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Abstract

:

There is an increasing call for science to contribute more to real-world solutions for a sustainability transformation. At the same time, the scientific landscape encompasses different concepts, which are characterized as practice-oriented, addressing social challenges and wicked problems, which thus offer potential to contribute to a transformation, notably: technology assessment (TA), responsible research and innovation (RRI), and real-world labs (RwLs). This article deals with the question of how these different concepts can be better integrated to contribute to a transformation. With this goal in mind, we analyze the three concepts, show their core characteristics, and identify their common key similarities. TA and RRI have rarely been connected to transformative sustainability research in general or RwLs in particular. Based on the key similarities and respective strengths of the three concepts, we suggest four ways to integrate the approaches, including the novel endeavor of a Reflexive Sustainable Technology Lab as the highest level of the concepts’ synthesis.
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1. Introduction


In accordance with the heightened political importance of sustainable development, sustainability science (also referred to as transformation research, see, e.g., [1]) has emerged as a novel discipline. It differs from traditional academic disciplines with its focus on solving real-world problems. Clark summarizes in this regard: “(…) sustainability science is a field defined by the problems it addresses rather than by the disciplines it employs” [2] (p. 1737). This is often combined with the aspiration to initiate practical change, typically referred to as ‘transformative science’ [3].



In this article, we focused on the real-world lab (RwL) as a key concept in transformative sustainability science [3] (see Section 2.1). Historically, both the term RwLs and its first implementations originate from transformative sustainability research [4]. From the very beginning, RwLs—with their direct links to urban and regional development—have been designed as a framework for societal research, transformation, and learning processes (cf. [5,6]). A RwL is a transdisciplinary research and innovation environment, located in specific geographic or thematic societal contexts, to facilitate experiments for a transition towards a culture of sustainability. It serves as a platform to initiate and perpetuate learning processes and transformative knowledge (cf. [7]).



Beside RwLs, there are other research strands which are practice-oriented, address social challenges and wicked problems, and aim to contribute to a better future. In this article, we relate to two such research strands: technology assessment (TA) and responsible research and innovation (RRI). TA emerged in the 1970s against the background of ever-increasing technological risks, and aimed to evaluate the future impact of novel technologies. Another more recent research field is RRI. It aims at responsible technology development, taking into account social and ecological needs and goals. Both TA and RRI have, so far, rarely been connected to transformative sustainability research, yet, as exceptions [8] show, they offer great potential for enriching transformative sustainability science in general and RwL approaches in particular.



In this article, we follow this promising line of research to show that while transformative research options (RwLs, TA, and RRI, respectively) have different origins, genesis, and immediate objectives, they all contribute to sustainability transformation and a sustainable future. By looking at their similarities—rather than emphasizing their differences—we connect the different research strands in order to integrate their knowledge for steering sustainability transformation.



For this endeavor, we build on the assumption that all three concepts—TA, RRI, and RwLs—are rooted in a common understanding of science engaged in and for society. Based on this common ground, we identified key similarities between all three concepts that provide the foundation for building bridges between them. Pre-empting the findings, six key similarities are mapped out in the following section to build joint concepts using the strengths of all three research strands: 1. Scientific approach; 2. Normativity and Responsibility; 3. Supporting practice; 4. Participation; 5. Reference to the future; 6. Learning.



This short list already illustrates that the heterogeneity of the field of sustainability transformation science and its neighboring research strands of TA and RRI can be seen as an asset rather than a problem. When combined, they offer a wide variety of analytic viewpoints and methods for sustainability transformation. We follow this perspective and aim at building bridges between these concepts.



To do so, we introduce RwLs, TA, and RRI as our key concepts in Section 2. Based on this analysis, we outline conceptual bridges between the three concepts in Section 3 and Section 4. These conceptual bridges provide the foundations for the novel research concept of a “Reflexive Sustainable Technology Lab” introduced in Section 5.




2. RwLs, TA, and RRI: Core Characteristics


In this section, we introduce RwLs, TA, and RRI and their respective key characteristics, starting with RwLs as our foundational concept to which the other two disciplines will be connected.



