability transforma-
tions through joint experimentation.

• The proposed case reports can be a knowledge base for research and practice.

• To enable transferability and comparison of the conducted research, case reports 
should cover descriptions of context, lab, and experiments.

Keywords:  Urban living labs, Real-world labs, Experimentation, Evaluation, 
Transdisciplinarity, Reporting, Knowledge transfer

Introduction
Urban Living Labs (ULL) and other types of “sustainability-oriented labs in real-world 
contexts” (McCrory et  al. 2020) are research settings for investigating and engaging 
with sustainability challenges in local contexts. These action-oriented research set-
tings aim to contribute to sustainability transformations by establishing and enabling 
transdisciplinary collaborations between scientific actors and actors from other soci-
etal domains to develop sustainability solution options through joint experimentation 
(Nevens et al. 2013; Voytenko et al. 2016; Schäpke et al. 2018; McCrory et al. 2020). Sev-
eral lab approaches have been proposed and coexist, e.g. real-world laboratories, urban 
living labs, transition labs, and transformation labs. These ‘sustainability-oriented labs 
in real-world contexts’ have developmental roots in socio-technical transitions (Nevens 
et al. 2013; Schäpke et al. 2018; Sengers et al. 2019; McCrory et al. 2020) and Schäpke 
et  al. (2018) find that they share key dimensions including a transformative focus, 
experimental methods, learning and reflexivity, a long-term orientation, scalability, and 
transdisciplinarity.

However, there is a lack of insight into the role played by ULLs in substantiating 
knowledge to solve sustainability challenges beyond the local level (von Wirth et  al. 
2019; Laborgne et  al. 2021). ULLs conduct sustainability experiments where innova-
tive ‘solutions’ to sustainability problems can be tested and refined (Bulkeley et al. 2016, 
2019). Approaching the often-complex societal processes through experiments provides 
evidence on sustainability problems and their potential solutions, through which learn-
ing and actionable knowledge are co-produced (Caniglia et  al. 2017). Experiments in 
these settings can vary widely, from developing novel technologies to new arrangements, 
strategies, ways of doing or relating, business models or policy approaches (Frantz-
eskaki et al. 2018; Sengers et al. 2019; von Wirth et al. 2019; McCrory et al. 2020). In 
this regard, we agree with Hodson et al. (2017) that a “looser view of the experimental 
process” is helpful. However, approaching the often complex societal processes through 
experiments provides evidence on sustainability problems and their potential solutions, 
through which learning and actionable knowledge are co-produced (Caniglia et al. 2017).

Transdisciplinary research in ULLs, therefore, aims to develop knowledge that is 
largely case-specific and place-embedded (Frantzeskaki et  al. 2018) in contrast to 
more classical research that tends to produce generalisable results (Adler et al. 2018). 
This difference can be seen as a critical challenge in terms of the knowledge gen-
erated in ULLs, the transfer of knowledge across ULLs and the learning from case 
studies in ULLs. The strong contextual embeddedness of every case in these settings 
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leads to a high degree of individuality and a strong interdependency between the 
local context and the validity of the results. Although the discourse on this challenge 
is not new (e.g., Krohn 2017), approaches concerning the transferability of knowl-
edge between transdisciplinary case studies are still rare (Adler et  al. 2018) – and 
ULLs are no exception in this regard.

Against this background, we propose case reporting as a promising approach for 
capturing the knowledge contained and produced in ULLs. Our suggested use of 
case reporting is inspired by its long-established practice in the fields of medicine 
and public health (Marone 2012), where it is an essential practice that reliably makes 
single cases available to the scientific community to learn from and to generate fur-
ther insights using established methodological approaches. Case reporting is key in 
facilitating the sharing of observations and learning from practice settings (Vanden-
broucke 2001) and has proven crucial to initiate both experimentation and compari-
sons across cases (Albrecht et al. 2005). Case reports in the fields of medicine and 
public health follow a coherent structure that is designed to be searchable and famil-
iar to other reporters and researchers. In other words, the guiding principle behind 
case reporting is not only to report what was accomplished, but also to explain how 
and why experiments were conducted to reach those outcomes and outputs.

To illustrate how a case reporting approach could be applied in ULL research and 
beyond, we present a comprehensive case reporting scheme (case reporting scheme) 
and guidelines developed in an international project consortium. This reporting 
approach guides researchers on how to structure reports on real-world cases to 
cover the crucial aspects of these cases while ensuring the coherence and compara-
bility of the reports. The proposed scheme’s development was guided by the ques-
tions: How do we capture the diverse context specificities and design of ULLs so that 
the insights are relevant for both academics and actors from other societal domains 
in the ULL and beyond? The presented approach was originally developed as part 
of the GLOCULL research project (see Tables 1 and 2), a consortium of seven ULLs 
engaged in developing sustainable innovations around the food, water and energy 
(FWE) nexus. Our approach builds on concepts around the evaluation of transi-
tion experiments (e.g., Luederitz et al. 2017) but expands the focus of reflection to 
the processes of the lab and its context in order to target knowledge sharing and 
comparison.

The case reporting scheme and approach we present are a contribution to the 
growing discourse around action-oriented sustainability research. We consider case 

Table 1  The GLOCULL project

The GLOCULL project aimed to advance ULL research by grouping several ULLs under the shared theme of the 
FWE nexus as part of the JPI Urban Europe funding scheme SUGI (Sustainable Urbanisation Global Initiative). The 
ULLs in GLOCULL cover a broad range of geographical contexts, actor configurations and purposes (see Table 2). 
They were all deeply rooted in their local contexts, building on pre-existing relationships with local partners. The 
form of the ULLs differed in many ways, including their local contexts, governance structures and size. The experi-
ments and interventions developed and realised in the GLOCULL labs adopted a broad variety of methodological 
approaches and addressed diverse sustainability challenges.

Through its design, the project aimed to generate new insights into 1) the development of local FWE innova-
tions; 2) interdisciplinary international collaboration through the consortium; and – central to this paper – 3) the 
comparability, better generalisability and transferability of lab and experiment learning and outcomes.
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reporting a way forward to bridge the divide of case-based research and (meta) com-
parison in sustainability science.

A collaboratively developed case reporting approach for Urban Living Labs
The development of the case reporting scheme (case reporting scheme) as presented 
below was an iterative process comprising several phases. From the initial ideas phase 
and background research to testing and refinement took more than 18 months. The peo-
ple involved centred on a core group of two (the lead authors of this paper) who col-
laborated with a working group of 12 researchers (mostly early-career) and then with the 
entire GLOCULL project (30 + researchers) as well as country-based teams. Many steps 
were iterative, requiring the core team to reach out for various feedback from the larger 
groups. The following section outlines the phases in more detail.

The project goals (particularly goal 3) required the development of an evaluation strat-
egy that would allow for comparisons to be made between ULLs and their experiments. 
The team agreed on criteria to guide the scheme development: the scheme should be 
1) comprehensive i.e. it should capture the scope of the potential activities, processes, 
impacts and influences of the labs; 2) broad i.e. it should be general enough to capture 
the range of purposes and contexts represented by the GLOCULL ULLs; and 3) built on 
established frameworks i.e. it should reflect the contributions of previous relevant and 
applicable research.

The idea for case reporting came from the recognition that existing evaluative frame-
works were unable to capture the processes that influence the progress made in our labs 
in a way that makes comparison possible (Palmer et al. 2020). Recent evaluation schemes 
of real-world and transition experiments have been developed and applied (Luederitz 
et al. 2017; Luederitz et al. 2017; Williams and Robinson 2020; Kampfmann et al. 2022), 
although such evaluations predominantly focus on the experiments and, therefore, tar-
get innovations and their development. Furthermore, evaluation as it is often practised 
is predominantly inward facing, in that its target audience is the team members, funders, 
lab and experiment designers, and other invested parties (Williams and Robinson 2020). 
In addition to that function, our goal was to effectively compare these case studies in 
order to derive actionable knowledge relevant beyond the specific local contexts. In 

Table 2  GLOCULL labs - the ULLs, briefly described below, are diverse in terms of their context, lab 
design, sustainability orientation and experiments

Lüneberg, Germany - as part of the Zukunftsstadt Lüneberg 2030 + programme, the lab explored fair and sustain-
able supply chains and consumer interaction with independent coffee houses.

Lund, Sweden - the SustBeerLab explores the development of sustainability strategies and innovations with craft 
brewers in the Skåne region.

Maastricht, Netherlands - the SuperLocal Lab tests sustainable technologies and construction in a housing 
development community.

Phoenix, USA - the academic team partners with municipalities to run an innovation accelerator that supports 
small businesses in implementing sustainable practices.

São Paulo, Brazil – researchers work with municipality practitioners to co-develop a set of indicators to assess the 
sustainability of local agriculture initiatives.

Stellenbosch, South Africa - researchers partner with a township gardening/urban farming initiative promoting 
food sovereignty and fresh healthy food options.

Vienna, Austria - researchers and farmers test the impact and feasibility of using photovoltaic panels on green-
house farms.
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other words, each case is communicating to people who are unfamiliar with the details 
of the specific case, but the intention is that the details of one case can be a space of 
inspiration, learning and comparison for another. In this sense, similar to Williams and 
Robinson (2020), the scheme we developed required a strong focus on the processes 
of conducting a lab and running experiments but is equally intended for an external 
audience.

Conceptualisation

In order to conceptualise the case reporting scheme, it was necessary to identify those 
elements and activities in the labs that could be compared, as well as to determine 
how to simultaneously include and exclude the anchoring effect of the local context. A 
logic model was developed to differentiate between the context of the lab, the lab ele-
ments and processes, and the experiments (see Fig. 1). This differentiation unlocked the 
potential for researchers to use the case reporting scheme to target specific aspects for 
comparison; for example, the use and impact of particular tools and methods. The char-
acteristics related to the context could then be categorised or could be disregarded as 
being of no influence.

The logic model is an approach for conceptualising ULLs and related sustainability-
oriented lab approaches and for structuring their reporting. The literature on the various 
lab approaches makes no clear distinction between the actual experiments, the support-
ing lab structure, and the overall local context in which both are embedded. The disam-
biguation of context, lab and experiment shared by Kampfmann et al. (2022) offers the 
potential for a clearer understanding of the purposes of each aspect and how they influ-
ence each other. The logic model follows an ideal–typical understanding of context, lab 
and experiment, as well as their interactions (cf. Jahn 2008; Wanner et al. 2018).

The context is defined by the local social, political, geographical, and economic condi-
tions in which the Lab is situated, and which are relevant to Lab participants and activi-
ties. These conditions are crucial for understanding the work that is to be accomplished 

Fig. 1  The logic model shows the semi-nested nature of the context, lab and experiments, and the 
purposes/functions of each domain
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in the ULL. Our context understanding follows the theoretical considerations by West 
et al. (2019) in that the relevant context is what the practice – the lab process and experi-
ments – is entangled with and has to navigate (Van Steenbergen and Frantzeskaki 2018). 
Similar to their understanding, we view the context as the external conditions that are 
relevant from the case’s perspective but equally need to be uncoupled from this perspec-
tive to allow for comparison between cases.

The lab is a ‘space’1 collaboratively created by scientists and actors from other soci-
etal domains to co-produce sustainability pathways or solutions. Within the lab, the 
processes governing its design, development, purpose and organisation are continu-
ously negotiated and established (Wanner et al. 2018; Bulkeley et al. 2019; McCrory et al. 
2020), which results in relevance, credibility and legitimacy of the work undertaken for 
both science and practice (Cash et al. 2003). The structure and framing of the lab create 
the space in which sustainability experiments are developed and carried out.

The experiments are deliberately designed and evaluated interventions in local real-
world contexts and are the core research method of transdisciplinary and transformative 
lab approaches. They are collaboratively conducted and partially controlled within the 
lab space. The experiments produce evidence and create knowledge and other outputs 
that are then evaluated, integrated and in other ways processed in the lab and beyond 
(Castán Broto and Bulkeley 2013; Caniglia et al. 2017; Sengers et al. 2019). If the lab con-
tinues, they are used to develop successive experiments and potentially to create inno-
vations that are scalable and/or transferable (Nevens et  al. 2013; Schäpke et  al. 2018). 
Otherwise, the new knowledge generated is integrated back into society and science 
through the participating actors, publications, networks and other means of communi-
cation and outreach as determined by the lab (Lang et al. 2012).

Prototyping and first application/reflection

The case reporting scheme was outlined over the course of two face-to-face project 
meetings in Stellenbosch, South Africa, and Tempe, USA. The methodological guide-
lines for a coherent evaluation process were developed during the follow-up project 
meeting at Leuphana University in Lüneburg, Germany. Between these meetings, as 
well as afterwards, GLOCULL researchers met online monthly to further develop the 
scheme. For the Tempe meeting in the USA, project teams developed case-specific ques-
tions based on elements they had determined as key, unusual or otherwise relevant and 
then categorised them according to the logic model. In the monthly meetings, the case-
specific questions were integrated with evaluative questions found in the existing sus-
tainability-oriented lab/experiment literature and then categorised and synthesised to 
become the scheme’s guiding questions (see Tables 3, 4 and 5).

To establish context characteristics, we drew largely on Forrest et  al. (2019) (see 
Table  6), which provided the necessary framing to describe the general relevant local 
context characteristics for the lab and the experiments. These categories are sufficiently 
broad yet provide appropriate distinctions for reporters to identify relevant case-specific 

1  This space can be both literal and metaphorical in that it could be helpful to have a physical space where participants 
meet and carry out activities, but more important is the metaphorical space created when parties agree and commit to 
participate/collaborate in the lab process.
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elements and key details. To establish the lab characteristics, we began with a set of key 
characteristics of sustainability-oriented labs proposed by Schäpke et al. (2018). We then 
drew on a variety of ULL, Real-world lab, T-Lab, and Transition lab literature, including 
review papers (McCrory et al. 2020; e.g., Bergmann et al. 2021), along with literature on 
transdisciplinary sustainability research design principles (Lang et al. 2012). To establish 
the characteristics of the experiments and as inspiration for many of the guiding ques-
tions in the case reporting scheme, we drew on the comprehensive work of Luederitz 
et al. (2017), which reviewed the experiment literature to develop an evaluative scheme 
for sustainability experiments.

The case reporting scheme
The case reporting scheme consists of three main components following the logic model 
– the context, lab, and experiment – along with a short set of instructions for the report-
ing process. The scheme structures the processes, insights, results and experiences from 
sustainability-oriented lab research and its experiments in an accessible way. The struc-
ture of the scheme reflects the components of the logic model and their interconnections 
as described above. Each of the case reporting scheme’s features is addressed through a 
guiding question. The case reporting scheme is presented in the tables below, followed 
by examples from the GLOCULL project showing how questions can be answered.2

Context features

These characteristics aim to represent relevant context aspects framing the lab and its 
experiments. The context can also be useful in capturing the system limits that cases set 

Table 3  The context section of the case reporting scheme outlining constructs and their associated 
guiding questions

Context What are the general factors that describe the context in which the lab and 
its activities are located and entangled? How do they influence the lab and its 
activities?

Construct Guiding Question

Environmental What are the relevant environmental factors (biological or physical), such as climate, 
soil type or vegetation?

Social/Cultural What are the relevant socio-cultural factors, such as history, diversity, education, 
income, health, language, religion, values, beliefs and social norms?

Financial/Economic What are the relevant socio-economic factors, such as taxes, diversity of enterprises, 
unemployment and diversity of workforce?

Technical/Infrastructure What are the relevant technical or infrastructure factors, such as water and energy 
infrastructure, transport networks, housing stock, green infrastructure or other built 
environment?

Legal/Political What are the relevant legal or political context factors, such as laws, regulations, 
standards, permits, dominant ideology, activism and public participation?

Organisational/Capacity What organisational or capacity factors (such as knowledge, skills, organisational 
structures, networks, training programmes and support services) have a significant 
influence on the lab’s purpose or activities?

2  The scheme as presented in the following sections of this paper is an updated version of the scheme originally used in 
the GLOCULL project. While the general structure and most of the questions are identical, some changes were made to 
enhance the scheme’s generalisability during the conceptualisation and writing of this paper. We are confident that the 
quality of the scheme has improved and is now up to date with regards to the literature it integrates.
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for themselves. We understand context as the external and environmental factors that 
the lab and experiments are entangled with (Van Steenbergen and Frantzeskaki 2018).

In the GLOCULL project, the context section provided an opportunity for labs 
to reflect on local spaces and how they interact with the lab and its activities. For 
instance, the SUSTBEERLAB in Lund, Sweden, identified the socio/cultural context 
factors as follows:

There is an underlying class, gender and race (middle-class, male, white) broadly 
associated with the craft brewing industry (both in terms of those who work in the 
industry and its target audience). There are some exceptions to these norms as 
craft brewing is a growing sector in different cultures (e.g., Japan). The industry is 
also dependent on those with leisure time and disposable income. These aspects 
form the basis of the “social”  components of lab activities. Cracks, however, are 
emerging, especially in terms of the race and gender components (e.g., gender 
ambassadors, female brewing groups/female-operated breweries).

Table 4  The lab section of the case reporting scheme outlining constructs and their associated 
guiding questions

Lab What is the general purpose, structure and composition of the lab? How were 
these determined/negotiated/carried out?

Construct Guiding Question

Space
  Spatial scope What is the spatial scope of the lab’s activities, such as relevant geographical and/or 

administrative boundaries?

  Temporal scope What is the temporal scope of the lab’s activities?

What previous work is crucial to understanding the lab’s current work?

What is the lab’s future and long-term perspective?

Process
  Experimentation What is the general experimental methodology adopted by the lab (e.g., testing 

innovations/exploring sustainability solutions)?

How is the control of experiments managed/distributed? Are experiments problem 
or solution oriented? What are the main experiments undertaken in the lab? How 
were these determined?

  Collaborative process What is the general process of collaboration in setting up the lab and the accom-
panying experiments? How did participants collaborate (e.g., share responsibilities, 
organise decision-making processes, etc.)? Which groups/voices are lacking or 
under-represented? Why?

  Learning and reflexivity How does the lab enable learning and create spaces for reflexivity (including knowl-
edge synthesis and integration)?

  Activities What further activities support the lab process?

Organisation
  Organisational structure What is the general organisational structure of the lab (including the funding 

scheme, financing, etc.)?

Who are the primary participants in the lab and experiment(s)? Indicate their rep-
resentative roles (e.g., academic, private, municipal) within the process. What roles 
were determined for running and maintaining the lab and experiments? Did central 
roles change over the course of the lab?

How does the lab deal with conflict situations?

Sustainability
  Sustainability orientation  
         and purpose

What sustainability problem is addressed by the lab? What sustainability under-
standing is adopted to address the problem/s? How was this understanding 
reached? Did the understanding deepen over the course of the lab? For whom?
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Table 5  The experiments section of the case reporting scheme outlining constructs and their 
associated guiding questions

Experiment How were the experiments conducted; what did they generate?
Construct Guiding question

Outputs What kind of outputs were generated through the experiment?
  Built capacities What capacities were created through the experiment?

  Actionable knowledge What actionable knowledge was generated through the experiment? 
How did it provide evidence on generating sustainability solutions?

  Accountability How did the experiment build confidence and commitment for 
generating and realising sustainability solutions?

  Changes in physical structures What physical changes were made to support solutions for the identi-
fied sustainability problem?

  Changes in social structures What changes in social structures were made to support solutions for 
the identified sustainability problem?

  Transferability How does the experiment ensure that the sustainability solution can 
be transferred to different contexts?

  Scalability How does the experiment indicate the method and potential for 
outputs to be scaled to broader applications or to higher hierarchical 
levels?

  Unintended consequences How does the experiment account for unintended consequences 
that are associated with the sustainability-oriented intervention?

Outcomes How did the experiment contribute to sustainability?
  Socio-ecological integrity How did the experiment’s outputs strengthen socio-ecological 

integrity?

  Livelihood sufficiency and opportunity How did the experiment’s outputs enhance livelihood sufficiency and 
opportunity?

  Intra- and intergenerational equity How did the experiment’s outputs improve intra- and intergenera-
tional equity?

  Resource maintenance and efficiency How did the experiment’s outputs contribute to overall resource 
maintenance and efficiency?

  Socio-ecological stewardship and  
         democratic governance

How did the experiment’s outputs build or support socio-ecological 
understanding and democratic governance?

  Precaution and adaptation How did the experiment’s outputs ensure precaution and adapta-
tion?

Processes How was the experiment designed and conducted?
  Sequence of actions Was the experiment structured in a meaningful sequence of actions?

  Sound methodology What was the methodology used to conduct the experiment?

  Collaboration How did the experiment facilitate collaboration among relevant 
stakeholders?

  Reflexivity and learning How did the experiment foster reflexivity and learning throughout 
the process?

  Transparency How did the experiment ensure transparency throughout the 
process?

Inputs What were the enabling factors of the experiment?
  Awareness What was the level of awareness of the need for transformational 

change?

How did the experiment involve participants aware of the need for 
transformational change?

  Commitment What commitment did the experiment build on?

  Expertise What skills and knowledge did the experiment build on?

  Trust What trust among collaborators did the experiment build on?

  Support What support was secured for the realisation of the experiment?
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Table 6  The general framing and topic areas/characteristics of the context, lab and experiment for 
the case reporting scheme and the corresponding literature

Context Features References

    Environmental, social/cultural, financial/economic,  
              technical/infrastructure, legal/political,  
              organisational/capacity

Forrest et al. 2019; Van Steenbergen and Frantzeskaki 2018; 
West et al. 2019

Lab Features References

Space McCrory et al. 2020

    Geographical embeddedness, real-world problem as  
              a starting point, boundaries: lab demarcations –  
              content, space, location and scope

Voytenko et al. 2016; Wanner et al. 2018; Bulkeley et al. 2019

    Background and history, long-term orientation Forrest et al. 2019; Schäpke et al. 2018; Bulkeley et al. 2019

Process McCrory et al. 2020

    Experiments as core research method, experimentation  
              and learning, real-world intervention

Voytenko et al. 2016; Wanner et al. 2018; Schäpke et al. 2018; 
Caniglia et al. 2017

    Transdisciplinarity as core research mode; systems,  
             target and transformation knowledge; participation  
             and user involvement; participants, power,  
             legitimacy, credibility, salience, inclusion

Voytenko et al. 2016; Wanner et al. 2018; Adler et al. 2018; 
Schäpke et al. 2018; Sengers et al. 2019; Lam et al. 2020a, b; 
Caniglia et al. 2017; Cash et al. 2003; Bergmann et al. 2021; 
Avelino 2017; De Geus et al. 2022

    Learning and reflexivity, cyclical learning: reflection  
             and variation, evaluation (of actions and impacts)  
             and refinement of knowledge; capacity building

Voytenko et al. 2016; Wanner et al. 2018; Schäpke et al. 2018; 
Singer-Brodowski et al. 2018; Ness and Wahl 2022; Lang et al. 
2012; Wiek et al. 2017; Bergmann et al. 2021

    Participatory methods, tools, exercises, workshops for  
             e.g., skill and capacity development, system  
             thinking and definition

Bulkeley et al. 2019; Lang et al. 2012; Bergmann et al. 2021

Organisation McCrory et al. 2020

    Leadership and ownership of ULLs, TD collaboration  
              (co-leadership)

Voytenko et al. 2016; Wanner et al. 2018

    Collaboration, responsibility, time allocation,  
              organisational process, organisational champion

Wittmayer & Schäpke 2014; Wittmayer et al. 2017; Ness and 
Wahl 2022

    Facilitation, trust, communication Lang et al. 2012; Ness and Wahl 2022

Sustainability McCrory et al. 2020

    Contribution to transformation, normative framing,  
              real-world problem, purpose, scalability and  
              transferability of results (amplification), empowerment  
              of change agents

Wanner et al. 2018; Schäpke et al. 2018; Forrest et al. 2019; 
Lam et al. 2020a, b; Lang et al. 2012; Pereira et al. 2020; Wiek 
et al. 2017

Experiment Features  Reference

Outputs Luederitz et al. 2017

    Built capacities, actionable knowledge, accountability,  
             changes in physical structures, changes in social  
             structures, transferability, scalability, accounting for  
             unintended consequences associated with uptake

Outcomes

    Socio-ecological integrity, livelihood sufficiency and  
             opportunity, intra- and intergenerational equity,  
              resource maintenance and efficiency, socio-ecological  
             stewardship and democratic governance, precaution  
             and adaptation

Processes

    Sequence of actions, sound methodology, collaboration,  
               reflexivity and learning, transparency

Inputs

    Awareness, commitment, expertise, trust, support
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It also provided a space for reflection on the connections between the context con-
ditions and the practices of the lab’s local partners. For instance, the ULL in Vienna, 
Austria, explained:

The environmental factors are to some extent controlled inside the greenhouse. Coco-
nut fiber is used instead of soil. The type of vegetables grown inside the greenhouse 
determines the necessary inside temperature, sunshine or shading and watering. 
According to the gardeners, the levels of sunshine are more important than the outside 
temperature for regulating the optimum temperature inside the greenhouse for grow-
ing vegetables. Climate conditions, including wind, influence to what extent the gar-
deners need power for ventilation and for irrigation in the greenhouses, which affects 
the consumption of energy (the energy is produced by PV panels). The economic poten-
tial of the ULL generally depends on climatic conditions and their change over time. 
More precise measurements with respect to environmental conditions were beyond the 
scope of our experiment.

Laboratory features

We propose to use the four categories identified by McCrory et al. (2020) in their review 
of real-world lab types to structure this section: space, process, organisation and sustain-
ability. These categories consider where a lab is located, why and when a lab is convened, 
what and how actions are taken, the roles and influences of and on lab participants, and 
their intended sustainability purpose.

GLOCULL labs answered the lab section in a variety of ways, with some offering nar-
rative and detailed answers, while others preferred a concise academic approach like the 
following from the ULL in Lüneberg, Germany, in their response to the experimentation 
questions:

The central experiment conducted in the lab (the co-development and imple-
mentation of a communication strategy for transparency in sustainable cof-
fee businesses) is considered a type 5 experiment, i.e. an experiment on sus-
tainability solutions with participatory control (Caniglia et  al. 2017), with 
an embedded analytical aspect that adopts a methodological approach from 
business psychology (Weber et  al. 2021). The topic/real-world problem was 
selected as a crucial aspect of the café’s transition to becoming a collectively-
managed sustainable coffee shop with a local roastery devoted to transparent 
business practices.

In response to the sustainability questions, the same ULL explained:

The experiment in the lab mainly revolved around the aspect of “transparency”. 
This focused on the coffee supply chain as well as having the general aim of 
making contributions to increase sustainability in the food-water-energy nexus. 
Related social questions, such as income and the living/working conditions of 
producers, were also considered. On a local level, the lab aims to encourage the 
residents of Lüneburg to adopt more sustainable consumption patterns.
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Experiment features

The experiment features build on the comprehensive evaluation scheme presented 
by Luederitz et  al. (2017), which deconstructs experiments into inputs, processes, 
outcomes and outputs. The four categories correspond to the answers to the follow-
ing general questions: What was generated? (outputs); what was accomplished? (out-
comes); how was it completed? (process); and what was invested? (inputs) (Luederitz 
et al. 2017). While we have adopted this overall framing, we have added or changed 
the guidance to highlight the related processes using how questions along with what 
questions.

Used as a reflexive tool, the case reporting scheme can identify process challenges 
from multiple perspectives. For example, in response to the transparency questions, 
the Sao Paulo GLOCULL team reported the following:

With the aim of ensuring transparency throughout the process, the decision was 
made to focus on communication between actors and a formal agreement was 
drawn up. However, some participants recognised that there were flaws in the 
communication process in the ULL, since the goals initially agreed by the group 
were adjusted along the process and not all the participants were notified. This 
highlights the importance of establishing transparent modes of communication 
between all the actors. An agreement between the university and the Munici-
pal Secretariat of Urban Development and Licensing was developed and signed. 
However, due to changes in the public administration and bureaucracy, this 
agreement was never fully formalised. This impacted on the information sharing 
from the municipality and, consequently, on the compilation of the sustainabil-
ity indicators forms. Nevertheless, some participants pointed out that shared 
responsibilities had been clearly established at the beginning of the process, 
which was helpful for building trust within the group. (Researchers’ perspective, 
interviews with ULL participants)

Reporting procedure

Our structured case reporting scheme aims to support and simplify reporting practice. 
Yet, For the reporting to meet its potential to increase learning across cases and improve 
the comparability of cases, the process needs to be coherent.