2.1. Real-World Labs


RwLs are part of a global “experimental turn” that is increasingly creating action-oriented and involve experimental research modes, especially in sustainability research (cf. [9]). The transformative approach of RwLs has expanded transdisciplinary research not only to include the production of knowledge for sustainable development, but also to develop practical impulses and contributions for sustainable development through research. Efforts to democratize science and direct it toward the common good are another ideational origin. Following a democratic understanding of society, science as a knowledge process is tied more closely to the actual legitimized subject of knowledge—to the sovereign, i.e., the population. The involvement of citizens, (local) government, and civil society groups in RwLs broadens the societal base of those people who participate in science and knowledge production, paving a direct way for the transfer of research results to society at large. Regarding our goal of connecting the three fields, it is furthermore notable that RwLs are open to all kinds of transition processes, e.g., including social innovation in contrast to other lab types focusing more on technological innovations [10,11,12]. Box 1 briefly presents a RwL in operation.



Based on the above understanding, the core characteristics of RwLs have evolved [7,13]; cf. [14,15,16]:




	
Research orientation: RwLs serve as scientific undertakings for sustainability and transformation research with the goal to gain and provide transformative knowledge.



	
Transformativity: RwLs are hybrid ventures, due to the goal to create scientific findings as well as significant changes in societal practice. They are supposed to make a difference, to walk the talk and be transformative.



	
Normativity: RwLs are oriented towards the guiding principle of sustainable development and explicate their normative assumptions, basis, and goals.



	
Transdisciplinarity: The core of RwLs are multiple co-operations of scientists and practice actors. The research starts from actual “real-world” problems, and not only theoretically derived ones.



	
Involvement of civil-society actors: There is a continuous focus on participation and mutual integration of civil society in the whole experimentation process (agenda-setting, co-design, co-operation, and co-evaluation).



	
Serving as models: RwLs are unique and bound to their specific context, but aim for transfer and upscaling of their insights, results, innovations, and methods to different and wider contexts.



	
Long-term perspective: RwLs are ideally established as long-term institutions with a time horizon of (several) decades. Therefore, they can design, conduct, and evaluate transformation processes which could not take place in the regular research project timeline of three years.



	
Laboratory character: The main methods are real-world experiments such as transformative approaches in specific geographic or thematic societal contexts that are tested for a defined period of time. RwLs constitute a transdisciplinary infrastructure to conduct these experiments.



	
Education: RwLs provide multiple learning processes on an individual level (insights, new ways of acting, and, especially for scientists, unusual but potentially fruitful ways of working) and on a systemic level (self-reflection and evaluation processes).










Box 1. Example of an operating Real-world Lab






“Quartier Zukunft—Labor Stadt” [English: “District Future—Urban Lab”] is a Real-world Lab of the Karlsruhe Institute of Technology (KIT) centered in Karlsruhe’s Oststadt, as a mature, typically European urban neighborhood. Quartier Zukunft functions as a creative platform, a space for experimentation, research and innovation and a stepping stone for a variety of civil society projects with a sustainability aspect.



Science and society are jointly seeking, testing, and researching how a culture of sustainability can emerge and be lived in an urban district. This aim is to increase people’s scope for action and capacity for transformation by testing and pioneering ideas and creative strategies for the future. This includes technical, organizational, and social innovations.



While many people think of sustainability primarily in terms of renunciation or efficiency, Quartier Zukunft is about creating new qualities of life for the people in the neighborhood. Sustainable development as a normative guiding principle is translated by the Integrative Concept of Sustainable Development (ICoS) [17], a scientific and ethical concept of the Helmholtz Association developed under the lead of ITAS.



https://www.quartierzukunft.de/en/ (accessed on 14 November 2022)








2.2. Technology Assessment


TA can best be understood as a critical reflection and scientific discourse which started in policy advice and still draws strongly on concepts of how to analyze complex socio-technical (and ethical, ecological, legal, etc.) systems or cases in a way that supports decision-making. Another key feature of TA is its focus on anticipation of future impacts. While TA has developed various strands and styles [18], including explicitly “participatory TA”, the focus on establishing a clear methodology has always been key to achieving scientific quality in a problem-oriented setting that includes the respective case context [19]. On a European level, TA was one of the discourses that lead to the broader concept of RRI. Core characteristics of the field include [18,20,21]:




	
Future orientation: TA evaluates the impact of technologies for future development.