Therefore, we have developed a brief list of principles to guide the reporting:

1)	 Start from the experiment. Centering the reporting around the experiment provides 
the necessary focus for a pragmatic and target-oriented reporting process. By put-
ting the experiment at the centre of the report, the cases can be constructed/recon-
structed more easily as the description of the lab and context is guided by the ques-
tion of what was relevant to the experiment.

2)	 Use available data. The reporting suggested in this paper does not necessarily require 
the collection of new data. We have learned in our research practice that much of the 
required information is already available in the form of meeting minutes, research 
and reflection journals, schedules, annual and midterm reports, etc. The reporting 
does not aim to replace empirical methodologies where they are needed, but rather 
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provides a coherent structure for communicating project characteristics and trans-
disciplinary research insights.

3)	 Disambiguate context, lab, and experiment. The reporting builds on an intentional 
disambiguation of context, lab, and experiment. While in reality these three aspects 
of lab-based action-oriented research are inherently interconnected, they need to be 
described separately to enhance their understanding from an outside perspective. 
The deliberate disentangling of cases facilitates the transferability of the case report 
content, as a first step in conceptualising real-world research.

4)	 Adapt to case specifics. We suggest viewing the case reporting scheme as a modular 
tool. It should reflect the goals and purpose of each case study, meaning that ques-
tions central to a particular case can be answered in greater detail where others may 
be more generally described. It is also important to note that each experiment in a 
case should have its own reporting space. In many cases, labs conduct more than 
one experiment. Moreover, if the questions are too broad for the purpose, they can 
be given more detail using what we call horizontal specification: the original features 
and questions of the scheme remain as categories but are complemented by addi-
tional case-specific questions.

Discussion
The case reporting scheme as a pragmatic tool balancing comprehensiveness 

and specificity through modularity

The scheme as presented in this paper was designed as a tool for a reporting approach 
that is integrative and thus applicable in a diversity of contexts, lab designs and exper-
iments. The case reporting scheme balances the need for a structural framework that 
enables comparisons between cases with the flexibility necessary to adapt to the specif-
ics of cases, designs and context that are inherent in transdisciplinary and transforma-
tive research in ULLs. Consequently, the features of the scheme and the questions cover 
a broad range of lab features, context qualities and aspects of sustainability-oriented 
experiments. With the aim of generating research reports that are more comprehen-
sive, the case reporting scheme has the potential to better capture emergent results from 
transdisciplinary labs and experiments in a structured manner.

While the scheme itself is designed as a descriptive tool and built around a clear dis-
ambiguation of context, lab process and experiments, it recognises these three aspects 
as inherently interconnected. By centering the reporting around the experiment and 
lab process, the intention is to describe the context relevant to the research practice, 
adopting the notion of contexts as constructed by this practice (West et al. 2019). While 
this might seem complicated at first, in practice a reporting sequence starting from the 
experiment, describing the lab process around it and then the context factors relevant 
for the case, allows the reporting process to follow these considerations.

The case reporting scheme is purposefully designed to be fairly general in order to 
integrate a diversity of cases: it is intended to be adapted to meet the specifics of case 
study contexts and labs, as well as experiment designs. Through the bottom-up (initial 
collection of the case-specific questions) and top-down (alignment with existing frame-
works) process of developing the case reporting scheme, we were able to ensure that 
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the scheme is appropriately case-oriented and, therefore, functional for researchers and 
actors in transdisciplinary research settings.

However, the case reporting scheme is intended to be customised in such a way to 
enable comparability beyond an individual case/project – and to achieve that, most 
questions should remain constant. However, specific elements can be highlighted in 
questions to target case/project specific priorities. Furthermore, questions can be added 
to the scheme; for example, to allow for a particular type of analysis. It should be noted, 
however, these amendments and adaptations should be discussed and decided upon 
at an early stage in the research to align research design, assessment, and evaluation. 
Beyond the content of the case reporting scheme, questions regarding who should com-
plete the report and who has what data or knowledge are significant – especially if the 
decision is taken that parts of the report are to be completed as a reflexive activity with 
non-academic participants.

One of the key aspects of the case reporting scheme lies in its modularity. It enables 
the reporting to trace the uniqueness of each project through the reported aspects in 
each section. Consequently, that uniqueness is made explicit in each of the sections and 
the influence of certain characteristics are seen as they interact with processes and deci-
sions taken in the lab and during the experiments. Furthermore, the modularity creates 
the potential for the case reporting scheme to be adapted to the specific interests of pro-
jects without the need to develop an entirely new reporting structure.

The case reporting scheme as a reflexive tool for collaborative planning and learning

Through its comprehensive design, the case reporting scheme includes a wide range 
of aspects to consider when designing and planning lab-based sustainability-oriented 
research settings. The case reporting scheme can be used as a guide for developing con-
text understanding and reflecting on the research design, in terms of inter alia priority 
setting, data collection, purpose setting, methods or activity planning. It is particularly 
useful for guiding the discussion of these aspects at an early stage, for example, in antici-
pation of cross-case comparisons and developing methods and tools. The case reporting 
scheme can be used iteratively to track changing perspectives, project, lab or experiment 
evolutions, participating-actor turnover or additions, or major changes in local contexts 
e.g., COVID-19 and associated restrictions.

The case reporting scheme and the theoretical understandings from which it is derived 
have proven useful for critically inspecting lab designs and addressing aspects that may 
have been initially overlooked. In some cases, the case reporting scheme has proven 
especially useful for supporting the development and planning of experiments that were 
only described in vague terms at the outset of the project. At international consortium 
level where cooperation between research teams from different labs is essential, the case 
reporting scheme (and its development process) has played a crucial role in aligning 
research approaches by establishing a shared methodological understanding as a basis 
for the individual lab work.

In this context, the case reporting scheme can be used reflexively as a participatory 
or non-participatory tool to enable mutual learning. The more users engage in the pro-
cess of thinking about how the questions relate to their case, the more the answers can 
reveal unexpected learnings. In such instances, the case reporting scheme can support 
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a structured learning and reflection process that integrates different perspectives in the 
research. While our case reporting scheme offers a structure for reporting on crucial 
aspects of contexts, labs, and experiments, integrating a quality assessment not only 
fosters learning within cases, but also enriches the knowledge conveyed in case reports 
(Williams and Robinson 2020; Jain and Rohracher 2022).

Knowledge transfer and comparison

Compared to other modes of research, knowledge generated in transdisciplinary and 
transformative research settings is characterised by a high degree of context-specific-
ity, creating knowledge based on (single) cases that may potentially be applied to other 
(single) cases. The challenges of knowledge transfer in these contexts was made clear by 
Adler et al. (2018). They argue that it must be distinguished from the traditional notion 
of generalising knowledge across cases, and instead the authors suggest the building of 
analogies.

Our case reporting scheme approach aligns with this notion and can provide a basis 
for such analogy-based knowledge transfer. We follow the idea that “insights” or “results” 
from lab-based research processes cannot be implemented “as is” in different contexts, 
let alone be replicated in its entirety elsewhere (in contrast to traditional experiments). 
Instead, case reports can be a basis for building analogies. By offering a comprehensive 
perspective on (single) cases, case reports enable researchers to find similarities and dis-
similarities and identify that knowledge which is applicable to their own and other cases. 
By making context, lab design, and experiments explicit, our case reporting scheme pro-
vides the basis for exploring amplification strategies for solutions that have been devel-
oped and tested in other contexts (Lam et al. 2020a, b).

By enabling researchers to communicate their case-specific research coherently and 
comprehensively, case reports can play a role in bridging modes and approaches. Instead 
of highlighting differences, the case reporting scheme frames cases as complementary 
to each other: all parts of a gradient ranging from highly case-specific and impactful 
approaches able to recognise existing local sustainability initiatives (Lam et al. 2020a) to 
more generalisable and empirically rigorous methodologies, such as harmonised experi-
mentation (Ferraro and Agrawal 2021), randomised controlled trials (Bilotta et al. 2014) 
or meta-analytical approaches.

Case reports are data. While this data may be less generalisable than the insights gen-
erated through more rigorous methodologies and study designs, structured and collabo-
rative case reporting can be representative of the ecological validity (Scholz and Tietje 
2002) of transdisciplinary research. Consequently, case reports could be a promising 
data source in the field of sustainability research for generating hypotheses through 
comparative approaches appropriate for dealing with complex and often mixed data, 
e.g. Rough Set Analysis (Pawlak 1997; e.g., Nijkamp et al. 2002; e.g., Lutz et al. 2017) or 
Qualitative comparative analyses (e.g., Hilger et al. 2018).

Case reports can be written and considered as case narratives. Following the case 
reporting process and thinking of external readers can shift the way cases are commu-
nicated between researchers and add a thick description (Geertz 1973) to the other-
wise focused and therefore narrower perspectives offered by case studies. A narrative 
storytelling approach rich with detail and aimed at process understanding puts the 
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transdisciplinary aspects of the research at the centre, allowing others to learn from 
the trials and tribulations of cases (e.g., Schwartz-Shea and Yanow 2013). Kenter et al., 
(2019) suggest Loving the Mess while navigating transdisciplinary collaborations, and 
while we agree, we think that sharing the mess with others will facilitate future process 
navigations.

Through a case reporting practice shared across the field of action-oriented research, 
a rich knowledge-base on sustainability approaches could be built. We recognize that 
a number of journals already publish article types aimed at sharing process and design 
knowledge from transdisciplinary research constellations (e.g., Sustainability Science 
and GAIA) that enable learning from real-world cases. Basing such articles on a shared 
reporting scheme such as the one presented here, would further establish these articles 
as a rich knowledge base for enabling sustainability transformations while incentivizing 
case reporting through peer-reviewed publications. Furthermore, the establishment of 
dedicated sustainability-oriented case report journals in combination with open-access 
and dynamic databases could be possible avenues to creating new learning opportunities 
from case-based research.

Case reporting in action‑oriented sustainability research – a way forward
Over the last two decades sustainability science has established a research field deal-
ing with pressing global societal challenges. While the field has generated a wide spec-
trum of transdisciplinary, action-oriented and transformative approaches, the evolving 
research landscape is still characterised by division (Lang et al. 2017) and the focus on 
either context-specific research or research striving for generalisable results has created 
two separate communities (Lang et al. 2017).

The case reporting approach and the scheme we propose in this paper are clearly 
located in the former community, which recognises the local context as the arena where 
sustainability transformations can be collaboratively investigated through joint experi-
mentation. However, while our case reporting scheme has been developed with the clear 
intention of fostering knowledge transfer between such cases, we also think it has the 
potential to contribute to bridging the aforementioned divide.

As argued by Lang et al. (2017), transdisciplinary (i.e. case-specific) and disciplinary (i.e. 
typically striving for generalisation) research approaches are equally necessary to contrib-
ute to sustainability transformations on a global scale. In our experience, published results 
from transdisciplinary research currently often address either highly specific aspects of a 
study or zoom in on results from analyses without adequately representing the overall char-
acter of the case study. Consequently, these results do not meet the expectations of either 
community as they are seen as being either too case-specific (and of little relevance beyond 
the individual case) or lacking in context (and therefore inadequate for knowledge transfer 
and/or learning) (Adler et al. 2018).

We see the case reporting scheme approach as a possible solution to the lack of a suit-
able format for adequately communicating the knowledge gained from transdisciplinary 
research and our scheme as a pragmatic tool for structuring the research conducted in 
ULLs and similar forms of transformative transdisciplinary and action-oriented research. 
We also consider our case reporting scheme a first proposal built on existing frameworks 
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in an attempt to reflect some of the contemporary understandings and concepts of the 
research field we are addressing. With the case reporting scheme, we hope to spark a dis-
cussion about how the field of action-oriented and transdisciplinary sustainability research 
communicates not only its results, but also its overall processes from which others can gain 
knowledge and inspiration.
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Abstract 

Small- and medium-sized enterprises (SMEs) are key drivers of sustainability 
transformations through local innovation and community engagement. However, sus-
tainability science struggles to translate context-specific solutions into broader, transfer-
able knowledge. We present a transdisciplinary collaboration with a sustainability-ori-
ented SME to develop and validate scalable interventions. We co-created three experi-
ential marketing tools—a graphic novel, mindful audio guide, and promotional video—
designed to communicate supply chain transparency and promote sustainable consump-
tion. Testing through a real-world field experiment (N = 204) and online study (N = 460) 
showed that interventions, particularly the graphic novel and video, significantly en-
hanced consumer perceptions of transparency and trust, strengthening sustainable pur-
chase intentions. Methodologically, this demonstrates how conceptual replication can 
systematically validate transdisciplinary interventions while maintaining transformative 
potential, bridging localized solutions with generalizable evidence for sustainability trans-
formations. 

Introduction  

Small and medium-sized enterprises (SMEs) are emerging as powerful catalysts 

for broader societal transformations toward sustainability. SMEs can contribute through 

their direct operations and their potential to shape consumption patterns in their com-

munities (Jansson et al., 2017; Klewitz & Hansen, 2014). As innovation drivers and change 

agents in local economies (Leonidou et al., 2017), many SMEs, particularly in the food 

sector, are pioneering approaches that go beyond conventional sustainability practices. 

Innovative business models include worker cooperatives, collaborative ownership struc-

tures, and deep engagement in local economies (Eiseman & Jonsson, 2019; Weber et al., 

2020, 2021). This paper complements the existing literature by exploring experiential 

marketing strategies in both a controlled virtual and a highly realistic field environment, 

conducted within a transdisciplinary real-world experiment (Caniglia et al., 2017, 2020; 

Parodi et al., 2024). We also assess our approach as a methodological contribution to the 

crucial challenge facing transdisciplinary and transformative sustainability research: the 

need to bridge the gap between local solution development and the generation of robust 

evidence for sustainability solutions.  
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Despite their transformative potential, sustainability-oriented businesses often 

struggle to fully leverage their influence on consumer behaviour. While implementing 

sustainable practices in supply chains is crucial, research suggests that in isolation this 

often fails to foster sustainable consumption behaviour among customers (Weber et al., 

2021). The key challenge lies in effectively transforming traditional business-consumer 

relationships into active partnerships for sustainability  (Lüdeke-Freund & Dembek, 2017; 

Prothero et al., 2011), which requires businesses to build trust and engagement with their 

customers through effective communication strategies (Hustvedt & Kang, 2013). 

 

Transparency has emerged as a critical mechanism to address this challenge. Alt-

hough transparency initiatives are increasingly mandated across economic sectors 

(Schäfer, 2022), they currently focus primarily on supply chain accountability (Garcia-

Torres et al., 2017). Their transformative potential is largely unexplored. SMEs particu-

larly struggle to leverage transparency effectively, often lacking the marketing practices 

necessary to translate their sustainability efforts into consumer behavioural change in 

their local communities (Font et al., 2017; Leonidou et al., 2017). The coffee sector ex-

emplifies these challenges (and opportunities), given that small-scale roasters increas-

ingly engage in direct trade and community-supported business models (Weber et al., 

2021). 

 

In this context, experiential marketing offers a promising approach for linking sus-

tainability efforts to consumer engagement. Past research suggests that while sustaina-

ble behaviour is influenced by information availability (Leire & Thidell, 2005), emotions 

and experiences also play a crucial role in driving behavioural change (Ives et al., 2018; 

O’Brien, 2013). Despite the established success of experiential marketing in brand en-

gagement (Brakus et al., 2009), empirical evidence of its effectiveness in supporting sus-

tainability transformations remains limited (Follows & Jobber, 2000). Equally, our under-

standing of why experiential marketing interventions exert beneficial effects is limited 

(e.g., Loschelder et al., 2019; Vlasceanu et al., 2024). While initial studies suggest that 

experiential marketing has the potential to foster sustainable consumption (Weber et al., 
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2021), systematically validating and scaling such approaches requires methodological in-

novation and empirical analyses. 

 

To effectively advance these approaches, sustainability science needs new meth-

odological frameworks that balance real-world impact with scientific rigour. Recent calls 

emphasise the need to develop approaches that systematically validate and transfer in-

sights from context-specific solutions while maintaining their transformative potential 

(Caniglia et al., 2017; Ferraro & Agrawal, 2021; Lang et al., 2012; Wiek & Lang, 2016). 

Transdisciplinary case studies excel at generating context-specific knowledge and solu-

tions, but systematically transferring insights from these studies across cases remains a 

key challenge (Adler et al., 2018). Conceptual replication—in controlled virtual and mun-

dane-realistic field experiments—offers a promising but under-exploited methodological 

framework to foster the latter, allowing researchers to validate not only specific hypoth-

eses but also to corroborate underlying theoretical frameworks and explanatory mecha-

nisms (see Boenke et al., 2022; Hudson, 2023).  

 

In this study, we advance practical and methodological frontiers in sustainability 

research through a transdisciplinary study of experiential marketing interventions in a 

realistic field experiment and a controlled virtual setting. Building on Weber et al.'s (2021) 

work with Teikei Coffee, we collaborate with Avenir Café and Roastery to examine how 

and why experiential marketing tools can help SMEs to foster sustainable consumption 

behaviour by approaching their consumers as allies. Specifically, through three interven-

tions targeting consumers’ transparency perceptions—a promotional video, a graphic 

novel, and an audio-guided mindful coffee supply chain journey—we used a real-world 

field experiment (Study 1; N=204) and an anonymous, controlled online sample (Study 2; 

N=460) to test how carefully designed conceptual replications can bridge the gap be-

tween solution-oriented case studies and broader scientific knowledge generation. This 

innovative dual-setting approach not only provides practical insights for sustainability-

oriented businesses but also advances methodological development in transformative 

sustainability research by investigating how real-world experiments can be systematically 

validated beyond their original context while maintaining their transformative potential.  

Paper 2, page 4



 
 

5 
 

 

In the following, we first review ourcase, together with interventions and hypoth-

eses. We then outline the methodology of the two empirical studies (real-life field exper-

iment and online) and the larger transdisciplinary setting, before presenting data from 

these two studies. Finally, we discuss the results and the applied methodology, highlight-

ing their contribution to an advanced understanding of experiential marketing for sus-

tainability and the further development of transformative transdisciplinary research 

(TTDR).   

Case Description 

Avenir Café and Roastery is a sustainability-oriented SME aiming to contribute to 

broader sustainability transformations beyond its own operations. Originally founded in 

2014 by a student initiative engaged in direct-trade coffee imports, the business has 

evolved into a collectively owned enterprise focusing explicitly on fostering sustainable 

consumption patterns in its local community. Since 2021, Avenir has undergone a signif-

icant transition towards a sustainable business model characterised by collective owner-

ship and complete supply chain transparency (see FairFive GmbH, 2024). This transition 

included strengthening direct import relationships with producers to establish equitable 

supply chains. Avenir’s coffee is distributed through an annual subscription model with 

consumers paying in advance, which shares the risk between the consumers and Avenir 

(and thereby the producers), while ensuring fair payment practices along the entire sup-

ply chain from producer to consumer. 

 

This case lends itself to studying how experiential marketing can foster sustaina-

ble consumption behaviour for three main reasons. First, as a collectively owned business 

focused on transparency, Avenir explicitly aims to transform traditional business-con-

sumer relationships into partnerships for sustainability. Second, Avenir combines local 

community engagement with international supply chain responsibility, enabling research 

into how these connections can be effectively communicated. Third, having transitioned 

to a more sustainability-focused business model, Avenir needs to communicate these 

changes to both existing and potential customers.  
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The empirical studies presented emerged from a longer transdisciplinary collabo-

ration between Avenir and researchers at Leuphana University Lüneburg as part of the 

GLOCULL research project. Building on insights from previous research into Teikei Coffee 

(Weber et al., 2021), which demonstrated the potential for experiential marketing to fos-

ter sustainable consumption behaviour, our collaboration focused on developing and 

testing experiential marketing tools specifically adapted to Avenir's context and needs, 

and examined the impact that transparency-targeted interventions have on customers’ 

perceptions and behaviours. 

 

Through this collaborative process, we developed three experimental marketing 

interventions that were tested with Avenir's local customers and in a more controlled and 

higher-powered virtual, online setting. This dual approach allowed us to examine how 

and why experiential marketing tools can help sustainability-oriented businesses engage 

their consumers as partners in sustainability transformations while maintaining method-

ological rigour and transferability through conceptual replication. 

 

The jointly developed experiential marketing tools were: 

• a graphic novel (A) illustrating the coffee’s journey from producer to con-

sumer and highlighting transparency aspects of Avenir’s business concept. 

• a mindful coffee journey (B): an audio guide to listen to while drinking 

Avenir coffee, enabling the consumer to experience the coffee mindfully. 

It included transparency information about the coffee’s origins and its pro-

duction. 

• a promotional video (C) about Avenir’s transparent business concept and 

supply chain activities, including statements from Avenir members.  

 

Theoretical background and development of hypotheses 

Sustainable consumption behaviour 
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Sustainable consumption behaviour —i.e., satisfying consumer needs without compro-

mising the ecological and socioeconomic conditions of current and future generations to 

meet their own needs (Geiger et al., 2018)—is regarded as a crucial factor for transfor-

mation towards sustainable economies. Following previous research (see Weber et al., 

2021), we focus on five proxies for participants’ sustainable consumption behaviour: their 

attitudes to sustainable consumption (Brombach & Bergmann, 2020), motivation to con-

sume, willingness to pay (Braun et al., 2016; Dost & Wilken, 2012; Loschelder et al., 2016; 

T. Wang et al., 2007), intention for action for sustainable coffee consumption (Boenke et 

al., 2022; Dang et al., 2020; Kang et al., 2013; J. Wang et al., 2020; Wesley et al., 2012; 

Wiebe et al., 2017), and mindful consumption (Gupta & Sheth, 2024). 

 

In the following hypotheses, “sustainable consumption behaviour” is represented by 

these five sustainability proxies. While the first hypothesis explores the general link be-

tween our experiential marketing interventions (A, B, C – see chapter case description) 

and sustainable consumption behaviour, hypotheses 2 – 5 explore different underlying 

mechanisms as mediating effects to explain why the experiential marketing tools impact 

on sustainable consumption behaviour. 

1) Relative to a control group, we predict that all three experiential marketing inter-

ventions (A, B, C) will have a positive effect on consumers’ consumption behaviour. 

 

Relational proximity 

To explain why our interventions impact positively on consumers’ sustainable be-

haviour, we reasoned that an increased sense of relational proximity—feeling more 

closely connected with Avenir, i.e. its team members—would explain the positive inter-

vention effects on sustainable consumption (Weber et al., 2021).  

2) We predict that relational proximity has a mediating effect between the three 

experiential marketing interventions (A, B, C) and consumers’ consumption be-

haviour. 
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Trust 

Second, we propose that trust plays a crucial role in sustainability efforts and sup-

ply chain practices, specifically highlighting the role of transparency in building consumer 

reliance (Hustvedt & Kang, 2013; Kang & Hustvedt, 2014). In line with this proposition, 

Guenzi et al. (2009) suggest that trust is a fundamental element in fostering long-term 

relationships between businesses and consumers, especially in the context of sustainable 

consumption. 

3) We predict that trust has a mediating effect between the three experiential mar-

keting interventions (A, B, C) and consumers’ consumption behaviour. 

 

Transparency 

Transparency along supply chains is increasingly enforced by governing bodies to 

help foster the sustainability transformation of economies (Schäfer, 2022). Therefore, 

companies strive to enhance this transparency to meet new regulations and promote 

sustainable consumption behaviour among consumers (Kraft et al., 2022). While the reg-

ulatory frameworks focus on the disclosure of information concerning responsible social 

and environmental practices, the transformative potential lies in the ability of transpar-

ency to enhance consumers' trust and perception of an enterprise (Kang & Hustvedt, 

2014).  

4) We predict that transparency has a mediating effect between the two experiential 

marketing interventions (A, B) and consumers’ consumption behaviour. 
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Perceived consumer effectiveness  

Perceived consumer effectiveness is understood as the consumers' belief in their 

ability to make a meaningful and positive impact on the environment, society, and econ-

omy through their purchasing decisions. It reflects the individual's confidence in their ca-

pacity to contribute to sustainability and make a difference through their choices (J. Wang 

et al., 2020). Integrating the concept of perceived consumer effectiveness into the study's 

theoretical framework provides valuable insights into the motivational factors influencing 

consumers’ sustainable behaviour. By understanding how consumers perceive their ef-

Figure 1  
Theoretical model for Predictive and Exploratory effects 
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fectiveness in driving positive impacts through their purchasing decisions, our study as-

sesses how this perception impacts on their consumption behaviour in the context of 

Avenir's marketing interventions.  

5) We predict that perceived consumer effectiveness has a mediating effect between 

the three experiential marketing interventions (A, B, C) and consumers’ consump-

tion behaviour. 

In addition to these hypotheses, we tested two exploratory predictions. As outlined in the 

introduction, a company’s perceived transparency serves as a key factor in fostering con-

sumers’ sustainable behaviour and in motivating them to become partners and allies in 

the sustainable transformation process.  

6) We examine whether transparency and trust have a serial mediating effect on 

consumers’ consumption behaviour. 

7) We examine whether transparency and perceived consumer effectiveness have a 

serial mediating effect on consumers’ consumption behaviour. 

Setting, pilot workshops, methodology and transdisciplinary research process  

The experiments presented in this paper adopt a transformative transdisciplinary 

research approach (Lang et al., 2012; Wiek & Lang, 2016). They were conducted as part 

of the GLOCULL research project, an international project consortium of seven Urban Liv-

ing Labs working on issues in the food-water-energy nexus funded under the JPI Urban 

Europe programme.  

 

The study was designed collaboratively with Avenir after a one-year development 

process to identify sustainability problems that could be jointly addressed through an ex-

perimental research approach. This initial phase of problem identification involved two 

other local businesses – Karacho Café, another sustainable coffee shop and roastery, and 

Brauhaus Nolte, a sustainability-oriented craft beer brewery. All three businesses were 

part of the same regional economy.  
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The tools presented and tested empirically in this paper were co-developed dur-

ing a series of workshops with members of Avenir and two other SMEs working closely 

with Avenir along the supply chain. In these workshops, appropriate and targeted ap-

proaches for communicating Avenir's sustainability approach were jointly identified and 

developed; these sought to integrate both the present scientific status quo (e.g., Weber 

et al., 2021) and Avenir’s preferences and strategic decisions. The workshops were facil-

itated by researchers and a member of Avenir. Once the experiential marketing interven-

tions had been identified and developed, we conducted an empirical study in a random-

ised, real-world setting (Experiment 1), and tested the same hypotheses in a controlled, 

virtual setting using Prolific—an online research platform with high data quality (Peer et 

al., 2022, see Experiment 2). 

 

The use of these two settings allowed for comparisons between the potential ef-

fects on Avenir’s regular customer base and on an anonymous group of people without 

prior knowledge of the café or its sustainable business model. We thereby sought to gen-

eralise the findings. The results are presented in the following sections. While the overall 

transdisciplinary research process was highly specific to the situation and interests of 

Avenir, the concrete experimental design was chosen to allow for a conceptual replica-

tion of the experimental findings across recruited participant samples and data collection 

modalities, with the goal of expanding our understanding of the effectiveness of experi-

ential marketing tools (Derksen & Morawski, 2022; Hudson, 2023).   

 

Experiment 1 – Real-Life Field Intervention  

Experiment 1 empirically contrasted a control condition with three experiential market-

ing interventions to improve café customers’ attitude regarding sustainable consump-

tion, motivation to consume, willingness to pay, intention for action for sustainable cof-

fee consumption, and mindful consumption. We tested our theoretical model (see Fig-

ure 1) in a multiple mediation analysis to explore why consumers changed their behav-

iour as they did.  
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Methods and Procedure  

Study setting 

Participants were customers of Avenir in Lüneburg, Germany.  They were re-

cruited on site by researchers through conversation on entering the café or whilst already 

seated. Data was collected over three days (Friday, Saturday, Sunday) during the café’s 

opening hours (9am – 5pm). Participants had to be at least 18 years old and self-identify 

as coffee drinkers. As remuneration, participants were entered in a lottery to win one of 

five packs of Avenir coffee (250g), each worth €7.90.  