	
Focus on technology: It is often inspired by new technologies and analyzes these developments from a socio-technical systems perspective.



	
Problem orientation: The choice of the analyzed technology is often problem-oriented (e.g., nuclear energy, AI).



	
Impact assessment: It uses a broad methodology for analyzing future impacts (e.g., Life-Cycle Assessment).



	
Scientific criteria: TA is an established (interdisciplinary) research field with high theoretical and methodological standards for impact assessment.



	
Policy advice: TA aims to support decision-making, especially in politics, but also more recently (fostered by RRI concepts) among further stakeholders such as companies.








Regarding our goal of connecting approaches, the role of technology in the research field of TA, which contrasts with the role of technology in real-world labs, needs critical reflection. Technologies improving, for example, ecological sustainability (e.g., biofuels or solar panels), might have a negative impact of other sustainability dimensions (economic, ecological, and social; see [22]). In their recent paper, Sovacool et al. [23] examined to what extent four different low-carbon technologies contribute or harm social equality. For example, they highlighted the demographic inequity of solar panels with adoption being mandated by gender roles and financial status (e.g., house ownership as precondition for household solar panels). Even if a technology is at a niche implication benefiting the social, economic, and ecological dimension of sustainability, this might change when being scaled up [24]. A good example are biofuels [25], e.g., first-generation biofuels, if scaled-up, increase monoculture, and thus negatively impact biodiversity as well as harming food security. Second-generation biofuels using waste could solve this issue but may counteract the efforts for waste reduction.



This remark on the sustainability of technology innovation is not made to state that technology is in general not a valuable asset for sustainability transitions but rather to point out that while acknowledging the asset of technology development we should critically monitor its overall sustainability impact, taking all three dimensions of sustainability (economic, social, ecological) into account rather than blindly following technology hypes (regarding technology hype cycles see e.g., [26,27,28]). TA research has a longstanding tradition in this regard and is therefore a crucial element for the new concept.




2.3. Responsible Research and Innovation


RRI can be understood as a policy concept, mainly supported by the European Commission (EC) over recent years [29]. In this EC context, certain “keys” of RRI (Gender, Ethics, Open Access, Engagement, and Science Education) have been identified, which each refer to discussions, measures, and activities already taking place in various areas [30,31], representing the main areas of focus for RRI, especially in European Union-funded projects. However, on a national level, RRI as a term is rarely explicitly used, even if many of the keys play an important role in science policy (for instance in Germany [32]). Other than at the EC level, the more academic discussion of RRI provides four “dimensions” that help frame the concept in a more procedural way [31,32,33].



	
Anticipation: RRI aims at an improvement of forecasting, resilience through systematic thinking for socially robust research and innovation, while recognizing the complexities and uncertainties of science and society’s co-evolution.



	
Reflexivity: RRI acknowledges the need for institutional reflexivity in governance, by being aware of activities, commitments, framings, and assumptions, as well as the limits of knowledge, values systems, and theories that shape science and innovation. It re-thinks concepts, assumptions, and demands of openness.



	
Inclusion: RRI implies the integration of stakeholders and the wider public regarding issues of science and innovation; this is still an experimental process.



	
Responsiveness: RRI involves the capacity to change the shape or direction of innovation processes in response to stakeholder and public values and circumstances by responding to new knowledge as it emerges, as well as emerging perspectives, views, and norms.






In line with TA, RRI studies often focus on technological innovation, e.g., in industry [30], rather than on business models or social innovation. However, they also offer a critical reflexivity in this regard, which could benefit RwLs aiming at involving technology innovations.





3. Key Similarities and Specifics of TA, RRI, and RwL Research


In chapter 2, we have identified the core characteristics of the concepts of RwLs, TA, and RRI based on central conceptual literature of each discourse. By comparing these characteristics (s. Figure 1), we identified six key similarities between all three concepts: science for society, normativity, supporting practice, participation, reference to the future, and learning. These key similarities can be used to build bridges, guiding the combination and synthesis of the three concepts. Until now, only TA and RRI have been linked systematically [34]; the links to RwL research have not yet been mapped out.



Therefore, we shall outline the six key similarities between the three concepts in more detail. We also highlighted the specific ways in how each of the concepts address the key similarities. This will serve as a basis for integrating their respective strengths.