Participants, sample size, and power analysis 

We recruited a total of N = 231 participants. As pre-registered 

(https://doi.org/10.17605/OSF.IO/ACNVU)(Weber et al., 2022), we excluded outliers 

whose z-scores exceeded +/- 2.5 SD from the condition mean of the respective depend-

ent variable. 28 participants were excluded due to missing answers (n = 2 in control, n = 

7 in graphic novel, n = 8 in audio, and n = 10 in video condition). The total sample size was 

thus N = 204 participants (n = 51 for control group; n = 50 for novel; n = 53 for audio; n = 

50 for video). An a-priori sample size analysis in G*Power 3.1 (Faul et al., 2007) had re-

vealed that for a one-way ANOVA with four conditions, an alpha type-I error level = .05, 

an assumed power of 1-b = .90, and a theoretically assumed, conventionally ‘moderate’ 

effect of f = 0.325, a minimal total sample of N = 140 (n = 35 per condition) would be 

needed. The recruited sample thus yielded markedly more statistical power to find the 

predicted effect. 

Independent variable: experiential marketing interventions 

The questionnaire was conducted using the digital platform SoSciSurvey, which 

randomly assigned participants to one of the experimental conditions (i.e., drawing ran-

domly from an array without replacement). 

The no-intervention control condition comprised a conservative, strong control 

condition in that participants were presented with transparent information about Avenir, 
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featuring text about the café and its logo. The text comprised transparent information 

about Avenir’s business concept (i.e., a collective), its supply chain activities, business 

partners, sustainability, and transparency aspects. The text was 295 words long. Partici-

pants read it on a tablet. 

 

The graphic novel condition (A) featured a comic illustrating the journey of Avenir 

coffee from its origin (coffee farmers) to the consumer’s cup. It also included transparent 

information about Avenir’s business concept (i.e., a collective), supply chain activities, 

business partners, its people, sustainability aspects, and concrete numbers about the 

payments between producers and Avenir. The graphic novel was eight pages long. Par-

ticipants read it on a tablet. 

 

The mindful coffee journey condition (B) featured an audio that encouraged par-

ticipants to drink their Avenir coffee mindfully, paying attention to their senses (smell, 

taste, touch). It also made participants aware of the people involved in the coffee supply 

chain and urged them to reflect on their role as coffee consumers. The mindful journey 

did not include any information about Avenir’s business concept (i.e., a collective) or sus-

tainability aspects. It focused on product quality, participants’ senses, the supply chain, 

and mindfulness. Participants listened to the audio, which lasted 7:45 minutes, on a tab-

let with headphones.  

 

The video condition (C) featured a promotional video of the business including 

short statements from Avenir team members and their business partners, and close-ups 

and wide-angle shots of the café and the roastery. The video included transparent infor-

mation about Avenir’s business concept (i.e., a collective), its supply chain activities, busi-

ness partners, its people, and sustainability aspects. Participants watched the video, 

which lasted 2:50 minutes, on a tablet with headphones. 

Dependent variables 

Participants were presented with a questionnaire after completing the interven-

tion (or reading the text in the control condition). As our key dependent variable, we 
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measured customers’ sustainable consumption (consisting of five dimensions as detailed 

below), as well as four mediating variables to explain why the effects occur (on 7-point 

Likert scales). The questionnaire with verbatim items is uploaded and transparently ac-

cessible in the associated project on the Open Science Framework (OSF; 

https://doi.org/10.17605/OSF.IO/ACNVU).  

 

Sustainable consumption. We assessed five dimensions of the participants’ sus-

tainable consumption: (1) attitude to sustainable consumption (e.g., “It is important for 

me that my groceries are produced under fair pay for everyone involved”; α = .84; 5 

items); (2) purchase intentions (e.g., “I can imagine myself buying Avenir coffee”; α = .80; 

4 items); (3) mindful consumption (building on the findings from Brombach et al. (2020)) 

(e.g., “I try to enjoy my coffee with all my senses”; α = .75; 6 items1); (4) motivation to 

consume sustainably (e.g., “Buying coffee at Avenir for me is primarily to acquire sustain-

able coffee”; α = .86; 4 items); and (5) willingness to pay (WTP) for the product 

(Loschelder et al., 2016). We chose an open-ended approach where WTP is elicited as a 

range with properly defined boundaries (Dost & Wilken, 2012; T. Wang et al., 2007, i.e., 

“above which price for one cup of coffee from the Avenir would you definitely not buy 

the product, because you don’t think it was worth the money?”; and “Below which price 

would you say you would not buy the product because you would start to be sus-picious 

of its quality?”). This allows for preference uncertainties in responses (Braun et al., 2016). 

 

Mediating variables. In addition to these measures of consumers’ sustainable be-

haviour, we also assessed the underlying, mediating mechanisms of our theoretical 

model (see Figure 1) that seek to explain why the interventions exerted their respective 

effects on consumer behaviour. As the first mediating variable, we assessed participants’ 

perceived relational proximity to Avenir (Weber et al., 2021). We used a 7-point version 

of the Inclusion of Other in Self (IOS) scale (Aron et al., 1992), with two circles at each 

point indicating a perceived degree of overlap between self and the coffee collective: 

 
1 One of the original 7 items (i.e., “When drinking coffee, I mainly think about the caffeine-kick”) was ex-
cluded from analyses as the scale’s Cronbach’s alpha increased markedly from .66 to .75 without this item.  
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“Which picture best describes your relationship with Avenir and the people behind it?” 

We also used a 7-point Likert scale to assess perceived proximity expressed in three state-

ments (e.g., “I identify with the Avenir collective”; α = .88).  

 

As the second mediating variable, we assessed participants’ perceived transpar-

ency of Avenir. In accordance with Schnackenberg et al. (2021), we asked about the three 

dimensions of disclosure, clarity, and accuracy using a 7-point Likert scale (e.g., “The in-

formation I receive from Avenir completely contains what I want to know”; α = .85; 4 

items). 

As a third mediating variable, we assessed participants’ trust in Avenir, using a 7-

point Likert scale building on Hustvedt and Kang (2013) and Guenzi et al. (2009) (e.g., 

“One can trust the Avenir collective”; α = .94; 7 items). 

As the fourth and last mediating variable, we assessed participants’ perceived 

consumer effectiveness. In accordance with Antonetti and Marklan (2014), we used a 7-

point Likert scale (e.g., “When I buy products, I try to consider how it affects others and 

the environment”; α = .62; 4 items). 

 

Control variables. As control variables, we assessed the degree to which partici-

pants were already familiar with Avenir, with the concept of ‘alternative economy’, and 

with the city of Lüneburg and its local economy (using the scale 1 = not at all familiar; 7 

= very familiar). Finally, as demographic data, we collected participants’ age, postal code, 

gender, highest educational degree, net monetary income per month per household, po-

litical orientation, and importance of sustainable consumption in their own life. 

Results 

We compared all interventions against the control condition with one-way ANO-

VAs—first examining the four mediator variables and then focusing on the five dimen-

sions of the participants’ reported sustainable consumption behaviour.  
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Perceived Transparency 

In accordance with our predictions (Figure 1), we found a significant main effect 

of the interventions on consumers’ perceived transparency, F(3, 194) = 3.51, p = .016, hp
2 

= .05. We separately compared the three intervention conditions against the control 

group (i.e., planned contrast analyses with -1 = control group, 1 = intervention) to explore 

how each intervention impacted on perceived transparency. We found significant im-

provements in transparency only for the graphic novel intervention, t(90.232) = 2.58, p = 

.011, d = 0.52 (see Figure 2). For the other interventions, no significant differences 

emerged.  

 
2 Because of variance heterogeneity, we corrected the degrees of freedom (dfs) for this t-value. 

Figure 2 
Perceived Transparency as a function of Experiential Marketing Interventions 

Note. Error bars reflect +/- 1 SEM. 
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Relational Proximity 

For consumers’ relational proximity, descriptive differences but no significant re-

sults emerged, F(3, 194) = 2.62, p = .052, hp
2 = .04  (for details, please see SOM). 

Trust 

No significant effects of the interventions on consumer’s trust towards Avenir 

emerged, F(3, 197) = 1.50, p = .22, hp
2 = .02. 

Perceived Consumer Effectiveness 

Finally, no significant differences emerged for the perceived consumer effective-

ness compared to the control group, F(3, 198) = 0.53, p = .66, hp
2 = .01. 

Customers’ Sustainable Consumption 

No significant intervention effects emerged for the customers’ attitudes towards 

sustainable consumption, F(3, 197) = 0.13, p = .94, hp
2 < .01, their reported purchase 

intentions, F(3, 199) = 0.36, p = .78, hp
2 < .01, mindful coffee consumption, F(3, 199) = 

0.57, p = .64, hp
2 = .01, motivation to consume sustainably, F(3, 199) = 0.56, p = .64, hp

2 

= .01, maximum WTP, F(3, 108) = 0.31, p = .82, hp
2 = .01, or their minimum WTP, F(3, 77) 

= 1.60, p = .20, hp
2 = .06.  

Mediation Analyses 

Despite the interventions not exerting significant direct effects on the customers’ 

sustainable consumption behaviour, we sought to expand our theoretical understanding 

by examining whether the underlying mediator variables (see model in Figure 1) could 

account for consumers’ reported consumption behaviour via indirect effects. Some of 

these indirect effects might have cancelled each other out, thus preventing the emer-

gence of a significant direct effect. Hence, we performed mediation analyses for indirect 

effects. We conducted separate mediation analyses per intervention comparing the re-

spective intervention with the control condition (coded: -1 = control, +1 = intervention; 
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using 5,000 bootstrapping iterations, process macro (Hayes, 2022)). Explorative analyses 

yielded several significant indirect effects (model 6; Figure 3a and 3b (Hayes, 2022)). The 

data suggest that the graphic novel intervention did evoke higher transparency percep-

tions of Avenir, leading to higher consumer trust and ultimately fostering higher sustain-

able purchase intentions (Figure 3a) and higher purchase motivation (Figure 3b). Given 

the overall total effect was not significant, this indicates that – although the indirect path-

ways were strong – other underlying mechanisms counteracted (and ultimately under-

mined) significant intervention effects. Further research is needed to examine these 

counteractive mechanisms.  

Figure 3 
Transparency and Trust as Mediators for Sustainable Purchase Intention and Motivation 

  a 

  b 
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Experiment 2 – A Simulated Online Replication 

Experiment 2 sought to replicate Experiment 1 in a more controlled, online setting 

with a broader but larger sample comprising less informed participants, thus yielding 

higher statistical power to detect potentially smaller true effects. Additionally, we wanted 

to identify potential differences between consumers connected to Avenir and people 

with no connection. We aimed to replicate Experiment 1 by empirically contrasting a con-

trol condition with the three experiential marketing interventions—a graphic novel, an 

audio-guide to mindful coffee drinking, and a promotional video—to improve consumers’ 

perceptions, purchase intentions, and willingness to pay.  

Method and Procedure  

Study setting 

We chose to conduct Experiment 2 using the same constructs in an online envi-

ronment with a larger, less informed sample yielding higher statistical power, making it 

more sensitive to detecting empirically smaller effect sizes. Due to reported problems 

and negative feedback on the audio intervention in Experiment 1 (and the evident chal-

lenges of conducting mindful coffee drinking in an online research environment), this 

condition was ultimately excluded from Experiment 2. 

Participants, sample size, and power analysis 

Participants, who were recruited via the platform Prolific, had to be at least 18 

years old, speak German, be resident in Germany, and drink coffee (self-reported). Every 

participant received £1.65 as remuneration. Based on an a-priori G*Power sample size 

analysis for a one-factorial ANOVA with three experimental conditions (a =.05; power of 

1-b = .90; a conventionally ‘small-to-medium’ effect size of f = 0.175), our target sample 

size was at least N = 417 participants—n = 139 per intervention and control group. Data 

collection was terminated after 472 participants had submitted their answers to account 

for potential dropout (see Experiment 1) of up to 10% compared to the a-priori power 

analysis. 12 participants were excluded due to missing answers (n = 2 in the control, n = 
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7 in the novel, and n = 3 in the video condition), making the total sample size N = 460 

participants (n = 157 for control; n = 152 for novel; n = 151 for video). Again, as pre-

registered, we excluded outliers when participants’ z-scores exceeded +/- 2.5 SD from 

the condition mean in the respective dependent variable. As before, individuals were ran-

domly assigned to an experimental condition via SoSciSurvey.  

Independent and dependent variables 

We used the same conservative control condition (text-based information about 

Avenir) as in Experiment 1, as well as the graphic novel and the video intervention. We 

also used the same dependent variables: participants’ attitude to sustainable consump-

tion (α = .84); their purchase intentions (α = .84); mindful consumption (α = .753); moti-

vation to consume (α = .80); and willingness to pay. To empirically test our theoretical 

model, we assessed the same underlying mechanisms: perceived relational proximity (α 

= .90); perceived transparency of Avenir (α = .71); trust in Avenir (α = .91); and perceived 

consumer effectiveness (α = .74). For demographic data, we again recorded participants’ 

age, postal code, gender, highest educational degree, net monetary income per month 

per household, political orientation, and importance of sustainable consumption in their 

own life. 

 
3 We removed the same item as in Experiment 1 from the analyses to improve Cronbach’s alpha from .69 
to .75 (i.e., “When drinking coffee, I mainly think about the caffeine-kick”). 
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Results 

Perceived Transparency and Trust 

In line with our predictions (and Experiment 1), we found significant intervention 

effects on the consumers’ perceived transparency, F(2, 446) = 18.96, p < .001, hp
2 = .08, 

and their trust of Avenir, F(2, 450) = 8.67, p < .001, hp
2 = .04 (see Figure 4). Subsequent 

contrast analyses (-1 = control group, +1 = intervention) again found significant improve-

ments between the control group and the graphic novel intervention regarding consum-

ers’ perceived transparency of Avenir, t(300.894) = 1.75, p = .017. For the other compar-

isons, we did not find significant differences between the control and intervention con-

ditions. 

 

Relational Proximity and Consumer Effectiveness 

The one-way ANOVA did not show differences in relational proximity, F(2, 451) = 

2.10, p = .12, hp
2 = .01.  

 
4 Because of violated variance homogeneity we corrected the degrees of freedom for this t-value. 

Figure 4 
Perceived Transparency and Trust as a function of Experiential Marketing Interventions 

Note. Error bars reflect +/- 1 SEM. 
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Similarly, the perceived consumer effectiveness did not show difference as a func-

tion of experimental intervention, F(2, 446) = 1.70, p = .19, hp
2 = .01. 

Consumers’ Sustainable Consumption 

As in Experiment 1, no significant intervention effects emerged for the consum-

ers’ attitude towards sustainable consumption, F(2, 446) = 0.54, p = .58, hp
2 < .01, their 

purchase intentions, F(2, 448) = 0.62, p = .54, hp
2 < .01, mindful coffee consumption, 

F(2, 447) = 2.40, p = .09, hp
2 = .01., motivation to consume sustainably, F(2, 448) = 1.44, 

p = .24, hp
2 < .01, maximum WTP, F(2, 291) = 0.05, p = .95, hp

2 < .001, or minimum WTP, 

F(2, 223) = 0.09, p = .92, hp
2 < .01.  

Mediation Analyses 

As in Experiment 1, we performed mediation analyses to expand our theoretical 

understanding of how our mediating variables explain customers’ sustainable consump-

tion behaviour. We again conducted separate mediation analyses comparing the respec-

tive intervention with the control condition (-1 = control, +1 = intervention; 5,000 boot-

strapping iterations, process macro; (Hayes, 2022)).  
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As in Experiment 1, the explorative mediation analyses showed significant indirect 

effects. Regarding the graphic novel intervention, we were able to fully replicate our se-

quential mediation findings: the intervention led to higher transparency, which in turn 

created more trust and ultimately fostered higher sustainable purchase intentions and 

higher purchase motivation (Figure 5; see Experiment 1). 

 

 

 

Figure 5 
Sequential mediation analysis for graphic novel intervention in Experiment 2 

  a 

  b 

Note. The sequential indirect effects via perceived transparency and consumers’ trust on sustainable pur-
chase intentions (a) and consumer’s purchase motivation (b) were both significant. 
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We also found significant indirect effects when comparing the promotional video 

intervention and the control group. As Figure 6 illustrates, the promotional video inter-

vention fostered the consumers’ perceived transparency, which in turn increased their 

trust and sustainable purchase intentions.  

Discussion 

Empirical Evidence for the Role of Experiential Marketing in Fostering Sustainable Con-

sumption 

This study aimed to determine how experiential marketing tools can help sustain-

ability-oriented businesses leverage their transformative potential to foster sustainable 

consumption among their customers. Results from the real-world and online experiments 

demonstrate that experiential marketing interventions had significant effects on consum-

ers' perceived transparency, with the graphic novel yielding particularly strong positive 

effects. These findings align with previous research by Weber et al. (2021) on the poten-

tial of experiential marketing to create connections between consumers and producers 

in sustainable food systems. 

 

Moreover, our mediation analyses revealed that the graphic novel increased the 

consumers’ transparency perceptions of Avenir, which indirectly increased trust and fos-

Figure 6 
Sequential mediation analysis for video intervention in Experiment 2 
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tered higher sustainable purchase intentions in both experimental settings. This relation-

ship between transparency, trust, and sustainable consumption behaviour supports pre-

vious findings about the importance of trust in sustainability efforts and supply chain 

practices (Hustvedt & Kang, 2013). The results also align with research suggesting that 

transparency can enhance consumers' trust and perception of sustainability initiatives 

(Kang & Hustvedt, 2014). 

The consistency of effects across the real-world and online settings is particularly 

noteworthy, although in an unexpected way: While our initial experimental design in-

cluded the online setting primarily to increase statistical power and generalisability, the 

successful replication in this anonymous online environment with a broader, less in-

formed sample arguably provides even stronger evidence for the effects of the experien-

tial marketing tools. In the local setting, results could have been influenced by customers' 

existing relationship with Avenir and potential social desirability bias—i.e., participants 

might have responded more positively because they were physically present in the café 

and interacting with staff (although one could argue that this would have also elevated 

customers’ responses in the control condition). The online setting eliminated this poten-

tial bias, as participants had no prior connection to or investment in Avenir. The fact that 

significant effects on transparency perceptions and mediating effects on sustainable con-

sumption intentions were still observed suggests that these marketing tools work via 

their intended mechanisms—by creating a transparent understanding and trusting con-

nection—rather than via pre-existing relationships or social pressure. The field experi-

mental setting, however, increases the ecological validity and embeddedness of the re-

sults, meaning they are not only observed in an abstract “decontextualised” environment 

but with Avenir’s “real customers”, increasing the likelihood that insights are relevant on 

a generic level and have an immediate and tangible impact. 

Methodological Innovation through Conceptual Replication in Sustainability Research  

This study represents an innovative methodological approach to sustainability re-

search through its use of conceptual replication and dual experimental settings. Following 

Hudson's (2023) framework, our study exemplifies how conceptual replication can vali-

date specific hypotheses and corroborate underlying theoretical frameworks. We expand 
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Weber et al.'s (2021) experimental approach to a new context and examine novel theo-

retical constructs, thereby testing how and why experiential marketing interventions can 

foster sustainable consumption through multiple mechanisms. Specifically, our findings 

support theoretical frameworks linking transparency to trust and consumer engagement 

(Hustvedt & Kang, 2013; Kang & Hustvedt, 2014), while also validating broader theories 

about how businesses can serve as change agents in local economies (Leonidou et al., 

2017) and engage customers as active partners in sustainability transformations 

(Prothero et al., 2011; White et al., 2019). On a less conceptual level we developed in-

sights from the study of Weber et al. (2021) to create and inform concrete experiential 

marketing measures that Avenir could use to advance their non-commercial aim of fos-

tering sustainability transformation.  

 

The transdisciplinary research process was crucial for developing effective expe-

riential marketing interventions. Our close collaboration with Avenir enabled us to create 

tools that represented their business model and sustainability efforts while meeting prac-

tical needs. This context-specific co-creation process resulted in interventions that 

proved highly effective in the local setting. However, transdisciplinary sustainability re-

search is often criticised for the context-dependency of its findings and solutions, raising 

questions about broader applicability (Wiek & Lang, 2016). As Adler et al. (2018) and 

Wuelser et al. (2021) note, while each transdisciplinary case generates valuable context-

specific knowledge, the systematic transfer of insights across cases remains a key chal-

lenge. 

 

Our dual-setting approach—combining a real-world field experiment with a high-

powered virtual, online study—offers a novel methodological solution to this challenge. 

While the transdisciplinary process was essential for developing realistic and effective 

interventions, testing these tools in an anonymous online setting allowed us to examine 

their effectiveness independent of local context and participants’ pre-existing 

knowledge/expectations. This approach aligns with Ferraro and Agrawal's (2021) call for 

the development of robust knowledge in sustainability science through systematic exper-

imentation and replication across contexts. We expand Weber et al.'s (2021) study by 
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adapting the methodology to a new context, and show how conceptual replications 

across recruited samples and data collection settings can facilitate knowledge transfer 

across transdisciplinary cases (Adler et al., 2018). 

 

This methodological innovation addresses a fundamental challenge in sustainabil-

ity science: the need to generate both context-specific solutions and broadly applicable 

knowledge. By combining rigorous experimental design with solution-oriented transdis-

ciplinary research, we demonstrate how case-specific interventions can be systematically 

validated beyond their original context while maintaining their transformative potential. 

This approach responds directly to recent calls for advancing transformative transdisci-

plinary research (Augenstein et al., 2024) by showing  how to bridge the gap between 

local solution development and broader knowledge generation. The replication of effects 

in an anonymous setting not only validates the specific interventions developed with 

Avenir (and particularly their underlying mechanisms) but also establishes a methodolog-

ical pathway for testing and scaling sustainability solutions while maintaining scientific 

rigour—a key priority for the field of transformative research (Augenstein et al., 2024; 

Ferraro & Agrawal, 2021). 

 

Conclusion 

In this study, we tested the effect of three experiential marketing interventions 

on sustainable consumption behaviour in a real-world and online setting. In both settings, 

we found these interventions had the greatest effect on transparency and trust. We con-

sistently found transparency and trust to be the most significant mediators. 

Our findings suggest that experiential marketing tools, particularly when theoret-

ically grounded and carefully designed, can help sustainability-oriented businesses en-

gage consumers as partners in broader sustainability transformations. The success of the 

graphic novel intervention in terms of consumers’ transparency perceptions indicates 

that businesses can effectively communicate complex sustainability initiatives while 

building consumer trust and engagement. 
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These results point to several promising research directions, including investigat-

ing how similar approaches might work in different sectors or with other sustainability 

initiatives. However, future research should carefully consider the balance between 

maintaining scientific rigour through systematic replication and adapting methods to spe-

cific contextual needs. The dual approach of this study is a promising example of how to 

achieve this balance.  
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Real-world laboratories (RwLs) are widely recognised and es-
tablished as settings for collaborative and transdisciplinary 

research (Bergmann et al. 2021, Kanning et al. 2021, Parodi et 
al. 2021, Schäpke et al. 2018, Schneidewind et al. 2018). They are 
characterised by their orientation towards sustainability, and their 
long-term, transdisciplinary mode of collaboration, which pro-
vides a setting for the exploration of sustainability transforma-
tions through experimentation (Schäpke et al. 2018, McCrory et 
al. 2020). As settings in which different actors from science and 
society come together to collaborate, RwLs have been associat-
ed with a variety of benefits (Kok et al. 2023, Pärli et al. 2022). 
However, we view the discussion around the impacts of such 
research projects as being centred around the idea of an impact 
resulting directly from an intervention – as in the case of real-
world experiments. While this perspective may be appropriate 
for real-world experiments, where the goal is to find causal links 
between interventions or sustainability solutions and outcomes, 
it is not necessarily suitable for assessing the impact of RwLs. 
Although there is a body of research into approaches for assess-
ing the impacts of real-world experiments (e. g., Luederitz et al. 
201(, Williams and Robinson 2020), the impacts generated as 
part of the collaborative RwL processes have not been studied 
in the same way. 

In an attempt to fill this research gap, we suggest a revised 
approach for assessing RwL impacts based on our experiences 
in designing and participating in an eight-year RwL process in 
the city of Lüneburg. This approach is intended to complement 
the prevalent framing and understanding of impact, and to high-

Impacts beyond experimentation – Conceptualising emergent 
impacts from long-term real-world laboratory processes 
GAIA 33/S1 (2024): 18 – 25

Abstract 
Real-world laboratories have become a recognised research format for 
addressing sustainability challenges. In these transdisciplinary settings, 
actors from civil society, local government, and academia work together 
using a transdisciplinary research approach to jointly experiment and 
learn about sustainability transformations. While these labs are 
considered to have potential, their impact has not yet been fully 
measured. Therefore, in our paper we explore the case of the Zukunfts-
stadt Lüneburg 2030+ process to uncover the impacts that this long-term 
e(ort has generated over the past eight years. By examining the process 
and its design features from three analytical perspectives, we identify 
emergent impacts in three dimensions: education, governance, and the 
lab as an actor for sustainability. Based on our case study, we suggest 
that real-world labs contribute to sustainability on a local level, beyond 
the intentional experiments, through impacts that emerge over the 
course of the joint operation of the lab.  
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light its specific meaning in the context of long-term collabora-
tive RwL processes. We start with the observation that the joint 
process of operating an RwL comprises many different iterative 
design features, such as activities, events, features, and actions, 
all of which follow their own purpose and achieve their own out-
comes. Going beyond this, however, we are suggesting that the 
greater impact that these collaborative processes (and all their 
elements) make is better understood when approached as emer-
gent; namely as an impact achieved through the combination 
and interplay of many individual design features and actions. 

We aim to address the following research question: what im-
pacts emerge from RwL processes? To investigate this question, 
we present the case of the RwL Zukunftsstadt Lüneburg 2030+, 
an RwL established in the city of Lüneburg by members of Leu-
phana University Lüneburg, the local city administration, and 
actors from civil society. The RwL was initiated in 201), as part 
of the Zukunfts stadt funding programme1 of the German Feder-
al Ministry of Education and Research (BMBF), and was devel-
oped over three project phases: 1. a joint sustainability vision-
ing process; 2. the collaborative development of solution ideas; 
and 3. the experimentation in an RwL setting. 

We approach the lab process from three perspectives: 1. the 
lab as a space for learning and education; 2. the lab as a space for 
new governance structures; and 3. the lab as a public actor for 
sustainability, all of which we investigate as dimensions of po-
tential impact. Through our approach, we identify and describe 
impacts that the joint work of the RwL has created in the Lüne-
burg context. We offer a novel perspective that complements the 
understanding of impacts as direct or indirect effects of inten-
tional interventions. We conceptualise the impacts achieved in 
our RwL as emerging from different design features and their 
complex interplay as developed and implemented during the 
RwL process.

Approaching the impacts of real-world labs

The impacts of RwL processes are not easily identified. RwL pro-
cesses are typically designed collaboratively, and they evolve over 
the course of their duration, adapting new goals, trying and fail-
ing with different actions and design features (Bergmann et al. 
2021). Moreover, the many and diverse features of an RwL pro-
cess are not all selected and implemented in pursuit of a larger 
impact goal. In many cases, the RwL adapts to the needs of the 
actors involved at any given point in the process. Consequently, 
a pre-post evaluative methodology is in many cases neither suit-
able, nor possible (Walter et al. 200().

Therefore, our analytical approach integrates a number of 
theoretical understandings to approach these impacts (figure 1, 
p. 20). First, we adopt the understanding of transdisciplinary re-
search impacts by Schäfer et al. (2021), as well as the proposed 
benefits of RwLs as discussed in the recent literature (McCrory 
et al. 2020, Schäpke et al. 2018, Singer-Brodowski et al. 2018). 
Further, we adopt the analytical understanding by Wiek et al. 
(2014 a). This approach recognises collaborative processes as driv-
ers of impacts and aims to attribute these impacts to the partici-
patory events of a given process. Integrating these under stand-
ings enables us to conceptualise the impacts that have emerged 
over the course of the long-term RwL process Zukunfts stadt Lüne-
burg 2030+.