3.1. Science for Society


All three approaches are also scientific endeavors facing the challenge of bringing science into broader societal processes. TA does research, using scientific methods and knowledge for decision support and policy advice [21], RRI is a research and development mode, combining technology development with societal research on its implications [34], and RwL research creates an environment for experimentation, transdisciplinary, and transformative research. In all three approaches, scientific criteria serve as a way to achieve knowledge that is more reliable, to avoid biases, to gain legitimacy, and to link learning processes from a specific project to a broader (scientific) discourse.



An especially relevant research practice is impact measurement via indicators. In RRI, effectiveness is usually measured with indicators relating to all four dimensions listed above, also to achieve responsiveness and adaptation. TA has a long-standing tradition of using indicator systems, but these are rarely used to measure the impact of TA itself (see Ladikas et al. in this volume). For RwL research, the challenge will be to develop an indicator system that covers both the level of a single experiment and the level of the lab as a whole.




3.2. Normativity and Responsibility


All three concepts either explicitly refer to a normative model (sustainability: RwLs; responsibility: RRI) or relate empirical and simulated data to normative agendas (TA). In TA, based on its tradition of scientific policy advice, normativity is handled carefully—e.g., by including different normative perspectives in scenarios, by referring transparently to broadly accepted concepts such as sustainability, or by guaranteeing transparency in the scientific process [35], and other contributions in that volume]. In RRI, responsibility is not necessarily linked to an explicit ethical framework. Instead, responsibility is integrated by the participation of various stakeholders and by processes designed for reflexivity and the iterative correction of plans. RwL research refers directly to concepts of sustainability [7], both as a scientific point of reference and as a development strategy. As science for society, all concepts (implicitly or explicitly) aim at basic normative ideas such as the precautionary principle [36] and the common good [37].




3.3. Supporting Practice


All three approaches are both problem- and solution-oriented. Depending on the field of practice, the way they offer support differs between decision processes (e.g., advice, assessment of alternatives, participatory decision-making) in TA [38], transformation processes starting in niches (e.g., experiments, transfer, and generalization of best practices) in RwLs [39], or innovation (multi-perspective feedback loops, prototyping, and testing) in RRI. In each concept, the support of practice is closely related to overarching societal goals as the normative framework. RRI, TA, and RwLs all favor a process-oriented work mode. In all three traditions, process criteria play a major and similar role, no matter whether the overall process is framed as one of decision, innovation, or transformation.




3.4. Participation


All three approaches have a methodological tradition of including different actors, either to include specific bodies of knowledge (TA, RRI, RwLs), to create a process that is acceptable in a democratic society (TA, RRI), to make sure that the results are ready for implementation (RRI, RwLs), or to contribute to sustainability transformation directly in scientific public-private partnerships (RwLs). While in TA, participation is only for producing knowledge, in RRI different actors are directly involved in innovation, and in RwLs they are involved in transformation processes. Their addressees—the participants—are numerous: key decision-makers, agents, and makers who realize innovative ideas, scientific communities, and a wide public audience. They bring in perspectives from politics, administration, economy, arts and culture, and civil society.



In TA, participation is often framed as a distinct type of project (“participatory TA”) [19]. In RwL research, both researcher and practice partners are heading for societal transformation and working in close cooperation.




3.5. Reference to the Future


One feature that all these traditions share, which not only causes practical difficulties but triggers fundamental epistemological questions, is their inherent reference to the future [40]. This is often harnessed in methodology (e.g., roadmaps, Delphi-surveys, or scenarios) to navigate between anticipation, planning, and visioning.



The way futures are addressed is not predictive but stays abstract in order to provide arguments for decision processes. In RRI, this is done mainly for technical or socio-technical innovation or its framework (e. g. changes in regulation) [41], and in TA as a resource for political decision-making. RwLs, on the other hand, may use narratives or conceptual ideas about the future, especially drawn from the discourse on sustainable development, but with an aim to contribute both knowledge and best practice examples to long-term sustainability transformations. A closer integration of futures thinking and (practical) transformation promises high potential for integrating TA, RRI, and RwL research.




3.6. Learning


RwLs, RRI, and TA are organizing societal and scientific learning, but have different notions of learning, which in many respects stay implicit. RwLs have been described as learning environments for various and interlinked learning processes [42]. RRI is conceptualized as an iterative innovation process with the need to include various stakeholders, amongst other reasons, to facilitate joint and mutual learning. In TA, learning concepts are either discussed in relation to higher education, or as the transfer and integration of knowledge of different types into a transdisciplinary process, e.g., to develop technology which is more reasonable. A perspective of “transformative learning” [43] can serve as a joint theoretical basis to link these discourses.





4. Combining RwLs, TA, and RRI—Synthesis and Potential


All three concepts are based on a common ground, have key similarities, and aim at shaping the future in a wiser, more reasonable way. Regarding their specifics, each of them can broaden the horizon of eco-socio-technological innovation in general, and sustainability transformation in particular. Looking at their core strengths, RRI focuses on anticipation, participation, and responsiveness; TA on technology, foresight, and impact assessment; and RwLs on sustainability, experimenting, collaboration, and building inter-institutions at the interface of science and society. Each of them can and does contribute to sustainability transformation. However, combining them might create an opportunity to establish synergies between their specifics, strengths, complementary perspectives, and leverage points. Mutual learning and the fruitful combination—the triangle of RwLs, TA, and RRI—offers the chance of a next step in a rational approach to sustainability transformation.



While TA and RRI are already linked in specific projects or methods [44], virtually no references have been made so far between TA and RwL research, or RRI and RwL research. That is why we derived options on how to combine TA and RRI with RwL research. The following points in this chapter are conceptual suggestions, showing how combinations between the three approaches can be implemented in a range of intensities, reaching from short-term one-directional links to an institutional synthesis.



	
The first step in bringing TA, RRI, and RwLs together is looking from the single perspective towards the other concepts, e.g., looking from TA or RRI at RwLs as research objects and case studies. At this stage, the concepts remain disparate, and insights can be gained into the neighboring concepts (see Section 4.1).



	
Inter-conceptual approaches, here, means that TA, RRI, or RwLs are integrating (single) aspects of the other concepts to widen their own work: TA studies are integrating real world experiments, for example. Therefore, TA learns from RwLs, or RWLs learn from RRI. The concepts ‘learn’ from each other and begin to merge (see Section 4.2 and Section 4.3).



	
The most far-reaching approach might be an endeavor that addresses all the core strengths of RwL, TA, and RRI together. To do so, we suggest a Reflexive Sustainable Technology Lab that combines and institutionalizes the triangle of all three concepts in one lab (see Section 5).






All of these modes of combination can and would foster sustainability transformation. In combination, what intensity is appropriate may differ, and depends on the case, context, and opportunities of implementation (See for the following also [8]).



4.1. Real-World Labs as the Research Objects in TA and RRI Case Studies


Numerous RwLs are suitable as case studies. Of course, RwLs with a focus on technology are particularly interesting for TA or RRI, e.g., new energy, climate protection/decarbonisation, information, or production technologies. The perspective on a RwL as a whole allows a TA study to examine new technologies as an eco-socio-technical system at an early stage. RRI could be interested in RwLs where tangible innovations are developed in an inclusive, reflexive cooperation of science and practice actors. The fact that RwLs can usually contribute from their own research system and orientation, and action knowledge can support TA research and RRI endeavors. In these cases, TA or RRI gain knowledge and learn from RwLs. However, the added value of TA or RRI case studies for the RwLs themselves is likely to be rather low.




4.2. TA- and RRI-Processes within Real-World Labs


RwLs can be used as a basis and framework for both TA and RRI. They can offer a social and epistemic framework and transdisciplinary infrastructure for TA studies or RRI processes. If an RwL is set up in a way that is suitable for a TA or RRI-topic (e.g., thematically, spatially, and in terms of its network of stakeholders), then TA or RRI projects can be carried out in it. As a rule, for TA, the more interactive approaches, especially participatory TA, seem appropriate. In general, long-term RwLs allow RRI and TA to follow the process of invention, innovation, or even the enculturation of new technologies longitudinally and at close range and with many research synergies. However, when using an RwL as a base for RRI or TA processes, special precautions must be taken in order to avoid negative repercussions for the RwL from project activities. The trust and social relations between the actors in the RwL are essential foundations of RwL work, and they can be damaged quite easily. In this respect, project participants must adhere to certain rules and ‘safety standards’ of the RwL. This includes transparency about the goals of the project and clear expectation management: What can the participants expect from the study? What are the perspectives beyond the project period? What about ownership (of the jointly developed) innovation?