In our case study, we present exemplary lab features as iden-
tified by the research team through joint reflection, building on 
the experiences from the research process, as well as synthesis-
ing available case data from the project documentation and com-
munications throughout. To focus our investigation on the lab 
process, we disambiguate the lab process and the experiment 
following the approaches of Kampfmann et al. (2022) and Bern-
ert et al. (2023): they view “experiments” as processes closely 
linked to the concept realisation of interventions, whereas “lab” 
describes the broader collaborative process that forms the con-
ceptual context within which experiments are conducted. >1 www.fona.de/de/massnahmen/foerdermassnahmen/wettbewerb-zukunftsstadt.php

PROPOSED BENEFITS OF RWLS

RwLs as places to facilitate learning  
(Singer-Brodowski et al. 2018, Beecroft 2018)

RwLs as places to establish inter-institutional 
collaborations (Marquardt 201), Libbe and  
Marg 2021, Marg et al. 201))

interactions and roles in transdisciplinary  
sustainability research, such as RwLs 
(Wittmayer and Schäpke 2014,  
Hilger et al. 2021)

CATEGORIES OF IMPACT

learning and capacity building

 network formation
 influence on law and regulations
 further structural e(ects

 increase in reputation
 continuation of activities in the project context
 new concepts
 influence on public discourse

ANALYTICAL PERSPECTIVES FOR
ASSESSING THE RWL PROCESS

focus on educational features 

focus on collaborative governance features 

focus on public interaction features

TABLE 1: Three analytical perspectives for assessing the impacts of the real-world laboratory (RwL) Zukunftsstadt Lüneburg 2023+. The analytical perspec-
tives result from eight categories of impacta suggested by Schäfer et al. (2021) and from the benefits of RwLs, as proposed in the literature.

a Two of the ten impact categories from Schäfer et al. (2021) are only relevant at the level of experiments or interventions and are therefore not applicable at the 
RwL level. As such, the following two categories have been removed from our investigation: 1. improving the situation; and 2. transfer to other spatial contexts.
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Societal impacts of transdisciplinary research: Three analytical 
perspectives for investigating real-world lab processes
Previous analytical papers on RwLs have focused on aspects such 
as the role of structuration (Schneidewind et al. 2018) or success 
factors (Bergmann et al. 2021), but they have not attempted to 
evaluate the impacts generated by operating a lab. Therefore, we 
base our understanding of such impacts, and their appraisal, on 
a number of approaches that have been put forward in the con-
text of transdisciplinary and transformative research (e. g., Lux 
et al. 201,, Schäfer et al. 2021). Schäfer et al. (2021) systematise 
categories for approaching the societal effects of transdisciplin-
ary research that can be differentiated as first, second, and third 
order effects depending on how closely the observed effects may 
be linked to the project under investigation. From this set of cat-
egories, eight are particularly suitable for assessing the impacts 
of the RwL itself (as opposed to the experiment level). Summa-
rising these categories into three analytical perspectives enables 
us to describe the impacts of the Zukunftsstadt Lüneburg 2030+ 
RwL (table 1, p. 1,).

As shown (table 1), the impacts of transdisciplinary research 
identified by Schäfer et al. (2021) are matched with literature on 
the proposed benefits and qualities of RwLs to form the three 
perspectives on which we base our investigation. These benefits 
cover the notion that RwLs are spaces that facilitate different 
types of learning, which might “profit from a differentiated ed-
ucational perspective for their methodological development, by 
systematically including learning as a characteristic of their de-
sign” (Singer-Brodowski et al. 2018). Moreover, RwLs create con-
texts in which governance arrangements (in the sense of inter-
institutional collaborations between state and non-state actors) 
are established (Marquardt 201,) to foster societal problem-solv-
ing (Wolfram et al. 201,). By institutionalising transdisciplinary 
research in local contexts, the actors within RwLs may also rep-
resent diverse roles associated with this mode of research (Witt-
mayer and Schäpke 2014, Hilger et al. 2021).

Table 1 summarises our identification of the three analytical 
perspectives that stem from the impact categories by Schäfer et 
al. (2021) and the proposed benefits of RwLs. We focus our in-

vestigation of the Zukunftsstadt Lüneburg 2030+ RwL process 
through the lens of these perspectives. In the following case 
study section (box 1, p. 21), we identify three exemplary process 
features for each of the perspectives. These features are then 
used as a reference for the emergent impacts that we conceptu-
alise in each of the three perspectives. 

Case study: Uncovering emergent impacts 
through three perspectives

In the following sections, we approach the Zukunftsstadt Lüne-
burg 2030+ RwL process through the three perspectives as out-
lined above. We briefly introduce these perspectives, drawing on 
the RwL literature, and the impact categories suggested by Schä-
fer et al. (2021). We then reconstruct the process by presenting 
exemplary design elements. From these design elements and 
their individual contributions, we then abstract and conceptu-
alise the related emergent impacts. 

Perspective 1: Educational features of the lab process
The RwL process of Zukunftsstadt Lüneburg 2030+ is character-
ised by the close connection of activities in the lab with teaching and 
learning at the local university. This aspect was central through-
out the three project phases, and it unfolded in diverse ways, as 
demonstrated by the inclusion of many educational features 
throughout the lab’s process. We present and describe three such 
features in the table below (table 2, p. 21).

Emergent impact 1: The real-world lab as a novel space for 
transdisciplinary and transformative education and learning. 
The experiences undergone in the Zukunftsstadt Lüneburg 2030+ 
RwL address several levels of learning within RwLs, as concep-
tualised by Singer-Brodowski et al. (2018). The long process (over 
many years) leading to the creation of the Zukunftsstadt Lüne-
burg 2030+ RwL opened up a window of opportunity for the de-
velopment of students’ individual competences (i. e., system and 
anticipatory thinking), which was strongly fostered through ex-

FIGURE 1: The research approach for uncovering and conceptualising impacts from the real-world lab process of Zukunftsstadt Lüneburg 2030+ in Lüne-
burg, Germany. The perspectives are derived from the literature and then applied to our case to identify emergent impacts of the long-term process.

Paper 3, page 3



21Philip Bernert, Annika Weiser, Teresa Kampfmann, Daniel J. Lang 

GAIA 33/S1 (2024): 18 – 25

SPECIAL ISSUE: IMPACTS OF RWLS  |  RESEARCH

>

BOX 1: The Zukunftsstadt Lüneburg 2030+  

Lüneburg is a medium-sized town of about 80,000 residents, located with-
in the Hamburg metropolitan area. The Zukunftsstadt Lüneburg 2030+ 
RwL was established as a result of a long-standing and continuously 
evolving collaboration between actors from the city administration, the 
civil society, and the university (Bernert et al. 201,). Due to the logic of 
its public funding line, the RwL consisted of three subsequent phases: 
1. from 2015 to 201,, a large-scale visioning process for a sustainable city 
in the year 2030 and beyond; 2. from 201- to 2018, the participatory and 
transdisciplinary development of 1- sustainability solution strategies; 
3. from 201) to 2023, the realization of 15 real-world experiments build-
ing on the solution strategies. As of 201), the process was closely linked 
to, and o.cially intertwined with, the formation of a city-wide integrated 
development concept (ISEK), initiated by the city council of Lüneburga 
(Hansestadt Lüneburg 201)).

Despite its inherently open and evolving character, the Zukunftsstadt 
Lüneburg 2030+ RwL was designed along general principles, including a 
strong sustainability orientation due to the framing of the project as a 
local implementation and interpretation of the Sustainable Development 
Goals. The establishment of a steering group, tasked with democratical-
ly making all the basic project decisions, was a key feature of the overall 

perience-based (Caniglia et al. 201-) and project-based (Wiek et 
al. 2014 b) teaching and learning settings. This also facilitated 
social learning processes that supported collective meaning-mak-
ing and reflexivity (Singer-Brodowski et al. 2018). The normative 
orientation created learning opportunities for both students and 
other actors in the project, in the sense of individual learning 
(e. g., normative thinking), as well as social learning (as it po-

tentially led to a higher level of reflexivity) and the capability to 
jointly deal with mistakes in an iterative collaborative process 
(Singer-Brodowski et al. 2018). The strong focus on linking the 
RwL with teaching activities at the local university was a key de-
sign feature in this respect, and one that led to emergent impacts 
in both directions within the educational-research sphere. The 
RwL created a fruitful learning environment for the students in-

DESCRIPTION

 continuous student involvement based on 
inter- and transdisciplinary study model

 experience-based teaching alongside 
real-world developments in the RwL  
(e. g., co-developing sustainability visions; 
supporting the realisation of experiments)

 lab as context for the development of  
new teaching formats, in established 
curricula and new learning modules  
(e. g., the Transformative Innovation Lab)

 capacity-building for sustainability among  
the core project members and with external 
actors and visitors 

 continuous reflection of sustainability under-
 standings in context of current developments 

in Lüneburg (e. g., COVID-1) pandemic)
 regular visits from researchers (e. g.,  
tdAcademy; PostDoc Academy, international 
consortia) as capacity-building formats and 
to support reflexivity within the project team

DESIGN 
FEATURES

higher education 
teaching continu-
ously embedded  
in the project 

development of 
new teaching 
formats relating to 
the RwL 

capacity-building 
around sustainabil-
ity as a reoccurring 
lab activity

DIRECT OUTCOMES

 > 1500 students of all levels were involved in 
project-related teaching 

 many results are documented in a case study 
database

 new teaching models and seminar designs 
deeply involving students in lab and 
experiments

 principles for the design of transformative 
teaching

 capacity-building with three cohorts of  
20 participants each in the Postdoc Academy

 adaptable teaching materials as introductions 
to the RwL approach within the project

TABLE 2: Exemplary educational design features of the real-world lab (RwL) process for Zukunftsstadt Lüneburg 2030+.

LITERATUREa

 
Barth et al. 201-, 
Weiser et al. 2023

Bernert et al. 2022, 
Wanner et al. 2021, 
2020

Postdoc Academy for 
Transformational 
Leadershipb

a Further readings and project-related sources related to the design feature.  |  b www.bosch-stiftung.de/en/project/postdoc-academy-transformational-leadership

project design. The steering group consisted of members from the city 
administration, the university, and the civil society.

The collaborative process of Zukunftsstadt Lüneburg 2030+ in all three 
project phases combined open work phases in di(erent group constella-
tions (e. g., sharing visions for the future in student-stakeholder teams), 
as well as work steered and conducted by the project team (e. g., to inte-
grate interim results). Each phase ended with a large-scale participatory 
event (the so-called Zukunftstadt-Tag). Students from the local universi ty 
were closely involved in all the stages, and they contributed their own 
perspectives from their studies in di(erent areas. In parallel to the proj-
ect, a case study o.ce was installed to support the students’ research 
and the teaching endeavours (Kirst et al. forthcoming).

The 15 real-world experiments conducted in the third phase were de-
signed to address a variety of sustainability issues in the city, such as 
sustainable logistics and mobility in the local economy, youth participa-
tion for sustainability, supporting biodiversity e(orts of civil society ini-
tiatives, or the sustainable design of public spaces. 

a Christ et al. (2024, in this issue) present an evaluation of another  
  long-term urban RwL in Flensburg, Germany.

real-world laboratory (RwL)
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volved, while the students’ activities also helped to support and 
advance the RwL itself. At times, these activities developed their 
very own dynamic that contributed to social learning processes 
far beyond the classroom. In this way, the RwL established a 
space for fostering transformative transdisciplinary learning 
and further developing teaching approaches. 

Perspective 2: Design features fostering collaborative 
governance
The RwL process of Zukunftsstadt Lüneburg 2030+ is character-
ised by close collaboration between members of the city administra-
tion, the civil society, and the university. This aspect was central 
throughout the three project phases and unfolded in diverse 
ways (table 3). Together, these developments have created an 
emergent impact that can be conceptualised as establishing the 
Zukunftsstadt Lüneburg 2030+ RwL as a novel institutionalised form 
of collaborative governance (for sustainability) in its surrounding 
local context. 

 
Emergent impact 2: The real-world lab as a driver of  
novel structures for collaborative governance
While the collaboration between the civil society, the city admin-
istration, and the university has a long-standing history in the 
city of Lüneburg, the RWL process of the Zukunftsstadt Lüneburg 
2030+ has institutionalised and deepened this mode of joint col-
laborative governance. The RwL has helped to establish both for-
mal and informal networks between state and non-state actors, 
as well as fostering political plans and structural changes. Zu-
kunftsstadt Lüneburg 2030+ can be seen as a context in which 
urban stakeholders could expand their capacities for advocating 
for urban sustainable development in the future. Through their 
engagement in the RwL process, members of Lüneburg’s city 
administration were able to gain experience in the fields of in-
clusive, multiform, urban governance, as well as creating visions 
for the future and experimenting with sustainability solutions. 

Both are crucial components of the urban transformative capac-
ity framework (Wolfram et al. 201,, Castán Broto et al. 201,). 
The Zukunftsstadt Lüneburg 2030+ RwL created impact through 
forming, as well as consolidating, urban transformative capaci-
ty, which in turn led to the creation of informal networks, influ-
enced political agendas, and altered the formal structures for 
fostering sustainability and citizen engagement. 

Perspective 3: Design features for public interaction
The RwL process of Zukunftsstadt Lüneburg 2030+ is character-
ised by the close involvement of Lüneburg residents throughout the 
three project phases. This involvement was enabled through 
many design features, which unfolded in a variety of ways. These 
are presented in this section (table 4, p. 23). Together, these de-
velopments created impacts that can be conceptualised as estab-
lishing the Zukunftsstadt Lüneburg 2030+ RwL as a novel bound-
ary actor for sustainability in its local context.

 
Emergent impact 3: The real-world lab as a boundary actor 
for sustainability
Due to its implementation of diverse activities with a strong fo-
cus on public involvement in the context of sustainability ques-
tions, we argue that the RwL gained the role of a public bound-
ary actor for sustainability during the project. As a boundary 
actor, the lab was able to foster active networking among local 
actors and support numerous sustainability-oriented initiatives 
by civil society actors, as well as local businesses. By facilitating 
(and occasionally mediating) the public exchange on sustainabil-
ity issues, the lab acted as a hub to connect actors with adminis-
trative representatives, researchers, and other actors and initia-
tives. Complementing the efforts of a diverse landscape of sus-
tainability initiatives, the lab institutionalised many of the roles 
attributed to transdisciplinary researchers (Wittmayer and Schäp-
ke 2014, Hilger et al. 2021). 

DESCRIPTION

the RwL process is carried out by the city 
administration, the university, and local  
civil society

 the RwL board consisted of members of 
political parties on the city council, interest 
groups, and university representatives

 RwL experiments and further work were 
discussed at meetings

RwL and ISEK processes were intentionally 
linked to each other (e. g., represented in  
one brand)

DESIGN 
FEATURES

joint leadership of 
the RwL process 

biannual advisory 
board meetings 

connected to the 
Integrated Urban 
Development 
Process (ISEK)

DIRECT OUTCOMES

decisions on structural changes in the city 
administration were discursively linked to the 
RwL process

transdisciplinary working approach and  
group composition were transferred to a  
novel project focusing on a resilient city centre

 learning from evaluations of the events held 
during the RwL process

 ISEK events were located in isolated city 
districts to gather the opinions of residents 
from those areas

TABLE 3: Exemplary design features of the Zukunftsstadt Lüneburg 2030+ real-world lab (RwL) process fostering collaborative governance.

LITERATUREa
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a Further readings and project-related sources related to the design feature.
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Towards an understanding of emergent impacts 
of real-world labs

In our case study, we identified several impacts of a long-term 
RwL process. By reflecting on the eight-year process of the Zu-
kunftsstadt Lüneburg 2030+ project, we uncovered and concep-
tualised the impacts in three dimensions. 

Emergence as an inherent quality of the impacts of collabora-
tive processes. The impacts we identified, while not acciden-

tal, were not planned for at the beginning of the process and 
were not achieved due to a specific experiment or intervention. 
Instead, they emerged from a continuous, collaborative process 
between the city administration, the civil society, and Leuphana 
University Lüneburg. All of these participants brought their in-
terests, motivations, and capacities to the process of jointly op-
erating a lab that aimed to contribute to a local sustainability 
transformation. As we have illustrated in our case study, the pro-
cess of operating a lab comprises many diverse and small-scale 
design elements that together build the long-term complex pro-
cess that is Zukunftsstadt Lüneburg 2030+. 

However, approaching these single design elements from a 
cause-and-effect perspective would not enable a reflection of 
these larger impacts that are, in our view, crucial for answering 
the question: “Why use RwLs?”. We are aware that the concep-

tual impact understanding we offer may not meet the desire to 
quantify the impacts of RwL research. Explicitly recognising 
emergent impacts may, however, serve to complement such a 
perspective, providing a space to reflect upon “success” (in the 
sense of local contributions and transformative change enabled 
through its operation) and the transferability of process features. 
Furthermore, the recognition of RwL impacts beyond the exper-
iment supports their further development as institutions that 
are not just experimental extensions of transdisciplinarity, or 
spaces for innovation testing (Parodi 201,).

Using an emergent impact understanding in RwL design. Fu-
ture labs may use descriptions of emergent impacts from 

other labs, not to rebuild the exact same process, but to formu-
late more differentiated understandings of desired impacts. This 
could support a deeper shared understanding of the interests, 
perspectives, and capacities present among actors in the lab to 
develop a more future-oriented guiding perspective. Thus, while 
the impacts at the lab level may remain di.cult to grasp from 
a cause-and-effect perspective, the practice of describing and con-
ceptualising these impacts may make them more tangible. This 
could serve to better align certain design choices with, on the one 
hand, day-to-day realities (e. g., semester planning, “Vereinsar-
beit” or voluntary work, the daily tasks of a city administration) 
and, on the other hand, with the overall objectives of the RwL.

DESCRIPTION

 large public events (e. g., Zukunftsstadttage) 
during all project phases to educate about 
the project and invite actors to participate

 during the COVID pandemic, Zukunftsstadt-
magazine: broadcast events involving experts 
and local representatives discussing 
sustainability in Lüneburg and beyond

 both steering committee and lab activities 
were designed to be open to citizens and 
actors interested in collaborations 

 RwL promoted direct connections with  
local actors and occupied a central position 
between the actor groups, the city admin-
istration, and the university

 realisation of this role was supported  
through formats such as open-o.ce days 

 regular information through newsletters and 
monthly pages in the local newspaper, 
Landeszeitung, to report on project activities 
and sustainability initiatives in Lüneburg

 creation of the shared brand Lüneburg. Die 
Zukunftsstadt. for the RwL and ISEK process

 social media presence on Instagram to 
inform about the project’s progress and 
activities in Lüneburg

DESIGN 
FEATURES

large-scale  
public events 

RwL as a  
service agency

continuous 
information about 
the project’s 
sustainability 
activities and 
cooperation with 
other actors

DIRECT OUTCOMES

 di(erent event formats have reached up to 
2,000 people

 the opening day of the third phase was 
attended by 300 to 400 people

 support for new alliances and initiatives  
(e. g., Tauschregal, setting up open exchange 
shelves for unused goods)

 recognition of Zukunftsstadt as a strong  
local actor

 

 continuous information of general public 
about sustainability activities using diverse 
channels of communication (e. g., newspaper 
with a circulation of over 20,000, Instagram 
page with over 1,500 followers)

TABLE 4: Exemplary design features of the Zukunftsstadt Lüneburg 2030+ real-world lab (RwL) process for public interaction.

LITERATUREa

 
Zukunftsstadt-
magazine avalaible on 
www.youtube.com/ 
@Leuphana

internal meeting 
minutes

Purschwitz 2023

a Further readings and project-related sources related to the design feature.
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While the impacts that have emerged from the Zukunftsstadt 
Lüneburg 2030+ case are strongly intertwined with the local con-
text, we argue that the dimensions in which these impacts lie –
labs as spaces of transformative learning, labs as collaborative 
governance arrangements, and labs as boundary actors – are al-
so relevant for better understanding the value and contribution 
of RwL processes in other contexts. Moreover, by presenting the 
design features in addition to the emergent impacts, we have 
also aimed to provide insights regarding the “knowledge how” 
(Caniglia et al. 2020).

Developing new methods for impact assessment. The methods
for capturing and conceptualising emergent impacts of RwLs 

need to be further refined and integrated with similar approach-
es (Marg et al. 201,, Schäfer et al. 2021). Our tentative analysis 
has integrated different theoretical considerations to identify im-
pacts by adopting three perspectives. This should be further ex-
plored in close cooperation with other RwLs to identify further 
emergent impacts. Future research could also focus on adequate 
approaches for the creation of stronger evidence bases for such 
impacts. However, we are convinced that one strength of our 
tentative analysis lies in the recognition of the crucial design 
features of RwL research. 

With our contribution to the debate around the impacts of RwL 
research, we hope to highlight the value of engaging with the 
emergent impacts of RwLs. We look forward to future develop-
ments in this field and to the creation of effective tools for cap-
turing and further conceptualising these impacts.
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Abstract
A growing number of transformative research practices that redefine the role of science 
in engaging with local–mostly urban–transformation processes have emerged in recent 
decades. However, while education is considered a key driver for sustainability transfor-
mations, higher education has been slow to develop and implement dedicated, appropriate 
and effective transformative education programmes and learning modules. In this paper, 
we present a framework of design principles for transformative learning modules in higher 
education. These principles are derived from two growing discourses: higher education 
sustainability learning, and transdisciplinary and transformative research—both of which 
are centrally anchored in the field of sustainable development and sustainability science. 
The principles presented provide guidance for course leaders in higher education to create 
learning modules aimed at enabling students to become engaged in transdisciplinary and 
transformative research that fosters sustainability transitions in local and urban contexts. 
We use the Transformative Innovation Lab (TIL)—a learning course developed and tested 
at two German universities—as an example of how the design principles can be applied. 
The module, which runs over two semesters, supports Masters students in their process of 
developing real-world laboratories and exploring urban sustainability transitions through 
collaborative experimentation with local practice partners. We discuss the factors that ena-
ble and limit the implementation of transformative learning modules and outline aspects 
of the novel roles adopted by lecturers in transformative teaching environments. Moreover, 
we highlight the need for both institutional change and transformative teaching formats that 
go beyond transformative research as key for driving universities to take responsibility for 
collaboratively fostering sustainability transitions in their local contexts.

Keywords  Higher education sustainability learning · Transformative learning · 
Transformative research · Transdisciplinarity · Real-world laboratories · Design principles

 *	 Philip Bernert 
	 philip.bernert@leuphana.de

Extended author information available on the last page of the article

Paper 4, page 1



	 P. Bernert et al.

1 3

1  Introduction

There is widespread consensus that education can be a key driver in enabling people to 
actively steer transition processes (Brundiers et al., 2021; Sterling et al., 2017). However, 
to achieve this potential, new transformative education programmes that complement the 
traditional disciplines are needed to better empower people across all age groups to con-
tribute to sustainability transitions (Lange, 2012). Through its close links to the sciences, 
higher education is traditionally considered to be at the forefront of such developments 
and recent reforms, such as the Bologna process in Europe, have contributed to a higher 
degree of flexibility in this domain (Barth, 2016). Over the past two decades, universities 
and higher education institutions have begun to redefine their role in driving and support-
ing sustainable development. Moving beyond simple economy-driven technological knowl-
edge transfer, an increasing number of universities are engaging in co-creative sustainabil-
ity transition projects in order to transform their own cities and regions (Trencher et al., 
2014). Many of these projects employ experimental approaches, such as urban or sustain-
able living laboratories, urban transition laboratories, real-world laboratories or similar (for 
an overview see McCrory et al., 2020). Some temporarily use the installed laboratory as a 
learning environment for students. However, few universities have introduced ongoing and 
structured sustainability-oriented programmes of study that use these formats and educate 
students in higher education to use transformative research approaches to deal with sustain-
ability problems, analyse them and contribute to solutions (Evans et al., 2015; Larsson & 
Holmberg, 2018; Pohl et al., 2018). Such programmes are rare compared to programmes 
rooted in traditional scientific disciplines (Weiss & Barth, 2019). Furthermore, few of the 
available programmes include modules based on research approaches, such as real-world 
laboratories and experiments, despite the recent call for a stronger orientation towards the 
generation of action-oriented knowledge for sustainability (Caniglia et al., 2020). Overall, 
such education programmes—and the relevant guidance for their development—is lack-
ing. Therefore, in this paper, we draw on discourses around sustainability learning and 
transdisciplinary and transformative research. Based on these recent theoretical and con-
ceptual approaches, we derive design principles. The principles provide guidance for edu-
cational practitioners who want to educate students to generate action-oriented knowledge 
in local contexts by developing and conducting transformative research in small-scale real-
world laboratories. The principles were originally developed in the context of a three-year 
research and teaching project and guided the design of the Transformative Innovation Lab 
(TIL) learning module. We share insights from the TIL to illustrate how the design princi-
ples can be applied. Reflecting on the principles and our experiences in the TIL, we discuss 
the challenges and opportunities of the application of such learning formats for both lectur-
ers/tutors and institutions and their potential to foster urban transitions.

2 � Learning and researching for sustainability transformations

In the context of the ongoing discussion around sustainability and sustainable development 
(e.g. Grunwald & Kopfmüller, 2012), a wide range of concepts have emerged in terms of 
integrating sustainability-oriented education into higher education. Two strands of research 
and practice figure prominently, which share many links and commonalities. Sustainability 
learning in higher education is largely based on contributions from educational science and 
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provides an innovative impetus to higher education by integrating sustainability. Transdis-
ciplinary and transformative research forms a new research mode which has introduced 
the question of how and to what extent higher education contributes to sustainable develop-
ment in society. The following sections provide a brief overview of these concepts in terms 
of their approaches to transformative learning programmes and associated insights.

2.1 � Sustainability learning in higher education

The implementation of sustainability learning in higher education has proved that innova-
tion can be brought about by new areas in teaching and learning and can create new ideas 
and formats by introducing new methods or new learning settings. By ‘doing things dif-
ferently’, sustainability learning has provided answers to some of today’s expectations of 
higher education, namely through its interdisciplinary nature, its intercultural dimension 
and its transdisciplinary orientation (Barth, 2016). This is particularly visible in its con-
tributions to problem-based and project-based learning where higher education introduces 
complex real-world problems and a strong solution orientation (Brundiers & Wiek, 2013; 
Tejedor et al., 2019), as well as in engagement-oriented formats such as service learning 
which are further developed through integrating transdisciplinary learning (Barth et  al., 
2014; Stauffacher et  al., 2006). More recently, sustainability learning has been drawing 
from transformative learning theory, questioning the intent and outcomes of the traditional 
learning and teaching approaches of higher education and Education for Sustainable Devel-
opment (ESD) (Rodríguez Aboytes & Barth, 2020; Singer-Brodowski, 2016a, 2016b). The 
approach was originally introduced by Mezirow in the context of personal development 
and adult learning (Mezirow, 1991). It aims to foster “autonomy, individuation, empow-
erment, ecological consciousness, social action, citizenship and democracy” (Cranton & 
King, 2003;  Mezirow, 1997, 2003; as cited in Rodríguez Aboytes & Barth, 2020, p. 996) 
by transforming problematic frames of reference, namely fixed “habits of mind, meaning 
perspectives and mindsets” (Mezirow, 2003, p. 58). Transformative learning adds to sus-
tainability learning by explicitly addressing and critically reflecting on underlying moral 
assumptions and embracing diverse knowledge and experiences (Brookfield, 2000, p. 130).

The above-mentioned efforts have been accompanied by a growing body of research, 
which offers insights into learning outcomes and processes. Learning objectives as the 
intended learning outcomes of higher education for sustainable development are still dis-
cussed with reference to the foundation documents of the United Nations Educational 
Scientific and Cultural Organization (UNESCO). These documents advocate for the capa-
bilities of active societal participation and life-long learning (UNESCO, 2005). In the lit-
erature on education for sustainable development, several approaches share the UNESCO 
vision of enabling people and specify the learning objectives as the knowledge, skills, and 
attitudes for the transformation towards sustainability (de Haan, 2008; Rieckmann, 2012; 
Stibbe, 2009). These contributions use various concepts for defining skills, literacy, compe-
tencies, or capabilities (Barth, 2016). Against the background of this diversity, agreement 
has been growing that the sought-after outcomes should be framed around key competen-
cies in sustainability, defined as “complexes of knowledge, skills, and attitudes that enable 
successful task performance and problem solving with respect to real-world sustainability 
problems, challenges, and opportunities” (Wiek et al., 2011, p. 204).

With respect to learning processes, researchers have elaborated on the need for novel 
teaching and learning settings to support the development of sustainability competen-
cies (Rowe, 2007; Sterling & Thomas, 2006). Problem-based and project-based learning 
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(Brundiers & Wiek, 2013; Dale & Newman, 2005) in general, with adaptations such as 
design charrettes (Foley et al., 2017) and real-world laboratories (Singer-Brodowski et al., 
2018), figure prominently in such settings and provide examples of how to help students 
experience sustainability problems and make first-hand contributions to solutions. It is rea-
soned that these teaching and learning settings provide students with opportunities to con-
tend with the complexity of sustainability problems and develop viable solution options. 
Consequently, how to design such teaching and learning settings as open learning environ-
ments is the subject of much debate.