4.3. Transformative Experiments as a New Methodology for TA and RRI


A third and—for TA and RRI—more fundamental option is to conduct the concepts in an experimental way. Looking at TA, RwLs can provide an appropriate and reliable epistemic and practical framework for TA experiments. Experimental work is not completely new in TA, e.g., a social bot for influencing opinions was programmed and used within the framework of a TA-study to investigate its effectiveness [45]. As a rule, however, such activities are too costly and lengthy within the framework of a TA study. RwLs allow the application of experimental working methods much more reliably, efficiently, and with better plannability. The decisive question that arises here is to what extent TA itself would like to proceed experimentally in the future.



A programmatic “Experimental TA” (eTA) would—like real-world experiments in general—be practice-oriented, application-oriented, transdisciplinary (participatory), and involve different actors under carefully monitored real conditions. The similarity of eTA to “Constructive TA” (cTA), where TA is directly implemented in technology development processes, is clear [46], but there is one small yet essential difference: In eTA, the outcome of the experiment is open. cTA accompanies a specific technology development process, which is already in large parts predefined, and in which it tries to minimize possible risks and side-effects prospectively, but cTA does not question the emergence of the technology per se. eTA would start much earlier, with far-reaching openness as to whether the development of a specific technology or eco-socio-technical innovation should be pursued further after the experimental phase or not. It is better suited to compare different technical solutions and their societal relations and ethical implications.



In contrast, RRI as a rational mode of innovation is, in a way, experimental. However, RRI projects normally aim at a specific technological or social innovation. Implementing transformative experiments into RRI means to widen the horizon of RRI in two ways: (1) it allows RRI processes to fail; (2) it means not only focusing on one specific possible innovation, but to a portfolio of different innovations contributing to a (specific) social challenge or need of transformation. Experimental RRI (ERRI) could become an endeavor where different innovations, or innovation-processes, heading for the same goal (contributing to a social challenge), could be guided simultaneously and compared. This would raise RRI to the next level of innovation, where the innovation itself is not of interest, but rather its societal purpose function. Thereby, RRI would become much more linkable to sustainability transformation. ERRI, in our opinion, should not replace RRI, but complement it. RRI is and remains useful and rational in all kinds of (specific) innovation processes. ERRI could complete this and guide more open search processes towards appropriate innovations for sustainable solutions. Contrastingly, transformative experiments in the future could be driven in a RRI-manner, driven by the four core criteria of RRI.





5. The Reflexive Sustainable Technology Lab—A Conceptual Synthesis of RwLs, TA, and RRI


The highest level of synthesis between the three approaches of RwL, TA, and RRI would be the establishment of what we would call a “Reflexive Sustainable Technology Lab” (RSTL). The RSTL would include TA and RRI as fundamental perspectives, approaches, and methodologies to a RwL. More precisely, an RSTL would be a full RwL in terms of its goals and core characteristics but would be enriched by a TA and RRI perspective (see Section 2). Looking from TA or RRI toward this RSTL expands the methodologies and practices of these concepts; namely, it would serve TA or RRI as infrastructure. As such, it would offer an environment for research, learning, and social transformation, with TA as an explicit objective and RRI as an innovation process guideline. In terms of methodology, the RSTL combines the common RwL approach of hands-on experimentation, transdisciplinary, and transformative research with the more distanced TA methods such as impact and sustainability assessment, scenario building, or multi-criteria decision analysis. Including TA and RRI into a technology-focused RwL increases the level of reflexivity on both sides: the reflexivity in the process of technology development as well as the reflexivity of a RwL as a structured learning environment (see “internal structure” below).



The overall objective of an RSTL is to contribute to a sustainability transformation via eco-socio-technological change, both in the form of innovation or even exnovation. Fostering technological innovations is one main strategy for a sustainable future worldwide (e.g., the decarbonization of national economies, see e.g., “The European Green Deal” [47]), while on the other hand “exnovation” describes the active phasing-out of unsustainable (socio-technical) systems which otherwise would create obstacles for alternative systems [48]. A starting point for an RSTL can be (a) a technological, eco-sociological, or socio-technological invention (or idea) that has the potential to contribute to sustainability transformation; (b) an existing (bundle of) technology transferred to a new context, or (c) different and competing technological solutions heading towards the same (sustainability) goal. The core questions are:




	
What potentials, risks, and side effects relate to the (emerging) innovation?



	
Which conflicts of goals and interests may arise?



	
How can the innovation process be accelerated and shaped in a socially and ecologically viable way?



	
What competencies do individuals, institutions, or societies need for this change process?



	
Which structures, governance, and institutions are needed?



	
What technology or common practice is outdated and has to be phased out, and how?








The focus on RSTL lies on sustainability transformation and not innovation itself. The key question here would always be whether emerging innovation really contributes to a sustainable future. This core question would steer the learning and innovation process. In contrast to today’s often pre-defined technology tests which aim to create acceptance of a given technology, it would be perfectly acceptable and a worthy result if the overall outcome of the RSTL was to stop the innovation and reject the tested eco-socio-technological invention. To fulfill this goal, its modus operandi is—like all RwLs—experimentation: Running experiments in, with, and for society in a framed, transparent, and reversible manner. The possibility that experiments can fail in their practical dimension—meaning that the innovation process stops by itself or is stopped intentionally—has to be taken into account and communicated transparently to all involved actors from the very beginning of the experiment. From a scientific perspective, a great deal of knowledge can be gained from a failing experiment (often more than from a ‘successful’ one), but in real-life failing is problematic. RwLs have lots of experience handling this difficulty with sensitivity.



Focusing on sustainability transformation and not on innovation opens the perspective to the possibility of RSTLs for exnovations. Sustainability transformation is not only a question of bringing new ideas to life, but also of addressing the phase-out of unsustainable practices and outmoded technological pathways, social practices, concepts, and mindsets [49]. For sustainability transformation, innovation and exnovation are equally important.



Thematically, RSTLs are open to all kind of sectors and subjects: energy, mobility, housing, materials, distribution and/or consumption processes, or any other topic related to a technological aspect and relevant for a sustainable future. For example, an RSTL on digitization, AI, and sustainability could be fruitful; an RSTL could cover new materials in the building sector; a city as an RSTL for a next generation of smart cities (including a TA-perspective from the very beginning) could be feasible; there is potential for autonomous mobility systems and alternative driving systems for sustainability, or, addressing a recent topic, transforming coal-mining regions to a regenerative future.



RSTL should accompany and support long-term transformation processes. Thus, they should last for several years, sometimes even for decades. Even though they are conceivable as small units dedicated to a specific, narrowly-tailored topic, their aspiration, complexity, and potential suggest that they should typically be bigger ventures.



For the internal structure or design of an RSTL, it is useful to organize it along the strength of the three concepts. From an epistemic point of view, the research and development activities within it are structured across three spheres: (a) the inner sphere of experimentation and development (RwL-research, RRI); (b) the outer sphere of reflection and assessment (TA); (c) the Lab (RwL) builds an epistemic and organizational framework and provides infrastructure.



The inner sphere (a) handles inner affairs from an inner perspective. There, the laboratory participants—from science and practice—look at and act in transformation processes in the RSTL from the inner perspective of a participant (or participatory observation). They are responsible for designing and driving the experiments, organizing the transdisciplinary (learning) process [50] as well as participation and stakeholder involvement, communication, and understanding. The inner sphere is the action and development unit of an RSTL—always driven in a RwL and RRI manner, or more specifically, by the respective core characteristics of these concepts. Research of and for sustainability transformation takes place from the position of an (active and/or observative) participant and can include implicit and tacit knowledge and produce experience-based ‘inner knowledge’.



The outer sphere reflects the inner sphere from an external perspective, and links the RSTL to outer (knowledge, political, and decision) contexts. It is realized in a classic TA manner. This department ensures a distanced perspective on the ongoing technological innovation and transformation processes in the RSTL. The laboratory researchers of the outer sphere are not directly involved in the innovation and transformation processes. They reflect the inner processes, organize assessment areas, open up the horizon, scale (up) and transfer the ‘inner knowledge’, and build upon it with scenarios and future options. Furthermore, they relate the RSTL work to bigger eco-socio-technological contexts, to general societal challenges and discourses, to social theory and (political) decision processes. The outer sphere is the reflection and consultation sphere. From this perspective, it can also provide critical and very substantial impulses to the inner work of the STL.