2.2 � Transdisciplinary and transformative research

The question of the contribution that science can make to overcoming global challenges is 
a leitmotif of sustainability research. The need to develop adequate approaches for tack-
ling sustainability problems has led the scientific community to enter a profound reflec-
tion process, discussing solution-oriented and interventional research designs. One of the 
most influential contributions stemming from this debate was the proclamation of the so-
called Mode-2 research approach (Gibbons et al., 1994; Nowotny et al., 2001). This stimu-
lated the discourse around transdisciplinary research, which subsequently developed into a 
core research practice in the field of sustainability. Transdisciplinary research takes soci-
etal problems as a starting point and integrates various disciplinary bodies of knowledge 
and practical experience and wisdom, with the aim of producing socially robust knowl-
edge. Frameworks, concepts, guidelines, and quality standards have been developed for 
transdisciplinary research (Bergmann et al., 2005; Hirsch Hadorn et al., 2006; Jahn et al., 
2012; Klein, 2006; Lang et al., 2012; Scholz et al., 2006), and international scientific net-
works and programmes for studying the earth sciences and social sciences have called for 
greater transdisciplinary activity in order to co-create sustainability knowledge (Mauser 
et al., 2013). Following a similar line of thought, the German Advisory Council on Global 
Change has characterised two specific research approaches: transformation research, which 
focuses on describing, analysing, and explaining global change processes, and transforma-
tive research, which engages with current debates and actions to actively strengthen sus-
tainable development (WBGU, 2011). In related fields, scholars and practitioners have 
developed intervention-focussed approaches, building on and calling for an experimental 
turn in the social sciences (Overdevest et al., 2010). Blending experience from decades of 
(participatory) action research (Kemmis & McTaggart, 2000; Ozanne & Saatcioglu, 2008), 
concepts of transition management, strategic niche management (Kemp et al., 1998, 2007) 
and new experimental modes, a broad range of action-oriented formats such as (urban/sus-
tainable) living laboratories (Liedtke et al., 2015; Voytenko et al., 2016), urban transition 
laboratories (Nevens et  al., 2013), transformation laboratories (Pereira et  al., 2020), and 
real-world laboratories (Parodi et  al., 2018; Schneidewind, 2014) have been established. 
Many of these explicitly focus on urban areas as spaces and loci with pressing sustain-
ability issues of high complexity but also with significant opportunities for creativity: 
an atmosphere conducive to innovation and a critical mass of progressive change agents 
and early adopters. Among these approaches, the real-world laboratory discourse is clos-
est to fulfilling the transdisciplinary quality criteria. The concepts of ideal-type processes 
(Wanner et al., 2018) and success factors (Bergmann et al., 2021) were developed to create 
actionable real-world laboratory settings. Luederitz et al. (2017) and Caniglia et al. (2017) 
contributed a formative evaluation scheme and a typology embedding real-world experi-
ments into the experimental methodology of sustainability research.
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However, despite the establishment of such action-oriented knowledge research 
approaches over the past decade (Caniglia et  al., 2020), higher education institutions 
have not yet systematically harnessed their potential as learning environments (Singer-
Brodowski et al., 2018).

3 � Design principles

While theoretical discussions around sustainability learning in higher education have 
introduced valuable learning and teaching concepts, incorporating such approaches 
into higher education programmes remains a challenge for both programme directors 
and lecturers. The theoretical concepts presented in the preceding section of this paper 
represent our understanding of the central approaches in this field.

This literature base was crucial for informing the development of the TIL that we 
implemented in two different universities over two years. A more detailed presentation 
of the TIL is provided in chapter 4.

In this paper, we address the question of how the literature can inform the develop-
ment of courses in contexts beyond the pilot study programmes at the two universi-
ties where we applied our course design. We identify principles that can inform other 
courses by making sense of the broad discussions found in the literature for educators 
in the field. In this section, we present a comprehensive set of principles for sustaina-
bility-oriented courses building on transformative learning and transformative research 
approaches.

The framework is designed to provide a point of reference for reflection when 
designing and teaching such study courses. From our experience, the reality of devel-
oping learning modules and teaching these courses involves careful planning before-
hand and constant re-adjustment during the semester(s). Our design principles offer 
a framework to support lecturers (and students) during both phases to better integrate 
the theoretical advancements of sustainability learning and transdisciplinary and trans-
formative research into the courses.

Our suggested set of eight coherent design principles was developed through extensive 
joint interdisciplinary discussion, which built on the reflection of our experiences from 
teaching in the TIL, discussions with peer course leaders regarding the purpose of such 
design principles and a deep re-examination of the literature used for the TIL design.

To make the development process of the suggested principles and their rooted-
ness in the literature transparent, we adopted a Sankey-style diagram to illustrate our 
thought process (see Fig. 1). This shows the principles on the right-hand side and the 
discourses that informed these principles on the left.

The eight principles depicted in the Sankey-style diagram (Fig. 1) are considered as 
a coherent set, and thus, each principle has equal importance for the design of the mod-
ule as a whole. The design principles complement each other: they are strongly inter-
linked and influence the general course design as well as specific learning modules and 
the single activities within them. Consequently, we chose to depict each design princi-
ple the same size (right-hand column). However, they differ with regard to the number 
of discourses they are informed by, which explains why the source nodes differ in size 
(left-hand column). Neither the size of the nodes nor the width of the flows should—or 
could—be interpreted quantitatively.
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3.1 � Design principles in detail

In the following section, we outline and explain the principles in more detail. The princi-
ples are formulated as guidance for those responsible for course design and are clustered 
according to the higher-level key areas of course design. Teaching mindset refers to the 
specific attitude towards learning, the course, and the students that course leaders should 
take account of when designing and delivering a course. This mindset could—depend-
ing on personal teaching style—differ significantly from ’classic’ approaches to teaching. 
Learning environment emphasises the setting, atmosphere, and context for the course as 
part of the design. The principles to consider in this area could include how to arrange the 
teaching/learning space or who to employ to deliver the course.

The area of research activities relates closely to the course content and focuses on top-
ics, themes, and activities that are central for transformative education courses (see Fig. 2).

3.1.1 � Teaching mindset

3.1.1.1  Empower students towards  self‑directed learning  Sustainability learning (and 
higher education for sustainable development) aims to empower students towards self-
directed learning from a procedural perspective (UNESCO, 2005). Consequently, the role 
of the course leader is to develop an inspiring learning environment (Singer-Brodowski 

Fig. 1   Sankey-style diagram of eight design principles for higher education sustainability learning through 
transformative research (right) and their corresponding roots in discourses and the literature (left). Colours 
(green, blue, and red) refer to the clustering of the eight principles in three key areas of course design: 
green = teaching mindset, blue = learning environment, red = research activities (see also Fig. 2)

Paper 4, page 6



Design principles for advancing higher education sustainability…

1 3

et al., 2018) and to create adequate learning opportunities, rather than to focus on specific 
content inputs (de Haan, 2008; Rieckmann, 2012; Stibbe, 2009). It is crucial to foster an 
empowering teaching mindset towards students, encouraging them to take responsibility for 
their own learning journey while providing a safe space to learn in experimental settings. 
This includes guidance for reflection, as well as self-care and emotional coping strategies.

3.1.1.2  Challenge students to critically reflect on mental models  Following the theoreti-
cal considerations of transformative learning discourses, students should be challenged to 
reflect on the content, processes, and premise of their own mental models (Mezirow, 1997, 
2003; Singer-Brodowski, 2016a, 2016b). For students to be able to reflect on sustainability 
issues, the ability to critically reflect on their own presuppositions is considered crucial. 
However, transformative learning should not only be considered a means of achieving trans-
formative action but also as an aspiration in itself (Rodríguez Aboytes & Barth, 2020).

3.1.1.3  Prioritise competency development  Teaching in higher education sustainability 
learning contexts is competency-oriented, with the aim of enabling students to address sus-
tainability problems and contribute to their solutions as change agents. Competency devel-
opment as a learning goal should guide the design of learning modules as a whole and the 

Fig. 2   Depiction of the eight design principles for higher education sustainability learning through trans-
formative research (outer ring) and their superordinate key areas of course design (inner ring). The circular 
arrangement without hierarchy or numbering is intended to depict our understanding of all the principles as 
being part of a coherent and equally important set
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selection of formats and the arrangement of specific learning units. The focus on compe-
tency development should be communicated transparently and be adequately represented 
through reflexive examination approaches. Key competencies in this context include nor-
mative competence, systems thinking competence, interpersonal competence, anticipatory 
competence, and strategic competence (Brundiers et al., 2021; Wiek et al., 2011).

3.1.2 � Learning environment

3.1.2.1  Facilitate collaborative learning  Collaborative learning is a key feature of trans-
formative learning modules in higher education. For students to benefit from collaboration 
with their peers, adequate formats should be established for students to meet together, and 
discussions should be facilitated by lecturers (Cörvers et al., 2016; Stauffacher et al., 2006). 
Collaboration opportunities in multi-stakeholder settings should be supported by providing 
contact with practitioners and training exercises for collaborative methods.

3.1.2.2  Address real‑world problems  Engaging with actual real-world problems is a cru-
cial feature of learning modules that aim at transformative learning and competency devel-
opment through transformative research. Identifying manageable local challenges for stu-
dents to engage in and developing trusted relationships with practitioners are crucial factors 
for creating spaces where students can learn. Actively managing the expectations of both 
students and practitioners allows for the development of collaborative settings where failure 
can be embraced without negative consequences.

3.1.3 � Research activities

3.1.3.1  Support students’ transformative research projects  Lecturers in transformative 
research-oriented learning environments must play the key role of supporting students in 
the design and realisation of their own projects. Regular individual and group sessions with 
students allow for the joint critical reflection of research and experiment designs. Offering 
entry points to a demanding research process by inviting students into established collabora-
tive research settings allows students to quickly engage with actors and build on trusted rela-
tionships. Lecturers must take on the role of coaches who closely accompany students, react 
quickly to their challenges, and respond adequately to specific and individual questions.

3.1.3.2  Build the capacity to navigate transdisciplinary and transformative research  To be 
able to create their own transformative research projects, students need to develop the abil-
ity to navigate the discourses of transdisciplinary and transformative research approaches. 
Students need to be supported to position their work within the current discourse and build 
on established concepts in this field of research. This includes reflecting on the normative 
and ethical implications of transformative research. A particular focus lies on familiarising 
students with methods and approaches that can inform their research, such as methods of 
collaboration with practice partners, the design of interventions, and knowledge integration.

3.1.3.3  Encourage engagement with sustainability  The discourse around sustainability 
encompasses a wide field of concepts and topics; consequently, critical engagement with 
different notions and issues should be encouraged. Jointly exploring, discussing, and 
reflecting on own perceptions, theoretical concepts (Grunwald & Kopfmüller, 2012) and 
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political frameworks (e.g. Sustainable Development Goals (SDGs)) (UN, 2015) allow 
students to position themselves and their research. This enables students to identify moti-
vating and challenging topics with which to engage.

4 � Applying the design principles: the example of the Transformative 
Innovation Lab (TIL)

Project context  The TIL was developed as part of the EEVA project (the develop-
ment, testing, and dissemination of new qualification offer for ‘change agents’ for trans-
formative learning using the real-world laboratory approach). In two pilots, a TIL was 
integrated into the Futures Studies Masters programme at Freie Universität Berlin and 
the Sustainability Science Masters programme at Leuphana University Lüneburg. The 
project was coordinated by the Wuppertal Institute and ran from 2017 to 2020 and was 
funded by the German Federal Environmental Foundation (DBU). Two student cohorts 
with 34 students in total participated in the TIL pilots.

Over the course of the project and based on joint reflection with our students and 
their feedback, the teaching approach was iteratively improved. Following the conclu-
sion of the project, we can present the TIL as a promising approach for realising many 
of the aspects discussed in the literature around sustainability learning, transformative 
research, and sustainability. The project outcomes have since inspired discussions on 
transformative research practices in the German sustainability learning community.

4.1 � Applying the design principles to the overall course design

To illustrate how the design principles can be applied, the following section builds on 
our experience in designing and conducting a higher education teaching module as part 
of the three-year EEVA research project (Wanner et  al., 2021a, 2021b). The TIL was 
designed as an experimental space offering a safe environment in which students could 
explore both themselves and the transformative research approach as potential sustain-
ability change agents. Students from two different Masters programmes at two Ger-
man universities were jointly invited to develop their own real-world laboratories and 
explore sustainability transitions through collaborative experimentation with local prac-
tice partners.

We designed the course to focus on the learning process, building on transdiscipli-
nary and transformative research processes as a guiding structure. The practical engage-
ment of students in a real-world context and with real-world problems formed our 
starting point. From the outset, students were encouraged to identify and engage with 
real-world sustainability problems in their respective local contexts, e.g. sustainable 
mobility, the role of church communities as drivers of sustainability transformations or 
renewable energy transitions in local economies. Over the course of the seminar, stu-
dents worked on their own transformative research projects, with the aim of developing 
research projects that contributed to the solution of sustainability problems. We guided 
the students, step by step, in developing and realising their own research projects, link-
ing engagement with sustainability, building the capacity to navigate the discourses and 
methodologies of transdisciplinary and transformative research to the students’ own 
research activities.
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In the learning environment we designed, we focussed strongly on the development 
of competencies, both through dedicated exercises and by transferring the learnings 
to students’ own projects. The hands-on approach that our students followed in design-
ing and planning their own research projects with partners was a central feature of the 
course design, which enabled competency development in and through transdisciplinary 
collaboration.

We aligned inputs, critical discussions, and options for reflection and feedback needed 
to support the students in each step. Through a variety of formats, we challenged students 
to make their own mental models explicit, to take a critical stance towards theories and 
methodologies and to reflect on their own processes and individual developments.

Furthermore, the TIL encompassed continuous reflection and feedback within the teach-
ing team and between the teaching team and the students, which also supported the itera-
tion of the course design. We explicitly integrated the different competencies, knowledge 
areas, and needs of the group (including the teaching team) and built on teamwork and peer 
exchange (e.g. the formation of small student groups for feedback and support) to foster a 
collaborative learning setting. The open reflection and exchange on the course develop-
ment and the peer feedback contributed to creating a safe learning setting for the students 
that allowed for failures and redesigns, thereby supporting the empowerment of the stu-
dents to set their own goals and directions for their learning journey.

4.2 � Example: a kick‑off retreat as the foundation for a transformative sustainability 
learning process

The following section describes the kick-off of the TIL to illustrate the application of the 
principles within a single learning unit of the TIL. It complements the description (above) 
of how the principles are applied within the general course design. For a detailed descrip-
tion of the TIL and its modules, please refer to the handbook (Wanner et al., 2020) and the 
bi-lingual overview article (Wanner et  al. 2021a, 2021b). Rather than connecting single 
aspects of this learning unit to specific design principles, we want to highlight how the 
principles support the design of such a learning unit and help to lay a foundation for apply-
ing the principles within the whole course.

The TIL started with a five-day kick-off retreat in which the group of 20 students from 
different Masters programmes and the interdisciplinary teaching team gathered at a hostel 
in a rural location. The kick-off was crucial for setting the overall atmosphere and frame-
work for the TIL. Part of the aim of the retreat was to establish common (theoretical) 
ground and to find starting points for the students’ own research projects. However, the 
overriding purpose of the kick-off retreat was to allow everyone to experience a specific 
teaching and learning mindset and learning environment. Consequently, getting to know 
each other and developing an atmosphere of trust were central aspects of the kick-off. 
Therefore, we dedicated time to team building exercises, peer exchange, and group dynam-
ics in general and ensured that the students were invited not only to design their own learn-
ing journeys, but also to co-design our kick-off.

The activities at the kick-off retreat combined multiple principles, which interlinked 
mindset, learning environment, and transformative research activities. For example, we 
played a simulation game in which students adopted different roles in fictitious countries, 
trying to balance well-being, economic development, and natural resource consumption. 
This game combined team building, engagement with sustainability discussions, systems 
thinking, and team competency training and allowed for critical (self-) reflection. It also 
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fostered a collaborative learning setting and supported an atmosphere of experimentation, 
mutual trust, and open (self-) critical discussion.

We also established a common understanding of transformative research. We combined 
inputs from teachers and students, invited discussions and presentations of existing knowl-
edge, and facilitated peer exchange. We used a ’buzzword-bingo’ game to create a safe 
space for asking questions that might otherwise seem too obvious to ask, with the aims 
of fostering critical discussion of concepts and theories and of identifying potential topics 
for subsequent inputs. Moreover, we combined theoretical aspects with input from guest 
speakers’ case studies, transferring theory to practical examples. To enable self-directed 
learning, we prepared some of the basic input and planned time for emerging topics.

To kick-off the project work, we started by asking the students to personally reflect on 
their favourite SDG. This exercise engaged students in sustainability discussions and sup-
ported them to find an anchor point for research into real-world sustainability challenges. 
This activity simultaneously served as a team-building exercise to connect students who 
shared similar interests, which supported subsequent project team formation. With a first 
direction in mind, we invited students to a ’fast forward exercise’. In groups, they ‘ran’ 
through a transformative research project in the fashion of a thought experiment. They 
started by brainstorming and choosing a real-world problem, before brainstorming differ-
ent potential practice partners and stakeholders, deliberately ranging from close and easily 
accessible ones to actors out of their reach. After discussing potential practical issues for 
a selected stakeholder, the students brainstormed potential interventions and experiments, 
again ranging from the small and easy to a large-scale real-world laboratory. Finally, the 
students jointly discussed how they could evaluate, measure, and document this process 
from the perspective of scientific research requirements. This exercise, again, supported 
team building, translated theoretical and methodological concepts into the TIL environ-
ment, fostered strategic competencies, and encouraged the students in their own research 
work.

These examples illustrate that applying the principles means approaching the course 
design with a simultaneous focus not only on the content needed to enable the students’ 
project work, but also on the collaborative and safe atmosphere and how to foster the emer-
gence of individual learning journeys.

5 � Discussion

In this discussion, we reflect on three critical aspects involved in advancing sustainability 
learning in higher education through transformative learning and transformative research: 
(1) the challenges for course leaders and students in such learning formats; (2) the poten-
tial and limitations of the presented principles for designing learning modules; and (3) the 
importance of such learning formats for universities to adopt new roles as drivers of urban 
sustainability transitions.

5.1 � What purpose do the design principles serve?

The design principles aim to support programme directors and lecturers in higher educa-
tion institutions to implement sustainability learning-oriented courses by building on trans-
formative learning and transformative research. Both concepts are considered crucial for 
fostering sustainability transformations. On an individual level, transformative learning 
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builds capacities to reflect on and actively address sustainability problems. In a comple-
mentary way, transformative research involves designing transition processes and generates 
robust knowledge based on interventions.

However, implementing courses that integrate these perspectives is challenging due to 
institutional inertia and the demanding complexity of teaching in such settings. We deem 
these to be the main reasons why the various pilot projects and experimental teaching mod-
ules that have been developed have only occasionally been transferred into regular cur-
ricula and teaching culture (Dabaieh et al., 2018; Pfau & Uhl, 2018).

In this context, the design principles serve two purposes. First, as a comprehensive set, 
the principles allow for the holistic planning of courses without having to reinvent the 
wheel and without being overly specific to a single context or location. Second, the princi-
ples serve as a tool for reflection during the teaching phases of other pilots or current mod-
ules, offering orientation and areas for discussion concerning crucial teaching and research 
concepts.

Therefore, the strength of the design principles lies in a high degree of practicality, 
which makes the highly advanced discourses of sustainability learning theory and trans-
formative research accessible. While a course that is designed according to single princi-
ples can already contribute to enhancing the learning experiences of students, this set is 
intended to be used holistically as an overall design in which the principles complement 
each other. This creates a better representation of the current concepts of sustainability 
learning and transdisciplinary and transformative sustainability research.

Although the principles address and encompass the content, organisation, and didactics 
of higher education sustainability learning through transformative learning and transforma-
tive research, they do not tackle the fundamental aspects concerning the need to embed 
such modules and programmes in higher education institutions. A chapter in the handbook 
does focus on aspects to be aware of when integrating such modules into study programmes 
(Wanner et al., 2020, p. 52), including the selection of an appropriate study programme, 
the importance of considering semester schedules and study programme structures, as well 
as examination requirements, group sizes, and the promotion of the course. However, local 
educational actors must meet the challenge of how to ensure that there is both the will and 
adequate resources to embed such modules into higher education institutions. This action 
must happen from the top down by ambitious academic leaders in higher education institu-
tions via mission statements, changes to institutional structure and resource allocation, and 
from the bottom up by engaged academic staff who choose to develop and lead suitable 
educational programmes.

5.2 � Challenges for teaching

As suggested in the literature, teaching sustainability learning-oriented courses necessitates 
novel understandings around modes of collaboration and engagement with students. Creat-
ing safe environments for students to learn in a self-directed way and to explore sustain-
ability problems with practitioners demands a high degree of support from course leaders. 
While teaching in the TIL, we found ourselves covering a wide range of activities, such as 
providing input, practical guidance, emotional and psychological support, managing con-
tact with practice partners, organising peer learning encounters outside the university, and 
supervising Masters theses. In a similar way in which researchers adopt diverse roles in 
transdisciplinary settings (Wittmayer & Schäpke, 2014), course leaders are forced to adopt 
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wide-ranging roles that in many ways transcend the traditional understanding of teaching 
in higher education (namely that of passing on knowledge).

We therefore advise that further investigation should be carried out into the necessary 
roles and competencies of lecturers in these contexts. Moreover, we encourage lecturers 
in this field to further connect, mutually reflect on their experiences, and establish support 
networks across institutions where they can jointly address the challenges they encounter 
in their practice. This would be especially valuable for early-career researchers at universi-
ties who are often highly motivated to teach demanding real-world focussed courses but are 
ultimately often left alone to experience learning-by-doing. In addition, such options for 
exchange could and would facilitate interdisciplinary exchange locally and (inter-) nation-
ally. In universities that are still structured according to the different disciplines, interdisci-
plinarity—as a basis for transdisciplinary projects—is particularly hard to achieve in single 
study programmes.

A specific issue to be aware of is the potential for the students to experience emotion-
ally challenging and individually disorienting dilemmas. Transformative learning as an 
approach that encompasses profound individual reflection ideally calls for demanding situ-
ations in order to open a window for questioning personal perspectives and transforming 
problematic frames of reference. Although this approach seems rational and effective, it is 
difficult to manage. Inviting students to create their own learning environment and journey 
is not a sure-fire method of inducing a disorienting dilemma—and if such a dilemma is 
induced, this can raise psychological and ethical questions. Accordingly, the challenge is 
to provide students with sufficient incentives and a safe space that enables them to create a 
situation that is individually challenging but not overwhelming.

5.3 � Universities as drivers for experimental urban and regional transformations

As stated in introduction, the world needs scaled and accelerated transformation processes 
towards sustainable development. Universities as relevant hubs for innovation, modern 
higher education, and regional development play an important role in urban and regional 
development. At stake is the role of universities as drivers for a new, co-creative, and sus-
tainability-oriented transfer and third mission (Evans et al., 2015; Karvonen & van Heur, 
2014; Schneidewind, 2020; Trencher et al., 2014). The complex cycle of technical innova-
tion through to market launch was thoroughly and effectively developed in the twentieth 
century, but the greatest task currently facing the world is to ideologically divest from fos-
sil fuels and other unsustainable industries and technologies and focus on clean, future-
proof innovation. In the realm of social innovation, we still need a similarly developed 
complex of mechanisms for producing socially robust knowledge between universities and 
society. If universities want to play an influential role in this sphere—which they should—
they must develop widely institutionalised, thematically differentiated, and socially effec-
tive means of teaching and researching (see also König, 2013). The various approaches 
already mentioned in this paper (urban or sustainable living laboratories, urban transition 
laboratories, real-world laboratories, or similar) illustrate the multi-faceted search for ade-
quate research formats for such a sustainable and socially robust third mission. We assert 
that developing a variety of learning options at every university, based on the principles 
we have set out, would be an important and necessary step towards fruitful teaching for-
mats. Taken together, transformative research formats, transformative teaching offerings, 
and the associated necessary institutional changes would fulfil the idea of an encompassing 
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transformative science (Schneidewind et al., 2016). The principles outlined in this paper 
aim to contribute to this discourse and to institutional change.
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Abstract

The number of real-world laboratories (RwLs) as research settings to address sustainability prob-

lems by using collaborative and experimental approaches has been growing steadily over the past

years. RwLs are widely considered promising settings for the production of action-orientated know-

ledge in order to contribute solving wicked real-world problems such as climate change. However,

empirically tested evaluative approaches are rare. We argue that evaluations within RwLs are cru-

cial for ensuring high-quality and impactful research, amplifying tested solution approaches, and

driving innovative forms of transdisciplinary collaboration. At the same time, evaluations within

RwLs seem difficult due to the multilayered structure of RwLs. In order to provide guidance regard-

ing the evaluation in RwLs- for researchers and practitioners, we conduct a scoping literature re-

view that encompasses a comprehensive understanding of RwLs. We identify studies in which the

specific components of RwLs lab context, experiments, and interventions—are empirically eval-

uated. Drawing on our findings, we derive different types of approaches that can be used for evalu-

ating RwLs in practice. Based on how labs, experiments, and interventions in real-world settings

have been evaluated in practice so far, we suggest to design evaluation approaches depending on

(1) what should exactly be evaluated in the specific RwL, (2) for which purpose, and (3) by whom.

We hope this targeted, modular evaluation approach based on evaluation types found in literature

will help actors engaged in RwLs to make evaluations more feasible and impactful.

Key words: real-world laboratories; evaluation; transdisciplinary sustainability research; RwLs; transformation research

1. Introduction

In light of sustainability challenges, such as climate change, loss of

biodiversity, or problems associated with ongoing and rapid urbaniza-

tion, science is asked to not only describe and analyze such problems

(Wiek and Lang 2016) but also contribute transforming them through

the codevelopment of action-oriented knowledge: i.e. the ‘knowledge

how’ (Caniglia et al. 2021; Hölscher et al. 2021). Sustainability sci-

ence and especially the field of transdisciplinary (td) sustainability re-

search have brought forward a number of diverse approaches to

generating such knowledge through different kinds of interventions

(Bernstein et al. 2016; Wiek and Lang 2016; Taı̈bi, Antheaume and

Gibassier 2020). In this context, transformative research in real-world

laboratories (RwLs) has gained significant momentum (Wanner et al.

2018; Räuchle 2021).

As part of the ongoing discussions around definitions and methods

of RwL research (Parodi 2019; Wagner and Grunwald 2019;

Bergmann et al. 2021), the essential need for evaluation of and in

these research settings has been pointed out repeatedly (Rose, Wanner

and Hilger 2019). The evaluation of RwLs and tested sustainability

solutions are crucial in terms of scaling-up and amplifying tested sus-

tainability options (Lam et al. 2020a; Lang and Wiek 2022). At the

same time, RwLs are described as learning environments. In these

ways, the evaluation processes become important not only when

assessing the approach to a sustainability problem or discussing

related dissemination approaches but also when focusing on learning

processes in RwLs (Singer-Brodowski, Beecroft and Parodi 2018).

Despite the importance of evaluations of RwLs, the actual imple-

mentation of evaluative approaches is considered to be difficult
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(Schäpke et al. 2017). This is partly due to the complex structure of

RwLs and their embeddedness in diverse contexts. If one follows

common definitions, RwLs are research settings where experiments

in the sense of contextualized interventions are conducted

(Schneidewind 2014). RwLs comprise aspects of lab design, experi-

ments, and interventions. We therefore argue that in the context of

RwL evaluations these different levels as well as their interactions

need to be recognized. We use the term levels to disambiguate an

RWL’s context, i.e. its social structure and the experiments and

interventions carried out by and typically within the lab. The levels

therefore follow no hierarchical order and could be seen as nested in

each other. Depending on the focus of the evaluation, the emphasis

may be on one particular level or several. Accordingly, evaluative

approaches can be designed in a variety of ways. While some theor-

etical approaches are available to evaluate RwLs (Bergmann et al.

2021) and associated real-world experiments (Luederitz et al. 2017;

Williams and Robinson 2020), little is known about how evaluation

has been conducted in practice. To the best of our knowledge, there

are no overview studies yet that outline how evaluations of RwLs

and their components were empirically conducted. However, such

an overview could inform the practices when faced with the task of

evaluating an RwL or individual elements of it.

While RwL research has gained increasing attention in sustain-

ability science, similar approaches to test and evaluate real-world

solutions within a defined context have been used in other fields for

a long time. In the field of public health, for instance, there are nu-

merous approaches to real-world experiments and interventions and

how they can be evaluated (Franzkowiak 2015). Looking at these

fields as well and learning from their practices seems to be very

promising to inform RwL research.