The third sphere is the lab itself. This ‘sphere’ provides both an epistemic framework for the research activities and the transdisciplinary infrastructure for the experiments and development processes [51]. First, serving the epistemic frame here means defining what is inside the lab (subject) and what is outside (context), what are the normative goals and presuppositions, which methodology and what approaches are appropriate, and what setting is useful for good research conditions. This sphere organizes the coupling and intertwining of the inner and outer spheres, enables reflection and learning processes, and a synthesis of different knowledge (types). Second, providing the RSTL with transdisciplinary infrastructure means organizing and taking care of rooms and spaces for the RSTL work, and allocating competencies, capacities, and methods for communication, moderation, participation, sometimes mediation (in cases of conflicts), knowledge transfer, and didactical support. The lab-sphere is the epistemic and practical enabling and maintenance unit.



To organize a RSTL along these three spheres, there must be a common construction plan and a strong commitment from all participants from the very beginning. The function of the spheres, the role of all participants, the modes of interaction, and the codes of conduct should be elaborated, explained, and written down in a kind of constitution (or ‘house regulations’). It should be explained that the lab is dedicated to sustainability transformation, the lab-sphere serves the inner and outer spheres, that the inner and outer knowledge is equivalently relevant, and how the reflection and learning circles in between the spheres are organized. All this (also) contributes to transparency and confidence building. Such a lab should be managed by a steering committee including representatives from all spheres, and a supervisory board with stakeholders, external experts and citizens.



To implement RSTLs successfully, they (in particular their subject) must fulfil a number of requirements. The most important are social relevance, relevance to the present, relevance for actors, and design potentials [8].



	
Societal relevance: Setting up an RSTL is only worthwhile if the topic is sufficiently relevant to society (also in order to acquire the required funding). Major societal challenges and transitions, such as those emerging in the course of the “Great Transformation”, particularly provide these preconditions. RSTLs could in this case support the discourse and decision-making process on technology pathways and transformation which are the subject of intense social controversy, such as energy system transformation.



	
Topical reference: The mainly experimental approach in RSTLs requires that at least some of the technologies (or aspects of the socio-technical system, models, processes, prototypes, etc.) can already be used experimentally or “experienced“ in some form at present. Thus, explicit RSTL should only be applied in the course of a technical invention, if necessary as a follow-up of a prospective TA study. Accompanying studies which are purely prospective could add to this.



	
Relevance for actors: In order for actors to be and—even more important—to remain involved in the long term, the issue being addressed must be of significant importance to them. Either they are directly or indirectly affected by the corresponding transformation process, or it must seem meaningful to them to initiate it.



	
Potential for shaping the future: An RSTL only makes sense if the technology field under investigation is sufficiently open for design, both with regard to the technologies themselves and with regard to their social, cultural, legal, economical, etc., embedding. The economic exploitability of innovations plays a role here—especially for necessary investments in the RSTL—but is ultimately only one aspect. It should accordingly not be overrated; in fact, it should always be subordinated to the goal of a public welfare-oriented, sustainable development.






An RSTL missing one of these requirements is most likely to fail, or rather, will never be realized because it takes a lot of effort and funds to build it up and operate it over many years. It needs (enough) social relevance, currency, relevance for actors, and design potentials to start this venture. For these reasons, RSTLs are adequate and appropriate in the context of great upheavals or transformation processes and should be realized largely by public authorities.



Concluding, in times of late modernism, RSTLs offer an adequate framework for transformative sustainability research and a mode of eco-socio-technological transformation under conditions of uncertainty, diversity and the increasingly urgent need for change. In RSTLs, innovation- and transformation processes are reversible, monitored, oriented toward the common good, future- and sustainability-oriented, and precautionary. By synthesizing the core characteristics of TA, RRI, and RwLs, their respective rationality can be combined to obtain a maximum of rationality in innovation processes.
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Figure 1. Key similarities as strong conceptual bridges (green) between RwL research, RRI, and TA, based on [7,14,19,21,33] (authors’ visualization). 
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