In this article, we therefore take a comprehensive approach in

two ways. On the one hand, we adopt a comprehensive view of

RwLs. We acknowledge the multidimensional structure of this re-

search setting with the levels ‘lab context’, ‘experiment’, and ‘inter-

vention’. Second, we take a comprehensive approach in including

studies across academic disciplines. In this way, we follow the trans-

disciplinary understanding of RwLs (Wanner et al. 2018). RwLs

deal with a variety of topics on real-world (sustainability) problems

which can be addressed by several disciplines as ‘wicked problems’.

Noting this, we do not limit the number of scientific fields that pro-

vide examples for empirical evaluations of labs, experiments, and

interventions in real-world contexts. RwLs aim to produce socially

robust knowledge by integrating knowledge from various scientific

and societal sources (Huning, Räuchle and Fuchs 2021). This re-

search paradigm has to be maintained in evaluation processes in

RwLs as well. Knowledge on evaluating components of RwLs can

be derived from multiple scientific fields.

We aim to analyze how empirical evaluations have been con-

ducted so far and what can be learned for future evaluation of

(aspects of) RwLs. For this, we systematically collect, analyze, and

structure studies that evaluate (1) labs, (2) experiments, or (3) inter-

ventions in real-world settings. In doing so, an overview is given on

how practical evaluation has been carried out at these different lev-

els. This article aims to answer the following research questions:

How has evaluation of interventions, experiments, and lab designs

been conducted in different academic disciplines? What methods

have been used for evaluation? What insights and recommendations

for action can be gained from these evaluation studies regarding the

evaluation of an RwL and its levels?

We first look at the terms ‘intervention’, ‘experiment’, and ‘lab’.

In doing so, we approach the question of how these terms are related

to each other in RwLs (Section 2). In the next section, we describe

the methodological approach used in our study. We present how

studies have been identified and selected. Subsequently, we outline

how the extraction of the studies took place. In the fourth section,

we provide an overview of the identified studies. We then discuss

the definitions offered by the authors of the identified studies. The

main findings are presented in the sixth section. This results in a typ-

ology of the evaluation approaches that helps identifying which

evaluation study might be helpful for someone’s own RwL-based re-

search. The article concludes with a discussion.

2. Acknowledging structure: a comprehensive
perspective on lab, experiments, and
interventions

When it comes to evaluation, we suggest to acknowledge the differ-

ent components of an RwL, as suggested in literature. The concept

of RwLs is often explained by using the concept of experiments

(Beecroft and Parodi 2016; Parodi 2019; von Wirth and Levin-

Keitel 2020). These experiments are referred to as real-world experi-

ments (Schneidewind 2014) or transformative experiments (Parodi

et al. 2016). Rogga, Zscheischler and Gaasch (2018) assume ‘(t)he

core methodology of conducting an RwL appears to be experimen-

tation in social contexts’. Interventions are defining aspects of the

experiments in RwLs (Schneidewind 2014), as experiments primar-

ily consist of interventions (Caniglia et al. 2017; Schäpke et al.

2017). Interventions are referred to as ‘actions that can induce

change in the objects investigated’ (Caniglia et al. 2017). An estab-

lished understanding is that real-world experiments use interven-

tions to generate evidence on sustainability solutions. These

experiments are conducted in RwLs as research settings, which leads

to an intertwined structure pictured below (Figure 1). This under-

standing is crucial to respond to the different foci of evaluative

approaches found in the literature.

Although lab, experiment, and intervention are key concepts of

td sustainability research, less attention is given defining these terms

exactly. While clear definitions of these terms would be helpful for

better understanding the existing research projects following an

RwL approach, we recognize a lack of clarity in the literature with

regards to the disambiguation of the terms lab, experiment, and

intervention. For the purpose of our review, we therefore follow the

definitions used by the authors of the papers we included in our

study.

3. Methods

3.1 Scoping literature review
The scoping review conducted here is based on the Joanna Briggs

Institute methodology for Scoping Reviews (Peters et al. 2015).

Scoping reviews follow a similar approach to systematic reviews.

But they answer broader questions that go beyond those related to

the effectiveness of treatments or interventions (Munn et al. 2018).

As Munn et al. suggest, Scoping Reviews are especially suitable for

examining ‘how research is conducted on a certain topic or field’.

Similar to systematic reviews, in scoping reviews, the preferred

reporting items and the transparent reporting as well as the meta-

analyses ‘PRISMA’ flowchart is used (Peters et al. 2015).

Research Evaluation, 2023, Vol. 32, No. 1 129

D
ow

nloaded from
 https://academ

ic.oup.com
/rev/article/32/1/128/6773071 by guest on 19 M

ay 2025

Paper 5, page 2



3.2 Search strategy
This scoping review aims to systematically identify studies in which

different types of laboratories, experiments, and interventions have

been empirically evaluated. Studies in which evaluation concepts

have just been theorized are excluded. Only studies in which the

process of evaluation has been explained methodologically are

included in the review.

The search was performed in Ebsco, Web of Science, and Scopus

with date of publication no later than September 2020. We com-

bined four search themes with Boolean Operators (Table 1). Search

Themes 1–3 have been connected with an OR to build Block A.

Block A is combined with an AND with Search Theme 4.

3.3 Study selection
Following the literature search, the screening procedure was based

on predefined inclusion and exclusion criteria and consisted of

two consecutive phases. First, titles and abstracts were screened to

exclude articles that did not meet the eligibility criteria. In a second

step, full texts were reviewed. Eligible studies included articles that

1. were peer-reviewed journal articles

2. written in the English language

3. reported on the evaluation of a specific lab, experiment, or

intervention

4. were empirically conducted.

A total of 1,340 articles were retrieved during the database

search. After removal of duplicates, 925 articles were screened by

title and abstract. 128 articles were included in the full-text

screening. Where it was not clear from the title and abstract alone

if the study met the inclusion criteria, the full text of the study

was retrieved to enable the second stage of screening. The inclu-

sion criteria were met by 27 articles (Figure 2).

3.4 Data extraction
Data were extracted into an a priori developed and pretested extrac-

tion form. A random sample of 10% of the data extraction

was done by two reviewers independently for quality reasons.

Discrepancies were resolved by discussion, with the involvement of

a third reviewer if necessary.

The extraction form consists of three parts. One part includes

codes giving an overview of the studies (e.g., author, year, evalu-

ation object divided in intervention, experiment, and lab and used

definition, country where the object is located). In the second part,

we consider central TD research discourses regarding evaluation

(codes TD1 and TD2). The third division of the extraction form

relates to general premises of evaluation research (codes E1 and E2).

TD research considerations and general evaluation aspects

have overlaps. One regarding methods can be seen in Code TDE.

Bellow, the codes TD1, TD2, TDE, E1, and E2 are explained

in more detail.

3.4.1 TD1: The role of the evaluators

In TD research contexts, researchers cover a broad spectrum of roles

(Schneidewind and Singer-Brodowski 2015; Rose, Wanner and Hilger

2019; Verwoerd et al. 2020). For evaluating RwLs, it is considered

important to constantly reflect on the evaluator’s roles (Huning,

Räuchle and Fuchs 2021). Wittmayer and Schäpke (2014) distinguish

five ideal-type roles for researchers in process-oriented sustainability

science. The ideal-type reflective scientist, self-reflexive scientist,

knowledge broker, process facilitator and change agent differ in terms

of ownership, action, and power. The intensity with which they drive

transformative research, and the ways in which they are involved in it,

varies considerably (Figure 3).

Based on these ideal types, we distinguish which role the evalua-

tors in the identified studies most closely correspond to. We coded

Figure 1. Three-layered understanding of an RwL.

Table 1. List of search themes, and terms used for the search strategy

Search themes Search terms Search strategy

1 Labs ‘real-world lab*’, ‘innovation lab*’, ‘home lab’, ‘transition lab*’, ‘urban laborator*’,a

‘campus lab’, ‘living lab*’

Title/abstract

2 Experiment ‘real-world experiment*’, ‘transition experiment*’, ‘sustainability experiment*’,

‘niche experiment*’, ‘socio-technical experiment*’, ‘urban experiment*’

Title/abstract

3 Intervention ‘real-world intervention*’ Title/abstract

4 Evaluation Evaluation, evaluative Title/abstract

aIn order to avoid results regarding urban labor market, the ending laborator* was used.
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passages of text in the studies that indicated which of the five ideal

types the evaluators most closely matched.

3.4.2 TD2: Participants involvement in the evaluation

Seebacher, Alcántara and Quint (2018) emphasize the importance

of practitioners’ involvement for the success of RwLs. Similarly,

Rose, Wanner and Hilger (2019) argue with respect to the evalu-

ation of RwLs. Like other authors in the TD context, they suggest

reintegration of knowledge and formative evaluations with the in-

volvement of both science and practice as suitable paradigm of RwL

research. We use the approach of Stauffacher et al. (2008) which is

based on Arnstein’s (1969) ladder of citizen participation to distin-

guish different intensities of participants involvement in evaluation.

We use the term participants involvement in order to describe the

way nonscientific actors are in involved in carrying out evaluations

within the specific labs, experiments, and interventions. Stauffacher

et al. (2008) demarcate different intensities of participation in

transdisciplinary research processes from a science perspective. The

proposed distinction of participants’ involvement consists of infor-

mation, consultation, cooperation, collaboration, and empower-

ment (Figure 4).

Figure 2. Study flow diagram according to PRISMA statement (Page et al. 2021, modified).

Figure 3. Ideal-type roles of researchers (Wittmayer and Schäpke 2014, modified).
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3.4.3 TDE: Methods used

There is an ongoing discussion on suitable methods in td research,

especially in evaluating RwLs (Defila and Di Giulio 2019; Hölscher

et al. 2021). At the same time, the methodology chosen to evaluate

is a central component for all kinds of evaluative approaches

(Döring 2019). Therefore, we will extract the entirety of methods

the authors chose for the evaluation of labs, experiments, and

interventions.

3.4.4 E1: Criteria

In addition to evaluative methods used, a key component of evalu-

ation studies is criteria that determine what exactly is being eval-

uated (Heinrich 2018; Döring 2019). As chosen criteria are highly

contextualized and depend on the purpose of the evaluation

(OECD DAC Network on Development Evaluation (EvalNet)

2021), we decided not to analyze what criteria were exactly

chosen, but focus if the chosen criteria were linked to literature or

were developed based on the case characteristics. Accordingly, we

code if the evaluation studies rely on theory-based or exploratory

criteria.

3.4.5 E2: Temporality

A common distinction to differentiate evaluation studies is the div-

ision into summative (usually ex-post) and formative evaluation

(usually during the entire process) (Döring 2019). Summative evalu-

ation pursues the goal of a final assessment. Formative evaluation

provides results that are intended to serve the improvement of the

object of evaluation. Since we deliberately kept our search for stud-

ies open, and studies from disciplines such as education science are

to be expected, we also introduced Pre–Post assessment (Sanders

2019). Here, measurements were taken before the evaluation object-

ive was carried out and again afterwards. Thus, the before–after

condition is compared.

4. Overview of the identified studies

A total of 27 articles published from 2007 to 2020 were included in

the final analysis. The fields of study include information and tech-

nology (n¼8), public health and health care (n¼7), sustainability

science (n¼5), political and social sciences (n¼5), and educational

science (n¼2). Studies were assigned to specific disciplines based on

the journal in which the studies were published. All studies have in

common that they are limited to only one evaluation object. This

means that the studies focus on either lab(s), experiment(s), or

intervention(s).

Identified studies from the field of educational science only cov-

ered evaluations on the intervention level. Given our search query as

well as the inclusion and exclusion criteria, we developed in Section

3, the discipline of sustainability science emerges as the only discip-

line that comprise studies that focused on the evaluation of all three

objectives interventions, experiments, and labs (Table 2). The ma-

jority of the identified studies concentrate on labs (n¼15), followed

by interventions (n¼7) and experiments (n¼5).

In seven studies, the authors evaluated not only one specific case

but also focused on several labs resp. experiments in real-world

settings. In six studies, multiple labs were evaluated. Hubeau,

Marchand and van Huylenbroeck (2017) evaluated several experi-

ments within one study.

The evaluation studies that were identified focused on labs,

experiments, and interventions conducted in 24 countries. The ma-

jority of the 27 identified studies evaluated labs, experiments, or

interventions that were located in Europe. Only about one-fourth of

the evaluation studies focused on research objects situated in coun-

tries of the Global South.

The labs, experiments, and interventions in the identified studies

cover a broad spectrum of thematic areas (Table 3).

5. Definitions used

In this article, we analyze studies that evaluate labs, experiments,

and interventions in real-world contexts, i.e. research that is not

conducted in closed lab settings. As described before, the terms

interventions, experiments, and lab lack commonly used definitions.

Therefore, we describe the definitions the authors have been used in

the 27 identified studies. While differences regarding the conceptual-

izations are apparent and can be attributed to the various disciplines

present in our sample, across the cases (within the three groups of

labs, experiments, and interventions), we consider the conceptual

understandings to be close enough for a comparison. Our analysis

carries a notion of comparatively aggregating and structuring meth-

ods and approaches of evaluation of an emerging research practice

that spans disciplinary boundaries.

Figure 4. Intensity levels of participation (Stauffacher et al. 2008, modified).

Table 2. Overview of the 27 identified studies

Discipline Lab Experiment Intervention Total

Information and Technology 6 2 – 8

Public Health/Health Care 3 – 4 7

Sustainability Science 2 2 1 5

Political Science 4 1 – 5

Educational Science – – 2 2

Total 15 5 7 27
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5.1 Interventions
Studies, in which interventions were evaluated, rarely offered defini-

tions of interventions in real-world settings. One of the occasional

definitions that can be found was provided by Nastasi and

Hitchcock (2009) in the field of public health. They base their

understanding of interventions on a concept from psychology that

was originally developed by Schensul and Trickett (2009). Here, an

intervention is described as a ‘specific strategy designed to incur be-

havioral or social change in individuals, groups or larger structures

or settings’. For their research, Nastasi and Hitchcock specified the

intervention they evaluated as multilevel intervention that aims to

incur (or cause) change at two or more levels.

Not only the explanation by Caniglia et al. (2017) introduced in

Section 2 but also the approaches within the other six intervention-

based studies identified here, match this definition, irrespective of

their different disciplines. In all studies evaluating interventions, a

specific strategy is tested in order to incur behavioral or social

change, whether in individuals (Massey, Boroughs and Armstrong

2007; Kaida and Kaida 2015; McClain Burke et al. 2019), groups

(Bellei 2013; Dubuy et al. 2014), or both in the form of multilevel

intervention (Wood et al. 2013).

5.2 Experiments
Studies evaluating experiments in real-world contexts provided

more exact definitions of terms related to experimentation. The

studies differentiated between transition experiments (Porter,

Claassen and Timmermans 2015), sustainability experiments

(Hubeau, Marchand and van Huylenbroeck 2017), collaborative ex-

perimentation (Andersson 2015), experiments (Doyon et al. 2020),

and real-world experiments (Cats, Reimal and Susilo 2014).

Nevertheless, despite their specific terminology and that these stud-

ies come from different disciplines, a common understanding of

what constitutes experimentation in real-world contexts is apparent.

Transition experiments were described as ‘innovative, small-

scale experiments that are conducted in practice to address persist-

ent societal problems, based on the core notion that sustainable de-

velopment requires searching, learning, and experimenting. Hence,

transition experiments are not a goal in themselves, but an instru-

ment to explore and learn about sustainable ways of meeting soci-

etal needs, for current and future generations’ (Porter, Claassen and

Timmermans 2015).

For Hubeau, Marchand and van Huylenbroeck (2017), a sus-

tainability experiment means ‘a highly innovative initiative to im-

prove the sustainability state of the whole chain through new

arrangements of collaborations’.

Doyon et al. (2020) adopt Luederitz’ et al. (2017) general defin-

ition for experiments in the field of political science as ‘small-scale

initiatives that are research endeavors as they produce evidence

regarding both the persistent unsustainability of dominant regimes

and the possible solutions that are replicable, transferable, and scal-

able to society at large’.

In terms of literature references and accuracy, the concepts

adopted in the other two studies differ greatly from the three already

mentioned. Andersson (2015) defines collaborative experimentation

in the field of sustainability science by stressing that ‘the scope of ex-

perimentation [. . .] goes beyond mere technology demonstration,

with the process of inquiry in itself becoming equally as important

as its specific outcomes’. Cats, Reimal and Susilo (2014) provide no

definition at all for the experiment they have evaluated in the field

of information/technology.

5.3 Labs
The authors of the studies that evaluated (different forms) of labs in

real-world contexts mostly provided definitions for the specific lab

approach that was focus of the evaluation. The framing of labs con-

sisted of living lab, policy lab, public innovation lab, urban living

lab, and rehabilitation living lab.

Regarding the term living lab, we can see minor differences

match the different foci of the analyzed studies: They all share a

strong recognition of the real-world settings, in which living labs op-

erate. Some of the authors highlight the innovation aspect. Within

their definitions of living labs, the authors emphasize that something

innovative is cocreated and validated within the labs (Brankaert,

den Ouden and Brombacher 2015; Ley et al. 2015; Paskaleva and

Cooper 2018; Ondiek and Moturi 2019; Plaisier et al. 2019;

Ma�ciulien_e and Skar�zauskien _e 2020). Apart from that, the collabor-

ation and learning between different stakeholders coming from dif-

ferent institutional settings are stressed (Falk-Kessler, Benson and

Witchger Hansen 2007; Brankaert, den Ouden and Brombacher

2015; van Geenhuizen 2018; Plaisier et al. 2019; Ma�ciulien _e and

Skar�zauskien _e 2020, Mastelic, Sahakian and Bonazzi 2015). These

cited studies cover a wide range of academic disciplines. They ori-

ginate from the fields of information and technology, sustainability

science, political science, and public health/health care.

Most of the authors using the term Living Lab provided

literature-based definition. The term policy lab used in the study

from Whicher and Crick (2019) has no literature references as well.

They describe policy labs as ‘multi-disciplinary government teams

developing public services and public policies using innovation

methods to engage citizens and stakeholders at multiple stages of the

development process’. This understanding contrasts public innov-

ation labs, urban living labs, and rehabilitation living labs. The lat-

ter two are not explained in general terms in the associated studies

and are very case-specific.

6. Findings

In the following, we present the main findings of our study accord-

ing to the codes defined in Section 3.4. All subfindings are differenti-

ated for the specific components of RwLs (Section 2). This means

we compare lab, experiment, and intervention-related evaluation

studies according to the above-mentioned aspects. We reveal in

which categories evaluation studies regarding lab, experiment, or

intervention resemble and differ.

6.1 The role of evaluator(s)
Based on ideal-type roles for researchers that Wittmayer and

Schäpke (2014) developed, we distinguish which role the evaluators

in the identified studies most closely represented. In the majority of

the studies analyzed, the evaluators did not operate like researchers

instantiating and driving the intervention, lab, or experiment. In 20

of the studies, the evaluators rather took on the role of observing

researchers, acting most likely as ideal-types reflective and

self-reflexive scientists. They evaluated from an observer role and

interpreted results. In several cases, the evaluators representing the

ideal-type reflective scientists conducted research from external
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Table 3. Overview of the 27 identified studies, sorted according to the level of implementation

Authors (year) Study focus Country setting Discipline Topical area

Bellei (2013) Intervention Chile Educational Science Intervention in low-performing schools in

Chile to increase academic achievement.

Dubuy et al. (2014) Intervention Belgium Public Health/Health

Care

Intervention promoting positive dietary habits

and physical activity for socially disadvan-

taged children.

Kaida and Kaida (2015) Intervention Sweden Sustainability Science Real-world intervention policy of traffic con-

gestion charging that impacted various pro-

environmental behaviors.

Massey, Boroughs and

Armstrong (2007)

Intervention USA Educational Science Two programs that address violent and disrup-

tive behaviors in schools.

McClain Burke et al.

(2019)

Intervention Mozambique Public Health/Health

Care

Economic and social empowerment interven-

tion to reduce girls’ vulnerability to HIV in

rural Mozambique.

Nastasi and Hitchcock

(2009)

Intervention India Public Health/Health

Care

Evaluating multilevel interventions, using as

an example a public health project

Wood et al. (2013) Intervention Australia Public Health/Health

Care

Use hand drumming as medium enabling par-

ticipants in schools to explore connections

between making music together as a group

and the development of healthy

relationships.

Andersson (2015) Experiment Uganda Sustainability Science Use of human urine as a crop fertilizer within

an experiment with local farmers in

Uganda.

Cats, Reimal and Susilo

(2014)

Experiment Estonia Information and

Technology

Test Fare-free public transport (FFPT) in

Tallinn.

Doyon et al. (2020) Experiment Australia Political Science The Council Alliance for a Sustainable Built

Environment (CASBE) as an urban experi-

ment seeking to influence development and

planning decisions.

Hubeau, Marchand and

van Huylenbroeck

(2017)

Experiment Belgium (case

studies)

Sustainability Science The developed Sustainability Experiment

Systems Approach (SESA) is tested on case

studies of sustainability experiments in the

agri-food system in Flanders.

Porter, Claassen and

Timmermans (2015)

Experiment The Netherlands Information and

Technology

The Framework by Bosch-Ohlenschlager is

applied to evaluate the WGM program and

the Eenhoorn project as transition

experiment.

Brankaert, den Ouden and

Brombacher (2015)

Lab The Netherlands Information and

Technology

Lab cases that take place in the homes of peo-

ple with dementia and their caregivers.

Dabaieh et al. (2019) Lab Egypt Information and

Technology

Testing Trombe Walls in Sinai, Egypt, as a ret-

rofitting solution in a remote desert area in a

real urban living lab.

Falk-Kessler, Benson and

Witchger Hansen (2007)

Lab USA Public Health/Health

Care

Creating a living lab in one study course at

university to gain an insight how an experi-

mental lab can help students learning.

Kovács (2016) Lab Austria, Hungary Political Science Introducing the evaluation methodology of

Living Labs in the field of renewable energy

industry.

Ley et al. (2015) Lab UK, Germany Information and

Technology

Evaluating and Comparing two 4-year Living

Lab projects within the domain of Social

TV.

Ma�ciulien _e and

Skar�zauskien _e (2020)

Lab Lithuania, Portugal,

Italy, Belgium

Sustainability Science Research how Living Labs are being applied as

a mechanism to open up the innovation

processes through online and offline collab-

orations between the urban policymakers,

nonprofit organizations, citizens and other

stakeholder groups.

Mastelic, Sahakian and

Bonazzi (2015)

Lab Switzerland Information and

Technology

Explore how Living Labs might be evaluated

based on criteria that build on the current

efforts of the ENoLL.

(continued)

134 Research Evaluation, 2023, Vol. 32, No. 1

D
ow

nloaded from
 https://academ

ic.oup.com
/rev/article/32/1/128/6773071 by guest on 19 M

ay 2025

Paper 5, page 7



positions and were not involved in the intervention, experiment, or

lab design implementation at all.

Depending on whether the evaluation focus was on labs, experi-

ments, or interventions, we notice differences with regards to the role

evaluators take on (Table 4). Evaluators focusing on interventions in

the selected studies, only acted as reflective (n¼5) or self-reflexive scien-

tists (n¼2). They did not shape the interventions they evaluated. In

these studies, the evaluators most likely took the roles of ‘traditional’

researchers. Evaluators focusing on experiments and labs represented a

more diverse sets of roles. Two out of five evaluation studies with ex-

periment focus were conducted by researchers that took reflective scien-

tist roles (Cats, Reimal and Susilo 2014; Hubeau, Marchand and van

Huylenbroeck 2017). In one study, the evaluators acted as self-reflexive

scientists (Doyon et al. 2020). In one experiment evaluation, the evalua-

tors acted as knowledge broker (Porter, Claassen and Timmermans

2015). Andersson (2015) took a process facilitator role in evaluating an

experiment. Lab evaluation studies were conducted by researchers rep-

resenting all ideal-type roles. It stands out that the ideal-type change

agent, which is involved most intensely in the research process, is only

recognizable among evaluators involved within labs (Falk-Kessler,

Benson and Witchger Hansen 2007). In this case, the lab was created,

modified as well as proactively evaluated by the authors (together with

the students), led by the goal to actively confront a real-world problem.

6.2 Criteria used
We grouped the criteria that were used in the evaluation of the specif-

ic labs, experiments, or interventions in the 27 selected studies. We

examined if the authors referred to a theoretical approach in order to

derive criteria for their specific evaluation or if they used an explora-

tory approach. If authors started implementing their studies based on

theory-based criteria and then supplemented them with exploratory

criteria, these studies were also assigned to applying theory-driven cri-

teria. About half of the studies draw on existing theoretical concepts

(n¼14), for example SWOT analysis (Andersson 2015). In 13 stud-

ies, criteria were chosen for the evaluation that were not linked to the-

oretical approaches. They were more or less exploratory (e.g., Falk-

Kessler, Benson and Witchger Hansen 2007).

Here, we took a look on differences between labs, experiments,

and interventions as well. Out of seven identified intervention evalu-

ation studies, five studies used exploratory criteria. Experiments

were more often evaluated using theory-based criteria. Only in one

evaluation study focusing on an experiment, exploratory developed

criteria were applied (Cats, Reimal and Susilo 2014). Within the

labs evaluated, theoretically derived and exploratory criteria were

used in roughly equal numbers (Table 5).

In the studies reviewed here, the type of criteria used for evalu-

ation did not influence whether authors make practical recommen-

dations for the audience. In most of the studies that analyzed not

only one but several cases, theory-based criteria were applied within

the evaluation. In five out of six studies that evaluated several labs,

the evaluators used theory-driven criteria (Kovács 2016; Paskaleva

and Cooper 2018; van Geenhuizen 2018; Ondiek and Moturi 2019;

Ma�ciulien_e and Skar�zauskien _e 2020). In the study by Hubeau,

Marchand and van Huylenbroeck (2017), in which several experi-

ments were evaluated, the authors used a theory-based category

scheme for the evaluation, too.

6.3 Methods used
In total, 14 evaluation studies applied a qualitative approach. In

seven studies, a quantitative approach was used. Six studies were

Table 3. Continued

Authors (year) Study focus Country setting Discipline Topical area

Mazer et al. (2015) Lab Canada Public Health/Health

Care

The RehabMaLL is designed to study how to

best address the needs of persons of all ages

with physical, sensory and cognitive

disabilities.

Ondiek and Moturi (2019) Lab Kenya (case studies) Information and

Technology

Find out why the Living Labs in Kenya are not

sustainable.

Paskaleva and Cooper

(2018)

Lab UK, Belgium,

Germany, Italy

Information and

Technology

Development and trialing of a novel Co-evalu-

ation Framework, indicators and reporting

categories, used to support the co-produc-

tion of smart city services in an EU-funded

project.

Plaisier et al. (2019) Lab Nigeria Sustainability Science Reducing postharvest losses in tomato value

chains in Nigeria to improve food security

in the country.

Ramey et al. (2019) Lab Canada Public Health/Health

Care

Innovate example of youth engagement for

youth health, findings and challenges of this.

van Geenhuizen (2018) Lab The Netherlands,

Denmark, Canada

Political Science The study draws on the extended literature on

living labs, general literature on evaluation

and boundary-spanning or intermediation,

and on six (four concrete) case studies of liv-

ing labs.

Whicher and Crick (2019) Lab UK Political Science Northern Ireland Public Sector Innovation Lab

(iLab) is evaluated.

Zurbriggen and González

Lago (2019)

Lab Uruguay Political Science Development of an experimental evaluation

tool for public innovation as part of an ac-

tion-research process in a laboratory within

the Uruguayan Government.
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conducted utilizing a mixed-methods approach (Massey, Boroughs

and Armstrong 2007; Nastasi and Hitchcock 2009; Mazer et al.

2015; Kovács 2016; Plaisier et al. 2019; Ma�ciulien _e and

Skar�zauskien _e 2020). Mixed-methods approaches refer to the com-

bination of qualitative and quantitative methods (Flick 2011).

Methodological approaches differ depending on whether labs,

experiments, or interventions were evaluated (Table 6). In the identi-

fied studies, interventions never were evaluated using a purely quali-

tative approach. In contrast, the evaluation of labs and experiments

was most often carried out using purely qualitative data.

In most of the studies more than one method was used to evaluate

the corresponding intervention, experiment, or lab. Nevertheless, few

authors explicitly designate this approach as triangulation or mixed-

methods (exceptions are Doyon et al. 2020; Falk-Kessler, Benson and

Witchger Hansen 2007; Hubeau, Marchand and van Huylenbroeck

2017; Mazer et al. 2015; Nastasi and Hitchcock 2009; Zurbriggen

and González Lago 2019).

Over the 27 studies, multiple methods were used for the evalua-

tions. They range from traditional surveying methods such as inter-

views to rare ones, like reflective journals and diaries. Methods for

data gathering as well as methods for data analysis that were used in

the identified studies are listed below (Table 7).

Previously, we showed that methodological approaches (qualita-

tive, quantitative, mixed-methods) in evaluations differed depending

on what is being evaluated. This is also evident if we take a closer

look at the methods that were used. In evaluation studies that focus

on interventions, descriptive statistics approaches were used much

more often. In general, interventions were evaluated using a less di-

verse set of methods, compared to experiments and labs (Figure 5).

6.4 Temporality
Concerning when the evaluation in the identified studies was per-

formed, differences can be seen regarding the foci of evaluation

studies. Evaluations of labs were exclusively formative. A different

picture emerges for the evaluations of interventions and experi-

ments. Although more than half of these were also evaluated forma-

tively, there are cases of pre–post assessments and ex-post

evaluations as well (Table 8).

The aspects of methodological approach and temporality of

evaluation seem to be related. Evaluations using only qualitative

data were conducted formatively in most cases (Table 9).

Qualitative evaluation studies never followed a pre–post approach

and only in a few cases an ex-post investigation. The two qualitative

evaluation studies following an ex-post approach only focused on

experiments (Andersson 2015; Doyon et al. 2020).

6.5 Involvement of participants in evaluation
After the discussion of who (role of evaluator) evaluated how (crite-

ria, methods) and at what point in time, we focus on how participants

of the lab, experiment, and intervention were involved in the evalu-

ation. As described before, by the term participants, we mean non-sci-

entific actors who were involved in the evaluation of the specific

interventions, experiments, and lab. Depending on the evaluation

focus, the involvement of participants in the evaluation differs. Lab

evaluations particularly stand out. In the context of experiment and

intervention evaluation studies, there is at least one case each in which

participants were only informed about the evaluation. In these exam-

ples, there was no exchange on how the participants personally expe-

rienced the intervention (Bellei 2013) or the experiment (Cats, Reimal

and Susilo 2014). According to the model of Stauffacher et al. (2008),

this represents the level of information (Section 3.4). In the labs that

were evaluated, the participants were never only informed about the

evaluation. The participants were involved in the lab evaluation more

intensely. In evaluation studies with lab focus, the lowest form of in-

volvement was consultation. The highest form of involvement, em-

powerment, was only perceivable within lab evaluations. In

evaluation studies regarding interventions or experiments, partici-

pants were never involved to this high degree (Table 10).

The methodological approach chosen to evaluate and the involve-

ment of participants in the specific evaluation are closely related.

Qualitative schemes do not include evaluations in which participants

were only involved on the lowest level, i.e. information. Qualitative

evaluations were conducted with a higher degree of participants in-

volvement than quantitative evaluation studies (Table 11).

Lastly, we address the link between participants involvement

and ideal-typical roles. Evaluators coded as reflective scientists or

self-reflexive scientists enable any form of participants involvement

in the studies we identified. The situation is different for evaluators

acting as process facilitators or change agents (Table 12). The stud-

ies show that evaluators representing these ideal types tend to in-

volve participants more: They evaluate together on levels of

collaboration (Falk-Kessler, Benson and Witchger Hansen 2007 for

labs; Andersson 2015 for experiments) and empowerment (Plaisier

et al. 2019; Ramey et al. 2019 both for labs).

7. Designing a typology of evaluation studies

Based on our findings in Section 5, we classified the studies accord-

ing to the approach of Kluge (2000) in different types. Kluge

describes four steps for the empirically grounded construction of

types in qualitative social research. After having the relevant com-

parison dimension between studies already established within our

extraction of the identified studies (Section 3.4), we grouped the

cases and searched for empirical regularities. As step 3, we analyzed

Table 4. Ideal-type roles of evaluators by level of implementation

Focus of evaluation Reflective scientist Self-reflexive scientist Knowledge broker Process facilitator Change agent

Intervention 5 2 – – –

Experiment 2 1 1 1 –

Lab 7 3 2 2 1

Table 5. Criteria for evaluation by level of implementation

Focus of evaluation Theory-driven criteria Exploratory criteria

Intervention 2 5

Experiment 4 1

Lab 8 7
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contextual meaning and formed the types. Last, we characterized

the types formed. We formed six types of studies, two for each level.

We formed two superordinate evaluation types (A and B—

Table 13). On the one hand, there is an evaluation type that follows

a narrow scope. On the level of interventions, this means that direct

results and effects of the intervention are measured—primarily

quantitatively (Massey, Boroughs and Armstrong 2007; Bellei 2013;

Wood et al. 2013; Dubuy et al. 2014; McClain Burke et al. 2019).

Narrow-focus evaluations of experiments refer to performance and

collaboration in the context of the experiment (Cats, Reimal and

Susilo 2014; Hubeau, Marchand and van Huylenbroeck 2017;

Doyon et al. 2020). Evaluations with narrow focus on labs aim to

increase working mechanisms within the labs, e.g. for future actions

that are planned or for improving collaboration within the labs

(Falk-Kessler, Benson and Witchger Hansen 2007; Brankaert, den

Ouden and Brombacher 2015; Ley et al. 2015; Mazer et al. 2015;

Dabaieh et al. 2019; Ramey et al. 2019; Zurbriggen and González

Lago 2019). All evaluation studies of type A have in common that

internal aspects are in the foreground.

Studies of the second type B comprise evaluations with a broader

focus. For linked evaluations focusing on interventions, this

indicates that not only the direct effects are considered but also a

distinction is made between effects at different levels and/or spill-

over effects are evaluated (Nastasi and Hitchcock 2009; Kaida and

Kaida 2015). Broad focus evaluations which analyze experiments,

link their results closely to a real-world problem. The identified real-

world problem marks the initiation of the experiment and is referred

to in the evaluation as well (Andersson 2015; Porter, Claassen and

Timmermans 2015). Type B evaluation studies that focus on labs

use evaluation to provide an overview of specific labs or to test an

evaluative model (Kovács 2016; Paskaleva and Cooper 2018; van

Geenhuizen 2018; Ondiek and Moturi 2019; Whicher and Crick

2019; Ma�ciulien_e and Skar�zauskien _e 2020). Mostly, type B evalu-

ation studies focusing on labs follow a theory-driven criteria ap-

proach. All evaluation studies of type B design the evaluation

beyond the respective individual intervention, experiment, or lab.

8. Discussion

In this review, we aimed at providing a systematic overview of

approaches used to evaluate labs, experiments, and interventions in

Table 6.Methodological approach used for evaluation by level of implementation

Focus of evaluation Qualitative research Mixed-methods research Quantitative research

Intervention – 2 5

Experiment 4 – 1

Lab 10 4 1

Table 7. Frequency of the methods used in the evaluation studies

Interviews 20

In-depth, semistructured, unstructured, expert, individual, random walking, follow-up, quantitative, key informant and telephone

interviews

Descriptive statistics 17

Logistic regression model, regression-based difference-in-difference approach, repeated measures analysis of variance, multivariate

analysis, matching procedure/control and intervention group, before-after analysis of data, exploratory factor analysis, secondary

data analysis, Cramer-index

Field observations and notes 15

Visual observations, summaries of meetings, written record of operations, output of workshops and conference meetings, case

records, monitoring protocol, written feedback, participant observation, self-report measure/ethnographic survey

Questionnaires 12

Self-administered, baseline and follow-up, structured, online and hard copy questionnaires

On site monitoring/testing 9

Temperature and humidity measurements, measurement tool (impact on weight and quality), data log that measured the activity,

probe method, digital monitoring, medical testing for STIs (sexually transmitted infections), Rosenberg self-esteem scale, Social

Development Program Evaluation for each participant, field tests

Literature review 8

Collection and analysis of web data, desk-based research, analysis of related policy documents, extensive, systematic literature

reviews

Workshops 7

Evaluation workshop, design game workshop, timeline workshop, eye-opener workshop, participative visioning and back-casting,

Group discussions 7

Focus Group, Reflection

Systematic analysis 5

Of Project Documents, cross case, content analysis, open and axial coding, thematic

Reflective journals, diaries 2

Surveys 2

Household, structured

Participatory diagramming 1

Ranking tools 1
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real-world contexts in sustainability research and neighboring fields.

In the following discussion, we highlight the inherent complexity of

evaluation as a crucial practice in RwL research. Furthermore, we

point out the learning opportunities that approaches and practices

from other fields bear for advancing evaluative practices in the RwL

research context and beyond. Finally, we discuss some of the limita-

tions of our review and propose further research.

8.1 Evaluation of RwLs: a complex task in an emerging

research field
RwLs as spaces designed, managed, and used by a multitude of

actors from different backgrounds are complex social structures

with a high degree of context dependency (Schneidewind et al.

2018; McCrory et al. 2020). Through evaluative approaches,

researchers and practitioners are enabled to better understand the

processes of their joint research as well as the performance of the

interventions and experiments realized in the respective labs (Lang

et al. 2012). At the same time, evaluation findings are crucial for

exploring the scalability and transferability of tested sustainability

solutions (Schäpke et al. 2017; Lam et al. 2020b).

The need for evaluations of complex RwLs (or at least compo-

nents of them) is undisputed. However, the actual implementation

of these evaluation approaches is difficult. This is partly due to the

multidimensional structure of an RwL. Several processes take place

in parallel. In addition, there are numerous actors from different

institutions and backgrounds simultaneously involved. In this art-

icle, we tried to break down this complexity. Just as we saw different

evaluation approaches for interventions, labs, and experiments in

real-world contexts, we appeal to address the different components

of RwLs with different evaluation logics. In doing so, evaluations of

RwLs can be conducted in a modular way.

Evaluations of interventions can be conducted differently than

evaluations of experiments or labs. In our analysis, we found that

scientists evaluating interventions are generally less involved in action-

oriented processes and act in more traditional way of research prac-

tice. Experiment focused evaluators take more diverse roles—reaching

from reflective scientist to process facilitator. What stands out here is

that evaluators explicitly bridging the evaluation to the real-world

problem are involved to a higher degree than evaluators concentrating

on internal experiment findings. Regarding lab evaluations, we noted

an even wider range of roles that evaluators take (ranging from re-

flective scientist to change agent). Evaluators analyzing several labs

within one study become more likely to represent the more traditional

role as a researcher—representing only the types reflective and self-

reflexive scientists in five out of six studies. The one exception is

found within the study from Ley et al. (2015). In the only evaluation

study focusing on several experiments, the evaluators also acted as re-

flective scientists (Hubeau, Marchand and van Huylenbroeck 2017).

What stands out from all analyzed evaluation studies except for one

(mixed-methods approach), is that in the studies with highly involved

evaluators (change agent, process facilitator, knowledge broker) only

qualitative approaches were used.

Figure 5. Methods used in the identified evaluation studies regarding focus on labs, experiments, or interventions.

Table 8. Temporality of evaluation according to the level of

implementation

Focus of evaluation Pre-post Formative Ex-post

Intervention 3 4 –

Experiment 1 2 2

Lab – 15 –

Table 9. Temporality of evaluation according to the methodological

approach

Methodological approach Pre-post Formative Ex-post

Qualitative – 12 2

Quantitative 3 4 –

Mixed-methods 1 5 –

138 Research Evaluation, 2023, Vol. 32, No. 1

D
ow

nloaded from
 https://academ

ic.oup.com
/rev/article/32/1/128/6773071 by guest on 19 M

ay 2025

Paper 5, page 11



The evaluation of components of RwLs can also differ regarding

the set of criteria, as our findings suggest. Interventions often fol-

lowed an explorative approach while on the level of the experiment

more often theory-based approaches were applied. Within the evalu-

ation studies focusing on labs, there is no dominance of a preferred

categorical system. In cross-case evaluation studies, whether focus-

ing on experiments or labs, theory-based category systems were used

in most cases. The use of criteria for evaluation studies based on the-

oretical approaches seems to facilitate the comparison of the ana-

lyzed labs resp. experiments within cross-case studies.

Regarding methods used, we see remarkable differences between

intervention, experiment, and lab-focused evaluation studies. The

method set applied in the evaluation of interventions is less diverse

than the sets used to evaluate experiments and labs. This can pos-

sibly be explained by the increasing complexity of the different levels

from intervention to lab. Connecting these findings to the role of

researchers in these evaluation studies, it seems like evaluations of

interventions tend to follow more traditional, already proven

concepts of research compared to the evaluation studies focusing on

experiments and labs. This could partly be due to the disciplinary

context of the intervention focused evaluation studies analyzed here:

Out of seven studies, six are attributable to the fields of educational

science and public health. These disciplines encompass long trad-

ition of implementing and evaluating interventions in real-world

contexts with well-established (quantitative) methods (Craig et al.

2017; Outhwaite, Gulliford and Pitchford 2020).

In terms of when the evaluation is conducted, evaluation studies

differ considerably according to what is being evaluated. Labs were

evaluated formatively without exception. For interventions and

experiments a more heterogenous picture emerges. The reason that

labs are invariably evaluated formatively could possibly be due to

the fact that mutual learning processes are in the foreground—and

thus the participants of the lab are involved to a higher degree.

Another explanation might be that evaluation processes seem to be

closely linked to the other activities in labs. Evaluation processes are

considered as an integral (rather than subsequent) aspect of labs.

Table 10. Participants’ involvement in evaluation according to the level of implementation

Focus of evaluation Information Consultation Cooperation Collaboration Empowerment

Intervention 1 5 – 1 –

Experiment 1 – 2 2 –

Lab – 4 4 2 5

Table 11. Participants’ involvement in evaluation according to the methodological approach

Methodological

approach

Information Consultation Cooperation Collaboration Empowerment

Qualitative – 2 5 3 4

Quantitative 2 5 – – –

Mixed-methods – 2 1 2 1

Table 12. Participants’ involvement in evaluation according to ideal-type roles of evaluators

Ideal-type roles Information Consultation Cooperation Collaboration Empowerment

Reflective scientist 1 8 1 1 2

Self-reflexive Scientist 1 1 3 1 1

Knowledge broker – – 2 1 –

Process facilitator – – – 1 2

Change agent – – – 1 –

Table 13. Evaluation types formed

Type A: Narrow Evaluation Focus

Intervention Experiment Lab

Identify immediate impact, effectiveness or

results of the intervention.

Concentrate on internal experiment aspects:

collaboration, processes, performance.

Evaluation is directed on the lab itself, with

focus on improvement in future.

Type B: Broad Evaluation Focus

Intervention Experiment Lab

Measure more complex results: spillover

effects, multilevel evaluation.

Address an identified real-world problem with

experiment findings.

Identify success conditions for several labs, test

evaluation concepts
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The proclaimed higher involvement of participants in the evalu-

ation of labs can be seen in two points: First, information as the

weakest form of involvement according to Stauffacher et al. (2008)

could not be identified within the lab evaluation studies analyzed

here. In contrast, there have been intervention and experiment

focused studies that did not aim to involve participants at all (Bellei

2013; Cats, Reimal and Susilo 2014). Second, only within the evalu-

ation studies of labs, the level empowerment for participants to

shape evaluation approaches was addressed. For intervention as

well as experiment focused evaluation studies, collaboration was the

highest form of participants’ involvement. Out of seven evaluation

studies focusing on interventions, Nastasi and Hitchcock (2009) are

the only ones to involve participants on collaboration level.

Regarding the evaluation of experiments, collaboration is repre-

sented in two out of five studies (Andersson 2015; Hubeau,

Marchand and Van Huylenbroeck 2017). There was no case, where

participants of experiments were empowered to shape the evalu-

ation study.

8.2 Findings from empirical evaluation cases:

approaching the concepts of lab context and real-world

experiments
While the diversity of evaluative approaches we found is a rich

knowledge base for developing appropriate evaluative approaches

for a given case, the lack of clarity regarding the disambiguation of

laboratories, experiments, and interventions leads to a certain

vagueness in the discussion around evaluation in this research field.

It would be important to establish common terms so that experi-

ments and labs are strengthened as contexts for trying out solutions

to (sustainability) problems as interventions in system. In the studies

considered here, not all authors provided definitions for the evalu-

ation objects lab, and experiment (which are vaguer then the term

intervention). We have tried to synthesize the definitions that were

given in some of the studies in order to provide an orientation.

Combining the definitions that had been given, we suggest to

frame lab context within RwLs as following:

In cocreational processes (Ondiek and Moturi 2019; Ma�ciulien _e

and Skar�zauskien_e 2020) challenges are addressed in an innovative

manner (Brankaert, den Ouden and Brombacher 2015; Paskaleva

and Cooper 2018; Ondiek and Moturi 2019; Zurbriggen and

González Lago 2019) by developing and applying experimental

(Plaisier et al. 2019; Whicher and Crick 2019; Zurbriggen and

González Lago 2019) as well as participatory mechanisms

(Brankaert, den Ouden and Brombacher 2015; Mastelic, Sahakian

and Bonazzi 2015) in real-life contexts in order to foster collabora-

tive learning (Falk-Kessler, Benson and Witchger Hansen 2007) and

innovation (Ley et al. 2015; Kovács 2016; Paskaleva and Cooper

2018; van Geenhuizen 2018; Ondiek and Moturi 2019).

Based on the definitions that were given, real-world experiments

(within RwLs) could be described as follows:

Experiments are small-scale (Porter, Claassen and Timmermans

2015; Doyon et al. 2020) initiatives where actors collaboratively

(Hubeau, Marchand and van Huylenbroeck 2017) respond to spe-

cific societal problems (Porter, Claassen and Timmermans 2015) by

testing possible solutions (Doyon et al. 2020) in order to generate

usable knowledge (Andersson 2015) which is transferable and scal-

able (Doyon et al. 2020).

While some similarities regarding the definitions of experiments

and labs are noticeable, we stress the aspects in which they differ

according to the synthesized definitions:

• Experiments are described as being small scale, labs are not. The

latter seem to cover broader contexts.
• In labs, experimental mechanisms are applied, which strengthen

our multilayered understanding and the intended relationship be-

tween labs and experiments.

As conceptual ambiguities still exist, we suggest to define central

concepts transparently before starting the (co-)evaluation. A precise

distinction between interventions, experiments, and the lab process,

which is jointly made by the actors in the to-be-evaluated RwLs, is

crucial for small scale component evaluation.

8.3 Addressing complexity by learning from

neighboring scientific fields
In sustainability oriented RwLs, sustainability solutions are experi-

mentally developed and tested in order to initiate transformation

processes and to perpetuate corresponding scientific and social

learning processes (Parodi et al. 2016). Thereby, transdisciplinary

collaboration is central (Wanner et al. 2018), in which researchers

from different disciplines as well as actors outside academia work

together. In our view, this essential working mechanism has to be

considered in evaluation activities as well, as evaluation processes

are described as an essential phase of RwLs (Rose, Wanner and

Hilger 2019).

Besides our suggesting to apply smaller scale modular evaluation

approaches by addressing the prior identified components of RwLs

differently, we suggest to learn from fields that are not considered

that close to the field of td sustainability science. The fields of infor-

mation and technology science, public health/health care as well as

educational Science are disciplines that provided studies in which

labs, experiments, and intervention in real-world context are empir-

ically evaluated. Although many of the studies that are located in

these disciplines used ‘common methods’ that are also applied in

works from td sustainability research—for example document ana-

lysis, semistructured interviews, workshops, and/or observations

(e.g. Falk-Kessler, Benson and Witchger Hansen 2007; Porter,

Claassen and Timmermans 2015; Ramey et al. 2019), we see study

examples in which evaluation methods were applied that are less fre-

quently utilized in the field of td sustainability research. In studies

focusing on interventions in real-world contexts from the disciplines

of public health as well as educational science, approaches to evalu-

ate interventions by forming control and intervention groups in

order to work with comparative models were applied. Dubuy et al.

(2014) as well as Massey, Boroughs and Armstrong (2007) imple-

mented and evaluated interventions within a small group of pupils.

They compared the attitudes and behavior of students who were

affected by the intervention with those of students who did not ex-

perience the intervention. A similar approach was applied within the

evaluation of an educational intervention by using larger datasets of

pupils’ characteristics (Bellei 2013). The effectiveness of these inter-

ventions was assessed through comparison between intervention

and control group(s).

Another mechanism we have seen in studies from the field of

public health as well as information and technology is baseline and

follow-up measurement in order to evaluate interventions (Bellei

2013; Wood et al. 2013; Dubuy et al. 2014) and experiments (Cats,
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Reimal and Susilo 2014). Dubuy et al. (2014) and Wood et al.

(2013) collected baseline and follow-up measurements within a rela-

tively small group prior and after the intervention. Cats, Reimal and

Susilo (2014) used larger data sets. In their study, before and after

numbers of extensive automatic vehicle location and automatic pas-

senger counts within a fare-free public transport experiment were

analyzed. Bellei (2013) compared student- and school level data be-

fore and after the intervention took place.

For evaluating interventions and experiments in real-world settings,

forming control and intervention groups as well as assessing baseline

and follow-up measurement might be suitable. Other methods that

studies from these ‘neighboring fields’ suggest, are on-site monitoring.

This includes approaching the effectiveness of new, tested interventions

in real-world context in the field of information and technology studies

(Brankaert, den Ouden and Brombacher 2015; Dabaieh et al. 2019) or

medical examinations (Nastasi and Hitchcock 2009).

8.4 Limitations and further steps
Due to our search query as well as the inclusion and exclusion criteria

we applied, we analyzed 27 studies in which labs, experiments, and

intervention in real-world settings were evaluated. This number is too

small to draw general conclusions from this study population.

Nevertheless, the studies support the approach of a small-scale, modu-

lar evaluation with the inclusion of empirical experiences from other

fields than td sustainability science. It also suggests that empirical

studies evaluating interventions, experiments, or labs in real-world

context that are specifically named as such are rare—at least in the

field of peer-reviewed studies. When systematically analyze grey litera-

ture, this could result in identifying a larger number of studies in

which interventions, experiments, and labs in real-world settings are

evaluated. One challenge we encounter within this approach is the

transparent and structured selection of studies. Nevertheless, this

could be a promising approach for future research.

The various evaluation approaches at the three levels in the RwL

(which differ, e.g. in terms of choice of method, time frame, and

evaluator role) would pave the way to be a methodologically sound

overall evaluation for the RwL when brought together. However,

the aspect how these single evaluation studies within one RwL can

and should be connected needs to be further explored. One sugges-

tion still under discussion can be to review the single small-scale

evaluation studies that were conducted within RwLs, led by their

different foci. Similarly, as mentioned above, we take the position

that RwLs are not generic, they differ contextually, in content and

organization. This means a conclusive answer to the question is not

possible (so far).

9. Conclusion

Evaluating RwLs, especially when they consist of multiple experi-

ments and sometimes even more interventions, can be a giant task,

not manageable with the resources typically available through cur-

rent funding schemes. Finding ways to deal with this challenge is

possible. One can take advantage of the multilayered structure of

RwLs. There are several components that can be evaluated using

various approaches. At the same time, one can draw on more than

just studies from td sustainability research to evaluate lab context,

experiments, and interventions that are part of RwLs.

Transdisciplinary research seeks to cross the boundaries between

disciplines, as well as between academia and other societal domains.

We should apply this paradigm to evaluation studies as well.

In our article, we revealed that empirically conducted evaluation

studies related to lab contexts, experiments, and interventions in

real-world settings each follow different logics. Based on these find-

ings, we have formed an evaluation study typology. Analyzed evalu-

ation approaches—while diverse—can be distinguished by having a

narrow or broad scope (related to all three highlighted components

of RwLs). Furthermore, we aimed to provide a practicable

application.

For transformative td research, we need to think holistically and

learn from other disciplines—especially when we aim to explore

amplification possibilities of sustainability solutions tested in RwLs.

These solutions are more urgent today than ever before.

Concomitantly feasible and thorough evaluations of interventions,

experiments, and RwLs are increasingly needed. We hope this article

contributes to accommodating this need.
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BZGA – Bundeszentrale für gesundheitliche Aufklärung. https://doi.org/10.

17623/BZGA:224-i061-1.0.

Heinrich, L. J. (2018) ‘Bedeutung von Evaluation und Evaluationsforschung

in der Wirtschaftsinformatik’. In: Heinrich, L. J., and Häntschel, I. (ed.)
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Kovács, K. (2016) ‘Evaluation and Practice of Interactive Value Production in

Living Labs’, Periodica Polytechnica Social and Management Sciences, 24:

52–9.

Lam, D. P. M., Horcea-Milcu, A. I., Fischer, J., Peukert, D., and Lang, D. J.

(2020b) ‘Three Principles for Co-Designing Sustainability Intervention

Strategies: Experiences from Southern Transylvania’, Ambio, 49: 1451–65.
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Chapter 5

Synthesis

This chapter synthesises the findings of the five papers presented to address the

central research question: how can research in RwLs inform and foster an emer-

gent transformative sustainability science? Drawing on the conceptual framework

introduced in chapter 2, I examine how RwLs function as incubators across three

dimension: methodological innovation, transformative practice, and ontological trans-

formation. These dimensions serve as analytical lenses to integrate and interpret the

diverse contributions of the individual papers, highlighting shared patterns and key

divergences. Together, they provide insight into how research practice itself evolves

through sustained engagement in RwL settings.

I view transformative sustainability science as an inherently emergent field–one

that develops through case-based research, diverse sustainability orientations, and

rich epistemological traditions. My contributions, represented in the five papers

analysed here, are meant as additions to this ongoing development rather than

definitive statements. Within the broader community, these ideas have already

sparked new initiatives: a working group within the RwL network developing a

case reporting database, a case reporting newspaper as part of the Real-World Lab

Network Conference 2024 in Dresden, a series of training workshops on incorporating

transdisciplinary and transformative learning in various disciplines at Carl-Albrecht-

University Kiel in 2023/2024 (facilitated by Matthias Wanner and me), and shaping

discussions in the German Transdisciplinary and Participatory Research Platform

(GTPF), particularly in the working group on impact.

While I understand transformative sustainability science as being emergent, I

do not view this emergence as an accidental process. Rather, it builds on inten-

tional, theoretically and empirically grounded, experientially informed and open-for-

discussion-and-debate, reflexive shaping by researchers. As illustrated by my research

articles, RwLs provide crucial settings where researchers can gain the experiences

and insights needed to participate meaningfully in this shaping of the field.
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Figure 3: Research papers and their RwL cases in relation to the dimensions in
which they inform and foster an emergent transformative sustainability science at
the fringe of science, or a science-society boundary space (own illustration)

5.1 Methodological innovations emerging from RwL

research

Three of the papers in this dissertation–on case reporting (Paper 1), conceptual

replication (Paper 2), and modular evaluation (Paper 5)–respond to key method-

ological challenges in RwL research: knowledge transfer across contexts, the tension

between contextual specificity and generalisability, and the complexity of evaluating

multi-layered processes. These innovations emerged not from abstract design, but

through situated engagement in real-world settings.

Responding to the challenge of knowledge transfer

A key methodological tension in transformative sustainability research is how to

generate knowledge that is both contextually rich and transferable across settings.

The case reporting approach developed in Paper 1 in the GLOCULL context responds

to this challenge by facilitating cross-case learning in RwLs while maintaining

sensitivity to local context.

Existing practices of knowledge transfer in transdisciplinary and transformative

research often swing between richly detailed but non-transferable case descriptions

and abstracted principles detached from real-world practice. The case reporting

framework offers a structured alternative that supports reciprocal cross-case learning

while preserving contextual nuance enabling (Adler et al., 2017; Nagy et al., 2020;

Wuelser et al., 2021).
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A key innovation of the case reporting approach lies in its clear distinction between

the core components of RwLs–context, lab, and experiment–captured through a

simple logic model. This differentiation supports not only more targeted knowledge

transfer but also enhances conceptual clarity in RwL research, aligning with recent

calls for more precise analytical distinctions (Parodi et al., 2024).

Bridging contextual specificity and generalisability

The dual-setting research design and conceptual replication approach developed in

Paper 2 addresses a central methodological challenge in transformative research:

bridging the gap between context-specific solution development and broader knowl-

edge generation (Lang et al., 2017; Scholz & Steiner, 2015; Von Wehrden, 2023).

This reflects the field’s dual mandate to engage with situated sustainability problems

while contributing to generalisable scientific understanding.

The methodological innovation lies in adapting conceptual replication within and

across analogous RwL cases to balance context-specific societal relevance with the

production of transferable, action-oriented knowledge (Caniglia et al., 2020). Rather

than abstracting from context, this approach builds on similarities across cases to

test theoretical mechanisms and generate sustainability-relevant insights that are

both generalisable and grounded (Derksen & Morawski, 2022; Hudson, 2023).

This approach was developed in the context of the GLOCULL project, where

interdisciplinary collaboration with colleagues in psychology sparked the idea of

testing co-developed interventions across different settings. Working with Avenir

Café, we designed a field experiment to assess the effects of sustainability-oriented

marketing tools in a real-world context building on a analogous study by Weber et al.

(2021). Encouraged by the results, we developed a parallel online study to examine

the same mechanisms in a broader, more controlled environment. This dual-setting

design enabled us to validate and refine our findings while maintaining their contextual

relevance, illustrating how RwLs can support both situated experimentation and

broader knowledge generation.

Developing nuanced approaches to evaluation

The modular evaluation approach developed in Paper 5 addresses the challenge of

evaluating the complex, layered processes that characterise RwLs. It recognises that

distinct components–such as context, lab processes, and experiments–serve different

functions and thus require tailored evaluation strategies. This structural distinction

mirrors the logic model used in the case reporting scheme presented in Paper 1,

reflecting a shared understanding across the two papers of the layered nature of

RwLs.
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This differentiated approach moves beyond one-size-fits-all evaluation models and

aligns with recent calls for more context-sensitive and reflective evaluation practices

in transformative research (B. Belcher & Claus, 2025; Luederitz et al., 2017; Schäfer

et al., 2021; Wiefek et al., 2024; Williams & Robinson, 2020). It enables a more

precise understanding of how RwLs contribute to change, while preserving the rigour

expected of sustainability science.

Conditions enabling methodological innovation in RwLs

The methodological innovations developed in these three papers emerged through

direct engagement with challenges encountered in RwL practice. Rather than

following a linear model of theoretical elaboration followed by empirical testing,

they reflect what might be called situated methodology development–a process of

responding to context-specific needs by drawing on and adapting existing approaches

across disciplinary boundaries.

Several characteristics of RwLs appear to foster this form of methodological inno-

vation. Their transdisciplinary research mode brings together diverse methodological

traditions that can be creatively re-combined in response to real-world challenges and

re-integrated into scientific discourse (Jahn et al., 2012; Lang et al., 2012; Schäpke

et al., 2018; Wanner et al., 2018). Their experimental methodology supports not

only the testing of interventions, but also the refinement of research approaches

themselves–making methodological development an integral part of the research

process.

While the reintegration of practice-based insights into scientific discourse is

a core aspiration of transdisciplinary research, RwLs are sometimes criticised for

prioritising societal impact over methodological development. The cases presented

in this dissertation illustrate how this limitation can be addressed when RwLs

are embedded in reflexive research practice that engages in advancing the field of

transformative sustainability research through new methodologies.

5.2 Transformative science in practice

Transformative research in real-world laboratories–and in transformative sustain-

ability science more broadly–is not defined solely by its methods, but by the shared

and collaborative practices that reflect the transformative orientation of all actors

involved. This section synthesises how the RwL research presented in this dissertation

contributes to understanding such practices in action. Drawing on Paper 1 and

Paper 4, it explores how RwLs function as settings for higher education sustainabil-

ity learning and for enabling knowledge transfer through practice-oriented formats

such as case reporting. These contributions highlight how transformative research
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unfolds not only in designed interventions, but in ongoing processes of co-production,

reflection, and learning.

Knowledge transfer as collaborative learning

While the case reporting approach addresses the methodological challenges of knowl-

edge transfer in transdisciplinary research (Adler et al., 2017; Wuelser et al., 2021),

it is best understood not merely as a method but as a collaborative research practice.

Rather than following a sender–receiver model–where researchers produce knowledge

and others apply it–case reporting conceptualises knowledge transfer as a situated,

interactive process of documentation, reflection, and shared learning. Although it

has methodological elements, its primary contribution lies in fostering conditions for

mutual understanding and sense-making across contexts.

This shift in practice is reflected both in the development of the reporting scheme

and in its intended use. The scheme emerged through an iterative process within the

GLOCULL project, informed by discussions and exchanges among researchers working

across seven Urban Living Labs. Rather than serving solely as a documentation tool,

it is intended as a reflective practice that supports researchers and practitioners in

making sense of their roles, challenges, and insights across diverse contexts.

This approach aligns with recent calls for more collaborative, learning-oriented

approaches to sustainability knowledge production (Caniglia et al., 2020; Norström

et al., 2020). It expands the scope of research practice beyond the production of

scientific findings to include the creation of conditions for mutual learning–through

shared reflection, contextual documentation, and dialogue across diverse communities

of practice (Adler et al., 2017; Nagy et al., 2020).

Integrating research with educational practice

The design principles for transformative learning presented in Paper 4 build on the

understanding that education is an integral part of scientific practice–especially in

the context of transformative sustainability research (Barth et al., 2020; Weiser et al.,

2023; Wiek et al., 2011). Traditional models of higher education often separate

learning about research methods from engaging in research practice, particularly when

it comes to more experimental or participatory approaches. The design principles

challenge this divide by creating learning environments in which students engage

directly in transdisciplinary research processes, developing both knowledge and the

capacity to contribute to sustainability transformations.

The contribution of the framework lies in its intentional integration of educational

and research goals within real-world laboratory settings. Grounded in contemporary

understandings of sustainability learning and transdisciplinary research, it builds

on the premise that learning and knowledge co-production are mutually reinforcing
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processes and should not be treated as separate domains. The design principles

provide a coherent set of guidelines that support this integration by helping to

structure learning environments in which students can actively contribute to research

while developing transformative capacities.

Working with students in RwL settings gave me firsthand insight into the potential

of integrating education and research in transformative sustainability contexts (for an

overview see Appendix B). While managing diverse perspectives can be challenging,

student involvement brings fresh thinking and critical engagement into the research

process. The design principles serve as a reflexive guiding tool in such situations and

offer an entry point for designing transformative learning environments grounded

in both research and educational discourses. They enable transformative sustain-

ability researchers to support student learning while also gaining new perspectives

and reorienting their own work. This shift toward experiential learning positions

sustainability education and research as equally concerned with capacity-building

and knowledge production, integrating transformative research and transformative

learning (WBGU - German Advisory Council on Global Change, 2011, p. 23).

RwLs as spaces for practice innovation

The practice innovations discussed above emerged in RwL settings where conven-

tional boundaries between research, learning, and societal engagement became more

integrated. This integration created conditions for developing practices that move

beyond traditional divisions between knowledge production, dissemination, and

application.

Several characteristics of RwLs enable this kind of practice innovation. They in-

volve diverse participants with different forms of expertise, interests, and roles–requiring

new practices to bridge across these differences. Their focus on real-world problem

solving fosters approaches that integrate knowledge, learning, and action. And

through their longer-term engagement with local contexts, RwLs create opportunities

for practices to evolve through iterative cycles of experimentation and reflection

(Parodi, 2019; Schäpke et al., 2018; Wanner et al., 2018).

Due to these characteristics, RwLs function as incubators for practice innovation in

transformative sustainability science. They provide environments where conventional

research practices can be questioned and reimagined in response to the complex

challenges of sustainability transformations. In doing so, they foster transgressive

forms of research practice that reshape what counts as valid, relevant, and effective

in the emerging field of transformative sustainability science (Caniglia & Vogel, 2023;

Lotz-Sisitka et al., 2016).
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5.3 Ontological transformations in scientific un-

derstanding

Two of the papers included in this dissertation–on emergent impacts (Paper 3) and

modular evaluation (Paper 5)–propose new ways of understanding key concepts in

transformative research, particularly in relation to impact and evaluation. These

papers show how engagement in RwLs can shift underlying scientific assumptions,

moving away from linear, cause-effect thinking toward more relational and emergent

understandings. Such shifts reflect ontological transformations in how change, knowl-

edge, and agency are conceptualised within transformative sustainability science.

Reconceptualising scientific impact

The concept of emergent impacts introduced in Paper 3 represents a significant onto-

logical shift in how scientific impact is understood. While conventional approaches

in sustainability science often focus on the direct effects of specific interventions,

some scholars have already begun to question this linear, indicator-driven model

(e.g. Luederitz et al., 2017; Walter et al., 2007; Wiek, 2007). The emergent impact

concept builds on and extends these efforts by focusing on effects that unfold through

long-term, collaborative processes rather than discrete interventions.

The concept of emergent impacts complements linear models by recognising

effects that arise from the cumulative, long-term processes of collaboration in RwLs,

rather than from isolated experiments or interventions. These impacts are not

attributable to specific actions but unfold through ongoing interactions, relationships,

and evolving contexts. As noted in Paper 3, they “while not accidental, were not

planned for at the beginning of the process and were not achieved due to a specific

experiment or intervention. Instead, they emerged from a continuous, collaborative

process between the city administration, the civil society, and Leuphana University

Lüneburg.”

The development of the emergent impacts concept was grounded in my experience

of working within RwL settings, where much of what we recognised as transfor-

mational could not be traced to individual actions or specific interventions. These

changes were clearly visible, yet unfolded through relationships, evolving contexts,

and sustained collaboration. This challenged conventional notions of scientific impact

and underscored the need for frameworks that reflect the processual and relational

nature of transformation. The concept resonated with practitioners and researchers

involved in similar settings, suggesting that a broader understanding of impact–one

that includes emergent and co-evolving effects–is not only theoretically important,

but practically necessary for advancing transformative sustainability research.
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Rethinking evaluation in complex systems

The modular evaluation approach presented in Paper 5 contributes to ontological

transformation by rethinking how evaluation is understood in scientific research.

Traditional models often assume linear relationships between inputs, activities,

outputs, and outcomes, with evaluation focused on whether predefined objectives

have been achieved through specified actions (Walter et al., 2007).

The modular evaluation approach presented in Paper 5 contributes to this deeper

shift in how evaluation is understood within transformative research. Rather than

treating evaluation as a neutral tool for measuring predefined objectives, it repositions

evaluation as a process embedded in complex, evolving systems–responsive to change

and oriented toward learning.

While strongly oriented towards societal impact, evaluating RwLs is particularly

challenging due to the delayed, emergent, and often indirect nature of transformative

outcomes (Fazey et al., 2018; Luederitz et al., 2017; Schäpke et al., 2018). These

processes unfold across multiple layers–such as institutional change, capacity building,

or shifts in discourse–and rarely align with short-term, quantifiable indicators. The

multifaceted nature of RwLs, involving diverse actors and overlapping goals, further

complicates evaluation. The modular evaluation approach addresses these challenges

by proposing differentiated strategies for distinct components–such as context, lab

processes, and experiments–allowing for more nuanced and situated assessments that

reflect the complexity of real-world transformation processes.

RwLs as catalysts for ontological transformation

The ontological shifts discussed above emerged through engagement with the complex,

emergent dynamics encountered in RwL research. These experiences challenged

conventional scientific assumptions and opened space for new ways of understanding

concepts such as impact, evaluation, and change–ones that better reflect the realities

of transformative research practice.

Several features of RwL reserach help enable this kind of ontological transforma-

tion. Its extended engagement with complex, real-world challenges resists simplified,

linear models and calls for more situated and relational conceptualisations. Their

collaborative design brings together diverse perspectives and knowledge systems,

opening space to question and expand dominant scientific assumptions. Finally, their

normative commitment to sustainability transformation fosters critical reflection on

how scientific concepts and practices must evolve to support systemic change.

In this way, RwL research acts as a catalyst for rethinking the foundations of

sustainability science. By confronting researchers with the complexity, uncertainty,

and relational nature of real-world change processes, it invites the development of
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scientific concepts and practices that are better suited to transformative goals. Rather

than simply applying existing frameworks, RwLs foster the conditions for reimagining

what science is–and what it is for–in the context of sustainability transformations.

5.4 RwL research: advancing transformative sus-

tainability science

Drawing together insights from the three dimensions analysed above, I argue that

RwLs function as incubators for advancing transformative sustainability science.

Through their unique characteristics and position at the boundaries of conventional

scientific practice, RwLs create conditions for the emergence of novel methodological,

practical, and ontological innovations that can transform how sustainability science

is conducted.

Boundary spaces for scientific innovation

The innovations documented across the five papers emerged from the position of

RwLs as boundary spaces or fringe zones between scientific and societal domains.

This positioning creates productive tensions between different knowledge systems,

demands for both rigour and relevance, and evolving roles for researchers and

participants. Rather than attempting to resolve these tensions through compromise

or simplification, RwLs create environments where they can be navigated creatively,

generating innovations that might not emerge in more conventional research settings.

The case reporting approach (Paper 1), for example, emerged from navigating the

tensions between the contextual specificity of transdisciplinary knowledge and the

need for broader learning across contexts. The concept of emergent impacts (Paper 3)

arose from the tensions between conventional impact frameworks and the complex,

interactive processes observed in long-term RwL engagement. These innovations did

not simply adapt existing approaches, but created new frameworks that reflect the

distinctive nature of transformative research.

This boundary-spanning function resonates with what Cash et al. (2003) describe

as the creation of ”boundary objects”–concepts, tools, or practices that are meaningful

across different domains and can facilitate communication between them. The

innovations presented in this dissertation function as boundary objects that bridge

the gap between conventional scientific approaches and the unique demands of

transformative sustainability research.
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Creating conditions for scientific evolution

Beyond specific innovations, RwLs create broader conditions for the evolution of

scientific practice. Through their sustained engagement with complex sustainability

challenges in real-world contexts, they provide environments where new approaches

can be tested, refined, and institutionalised over time. This creates a cycle of

innovation and learning that extends beyond individual research projects to influence

the broader field of transformative sustainability science.

This evolutionary process is reflected in how the innovations developed in this

dissertation build upon one another. The case reporting approach emerged from

efforts to understand the GLOCULL cases disaggregated into context, lab, and

experiment–an analytical structure that also underpins the modular evaluation

approach. The concept of emergent impacts, in turn, deepens previous understandings

of impact by capturing the indirect and co-evolving effects observed in long-term

engagement. These interconnections illustrate how RwL research can generate

cumulative innovation over time, with new insights emerging through iterative cycles

of conceptual development, practical testing, and critical reflection. As such, RwLs

offer not only a space for individual innovation, but a model for how scientific

practices might evolve more broadly through embedded, reflexive research.

Balancing rigour and relevance

A crucial aspect of the incubator function of RwLs is their capacity to support inno-

vations that balance scientific rigour with practical relevance. Traditional scientific

approaches often prioritise rigour at the expense of real-world applicability, whereas

practice-oriented approaches may prioritise societal impact but lack methodological

robustness. The innovations documented in this dissertation illustrate how RwLs

can foster research that maintains both qualities.

The dual-setting research design and conceptual replication approach (Paper 2)

combines contextually embedded transdisciplinary research with more controlled

studies to achieve both ecological validity and scientific rigour. The design principles

for transformative learning (Paper 4) integrate educational best practices with

principles from transformative research to create learning experiences that are both

pedagogically sound and practically relevant. These innovations show how RwLs

can serve as settings where traditional trade-offs–between rigour and relevance, and

between research and education–can be navigated in new ways.

Implications for transformative sustainability science

The conceptualisation of RwLs as incubators for advancing transformative sustain-

ability science has important implications for research practice and the broader
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field. It suggests that attention should extend beyond the substantive outcomes

of RwL research–such as sustainability solutions or interventions–to include the

methodological, practical, and ontological innovations that emerge through these

processes. These innovations may ultimately have wider relevance by influencing how

transformative research is conceptualised and conducted across different contexts.

This perspective also underscores the importance of establishing RwLs as long-

term research infrastructures rather than short-term projects. As Parodi et al. (2024)

argue, RwLs realise their full potential when conceived as enduring institutional and

epistemological frameworks for experimentation–not as isolated projects or single

interventions. This long-term perspective is essential to their role as incubators for

scientific innovation, which depends on sustained engagement, iterative learning, and

space for reflection.

The design and governance of RwLs should therefore actively cultivate conditions

that enable scientific innovation alongside substantive experimentation. This includes

fostering spaces for methodological reflection and experimentation (Wahl, 2023),

building on dialogue across diverse knowledge systems and perspectives, and sup-

porting the systematic documentation and re-integration of methodological insights

alongside empirical results (Jahn et al., 2012).

Through these implications, the conceptualisation of RwLs as incubators for

transformative sustainability science contributes to a broader understanding of their

role in sustainability transformations–not only as settings for applying established

approaches, but as spaces where the practice of science itself can evolve. By enabling

reflexive and transgressive forms of research, RwLs help advance the emerging field

of transformative sustainability science in ways that are responsive to the complexity

of real-world change.

5.5 Limitations and future research

While this dissertation offers valuable insights into how RwL research can inform

and advance transformative sustainability science, it is important to acknowledge its

limitations and outline areas for future research.

The empirical foundation of this dissertation is based primarily on three in-

terconnected RwL settings, all located within the German and European context.

While these cases provided rich opportunities to explore different dimensions of

RwL research, they represent only a small subset of the diverse approaches being

developed globally. The innovations presented here emerged from specific cultural,

institutional, and thematic settings, and their relevance or transferability to other

contexts may be limited.

My position as a transdisciplinary researcher embedded in the RwL processes
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drawn from in this dissertation has shaped both the strengths and limitations of this

work. It offered a unique vantage point on how transformative research approaches

emerge and evolve in practice, while also situating my perspective within the academic

dimension of these processes.

The field of transformative sustainability science is rapidly evolving, with new

approaches and understandings emerging continuously. The innovations presented

in this dissertation represent a snapshot of this evolution at a particular moment

in time, and may already be subject to expansion, adaptation, or critique as the

field develops further. This openness to revision aligns with the very nature of

transformative research, where concepts are not static but are expected to evolve

through application, challenge, and ongoing critical reflection.

These limitations point to several promising directions for future research. Adopt-

ing the idea of RwLs as incubators for advancing transformative sustainability science

calls for more comparative studies that examine how similar innovations emerge–or

fail to emerge–across diverse global contexts. There is also a need to better un-

derstand the processes through which scientific innovations develop within RwL

practice, including the roles of collaboration, context, and reflexivity. This should

be complemented by longitudinal research that investigates how such innovations

influence the broader field of transformative sustainability science over time. Further

work could explore the interconnections between the methodological, practical, and

ontological dimensions of innovation identified in this dissertation–and extend this

analysis to additional dimensions of scientific transformation.

These future directions, however, should not overlook the elephant in the room:

while RwLs–as illustrated in this thesis–should be settings to explore what science

could and should be, their primary purposes of enabling collaboration for sustainabil-

ity transformations and generating actionable knowledge must not be compromised

by an inward turn toward methodological refinement or theoretical abstraction that

lacks practical relevance and risks detaching science from societal needs.

By balancing these ambitions through reflexivity and a transformative orientation,

we can continue to develop a richer understanding of how research in RwLs can

inform and foster an emergent transformative sustainability science–advancing not

only our responses to specific sustainability challenges, but also our collective capacity

to conduct transformative research itself.
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Conclusion

This dissertation has examined how research in real-world laboratories (RwLs) can

inform and foster an emergent transformative sustainability science. Through five

papers addressing different aspects of RwL research, I have shown how RwLs function

both as incubators and as enabling research environments that advance the field

across methodological, practical, and ontological dimensions. While each paper

responds to specific challenges encountered in RwL settings, they collectively form a

coherent body of work–not merely through shared empirical contexts, but through

a common orientation toward shaping the methodological foundations, practical

approaches, and conceptual understandings of transformative sustainability science.

The methodological innovations presented in this dissertation–including case

reporting, conceptual replication, and modular evaluation–demonstrate how RwL

research can address key challenges in knowledge transfer, generalisability, and

evaluation by developing methods grounded in real-world engagement. The practice

innovations–such as conceptualising case reporting as a collaborative learning practice

and integrating educational goals into research through design principles–show how

RwLs expand the role of research beyond knowledge production to include capacity-

building and experiential learning. Finally, the ontological shifts–particularly in

how scientific impact and evaluation are conceptualised–highlight how sustained

engagement in RwLs can reshape foundational assumptions about change, complexity,

and scientific agency.

These innovations emerged through direct engagement with challenges encoun-

tered in RwL practice, underscoring the value of RwLs as boundary spaces–or fringe

zones–where tensions between knowledge systems, competing demands for rigour and

relevance, and evolving researcher roles can drive scientific innovation. By creating

conditions where such tensions are not resolved but creatively navigated, RwLs foster

methodological, practical, and ontological developments that advance transformative

sustainability science.

Transformative sustainability science should be understood as an emergent
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field–not in the sense of accidental development, but as an intentional process

shaped by reflexive researchers drawing on grounded, experiential, and contestable

contributions. RwLs offer critical settings for this work, providing the conditions

where researchers can develop the insights and capacities needed to rethink not

just sustainability solutions, but the scientific practices used to address them. This

conceptualisation of RwLs as incubators has important implications: for researchers,

it highlights the importance of advancing methodological, practical, and conceptual

innovation alongside empirical findings; for practitioners and policymakers, it under-

scores the need to support RwLs as long-term infrastructures that foster scientific

and societal transformation in tandem. As this dissertation has shown, RwLs do not

simply apply transformative approaches–they help generate them. Situated at the

boundaries of conventional science, they create spaces where knowledge production,

collaboration, and reflexivity converge–and where science itself can be reimagined

for a world in need of sustainability transformations.
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B. (2020). Indigenous and local knowledge in sustainability transformations

research: A literature review. Ecology and Society, 25 (1), art3. https://doi.

org/10.5751/ES-11305-250103

Lang, D. J., & Wiek, A. (2022). Structuring and advancing solution-oriented research

for sustainability: This article belongs to ambio’s 50th anniversary collection.

theme: Solutions-oriented research. Ambio, 51 (1), 31–35. https://doi.org/10.

1007/s13280-021-01537-7

Lang, D. J., Wiek, A., Bergmann, M., Stauffacher, M., Martens, P., Moll, P., Swilling,

M., & Thomas, C. J. (2012). Transdisciplinary research in sustainability

science: Practice, principles, and challenges. Sustainability Science, 7, 25–43.

https://doi.org/10.1007/s11625-011-0149-x

Lang, D. J., Wiek, A., & von Wehrden, H. (2017). Bridging divides in sustainability

science. Sustainability Science. https://doi.org/10.1007/s11625-017-0497-2

Leach, M., Reyers, B., Bai, X., Brondizio, E. S., Cook, C., Dı́az, S., Espindola, G.,

Scobie, M., Stafford-Smith, M., & Subramanian, S. M. (2018). Equity and

sustainability in the anthropocene: A social–ecological systems perspective

on their intertwined futures. Global Sustainability, 1, e13. https://doi.org/10.

1017/sus.2018.12

Levin, K., Cashore, B., Bernstein, S., & Auld, G. (2012). Overcoming the tragedy of

super wicked problems: Constraining our future selves to ameliorate global

climate change. Policy Sciences, 45 (2), 123–152. https://doi.org/10.1007/

s11077-012-9151-0

Loorbach, D. (2010). Transition management for sustainable development: A prescrip-

tive, complexity-based governance framework. Governance, 23 (1), 161–183.

https://doi.org/10.1111/j.1468-0491.2009.01471.x

Chapter 6 47

https://doi.org/10.1016/j.cities.2024.105301
https://doi.org/10.1073/pnas.1116097108
https://doi.org/10.1073/pnas.1116097108
https://doi.org/10.1126/science.1059386
https://doi.org/10.5751/ES-11305-250103
https://doi.org/10.5751/ES-11305-250103
https://doi.org/10.1007/s13280-021-01537-7
https://doi.org/10.1007/s13280-021-01537-7
https://doi.org/10.1007/s11625-011-0149-x
https://doi.org/10.1007/s11625-017-0497-2
https://doi.org/10.1017/sus.2018.12
https://doi.org/10.1017/sus.2018.12
https://doi.org/10.1007/s11077-012-9151-0
https://doi.org/10.1007/s11077-012-9151-0
https://doi.org/10.1111/j.1468-0491.2009.01471.x


Advancing Transformative Science Through Research in Real-world Laboratories

Loorbach, D., Frantzeskaki, N., & Avelino, F. (2017). Sustainability transitions

research: Transforming science and practice for societal change. Annual Review

of Environment and Resources, 42 (1), 599–626. https://doi.org/10.1146/

annurev-environ-102014-021340

Lotz-Sisitka, H., Ali, M. B., Mphepo, G., Chaves, M., Macintyre, T., Pesanayi, T.,

Wals, A., Mukute, M., Kronlid, D., Tran, D. T., Joon, D., & McGarry, D.

(2016). Co-designing research on transgressive learning in times of climate

change. Current Opinion in Environmental Sustainability, 20, 50–55. https:

//doi.org/10.1016/j.cosust.2016.04.004
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Schäfer, M., Bergmann, M., & Theiler, L. (2021). Systematizing societal effects of

transdisciplinary research. Research Evaluation, rvab019. https://doi.org/10.

1093/reseval/rvab019
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Lang, D. J.. Bridging the gap between local solution
development and broader knowledge generation: Insights
from a marketing intervention study on sustainable coffee
supply.

Manuscript Co-author with pre-
dominant contribu-
tion

1.0

3 Bernert, P., Weiser, A., Kampfmann, T., & Lang, D.
J. (2024). Impacts beyond experimentation – Concep-
tualising emergent impacts from long-term real-world
laboratory processes. GAIA – Ecological Perspectives
for Science and Society.

Published Co-author with pre-
dominant contribu-
tion

1.0

4 Bernert, P., Wanner, M., Fischer, N., & Barth, M. (2022).
Design principles for advancing higher education sustain-
ability learning through transformative research. Envi-
ronment, Development and Sustainability.

Published Co-author with pre-
dominant contribu-
tion

1.0

5 Kampfmann, T., Bernert, P., & Lang, D. J. (2022).
Toward a modular evaluation approach of real-world
laboratories: Findings from a literature review. Research
Evaluation.

Published Co-author with im-
portant contribution

0.5

55



Advancing Transformative Science Through Research in Real-world Laboratories

Detailed Contribution Statements

1. Paper 1: Conceptual development of the case reporting scheme, coordination

of the collaborative writing process, shared lead authoring of the manuscript

with equal contribution from Darin Wahl.

2. Paper 2: Conceptual development of the dual-setting research design, co-

coordination of the field experiment, and lead authoring of the manuscript.

3. Paper 3: Development of the concept of emergent impacts, coordination of

the case analysis, and lead authoring of the manuscript.

4. Paper 4: Development of the design principles framework, coordination of

the collaborative writing process and lead authoring of the manuscript.

5. Paper 5: Contribution to the conceptual framework, and manuscript review.

Lead author was responsible for data collection and analysis of the literature

review.

Declaration

According to § 16 of the guideline for cumulative dissertations:

I avouch that all information given in this appendix is true in each instance and

overall.

Place, Date Signature

Explanatory Notes:

Articles included in a cumulative doctoral thesis can also be conference contributions

or book chapters besides papers published in journals.

Bibliography: Author(s) – Title – Journal / Book / Conference contribution –

Date of publication – DOI (if available)

56 Chapter A



Advancing Transformative Science Through Research in Real-world Laboratories

Specific contribution of PhD candidate submitting the doctoral thesis / Author

status according to § 12 of the guideline for cumulative dissertations:

• Single author = own contribution amounts to 100%.

• Co-author with predominant contribution = own contribution is greater than

the individual share of all other co-authors and is at least 35%.

• Co-author with equal contribution = (1) own contribution is as high as the

share of other co-authors, (2) no other co-author has a contribution higher

than the own contribution, and (3) the own contribution is at least 25%.

• Co-author with important contribution = own contribution is at least 25%, but

is insufficient to qualify as single authorship, predominant or equal contribution.

• Co-author with small contribution = own contribution is less than 20%.

Weighing Factor according to § 14 of the guideline for cumulative dissertations:

Single author 1.0

Co-author with predominant contribution 1.0

Co-author with equal contribution 1.0

Co-author with important contribution 0.5

Co-author with small contribution 0

Chapter A 57



Appendix B

Overview of Teaching Activities

This appendix provides an overview of relevant teaching activities at Leuphana
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ohne unzulässige fremde Hilfe verfasst habe. Anderer als der von mir angegebenen

Hilfsmittel und Schriften habe ich mich nicht bedient. Alle wörtlich oder sinngemäß
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